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Disclosed Is a steam cooling system for gas turbine combustors, In which steam valve 12 I1s opened and steam from boller 4 Is
conducted, and thereby a combustor of gas turbine 1 Is cooled, and steam recovery valve 11 Is opened and this steam Is returned
to steam turbine 5. When the amount of steam at the combustor outlet decreases, the temperature of temperature sensor 31
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(57) Abrege(suite)/Abstract(continued):

Increases, and when this exceeds a predetermined value, temperature regulating valve 30 Is opened and steam from steam turbine
5 Is extracted and Is let into the cooling steam outlet side flow path 61 through a steam flow path. VWhen the value of pressure
sensor 24 reaches a predetermined value, bypass valve 14 Is opened and steam Is caused to flow to condensor 6, and the
necessary amount of steam Is maintained within the combustor. This Is all controlled by means of controller 10, which constantly
maintains the temperature of the cooling steam at predetermined values.
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ABSTRACT

Disclosed 1is a steam cooling system for gas turbine
combustors, in which steam valve 12 is opened and steam
from boiler 4 is conducted, and thereby a combustor of gas
turbine 1 is cooled, and steam recovery valve 11 1s opened
and this steam 1s returned to steam turbine 5. When the
amount of steam at the combustor outlet decreases, the
temperature of temperature sensor 31 increases, and when
this exceeds a predetermined value, temperature regulating
valve 30 is opened and steam from steam turbine 5 1is
extracted and 1is let i1nto the cooling steam outlet side
flow path 61 through a steam flow path. When the value of
pressure sensor 24 reaches a predetermined value, bypass
valve 14 is opened and steam 1s caused to flow to condensor
6, and the necessary amount of steam is maintained within
the combustor. This 1s all controlled by means of
controller 10, which constantly maintains the temperature

of the cooling steam at predetermined values.
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DESCRIPTION

STEAM-COOLING SYSTEM FOR GAS TURBINE COMBUSTOR

Technical Field

The present invention relates to a device for steam
cooling the combustor of a gas turbine which, in a combined
plant in which a gas turbine and a steam turbine are

combined, is capable of accurately controlling the

temperature of the steam at planned temperatures even

during periods of load change.

Background Art

Figure 7 1s a schematic diagram of a plant having a
gas turbine combustor which 1is subjected to steam cooling,
in a combined plant in which a gas turbine and a steam
turbine are combined. 1In the figure, a combustion gas 7,
which is created as a result of power generation in gas
turbine i and is discharged, is supplied to the boiler 4,
and in boller 4, steam 9 1s generated by this high-
temperature combustion gas 7 from the gas turbine 1, and
the exhaust gas 50 is discharged to the atmosphere from
smokestack 51. The steam 9, which is generated in the

boiler 4, is supplied to steam turbine 5, and this turns a

power generator, so that electric power is obtained. The
cooling of the combustor of gas turblne 1 is conducted by

extracting a portion of the steam produced by boller 4 and

conveying thls steam 40 to the combustor, and the steam
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heated durling this cooling process as recovered steam 41 is
then reused by being returned to steam turbine 5.

Next, the control of the steam cooling for the gas
turbine combustor in a combined plant having the structure
described above will be explained.

Figure 6 1s a schematic flow diagram of a steam-

cooling system for gas turbine combustors in a conventional

combined plant. In the figure, controller 2 controls the
flow of the steam, while combustion gas from the gas
turbine 1 is led to the boiler 4, which generates steam.
Furthermore, this steam-cooling system is provided with an
auxiliary steam source 3, a steam turbine 5, and a
condenser 6. Steam recovery valve 11 is provided in the
recovered steam flow path 61 from the outlet of the
combustor of gas turbine 1. Furthermore, steam valve 12 is
provided in extracted steam flow path 62 from the boilér 4
to the inlet of the combustor of gas turbine 1. Auxiliary
steam valve 13 1s provided in flow path 63 in order to
introduce the steam from the auxiliary steam source 3 into
the flow path 62 leading to the inlet of the combustor of
gas turbine 1. The opening and closing of these valves 11

through 13 1s controlled by the controller 2.

Furthermore, a temperature sensor 21, which detects
the temperature of the steam flowing through the auxiliary

steam flow path 63, a temperature sensor 22, which detects

the temperature of the steam flowlng into the inlet of the

combustor of gas turbine 1, and a temperature sensor 31,
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which measures the temperature of the steam at the outlet
of the combustor of gas turbine 1., are provided in the
system, and the detected values detected by these
temperature sensors are 1input into controller 2. In
addition to the parts described above, an actual plant
would be provided with a drain exhaust system, opening and
closing valves, flow rate and pressure adjustment valves,
pressure detectors, and the like; however, as these are not
required for an explanation of the technologlical background
of the present invention, an explanation thereof will be
omitted here.

