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(57) ABSTRACT 

A two-shaft gas turbine is capable of starting premixed com 
bustion without extinguishing a flame. The two-shaft gas 
turbine includes a combustor and a gas generator controller. 
The combustor has a premix burner that includes combustion 
regions in which premixed combustion is to be carried out 
individually. The gas generator controller controls the com 
bustor. In a method for starting the premixed combustion in 
the combustor, the gas generator controller selects at least one 
of the combustion regions in which the premixed combustion 
is to be carried out, on the basis of a fuel-air ratio, and starts 
premix combustion in the selected combustion region or 
separately in each of the selected combustion regions. Fur 
ther, as the fuel-air ratio is increased, the controller increases 
the number of the selected region in which the premixed 
combustion is carried out. 
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METHOD FOR STARTING PREMIXED 
COMBUSTION IN COMBUSTORFOR 

TWO-SHAFT GASTURBINE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a two-shaft gas tur 
bine and a method for starting premixed combustion in a 
combustor for a two-shaft gas turbine. 
0003 2. Description of the Related Art 
0004. A general two-shaft gas turbine has a gas generator 
and a low-pressure turbine (power turbine). The gas generator 
includes a compressor, a combustor and a high-pressure tur 
bine. The low-pressure turbine is connected to a load device. 
The gas generator has a rotary shaft separated from a rotary 
shaft of the low-pressure turbine. 
0005. The compressor included in the gas generator com 
presses air. In the combustor, the compressed air and fuel are 
mixed and burned to form a combustion gas. 
0006. After the high-pressure turbine is driven to rotate 
and thereby generate a drive force for the compressor, the 
combustion gas formed in the combustor is transferred to the 
low-pressure turbine. Then, the low-pressure turbine is driven 
tO rOtate. 

0007. In the conventional combustor included in the gas 
turbine, both diffusion combustion and premixed combustion 
are carried out. In the diffusion combustion, fuel and air are 
burned while being mixed with each other. In the premixed 
combustion, fuel and air are premixed and then burned. The 
diffusion combustion is carried out until a load is increased 
from Zero to a certain level. The premixed combustion starts 
when the load reaches the certain level. This combustion 
process stabilizes a flame in the combustor and Suppresses 
generation of a nitrogen oxide (NOx). 
0008 JP-07-280267-A discloses a combustor including a 
burner for diffuse combustion and a burner for premixed 
combustion. The burner for premixed combustion is arranged 
around the burner for diffusion combustion. The burner for 
premixed combustion includes a plurality of regions arranged 
in a circumferential direction of the burner for diffusion com 
bustion. In the combustor, the premixed combustion can be 
carried out separately in each of the regions. 
0009. In the combustor described in JP-07-280267-A, the 
diffusion combustion is carried out until a load is increased 
from Zero to a certain level. Then, a flame is stabilized in the 
combustor. After that, the premixed combustion starts on the 
basis of the amount of fuel that is to be introduced into the 
combustor. The amount of the fuel is increased with the 
increase in the load. A region in which the premixed combus 
tion is to be carried out is selected from the plurality of regions 
on the basis of the amount of the fuel. The premixed combus 
tion starts separately in each selected region. The number of 
the selected regions in which the premixed combustion is 
carried out is increased with the increase in the amount of the 
fuel that is to be introduced into the combustor. This method 
Suppresses generation of a nitrogen oxide. 
0010. A region in which the premixed combustion is to be 
carried out is selected from the plurality of regions on the 
basis of the amount of the fuel. The number of the selected 
regions in which the premixed combustion is carried out is 
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increased with the increase in the amount of the fuel that is to 
be introduced into the combustor. 

SUMMARY OF THE INVENTION 

0011. In the conventional two-shaft gas turbine, however, 
the rotational rate of the rotary shaft of the gas generator 
varies according to the load. In addition, the opening degree 
of an air intake of the compressor is changed according to the 
rotational rate of the rotary shaft of the gas generator to 
control the amount of air that is to be introduced into the 
combustor. When a region in which the premixed combustion 
is to be carried out is selected on the basis of the amount of the 
fuel, and the ratio of the amount of the fuel that is to be 
introduced into the combustor to the amount of air that is to be 
introduced into the combustoris changed, the premixed com 
bustion may not be sufficiently carried out. Thus, a flame may 
be extinguished. 
0012. An object of the present invention is to provide a 
two-shaft gas turbine that is capable of starting premixed 
combustion without extinguishing a flame, and a method for 
starting the premixed combustion in a combustor for the 
two-shaft gas turbine. 
0013 To solve the aforementioned problem, the present 
invention provides the two-shaft gas turbine and the method 
for starting the premixed combustion in the combustor for the 
two-shaft gas turbine. The two-shaft gas turbine includes a 
combustor having a burner for premixed combustion. The 
two-shaftgas turbine is capable of starting premixed combus 
tion separately in each of regions included in the burner for 
premixed combustion. In addition, the two-shaft gas turbine 
selects at least one of the regions on the basis of a fuel-air ratio 
(ratio of the amount of fuel that is introduced into the com 
bustor to the amount of air that is introduced into the com 
bustor). The premixed combustion starts in the selected 
region or starts separately in each of the selected regions. 
0014. The present invention provides the two-shaft gas 
turbine that is capable of starting the premixed combustion 
without extinguishing a flame, and the method for starting the 
premixed combustion in the combustor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a schematic diagram showing the configu 
ration of a two-shaft gas turbine. 
0016 FIG. 2A is a graph showing the relationship between 
a load applied to the two-shaft gas turbine and fuel that is to be 
introduced into a combustor. 
0017 FIG.2B is a graph showing the relationship between 
the temperature of an atmosphere and the fuel that is to be 
introduced into the combustor. 
0018 FIG.3A is a graph showing the relationship between 
the load applied to the two-shaft gasturbine and the amount of 
air that is to be introduced into the combustor. 
0019 FIG.3B is a graph showing the relationship between 
the amount of the air that is to be introduced into the com 
bustor and the temperature of the atmosphere. 
0020 FIG. 4A is an outline cross sectional view of the 
combustor. 

