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(57) ABSTRACT 

An advanced humid air turbine power plant capable of Sup 
pressing condensation of moisture in a cooling channel, 
which is provided to cool a high-temperature component of a 
gas turbine, in a start up stage, a coast down stage, and a load 
varying state of the gas turbine. In the advanced humid air 
turbine power plant comprising a compressed air Supply line 
for Supplying compressed air generated by a compressor to 
the high-temperature component of the gas turbine, and a 
humidified air Supply line for Supplying humidified air gen 
erated in a humidifying tower to the high-temperature com 
ponent of the gas turbine, the power plant further comprises 
valves capable of adjusting respective air flow rates in the 
compressed air Supply line and the humidified air supply line. 
A coolant is switched over from the compressed air to the 
humidified air in the start up stage and the load increasing 
stage of the gas turbine, and from the humidified air to the 
compressed air in the load decreasing stage and the coast 
down stage, as well as in the event of an abnormality in a 
humidifying line. 
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ADVANCED HUMID ARTURBINE POWER 
PLANT 

0001. This application is a divisional application of U.S. 
application Ser. No. 1 1/167.468, filed Jun. 28, 2005, now 
allowed. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an advanced humid 
air turbine power plant including a humidifying line to 
humidify gas (air) Supplied to a gas turbine. 
0004 2. Description of the Related Art 
0005. In an advanced humid air turbine, combustion gases 
contain moisture and have a larger heat transfer coefficient 
and larger specific heat than air due to differences in physical 
variables therebetween, such as the coefficient of viscosity 
and the Plandtl number. Therefore, the thermal load in a 
high-temperature component of the gas turbine. Such as a 
turbine blade, is increased in comparison with an ordinary gas 
turbine. Correspondingly, the high-temperature component 
of the gas turbine must be cooled in a stepped-up manner. 
However, if air cooling is employed as in the ordinary gas 
turbine, a very large amount of cooling air is required, which 
results in a lowering of the temperature of a main stream gas 
and a reduction in thermal efficiency of the gas turbine. For 
that reason, in the advanced humid air turbine, the high 
temperature component of the gas turbine requires to be 
cooled using a coolanthaving a higher cooling capability than 
air, and it is proposed to employ a method of utilizing, as the 
coolant, a part of humidified air generated in a humidifying 
tower. Because of containing moisture, the humidified air has 
a larger heat transfer coefficient and larger specific heat than 
air and is able to develop a higher cooling capability. As a 
result, the high-temperature component of the gas turbine can 
be effectively cooled with a relatively small amount of cool 
ant without requiring additional equipment. 
0006. One known technique related to such an advanced 
humid air turbine (HAT) power plant is disclosed in, for 
example, JPA 11-257006. The known technique proposes a 
cooling method of bleeding, from lines for Supplying air and 
humidified air both used for combustion, the air and the 
humidified air at a plurality of locations in the respective 
lines, mixing them to prepare a coolant, and cooling the 
high-temperature component of the gas turbine with the cool 
ant. As a practical way, the proposed method comprises the 
steps of bleeding a part of compressed air from a compressor 
and a part of humidified air from a humidifying tower, mixing 
them in a mixer, and Supplying a mixed coolant to a cooling 
channel in the gas turbine. 

