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(54) Gas turbine and operating method thereof

(57) A gas turbine that supplies combustion gas gen-
erated by supplying fuel to a combustor where the fuel
is combusted with compressed air compressed at a com-
pressor to a turbine to acquire rotational power, the gas
turbine comprising pressurizing means connected to a
branching channel branching from a discharge-side
channel of the compressor and capable of carrying out
an operation for introducing and pressurizing a temper-
ature-control medium independently from the compres-
sor, a temperature-control-medium supply channel that
guides pressurized temperature-control medium pressu-
rized at the pressuring means to a turbine-cooling-medi-
um channel provided in a stationary component of the
turbine, and a temperature-control-medium return chan-
nel that guide the pressurized temperature-control me-
dium that has passed through the turbine-cooling-medi-
um channel to the discharge-side channel such that the

flows are combined, wherein the pressurizing means is
operated at shutdown of the gas turbine to let the pres-
surized temperature-control medium flow in the turbine-
cooling-medium channel.
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Description

{Technical Field}

[0001] The present invention relates to a gas turbine
and an operation method thereof and, more specifically,
relates to an active clearance control (ACC) system at
startup of the gas turbine and to cat-back prevention while
the gas turbine is shut down.

{Background Art}

[0002] A typical gas turbine is constituted of a com-
pressor, a combustor, and a turbine, and air taken in from
an air intake port is compressed by.the compressor into
high-temperature, high-pressure compressed air. The
compressed air is supplied to the combustor, and, in the
combustor, high-temperature, high-pressure combus-
tion gas is generated by supplying fuel to the compressed
air and combusting it. Since the combustion gas drives
the turbine connected to the compressor, for example,
power can be generated at the generator driven by the
gas turbine by connecting the generator to the output
shaft of the gas turbine.
[0003] With such a gas turbine, an active clearance
control (hereinafter referred to as ACC) system carries
out control to minimize the tip clearance, which fluctuates
in response to the effect of temperature and centrifugal
force, which vary in accordance with the operating state,
preventing interference between rotary parts and station-
ary parts and achieving high efficiency in operation.
In general, in a gas turbine in which tip clearance is not
controlled, tip clearance is minimized at a startup posi-
tion, not at a position during rated operation. Thus, with
the ACC system, an operating state with minimum tip
clearance is set during rated operation by warming up
stationary components that affect the tip clearance in a
step before starting up the gas turbine. In other words,
as illustrated in Figs. 12A to 12D, the ACC system is a
technique for minimizing clearance during rated opera-
tion to ensure the operating efficiency by increasing the
clearance in advance by warming up the turbine station-
ary parts before starting up the gas turbine and adjusting
the temperature of the turbine stationary parts during rat-
ed operation.
[0004] The operation of a gas turbine with the above-
described ACC system can be broadly classified into the
following five states.

(1) Immediately before startup

[0005] To apply the ACC system, the stationary com-
ponents of the turbine stator blades are warmed up by
letting a temperature-control medium (heating medium)
flow therethrough, thus increasing the expansion to in-
crease the clearance between stationary parts, such as
a blade ring, and rotor blades, which are rotary parts.

(2) During startup (while increasing load)

[0006] In the same manner as immediately before star-
tup, the stationary components continue to be warmed
up so that the clearance does not disappear during star-
tup (so that the stationary parts and the rotary parts do
not contact each other).

(3) During rated operation

[0007] The clearance between the stationary parts and
the rotary parts is minimized by changing the conditions
(temperature etc.,) of the temperature-control medium
(heating medium) flowing through the stationary compo-
nents.

(4) During shut-down (while lowering load)

[0008] In the same manner as immediately before star-
tup, the stationary components continue to be warmed
up so that the clearance does not disappear during shut-
down (so that the stationary parts and the rotary parts do
not contact each other).

(5) During shut-down

[0009] High-temperature gas remaining inside the gas
turbine is exhausted outside the gas turbine to prevent
cat back. Furthermore, the distribution of gas remaining
inside the gas turbine is eliminated by letting the temper-
ature-control medium (heating medium) flow through the
stationary components to prevent cat back.
[0010] In the above-described ACC system, the clear-
ance control method for the gas turbine is classified into
the following three methods.

(1) Control method based on changing the conditions of 
the cooling medium flowing inside the turbine blades

[0011] This is a control method in which the tempera-
ture of the cooling medium flowing inside the turbine is
changed by changing the cooling method for the cooling
medium etc. (for example, changing from no cooling to
air cooling or steam cooling), thereby adjusting the clear-
ance by changing the amount of expansion of the turbine
blades themselves, which requires a mechanism for
changing the cooling method for the cooling medium.

(2) Control method based on adjusting the temperature 
of stationary components by steam or air

[0012] This is a method for controlling the clearance
by letting steam etc. generated at an exhaust gas boiler
flow through the stationary components after adjusting it
with valves, etc.; in general, when air is used, the cycle
efficiency decreases because the air is discarded to the
gas path side without collecting it.
[0013] Furthermore, when steam is used, the startup
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time is long because operation in a simple cycle cannot
be achieved, and boiler warm-up is required. Moreover,
when steam is used, additional equipment is required,
such as an auxiliary boiler for startup and steam piping
from the exhaust gas boiler.

(3) Control method based on moving blades or casing 
with a mechanical mechanism

[0014] This is a control method for adjusting the clear-
ance by providing a mechanical mechanism, such as an
actuator, and moving the blades and casing.
[0015] As related art of the above-described ACC sys-
tem, compressed air is extracted and, after passing
through a flow regulating valve, cools a segmented ring
of the stationary components (for example, refer to PTL
1).
Furthermore, part of the steam used in the steam turbine
is taken out and returned to the steam turbine system
after adjustment by a valve and cooling the segmented
ring (for example, refer to PTL 2).
[0016] In this way, the cat back problem has been not-
ed when the gas turbine is stopped by the ACC system.
Cat back is a phenomenon in which, while the gas turbine
is stopped, the gas turbine warps due to a temperature
difference. That is, since temperature layers are formed
inside the gas turbine even after it has stopped because
the inside of the gas turbine reaches a high temperature
during operation, a temperature difference is generated
between the upper part of the gas turbine (high temper-
ature) and the lower part of the gas turbine (low temper-
ature). As a result, the entire gas turbine warps in a stoop-
ing manner due to a difference in the amount of expan-
sion generated between the upper part and lower part of
the gas turbine.
[0017] As related art to prevent such cat back, a nozzle
is provided on the upper part of a cylinder casing, and
cooling air flows toward the upper part of the wall surfaces
in the cylinder to decreases the upper and lower temper-
ature difference (for example, refer to PTL 3).
Furthermore, there is one in which openings are formed
in the cylinder lower part and the cylinder upper part to
circulate air in the cylinder using a pump (for example,
refer to PTL 4).

{Citation List}

{Patent Literature}

[0018]

{PTL 1} Japanese Unexamined Patent Application,
Publication No. HEI-6-317184
{PTL 2} Japanese Unexamined Patent Application,
Publication No. 2001-248406
{PTL 3} Japanese Unexamined Patent Application,
Publication No. 2005-171455
{PTL 4} Japanese Unexamined Patent Application,

Publication No. 2002-371806

{Summary of Invention}

{Technical Problem}

[0019] However, with the above-described gas turbine,
from the viewpoint of improving the operation efficiency
of equipment etc., there is a demand for an increase in
the startup speed of the gas turbine. Therefore, also with
the ACC system during startup of the gas turbine, there
is a desire for achieving an increase in the startup speed
of the gas turbine by quickly warming up stationary com-
ponents to a desired temperature and to expand them,
thus increasing the clearance between stationary parts
and rotary parts to an optimal value. In such a case, it is
desirable that the addition of additional equipment can
be minimized.
Furthermore, with the above-described gas turbine, there
is a demand for improving the cooling efficiency of the
stationary components of the turbine during rated oper-
ation. In such a case, it is desirable that the addition of
additional equipment be minimized.
Moreover, for example, a gas turbine that drives a gen-
erator is operated in DSS (daily start-and-stop) mode in
order to cope with the power demand fluctuation during
day time and night time. That is, in such DSS mode, since
operation and shutdown of the gas turbine are frequently
carried out, there is a desire for quickly completing the
operation required for cat back prevention. Furthermore,
for a gas turbine operated in DSS mode, it is also desir-
able that the time required for startup be short. Moreover,
it is also desirable to minimize additional equipment re-
quired for cat back prevention.
The present invention has been conceived in light of the
above-described circumstances, and an object thereof
is to provide a gas turbine and a startup operating method
thereof in which quick operation control of the ACC sys-
tem is carried out during startup of the gas turbine, and
an increase in the startup speed of the gas turbine is
achieved.
Another object of the present invention is to provide a
gas turbine and rated-operation operating method there-
of that achieve improved cooling efficiency of the station-
ary components of the turbine in the ACC system during
rated operation of the gas turbine.
Another object of the present invention is to provide a
gas turbine and shutdown operating method thereof that
are capable of quickly carrying out the operation required
for cat back prevention during shutdown of the gas tur-
bine.

{Solution to Problem}

[0020] To solve the above-described problems, the
present invention employs the following solutions.
A gas turbine according to a first aspect of the present
invention is a gas turbine that supplies combustion gas
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generated by supplying fuel to a combustor where the
fuel is combusted with compressed air compressed at a
compressor to a turbine to acquire rotational power, the
gas turbine including pressurizing means connected to
a branching channel branching from a discharge-side
channel of the compressor and capable of carrying out
an operation for introducing and pressurizing a heating
medium independently from the compressor; a heating-
medium supply channel that guides pressurized heating
medium pressurized at the pressuring means to a tur-
bine-cooling-medium channel provided in a stationary
component of the turbine; and a heating-medium return
channel that guides the pressurized heating medium that
has passed through the turbine-cooling-medium channel
to the discharge-side channel such that the flows are
combined, wherein the pressurizing means is operated
at startup of the gas turbine and in preparation immedi-
ately before startup to raise the temperature by letting
the pressurized heating medium flow in the turbine-cool-
ing-medium channel.
[0021] Such a gas turbine apparatus includes pressu-
rizing means connected to a branching channel branch-
ing from a discharge-side channel of the compressor and
capable of carrying out an operation for introducing and
pressurizing a heating medium independently from the
compressor; a heating-medium supply channel that
guides pressurized heating medium pressurized at the
pressuring means to a turbine-cooling-medium channel
provided in a stationary component of the turbine; and a
heating-medium return channel that guides the pressu-
rized heating medium that has passed through the tur-
bine-cooling-medium channel to the discharge-side
channel such that the flows are combined, wherein the
pressurizing means is operated at startup of the gas tur-
bine and in preparation immediately before startup to
raise the temperature by letting the pressurized heating
medium flow in the turbine-cooling-medium channel;
therefore, the pressurized heating medium having a
raised temperature by being pressurized at the pressu-
rizing means heats and warms up the stationary compo-
nents of the turbine while passing through the turbine-
cooling-medium channel. At this time, since the pressu-
rizing means can be operated independently from the
gas turbine main body, rapid clearance control is possible
in preparation immediately before startup of the gas tur-
bine.
[0022] In the above-described aspect, it is desirable
that a bypass channel that branches from a midpoint in
the heating-medium supply channel and is connected to
the discharge-side channel, and including channel open-
ing/closing means, be further included; in this way, part
of the pressurized heating medium having a raised tem-
perature is re-pressurized and reheated by letting part of
the pressurized heating medium pressurized at the pres-
surizing means to raise the temperature thereof flow
through the bypass channel by opening the channel
opening/closing means. Therefore, the temperature of
the pressurized heating medium, after pressurization,