In a control system such as that described above,
prior to supplying steam to the combustor of the gas
turbine 1, the warming of the piping systems, and the
discharge of the drain during operation, are conducted;

however, those systems are omitted from the figures. Prior

to starting, the auxiliary steam valve 13 is first opened,

and auxiliary steam is allowed to flow into the auxiliary

steam flow path 63 from auxiliary steam source 3, and this
flows through the combustor of gas turbine 1 via flow path
62, and is discharged via a flush pipe which is not
depicted in the figure, so that a warming up is conducted.
Next, gas turbine 1 is started, and after a predetermined
period of time, the auxiliary steam valve 13 is closed,
while steam.valvé 12 and steam recovery valve 11 are

opened, the steam extracted from the boiler 4 1is supplied

to the combustor of gas turbine 1, and the combustor 1is
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cooled using this steam, while the steam heated in the

process of cooling is returned to steam turbine 5 and

reused. The amount of cooling steam supplled to the
combustor of gas turbine 1 1s adjusted to the amount
necessary for the gas turbine load by conducting programmed
control in the controller 2.

As described above, when the signals of temperature
sensors 21, 22, and 31 are input into the controller 2, the

opening and closing of the auxiliary steam valve 13, the

steam valve 12, and the steam recovery valve 11l is
conducted in accordance with a program predetermined, and

steam cooling 1s conducted so that the combustor of gas

turbine 1 remains at planned temperatures from the starting
of the gas turbine and throughout the operation thereof.

As described above, in conventional steam-cooling

systems for gas turbine combustors in combined plants, the

combustor is cooled using steam extracted from a boiler,

and after it has been used for cooling, the steam 1is

returned to the steam turbine as recovered steam, and the

required amount of steam i1s controlled by a controller
using a program determined in advance 1n accordance with
the load on the gas turbine. However, during the starting
in the plant, and during periods of load change, delays
occur in response to the temperature and pressure of the
steam generated at the boiler, and as a result of these

delays, the steam employed for coolling the combustor is

insufficient, so that there are cases 1in which the steam
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temperature in the flow path on the cooling steam outlet

side of the combustor increases, and exceeds planned

temperatures, so that the temperature of the combustor
increases excessively. Furthermore, in order to counteract
this insufficiency in the steam employed for cooling the
combustor, it was necessary to increase the size of the

boiler.

Disclosure of Invention

The present invention has as an object thereof to
provide a steam-cooling system for gas turbine combustors
which, in combined plants having a steam-cooled combustor,
is capable of maintaining planned temperatures by
preventing an excessive rise in steam temperature in the
gas turbine combustor even during the starting of plant or
during periods of load change.

The invention of the present application comprises a
steam-cooling system for gas turbine combustors in combined
plants, in which combustion gas exhausted from a gas
turbine is directed to a boiler, steam is generated in this
boiler and a steam turbine 1s operated using thilis steam
while a portion of the steam from the boiler is extracted
and supplied to the combustor of the gas turbine to cool
the combustor, and after being used for this cooling, the
steam 1s returneﬁ to the steam turbine; which comprises: a
temperature sensor for detecting the temperature of steam

in a cooling steam outlet side flow path of the gas turbilne
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combustor; a steam flow path through which steam 1is

extracted from the exhaust system of the steam turbine and

the extracted steam from the exhaust system of the steam
turbine is let into the cooling steam outlet side flow path
of the gas turbine combustor via a temperature regulating
valve: and a controller which receives detected temperature
signals from the temperature sensor and conducts control
such that the valve is opened when the detected temperature
is in excess of a predetermined value, and closed the valve
when this temperature is equel to or lower than the

predetermined value.

The controller conducts control such that when the
temperature of the steam at the cooling steam outlet side
of the gas turbine combustor exceeds a planned temperature
set in advance, the temperature regulating valve opens.
When the temperature detected by the temperature Sensor
exceeds the planned value, the controller which receives
this detected temperature signal controls opening operation
of the valve, and this allows low-temperature steam
extracted from the exhaust system of the steam turbine to
enter into the cooling steam output side flow path of the
gas turbine combustor, thus regulating temperature 1in such
a way as to decrease the temperature of the steam flowing
in the cooling steam outlet side'flOWpath. Next, when the
temperature of the steam in the flow path at the cooling

steam outlet side of the combustor reaches the planned

value, the valve 1s closed, and normal control resumes. By
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means of such control, it 1s possible to prevent an
excessive rise in the steam temperature in the flow path at
the cooling steam outlet side of the gas turbine combustor
even during the starting of the plant or during
fluctuations in the load, and it i1s thus possible to
control the temperature so that it remains at planned
values.