SUMMARY OF THE INVENTION 

0007. However, the cooling technique disclosed in the 
above-cited JPA 11-257006 does not take into consideration 
details of the equipment configuration and the operating 
method, such as what coolant is prepared in what manner in 
what operating state. 
0008. When the humidified air is used as the coolant, the 
operating state on which attention must be focused with the 
most important care is a startup stage, a load increasing stage, 
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a load decreasing stage, and a coast down stage of the gas 
turbine, as well as an abnormal condition of a humidifying 
line. 
0009. In the start up stage and the load increasing stage of 
the gas turbine, the gas turbine is not sufficiently warmed up. 
Therefore, if the humidified air in the gas turbine is used as the 
coolant, this gives rise to a possibility that the metal tempera 
ture of the cooling channel in the high-temperature compo 
nent of the gas turbine may be lower than the dew point of the 
humidified air, thus resulting in condensation of moisture. 
The condensed moisture adheres to the cooling channel and 
evaporates with a rise oftemperature, whereupon impurities 
are accumulated there. The accumulated impurities may 
cause rotational vibrations or clogging of the cooling channel, 
and the component may be locally rapidly cooled due to the 
latent heat of evaporation, thus resulting in erosion. 
0010. In the load decreasing stage and the coast down 
stage of the gas turbine, as the temperature of the gas turbine 
gradually lowers, there also occura possibility that the metal 
temperature of the cooling channel in the high-temperature 
component of the gas turbine may be lowerthan the dew point 
of the humidified air, thus resulting in condensation of mois 
ture. The condensation of moisture may cause, as in the 
startup stage, rotational vibrations, clogging of the cooling 
channel, or erosion. Further, if the humidified air remains in 
the cooling channel after the stop of the gas turbine, moisture 
and oxygen both contained in the residual humidified air may 
cause oxidization and corrosion of the component. 
0011. In the event of an abnormality in the humidifying 
line, the humidified air serving as the coolant cannot be Sup 
plied in a Sufficient amount, thus resulting in a problem that 
the high-temperature component of the gas turbine is over 
heated. If the coolant is not supplied to the high-temperature 
component even for a moment in Such an event, the high 
temperature component may be damaged. 
0012. It is an object of the present invention to provide, in 
a power system using humidified air as a coolant for cooling 
a high-temperature component of a gas turbine, an advanced 
humid air turbine power plant and a method of operating the 
power plant, which can Suppress condensation of moisture in 
a cooling channel at the time of load variation, startup and 
stop of the gas turbine, or in the event of an abnormality in a 
humidifying line. 
0013 To achieve the above object, in an advanced humid 
air turbine power plant comprising a compressed air Supply 
pipe for Supplying, as a coolant, a part of compressed air 
generated by a compressor to a high-temperature component 
of a gas turbine, and a humidified air Supply pipe for Supply 
ing, as a coolant, a part of humidified air generated in a 
humidifying tower to the high-temperature component of the 
gas turbine, the powerplant further comprises valves capable 
of adjusting respective air flow rates in the compressed air 
supply pipe and the humidified air supply pipe. With this 
feature, by Supplying the compressed air as the coolant in a 
start up stage, a load increasing stage, a load decreasing stage 
and a coast down stage, as well as in the event of an abnor 
mality in a humidifying line, condensation of moisture in the 
coolant can be suppressed and the high-temperature compo 
nent of the gas turbine can be cooled without imposing a 
thermal load on it, thus resulting in higher reliability of the gas 
turbine. 
0014. Also, the power plant of the present invention is 
featured in opening and closing the valves depending on the 
rotating speed and load State of the gas turbine, the air tem 
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perature at the side of a turbine rotor, and the temperature and 
humidity of the humidified air measured in the coolant supply 
pipe. With this feature, when cooling air is switched over from 
the compressed air to the humidified air or from the humidi 
fied air to the compressed air in the start up stage, the load 
increasing stage, the load decreasing stage and the coast down 
stage, as well as in the event of an abnormality in the humidi 
fying line, the Switching-over of the cooling air can be per 
formed effectively and the reliability of the gas turbine can be 
increased. 
0015. According to the present invention, in the advanced 
humid air turbine power plant, it is possible to Suppress con 
densation of moisture in a cooling channel, which is provided 
to cool the high-temperature component of the gas turbine, in 
the start up stage, the coast down stage, and the load varying 
state of the gas turbine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a block diagram of an advanced humid air 
turbine power plant according to a first embodiment of the 
present invention; 
0017 FIG. 2 is a chart for explaining a power plant oper 
ating method in a start up stage and a load increasing stage in 
the present invention; 
0018 FIG. 3 is a chart for explaining a power plant oper 
ating method in a load decreasing stage and a coast down 
stage in the present invention; 
0019 FIG. 4 is a graph for explaining a power plant oper 
ating method in the event of an abnormality in a humidifying 
line; 
0020 FIG. 5 is a block diagram of an advanced humid air 
turbine power plant according to a second embodiment of the 
present invention; 
0021 FIG. 6 is a block diagram of an advanced humid air 
turbine power plant according to a third embodiment of the 
present invention; 
0022 FIG. 7 is a block diagram of an advanced humid air 
turbine power plant according to a fourth embodiment of the 
present invention; and 
0023 FIG. 8 is a chart for explaining a power plant oper 
ating method in the startup stage and the load increasing stage 
in the fourth embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0024. Embodiments of the present invention will be 
described below with reference to the drawings. 