passing through the turbine-cooling-medium channel is
increased even more.
[0023] In the above-described aspect, it is desirable
that heating means that carries out heat exchange with
the heating medium or the pressurized heating medium
to raise the temperature be provided in the branching
channel or the heating-medium supply channel; in this
way, the temperature of the pressurized heating medium
can be increased even more by heating the pressurized
heating medium passing through the turbine-cooling-me-
dium channel.
[0024] In the above-described aspect, it is desirable to
provide a heating-medium branching supply channel that
branches from the heating-medium supply channel and
that is connected to a compressor-cooling-medium chan-
nel in the compressor and a heating-medium branching
return channel that guides the pressurized heating me-
dium, which has passed through the compressor-cool-
ing-medium channel, to the discharge-side channel such
that the flows are combined; in this way, since, in addition
to the temperature of the stationary components of the
gas turbine, the temperature of the compressor side can
also be raised, clearance control of the turbine and the
compressor becomes possible.
[0025] In the above-described aspect, it is desirable
that selective-switching means for the heating medium
be provided on an intake side of the pressurizing means;
in this way, pressure and temperature can be raised by
introducing a high-temperature heating medium from
outside the gas turbine, when necessary.
[0026] In the above-described aspect, it is desirable
that the pressurized heating medium pressurized at the
pressurizing means be guided to the discharge-side
channel such that the flows are combined after being
connected in series or parallel with the turbine-cooling-
medium channel for carrying out cooling in the combus-
tor; in this way, in addition to clearance control of the gas
turbine, cooling of the combustor can be carried out.
[0027] A startup operating method for a gas turbine
according to a second aspect of the present invention is
a startup operating method of a gas turbine that supplies
combustion gas generated by supplying fuel to a com-
bustor where the fuel is combusted with compressed air
compressed at a compressor to a turbine to acquire ro-
tational power, the method, which is carried out at startup
of the gas turbine and in preparation immediately before
startup, including a step in which pressurizing means,
which is connected to a branching channel branching
from a discharge-side channel of the compressor and
capable of operating independently from the compres-
sor, introduces and pressurizes a heating medium; a step
in which pressurized heating medium pressurized at the
pressurizing means is supplied to a turbine-cooling-me-
dium channel provided in a stationary component of the
turbine to raise the temperature of the stationary compo-
nent with the pressurized heating medium passing
through the turbine-cooling-medium channel; and a step
in which the pressurized heating medium is guided from
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the turbine-cooling-medium channel to the discharge-
side channel such that the flows are combined.
[0028] Such an operating method for startup of a gas
turbine, which is carried out at startup of the gas turbine
and in preparation immediately before startup, includes
a step in which pressurizing means, which is connected
to a branching channel branching from a discharge-side
channel of the compressor and capable of operating in-
dependently from the compressor, introduces and pres-
surizes a heating medium; a step in which pressurized
heating medium pressurized at the pressurizing means
is supplied to a turbine-cooling-medium channel provid-
ed in a stationary component of the turbine to raise the
temperature of the stationary component with the pres-
surized heating medium passing through the turbine-
cooling-medium channel; and a step in which the pres-
surized heating medium is guided from the turbine-cool-
ing-medium channel to the discharge-side channel such
that the flows are combined; therefore, the pressurized
heating medium pressurized by the pressurizing means
to raise the temperature can heat and warm up the sta-
tionary components while passing through the turbine-
cooling-medium channel. At this time, since the pressu-
rizing means can be operated independently from the
gas turbine main body, clearance control can be quickly
carried out in preparation immediately before startup of
the gas turbine.
[0029] A gas turbine according to a third aspect of the
present invention is a gas turbine that supplies combus-
tion gas generated by supplying fuel to a combustor
where the fuel is combusted with compressed air com-
pressed at a compressor to a turbine to acquire rotational
power, the gas turbine including pressurizing means con-
nected to a branching channel branching from a dis-
charge-side channel of the compressor and capable of
carrying out an operation for introducing and pressurizing
a temperature-control medium independently from the
compressor; a temperature-control-medium supply
channel that guides pressurized temperature-control me-
dium pressurized at the pressuring means to a turbine-
cooling-medium channel provided in a stationary com-
ponent of the turbine; and a temperature-control medium
return channel that guides the pressurized temperature-
control medium that has passed through the turbine-cool-
ing-medium channel to the discharge-side channel such
that the flows are combined, wherein the pressurizing
means is operated during rated operation of the gas tur-
bine to carry out cooling by letting the pressurized tem-
perature-control medium flow in the turbine-cooling-me-
dium channel.
[0030] Such a gas turbine includes pressurizing means
connected to a branching channel branching from a dis-
charge-side channel of the compressor and capable of
carrying out an operation for introducing and pressurizing
a temperature-control medium independently from the
compressor; a temperature-control-medium supply
channel that guides pressurized temperature-control me-
dium pressurized at the pressuring means to a turbine-

cooling-medium channel provided in a stationary com-
ponent of the turbine; and a temperature-control medium
return channel that guides the pressurized temperature-
control medium that has passed through the turbine-cool-
ing-medium channel to the discharge-side channel such
that the flows are combined, wherein the pressurizing
means is operated during rated operation of the gas tur-
bine to carry out cooling by letting the pressurized tem-
perature-control medium flow in the turbine-cooling-me-
dium channel; therefore, efficient cooling can be carried
out due to the temperature difference between the sta-
tionary component of the turbine and the pressurized
cooling medium.
[0031] In the above-described aspect, it is desirable
that the pressurized temperature-control medium pres-
surized at the pressurizing means be guided to the dis-
charge-side channel such that the flows are combined
after being connected in series or parallel with the turbine-
cooling-medium channel for carrying out cooling in the
combustor; in this way, in addition to clearance control
of the gas turbine, cooling of the combustor can be carried
out.
[0032] In the above-described aspect, it is desirable
that temperature controlling means that allows temper-
ature control of the pressurized temperature-control me-
dium be further included; in this way, the relative temper-
ature difference can be increased even more to improve
the cooling efficiency even more.
In such a case, it is desirable that the temperature con-
trolling means be a coolant supply channel that adds a
coolant to the temperature-control-medium supply chan-
nel; in this way, the temperature of the pressurized tem-
perature-control medium pressurized by the pressurizing
means to raise the temperature can be lowered by adding
a coolant. In this case, the coolant may be liquid or gas.
Furthermore, it is desirable that the temperature control-
ling means be a heat exchanger that is provided in the
branching channel or the temperature-control-medium
supply channel and lowers the temperature of the tem-
perature-control medium or the pressurized tempera-
ture-control medium; in this way, the temperature of the
temperature-control medium before pressurization by
the pressurizing means or the temperature of the pres-
surized temperature-control medium after pressurization
can be lowered by the heat exchanger.
[0033] In such a case, it is desirable to provide a heat-
ing-medium branching supply channel that branches
from the heating-medium supply channel and that is con-
nected to a compressor-cooling-medium channel in the
compressor and a heating-medium branching return
channel that guides the pressurized heating medium,
which has passed through the compressor-cooling-me-
dium channel, to the discharge-side channel such that
the flows are combined; in this way, since, in addition to
the temperature of the stationary components of the gas
turbine, the temperature of the compressor side can also
be raised, clearance control of the turbine and the com-
pressor becomes possible.
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[0034] A rated-operation operating method for a gas
turbine according to a fourth aspect of the present inven-
tion is a rated operation method for a gas turbine that
supplies combustion gas generated by supplying fuel to
a combustor where the fuel is combusted with com-
pressed air compressed at a compressor to a turbine to
acquire rotational power, the method, which is carried
out during rated operation of the gas turbine, including a
step in which pressurizing means, which is connected to
a branching channel branching from a discharge-side
channel of the compressor and capable of operating in-
dependently from the compressor, introduces and pres-
surizes a temperature-control medium; a step in which
pressurized temperature-control medium pressurized at
the pressurizing means is supplied to a turbine-cooling-
medium channel provided in a stationary component of
the turbine and cools the stationary component with the
pressurized temperature-control medium passing
through the turbine-cooling-medium channel; and a step
in which the pressurized temperature-control medium is
guided from the turbine-cooling-medium channel to the
discharge-side channel such that the flows are com-
bined.
[0035] Such a rated-operation operating method for a
gas turbine, the method, which is carried out during rated
operation of the gas turbine, includes a step in which
pressurizing means, which is connected to a branching
channel branching from a discharge-side channel of the
compressor and capable of operating independently
from the compressor, introduces and pressurizes a tem-
perature-control medium; a step in which pressurized
temperature-control medium pressurized at the pressu-
rizing means is supplied to a turbine-cooling-medium
channel provided in a stationary component of the turbine
and cools the stationary component with the pressurized
temperature-control medium passing through the tur-
bine-cooling-medium channel; and a step in which the
pressurized temperature-control medium is guided from
the turbine-cooling-medium channel to the discharge-
side channel such that the flows are combined; therefore,
efficient cooling can be carried out by the temperature
difference between the stationary component of the tur-
bine and the pressurized temperature-control medium.
[0036] A gas turbine according to a fifth aspect of the
present invention is a gas turbine that supplies combus-
tion gas generated by supplying fuel to a combustor
where the fuel is combusted with compressed air com-
pressed at a compressor to a turbine to acquire rotational
power, the gas turbine including pressurizing means con-
nected to a branching channel branching from a dis-
charge-side channel of the compressor and capable of
carrying out an operation for introducing and pressurizing
a temperature-control medium independently from the
compressor; a temperature-control-medium supply
channel that guides pressurized temperature-control me-
dium pressurized at the pressuring means to a turbine-
cooling-medium channel provided in a stationary com-
ponent of the turbine; and a temperature-control-medium

