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conventional intermediate cooling type gas turbine combined cycle and capable of improving a combined etficiency.
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ABSTRACT OF THE DISCLOSURE

The invention provides a gas turbine combined
cycle structured such that an intermediate cooling device for
cooling a compression air discharged from a low pressure
compressor so as to reduce a load of a high pressure compressor
is provided. The gas turbine combined cycle in accordance
with the invention is structured such as to branch a condensed
water circulated to a steam generating device for generating a
steam from a condenser for making an exhaust gas discharged
from a steam turbine a condensed water by means of an exhaust
cas discharged from the gas turbine, cool a compression air
discharged from a low pressure compressor, supply the cooled
compression-air to an intermediate cooling device for supplying
to a high pressure compressor, and generate a steam which heats

and operates the steam turbine by the cooled heat recovered by

the cooling of the compression air in an intermediate cooling .

~device. Accordingly, there can be obtained-a gas turbine

combined cycle having the advantage of the conventional
intermediate cooling type gas turbine combined cycle and

capable of improving a combined efficiency.
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SPECIFICATION

TITLE OF THE INVENTION

Gas Turbine Combined Cycle

BACKGROUND OF THE INVENTION
1. Field of the Invention:

The invention relates to a gas turbine combined
cycle which drives a gas turbine by a combustion gas obtained by
blowing a fuel into a high pressure air and burning so as to
generate a power or the like and drives a steam turbine by a
steam generated by recovering heat from an exhaust gas driving
the gas turbine so as to generate a power or the like also in
the steam turbine, thereby improving a heat efficiency, and more
particularly to a gas turbine combined cycle which cools a
compression air discharged from a low pressure compressor before
being made a high pressure air by a high pressure compressor SoO
as to make a drive force of the high pressure compressor driven
by the gas turbine small, and uses a heat energy recovered by
the cooling for driving the steam turbine, thereby further
improving the heat efficiency.

2. Description of the Related Art:

There has been conventionally practiced a gas

turbine combined cycle which drives a gas turbine by a

combustion gas obtained by burning a high pressure air and a
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fuel and drives a steam turbine by a steam generated by an
exhaust gas dischapged from the gas turbine so as to generate a
power or the like.

In this gas turbine combined cycle, it is
structured such that the gas turbine driven by the combustion
gas outputs the drive force for operating the power generator or
the like outward and drives the compressor for generating the
combustion gas having a high temperature and a high pressure.
On the contrary, the compressor driven by the gas turbine is
provided with a low pressure compressor and a high pressure
compressor and compresses the introduced ambient air by two
steps so as to make a high pressure air, thereby supplying to a

combustion device to which a fuel is blown so as to generate a

combustion gas.

) That is, the high pressure compressor is
structured such as to suck a high temperature compression air
compressed in the low pressure compressor in an adiabatic
manner and becoming 130°C or more and further increase the
pressure of the compression air to a high pressure air, thereby
supplying to the combustion device.

Accordingly, the drive force of the high
pressure compressor 1s increased and much of the drive force
generated 1n the gas turbine is consumed, so that the drive

force which the gas turbine can output outward is reduced at

that degree. Accordingly, it causes a reduction of an
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efficiency of the gas turbine combined cycle.

Therefore, there has been employed an
intermediate cooling type gas turbine combined cycle
(hereinafter, refer to as an intermediate cooling type combined
gas turbine cycle) which is structured such as to cool a high
temperature compression air discharged from the low pressure
compressor 1n an intermediate cooling device and supply the
compression air cooled to about 100 °C to a high pressure
compressor so as to increase the pressure to a high pressure air,
thereby making a drive force supplied from the gas turbine for
driving the high pressure compressor small so as to improve a
drive force capable of being taken out outward from the gas

turbine.

Fig. 3 1s a systematic view which shows an
intermediate cooling type gas turbine combined cycle in

accordance with the conventional art.

