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the residual steam by the means that closes the steam entrance of the steam-cooling system are partitioned, the passage by which

the residual steam Is purged Is ensured by the means that discharges the residual gas to the atmosphere, and the purging of the
object residual steam Is completed by supplying dry air to the element parts of the partitioned steam-cooling system.
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ABSTRACT

A combined-cycle power plant providing a means to stop steam entrance to a
steam-cooling system that cools by steam the high temperature cooled parts of a gas
turbine immediately after it is stopped, a means for discharging residual steam to the
atmosphere, and a means for supplying dry air, and wherein the element parts of the
steam-coolingsystem necessary for purging the residual steam by the means that closes
the steam entrance of the steam-cooling system are partitioned, the passage by which the
residual steam 1s purged 1s ensured by the means that discharges the residual gas to the
atmosphere, and. the purging of the object residual steam 1s completed by supplying dry

air to the element parts of the partitioned steam-cooling system.
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COMBINED CYCLE POWER PLANT

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a combined cycle power plant that

combines a gas turbine plant and a steam turbine plant.

Description of the Related Art

A combined cycle power plant is a power generation system that
combines a gas turbine plant and a steam turbine plant, and heat energy in the
high temperature region is allotted to the gas turbine and heat energy in the
low temperature region is allotted to the steam turbine. Heat energy 1s

efficiently recovered and used, and recently, in particular, this power

generation system has received much attention.

In this combined cycle power plant, research and development is
advancing concerning the one point related to increasing efficiency, that is, how
high the high temperature region of the gas turbine can be raised.

In contrast, in the formation of the high temperature region, 1t is

necessary to provide a cooling system to maintain the heat resistance of the

turbine structure body, and conventionally air has been used as the cooling

medium in this cooling system.

However, to the extent that air is used as the cooling medium, for




10

15

20

CA 02284474 1999-09-21

2

example, even when the high temperature region can be attained, when
considering both the power loss necessary for increasing the air used in cooling
to the necessary pressure by the air compressor and the result that the energy
of the gas decreases because of the decreasing of the average gas temperature
due to the final mixing of air used in the cooling of parts inside the turbine flow
passage transited by the high temperature gas, an increase over the present
heat efficiencies cannot be expected at this point in time.

In order to solve this problem and implement an increase in efficiency,

switching the above a cooling medium in the gas turbine from gas to steam has

been proposed.

One example of this is Japanese Unexamined Patent Application, First

Publication, No. Hei 05-163960. However, although the invention disclosed in .

this publication discloses the notion of using steam as a cooling medium in a
gas turbine, there remain many problems in the details that must be thought
about and solved.

For example, while the gas turbine is stopped, the steam that remains
in the steam cooling system must be purged, and in the Japanese Unexamined
Patent Application, First Publication, No. Hei 05-163960, a gas turbine is
structured as shown in Fig. 2 for this purpose.

That 1s, while the gas turbine 13 is stopped, immediately before
stopping, a supply steam stop valve 55 and a recovery steam stop valve 74 are
closed, and the supply of cooling steam from the cooling steam supply system
51 and the recovery of cooled steam via the steam recovery system 53 is cut off.

On the other hand, by opening the exhaust valve 86, and connecting
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the steam supply system 52 of the turbine high temperature cooled part 13a to
the outside of the system via the drain exhaust system 85, the cooling of the

turbine 13 is switched to air cooling by the compressor bleeding via the air
supply line 81, and at the same time, the residual steam in the cooling steam

supply system 51 and the steam supply system 52 is removed to the outside of
the system, and it is possible to prevent draining from occurring during
stoppage.

In addition, even if in the worst case draining should occur during
stoppage in the cooling steam supply system 51 and the steam supply system
02 of the steam cooling system 50A, when the gas turbine is actuated, the
drainage will be moved outside the system.

However, during a normal stoppage of the gas turbine, since the
pressure of the compressor discharge air falls in a rather short time, there is
the concern that not all residual steam can be completely purged with the air

volume after stoppage.

In consideration of this, there are operation means that implement

purging by switching from cooling steam to compressor discharged air before

the gas turbine stoppage, but generally in these switching cooling air systems,
because there are cutoff valves, piping, etc., there is naturally pressure loss,
and 1n places in the high temperature parts are applied, the air pressure in the
cooling passage 1s possibly lower than the combustion gas pressure in the

working passage.