First Embodiment 

0025 FIG. 1 is a block diagram of an advanced humid air 
turbine power plant according to a first embodiment of the 
present invention. In FIG. 1, a Solid line represents a gas 
passage. The gas passage includes equipment disposed 
therein and they are collectively referred to as an “airline' in 
the following description. Also, a dotted line in FIG. 1 repre 
sents a waterpassage. The water passage includes equipment 
disposed therein and they are collectively referred to as a 
“humidifying line'. Further, a fat solid line in FIG. 1 repre 
sents a coolant passage that is a feature of the present inven 
tion. The coolant passage includes equipment disposed 
therein and they are collectively referred to as a “cooling line' 
in the following description. 
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0026. The airline will first be described below. As shown 
in FIG. 1, the advanced humid air turbine power plant com 
prises a gas turbine (GT) 1, a compressor 2, and a generator 3. 
which are coupled to one shaft. Atmospheric airis Supplied to 
the compressor 2 and, in a rated load operating state, the 
compressor 2 produces high-pressure compressed air at a 
temperature of about 300° C. under a pressure of about 2000 
Pa. The compressed air is cooled in an air cooler 4 to about 
100° C. and is then supplied to a humidifying tower 5 that is 
installed to serve as a humidifying unit. In the humidifying 
tower 5, the compressed air is added with moisture and 
becomes humidified air having increased humidity, an 
increased volume, and a temperature of about 150° C. The 
humidified air exiting the humidifying tower 5 is heated in a 
recuperator 6 to near 550° C. by heat exchange with exhaust 
gases from the gas turbine 1. The heated humidified air is 
burnt in a combustor 7 together with fuel and is converted to 
high-temperature, high-pressure combustion gases having a 
temperature of not lower than 1300° C. and a pressure of 
about 1900 Pa. The combustion gases are supplied to the gas 
turbine 1, thereby driving the generator 3 that is coupled to the 
gas turbine 1. Burning of the humidified air causes the com 
bustion gases to contain a larger amount of moisture and to 
have an increased mass flow rate. Also, because Steam has 
larger specific heat than air and can retain a larger amount of 
energy therein, the gas turbine 1 is able to produce a higher 
output than an ordinary gas turbine. The combustion gases 
having been Subjected to expansion and a pressure drop in the 
gas turbine 1 are discharged as exhaust gases, which still have 
a sufficiently high level of temperature. Therefore, the 
exhaust gases are used to perform heat exchange with the 
humidified air in the recuperator 6 and to further perform heat 
exchange with water in an economizer 8 for recovery of 
thermal energy. The exhaust gases exiting the economizer 8 is 
cooled in an exhaust gas reheater 9 and then Supplied to a 
water recovering unit 10. In the water recovering unit 10, 
water at low temperature is sprayed to the exhaust gases to 
lower the temperature of the exhaust gases, whereby the 
moisture in the exhaust gases is condensed and recovered. 
The exhaust gases containing a part of the moisture having 
not been condensed is introduced again to the exhaust gas 
reheater 9, and the reheated exhaust gases are released to the 
atmosphere through a stack 11. 
(0027 Next, the humidifying line will be described. The 
humidifying line is in direct contact with the gases in the air 
line at three locations, i.e., the humidifying tower 5, the water 
recovering unit 10, and a humidifier 14. In the humidifying 
tower 5 and the humidifier 14, water is introduced to the gases 
from the humidifying line, and water is recovered from the 
gases in the water recovering unit 10. Those operations will 
be described below one by one. 
0028. In the humidifying tower 5, the high-temperature 
water heated in both the air cooler 4 and the economizer 8 is 
sprayed to come into countercurrent contact with the com 
pressed air. This causes a part of the high-temperature water 
to evaporate (or vaporize), whereby the temperature and 
humidity of the compressed air are increased to produce 
humidified air. The high-temperature water having not evapo 
rated falls down inside the humidifying tower 5 while being 
deprived of the latent heat of evaporation. Finally, the high 
temperature water is cooled to a level not higher than the 
temperature of the Supplied air, and then resides as liquid 
phase water at the bottom of the humidifying tower 5. The 
liquid-phase water is branched into two streams after exiting 
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the humidifying tower 5. One stream of the liquid-phase 
water is supplied to the air cooler 4 for recovery of thermal 
energy from the compressed air, and the other stream of the 
liquid-phase water is supplied to the economizer 8 for recov 
ery of thermal energy from the exhaust gases. 
0029. In the water recovering unit 10, water at a low tem 
perature is sprayed to the exhaust gases to lower the tempera 
ture of the exhaust gases, whereby the moisture having been 
added to the compressed air in the humidifying tower 5 is 
condensed and recovered. A part of the moisture in the 
exhaust gases is released to the atmosphere without being 
recovered, while water is replenished from a cooling water 
tank 15 in amount corresponding to the amount by which the 
moisture has been released. As a result, the amount of water 
replenished from the exterior is minimized, and the efficiency 
of power generation is increased. A part of the recovered and 
replenished water is pressurized by a pump 12 and Supplied to 
the air cooler 4 and the humidifier 14 in a branched way via a 
desalinating device 13. The water branched toward the air 
cooler 4 joins with the liquid-phase water from the humidi 
fying tower 5, and after passing through the air cooler 4, the 
joined wateris sprayed again as high-temperature water in the 
humidifying tower 5. On the other hand, the water branched 
toward the humidifier 14 is sprayed from the humidifier 14 as 
spray water added to air taken into the compressor 2. Further, 
the remaining part of the recovered water and the replenished 
water from the water recovering unit 10 is pressurized by a 
pump 16, and after being cooled in a cooler 17, it is supplied 
again to the water recovering unit 10 as water for cooling the 
exhaust gases. 
0030. Next, the cooling line will be described. The present 
invention is featured in cooling a high-temperature compo 
nent of the gas turbine in stages of startup, low load and stop 
of the gas turbine, as well as in the event of an abnormality in 
the humidifying line, while the compressed air produced by 
the compressor 2 and the humidified air produced by the 
humidifying tower 5 are supplied in a switched manner with 
the equipment configuration described below. 
0031. A part of the compressed air introduced from the 
compressor 2 to the air cooler 4 is Supplied, as air for cooling 
the high-temperature component of the gasturbine, to a mixer 
27 via a compressed air Supply pipe 21, a compressed air 
supply valve 22, and a check valve 23. The flow rate of the 
compressed air Supplied to the air cooler 4 is adjusted by the 
compressed air Supply valve 22. Also, a part of the humidified 
air having been added with moisture in the humidifying tower 
5 is supplied to the mixer 27 via a humidified air supply pipe 
24, a humidified air supply valve 25, and a check valve 26. 
The flow rate of the humidified air supplied through the 
humidified air supply pipe 24 is adjusted by the humidified air 
supply valve 25. The compressed air and the humidified air 
having been Supplied to the air cooler 4 are mixed to produce 
cooling air that is Supplied to a cooling channel 29 in the 
high-temperature component of the gas turbine through a 
cooling air Supply pipe 28. The cooling air after cooling the 
high-temperature component is released into the gas turbine 
1. Additionally, the compressed air supply valve 22 and the 
humidified air supply valve 25 are operated to smoothly open 
and close. 