0021 FIG. 4B is a front view of the combustor shown in 
FIG. 4A and viewed from a front side of the combustor. 

0022 FIG. 5 is a graph showing an example of the rela 
tionship between the load and the ratio of the amount of the 
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fuel that is to be introduced into the combustor to the amount 
of the air that is to be introduced into the combustor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0023. An embodiment of the present invention is 
described below with reference to the accompanying draw 
1ngS. 
0024. In FIG. 2A, a load L applied to a two-shaft gas 
turbine is plotted along a horizontal axis of the graph, and the 
amount F of fuel that is to be introduced into a combustor is 
plotted along a vertical axis of the graph. In FIG. 2B, the 
atmospheric temperature T is plotted along a horizontal axis 
of the graph, and the amount F of the fuel that is to be 
introduced into the combustor is plotted along a vertical axis 
of the graph. 
0025. In FIG. 3A, the load L is plotted along a horizontal 
axis of the graph, and the amount A of air that is to be 
introduced into the combustor is plotted along a vertical axis 
of the graph. In FIG. 3B, the atmospheric temperature T is 
plotted alongahorizontal axis of the graph, and the amount of 
the air that is to be introduced into the combustor is plotted 
along a vertical axis of the graph. 
0026. In FIG.1, reference numeral 1 denotes the two-shaft 
gas turbine. The two-shaft gas turbine 1 includes a gas gen 
erator 2 and an output turbine 3. 
0027. The output gas turbine 3 has a low-pressure turbine 
4 and a load device 5. The low-pressure turbine 4 has an 
output turbine shaft 6 connected to the load device 5. The load 
device 5 is an electric generator, for example. The load device 
5 outputs a load state signal LS that indicates the state of the 
load. The state of the load includes the amount (hereinafter 
also referred to a load L) of the load. 
0028. In FIG. 1, reference numeral 8 denotes the combus 