Another mode of the invention of the present

application involves a steam-cooling system for gas turbine

combustors, comprising a pressure sensor for detecting a
difference in pressure between the inlet side flow path and
the outlet side flow path of the cooling steam of the
combustor, and a bypass flow path for allowlng an outflow
of steam from the cooling steam outlet side flow path of
the combustor to the condenser via a bypass valve; a
detected temperature signal from the temperature sensor and
a pressure signal from the pressure sensor are input 1into
the controller, and the controller conducts control such
that when the detected temperature is higher than a
predetermined value, the temperature regulating valve 1is
opened, while when this temperature 1s equal to or lower
than the predetermined value, the valve is closed, and
furthermore conducts control such that when the pressure 1is
lower than a predetermined value, the bypass valve 1s
opened, while whén the predetermined value 1s reached, the

bypass valve is closed.
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In the structure described above, when, as a result of

some cause, a state is reached in which the amount of steam

used for cooling 1s insufficient and the necessary amount
of steam is not caused to flow, there are cases in which
the difference in pressure detected by the pressure sensor
remains below the predetermined value even 1if an inflow of
low-temperature steam 1s caused by the temperature
regulating valve. In such cases, the controller controls
opening operation of the bypass valve, the coolling steam
outlet side flow path of the combustor is placed in
communication with the condenser, and the pressure
difference between the cooling steam inlet side flow path
and outlet side flow path of the combustor is forcibly

increased, so that steam is caused to flow, and thus it 1is

possible to prevent an excessive increase in the
temperature of the steam flowing through the cooling steam
outlet side flow path of the gas turbline combustor even

during the starting of plant or during periods of load

fluctuation, and thus to conduct control at planned values.

- Another mode of the invention of the present

application comprises a steam-cooling system for gas
turbine combustors, wherein, in the state in which the
temperature regulating valve is opened, 1if the temperature
detected by the temperature sensor is not reduced to a

predetermined value, the controller conducts control so as

to open the bypass valve.
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In the structure described above, the temperature at

the cooling steam outlet side flow path of the combustor is

detected, so that the controller first controls opening
operation of the temperature control valve, and in cases in
which this control is insufficient, next controls opening
operation of the bypass valve. Furthermore, in cases 1n
which the difference in pressure between the cooling steam
inlet side flow path and outlet side flow path of the
combustor is low, thils bypass valve is opened lrrespective
of the steam temperature in the vicinity of the outlet of
the combustor. Accordingly., using both values detected by
the pressure sensor and‘the temperature sensor, the

controller controls the bypass valve, so that the

reliability of control 1is improved.

Brief Description of Drawings

Figure 1 is a schematic flow diagram showing a steam-
cooling system for gas turbine combustors 1in accordance
with an embodiment of the present invention.

Figure 2 is a timing chart of the control of the

steam-cooling system for gas turbine combustors in
accordance with an embodiment of the present inventlon.
Figure 3 is a schematic flow diagram of a steam-
cooling system for gas turbine combustors in accordance
with a further eﬁbodiment of the present invention.

Figure 4 is a flow chart of the characteristic

portions of the controller of the present inventlion in a
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steam-cooling system for gas turbine combustors in
accordance with a further embodiment of the present
invention.

Figure 5 is a timing chart of the control of the
steam-cooling system for gas turbine combustors in
accordance with a further embodiment of the present

invention.

Figure 6 is a schematic flow diagram of a conventional
steam-cooling system for gas turbine combustors.

Figure 7 is a schematic diagram of a bombined plant
which is provided with a conventional steam-cooled

combustor.

Best Mode for Carrying Out the Invention

Hereinbelow, embodiments of the present invention will
be explained concretely based on the figures.