0032 For the advanced humid air turbine power plant 
made up of the above-described airline, humidifying line and 
cooling line, a description is now made of operating methods 
in the start up stage, the coast down stage, the load varying 
state of the gas turbine, as well as in the event of an abnor 

Dec. 3, 2009 

mality in the humidifying line. During the operation, the 
rotating speed and load of the gas turbine, the temperature, 
humidity and pressure of the coolant, and the metal tempera 
ture of the cooling channel 29 in the high-temperature com 
ponent of the gas turbine are measured as gas turbine status 
variables. The rotating speed and load of the gas turbine can 
be measured in the generator 3, while the temperature, 
humidity and pressure of the coolant can be measured by a 
sensor 30. However, it is difficult to directly measure the 
metal temperature of the cooling channel 29. For that reason, 
a sensor 31 is disposed in the high-temperature component of 
the gas turbine to measure the air temperature at the side of 
turbine wheels from the stationary side, and the metal tem 
perature of the cooling channel 29 is estimated from a mea 
Sured value. 

0033. The operating method in the start up stage and the 
load increasing stage of the gas turbine will be described with 
reference to FIG. 2. First, at a time 0 when the gas turbine 
starts operation, the gas turbine and associated pipes are at 
low temperatures. If the humidified air is supplied in such a 
condition, there is a possibility that moisture in the humidified 
air may condense. Accordingly, the humidified air Supply 
valve 25 is fully closed and the compressed air supply valve 
22 is fully opened to Supply only the compressed air. Imme 
diately after the startup of the gas turbine, the rotating speed 
is increased by a starter. At a certain Subsequent time T1, the 
combustor 7 is ignited and the estimated metal temperature of 
the cooling channel 29 based on the measurement by the 
sensor 31 starts to rise. Also, at the time T1, the gas turbine is 
in a condition where the humidified air used for combustion is 
not yet supplied with intent to stabilize the ignition. 
0034. The supply of the humidified air used for combus 
tion is started at a time T2 when the combustion in the com 
bustor 7 has been stabilized. Because of the valve opening and 
closing being held in the same states as those mentioned 
above at this time, however, the humidified air is not yet 
Supplied to the cooling channel 29 in the high-temperature 
component of the gas turbine, and only the compressed air not 
passing through the air cooler 4 flows through the cooling 
channel 29. Under a condition where the gas turbine is not 
Sufficiently warmed up in the start up stage and the load 
increasing stage, the metal temperature of the cooling channel 
29 may be lower than the dew point of the humidified air and 
the moisture in the humidified air may condense. Such a 
possibility is avoided by allowing only the compressed air to 
flow through the cooling channel 29. Further, because the 
compressed air before entering the air cooler 4 has a higher 
temperature than the humidified air exiting the humidifying 
tower 5, the temperature of the cooling channel 29 rises to 
accelerate warming-up of the gas turbine. 
0035. Then, at a time T3, the estimated metal temperature 
of the cooling channel 29 exceeds the temperature of the 
coolant. At this time T3, the warming-up of the gas turbine is 
regarded as being completed, whereupon the compressed air 
supply valve 22 is started to close and the humidified air 
Supply valve 25 is started to open simultaneously. In response 
to that valve closing and opening, a proportion of the com 
pressed airin the coolant starts to decrease and a proportion of 
the humidified air in the coolant starts to increase. As com 
pared with the compressed air, the humidified air has a lower 
temperature and a higher cooling capability because the 
humidified air is cooled in the air cooler 4. Accordingly, a 
thermal shock imposed on the high-temperature component 
of the gas turbine can be suppressed by starting the Switching 
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over in supply of the coolant at the time T3 when the differ 
ence between the metal temperature of the cooling channel 29 
and the coolant temperature is Small. In addition, the valve 
opening and closing operations are gradually performed so 
that the temperature of the coolant exiting the mixer 27 is not 
abruptly changed and the thermal shock imposed on the high 
temperature component of the gas turbine is Suppressed. 
0036. At a time T4, the compressed air supply valve 22 is 
fully closed and the humidified air supply valve 25 is fully 
opened, thus causing only the humidified air to flow through 
the high-temperature component of the gas turbine. After the 
time T4, the turbine inlet temperature rises, but the tempera 
ture in the high-temperature component of the gas turbine is 
Suppressed to be not higher than an allowable value because 
the high-temperature component of the gas turbine is cooled 
by the humidified air having a higher cooling capability. At a 
time T5, the gas turbine comes into a rated load operation with 
a load of 100% while maintaining the valve states of opening 
and closing as they are. 
0037. As described above, by switching over the coolant at 
the time when the estimated metal temperature of the cooling 
channel 29 exceeds the temperature of the coolant in the 
cooling air Supply pipe 28, it is possible to completely avoid 
the condensation of moisture inside the cooling channel in the 
start up stage and the load increasing stage of the gas turbine, 
and to realize a shift to the rated load operation without 