As shown 1n the drawing, an intermediate cooling
type gas turbine combined cycle 30 is constituted by a gas
turbine portion 10 comprising a power generator 1, a low
pressure compressor 2, a high pressure compressor 3, a
combustion device 4 (combustor), a gas turbine 5, a rotor
cooling cooler 6, cooling towers 7 and 9 and an intermediate
cooling device 8, and an exhaust gas heat recovery portion 23
comprising a high pressure steam generating device‘ll, an

intermediate steam generating device 12, a low pressure steam
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generating device 13, a high pressure steam pipe 14, an
intermediate pressure steam pipe 15, a low pressure steam pipe
16, a power generator 17, a high pressure steam turbine 18, an
intermediate pressure steam turbine 19, a low pressure steam
turbine 20, a reheater 21 and a condenser 22.

The high pressure compressor 3, the low pressure
compressor 2 and the power generator 1 are coaxiaily connected
to the gas turbine 5 of the gas turbine portion 10, and as
mentioned below, it is structured such as to drive the
compressors by the gas turbine o driven by the combustion gas so
as to make an ambient air A to a predetermined high pressure
air for performing a combustion and generate a power.

At first, the ambient air A is sucked from an
intake port of the low pressure compressor 2 driven by the gas
turbine o, compressed in an adiabatic manner and increased to a
predetermined low pressure, thereby being discharged from the
discharge port as a high temperature compression air having a
temperature equal to or more than 130°C.

When introducing the compression air having a
high temperature to the high pressure compressor 3 as it is and
increasing the pressure, the drive force of the high pressure
compressor 3 required for increasing the pressure is increased,
thereby the drive force supplied from the gas turbine 5 for
driving the high pressure compressor 3 is increased and the

drive force for driving the generator 1 is reduced at that
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degree, so that the intermediate cooling device 8 having the
cooling tower 3 is provided between the discharge port of the
low pressure compressor 2 and the suction port of the high
pressure compressor 3 so as to cool the compression air
discharged from the low pressure compressor 2 to about 100 °C
and 1ntroduce to the high pressure compressor 3.
The high pressure air increased by the high

pressure compressor 3 is introduced to the combustion device 4,
mixed with a fuel F introduced to the combustion device 4 in the
same manner and burned so as to be a combustion gas having a
high temperature and a high pressure, thereby driving the gas
turbine o in the manner mentioned above.

Further, a part of the high pressure air
discharged from the high pressure compressor 3 or a high
pressure air extracted from a middle step of the high pressure
compressor 3 (hereinafter, refer to as an extracted steam) is
cooled to about 200°C by the rotor cooling cooler 6 and
supplied to an inner portion of a rotor blade or a stator blade
of the gas turbine 5 exposed to the high temperature combustion
gas after passing within the rotor of the gas turbine 5,

thereby cooling them from the inner portion thereof.

Still further, the high temperature exhaust gas
driving the gas turbine 5 and discharged from the gas turbine 5
1s discharged to the ambient air from a chimney 24 via the

discharged heat recovery portion 23.
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Next, in the exhaust gas heat recovery portion
23, a recovery of the heat within the exhaust gas is performed
by successively passing the exhaust gas from the gas turbine 5
through the inner portions of the high pressure steam generating
device 11, the intermediate pressure steam generating device 12
and the low pressure steam generating device 13 which are
arranged in the discharged heat recovery portion 23 so as to
respectively generate the steams having a high pressure, an
intermediate pressure and a low pressure. The steams having the
respective pressures are fed to the high pressure steam turbine
18, the intermediate pressure steam turbine 19 and the low
pressure steam turbine 20 coaxially connected respectively by
the high pressure steam pipe 14, the intermediate pressure steam
pipe 15 and the low pressure steam pipe 16, expand within the
turbines so as to rotate the respective steam turbines, drive
the power generator 17 coaxially connected to the steam
turbines, and generate an electric energy.

Further, in an outlet of the high pressure steam
turbine 18, 1t 1s structured such as to mix the exhaust gas
driving the high pressure steam turbine 18 with the
intermediate pressure steam generated in the intermediate
pressure steam generating device 12 and supplied by the
intermediate pressure steam pipe 15, thereafter be heated by
the reheater 21 arranged 1n the exhaust gas heat recovery

portion 23, increase a temperature of an inlet of the
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intermediate pressure steam turbine 19, be supplied to the
intermediate pressure steam turbine 19 and increase an output.
Further, in an outlet of the intermediate
pressure steam turbine 19, it is structured such as to mix the
exhaust gas driving the intermediate pressure steam turbine 19
with the low pressure steam generated in the low pressure steam
generating device 13 and supplied by the low pressure steam pipe
16 and thereafter be supplied to the low pressure steam turbine

20.