Figure 1 is a schematic flow diagram of a steam-
cooling system for gas turbine combustors 1in accordance
with an embodiment of the present invention. In Figure 1,
referénces 1, 3 through 6, 11 through 13, and 21 through 22
have functions identical to those in the conventional
example shown in Figure 6, and a detalled description
thereof will be omitted here, and they simply will be
described by reference. Furthermore, the characteristic
parts of the present invention are those given reference

numbers 10, 30, and 31, and these will be described in

detail hereinbelow.
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In Figure 1, controller 10 conducts control so as to

open the auxiliary steam valve 13 prior to the starting,

similar to the above-mentioned conventional example, and
auxiliary steam flows from auxiliary steam source 3 into
auxiliary steam flow path 63, and the steam is led to the

combustor of gas turbine 1 via flow path 62, and 1is
discharged via a flush pipe which is not depicted in the

figure, so that a warming up 1s conducted. Next, the
starting of gas turbine 1 is conducted, and after a

predetermined period of time, auxiliary steam valve 13 1is
closed, and steam valve 12 is simultaneously opened, and
steam recovery valve 11 is also opened and the extracted
steam from boiler 4 is supplied to the combustor of gas
turbine 1, the combustor is cooled, and after being used
for cooling, the steam is returned to steam turbine 5 via
cooling steam outlet side flow path 61. As a concrete
example of this case, the steam from boller 4 is extracted

from the outlet of an IPSH (intermedlate pressure super

heater), and the recovered steam 1s returned to an HTR

(high-temperature steam reheater).

The control described above 1s similar to that of the
conventional example shown in Figure 6; however, the
present invention is further provided with the following
functions.

Controller 10 controls the amount of steam required

for combustor cooling in accordance with the starting of

plant or during changes in the locad during periods of load
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fluctuation; however, such control does not immediately

reflect the pressures and temperatures of the steam

generated in the boiler, but rather a delay is produced,
and as a result of this delay, there are cases 1n which the
cooling steam for the combustor is insufficient and the
steam temperature at the combustor outlet is in excess of
the planned temperature.

The temperature signal of temperature sensor 31 1s
input at the controller 10, and when the detected
temperature exceeds a planned temperature which is set in
advance, the controller 10 conducts control such that the
temperature valve 30 is opened. By means of opening the
temperature valve 30, the exhaust gas from steam turbine 5,
that is to say, low-temperature reheated steam, 1s
extracted, and this is injected into the flow path 61l at
the recovered steam side, that is to say., the cooling steam

outlet side of the combustor. By means of this controller

10, the temperature of the steam at the combustor outlet
side, which had become high, is regulated and the
temperature thereof decreases, and when this reaches the
planned temperature, control 1s conducted so that the
temperature regulation valve 30 is closed, and the control
of normal operatlons 1is resumed.

Figure 2 is a timing chart of the control in an actual
embodiment of thé explanation above. In the figure, the

uppermost level indicates the patterns of the rotation and

load of gas turbine 1; the load of gas turbine 1 1increases
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slowly from a period of 30 minutes after the starting, and

at some point after the passage of 150 mlnutes it reaches

100%. The controller 10, in accordance with the load
pattern, maintalns auxiliary steam valve 13 in an open

state prior to the starting of gas turbine 1] and for a

the auxiliary steam from auxiliary steam source 3 1s let
into flow path 62. Furthermore, the amount of steam
necessary for the combustor after the supply of auxiliary

steam is also set in accordance with this load pattern.

The controller 10 opens steam valve 12 and steam recovery
valve'll simultaneously with the closing of auxillary steam
valve 13: by allowing steam from boiler 4 to enter flow
path 62 in accordance with the pattern of the amount of
steam required for the combustor, the combustor is cooled.
After it 1s used for cooling, this steam is returned to
steam turbine 5 via steam recovery valve 1ll.

Furthermore, the recovered steam temperature
(combustor outlet temperature) of the temperature sensor 31
experiences a transition at the planned temperature:
however, when there is a sudden increase in the load at
some point after the passage of 150 minutes, as a result of
the delay in the supply of steam and the like, the steam
temperature rises above the planned temperature T. At this
time, the controiler 10 opens the temperature regulating
valve 30, and the exhaust gas from steam turbine 5, that 1is

to say, the low-temperature reheated steam, is extracted,

P PV AP P Y S ¢ k¢ A T N YW YRS e Al T St mee s w . e . Vleree e -
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and this is let into the cooling steam outlet side flow

path 61 of the combustor and the temperature is regulated,

and when the temperature returns to the planned value, the
temperature regulating valve 30 is closed, and normal
control 1s resumed.

In accordance with the above embodiment of the present
invention, in a steam-cooling system for gas turbine
combustors, a temperature sensor 31 and a temperature
regulating valve 30 are provided in order to prevent an

excessive increase in the steam temperature at the outlet

of the combustor, and control 1is exerted by the controller
10, and a portion of the exhaust gases 0f the steam turbine

5 are extracted and returned to the combustor outlet side,
so that it is possible to control the temperature at the

outlet of the combustor of gas turbine 1 at planned values

even during the starting of plant or during perliods of load

change, and furthermore, in order to respond to
insufficlencies in the steam used for combiustor cooling, it
is not necessary to increase the size of the boiler.