return channel that guides the pressurized temperature-
control medium that has passed through the turbine-cool-
ing-medium channel to the discharge-side channel such
that the flows are combined, wherein a ventilation cooling
system in which the pressurizing means is operated at
shutdown of the gas turbine to exhaust high-temperature
gas remaining in the turbine is provided.
[0037] Such a gas turbine includes pressurizing means
connected to a branching channel branching from a dis-
charge-side channel of the compressor and capable of
carrying out an operation for introducing and pressurizing
a temperature-control medium independently from the
compressor; a temperature-control-medium supply
channel that guides pressurized temperature-control me-
dium pressurized at the pressuring means to a turbine-
cooling-medium channel provided in a stationary com-
ponent of the turbine; and a temperature-control-medium
return channel that guides the pressurized temperature-
control medium that has passed through the turbine-cool-
ing-medium channel to the discharge-side channel such
that the flows are combined, wherein a ventilation cooling
system in which the pressurizing means is operated at
shutdown of the gas turbine to exhaust high-temperature
gas remaining in the turbine is provided; therefore, during
shutdown of the gas turbine, the high-temperature gas
remaining in the turbine is forcefully discharged to the
atmosphere to quickly carry out ventilation cooling.
[0038] In the above-described aspect, it is desirable
that the ventilation cooling system include an exhaust
channel branching from the temperature-control-medi-
um supply channel and having channel opening/closing
means and channel opening/closing means provided in
the temperature-control-medium supply channel, down-
stream of the branching point of the exhaust channel.
Furthermore, in the present invention described above,
it is desirable that the ventilation cooling system include
an exhaust channel branching from the branching chan-
nel and having channel opening/closing means.
[0039] A gas turbine according to a sixth aspect of the
present invention is a gas turbine that supplies combus-
tion gas generated by supplying fuel to a combustor
where the fuel is combusted with compressed air com-
pressed at a compressor to a turbine to acquire rotational
power, the gas turbine including pressurizing means con-
nected to a branching channel branching from a dis-
charge-side channel of the compressor and capable of
carrying out an operation for introducing and pressurizing
a temperature-control medium independently from the
compressor; a temperature-control-medium supply
channel that guides pressurized temperature-control me-
dium pressurized at the pressuring means to a turbine-
cooling-medium channel provided in a stationary com-
ponent of the turbine; and a temperature-control-medium
return channel that guide the pressurized temperature-
control medium that has passed through the turbine-cool-
ing-medium channel to the discharge-side channel such
that the flows are combined, wherein the pressurizing
means is operated at shutdown of the gas turbine to let
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the pressurized temperature-control medium flow in the
turbine-cooling-medium channel.
[0040] Such a gas turbine includes pressurizing means
connected to a branching channel branching from a dis-
charge-side channel of the compressor and capable of
carrying out an operation for introducing and pressurizing
a temperature-control medium independently from the
compressor; a temperature-control-medium supply
channel that guides pressurized temperature-control me-
dium pressurized at the pressuring means to a turbine-
cooling-medium channel provided in a stationary com-
ponent of the turbine; and a temperature-control-medium
return channel that guide the pressurized temperature-
control medium that has passed through the turbine-cool-
ing-medium channel to the discharge-side channel such
that the flows are combined, wherein the pressurizing
means is operated at shutdown of the gas turbine to let
the pressurized temperature-control medium flow in the
turbine-cooling-medium channel; therefore, during shut-
down of the gas turbine, the pressurized temperature-
control medium flows through the turbine-cooling-medi-
um channel in a circulating manner, and the temperature
distribution of the inside of the gas turbine can be made
substantially uniform.
[0041] A shutdown operating method for a gas turbine
according to a seventh aspect of the present invention
is a shutdown operating method for a gas turbine that
supplies combustion gas generated by supplying fuel to
a combustor where the fuel is combusted with com-
pressed air compressed at a compressor to a turbine to
acquire rotational power, the method, which is carried
out at shutdown of the gas turbine, including a step in
which pressurizing means connected to a branching
channel branching from a discharge-side channel of the
compressor and capable of carrying out an operation for
introducing and pressurizing a temperature-control me-
dium independently from the compressor; a step in which
pressurized temperature-control medium pressurized at
the pressurizing means returns to the discharge-side
channel via a temperature-control-medium supply chan-
nel, a turbine-cooling-medium channel, and a tempera-
ture-control-medium return channel; and a step in which
exhausting to the atmosphere is carried out from the dis-
charge-side channel through the combustor and the tur-
bine.
[0042] Such an operating method for shutdown of a
gas turbine includes a step in which pressurizing means
connected to a branching channel branching from a dis-
charge-side channel of the compressor and capable of
carrying out an operation for introducing and pressurizing
a temperature-control medium independently from the
compressor; a step in which pressurized temperature-
control medium pressurized at the pressurizing means
returns to the discharge-side channel via a temperature-
control-medium supply channel, a turbine-cooling-medi-
um channel, and a temperature-control-medium return
channel; and a step in which exhausting to the atmos-
phere is carried out from the discharge-side channel

through the combustor and the turbine; therefore, during
shutdown of the gas turbine, the high-temperature gas
remaining in the turbine is forcefully discharged to the
atmosphere to quickly carry out ventilation cooling.
[0043] An operating method for shutdown of a gas tur-
bine according to an eighth aspect of the present inven-
tion is a shutdown operating method for a gas turbine
that supplies combustion gas generated by supplying fuel
to a combustor where the fuel is combusted with com-
pressed air compressed at a compressor to a turbine to
acquire rotational power, the method, which is carried
out at shutdown of the gas turbine, including a step in
which pressurizing means connected to a branching
channel branching from a discharge-side channel of the
compressor and capable of carrying out an operation for
introducing and pressurizing a temperature-control me-
dium independently from the compressor; a step in which
pressurized temperature-control medium pressurized at
the pressurizing means returns to the discharge-side
channel via a temperature-control-medium supply chan-
nel, a turbine-cooling-medium channel, and a tempera-
ture-control-medium return channel; and a step in which
intake is carried out from the discharge-side channel
through the branching channel to the pressurizing
means.
[0044] Such an operating method for shutdown of a
gas turbine includes a step in which pressurizing means
connected to a branching channel branching from a dis-
charge-side channel of the compressor and capable of
carrying out an operation for introducing and pressurizing
a temperature-control medium independently from the
compressor; a step in which pressurized temperature-
control medium pressurized at the pressurizing means
returns to the discharge-side channel via a temperature-
control-medium supply channel, a turbine-cooling-medi-
um channel, and a temperature-control-medium return
channel; and a step in which intake is carried out from
the discharge-side channel through the branching chan-
nel to the pressurizing means; therefore, during shut-
down of the gas turbine, the pressurized temperature-
control medium flows through the turbine-cooling-medi-
um channel in a circulating manner, and the temperature
distribution of the inside of the gas turbine can be made
substantially uniform.
[0045] An operating method for shutdown of a gas tur-
bine according to a ninth aspect of the present invention
is a shutdown operating method for a gas turbine that
supplies combustion gas generated by supplying fuel to
a combustor where the fuel is combusted with com-
pressed air compressed at a compressor to a turbine to
acquire rotational power, wherein, at shutdown of the gas
turbine, the shutdown operating method according to
Claim 5 is selected when the shutdown period of the gas
turbine is long, whereas the shutdown operating method
according to Claim 6 is selected when the shutdown pe-
riod of the gas turbine is short.
[0046] With such a shutdown operating method for a
gas turbine, at shutdown of the gas turbine, the shutdown
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operating method for a gas turbine according to Claim 5
is selected when the shutdown period of the gas turbine
is long, whereas the shutdown operating method for a
gas turbine according to Claim 6 is selected when the
shutdown period of the gas turbine is short; therefore, by
selecting the operating method for shutdown of a gas
turbine according to Claim 6 when the shutdown period
of the gas turbine is short, for example, as in a DSS mode,
the inside of the turbine can be maintained substantially
evenly at a relatively high temperature, and the warm-up
operation time during startup can be shortened.

{Advantageous Effects of Invention}

[0047] According to the present invention described
above, quick operation control of the ACC system is car-
ried out at startup of the gas turbine and in preparation
immediately before startup, and the startup speed of the
gas turbine can be increased. In other words, at startup
of the gas turbine and in preparation immediately before
startup, since ACC control for expanding the stationary
components by quickly warming them up to a desired
temperature and increasing the clearance between the
stationary parts and the rotary parts to an optimal value
is possible, startup speed of the gas turbine can be in-
creased by decreasing the time required for startup prep-
aration of the gas turbine, and the equipment operating
efficiency of the gas turbine is improved.
[0048] In this case, the effective use of the pressuring
means and so on by sharing them as pressurizing means
for boost-up used for closed cooling realizes high-speed
startup of the gas turbine by performing ACC control with
minimum additional equipment, i.e., without adding new
equipment.
[0049] According to the present invention, in the ACC
system operated during rated operation of the gas tur-
bine, the cooling efficiency of cooling the turbine station-
ary components with a pressurized temperature-control
medium is improved; therefore, the amount of pressu-
rized temperature-control medium used is minimized,
and ACC control for maintaining the clearance between
the stationary parts and the rotary parts to a minimum
value can be reliably carried out.
In this case, the effective use of the pressuring means
and so on by sharing them as pressurizing means for
boost-up used for closed cooling enables continuous sta-
ble rated operation of the gas turbine by performing ACC
control with minimum additional equipment, i.e., without
adding new equipment.
[0050] According to the present invention, at shutdown
of the gas turbine, an operation required for cat back
prevention can be reliably and quickly carried out by dis-
charging the high-temperature gas in the turbine to the
atmosphere or by maintaining the temperature distribu-
tion in the turbine in a substantially uniform state.
In particular, by maintaining the temperature distribution
in the turbine in a substantially uniform state by letting a
pressurized temperature-control medium flow through

the turbine-cooling-medium channel in a circulating man-
ner, the operation required for cat back prevention can
be completed quickly, and the warm-up operation period
at startup can be shortened, even when operation and
shutdown of the gas turbine are carried out frequently,
such as in a DSS mode.
[0051] Furthermore, with regard to additional equip-
ment required for cat back prevention, the effective use
of the pressuring means and so on by sharing them as
pressurizing means for boost-up used for closed cooling
enables stable operation shutdown of the gas turbine by
performing ACC control enabling cat back prevention,
with minimum additional equipment, i.e., without adding
new equipment.

{Brief Description of Drawings}

[0052]

{Fig. 1}
Fig. 1 is a schematic diagram illustrating a gas tur-
bine according to a first embodiment of the present
invention and a tenth embodiment of the present in-
vention.
{Fig. 2}
Fig. 2 is a schematic configuration diagram illustrat-
ing a configuration example of a gas turbine.
{Fig. 3}
Fig. 3 is a diagram for illustrating a turbine-cooling-
medium channel provided through stationary parts
of a turbine.
{Fig. 4}
Fig. 4 is a schematic diagram illustrating a gas tur-
bine according to a second embodiment of the
present invention.
{Fig. 5}
Fig. 5 is a schematic diagram illustrating a gas tur-
bine according to a third embodiment of the present
invention.
{Fig. 6}
Fig. 6 is a schematic diagram illustrating a modifica-
tion according to the third embodiment illustrated in
Fig. 5.
{Fig. 7}
Fig. 7 is a schematic diagram illustrating a gas tur-
bine according to a fourth embodiment of the present
invention and a ninth embodiment of the present in-
vention.
{Fig. 8}
Fig. 8 is a diagram for illustrating a compressor-cool-
ing-medium channel provided on stationary parts of
a compressor.
{Fig. 9}
Fig. 9 is a schematic diagram illustrating a gas tur-
bine according to a fifth embodiment of the present
invention.
{Fig. 10}
Fig. 10 is a schematic diagram illustrating a gas tur-
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bine according to a sixth embodiment of the present
invention.
{Fig. 11}
Fig. 11 is a schematic diagram illustrating a modifi-
cation according to the sixth embodiment illustrated
in Fig. 10.
{Fig. 12A}
Fig. 12A is a diagram for illustrating an ACC system
and illustrates the relationship between time and ro-
tational speed / load.
{Fig. 12B}
Fig. 12B is a diagram for illustrating the ACC system
and illustrates the relationship between time and
temperature.
{Fig. 12C}
Fig. 12C is a diagram for illustrating the ACC system
and illustrates the relationship between time and ex-
pansion.
{Fig. 12D}
Fig. 12D is a diagram for illustrating the ACC system
and illustrates the relationship between time and
clearance.
{Fig. 13}
Fig. 13 is a schematic diagram illustrating a gas tur-
bine according to a seventh embodiment of the
present invention.
{Fig. 14}
Fig. 14 is a schematic diagram illustrating a modifi-
cation according to the seventh embodiment illus-
trated in Fig. 13.
{Fig. 15}
Fig. 15 is a schematic diagram illustrating a gas tur-
bine according to an eighth embodiment of the
present invention.
{Fig. 16}
Fig. 16 is a schematic diagram illustrating a first mod-
ification according to the eighth embodiment illus-
trated in Fig. 15.
{Fig. 17}
Fig. 17 is a schematic diagram illustrating a second
modification according to the eighth embodiment il-
lustrated in Fig. 15.
{Fig. 18}
Fig. 18 is a schematic diagram illustrating a first mod-
ification according to the tenth embodiment illustrat-
ed in Fig. 1.
{Fig. 19}
Fig. 19 is a schematic diagram illustrating a second
modification according to the tenth embodiment il-
lustrated in Fig. 1.
{Fig. 20}
Fig. 20 is a schematic diagram illustrating a gas tur-
bine according to an eleventh embodiment of the
present invention.