It 1s preferable that while the gas turbine is in operation the internal

pressure of the cooling passage of the gas turbine high temperature parts be
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always maintained at a high pressure over the pressure of the combustion gas
in the working passage. In the case that in the actual part there is even a
small pinhole, the combustion gas will flow back through this hole, and it is
possible that local heating and scorching of the connected pipes, not only the

cooling passage, will be caused.

One example is explained with Fig. 3. The steam cooling structure in
the combustor 1 of the gas turbine 1 is generally a cylindrical thin plate
structure forming the contours of the combustor, and on the inside, a plurality
of steam passages are disposed. On the outside of the cylinder there is the
emitted air from the compressor 2, and on the inside is a high temperature gas
combusted by slightly decompressing the emitted air (lowered only by the
pressure loss incurred while the air transits the air intake of the combustor).

Now, while the gas turbine 3 is in operation, this combustor cooling
steam 1s maintained at a pressure higher than the combustion gas, and before
the gas turbine 3 is stopped, this steam is switched to the emitted air of the
compressor 2. Thereby, the initial pressure P, gradually decreases in the
process of the emitted air of the compressor 2 transiting the stop valves and
pipes disposed in the switching system 4 introduced into the steam cooling
system, and in the cooling passages, falls to a final P,. In contrast, the
internal pressure of the combustor 1 is P;, and because there is a slight
difference between P, and P,, the state in which P,>P, can easily occur.

At thas time, if there 1s a small pinhole in the thin plate structure of the
combustor 1, the high temperature combustion gas inside will leak to the

cooling passages via this hole, and not only will the thin plate structure in the
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combustor 1 be damaged, but finally the combustion gas arrives at the pipes connecting

this cooling systém, and the extent of the damage widens considerably.
Theretore, while the notion of using the emitted air of the compressor 2 to purge
the steam during a gas turbine stoppage seems promising at first sight, there is the
5  problem produced by this danger. '
In order to sqlve the above~described problem, it is an object of the present
invention to provide a means whi‘ch, when a gas turbine is stopped, Just before the
stoppage, steam sufficiently pressurized for cooling 1S used,.and immediately after the '

- stoppage, most of it is self-expelled under its own pressure, and the residual part can be

10  more simply, reliably, and safely purged.

SUMMARY OF THE INVENTION
The present invention provides a combined-cycle power plant that is structured so
as to combine a gas turbine plant and a steam turbine plant. The combined-cycle power
15 plant comprises an exhaust-heat recovery boiler for generating a steam supply which drives
a steam turbine using exhaust heat from the gas turbine, and a steam-cooling system for
cooling a high-temperature cooled part of this gas turbine by a second steam supply, and
‘the superheated steam from this steam-cooling system is rec'overed in a steam turbine. The
combmed-cycle power plant provides means ,that closes the steam entrance of this steam-
20  cooling system immediately after stoppage of the gas turbine, means for discharging
residual steam to the atmosphere, and means for supplying dry air. The important parts of

the steam-cooling system
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necessary for purging the residual steam by the means for closing the steam entrance of
the steam-cooling system are partitioned into sections, the passage for purging the
residual steam by the means that discharges the residual steam to the atmosphere is
secured, and by supplying dry air to the element parts of this partitioned steam-cooling
system, the purging of the residual object gas is completed.

In addition; the present invention provides a combined-cycle power plant_--. o
comprising an air reservoir in which the dry-air supply means stores a part of the
compressor-emitted air during operation, and means for eliminating moisture before
storage. By supplying a part of the compressor-emitted air stpred during operation in the
air reservoir after eliminating moisture to the element parts of the steam-cooling system
as dry air, the purging of the residual air is completed.

Furthermore, the presént invention provides a combined-cycle power generating

plant that combines a gas turbine plant and a steam turbine plant, and provides an

exhaust-heat recovery boiler that generates a first steam supply to drive the steam turbine

by using the exhaust-heat from the gas turbine, and at the same time provides a steam-
cooling system that cools with steam the high-temperature cooled parts of the gas
turbine; superheated steam from this steam-cooling system is recovered in a steam
turbine. It further provides a combined-cycle power plant having means for closing the

steam entrance of the steam-cooling system immediately before the gas turbine stoppage,

means for discharging residual steam to the atmosphere, and means for supplying

nitrogen gas, and wherein the purging of the residual steam using the nitrogen
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gas can be carried out simply, rehiably, and completely.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 11s a system drawing of the combined cycle power plant according

to the embodiment of the present invention.