Figure 3 1s a schematic flow diagram of a steam-
cooling system for gas turbine combustors 1in accordance

with another embodiment of the present invention; those

parts having identical reference numbers as in Flgure 1
have the same function. A temperature sensor 23 for
detecting the stéam temperature at the combustor outletft is
provided in the vicinity of the combustor outlet in the

flow path 61 at the cooling steam outlet side of the
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combustor, and a bypass valve 14 1s placed in the flow path

64 (the bypass path) which leads to the condenser from the

vicinity of the outlet of the combustor in flow path 61 at
the cooling steam outlet side of the combustor, and the
values detected by the temperature sensor 23 are
transmitted to the controller 10. Furthermore, a pressure
sensor 24 for detecting the difference in pressure between
the steam inlet side flow path 62 and the steam outlet side
flow path 61 of the combustor is installed between flow
path 61 and flow path 62, and the value detected thereby is
transmitted to controller 10.

Controller 10 conducts the following control, which 1s
a characteristic feature of the present invention. 1In
other words, when the pressure difference detected by
pressure sensor 24 at the combustor outlet of gas turbine 1
is small, the necessary amount of steam is not flowing to
the combustor, so that the temperature of temperature
sensor 31 also increases, and in such a case, 1n order to
guarantee the necessary amount of steam to the combustor,
controller 10 controls opening operation of the bypass
valve 14, and control is conducted so that steam flows to
condenser 6 via bypass path 64. In this way, 1t is
possible to prevent an excessive heating of the combustor
by means of forcing a difference in pressure between the
combustor outlet ‘and inlet and causing a flow of steam.

Next, as a second embodiment, in the case in which the

temperature of temperature sensor 31 is high, the
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temperature regulation valve 30 is first opened, and 1if
control cannot be effected in this way., then the bypass
valve 14 is also opened. Furthermore, when the difference

in pressure between the cooling steam inlet side flow path

62 and outlet side flow path 61 of the combustor is low,

then this bypass valve 14 1is opened irrespective of the
steam temperature of the cooling steam outlet side flow

path 61 of the combustor detected by temperature sensor 3l.
Here, the temperature may be detected using the temperature
sensor 23, which is provided in the vicinity of the
combustor outlet in the cooling steam outlet side flow path
61 of the combustor, in place of the temperature sensor 31l.
Figure 4 is a flow chart showing, among the control
conducted by controller 10, the parts which are
characteristic of the present invention. In S1, the
cooling of the combustor by steam is conducted, steam valve
12 is opened and steam is led from boiler 4 to the
combustor, the combustor is cooled, and the steam is
recycled to steam turbine 5 via steam recovery valve 11l.

In S2, during cooling, if the temperature detected by

temperature sensor 31 increases and becomes greater than a
prespecified temperature, the temperature of the combustor
increases, and the steam used for cooling will be
insufficient, so that a determination is made as to whether
the combustor temfiperature is increasing, and in S3,

temperature regulation valve 30 is opened, and low-
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temperature steam from steam turbine 5 1s injected into the

cooling steam outlet side flow path 61 of the combustor.

In S4, cases are observed in which, irrespective of
the fact that in S3 low-temperature steam was injected into

the steam flow path of the combustor for a predetermined
period of time by means of temperature regulating valve 30,
the steam flow rate to the combustor is insufficient, and
the temperature of the recovered steam increases. That 1s
to say. a determination is made as to whether the
temperature detected by temperature sensor 31 is higher
than the temperature detebted by temperature sensor 31 1n
S2, and when it 1s higher, bypass valve 14 is opened for a
predetermined period of time in S5, steam from the cooling
steam outlet side flow path 61 of the combustor 1s caused
to flow to the condenser 6, and the pressure difference

between the cooling steam inlet side flow path 62 and

outlet side flow path 61 of the combustor is forclibly
increased and steam is caused to flow, thus preventing the
overheating of the combustor. Here, the temperature in the
vicinity of the outlet of the combustor may be detected
using the temperature sensor 23 in place of the temperature
sensor 31, and a determination may be made in S2 as to
whether this temperature is higher than the temperature
detected by temperature'sensor 31, and the same control may
be conducted. '

In S6, in the case in which the temperature detected

by temperature sensor 31 in S2 above is unchanged, or in
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S7. in the case in which the detected value is unchanged,
the cooling of the combustor is continued.