{Description of Embodiments}

[0053] Embodiments of a gas turbine according to the

present invention and an operating method thereof will
be described below on the basis of the drawings.

First Embodiment

[0054] Fig. 1 is a schematic diagram illustrating a gas
turbine according to a first embodiment; Fig. 2 is a sec-
tional diagram illustrating, in outline, the configuration of
the gas turbine; and Fig. 3 is a schematic configuration
diagram illustrating a turbine section of the gas turbine.
The illustrated embodiment describes a gas turbine that
generates power by driving a generator. The embodi-
ment, however, is not limited thereto.
[0055] The illustrated gas turbine 10 is constituted of
a compressor 11, a combustor 12, and a turbine 13, and
a generator 14 is connected to the turbine 13. The com-
pressor 11 has an air intake port 15 for taking in air and
is constituted of a plurality of stator blades 17 and rotor
blades 18 disposed in a compressor cylinder 16 in an
alternating manner and an extraction manifold 19 dis-
posed at the outer side thereof.
The combustor 12 enables combustion by supplying fuel
to compressed air compressed at the compressor 11 and
igniting it with a burner.
In the turbine 13, a plurality of stator blades 21 and rotor
blades 22 are alternately disposed in a turbine cylinder
20.
[0056] An exhaust chamber 23 continuous with the tur-
bine cylinder 20 of the turbine 13 is provided, and the
exhaust chamber 23 has an exhaust diffuser 24 contin-
uous with the turbine 13. A rotor (turbine shaft) 25 is po-
sitioned such that it passes through the centers of the
compressor 11, the combustor 12, the turbine 13, and
the exhaust chamber 23, and the end thereof on the com-
pressor 11 side is supported by a bearing 26 in such a
manner that it freely rotates, whereas the end thereof on
the exhaust chamber 23 side is supported by a bearing
27 in such a manner that it freely rotates. Furthermore,
a plurality of disc plates is secured to the rotor 25 to con-
nect the rotor blades 18 and 22, and also a driving shaft
of the generator 14 is connected to the end of the rotor
25 on the exhaust chamber 23 side.
[0057] Consequently, the air taken in from the air intake
port 15 of the compressor 11 is compressed into high-
temperature, high-pressure air by passing through the
plurality of stator blades 17 and rotor blades 18, and, at
the combustor 12, a predetermined amount of fuel sup-
plied to this compressed air is combusted. Subsequently,
the high-temperature, high-pressure combustion gas
generated at this combustor 12 rotationally drives the
rotor 25 by passing through the plurality of stator blades
21 and rotor blades 22, which constitute the turbine 13,
and generates power by applying a rotational force to the
generator 14 connected to this rotor 25, whereas exhaust
gas is released to the atmosphere after being trans-
formed at the exhaust diffuser 24 to have static pressure.
[0058] The gas turbine 10, which is configured such
that the compressed air compressed by the compressor

15 16 



EP 2 708 720 A2

10

5

10

15

20

25

30

35

40

45

50

55

11 coaxial with the turbine 13 is combusted in the com-
bustor 12 by supplying fuel thereto and the generated
combustion gas is supplied to the turbine 13 to acquire
a rotational driving force, is provided with, as illustrated
in Fig. 1 for example, a pressurizing device 40, which
extracts, from a cylinder, and pressurizes part of the com-
pressed air passed through the shut down compressor
11 or compressed at the compressor 11.
As in Fig. 1, the compressed air compressed by the com-
pressor 11 is supplied to the combustor 12 via a com-
pressed-air supply channel 28 during startup while the
load of the gas turbine 10 is being increased to achieve
rated operation, during rated operation, and during shut-
down while the load is decreased until shut-down, and
the combustion gas generated at the combustor 12 is
supplied to the turbine 13 via an exhaust channel 29 in
a casing. Here, reference numeral 30 in the drawing rep-
resents a fuel supply channel.
[0059] The pressurizing device 40 is pressurizing
means for pressurizing air used as a heating medium,
which is described below, and, for example, is a com-
pressor, blower, etc. Moreover, the pressurizing device
40 includes a dedicated motor 41 and is capable of op-
erating independently from the compressor 11, which in-
troduces air for carrying out pressurization. The pressu-
rizing device 40 is desirably shared with, for example, a
device that compresses and supplies air for cooling the
combustor during rated operation and so on (pressurizing
device for boost-up used for closed cooling).
The intake side of the pressurizing device 40 is connected
to a branching channel 42 branching from the com-
pressed-air supply channel 28 formed in the cylinder, and
the discharge side is connected to a temperature-control-
medium supply channel 43. The temperature-control-
medium supply channel 43 is a channel for guiding com-
pressed air (pressurized heating medium) to a turbine-
cooling-medium channel 50 provided in stationary parts
of the turbine 13.
[0060] For example, as illustrated in Fig. 3, the turbine-
cooling-medium channel 50 is a channel connecting the
turbine cylinder 20, the stator blades 21, and a blade ring
31, and is used for temperature control by cooling and
heating by letting a temperature-control medium, such
as compressed air, flow through the blade ring 31, which
is specifically disposed at positions opposing the tips of
the rotor blades 22 and which is a stationary component
affecting the tip clearance. The blade ring 31 is a member
attached to the turbine cylinder 20 in such a manner that
it surrounds the outer circumference of the rotor blades
22.
[0061] In other words, in this case, the turbine-cooling-
medium channel 50 has a structure for cooling the blade
ring 31 after cooling the stator blades 21 during gas tur-
bine operation, such as rated operation, by circulating an
appropriate temperature-control medium, instead of
compressed air, which is a pressurizing heating medium;
and by letting compressed air flow in the turbine-cooling-
medium channel 50, it can be used for heating the ACC

system. Here, reference numeral 31a in the drawing rep-
resents a blade-ring channel provided along the entire
circumference of the blade ring 31.
The compressed air that had passed through the turbine-
cooling-medium channel 50 passes through a tempera-
ture-control-medium return channel 44 such that the flow
is combined with the compressed-air supply channel 28
and then flows into the combustor 12 via the compressed-
air supply channel 28.
[0062] Therefore, the pressurizing device 40 is oper-
ated at startup (during startup) of the gas turbine and in
preparation immediately before startup to let com-
pressed air flow in the turbine-cooling-medium channel
50 and is thus capable of raising the temperature of the
stationary components in the ACC system.
That is, when the pressurizing device 40 is operated in
preparation before startup of the gas turbine 10, air, which
is a heating medium, is taken in from the air intake port
15 of the compressor 11 and is taken in by the pressu-
rizing device 40 via the inside of the compressor 11, the
compressed-air supply channel 28, and the branching
channel 42. This air is pressurized at the pressurizing
device 40 and is transformed into compressed air, which
is a pressurized heating medium with a raised tempera-
ture, and is then discharged to the temperature-control-
medium supply channel 43.
[0063] The compressed air discharged to the temper-
ature-control-medium supply channel 43 heats and
warms up the stationary components (stationary parts)
of the blade ring 31 etc., while flowing through the turbine-
cooling-medium channel 50 in the turbine 13. In particu-
lar, since increases in temperature and expansion of the
blade ring 31 are caused by circulating the compressed
air through the blade-ring channel 31a of the blade ring
31, which greatly affects the tip clearance, the tip clear-
ance with respect to the rotor blades 22, which are hardly
affected by heating and whose temperature is not
changed, is increased.
In this way, the compressed air that heated the stationary
components returns to the compressed-air supply chan-
nel 28 via the temperature-control-medium return chan-
nel 44 and, subsequently, is released to the atmosphere
via a combustion-gas channel of the combustor 12 and
the turbine 13.
[0064] Furthermore, in a similar manner as in the
above-described preparation immediately before start-
up, the pressurizing device 40 is operated at startup (dur-
ing startup) of the gas turbine to raise the temperature
by letting the compressed air flow in the turbine-cooling-
medium channel 50. In such a case, upon starting the
operation of the compressor 11, the pressurizing device
40 takes in air, which is a heating medium, from the air
intake port 15 and introduces part of the main stream of
compressed air, which has been compressed inside the
compressor 11, for pressurization. The main stream of
the compressed air in such a state is at a low pressure
compared with that during rated operation and so on and
is basically supplied to the combustor 12 via the com-
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pressed-air supply channel 28.
However, by operating the pressurizing device 40, part
of the main stream of compressed air is taken in by the
pressurizing device 40 via the branching channel 42. The
temperature of the compressed air taken in by the pres-
surizing device 40 in this way is raised by pressurization
by the pressurizing device 40 and is discharged to the
temperature-control-medium supply channel 43 as com-
pressed air, which is a pressurized heating medium.
[0065] In this way, the compressed air discharged to
the temperature-control-medium supply channel 43 is re-
turned to the compressed-air supply channel 28 via the
temperature-control-medium return channel 44 after it
flows through the channel in a manner similar to that in
preparation immediately before startup, as described
above, to heat and warm up the stationary components
(stationary parts) of the blade ring 31, etc. That is, since
part of the compressed air branching from the main
stream of compressed air is used for the purpose of heat-
ing the stationary components and is then returned to
the compressed-air supply channel 28 such that the flows
are combined, the final amount of air supplied to the com-
bustor 12 is not reduced.
[0066] In this way, for tip clearance control by the
above-described ACC system, since the total amount of
air in the main stream of air compressed at the compres-
sor 11 is collected and supplied to the combustor 12 with-
out flowing into the gas path side, the decrease in cycle
efficiency is small, and also the amount of NOx can be
reduced since a large amount of air for combustion can
be ensured. Moreover, since the pressurizing device 40,
which supplies compressed air used for heating the sta-
tionary components, can be independently operated by
the dedicated motor 41, not only can the gas turbine 10
be independently started up as a single unit, but also the
time required for startup can be reduced. That is, by op-
erating the pressurizing device 40 independently from
the gas turbine main body at startup of the gas turbine
10, clearance control can be carried out by warming up
the blade ring 31 by flowing pressurized compressed air
to the blade ring 31.

Second Embodiment

[0067] Next, a gas turbine according to a second em-
bodiment will be described on the basis of Fig. 4. Here,
parts that are the same as those according to the above-
described embodiment will be represented by the same
reference numerals, and detailed descriptions thereof
will be omitted.
The gas turbine 10 according to this embodiment has a
bypass channel 45 branching from a midpoint in the tem-
perature-control-medium supply channel 43 and con-
nected to the compressed-air supply channel 28, which
is a discharge-side channel of the compressor 11. More-
over, an open/close valve 46, serving as channel open-
ing/closing means, is provided at an appropriate position
in the bypass channel 45.

[0068] In the gas turbine 10 having such a configura-
tion, by opening the open/close valve 46 during clearance
control of the ACC system, part of the compressed air
with a higher temperature caused by pressurization by
the pressurizing device 30 can flow into the bypass chan-
nel 45. As a result, the compressed air branching into
the bypass channel 45 is taken into the pressurizing de-
vice 30 to be pressurized again.
Accordingly, the temperature of the compressed air sup-
plied to the turbine-cooling-medium channel 50 after
pressurization by the pressure-raising device 30 increas-
es even more since pressurizing and heating is carried
out again on part of the compressed air, and, thus, the
amount of time required for startup of the gas turbine 10
can be reduced correspondingly.