tor. The gas generator 2 includes a compressor 7, the com 
bustor 8, a high-pressure turbine 9 and a gas generator con 
troller 10. 
0029. The compressor 7 takes air from the atmosphere 
present outside the compressor 7, and then compresses the air. 
In FIG. 1, reference numeral 16 denotes the compressed air. 
The compressor 7 has an inlet guide vane (IGV) 11 on its air 
intake side, and also has an air intake 7a on the air intake side. 
0030 The gas generator 2 has an IGV drive device 12 
which drives IGV 11. The IGV 11 changes the opening degree 
of the air intake 7a of the compressor 7. Thus, the IGV 11 is 
driven to control the amount of air that is to be introduced into 
the compressor 7. 
0031. The two-shaft gas turbine 1 has a fuel supply source 
13. The gas generator 2 has a fuel control valve 14. In FIG. 1, 
reference numeral 15 denotes fuel. The fuel 15 is supplied 
from the fuel supply source 13 through the fuel control valve 
14 to the combustor 8. The air 16 compressed by the com 
pressor 7 is introduced into the compressor 8 in which the fuel 
15 and the compressed air 16 are mixed and burned to form a 
combustion gas 17. The combustor 8 is described later in 
detail. 
0032. The high-pressure turbine 9 has a gas generator 
shaft 18 that is a rotor. The high-pressure turbine 9 drives and 
rotates the gas generator shaft 18 by means of the combustion 
gas 17 formed in the combustor 8, and transfers the rotation of 
the gas generator shaft 18 to the compressor 7. 
0033. The rotation of the gas generator shaft 18 decom 
presses the combustion gas 17. The decompressed combus 
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tion gas 17 is introduced into the low-pressure turbine 4 for 
driving and rotating the output turbine shaft 6 by means of the 
combustion gas 17. 
0034. The gas generator 2 has a rotational rate detector 21. 
The rotational rate detector 21 detects a rotational rate () of 
the gas generator shaft 18, converts the detected rotational 
rate () into a rotational rate signal (DS, and outputs the rota 
tional rate signal (DS to the gas generator controller 10. 
0035. The gas generator controller 10 is capable of calcu 
lating the rotational rate () of the gas generator shaft 18 based 
on the rotational rate signal (OS. 
0036. The compressor 7 has an atmosphere temperature 
detector 23 installed in the air intake 7a and connected to the 
gas generator controller 10. The atmosphere temperature 
detector 23 detects the atmospheric temperature T to be intro 
duced into the compressor 7, converts the detected atmo 
spheric temperature T into a temperature signal Ts, and out 
puts the temperature signal Ts to the gas generator controller 
10. The gas generator controller 10 is capable of calculating 
the atmospheric temperature T based on the temperature sig 
nal Ts. 
0037. The gas generator controller 10 includes a fuel con 
troller 10a, an IGV opening degree controller 10b and a 
switching controller 10c. 
0038. The fuel controller 10a calculates an appropriate 
amount (amount F) of the fuel 15 (that is to be introduced into 
the combustor 8) based on the load state signal LS transmitted 
by the load device 5 and the temperature signal Ts transmitted 
by the atmosphere temperature detector 23, and controls the 
opening degree of the fuel control valve 14 such that the 
amount of the fuel 15 to be introduced into the combustor 8 is 
equal to the calculated amount F. 
0039. As described above, the load state signal LS trans 
mitted by the load device 5 indicates the state (including the 
amount (load L) of the load) of the load. The gas generator 
controller 10 is capable of calculating the load L based on the 
load state signal LS transmitted by the load device 5. 
0040. The two-shaft gas turbine 1 controls the amount F of 
the fuel 15 (that is to be introduced into the combustor 8) on 
the basis of the load L. 
0041. The appropriate amount F of the fuel 15, which is 
calculated on the basis of the load L. may be determined by an 
experiment or the like beforehand. 
0042 FIG. 2A shows an appropriate relationship between 
the load L applied to the two-shaft gas turbine 1 and the 
amount F of the fuel 15 that is to be introduced into the 
combustor 8. For example, when the amount F of the fuel 15 
is increased with an increase in the load L as shown in FIG. 
2A, the fuel controller 10a included in the gas generator 
controller 10 calculates the load L on the basis of the load 
state signal LS transmitted by the load device 5. The fuel 
controller 10a references the graph shown in FIG. 2 to calcu 
late the appropriate amount F of the fuel 15 on the basis of the 
calculated load L. 
0043. The appropriate amount F of the fuel 15, which is 
calculated on the basis of the load L. varies according to the 
atmospheric temperature T. As shown in FIG. 2B, the appro 
priate amount F of the fuel 15 is reduced as the atmospheric 
temperature T increases. Therefore, the relationship between 
the amount F of the fuel 15 and the load L varies within a 
range Ft shown in FIG. 2A according to the atmospheric 
temperature T. 
0044) The fuel controller 10a included in the gas generator 
controller 10 calculates the atmospheric temperature T based 
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on the temperature signal Ts transmitted by the atmosphere 
temperature detector 23. The fuel controller 10a references 
the graph shown in FIG. 2A to calculate the appropriate 
amount F of the fuel 15 based on the calculated atmospheric 
temperature T. 
0045. In addition, the fuel controller 10a included in the 
gas generator controller 10 calculates an appropriate opening 
degree of the fuel control valve 14 on the basis of the calcu 
lated amount F of the fuel 15, and also drives the fuel control 
valve 14 such that the actual opening degree of the fuel 
control valve 14 is equal to the calculated opening degree. 
0046. The relationship (shown in FIG. 2A) between the 
load L and the amount F of the fuel, and the relationship 
(shown in FIG. 2B) between the atmospheric temperature T 
and the amount F of the fuel 15, may be determined by an 
experiment or the like and are stored as map data (first map 
data) in a storage section (not shown). 
0047. The fuel controller 10a included in the gas generator 
controller 10 references the first map data on the basis of the 
load L and the temperature T to calculate the appropriate 
amount F of the fuel 15. The load L is calculated on the basis 
of the load state signal LS transmitted by the load device 5. 
The temperature T is calculated based on the temperature 
signal Ts transmitted by the atmosphere temperature detector 
23 of the atmosphere. 
0048 Returning back to FIG. 1, the IGV opening degree 
controller 10b included in the gas generator controller 10 
calculates an appropriate amount A of the compressed air 16 
to be introduced into the combustor 8, on the basis of the load 
L., the atmospheric temperature T, and the rotational rate () of 
the gas generator shaft 18. The load L is calculated on the 
basis of the load state signal LS transmitted by the load device 
5. The temperature T is calculated based on the temperature 
signal Ts transmitted by the atmosphere temperature detector 
23. The rotational rate () is calculated based on the rotational 
rate signal (DS transmitted by the rotational rate detector 21. 
The IGV opening degree controller 10b calculates, on the 
basis of the calculated amount A, the amount of air to be 
introduced into the compressor 7, and also calculates an 
appropriate opening degree of the air intake 7a Such that the 
calculated amount of air is introduced into the compressor 7. 
0049. The two-shaft gas turbine 1 controls, on the basis of 
the load L, the amount A of the compressed air 16 that is to be 
introduced into the combustor 8. 
0050. The appropriate amount A of the compressed air 16, 
which is calculated on the basis of the load L. may be deter 
mined by an experiment or the like beforehand. 
0051. In the two-shaftgas turbine 1, when the amount A of 
the compressed air is increased with the increase in the load L 
as shown in FIG. 3A, For example, the IGV opening degree 
controller 10b included in the gas generator controller 10 
calculates the load L on the basis of the load State signal LS 
transmitted by the load device 5. The IGV opening degree 
controller 10b then references the graph shown in FIG. 3A to 
calculate the appropriate amount A of the compressed air 16 
on the basis of the calculated load L. 
0052. The appropriate amount A of the compressed air 16, 
which is calculated on the basis of the load L. Varies according 
to the atmospheric temperature T. The appropriate amount A 
of the compressed air 16 is reduced as the atmospheric tem 
perature T increases, as shown in FIG. 3B. The relationship 
between the load Land the amount A of the compressed air 16 
varies in a range At (defined by broken lines shown in FIG. 
3A) that varies according to the atmospheric temperature T. 