imposing the thermal shock on the high-temperature compo 
nent of the gas turbine. 
0038. While, in this embodiment, the warming-up of the 
gas turbine is regarded as being completed at the time T3 
when the estimated metal temperature of the cooling channel 
29 exceeds the coolant temperature measured by the sensor 
30 in the startup stage and the load increasing stage of the gas 
turbine, the sensor 30 may be disposed at an outlet of the 
humidifying tower 5, as an alternative, to employ the outlet 
temperature of the humidifying tower 5 instead of the coolant 
temperature. 
0039. Also, in this embodiment, after the coolant has been 
Switched over in the start up stage and the load increasing 
stage of the gas turbine, the compressed air Supply valve 22 is 
fully closed and the humidified air supply valve 25 is fully 
opened, whereby the cooling mode is switched over from the 
cooling with only the compressed air to the cooling with only 
the humidified air. However, because the temperature of the 
humidified air is at a level as low as 150° C., the switching 
over of the cooling mode gives rise to a possibility that a steep 
temperature gradient may be generated in individual high 
temperature members of the gas turbine, thus causing 
increased thermal stresses in the high-temperature members 
of the gas turbine. To avoid Such a possibility, the operating 
method can be modified as follows. When the coolant tem 
perature measured by the sensor 30 is too much lower than the 
estimated metal temperature of the cooling channel 29, which 
is estimated from the temperature at the side of the turbine 
wheels measured by the sensor 31 (namely, when the coolant 
temperature is lower thana predetermined value set relative to 
the estimated metal temperature of the cooling channel 29), 
the compressed air Supply valve 22 is held in a partly opened 
state so that the humidified air is mixed with the compressed 
air having a relatively high temperature to raise the tempera 
ture of the coolant flowing through the cooling channel 29 in 
the high-temperature component of the gas turbine. 
0040. Next, the operating method in the load decreasing 
stage and the coast down stage of the gas turbine will be 
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described with reference to FIG. 3. In the rated load opera 
tion, the compressed air Supply valve 22 is fully closed and 
the humidified air supply valve 25 is fully opened so that the 
coolant exiting the mixer 27 is all the humidified air. When the 
load starts to decrease at a time T11, the gas turbine comes, at 
a certain Subsequent time T12, into a state where the high 
temperature component of the gas turbine can be sufficiently 
cooled with the compressed air having a lower cooling capa 
bility than the humidified air. At this time T12, the com 
pressed air Supply valve 22 is started to open and the humidi 
fied air supply valve 25 is started to close simultaneously. 
Then, at time T13, the compressed air supply valve 22 is fully 
opened and the humidified air supply valve 25 is fully closed. 
Accordingly, the coolant flowing through the cooling channel 
29 is only the compressed air after the time T13, and the 
operation can be performed without causing condensation of 
moisture in the cooling channel. The gas turbine 1 is stopped 
at a time T14. If the humidified air remains in the cooling 
channel 29, there is a possibility that the inner surface of the 
cooling channel 29 may be oxidized and corroded due to the 
moisture and oxygen both contained in the air remaining in 
the cooling channel after the stop of the gas turbine. In this 
embodiment, however, the cooling air Supplied after the time 
T13 is only the compressed air, and the humidified air in the 
cooling channel 29 is all purged out at the time T14. As a 
result, the corrosion of the cooling channel can be suppressed. 
0041. Next, the operating method in the event of an abnor 
mality in the humidifying line will be described with refer 
ence to FIG. 4. If the amount of water added in the humidi 
fying tower 5 is reduced due to the occurrence of an 
abnormality in a sprayer, or if a pressure loss in the humidi 
fying tower 5 is increased due to clogging, for example, the 
high-temperature component of the gas turbine cannot be 
Sufficiently cooled. Accordingly, if Such an abnormal condi 
tion is left as it is, the high-temperature component of the gas 
turbine is overheated. To overcome that problem, the coolant 
is switched over from the humidified air to the compressed air 
at the time when the humidity or pressure of the humidified air 
measured by the sensor 30 is reduced below a threshold 
indicating the abnormality in the humidifying line, thereby 
shifting the gas turbine to the operating mode with the air 
cooling. 
0042. In this embodiment, it is assumed that the humidity 
of the humidified air measured by the sensor 30 has dropped 
in the rated load state. When the humidity of the humidified 
air measured by the sensor 30 has dropped to be lower than the 
threshold, this is determined as indicating the occurrence of 
an abnormality. At that time T21, the compressed air Supply 
valve 22 is started to open at once and the humidified air 
supply valve 25 is started to close simultaneously. Further, at 
the same time T21, the load of the gas turbine is started to 
decrease so as to lower the temperature in the high-tempera 
ture component of the gas turbine. Then, upon reaching a time 
T22 at which the gas turbine comes into a load state where the 
temperature in the high-temperature component of the gas 
turbine can be held not higher than the allowable value by the 
cooling with the compressed air, the compressed air Supply 
valve 22 is fully opened and the humidified air supply valve 
25 is fully closed. 