Still further, in an outlet of the low pressure
steam turbine 20, it is structured such as to return the exhaust
vapor gas discharged from the low pressure steam turbine 20 to
a water by the condenser 22 and be supplied to each of the high
pressure steam generating device 11, the intermediate pressure
steam generating device 12 and the low pressure steam

generating device 13 as a condensed water.

In the intermediate cooling type gas turbine
combined cycle 30 structured in the manner mentioned above, it
has been known that the following advantages exist in comparison
with the simple gas turbine combined cycle in which the
conventional intermediate cooling device 8 is not provided.

(a) It is possible to reduce the power of the
high pressure compressor 3 for increasing the pressure of the
compression air driven by the gas turbine 5 and compressed by

the low pressure compressor 2 to a pressure for supplying to
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the combustion device 4 by reducing the temperature of the

compression air in the inlet of the high pressure compressor 3

in the intermediate cooler 8, so that there is an advantage that

an outward output supplied from the gas turbine 5 to the power
S generator 1 and the like is increased at that degree.

That is, since the power required for the high
pressure compressor 3 can be relatively reduced with respect to
the output of the gas turbine 5, the power required for the
high pressure compressor 3 can be reduced even under a high

10 ambient air A temperature, so that there is an advantage that a

reduction of an efficiency of the gas turbine 5 can be

restricted.

(b) Further, also in the conventional simple
gas turbine combined cycle, it has been performed that the high
15 pressure air 1s extracted from the high pressure compressor 3
and used for cooling the high temperature portion in the rotor
blade, the stator blade and the like of the gas turbine,
however, 1n the intermediate cooling type gas turbine combined
cycle, since it is structured such as to reduce the temperature
20 of the inlet of the high pressure compressor 3 by the
intermediate cooling device 8 and cool the high pressure air
from the high pressure compressor 3 by the rotor cooling cooler
6 so as to supply to the high temperature portion, it is
possible to reduce the temperature of the outlet in the high

25 pressure compressor 3, reduce the temperature of the cooling air
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used for cooling the high temperature portion of the gas
turbine o5, and further reduce the cooling air flow amount from
the high pressure compressor 3 by the rotor cooling cooler 8.

The reduction of the cooling air flow amount
causes a reduction of a mixing loss corresponding to a pressure
loss generated when the combustion gas and the cooling air
flowing within the turbine gas pass are mixed, thereby
increasing an efficiency and an output of the gas turbine 5,
and 1t 1s possible to increase the output of the gas turbine 5
by an increase of the air flow amount of the high pressure
flowing into the combustion device 4 from the high pressure
compressor 3.

(¢c) Further, it is also possible to increase an
efficiency and an output of the gas turbine by a reduction of a
discharged heat from the rotor cooling cooler 6 generated when
reducing the extracted air temperature for cooling the high
temperature portion of the gas turbine by the rotor cooling
cooler 6 to a predetermined cooling air temperature.

As mentioned above, in accordance with the
conventional intermediate cooling type gas turbine combined
cycle, there is the advantage that it is possible to increase
the gas turbine output and the combined output, however, since
1t 1s structured such that the discharged heat from the
intermediate cooling device 8 and the rotor cooling cooler 6

for generating the advantage is discharged to the ambient air by
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the cooling towers 7 and J, the efficiency of the gas turbine 5
1s reduced at the discharge amount. Further, since the
discharge heat from the intermediate cooling device 8 and the
rotor cooling cooler 6 has a great disadvantage of reducing the
efficiency of fhe exhaust gas heat recovery portion 23
constituting the intermediate cooling type gas turbine combined
cycle 30 by a combination with the gas turbine portion 10, it
has not been actually applied to the conventional gas turbine

combined cycle.