Jul. 22, 2010 

0053. The IGV opening degree controller 10b included in 
the gas generator controller 10 calculates the atmospheric 
temperature T based on the temperature signal Ts transmitted 
by the atmosphere temperature detector 23. Then, the IGV 
opening degree controller 10b references the graph shown in 
FIG. 3A to calculate the amount A of the compressed air 16 
based on the calculated atmospheric temperature T. 
0054 The appropriate amount A of the compressed air 16 
varies in response to the rotational rate () of the gas generator 
shaft 18. The graph shown in FIG. 3A and indicates relation 
ship between the load Land the appropriate amount A (which 
is determined by the atmospheric temperature T) of the com 
pressed air 16 is associated with the rotational rate () of the 
gas generator shaft 18. The graph (shown in FIG. 3A) asso 
ciated with the rotational rate () of the gas generator shaft 18 
is set in the gas generator 2. 
0055. The IGV opening degree controller 10b included in 
the gas generator controller 10 calculates the rotational rate () 
of the gas generator shaft 18 based on the rotational rate signal 
cos transmitted by the rotational rate detector 21. The IGV 
opening degree controller 10b references the graph shown in 
FIG. 3A to calculate the amount A of the compressed air 16 
based on the calculated rotational rate (). 

0056. The IGV opening degree controller 10b included in 
the gas generator controller 10 calculates an appropriate 
opening degree of the air intake 7a on the basis of the calcu 
lated amount A of the compressed air, and also drives the IGV 
11 via the IGV drive device 12 such that the actual opening 
degree of the air intake 7a is equal to the calculated opening 
degree. 
0057 Relationships among the load L, the atmospheric 
temperature T, the rotational rate () of the gas generator shaft 
18 and the amount A of the compressed air 16 may be deter 
mined by an experiment or the like and are stored as map data 
(second map data) in the storage section (not shown). 
0058. The IGV opening degree controller 10b included in 
the gas generator controller 10 references the second map 
data to calculate the amount A of the compressed air 16 on the 
basis of the load L, the atmospheric temperature T, and the 
rotational rate () of the gas generator shaft 18. The load L is 
calculated on the basis of the load State signal LS transmitted 
by the load device 5. The temperature T is calculated based on 
the temperature signal Ts transmitted by the atmosphere tem 
perature detector 23. The rotational rate () is calculated based 
on the temperature signal Ts transmitted by the rotational rate 
detector 21. 