F1g. 2 1s a schematic drawing explaining the purging to the outside of

the system of the residual steam in conventional technology.

Fig. 3 1s an explanatory drawing showing an outline of a combustor is

the conventional technology.

DETAILED DESCRIPTION OF THE INVENTION

The embodiment of the present invention is explained based on Fig. 1.

Reference numeral 101 1s a gas turbine, and 102 is an air compressor
that 1s driven by the gas turbine 101, 103 is a combustor that combusts the
compressed air supplied from the air compressor 102 With fuel, and drives the
gas turbine 101. Reference numeral 104 is a generator and is driven along
with the air compressor. The gas turbine plant 100 comprises this gas turbine
101, air compressor 102, combustor 103, and generator 104.

The discharged gas form the gas turbine 101 is guided to the exhaust
heat recovery boiler 200 via an exhaust duct 105. This exhaust heat recovery
boiler 200 comprises a high pressure superheater 204, a high pressure
evaporator 2095, a high pressure economizer 206, a intermediate pressure

superheater 207, a low pressure superheater 208, a intermediate pressure

evaporator 209, a high pressure economizer 210, a low pressure evaporator 211,
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a low pressure economizer 212, and furthermore, a high pressure drum 201, a
intermediate pressure drum 202, and a low pressure drum 203 are respectively
connected to the high pressure evaporator 205, the intermediate pressure
evaporator 209, and the low pressure streamer 211, and steam at each of the
high pressure, intermediate pressure, and low pressure is generated using the
discharged gas as the heat source.

Reference number 301 is a high pressure turbine, 302 a intermediate
pressure turbine, and 303 a low pressure turbine, and the high pressure
turbine 301 1s driven by high pressure steam supplied via the high pressure
steam line 306 from the high pressure superheater 204 of the exhaust heat

recovery boiler 200, and in addition, the low pressure turbine 303 is driven by

steam which 1s a mixture of the low pressure steam supplied via the low

pressure steam line 307 from the low pressure superﬁeater 208 of the same
exhaust heat recovery boiler 200 and the discharged steam of the intermediate
pressure turbine 302 described below.

In contrast, the intermediate pressure turbine 302 depends not only on
the intermediate pressure steam supplied via the intermediate pressure steam
line 311 from the same exhaust heat recovery boiler 200, but is driven by steam
that cools the high temperature cooled part in the steam cooling system 400
described below and has as a principal part the high pressure discharged gas of
the high pressure turbine supplied from the steam recovery system 405.

In addition, the steam turbine plant 300 is structured directly linking

together the high pressure turbine 301, the intermediate pressure turbine 302,

and the low pressure turbine 303 with the generator 304 on an axle, and
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including the condenser 305 connected to the low pressure turbine 303.
Reference numeral 401 is a cooling stream supply system that is
structured so as to connect to the discharging part 310 of the high pressure

turbine 301, and receive the discharged gas from the high pressure turbine

301.

Reference numeral 402 is the first steam cooling system, and branches
from the cooling steam supply system 401 to cool the combustor 103, and in
addition, reference number 403 is a second steam cooling system, 404 is a third
steam cooling system, and like the first steam cooling system 402, branch from

the cooling steam supply system 401 to cool the high temperature cooled part

of the gas turbine 101.

In addition, a steam cooling system 400 is formed by the first, second,
and third steam cooling systems 402, 403, and 404, that branch in parallel, and
respectively after cooling the high temperature cooled part by using the high
pressure discharged gas supplied to each of them as a cooling medium,
converge again together with the same cooling mediuin, and via the steam
recovery system 4095, are supplied to the intermediate pressure turbine 302.

Reference numeral 501 1s a first back up steam cooling system, and can
supply the high pressure steam of the high pressure drum 201 to the cooling
steam supply system 401 via the superheat reduction device 503. In addition,

reference numeral 502 is a second back up steam cooling system, and can

supply intermediate pressure steam of the intermediate pressure drum 202 to

the cooling steam supply system 401.