Third Embodiment

[0069] Next, a gas turbine according to a third embod-
iment will be described on the basis of Fig. 5. Here, parts
that are the same as those according to the above-de-
scribed embodiment will be represented by the same ref-
erence numerals, and detailed descriptions thereof will
be omitted.
In the gas turbine 10 according to this embodiment, a
heat exchanger (heating means) 60 that exchanges heat
with compressed air, which is a heating medium, to raise
the temperature thereof is provided in the branching
channel 42. This heat exchanger 60 carries out heat ex-
change between air flowing through the branching chan-
nel 42 before the pressurization and a heating medium
flowing through a temperature-control-medium channel
61 and heats the compressed air with, for example, high-
temperature steam introduced from an exhaust gas boil-
er, serving as the heating medium.
Accordingly, the gas turbine 10 including the above-de-
scribed heat exchanger 60 can increase the temperature
of the compressed air passing through the turbine-cool-
ing-medium channel 50 even more, and, thus, the
amount of time required for starting-up the gas turbine
10 can be reduced correspondingly.
[0070] Furthermore, in the modification illustrated in
Fig. 6, a heat exchanger 62 is provided in the tempera-
ture-control-medium supply channel 43, and the com-
pressed air pressurized at the pressurizing device 40 is
heated by means of a high-temperature heating medium
flowing through a temperature-control-medium channel
63. In this way, the temperature of the compressed air
flowing through the turbine-cooling-medium channel 50
can be increased even more, and, thus, the amount of
time required for starting-up the gas turbine 10 can be
reduced correspondingly.

Fourth Embodiment

[0071] Next, a gas turbine according to a fourth em-
bodiment will be described on the basis of Figs. 7 and 8.
Here, parts that are the same as those according to the
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above-described embodiment will be represented by the
same reference numerals, and detailed descriptions
thereof will be omitted.
The gas turbine 10 according to this embodiment has a
heating-medium branching supply channel 47 that
branches from the temperature-control-medium supply
channel 43 and that is connected to a compressor cool-
ing-medium channel 51, and a heating-medium branch-
ing return channel 48 that guides the compressed air that
has passed through the compressor cooling-medium
channel 51 to the compressed-air supply channel 28
such that the flows are combined.
[0072] Fig. 8 is a diagram illustrating the outline of the
compressor cooling-medium channel 51 provided in the
compressor cylinder 16. This compressor cooling-medi-
um channel 51 is a channel for cooling the stationary
components of the compressor 11 by letting a cooling
medium flow during normal operation and controls the
tip clearance formed between the rotor blades 18 of the
compressor 11 and the compressor cylinder 16, which
is a stationary part.
According to this embodiment, the above-described
compressor cooling-medium channel 51 is used at star-
tup of the gas turbine, and thereby clearance control can
be carried out on the compressor 11 side. Accordingly,
since the temperature of not only the stationary compo-
nents of the gas turbine 10 but also the stationary part
on the compressor 11 side can be increased, clearance
control of the turbine 13 and the compressor 11 is pos-
sible.

Fifth Embodiment

[0073] Next, a gas turbine according to a fifth embod-
iment will be described on the basis of Fig. 9. Here, parts
that are the same as those according to the above-de-
scribed embodiment will be represented by the same ref-
erence numerals, and detailed descriptions thereof will
be omitted.
The gas turbine 10 according to this embodiment has
selective-switching means for heating media on the in-
take side of the pressurizing device 40. In the illustrated
example, the pressurizing device 40 includes an atmos-
phere-intake channel 70 that directly takes in air from the
atmosphere and a heating-medium receiving channel 71
that receives the supply of a high-temperature heating
medium, and one of these channels can be selected by
the open/close operation of open/close valves 72 and
73, which are selective-switching means in the channels.
Here, as a high-temperature heating medium, for exam-
ple, high-temperature air, steam, etc., from an exhaust
heat boiler or the like may be introduced and used.
[0074] With the gas turbine 10 having such a configu-
ration, in the preparation step immediately before startup
and so on, the temperature can be increased even more
by introducing a high-temperature heating medium from
outside the gas turbine 10 if necessary and by pressu-
rizing it at the pressurizing device 40. Therefore, the sta-

tionary components of the turbine 13 can be quickly
warmed up using a high-temperature pressurizing medi-
um, and thus, the amount of time required for starting-
up the gas turbine 10 can be reduced. In this case, the
pressurized heating medium that heated the stationary
components of the turbine 13 is exhausted as exhaust
gas from the turbine 13 and the air intake port 15 of the
compressor 11.

Sixth Embodiment

[0075] Next, a gas turbine according to a sixth embod-
iment will be described on the basis of Figs. 10 and 11.
Here, parts that are the same as those according to the
above-described embodiment will be represented by the
same reference numerals, and detailed descriptions
thereof will be omitted.
The gas turbine 10 according to this embodiment has a
combustor cooling channel 80 to which compressed air
pressurized at the pressurizing device 40 is guided and
which is connected in series or in parallel with the turbine-
cooling-medium channel 50. That is, the compressed air
for heating the stationary components of the turbine 13
passes through the combustor cooling channel 80 con-
nected in series or in parallel to cool required sections in
the combustor 12 and is then guided to the compressed-
air supply channel 28 such that the flows are combined.
[0076] In the configuration example illustrated in Fig.
10, the combustor cooling channel 80 is provided in a
temperature-control-medium branching channel 81
branching from temperature-control-medium supply
channel 43, and thus, the combustor cooling channel 80
is connected in parallel with the turbine-cooling-medium
channel 50.
Moreover, in the configuration example illustrated in Fig.
11, as a modification of Fig. 10, the combustor cooling
channel 80 is provided in series with the turbine-cooling-
medium channel 50.
[0077] With such a configuration, clearance control of
the turbine 13 as well as cooling of the combustor 12 can
be carried out using a single pressurizing device 40.
Therefore, in the gas turbine 10 provided with, for exam-
ple, pressurizing means that extracts part of the com-
pressed air compressed at the compressor 11 for cooling
the combustor 12 and that supplies the cooling medium,
which is a pressurized form of this compressed air, to the
combustor 12, the pressurizing means can be shared
with the pressurizing device 40 for the above-described
ACC system. In other words, another pressurizing device
40 does not have to be provided for the above-described
ACC system.
[0078] In this way, the gas turbine 10 according to the
above-described embodiments employ the startup oper-
ating method described below during preparation imme-
diately before startup and at startup.
In other words, carried out at startup of the gas turbine
and in preparation immediately before startup are a step
in which the pressurizing device 40, which is connected
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to the branching channel 42 branching from the dis-
charge side of the compressor 11 and which can operate
independently from the compressor, introduces and
pressurizes the air, which is a heating medium; a step in
which compressed air pressurized at the pressurizing de-
vice 40 is supplied to the turbine-cooling-medium chan-
nel 50 provided in the stationary components of the tur-
bine 13 to raise the temperature of the stationary com-
ponents with the compressed air passing through the tur-
bine-cooling-medium channel 50; and a step in which the
compressed air is guided from the turbine-cooling-medi-
um channel 50 to the compressed-air supply channel 28
such that the flows are combined.
[0079] Accordingly, the compressed air which has an
increased temperature due to pressurization by the pres-
surizing device 40 heats and warms up the stationary
components of the turbine 13 when passing through the
turbine-cooling-medium channel 50. At this time, since
the pressurizing device 40 can operate independently
from the gas turbine main body, clearance control can
be carried out quickly in preparation immediately before
startup, even when the gas turbine main body has not
been started up.
[0080] That is, according to the present invention de-
scribed above, quick operation control of the ACC system
is carried out at startup of the gas turbine and in prepa-
ration immediately before startup, and the startup speed
of the gas turbine can be increased. In other words, at
startup of the gas turbine and in preparation immediately
before startup, since ACC control in which the stationary
components are expanded by quickly warming them up
to a desired temperature and increasing the clearance
between the stationary parts and the rotary parts to an
optimal value is possible, the startup speed of the gas
turbine can be increased by decreasing the time required
for startup preparation of the gas turbine 10. Therefore,
the amount of actual operation time during which the gas
turbine 10 is operated to drive the generator 14 is in-
creased, and thus, the equipment operation efficiency of
the gas turbine 10 is improved.
[0081] Furthermore, the effective use of the pressuring
means and so on by sharing them for boost-up used for
closed cooling realizes high-speed startup of the gas tur-
bine by performing ACC control with minimum additional
equipment, i.e., without adding new equipment.

Seventh Embodiment

[0082] Fig. 13 is a schematic diagram illustrating a gas
turbine according to a seventh embodiment. Since the
sectional diagram illustrating the schematic configuration
diagram of the gas turbine according to this embodiment
and the schematic configuration diagram illustrating the
turbine section are the same as those of the first embod-
iment, this embodiment will also be described with refer-
ence to Figs. 2 and 3, and parts that are the same as
those according to the first embodiment will be described
using the same reference numerals. Here, the illustrated

embodiment describes a gas turbine that generates pow-
er by driving a generator. The embodiment, however, is
not limited thereto.
[0083] The illustrated gas turbine 10 is constituted of
a compressor 11, a combustor 12, and a turbine 13, and
a generator 14 is connected to the turbine 13. The com-
pressor 11 has an air intake port 15 for taking in air and
is constituted of a plurality of stator blades 17 and rotor
blades 18 disposed in a compressor cylinder 16 in an
alternating manner and an extraction manifold 19 dis-
posed at the outer side thereof.
The combustor 12 enables combustion by supplying fuel
to compressed air compressed at the compressor 11 and
igniting it with a burner.
In the turbine 13, a plurality of stator blades 21 and rotor
blades 22 are alternately disposed in a turbine cylinder
20.
[0084] An exhaust chamber 23 continuous with the tur-
bine cylinder 20 of the turbine 13 is provided, and the
exhaust chamber 23 has an exhaust diffuser 24 contin-
uous with the turbine 13. A rotor (turbine shaft) 25 is po-
sitioned such that it passes through the centers of the
compressor 11, the combustor 12, the turbine 13, and
the exhaust chamber 23, and its end on the compressor
11 side is supported by a bearing 26 in such a manner
that it freely rotates, whereas its end on the exhaust
chamber 23 side is supported by a bearing 27 in such a
manner that it freely rotates. Furthermore, a plurality of
disc plates is secured to the rotor 25 to connect the rotor
blades 18 and 22, and also a driving shaft of the generator
14 is connected to the end of the rotor 25 on the exhaust
chamber 23 side.
[0085] Consequently, the air taken in from the air intake
port 15 of the compressor 11 is compressed into high-
temperature, high-pressure air by passing through the
plurality of stator blades 17 and rotor blades 18, and, at
the combustor 12, a predetermined amount of fuel sup-
plied to this compressed air is combusted. Subsequently,
the high-temperature, high-pressure combustion gas
generated at this combustor 12 rotationally drives the
rotor 25 by passing through the plurality of stator blades
21 and rotor blades 22, which constitute the turbine 13,
and generates power by applying a rotational force to the
generator 14 connected to this rotor 25, whereas exhaust
gas is released to the atmosphere after being trans-
formed at the exhaust diffuser 24 to have static pressure.
[0086] The gas turbine 10, which is configured such
that the compressed air compressed by the compressor
11 is combusted in the combustor 12 by supplying fuel
thereto and the generated combustion gas is supplied to
the turbine 13 to acquire a rotational driving force, is pro-
vided with, as illustrated in Fig. 1 for example, a pressu-
rizing device 40, which extracts, from a cylinder, and
pressurizes part of the compressed air passed through
the shut down compressor 11 or compressed at the com-
pressor 11.
As in Fig. 13, the compressed air compressed by the
compressor 11 is supplied to the combustor 12 via a com-
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pressed-air supply channel 28 during startup while the
load of the gas turbine 10 is being increased to achieve
rated operation, during rated operation, and during shut-
down while the load is decreased until shut-down, and
the combustion gas generated at the combustor 12 is
supplied to the turbine 13 via an exhaust channel 29 in
a casing. Here, reference numeral 30 in the drawing rep-
resents a fuel supply channel.
[0087] The pressurizing device 40 is pressurizing
means for pressurizing air used as a temperature-control
medium (heating medium or cooling medium), which is
described below, and, for example, is a compressor,
blower, etc. Moreover, the pressurizing device 40 in-
cludes a dedicated motor 41 and is capable of operating
independently from the compressor 11, which introduces
air for performing pressurization. The pressurizing device
40 is desirably shared with, for example, a device that
compresses and supplies air for cooling the combustor
during rated operation and so on (pressurizing device for
boost-up used for closed cooling).
The intake side of the pressurizing device 40 is connected
to a branching channel 42 branching from the com-
pressed-air supply channel 28 formed in the cylinder, and
the discharge side is connected to a temperature-control-
medium supply channel 43. The temperature-control-
medium supply channel 43 is a channel for guiding com-
pressed air (pressurized temperature-control medium)
to a turbine-cooling-medium channel 50 provided in sta-
tionary parts of the turbine 13.
[0088] For example, as illustrated in Fig. 3, the turbine-
cooling-medium channel 50 is a channel connecting the
turbine cylinder 20, the stator blades 21, and a blade ring
31, and is used for temperature control by cooling and
heating by specifically letting compressed air flow
through the blade ring 31, which is disposed at positions
opposing the tips of the rotor blades 22 and which is a
stationary component affecting the tip clearance. The
blade ring 31 is a member attached to the turbine cylinder
20 in such a manner that it surrounds the outer circum-
ference of the rotor blades 22.
[0089] In other words, the turbine-cooling-medium
channel 50 has a structure in which the blade ring 31 is
cooled after cooling the stator blades 21 during rated
operation etc. of the gas turbine 10 by circulating com-
pressed air having a relatively low temperature. Further-
more, this turbine-cooling-medium channel 50 has a
structure in which the stator blades 21 and the blade ring
31 are heated and warmed up by letting compressed air
having a relatively high temperature flow in preparation
immediately before starting up the gas turbine 10, during
startup, and during shutdown. Thus, this turbine-cooling-
medium channel 50 can be used for cooling and heating
stationary components in the ACC system. Here, refer-
ence numeral 31a in the drawing represents a blade-ring
channel provided along the entire circumference of the
blade ring 31.
The compressed air that has passed through the turbine-
cooling-medium channel 50 passes through a tempera-