0059. Therefore, the two-shaftgasturbine 1 shown in FIG. 
1 is capable of controlling the amount F of the fuel 15 to be 
introduced into the combustor 8, on the basis of the load Land 
the atmospheric temperature T. In addition, the two-shaft gas 
turbine 1 is capable of controlling the amount A of the com 
pressed air 16 (that is to be introduced into the combustor 8) 
on the basis of the load L, the atmospheric temperature Tand 
the rotational rate () of the gas generator shaft 18. 
0060. The ratio of the reduction in the amount F of the fuel 
15 to the increase in the atmospheric temperature T is larger 
than the ratio of the reduction in the amount A of the com 
pressed air 16 to the increase in the atmospheric temperature 
T. The ratio (hereinafter, also referred to as a fuel-air ratio 
(F/A)) of the amount F of the fuel 15 (that is to be introduced 
into the combustor 8) to the amount A of the compressed air 
16 (that is to be introduced into the combustor 8) is reduced 
with the increase in the atmospheric temperature T. 
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0061 Returning back to FIG. 1, the switching controller 
10c included in the gas generator controller 10 calculates the 
fuel-air ratio (F/A) on the basis of the amount F of the fuel 15 
and the amount A of the compressed air 16. The amount F of 
the fuel 15 is calculated by the fuel controller 10a. The 
amount A of the compressed air 16 is calculated by the IGV 
opening degree controller 10b. Then, the switching controller 
10c controls, on the basis of the calculated fuel-air ratio (F/A). 
combustion that is carried out in the combustor 8. 
0062. The configuration of the combustor 8 (refer to FIG. 
1) is described below. 
0063 Referring to FIGS. 4A and 4B, the combustor 8 
includes a combustor cover 80 and a diffusion pilot burner 81. 
The combustor cover 80 has a cylindrical shape with one end 
thereof closed. The diffusion pilot burner 81 used for diffu 
sion combustion is located in a central inner space of the 
combustor cover 80. 
0064. The combustor 8 also has a premix burner 82 circu 
larly arranged around the outer circumference of the diffusion 
pilot burner 81. In other words, the premix burner 82 sur 
rounds the outer circumference of the diffusion pilot burner 
81. The premix burner 82 is used for premixed combustion 
and includes a plurality of combustion nozzles 82a and a 
plurality of flame holders 83. The combustor 8 also has a 
combustor liner 84a extending along the inner circumference 
of the combustor cover 80 to form a combustion chamber 84. 
0065. A front side of the combustor 8 is regarded as the 
side on which the combustion chamber 84 is located. 
0066. The compressed air 16 flows from the compressor 7 
through a path formed between the combustor liner 84a and 
the combustor cover 80. The compressed air 16 is then 
divided into compressed air 16a and compressed air 16b. The 
compressed air 16b is supplied to the diffusion pilot burner 
81, and the compressed air 16a is supplied to the premix 
burner 82. 
0067. The combustor 8 also has a diffusion fuel system 85 
and a premix fuel system 86. The fuel 15 is supplied from the 
fuel supply source 13 through the fuel control valve 14 to the 
combustor 8. Specifically, the fuel 15 that flows from the fuel 
supply source 13 through the fuel control valve 14 is intro 
duced into both the diffusion fuel system 85 and the premix 
fuel system 86. Then, the fuel 15 introduced into the diffusion 
fuel system 85 is supplied to the diffusion pilot burner 81. The 
fuel 15 introduced into the premix fuel system 86 is supplied 
to the premix burner 82. 
0068. The diffusion fuel system 85 has a flow rate control 
valve 85a that controls the amount of the fuel 15 to be sup 
plied to the diffusion pilot burner 81. The flow rate control 
valve 85a is connected to the switching controller 10c 
included in the gas generator controller 10. The Switching 
controller 10c transmits a control signal to the diffusion fuel 
system 85 to control the opening degree of the flow rate 
control valve 85a. 
0069. The premixed fuel system 86 has a flow rate control 
valve 87 that controls the amount of the fuel 15 to be supplied 
to the premix burner 82. The flow rate control valve 87 is 
connected to the switching controller 10c included in the gas 
generator controller 10. The switching controller 10c trans 
mits a control signal to the premixed fuel system 86 to control 
the opening degree of the flow rate control valve 87. 
0070 The premix burner 82 includes four combustion 
regions 82f, 82f 82? and 82f in which the premixed com 
bustion is to be carried out. When the premix burner 82 
included in the combustor 8 according to the present embodi 
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ment is viewed from the front side of the combustor 8 (or from 
the side of the combustion chamber 84) as shown in FIG. 4B, 
the four combustion regions 82f, 82f 82? and 82f, are 
arranged in this order from the upper side of the combustor 8 
in the clockwise direction Surrounding the outer circumfer 
ence of the diffusion pilot burner 81. The areas of the four 
combustion regions are substantially equal to each other. 
0071. The premixed combustion can be carried out sepa 
rately in each of the combustion regions 82?. 82f 82? and 
82?, 
(0072. The premix fuel system 86 shown in FIG. 4A 
includes four premix fuel systems 86?. 86f 86? and 86?. 
The four premix fuel systems 86?. 86?. 86? and 86? are 
capable of supplying the fuel 15 to the respective combustion 
regions 82f, 82f 82f and 82/. 
0073. Each of the premix fuel systems 86?. 86?, 86? and 
86?, has its corresponding flow rate control valve 87?. 87?, 
87? or 87? respectively. FIG. 4 shows the premix fuel sys 
tems 86?. 86?, and the flow rate control valves 87?, 87?. 
0074. With the combustor 8 configured described above, 
when the fuel 15 is supplied to the diffusion pilot burner 81, 
the fuel 15 and the compressed air 16b are mixed and burned 
by the diffusion burner 81 in the combustion chamber 84. In 
this way, diffusion combustion is carried out in the combus 
tion chamber 84. 
(0075. When the fuel 15 is supplied to the premix burner 82 
through the combustion nozzles 82a, the fuel 15 and the 
compressed air 16a are mixed (premixed) in the premix 
burner 82 and then burned in the combustion chamber 84. In 
this way, premixed combustion is carried out in the combus 
tion chamber 84. 
0076. In the combustor 8 according to the present embodi 
ment, both the diffusion combustion by the diffusion pilot 
burner 81 and the premixed combustion by the premix burner 
82 can be carried out simultaneously. 
0077. The premix burner 82 is capable of separately sup 
plying the fuel 15 to each of the combustion regions 82f to 
82?. The premixed combustion can be carried out separately 
in each of the combustion regions 82f to 82f, when the fuel 
15 is supplied to the combustion region. 
(0078. When the switching controller 10c selects at least 
one of the combustion regions 82f to 82f to which the fuel 15 
is Supplied, the premixed combustion starts in the selected 
combustion region or starts separately in each of the selected 
combustion regions. 
0079. In order to start the premixed combustion in the 
combustion region 82f, the switching controller 10c controls 
the flow rate control valve 87?, such that the flow rate control 
valve 87? is open to supply the fuel 15 to the combustion 
region 82f. In order to start the premixed combustion in the 
combustion regions 82f and 82f the Switching controller 
10c controls the flow rate control valves 87? and 87?, such 
that the flow rate control valves 87? and 87f, are open to 
supply the fuel 15 to the combustion regions 82f and 82f. 
0080. In the combustor 8, the premixed combustion can 
start separately in each of the combustion regions 82f to 82f. 
I0081. Before the premixed combustion starts in the com 
bustor 8 included in the two-shaft gas turbine 1 shown in FIG. 
1, the gas generator controller 10 controls the combustor 8 to 
carry out the diffusion combustion and form a stable flame by 
means of the diffusion pilot burner 81 until the load L is 
increased from Zero to a certain level. 
I0082. When the load L is increased to the certain level by 
the diffusion combustion carried out in the combustor 8, the 
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gas generator controller 10 controls the combustor 8 to start 
the premixed combustion by means of the premixed burner 82 
So as to Suppress generation of NOX. 
I0083. When the premix burner 82 includes a plurality of 
combustion regions, for example, the four combustion 
regions 82f to 82f as shown in FIG. 4B, the gas generator 
controller 10 selects at least one of the combustion regions 
82f to 82f on the basis of the load Lapplied to the two-shaft 
gas turbine 1 to allow the premixed combustion to be carried 
out in the selected combustion region or regions. The gas 
generator controller 10 controls the combustor 8 such that the 
premixed combustion starts in the selected combustion region 
or starts separately in each of the selected combustion 
regions. Further, the gas generator controller 10 controls the 
start of the premixed combustion in the combustor 8 such that 
the number of the selected combustion regions in which the 
premixed combustion is to be carried out is increased with the 
increase in the load L. In this way, the gas generator controller 
10 appropriately suppresses generation of NOX. 
0084 Starting the diffusion combustion for the start of the 
premixed combustion in the combustor 8, and increasing the 
number of the combustion regions (in which the premixed 
combustion is carried out) selected from the combustion 
regions 82f to 82? are hereinafter called “changing of the 
operational state of the combustor 8”. A point at which the 
operational state of the combustor 8 is changed is hereinafter 
called “a change point'. 
0085. In a one-shaft gas turbine, since the rotational rate of 
a rotary shaft is constant regardless of a load, the amount A of 
air that is to be introduced into a combustor can be constant in 
the one-shaft gas turbine. Therefore, a controller that controls 
the combustor included in the one-shaft gas turbine changes 
the operational state of the combustor on the basis of the 
amount F (that varies according to the load) of fuel that is to 
be introduced into the combustor, thereby appropriately Sup 
pressing generation of NOX. 
I0086) However, the two-shaft gas turbine 1 shown in FIG. 
1 controls the amount A of the compressed air (that is to be 
introduced into the combustor 8) based on the rotational rate 
() of the gas generator shaft 18. The rotational rate () of the gas 
generator shaft 18 is changed on the basis of the load L. If the 
gas generator controller 10 changes the operational state of 
the combustor 8 on the basis of the amount F of the fuel that 
is to be introduced into the combustor 8, a flame may be 
extinguished. 
0087 To avoid this, appropriate fuel-air ratios (FA to 
FA) are preset in the two-shaft gas turbine 1 according to the 
present embodiment, and the gas generator controller 10 
changes the operational state of the combustor 8 based on the 
fuel-air ratio (F/A) that varies according to the load L. 
0088 As shown in FIG. 5, a change point P1 is set when 
the load L is zero. When the load L is zero, the low-pressure 
turbine 4 rotates at a rotational rate that is approximately 30% 
ofrated rotational speed, for example. At the change point P1. 
the Switching controller 10c included in the gas generator 
controller 10 shown in FIG. 4A controls the combustor 8 to 
start the diffusion combustion by means of the diffusion pilot 
burner 81 included in the combustor 8. 
0089 Specifically, at the change point P1, the switching 
controller 10c controls the flow rate control valve 85a Such 
that the flow rate control valve 85a is open to supply the fuel 
15 to the diffusion pilot burner 81. 
0090. At the change point P1, the opening degree of the 
fuel control valve 14 is set such that the amount F of the fuel, 
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which is set in the graph shown in FIG. 2A when the load L is 
Zero, is to be introduced into the combustor 8. 
0091. When the diffusion combustion starts in the com 
bustor 8, the load L is increased. Then, the fuel controller 10a 
included in the gas generator controller 10 references the 
graph shown in FIG. 2A to calculate the amount F of the fuel 
15 on the basis of the load Land the atmospheric temperature 
T 