Second Embodiment 

0043 FIG. 5 is a block diagram of an advanced humid air 
turbine power plant according to a second embodiment of the 
present invention. A description of the same components as 
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those in FIG. 1 is omitted here. While the first embodiment of 
FIG. 1 utilizes, as the humidified air that is used as air for 
cooling the high-temperature component of the gas turbine, 
the humidified air supplied from the humidifying tower 5 to 
the recuperator 6, this second embodiment utilizes the 
humidified air having a temperature raised in the recuperator 
6. Practically, a humidified air supply pipe 36 is provided to 
branch a part of the humidified air from an intermediate 
position of a channel in the recuperator 6. The humidified air 
branched by the humidified air supply pipe 36 is supplied to 
the mixer 27 via the humidified air supply valve 25 and the 
check valve 26. 

0044) The temperature of the humidified air exiting the 
humidifying tower 5 is lower than the temperature of the 
compressed air exiting the compressor 2, and a thermal shock 
is imposed on the high-temperature component of the gas 
turbine when two kinds of coolants having a temperature 
difference therebetween are switched over from one to the 
other. In view of Such a point, this second embodiment is 
featured in using, as the coolant for cooling the high-tempera 
ture component of the gas turbine, a part of the humidified air 
having entered the recuperator 6 and having a temperature 
raised by heat exchange with the exhaust gases from the gas 
turbine 1, thereby reducing the temperature difference 
between the humidified air and the compressed air. As a 
result, when the coolant is switched over to the humidified air 
from the compressed air Supplied through the compressed air 
Supply pipe 21, it is possible to suppress the thermal shock 
imposed on the high-temperature component of the gas tur 
bine, to cut the time required for the operations of opening and 
closing the compressed air Supply valve 22 and the humidi 
fied air supply valve 25, and to smoothly switch over the 
coolant from one to the other. 

Third Embodiment 

0045 FIG. 6 is a block diagram of an advanced humid air 
turbine power plant according to a third embodiment of the 
present invention. While the first embodiment of FIG. 1 uti 
lizes, as the compressed air that is used as air for cooling the 
high-temperature component of the gas turbine, the com 
pressed air Supplied from the compressor 2 to the air cooler 4, 
this third embodiment supplies the compressed air of which 
temperature has been reduced in the air cooler 4. Practically, 
a compressed air Supply pipe 37 is provided to branch a part 
of the compressed air to a high-temperature component cool 
ing channel 29 (provided by the cooling air supply air 28) 
from an intermediate position of a passage through which the 
compressed air having been cooled in the air cooler 4 is 
supplied to the humidifying tower 5. The compressed air 
branched by the compressed air supply pipe 37 is supplied to 
the mixer 27 via the compressed air supply valve 22 and the 
check valve 23. 

0046. Immediately after the occurrence of an abnormality 
in the humidifying line, the cooling capability of the coolant 
lowers while the high-temperature component of the gas tur 
bine still remains at a level of high temperature, thus further 
raising the temperature in the high-temperature component of 
the gas turbine. It is therefore desired that, when the coolant is 
switched over from the humidified air to the compressed air, 
the temperature of the compressed air be as low as possible. 
From that point of view, this third embodiment is featured in 
employing, as the coolant, a part of the compressed air exiting 
the air cooler 4, and Supplying, to the high-temperature com 

Dec. 3, 2009 

ponent of the gas turbine, the compressed air having a lower 
temperature than that before passing through the air cooler 4. 