In S7, further, a determination is made as to whether
the difference in pressure of the pressure sensor 24 1s
lower than a predetermined pressure, and when it 1is lower,
the bypass valve 14 1s opened 1n 58, and steam is caused to
flow to the condenser 6.

Figure 5 is a timing chart of the control in the
embodiment of the explanation above. In the figure, the
uppermost level shows the pattern of the rotational speed
and load of the gas turbine 1; the load of gas turbine 1
exhibits a pattern such that it slowly lncreases after a
period of 30 seconds from starting, and reaches a level of
100% at a point after the passing of 150 minutes.

Controller 10, in accordance with this load pattern,

maintains the auxiliary steam drive 13 in an opened state
from before the starting of gas turbine 1 to a point in
time after the passage of 60 minutes or more from the
starting, and causes an inflow of auxiliary steam from the
auxiliary steam source 3 into flow path 62. Furthermore,
the amount of steam necessary for the combustor after the

supply of this auxiliary steam is also set in accordance

with the load pattern.

Controller 10 controls opening operation of steam
valve 12 and steam recovery valve 11 simultaneously with
the closing of auxiliary steam valve 13, and by means of

causing an inflow of steam from boiler 4 into flow path 62
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in accordance with the pattern of the necessary amount of
steam for the combustor, the combustor is cooled. After
being used for cooling, the steam is recycled to steam
turbine 5 via steam recovery valve 1ll.

Furthermore, the recovered steam temperature
(combustor outlet temperature) of temperature sensor 31
experiences a transition at a planned temperature at a
point up to 150 minutes after the starting; however, during
the rapid increase in the load after 150 minutes of
operation, as a result of the delay in the supply of steam
and the like, the steam temperature exceeds the planned
temperature T. At this time, controller 10 controls
opening operation of temperature regulating valve 30, and
the exhaust gas from steam turbine 5, that is to say, the
low-temperature reheated steam, is extracted, and this is
injected into the cooling steam outlet side flow path 61 of
the combustor, and the temperature is regulated, and when
the temperature returns to the planned value, the
temperature regulating valve 30 is closed, and normal

control is resumed. Up to this point, the operatlion 1is

- identical to that established in Figures 1 and 2.

Here, when the difference in pressure between the
inlet side flow path 62 and the outlet side flow path 61 of
the cooling steam of the combustor, which is detected by
pressure sensor 24, is lower than a predetermined value,

bypass valve 14 is opened irrespective of the steam




CA 02264157 1999-02-23

20

temperature at the cooling steam outlet side flow path 61
of the combustor detected by temperature sensor 3l.

In accordance with a further embodiment of the present
invention, in a steam-cooling system for gas turbine
combustors, a temperature sensor 31 and a temperature
regulating valve 30 are provided in order to prevent an
excessive increase in the steam temperature at the
combustor outlet, and by means of controller 10, a portion
of the steam discharged from steam turbine 5 1is extracted
and this is returned to the combustor outlet. Furthermore,
in addition to this control, temperature sensor 23,
pressure sensor 24, and bypass valve 14 are provided and
the steam outputted by the combustor 1is caused to flow out
to condenser 6. It is possible to control the outlet
temperature of the combustor of gas turbine 1 at planned
values even during the starting of plant and during periods
of load change, and furthermore, it is not necessary to
install a larger boiler in order to address insufficliencies

in the steam used to cool the combustor.

Industrial Applicability

In accordance with the structure described above, when
the steam temperature in the cooling steam outlet side flow
path of a combustor of a gas turbilne increases, low-
temperature steai discharged from the steam turbine

discharge system is extracted, and this 1is injected into

the cooling steam outlet side flow path, and 1t thus
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becomes possible to regulate the steam temperature, and

furthermore, even if for some reason the amount of cooling

steam decreases, tending to lead to an increase in the
temperature of the combustor, the cooling steam outlet side
flow path of the combustor 1is placed in communication with
the condenser by opening a bypass valve, and the difference
in pressure between the cooling steam inlet side flow path
and outlet flow path of the combustor 1s increased, and
control is conducted such that steam is caused to flow, so
that it is possible to control the steam temperature in the
cooling steam outlet side flow path of the combustor of a
gas turbine at planned values without an excessive 1increase
therein even during the starting or during periods of load
change.