0092. In addition, the IGV opening degree controller 10b 
references the graph shown in FIG. 3A to calculate the 
amount A of the compressed air 16 on the basis of the load L. 
the atmospheric temperature T and the rotational rate () of the 
gas generator shaft 18. 
0093. Furthermore, the switching controller 10c included 
in the gas generator controller 10 calculates the fuel-air ratio 
(F/A) on the basis of the calculated amount F of the fuel 15 
and the calculated amount A of the compressed air 16. 
(0094. The fuel-air ratio (F/A) is increased with the 
increase in the load L. When the fuel-air ratio (F/A) reaches 
the preset fuel-air ratio FA, the switching controller 10c 
controls the flow rate control valve 87? included in the pre 
mix fuel system 86?, such that the flow rate control valve 87?, 
is open to supply the fuel 15 to the combustion region 82f 
included in the premix burner 82. 
(0095. After the fuel 15 is supplied to the combustion 
region 82f, the premixed combustion starts in the combus 
tion region 82f included in the premix burner 82. 
I0096. The preset fuel-air ratio FA is a ratio corresponding 
to a change point P21 at which the premixed combustion 
starts in the combustion region 82f included in the premix 
burner 82. 
0097. The preset fuel-air ratio FA may be predetermined 
by an experiment or the like and set as a fuel-air ratio (F/A) 
that is appropriate for starting the premixed combustion in the 
combustion region 82f included in the premix burner 82. 
0098. When the two-shaft gas turbine 1 starts the premix 
combustion in the combustion region 82f included in the 
premix burner 82, the load L is further increased. Then, the 
fuel controller 10a included in the gas generator controller 10 
calculates the amount F of the fuel on the basis of the load L 
and the atmospheric temperature T. The IGV opening degree 
controller 10b included in the gas generator controller 10 
calculates the amount A of the compressed air on the basis of 
the load L, the atmospheric temperature T and the rotational 
rate () of the gas generator shaft 18. The switching controller 
10c included in the gas generator controller 10 calculates the 
fuel-air ratio (F/A) on the basis of the calculated amounts F 
and A. 