Fourth Embodiment 

0047 FIG. 7 is a block diagram of an advanced humid air 
turbine power plant according to a fourth embodiment of the 
present invention. In addition to the system configuration of 
FIG. 1, this fourth embodiment further includes an inert gas 
Supply line as a corrosion preventive means in the gas turbine 
cooling line. Practically, an inert gas Supply pipe 41 is pro 
vided to Supply an inert gas from an inert gas Supply source 40 
to the mixer 27, and an inert gas Supply valve 42 and a check 
valve 43 are disposed in the inert gas supply pipe 41. While 
the inert gas Supply pipe 41 is connected to the mixer 27 in this 
fourth embodiment shown in FIG. 7, the inert gas supply pipe 
41 may be connected to an intermediate position of the 
humidified air supply pipe 24 or the compressed air Supply 
pipe 21. In that case, the inert gas Supply pipe 41 is preferably 
connected to the Supply pipe downstream of the check valve 
23, 26 or of the humidified air supply valve 25 or the com 
pressed air supply valve 22. 
0048 If the humidified air remains in the cooling channel 
29 in the high-temperature component of the gas turbine after 
the stop of the gas turbine, there is a possibility that the inner 
surface of the cooling channel 29 may be oxidized and cor 
roded due to the moisture and oxygen both contained in the 
remaining air. Such a possibility of corrosion can be Sup 
pressed by switching over the coolant from the humidified air 
to the compressed air as in the first embodiment. Further, in 
this fourth embodiment, the coolant is switched over from the 
compressed air to the inert gas Supplied from the inert gas 
Supply pipe 41 so that the moisture and oxygen possibly 
causing the corrosion are completely purged out of the cool 
ing channel. 
0049. An operating method in the stage of stopping the gas 
turbine according to the fourth embodiment will be described 
below with reference to FIG.8. At a time T13 in FIG. 8, the 
gas turbine is in a state where the cooling air Supplied to the 
high-temperature component is Switched over from the 
humidified air to the compressed air. At this time, the com 
pressed air supply valve 22 is fully opened, while the humidi 
fied air supply valve 25 and the inert gas supply valve 42 are 
both fully closed. At a certain subsequent time T31, the com 
pressed air Supply valve 22 is started to close and the inert gas 
Supply valve 42 is started to open simultaneously. Then, at 
time T32, the compressed air supply valve 22 is fully closed 
and the inert gas Supply valve 42 is fully opened, whereupon 
the coolant flowing through the cooling channel 29 is 
Switched over from the compressed air to the inert gas. During 
a period from the time T31 to a time T14 at which the gas 
turbine is stopped, the compressed air in the cooling channel 
29 is completely purged out by the inert gas. Finally, the inert 
gas Supply valve 42 is started to close at a time T14 and then 
fully closed at a time T33. Thus, the moisture and oxygen 
possibly causing the corrosion can be effectively completely 
purged out of the cooling channel by Supplying a small 
amount of inert gas. 
0050. As described above in connection with the embodi 
ments, the present invention is featured in having the function 
of switching over the cooling mode between cooling with the 
humidified air and cooling with the compressed airin the start 
up stage, the load increasing stage, the load decreasing stage 
and the coast down stage of the gas turbine, as well as in the 
event of an abnormality in the humidifying line. In the startup 
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stage and the load increasing stage of the gas turbine, the 
compressed air is Supplied to accelerate warming-up of the 
cooling channel in the high-temperature component of the 
gas turbine and to lower the dew point of the coolant, thereby 
preventing condensation of the moisture. Also, by Supplying 
the compressed air in the coast down stage and the load 
decreasing stage of the gas turbine, the condensation of the 
moisture can be similarly prevented. Further, by utilizing the 
compressed air as a purge gas, it is possible to Suppress the 
corrosion that may be caused after the stop of the gas turbine. 
In the event of an abnormality in the humidifying line, by 
employing the compressed air as an auxiliary coolant, the 
operation of the gas turbine can be continued without increas 
ing a thermal load imposed on the high-temperature compo 
nent of the gas turbine. 
0051. As a result, according to the present invention, an 
improved gas turbine using the humidified air as a coolant for 
cooling the high-temperature component can be realized. 

1.-9. (canceled) 
10. A method of operating an advanced humid air turbine 

power plant comprising a compressor for compressing air, a 
humidifying tower for humidifying compressed air intro 
duced from said compressor, a combustor for burning fuel 
and humidified air Supplied from said humidifying tower, a 
gas turbine driven by combustion gases generated in said 
combustor, a recuperator for performing heat exchange 
between exhaust gases discharged from said combustor and 
the humidified air Supplied to said combustor, a compressed 
air Supply line for Supplying, as cooling air, the compressed 
air generated by said compressor to a high-temperature com 
ponent of said gas turbine, and a humidified air Supply line for 
Supplying the humidified air added with moisture in said 
humidifying tower to the high-temperature component of 
said gas turbine, 

wherein said operating method includes a step of Switching 
over a cooling mode from cooling with the compressed 
air to cooling with the humidified airina startup stage or 
a load increasing stage of said gas turbine. 

11. A method of operating an advanced humid air turbine 
power plant comprising a compressor for compressing air, a 
humidifying tower for humidifying compressed air intro 
duced from said compressor, a combustor for burning fuel 
and humidified air Supplied from said humidifying tower, a 
gas turbine driven by combustion gases generated in said 
combustor, a recuperator for performing heat exchange 
between exhaust gases discharged from said combustor and 
the humidified air Supplied to said combustor, a compressed 
air Supply line for Supplying, as cooling air, the compressed 
air generated by said compressor to a high-temperature com 
ponent of said gas turbine, and a humidified air Supply line for 
Supplying the humidified air added with moisture in said 
humidifying tower to the high-temperature component of 
said gas turbine, 

wherein said operating method includes a step of Switching 
over a cooling mode from cooling with the compressed 
air to cooling with both of the compressed air and the 
humidified air in a start up stage or a load increasing 
stage of said gas turbine. 