ture-control-medium return channel 44 such that the flow
is combined with the compressed-air supply channel 28
and then flows into the combustor 12 via the compressed-
air supply channel 28.
[0090] Therefore, the pressurizing device 40 is oper-
ated during rated operation to let compressed air flow in
the turbine-cooling-medium channel 50 and is thus ca-
pable of raising the temperature of the stationary com-
ponents in the ACC system.
That is, when the pressurizing device 40 is operated dur-
ing rated operation of the gas turbine 10, air, which is a
temperature-control medium, is taken in from the air in-
take port 15 of the compressor 11 and is taken in by the
pressurizing device 40 via the inside of the compressor
11, the compressed-air supply channel 28, and the
branching channel 42. This air is pressurized at the pres-
surizing device 40 and is transformed into compressed
air (pressurized temperature-control medium) through
pressurization by the pressurizing device 40 and is then
discharged to the temperature-control-medium supply
channel 43.
[0091] The compressed air discharged to the temper-
ature-control-medium supply channel 43 cools the sta-
tionary components (stationary parts) of the blade ring
31 etc., while flowing through the turbine-cooling-medi-
um channel 50 in the turbine 13.
The blade ring 31, which temperature is raised by the
thermal effect of the combustion gas
In particular, since the blade ring 31, which temperature
is raised by the thermal effect of the combustion gas, is
cooled by flowing the compressed air through the blade-
ring channel 31a of the blade ring 31, which greatly af-
fects the tip clearance, the tip clearance with respect to
the rotor blades 22 is adjusted so that it is minimized.
In this way, the compressed air that cooled the stationary
components passes through the temperature-control-
medium return channel 44 and is guided to the combustor
cooling channel 80, which is connected in series with the
above-described turbine-cooling-medium channel 50.
[0092] The compressed air flowing through the com-
bustor cooling channel 80 cools the required section in
the combustor 12 and is then guided through the tem-
perature-control-medium return channel 44 to the com-
pressed-air supply channel 28 such that the flows are
combined. This compressed air is used as combustion
air of the combustor 12 by being returned to the com-
pressed-air supply channel 28. Therefore, the total
amount of compressed air compressed at the compres-
sor 11 is supplied to the combustor 12. That is, since part
of the compressed air branching from the main stream
of the compressed air is converged with and returned to
the compressed-air supply channel 28 after being used
for the purpose of cooling stationary components and
combustor cooling, the amount of air finally supplied to
the combustor 12 is not reduced.
[0093] With such a configuration, cooling and clear-
ance control of the turbine 13, as well as cooling of the
combustor 12, can be carried out using a single pressu-
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rizing device 40. Therefore, in the gas turbine 10 provided
with, for example, pressurizing means that extracts part
of the compressed air compressed at the compressor 11
for cooling the combustor 12 and that supplies the cooling
medium, which is a pressurized form of this compressed
air, to the combustor 12, the pressurizing means can be
shared with the pressurizing device 40 for the above-
described ACC system. In other words, another pressu-
rizing device 40 does not have to be provided for the
above-described ACC system. The temperature and the
cooling capacity of the compressed air are adjustable by
adjusting the pressure and amount of compressed air by
operation control of the pressurizing device 40.
[0094] Furthermore, in the modification illustrated in
Fig. 14, the combustor cooling channel 80 is provided in
parallel with the turbine-cooling-medium channel 50.
That is, the combustor cooling channel 80 is provided in
the temperature-control-medium branching channel 81
branching from the temperature-control-medium supply
channel 43, and the compressed air, after cooling the
combustor 12, converges with the flow of the tempera-
ture-control-medium return channel 44.
In this way, the gas turbine 10 according to this embod-
iment includes the combustor cooling channel 80 con-
nected in series or in parallel with the turbine-cooling-
medium channel 50; and since the compressed air that
cools the stationary components of the turbine 13 passes
through the combustor cooling channel 80 by branching
off after cooling or before cooling, it cools required sec-
tions in the combustor 12 and then converges with the
flow in the compressed-air supply channel 28.
Furthermore, in the embodiment and modification illus-
trated in Figs. 13 and 14, respectively, the pressure de-
vice 40 and its channels are shared for cooling of the
combustor 12; instead, however, as in the embodiment
described below, it may be used exclusively for the ACC
system of the turbine 13.
[0095] For tip clearance control by the above-de-
scribed ACC system, since the entire amount of air in the
main stream of compressed air compressed at the com-
pressor 11 is collected and supplied to the combustor 12
without flowing into the gas path side, the decrease in
cycle efficiency is small, and, in addition, the amount of
NOx can be reduced since a large amount of air for com-
bustion can be ensured.
Moreover, since the above-described pressurizing de-
vice 40 can be independently operated by the dedicated
motor 41, not only is it possible to start up the gas turbine
10 independently as a single unit in preparation immedi-
ately before startup and at startup, but also the time re-
quired for startup can be reduced. That is, by operating
the pressurizing device 40 independently from the gas
turbine main body at startup of the gas turbine 10, pres-
surized and temperature-raised compressed air flows
through the blade ring 31 to warm up the blade ring 31,
and thus clearance control can be quickly carried out.

Eighth Embodiment

[0096] Next, a gas turbine according to an eighth em-
bodiment will be described on the basis of Figs. 15 to 17.
Here, parts that are the same as those according to the
above-described embodiment will be represented by the
same reference numerals, and detailed descriptions
thereof will be omitted.
The gas turbine 10 according to this embodiment has
temperature controlling means for enabling temperature
control of a pressurized temperature-control medium.
The gas turbine 10 illustrated in Fig. 15 includes a coolant
supply channel 75, as temperature controlling means,
that adds a coolant to the temperature-control-medium
supply channel 43. The coolant in this case may be either
a gas or a liquid; for example, water mist may be added
to compressed air for cooling.
[0097] As a result, the temperature of the compressed
air raised due to the pressurization carried out by the
pressurizing device 40 decreases by adding the coolant,
and the relative temperature difference with the station-
ary components to be cooled increases. Accordingly,
since the compressed air can efficiently cool the station-
ary components due to the large temperature difference,
cooling efficiency improves even more.
Here, by adding water as a coolant, the cycle efficiency
of the gas turbine 10 decreases, but an increase in power
output and a decrease in NOx are possible.
[0098] Furthermore, in a first modification illustrated in
Fig. 16, a heat exchanger 90, which is temperature con-
trolling means, is provided in the temperature-control-
medium supply channel 43. This heat exchanger 90 de-
creases the temperature of compressed air by carrying
out heat exchange between a cooling medium flowing
through a cooling-medium channel 91 and compressed
air flowing through the temperature-control-medium sup-
ply channel 43. The cooling medium that can be used
here includes cylinder air, fuel, supply water to the steam
turbine, steam for the steam turbine, and so on.
[0099] Furthermore, in a second modification illustrat-
ed in Fig. 17, the above-described heat exchanger 90 is
provided in the branching channel 42 and decreases the
air temperature before pressurization is carried out by
the pressurizing device 40. As the cooling medium in this
case, it is also possible to use cylinder air, fuel, supply
water to the steam turbine, steam for the steam turbine,
and so on.
In this way, by providing the heat exchanger 90, the air
temperature of the compressed air before pressurization
or the compressed air temperature after pressurization
by the pressurizing device 40 can be decreased through
heat exchange with the cooling medium; therefore, effi-
cient cooling is possible due to a lowering in the temper-
ature of the compressed air that cools the stationary com-
ponents during rated operation.
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Ninth Embodiment