(0099. When the fuel-air ratio (F/A) is increased to the 
preset fuel-air ratio FA, the switching controller 10c controls 
the flow rate control valve 87f, included in the premix fuel 
system 86f such that the flow rate control valve 87f, is open 
to supply the fuel 15 to the combustion region 82f included in 
the premix burner 82. 
0100. After the fuel 15 is supplied to the combustion 
region 82f the premixed combustion starts in the combus 
tion region 82f included in the premix burner 82. 
0101 The preset fuel-air ratio FA is a ratio corresponding 
to a change point 22 at which the premixed combustion starts 
in the combustion region 82f included in the premix burner 
82. 

0102 The preset fuel-air ratio FA may be determined by 
an experiment or the like and set as a fuel-air ratio (F/A) that 
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is appropriate for starting the premix combustion in the com 
bustion region 82f included in the premix burner 82. 
(0103) When the fuel-air ratio (F/A) reaches the preset 
fuel-air ratio FA, the switching controller 10c controls the 
flow rate control valve 87? included in the premix fuel system 
86f such that the flow rate control valve 87? is open to supply 
the fuel 15 to the combustion region 82f included in the 
premix burner 82. When the fuel-air ratio (F/A) reaches the 
preset fuel-air ratio FA, the switching controller 10c controls 
the flow rate control valve 87?, included in the premix fuel 
system 86?, such that the flow rate control valve 87?, is open 
to supply the fuel 15 to the combustion region 82f included in 
the premix burner 82. 
0104. Then, the premixed combustion sequentially starts 
in the combustion regions 82f and 82f included in the pre 
mix burner 82. 