Although omitted from the figures, this cooling steam supply system
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401, and first back up steam cooling system 501, and the second back up steam
cooling system 502 have respectively disposed control valves that link them
together and that they control, and when the cooling steam supply system 401
stops the supply of high pressure discharged gas from the high pressure
turbine 301, at least one among the first back up steam cooling system 501 and

the second back up steam cooling system 502 supply high pressure steam or

intermediate pressure steam to the cooling steam supply system 401.

That 1s, the back up system 500 of the steam cooling system 400 is
formed by the first back up steam cooling system 501 and the second back up
steam cooling system 502.

Reference numeral 600 is a steam purging system, and includes the
supply steam stop valve 601 mounted on the cooling steam supply system 401
and the recovery steam stop valve 602 mounted on the steam recovery system
405, and has a first dry air supply line 603 mounted between the emission side
of the air compressor 102 and the cooling steam supply system 401.

Thas first dry air supply line 603 includes a moisture separator 604 and
an air reservoir 605, controls the control valves 606 and 607 mounted around it,
supplies compressed air from the air compressor 102 to the moisture separator
604 during normal operation, and after eliminating moisture by said moisture
separator 604, saves the compressed air in the air reservoir 605, and provides
an amount of emission air to supplement any amount lacking in the air

compressor 102.

The steam purging system 600 further includes a second dry air supply

line 608, and the source of this second dry air supply line 608 is connected with
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the general control air supply 609 located in the plant body omitted from the
drawings and the N, gas supply source 610, and depending on necessity,

selectively operates the control valves 611 and 612 mounted respectively on

these systems, and can supply dry air or N, to the cooling steam supply system

401.

Reference numeral 613 is a drain exhaust system, and is formed by an
exhaust stop valve 614 that can be connected to the outside of the system via

the exhaust heat recovery boiler 200.

Moreover, and first and second dry air supply lines 603 and 608
respectively independently function the systems of the control air source 609
and the N, gas supply source 610, and thus, of course as shown in the figure, it
1s not necessary to provided them side by side, and depending on the conditions

of the plant, of course this can be selectively extracted and applied depending

on convenience.

Moreover, in the figure, reference numeral 106 is the air supply system
to the air compressor 102, 308 is the cooling water supply system of the
condenser 305, and 309 is the feed water system that supplies condensate

obtained with the condenser 305 to the exhaust heat recovery boiler 200.

Because this embodiment is structured in this manner, when the gas
turbine 101 1s stopped, immediately before the stoppage, the supply steam stop
valve 601 and the recovery steam stop valve 602 are closed, and supply of high
pressure discharged gas from the high pressure turbihe 301 and the recovery

of cooling steam via the steam recovery system 405 are cut off, and in response

to this, the exhaust stop valve 614 is opened, and the residual high pressure
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steam 1n the first steam cooling system 402 that cools the combustor 103 and
the second and third steam cooling systems 403 and 404 that cool the high

temperature cooled part of the gas turbine 101 1is discharged to the outside of

the system by its own pressure via the drain exhaust system 613.
In addition, at the same time as this operation, by selectively operating
the first and second dry air supply lines 603 and 608 by operating any of the

control valves 607, 611, or 612, the dry air stored in the air reservoir 605, the

dry air of the control air source 609, or the N, of the N, gas supply source 610

are supplied to the coolihg steam supply system 401.

By these operations, the residual steam at air pressure level remaining
1n the high temperature cooled part of the combustor 103 and the gas turbine
101 1s purged to the outside of the system by the dry air stored in the air
reservolr 610 bleeded from the air- compressor 102, the dry air from the control
air source 609, or the N, gas from the N, gas supply source 610.

In this manner, according to the present invention; when the gas
turbine 1s stopped, it is possible to purge the residual steam in the high
temperature cooled part to the outside of the system very simply and reliably.

Above, the present invention was explained based on the embodiment

based on the figures, but this invention 1s not limited to this embodiment, and

within the range of this invention, it 1s possible to add various variations to the

concrete structure.

According to the above 1nvention, when a gas turbine is stopped, 1t is
possible to purge reliably the residual steam in the high temperature cooled

part to the outside of the system by dry air, and prevent the occurrence of
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unknown trouble.

In addition, according to a second aspect of the invention, dry air is
ensured during normal operation, and the stability and reliability of the
system could be obtained. In addition, if this dry air and the control air
normally provided in the generator, etc., and a pressurized ship service air
source are used, the facilities can be used advantageously.