[0100] Next, a gas turbine according to a ninth embod-
iment will be described on the basis of Figs. 7 and 8.
Since the schematic configuration diagrams of the gas
turbine according to this embodiment are the same as
those according to the fourth embodiment, this embodi-
ment will also be described with reference to Figs. 7 and
8. Here, parts that are the same as those according to
the above-described embodiment will be represented by
the same reference numerals, and detailed descriptions
thereof will be omitted.
The gas turbine 10 according to this embodiment has a
heating-medium branching supply channel 47 that
branching from the temperature-control-medium supply
channel 43 and that is connected to a compressor cool-
ing-medium channel 51, and a heating-medium branch-
ing return channel 48 that guides the compressed air
passing through the compressor cooling-medium chan-
nel 51 to converge with the flow of the compressed-air
supply channel 28.
[0101] Fig. 8 is a diagram illustrating the outline of the
compressed-air cooling-medium channel 51 provided in
the compressor cylinder 16. This compressed-air cool-
ing-medium channel 51 is a channel for cooling the sta-
tionary components of the compressor 11 by letting a
cooling medium flow during normal operation and con-
trols the tip clearance between the rotor blades 18 of the
compressor 11 and the compressor cylinder 16, which
is a stationary part.
According to this embodiment, the above-described
compressed-air cooling-medium channel 51 is used at
startup of the gas turbine, and clearance control can be
carried out on the compressor 11 side. Accordingly, since
the temperature of not only the stationary components
of the turbine 10 but also the stationary part on the com-
pressor 11 side can be raised, clearance control of the
turbine 13 and the compressor 11 is possible.
[0102] In this way, the gas turbine 10 according to the
above-described embodiment employs the rated-opera-
tion operating method during rated operation described
below.
In other words, the rated-operation method for the gas
turbine 10 includes a step in which the pressurizing de-
vice 40, which is connected to the branching channel 42
branching from the compressed-air supply channel 28 of
the compressor 11 and can operate independently from
the compressor, introduces and pressurizes air; a step
in which compressed air pressurized at the pressurizing
device 40 is supplied to the turbine-cooling-medium
channel 50 provided in the stationary components of the
turbine 13 and cools the stationary components with the
compressed air passing through the turbine-cooling-me-
dium channel 50; and a step in which the compressed
air is guided to and flows into the compressed-air supply
channel 28 from the turbine-cooling-medium channel 50.
[0103] Accordingly, during rated operation of the gas
turbine, cooling can be carried out efficiently due to the

temperature difference between the stationary compo-
nents of the turbine 13 and the compressed air, and op-
eration is possible with the tip clearance set to a minimum
state. It is desirable that the compressed air in this case
increase cooling efficiency by having a temperature low-
ered by injecting the above-described coolant or install-
ing the heat exchanger 90.
[0104] In this way, according to the gas turbine and its
rated-operation method according to above-described
present invention, in the ACC system operated during
rated operation of the gas turbine, the cooling efficiency
of cooling of the turbine stationary components with com-
pressed air is improved; therefore, the amount of com-
pressed air used is minimized, and ACC control for main-
taining the clearance between the stationary parts and
the rotary parts at a minimum can be reliably carried out.
In such a case, effective use of the pressurizing device
40 and so on by sharing them for boost-up used for closed
cooling enables continuous stable rated operation of the
gas turbine by carrying out control of the ACC system by
minimizing the addition of additional equipment, i.e., with-
out adding new equipment.

Tenth Embodiment

[0105] Fig. 1 is a schematic diagram illustrating a gas
turbine according to a tenth embodiment. Since the sec-
tional diagram illustrating the schematic configuration di-
agram of the gas turbine according to this embodiment
and the schematic configuration diagram illustrating the
turbine section are the same as those according to the
first embodiment, this embodiment will also be described
with reference to Figs. 2 and 3, and parts that are the
same as those according to the first embodiment will be
represented by the same reference numerals. The illus-
trated embodiment describes a gas turbine that gener-
ates power by driving a generator. The embodiment,
however, is not limited thereto.
[0106] The illustrated gas turbine 10 is constituted of
a compressor 11, a combustor 12, and a turbine 13, and
a generator 14 is connected to the turbine 13. The com-
pressor 11 has an air intake port 15 for taking in air and
is constituted of a plurality of stator blades 17 and rotor
blades 18 disposed in a compressor cylinder 16 in an
alternating manner and an extraction manifold 19 dis-
posed at the outer side thereof.
The combustor 12 enables combustion by supplying fuel
to compressed air compressed at the compressor 11 and
igniting it with a burner.
In the turbine 13, a plurality of stator blades 21 and rotor
blades 22 are alternately disposed in a turbine cylinder
20.
[0107] An exhaust chamber 23 continuous with the tur-
bine cylinder 20 of the turbine 13 is provided, and the
exhaust chamber 23 has an exhaust diffuser 24 contin-
uous with the turbine 13. A rotor (turbine shaft) 25 is po-
sitioned such that it passes through the centers of the
compressor 11, the combustor 12, the turbine 13, and
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the exhaust chamber 23, and the end thereof on the com-
pressor 11 side is supported by a bearing 26 in such a
manner that it freely rotates, whereas the end thereof on
the exhaust chamber 23 side is supported by a bearing
27 in such a manner that it freely rotates. Furthermore,
a plurality of disc plates is secured to the rotor 25 to con-
nect the rotor blades 18 and 22, and also a driving shaft
of the generator 14 is connected to the end of the rotor
25 on the exhaust chamber 23 side.
[0108] Consequently, the air taken in from the air intake
port 15 of the compressor 11 is compressed into high-
temperature, high-pressure air by passing through the
plurality of stator blades 17 and rotor blades 18, and, at
the combustor 12, a predetermined amount of fuel sup-
plied to this compressed air is combusted. Subsequently,
the high-temperature, highpressure combustion gas
generated at this combustor 12 rotationally drives the
rotor 25 by passing through the plurality of stator blades
21 and rotor blades 22, which constitute the turbine 13,
and generates power by applying a rotational force to the
generator 14 connected to this rotor 25, whereas exhaust
gas is released to the atmosphere after being trans-
formed at the exhaust diffuser 24 to have static pressure.
[0109] The gas turbine 10, which is configured such
that the compressed air compressed by the compressor
11 is combusted in the combustor 12 by supplying fuel
thereto and the generated combustion gas is supplied to
the turbine 13 to acquire a rotational driving force, is pro-
vided with, as illustrated in Fig. 1 for example, a pressu-
rizing device 40, which extracts, from a cylinder, and
pressurizes part of the compressed air passed through
the shutdown compressor 11 or compressed at the com-
pressor 11.
As in Fig. 1, the compressed air compressed by the com-
pressor 11 is supplied to the combustor 12 via a com-
pressed-air supply channel 28 during startup while the
load is being increased to achieve rated operation, during
rated operation, and during shut-down while the load is
decreased until shut-down, and the combustion gas gen-
erated at the combustor 12 is supplied to the turbine 13
via an exhaust channel 29 in a casing. Here, reference
numeral 30 in the drawing represents a fuel supply chan-
nel.
[0110] The pressurizing device 40 is pressurizing
means for pressurizing air used as a temperature-control
medium (heating medium or cooling medium), which is
described below, and, for example, is a compressor,
blower, etc. Moreover, the pressurizing device 40 in-
cludes a dedicated motor 41 and is capable of operating
independently from the compressor 11, which introduces
air for carrying out pressurization. The pressurizing de-
vice 40 is desirably shared with, for example, a device
(pressurizing device for boost-up used for closed cooling)
that compresses and supplies air for cooling the com-
bustor during rated operation and so on.
The intake side of the pressurizing device 40 is connected
to a branching channel 42 branching from the com-
pressed-air supply channel 28 formed in the cylinder, and

the discharge side is connected to a temperature-control-
medium supply channel 43. The temperature-control-
medium supply channel 43 is a channel for guiding com-
pressed air (pressurized temperature-control medium)
to a turbine-cooling-medium channel 50 provided in sta-
tionary parts of the turbine 13.
[0111] For example, as illustrated in Fig. 3, the turbine-
cooling-medium channel 50 is a channel connecting the
turbine cylinder 20, the stator blades 21, and a blade ring
31, and is used for temperature control by cooling and
heating by letting compressed air, flow through the blade
ring 31, which is specifically disposed at positions oppos-
ing the tips of the rotor blades 22 and which is a stationary
component affecting the tip clearance. The blade ring 31
is a member attached to the turbine cylinder 20 in such
a manner that it surrounds the outer circumference of the
rotor blades 22.
[0112] In other words, the turbine-cooling-medium
channel 50 has a structure in which the blade ring 31 is
cooled after cooling the stator blades 21 during rated
operation etc. of the gas turbine 10 by letting compressed
air having a relatively low temperature flow therethrough.
Furthermore, this turbine-cooling-medium channel 50
has a structure in which the stator blades 21 and the
blade ring 31 are heated and warmed up by letting com-
pressed air having a relatively high temperature flow in
preparation immediately before starting up the gas tur-
bine 10, during startup, and during shutdown. Thus, this
turbine-cooling-medium channel 50 can be used for cool-
ing and heating stationary components in the ACC sys-
tem. Here, reference numeral 31a in the drawing repre-
sents a blade-ring channel provided along the entire cir-
cumference of the blade ring 31.
The compressed air that passes through the turbine-cool-
ing-medium channel 50 converges with the flow of the
compressed-air supply channel 28 via a temperature-
control-medium return channel 44 and then flows into the
combustor 12 via the compressed-air supply channel 28.
[0113] Therefore, the pressurizing device 40 is oper-
ated during shutdown of the gas turbine to carry out ven-
tilation cooling by exhausting the high-temperature gas
remaining inside the turbine 13. A ventilation cooling sys-
tem that carries out cooling by ventilating the high-tem-
perature gas inside the turbine 13 during shutdown of
the gas turbine 10 will be described below.
Since the compressor 11 connected to the turbine 13 is
also in a shut-down state during shutdown of the gas
turbine 10, when the pressurizing device 40 capable of
operating independently from the compressor 11 is start-
ed up, the air taken in from the branching channel 42 is
pressurized into compressed air, which flows out to the
temperature-control-medium supply channel 43.
[0114] This compressed air flows into the compressed-
air supply channel 28 via the temperature-control-medi-
um supply channel 43, the turbine-cooling-medium chan-
nel 50, and the temperature-control-medium return chan-
nel 44. The compressed air flown into the compressed-
air supply channel 28 flows to the combustor 12 side.
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The compressed air flown to the combustor 12 side pass-
es through the combustor 12 and the turbine 13 and is
discharged to the atmosphere. At this time, the high-tem-
perature gas remaining in the combustor 12 and the tur-
bine 13 is discharged to the atmosphere by being pushed
out by the compressed air.
[0115] Accordingly, by operating the pressurizing de-
vice 40 during shutdown of the gas turbine 10, the com-
pressed air pressurized at the pressurizing device 40
forcefully discharges the high-temperature gas remain-
ing in the turbine to the atmosphere, forming a ventilation
cooling system that carries out quick ventilation cooling.
That is, the compressed air flowing through the ventila-
tion cooling system flows through the temperature-con-
trol-medium supply channel 43, the turbine-cooling-me-
dium channel 50, and the temperature-control-medium
return channel 44 from the pressurizing device 40, and
then passes through the combustor 12 and the turbine
13 from the compressed-air supply channel 28 to be dis-
charged to the atmosphere, thereby ventilating the high-
temperature gas remaining in the combustor 12 and the
turbine 13 to carry out cooling thereof.
[0116] In the gas turbine 10 according to this embod-
iment, cat back is prevented during shutdown of the gas
turbine 10 by carrying out ventilation cooling inside the
gas turbine in accordance with an operating method de-
scribed below.
That is, the method includes a step in which the pressu-
rizing device 40, which is connected to the branching
channel 42 branching from the compressed-air supply
channel 28 of the compressor 10 and which can operate
independently from the compressor 10, introduces air
and carries out pressurization thereof to carry out quick
ventilation cooling by forcefully discharging the high-tem-
perature gas remaining in the turbine 13 during shutdown
of the gas turbine 10; a step in which the compressed air
pressurized at the pressurizing device returns to the com-
pressed-air supply channel 28 via the temperature-con-
trol-medium supply channel 43, the turbine-cooling-me-
dium channel 50, and the temperature-control-medium
return channel 44; and a step in which the compressed
air is exhausted to the atmosphere from the compressed-
air supply channel 28 via the combustor 12 and the tur-
bine 13.
[0117] Furthermore, modifications such as those illus-
trated in Figs. 18 and 19 may be employed as the above-
described ventilation cooling system.
A ventilation cooling system according a first modification
illustrated in Fig. 18 includes an exhaust channel 59
branching from the temperature-control-medium supply
channel 43 and having a first open/close valve 65, which
is channel opening/closing means, and a second open/
close valve 66, which is provided as channel opening/
closing means in the temperature-control-medium sup-
ply channel 43 at a position downstream of the branching
point of the exhaust channel 59.
[0118] In the ventilation cooling system having such a
configuration, the first open/close valve 65 is opened and