0105. The preset fuel-air ratio FA is a ratio corresponding 
to a change point P23 at which the premixed combustion 
starts in the combustion region 82f included in the premix 
burner 82. The preset fuel-air ratio FA may be determined by 
an experiment or the like and set as a fuel-air ratio (F/A) that 
is appropriate for starting the premixed combustion in the 
combustion region 82f included in the premix burner 82. 
0106 The preset fuel-air ratio FA is a ratio corresponding 
to a change point P24 at which the premixed combustion 
starts in the combustion region 82f included in the premix 
burner 82. The preset fuel-air ratio FA may be determined by 
an experiment or the like and set as a fuel-air ratio (F/A) that 
is appropriate for starting the premixed combustion in the 
combustion region 82f included in the premix burner 82. 
0107. When the premixed combustion starts in all the 
combustion regions 82f to 82f the rotational rate of the 
output turbine shaft 6 of the low-pressure turbine 4 reaches 
the rated rotational speed. Thus, the two-shaft gas turbine 1 is 
capable of operating in a rated range. 
0108. When the change points P21 to P24 (at which the 
operational state of the combustor 8 is changed) are set on the 
basis of the respective fuel-air ratios (F/A), the premixed 
combustion can starts in the combustion regions 82f to 82?, 
under the condition that the fuel-air ratios (F/A) are appro 
priate for the premixed combustion. This can Suppress Such a 
problem as extinction of a flame. 
0109. When the relationship between the load L and the 
fuel-air ratio (F/A) is represented by a broken line shown in 
FIG. 5, the change points P21 to P24 are shifted to points 
present on the broken line without changing in the preset 
fuel-air ratios FA to FA. 
0110. Even when the fuel-air ratio (F/A) is increased with 
the increase in the load Las shown by the broken line of FIG. 
5, the gas generator controller 10 changes the operational 
state of the combustor 8 when the fuel-air ratio (F/A) is equal 
to any of the preset fuel-air ratios FA to FA: 
0111. Therefore, the gas generator controller 10 changes 
the operational state of the combustor 8 when the fuel-air ratio 
(F/A) is equal to any of the preset fuel-air ratios FA to FA 
regardless of how the load L and the fuel-air ratio (F/A) are 
changed. As described above, the preset fuel-air ratios FA to 
FA are appropriate for starting the premixed combustion in 
the respective combustion regions 82f to 82f included in the 
premix burner 82. In addition, the appropriate preset fuel-air 
ratios FA to FA Suppress the fact that a flame is extinguished 
when the premixed combustion starts in the combustion 
regions 82f to 82f included in the premix burner 82. 
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0112. When the premix burner 82 according to the present 
embodiment is viewed from the front side of the combustor 8 
(or from the side of the combustion chamber 84) as shown in 
FIG. 4B, the four combustion regions 82/82/82?, and 82?, 
have areas Substantially equal to each other, and are arranged 
in the order from the upper side of the combustor 8 in the 
clockwise direction Surrounding the outer circumference of 
the diffusion pilot burner 81. In such a configuration, the 
premixed combustion initially starts in the upper combustion 
region 82f, thereby reducing a deviation in the temperature 
distribution of the gas in the high-pressure turbine 9. 
0113 Starting the premixed combustion in the combus 
tion regions 82?. 82f 82f and 82f in this order appropri 
ately suppresses generation of carbon monoxide (CO). 
0114. When the premixed combustion is carried out in one 
of the adjacent combustion regions, carbon monoxide is gen 
erated in a boundary space (in which the combustion is not 
carried out) between the adjacent two combustion regions. 
Thus, after the premixed combustion starts in the combustion 
region 82f, the premixed combustion starts in the combus 
tion region 82f. This method reduces a boundary space 
between a region in which the premixed combustion is carried 
out and a region in which the premixed combustion is not 
carried out. 
0115 The change points P21 to P24 (at which the opera 
tional state of the combustor 8 is changed) are set in the 
two-shaft gas turbine 1 according to the present embodiment 
on the basis of the appropriate fuel-air ratios FA to FA. The 
gas generator controller 10 changes the operational state of 
the combustor 8 at each of the change points P21 to P24. 
0116 Specifically, the switching controller 10c included 
in the gas generator controller 10 changes the operational 
state of the combustor 8 on the basis of the fuel-air ratio (F/A). 
0117. Each of the preset fuel-air ratios FA to FA that 
correspond to the respective change points P21 to P24 are 
appropriate for changing the operational state of the combus 
tor 8. Therefore, the two-shaft gas turbine 1 is capable of 
Suppressing a problem (such as extinction of a flame at each 
of the change points P21 to P24) caused by a change in the 
operational state of the combustor 8. 

What is claimed is: 
1. A two-shaft gas turbine comprising: 
a combustor that includes a first burner for diffusion com 

bustion and a second burner for premixed combustion, 
the second burner being circularly arranged around the 
first burner and including at least two regions arranged in 
a circumferential direction to be carried out in the 
regions individually; and 

a controller that controls the start of the premixed combus 
tion that is to be carried out in the combustor, 

wherein the controller selects at least one of the regions on 
the basis of the ratio of the amount of fuel to the amount 
of airin order to start the premixed combustion, starts the 
premixed combustion in the selected region or starts 
separately in each of the selected regions, and increases 
the number of the selected region in which the premixed 
combustion is carried out, as the fuel-air ratio is 
increased. 

2. The two-shaft gas turbine according to claim 1, 
wherein as the fuel-air ratio is increased, the controller 

increases the number of the selected region in which the 
premixed combustion is carried out in an order of loca 
tion from an upper side to a lower side of the combustor. 
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3. The two-shaft gas turbine according to claim 1, 
wherein as the fuel-air ratio is increased, the controller 

increases the number of the selected region in which the 
premixed combustion is carried out Such that one of the 
regions to be selected is adjacent to the selected one of 
the regions. 

4. A method for starting premixed combustion in a com 
bustor for a two-shaft gas turbine, the combustor including a 
first burner for diffusion combustion and a second burner for 
premixed combustion, the second burner being circularly 
arranged around the first burner and including at least two 
regions arranged in a circumferential direction to be carried 
out in the regions individually, the method comprising the 
steps of: 

Selecting at least one of the region on the basis of the ratio 
of the amount of fuel to the amount of airby means of the 
controller that controls the start of the premixed com 
bustion that is to be carried out in the combustor, and 
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starting the premixed combustion in the selected region or 
separately in each of the selected regions, 

wherein as the fuel-air ratio is increased, the controller 
increases the number of the selected region in which the 
premixed combustion is carried out. 

5. The method according to claim 4, 
wherein as the fuel-air ratio is increased, the number of the 

Selected region in which the premixed combustion is 
carried out is increased in an order of location from an 
upper side to a lower side of the combustor. 

6. The method according to claim 4, wherein 
as the fuel-air ratio is increased, the number of the selected 

region in which the premixed combustion is to be carried 
out is increased Such that one of the regions to be 
Selected is adjacent to the selected one of the regions. 
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