Furthermore, according to a third aspect of the invention, because N,
gas maintained 1n the plant body is used, and it is possible to purge out of the
system the residual steam in the high temperature cooled part by switching to
dry air, it is economical. Furthermore, because the N, gas itself is dry, it can
be used effectively to dry the inside the plant, not just to purge residual steam
out of the system. In addition, a generating plant using fuel gas has an N, gas

facility for exchanging residual gas while detecting, and if this is used, the

facilities can be used advantageously.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A combined cycle power plant, which is structured so as to combine a gas turbine
plant and a steam turbine plant, said combined cycle power plant comprising:

an exhaust heat recovery boiler for generating a first steam which drives a steam
turbine, of said steam turbine plant, by using an exhaust heat from a gas turbine, of said
gas turbine plant;

a steam cooling system for cooling a high temperature cooled part of said gas turbine, of
said gas turbine plant, by a second steam and for recovering a superheated steam from
said steam cooling system 1n said steam turbine, of said steam turbine plant;

means for closing a steam entrance of said steam cooling system immediately after a
stoppage of said gas turbine, of said gas turbine plant;

means for discharging a residual steam to an atmosphere;

means for supplying low humidity air;

an air reservoir in which said air supplying means stores a part of a compressor emitted

air during operation, said compressor emitted air being different from and independent of

a gas turbine compressor air; and

means for eliminating moisture from said compressor emitted air before storage.

2. A combined cycle power plant that is structured so as to combine a gas turbine
plant and a steam turbine plant, provide an exhaust heat recovery boiler that generates a
first steam which drives a steam turbine, of said steam turbine plant, by using an exhaust
heat from a gas turbine, of said gas turbine plant, and simultaneously provide a steam

cooling system that cools a high temperature cooled part of said gas turbine, of said gas
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turbine plant, by a second steam and a superheated steam from said steam cooling system

is recovered in said steam turbine, of said steam turbine plant, said combined cycle power
plant comprising:

means for closing a steam entrance of said steam cooling system immediately after a
stoppage of said gas turbine, of said gas turbine plant;

means for discharging a residual steam to an atmosphere;

means for supplying N, gas;

an air reservoir in which said N, supplying means stores a part of a compressor emitted
air during operation, said compressor emitted air being different from and independent of
a gas turbine compressor air; and

means for eliminating moisture from said compressor emitted air before storage.

3'. A combined cycle power plant, which is configured so as to combine a gas
turbine plant and a steam turbine plant, said combined cycle power plant comprising:

an exhaust heat recovery boiler configured to generate a first steam to drive a steam
turbine, of said steam turbine plant, by using an exhaust heat from a gas turbine, ot said
gas turbine plant;

a steam cooling system configured to cool a high temperature cooled part of said gas
turbine, of said gas turbine plant, by a second steam and to recover a superheated steam
from said steam cooling system in said steam turbine, of said steam turbine plant;

a closing mechanism configured to close a steam entrance of said steam cooling system
immediately after a stoppage of said gas turbine, ot said gas turbine plant;

a discharging mechanism configured to discharge a residual steam to an atmosphere;

a supply mechanism configured to supply low humidity air;
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an air reservoir in which said supply mechanism stores a part of a compressor emitted

air during operation, said compressor emitted air being different from and independent of
a gas turbine compressor air; and
a moisture eliminating mechanism configured to eliminate moisture from said

compressor emitted air before storage.

4. - A combined cycle power plant configured so as to combine a gas turbine plant
and a steam turbine plant, provide an exhaust heat recovery boiler configured to generate
a first steam which drives a steam turbine, of said steam turbine plant, by using an
exhaust heat from a gas turbine, of said gas turbine plant, and simultaneously provide a
steam cooling system configured to cool a high temperature cooled part of said gas
turbine, of said gas turbine plant, by a second steam and a superheated steam from said
steam cooling system is recovered in said steam turbine, of said steam turbine plant, said
combined cycle power plant comprising:

a closing mechanism configured to close a steam entrance of said steam cooling system
immediately after a stoppage of said gas turbine, of said gas turbine plant;

a discharging mechanism configured to discharge a residual steam to an atmosphere;

a supply mechanism configured to supply N, gas;

an air reservoir in which said supply mechanism stores a part of a compressor emitted
air during operation, said compressor emitted air being different from and independent of
a gas turbine compressor air; and

a moisture eliminating mechanism configured to eliminate moisture from said

compressor emitted air before storage.
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