the second open/close valve 66 is closed while starting
up the pressurizing device 40 during shutdown of the gas
turbine 10. However, during times other than shutdown
of the gas turbine 10, the first open/close valve 65 is
closed and the second open/close valve 66 is opened.
When the pressurizing device 40 is operated during shut-
down of the gas turbine 10 in the above-described state,
the compressed air pressurized at the pressurizing de-
vice 40 is discharged from the exhaust channel 59 to the
atmosphere. At this time, since the intake side of the pres-
surizing device 40 has a negative pressure so that the
high-temperature gas remaining in the turbine 13 is force-
fully sucked and discharged to the atmosphere, ventila-
tion cooling can be quickly carried out. That is, in the
ventilation cooling system in this case, the high-temper-
ature gas flows, from the inside of the high-temperature
turbine 13, back to the branching channel 42 via the ex-
haust channel 29, the combustor 12 and the com-
pressed-air supply channel 28, to be pressurized at the
pressurizing device 40, and is then discharged to the
atmosphere from the temperature-control-medium sup-
ply channel 43 via the exhaust channel 59 with the first
open/close valve 65 opened.
[0119] A ventilation cooling system according to a sec-
ond modification illustrated in Fig. 19 includes an exhaust
channel 64 that branches from the branching channel 42
and is provided with a third open/close valve 67, which
is channel opening/closing means.
In the ventilation cooling system having such a configu-
ration, the third open/close valve 67 is opened while start-
ing up the pressurizing device 40 during shutdown of the
gas turbine 10. However, during times other than shut-
down of the gas turbine 10, the third open/close valve 67
is closed.
[0120] When the pressurizing device 40 is operated
during shutdown of the gas turbine 10 in the above-de-
scribed state, the compressed air pressurized at the pres-
surizing device 40 passes through the inside of the tur-
bine 13, and, in addition, high-temperature gas is taken
into the intake side of the pressurizing device 40. Accord-
ingly, the high-temperature gas present in the turbine 13
is forcefully pushed out and sucked in by the compressed
air and is discharged from the exhaust channel 64 to the
atmosphere; therefore, ventilation cooling can be quickly
carried out. At this time, the intake side of the pressurizing
device 40 may have a negative pressure so that the high-
temperature gas remaining in the turbine 13 is forcefully
pushed out and taken in, or the high-temperature gas
remaining in the turbine 13 may be forcefully pushed out
by providing an intake system 49 in which the pressuriz-
ing device 40 directly takes in air from the atmosphere.
[0121] In this way, when ventilation cooling is quickly
carried out by discharging the high-temperature gas in
the turbine 13 to the atmosphere after the gas turbine 10
is shut down, cat back can be prevented since the tem-
perature difference inside the turbine can be alleviated
or eliminated.
Furthermore, with regard to additional equipment re-

33 34 



EP 2 708 720 A2

19

5

10

15

20

25

30

35

40

45

50

55

quired for the above-described cat back prevention, the
effective use of the pressuring means 40 and so on by
sharing them as pressurizing means for boost-up used
for closed cooling enables cat back prevention without
adding new equipment.

Eleventh Embodiment

[0122] Next, a gas turbine according to an eleventh
embodiment will be described on the basis of Fig. 20.
Here, parts that are the same as those according to the
above-described embodiments will be represented by
the same reference numerals, and detailed descriptions
thereof will be omitted.
The gas turbine 10 according to this embodiment oper-
ates the pressurizing device 40 during shutdown of the
gas turbine 10 and lets compressed air (pressurized tem-
perature-control medium) flow in the turbine-cooling-me-
dium channel 50. That is, unlike the tenth embodiment
in which ventilation cooling of the inside of the turbine 13
is actively carried out, compressed air (including high-
temperature gas) flows through the turbine-cooling-me-
dium channel 50 in a circulating manner by, for example,
closing the air intake port 15 of the compressor 11 and
the exhaust side of the turbine 13, when required, to make
the temperature distribution uniform.
[0123] That is, high-temperature gas (temperature-
control medium) present inside the combustor 12 and
the turbine 13 is taken in for pressurization by operating
the pressurizing device 40 and is transformed into com-
pressed air that functions as a pressurized temperature-
control medium. After this compressed air flows out to
the temperature-control-medium supply channel 43, it is
taken into the pressurizing device 40 via the turbine-cool-
ing-medium channel 50, the temperature-control-medi-
um return channel 44, the compressed-air supply chan-
nel 28, and the branching channel 42. As a result, the
compressed air circulates in a closed-circuit channel.
Since compressed air that circulates in this way flows
through the blade-ring channel 31a, which is formed in
the blade ring 31, when passing through the turbine-cool-
ing-medium channel 50, the temperature distribution
around the turbine cylinder 20 is made substantially uni-
form along the entire circumference thereof. Thus, since
a temperature difference due to convection is less likely
to occur inside the turbine 13 and the entire temperature
distribution is made substantially uniform, cat back can
be prevented.
[0124] Furthermore, when compressed air pressu-
rized at the pressurizing device 40 is circulated, although
the temperature is lowered by heat radiated from the tur-
bine cylinder 20, the internal temperature of the turbine
13 can be maintained at a relatively high temperature by
circulating the compressed air having a high temperature
due to pressurization. As a result, for example, with the
gas turbine 10 operated in the DSS mode, a temperature
drop that occurs during the period from shutdown to re-
starting operation can be minimized, and, thus, the time

required for a warm-up operation, which is required at
restart, can be reduced.
[0125] In the gas turbine 10 according to this embod-
iment, cat back is prevented during shutdown of the gas
turbine 10 by carrying out ventilation cooling inside the
gas turbine in accordance with an operating method de-
scribed below.
That is, the operating method for when the gas turbine
is shut down includes a step in which the pressurizing
device 40, which is connected to the branching channel
42 branching from the compressed-air supply channel
28 of the compressor 11 and which can operate inde-
pendent from the compressor 11, introduces air and car-
ries out pressurization thereof; a step in which the com-
pressed air pressurized at the pressurizing device 40 re-
turns to the compressed-air supply channel 28 via the
temperature-control-medium supply channel 43, the tur-
bine-cooling-medium channel 50, and the temperature-
control-medium return channel 44; and a step in which
the compressed air is taken into the pressurizing device
40 from the compressed-air supply channel 28 via the
branching channel 42.
[0126] Therefore, during shutdown of the gas turbine
10, since compressed air flows through the turbine-cool-
ing-medium channel 50 in a circulating manner, and this
flow extends over the entire circumference of the turbine
cylinder 20, the temperature distribution of the inside of
the gas turbine 10 is made substantially uniform.
Moreover, it is desirable that the operating method during
shutdown described above in the tenth embodiment in
which ventilation cooling is carried out or the operating
method during shutdown described in this embodiment
in which the temperature distribution is made uniform by
compressed air circulation be selectively used in consid-
eration of the shutdown period of the gas turbine 10.
[0127] Specifically, when the shutdown period of the
gas turbine is long, the shutdown operating method in
which ventilation cooling is carried out should be select-
ed, whereas, when the shutdown period of the gas turbine
is short, the shutdown operating method using com-
pressed air circulation should be selected.
By carrying out such selection, the warm-up operation
period required at restart can be shortened because,
when the gas turbine shutdown period is short, such as
in the DSS mode, and the gas turbine is restarted after
a short shutdown, lowering of the temperature during the
period from shutdown to restarting operation can be min-
imized. That is, cat back prevention, as well as smooth
and efficient DSS operation, can be carried out.
[0128] In this way, according to the above-described
present invention, the operation required for cat back pre-
vention can be reliably and quickly carried out by dis-
charging the high-temperature gas in the turbine 13 to
the atmosphere or by maintaining the temperature dis-
tribution in the turbine 13 in a substantially uniform state.
In particular, when the compressed air flows in the tur-
bine-cooling-medium channel 50 so as to circulate there-
in and the temperature distribution in the turbine 13 is
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maintained in a substantially uniform state, even when
operation and shutdown of the gas turbine are carried
out frequently, such as in the DSS mode, the operation
required for cat back prevention can be completed quick-
ly, and the warm-up operation period at startup can be
shortened.
[0129] Furthermore, with regard to additional equip-
ment required for cat back prevention, the effective use
of the pressuring means 40 and so on by sharing them
as pressurizing means for boost-up used for closed cool-
ing enables stable operation shutdown of the gas turbine
10 by performing ACC control enabling cat back preven-
tion with minimum additional equipment, i.e., without add-
ing new equipment.
The present invention is not limited to the embodiments
described above; for example, the connection configu-
ration etc., of the compressor and the turbine may be
appropriately modified without departing from the scope
of the invention.

{Reference Signs List}

[0130]

10 gas turbine
11 compressor
12 combustor
13 turbine
20 turbine cylinder
21 stator blade
22 rotor blade
28 compressed-air supply channel
29 exhaust channel
31 blade ring
40 pressurizing device
42 branching channel
43 temperature-control-medium (heating me-

dium or cooling medium) supply channel
44 temperature-control-medium (heating me-

dium or cooling medium) return channel
45 bypass channel
47 heating-medium branching supply channel
48 heating-medium branching return channel
50 turbine-cooling-medium channel
51 compressed-air cooling-medium channel
60, 62, 90 heat exchanger
59, 64 exhaust channel
70 atmosphere-intake channel
71 heating-medium receiving channel
80 combustor cooling channel
75 coolant supply channel

Claims

1. A gas turbine that supplies combustion gas gener-
ated by supplying fuel to a combustor where the fuel
is combusted with compressed air compressed at a

compressor to a turbine to acquire rotational power,
the gas turbine comprising:

pressurizing means connected to a branching
channel branching from a discharge-side chan-
nel of the compressor and capable of carrying
out an operation for introducing and pressurizing
a temperature-control medium independently
from the compressor;
a temperature-control-medium supply channel
that guides pressurized temperature-control
medium pressurized at the pressuring means to
a turbine-cooling-medium channel provided in a
stationary component of the turbine; and
a temperature-control-medium return channel
that guide the pressurized temperature-control
medium that has passed through the turbine-
cooling-medium channel to the discharge-side
channel such that the flows are combined,
wherein the pressurizing means is operated at
shutdown of the gas turbine to let the pressu-
rized temperature-control medium flow in the
turbine-cooling-medium channel.

2. A shutdown operating method for a gas turbine that
supplies combustion gas generated by supplying fu-
el to a combustor where the fuel is combusted with
compressed air compressed at a compressor to a
turbine to acquire rotational power, the method,
which is carried out at shutdown of the gas turbine,
comprising:

a step in which pressurizing means connected
to a branching channel branching from a dis-
charge-side channel of the compressor and ca-
pable of carrying out an operation for introducing
and pressurizing a temperature-control medium
independently from the compressor;
a step in which pressurized temperature-control
medium pressurized at the pressurizing means
returns to the discharge-side channel via a tem-
perature-control-medium supply channel, a tur-
bine-cooling-medium channel, and a tempera-
ture-control-medium return channel; and
a step in which intake is carried out from the
discharge-side channel through the branching
channel to the pressurizing means.

3. A shutdown operating method for a gas turbine that
supplies combustion gas generated by supplying fu-
el to a combustor where the fuel is combusted with
compressed air compressed at a compressor to a
turbine to acquire rotational power,
wherein, at shutdown of the gas turbine, the shut-
down operating method according to Claim 2 is se-
lected when the shutdown period of the gas turbine
is short.
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