Furthermore, in the state in which the temperature

regulating valve 1s opened, 1f the temperature detected by
the sensor drops below a predetermined value, the
controller opens the bypass valve, and thereby, in addition
to the value detected by the pressure sensor, control 1s
conducted while detecting the temperature of the coollng
steam outlet side flow path of the combustor as ﬁell, SO

that the reliability of control is increased.
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The embodiments of the invention in which an exclusive

property or privilege 1s claimed are defined as follows:

1. A steam-cooling system for gas turbine combustors in
combined plants, including: a gas turbine combustor, a
boiler connected to an inlet port of the gas turbine
combustor, a steam turbine connected to the boiler, a
condenser connected to the steam turbine and the boiler,
and a cooling steam outlet side flow path connecting an
outlet port of the gas turbine combustor and an intake
system of the steam turbine, in which combustion gas
exhausted from the gas turbine combustor is directed to the
boiler, steam is generated 1n the boiller, and the steam
turbine is driven using the steam generated i1n the boiler

while a part of the steam output from the boiler 1is

extracted, the extracted steam 1s directed to the 1inlet
port of the gas turbine combustor, and the steam after
passing through the gas turbine combustor 1s directed to

the intake system of the steam turbine through said cooling

steam outlet side flow path; and the steam-cooling system
comprises:

a temperature sensor provided 1n the cooling steam outlet
side flow path for detecting a temperature of steam flowing
in the cooling steam outlet side flow path;

a steam flow path connecting an exhaust system of the
steam turbine and the cooling steam outlet side flow path
for directing steam extracted from the exhaust system of
the steam turbine to the cooling steam outlet side flow

path via a temperature regulating valve provided on the

steam flow path; and

a controller for controlling the temperature regulating
valve by receiving detected temperature signals transmitted

from the temperature sensor to open the valve when the
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detected temperature 1s in excess of a predetermined value

and to close the valve when the detected temperature is

equal to or lower than the predetermined value.

2. A steam-cooling system for gas turbine combustors in
accordance with claim 1, further comprising:

a pressure sensor for detecting a difference in pressure
between a cooling steam 1nlet side flow path and the
cooling steam outlet side flow path of the gas turbine
combustor; and

a bypass flow path for allowing a flow from the cooling
steam outlet side flow path of the gas turbine combustor to
the condensor via a bypass valve;

wherein a detected temperature signal from the
temperature sensor and a pressure signal from the pressure
sensor are input i1nto the controller, and the controller
conducts control such that when the detected temperature is
higher than a predetermined value, the temperature
regulating valve 1s opened, while when this temperature is
equal to or lower than the predetermined value, the valve
is closed, and furthermore conducts control such that when
the detected pressure 1s lower than a predetermined valué,
the bypass valve is opened, while when the predetermined

value is reached, the bypass valve 1s closed.

3. A steam-cooling system for gas turbine combustors in
accordance with claim 2, wherein, in the state in which the
temperature regulating valve 1s opened, 1f the temperature

detected by the temperature sensor 1s not reduced to a

predetermined value, the controller conducts control so as

to open the bypass valve.



CA 02264157 2003-11-06

CY

19

€9

- eplinieer OF ey @GF Gl b AP Ay ) G S P ———

- bl ) SeeeeVEEES oy SFEERe s —

-y aamy i el G ssss gy e— i SEER W ppih csss iy wsis Sl S kil SN ey — —

L-—.—-— e g Semde WD A el e e WS vEh et SR S S e Sl smpe SR s——— S A S—

r-—-

N
AN

K

+—-_ Sran iy e dellh Sedt wb tEme il e TS VR =fis Wk SR M GEEE e cuniy e ahll —

A iy G e iy e, e, wmny e AN Sebe v e

\/
/ N\

il e S ek® W e i i WS cmn Wi amye il weih P« plh e sl e -

\/
/\

D el v Y MO, SEA R (A r T i, YR e = A = - -



CA 02264157 1999-02-23

H

FI1G.2

GAS TURBINE ROTATIONAL SPEED

Loap 100
ROTAT | ONAL
SPEED
% 90

GAS [TURBINE} LOAD ~

T

TAR '
AMOUNT "
USED TOx 50 AU)S(% I GRY s G
COMBUSTOR T T

(%) A r""m

) ' “
STEAM
VALVE [/ Illlr,

(13)

STEAM

VALVE .

(12) C

STEAM
RECOVERY O
VALVE .

(11)
RECOVERED
STEAM T
TEMPERATURE
(31)
TEMPERATURE
REGULAT ING
VALVE -_

(30)

TIME (MINUTES)

N mpeeas -




CA 02264157 2003-11-06

¢o

BRI

N
BRI
........... AER R EEN

€ w5 010 | §

A N
N

o L1

N
N

PR smifls WS R s S WPES e *‘*--—-—-——_—_-L

- Sl S ST s Geyeeumniy WY seeieged. gy

!
..._......_._.._._.._,_.___!,
|
|
|
|
!