12. A method of operating an advanced humid air turbine 
power plant comprising a compressor for compressing air, a 
humidifying tower for humidifying compressed air intro 
duced from said compressor, a combustor for burning fuel 
and humidified air Supplied from said humidifying tower, a 
gas turbine driven by combustion gases generated in said 
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combustor, a recuperator for performing heat exchange 
between exhaust gases discharged from said combustor and 
the humidified air Supplied to said combustor, a compressed 
air Supply line for Supplying, as cooling air, the compressed 
air generated by said compressor to a high-temperature com 
ponent of said gas turbine, and a humidified air Supply line for 
Supplying the humidified air added with moisture in said 
humidifying tower to the high-temperature component of 
said gas turbine, 

wherein said operating method includes a step of starting to 
Switch over a cooling mode from cooling with the com 
pressed air to cooling with the humidified air in a startup 
stage or a load increasing stage of said gas turbine when 
a temperature in the high-temperature component of 
said gas turbine or an estimated temperature of the high 
temperature component of said gas turbine obtained 
from a temperature at a location Substituted for the high 
temperature component of said gas turbine rises above a 
coolant temperature. 

13. A method of operating an advanced humid air turbine 
power plant comprising a compressor for compressing air, a 
humidifying tower for humidifying compressed air intro 
duced from said compressor, a combustor for burning fuel 
and humidified air Supplied from said humidifying tower, a 
gas turbine driven by combustion gases generated in said 
combustor, a recuperator for performing heat exchange 
between exhaust gases discharged from said combustor and 
the humidified air Supplied to said combustor, a compressed 
air supply line for supplying, as cooling air, the compressed 
air generated by said compressor to a high-temperature com 
ponent of said gas turbine, and a humidified air Supply line for 
Supplying the humidified air added with moisture in said 
humidifying tower to the high-temperature component of 
said gas turbine, 

wherein said operating method includes a step of Switching 
over a cooling mode from cooling with the humidified 
air to cooling with the compressed air in a load decreas 
ing state or a coast down stage of said gas turbine. 

14. A method of operating an advanced humid air turbine 
power plant comprising a compressor for compressing air, a 
humidifying tower for humidifying compressed air intro 
duced from said compressor, a combustor for burning fuel 
and humidified air Supplied from said humidifying tower, a 
gas turbine driven by combustion gases generated in said 
combustor, a recuperator for performing heat exchange 
between exhaust gases discharged from said combustor and 
the humidified air Supplied to said combustor, a compressed 
air Supply line for Supplying, as cooling air, the compressed 
air generated by said compressor to a high-temperature com 
ponent of said gas turbine, and a humidified air Supply line for 
Supplying the humidified air added with moisture in said 
humidifying tower to the high-temperature component of 
said gas turbine, 

wherein said operating method includes a step of Switching 
over a cooling mode from cooling with the humidified 
air to cooling with the compressed air in the event of an 
abnormality in said humidified air Supply line. 

15. A method of operating an advanced humid air turbine 
power plant comprising a compressor for compressing air, a 
humidifying tower for humidifying compressed air intro 
duced from said compressor, a combustor for burning fuel 
and humidified air Supplied from said humidifying tower, a 
gas turbine driven by combustion gases generated in said 
combustor, a recuperator for performing heat exchange 
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between exhaust gases discharged from said combustor and 
the humidified air Supplied to said combustor, a compressed 
air Supply line for Supplying, as cooling air, the compressed 
air generated by said compressor to a high-temperature com 
ponent of said gas turbine, and a humidified air Supply line for 
Supplying the humidified air added with moisture in said 
humidifying tower to the high-temperature component of 
said gas turbine, 

wherein said operating method includes a step of Switching 
over a cooling mode from cooling with the humidified 
air to cooling with the compressed air in the event of an 
abnormality in said humidified air Supply line when at 
least one of humidity and pressure of the humidified air 
reduces to a level not higher than a certain threshold. 

16. A method of operating an advanced humid air turbine 
power plant comprising a compressor for compressing air, a 
humidifying tower for humidifying compressed air intro 
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duced from said compressor, a combustor for burning fuel 
and humidified air Supplied from said humidifying tower, a 
gas turbine driven by combustion gases generated in said 
combustor, a recuperator for performing heat exchange 
between exhaust gases discharged from said combustor and 
the humidified air Supplied to said combustor, a compressed 
air Supply line for Supplying, as cooling air, the compressed 
air generated by said compressor to a high-temperature com 
ponent of said gas turbine, and a humidified air Supply line for 
Supplying the humidified air added with moisture in said 
humidifying tower to the high-temperature component of 
said gas turbine, 

wherein said operating method includes a step of Switching 
over a cooling mode from cooling with the compressed 
air or the humidified air to cooling with an inert gas in a 
load decreasing stage or a coast down stage. 

c c c c c 