S

_-_-*-‘_'_-“-ﬁ

\/
A

4

-l Y S—— - E—

P
o

€9




CA 02264157 1999-02-23

47

F1G.4
S
AND VALV , [ STEAM ]
M ) 1o - - ] LMALYE_G.D_JI

|
S2 L] RECOYERY |

S THE TEMPERATURE
DETECTED BY TEMPERATURE SENSOR(31)
HIGHER THAN THE PREDETERMINED
VALUE?

YES S3

NO,

OUTPUT OPENING SIGUNAL FOR TEMPERATURE
REGNLATING VALVE (30) FOR A PREDETERMINED
PERIOD, INJECT LOW-TEMPERATURE STEAM INTO
COMBUSTOR COOLING STEAM FLOW PATH

{ TEMPERATURE |
REGULAT |

|S THE TEMPERATURE DETECTED
BY TEMPERATURE SENSOR(31) HIGHER
THAN A PREDETERMINED TEMPERATURS
(SET TO A HIGHER VALUETHAN IN S2)

YES SO

OUTPUT OPENING SIGNAL FOR BYPASS [ aypASS |
VALVE (14) FOR A PREDETERMINED PERIOD, ———TyalVE (14)|
CAUSE A FLOW OF STEAM TO THE CONDENSER T '

S7
IS THE D|FFERENCE
IN' PRESSURE OF THE PRESSURE
SENSOR (24) LOWER THAN A
PREDETERMINED PRESSURE? .3

OUTPUT OPENING SIGNAL FOR BYPASS " BYPASS |
VALVE (14) FOR A PREDETERMINED PERIOD, —>IVALVE (14) |
CAUSE A FLOW.OF STEAM TO THE CONDENSER ki i

S6




14— vy '

CA 02264157 1999-02-23

53

GAS TURBINE ROTATIONAL SPEED
Loap 100 7
ROTAT | ONAL /
SPEED / TURB| NE| LOAD
___/

TART ' POW R GENERATIN
Up /

AMOUNT

OF STEAM 100

USED FOR g5 AUX IARY
COMBUSTOR STEAM

(%) .mn..n.,n-nzauznuzmuzaaﬁﬁazﬁﬁﬁ#hﬁﬁaﬂ?z??iﬁﬁf&w

AUX'II'ELARY ..
S M
VALVE // Illlﬂ.

I..‘-‘d

o ==
STEAM
VALVE

ALY -
STEAM

O
b

TEMPERATURE
(31)
TEMPERATURE
REGULAT ING O
VALVE ¢ B
(30)
DEFFERENCE
IN PRESSURE
BETWEEN
COMBUSTOR P|——

OUTLET AND
BYPASS

VALVE 0 30 60 90 120 150 180
(14) TINE (MINUTES)



CA 02264157 2003-11-06

¢9

1/ ,H.mm. mo Hm& )

19

£9

- AR B ey ) SE— SRS Y SEEEEgEE an desssgunlh wr Sl e Sttty e TEEEe Gl TSN sy @ lecieumne W et e =it e Bfie— e bR U SRR T rI——

‘_“*-*‘_‘_-_'—‘

- e S AR S M e iR g

A Soeeniiny @ Sectuvesh = wnbhameed. W sginlipeeph. 4y weiiEjepnd S iRl S S -

r-—-

N
N

apeny Speew G =il s Pher PNPR  wlt- ----_-_--_--—--L_-" whils whil i apie wpe e S vy cspey Gwn wllh s—ip e g A =k el RN S S P G-

—*.p-——--—u_—ﬂ—-*'“‘“ e AEgS Y W eaply csss @uge M wpllly eeis PP SN V- PELe GNP DS W Semn apee wlin- el e

\/
A

D vl Guer PN g e iy walh e Gl obinh quie §her il il e PP R Sendl PR SN

\/
A

& g @y el 4 NIy & Paaagie o e




CA 02264157 2003-11-06

FIG.7

"PRIOR ART”

A__v -,
H LO
i
o <
)
/
\
e e
T e ———
|
! |
|
| |
S _ |
|
| ]
R
| |
S
Ly N~
i
] i
) _ i
|
| }
b
7’ |
AR N D
< “
|
”
_ -~
|
|
|
}

4 AR AL QA TS ke 7 -
dmr e Bae et b Y s 33 R LA A S D W A A -

-




62




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - abstract drawing