In this connection, when the compression air

discharged from the low pressure compressor 2 becoming 190 °C

or more 1s cooled to about 100 °C by the intermediate cooling

device 8 so as to be supplied to the high pressure compressor 3,

the calorie discharged from the cooling tower 9 to the ambient
air frequently reaches 5 MW, so that there is a disadvantage
that the temperature of the high pressure air supplied to the
combustion device 4 is reduced and the efficiency of the gas
turbine 5 is reduced in spite that the advantages (a) to (c)
mentioned above can be obtained. Further, there are
disadvantages that the temperature of the exhaust gas from the
gas turbine 5 is reduced, the calorie recovered by the exhaust
gas heat recovery portion 23 is reduced and the drive force
output from the exhaust gas heat recovery portion 23 to the

outer portion is reduced.
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SUMMARY OF THE INVENTION

An object of the invention is to provide a gas
turbine combined cycle which can solve the disadvantages in the
gas turbine combined cycle having various advantages in

9 comparison with the simple gas turbine combined cycle by
providing the intermediate cooling device, that is, a so-called
intermediate cooling type gas turbine éombined cycle, further
improve a heat efficiency and improve an output.

Accordingly, it is structured such as to recover

10 a cooling heat which cools a compression air discharged from a
low pressure compressor, is recovered by an intermediate cooling
device when being supplied to a high pressure compressor, 1S
recovered by a rotor air cooler when supplying a cooling air
obtained by cooling an extracted air from the high pressure

1o compressor to a high temperature portion of a gas turbine and
is conventionally discharged to an ambient air by a discharged
heat recovery portion, and to generate a drive force also by the
recovered heat, thereby increasing a drive force which can be
output to an outer portion from the exhaust gas heat recovery

20 - portion and improve a total efficiency as a plant.

In order to achieve the object mentioned above,
in accordance with the 1nvention, there 1s provided a gas
turbine combined cycle structured such as to branch a condensed
water circulated to a steam generating device for generating a

25 steam by recovering a heat from a condenser for making an

1 1
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exhaust gas discharged from a steam turbine a condensed water
by means of an exhaust gas discharged from the gas turbine,
cool a compression air discharged from a low pressure
compressor, further compress the cooled compression air so as

O to supply to an intermediate cooling device for supplying to a
high pressure compressor for making a high pressure air, and
generate a steam which operates the steam turbine SO as to
output a drive force by the cooled heat recovered by the cooling
of the compression air in the intermediate cooling device.

10 Further, in the gas turbine combined cycle in
accordance with the invention mentioned above, in addition to
the structure mentioned above, it is preferable that the
condensed water to be supplied to the intermediate cooling
device is structured such as to be heated so as to generate the

15 steam_also by a cooled heat recovered from a rotor cooling
cooler which cools a part of the high pressure air discharged
from the high pressure compressor for cooling a high
temperature portion of the gaé turbine or an extracted air
extracted from a proper step of the high pressure compressor to

20 a temperature capable of preferably cooling the high temperature

portion, thereby making a cooled air.

Accordingly, since the structure was made such
as to discharge the cooled heat recovered in the intermediate
cooling device and the rotor cooling cooler outward while

25 having the advantages (a) to (c) mentioned above in comparison

1 2
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with the simple gas turbine combined cycle, there were the
disadvantages that the gas turbine efficiency was reduced and
the efficiency of the exhaust gas heat recovery portion
constituting the gas turbine combined cycle by being combined
with the gas turbine portion was reduced, so that it was hard
to apply the structure to the conventional gas turbine combined
cycle. With respect to the disadvantages in the intermediate
cooling type gas turbine combined cycle provided with the
intermediate cooling device, it is structured such as to
recover the discharged heat which is recovered in the
Intermediate cooling device and the rotor cooling cooler and
conventionally discharged to the ambient air in the discharged
heat recovery portion, so that it is possible to generate the
drive force also by the discharged heat, it is possible to
increase the drive forée capable of outputting outward from the
exhaust gas heat recovery portion and it is possible to improve
a total efficiency as a plant. Therefore, it is possible to
solve at least the disadvantage that the efficiency of the
discharged heat recovery portion in the conventional
intermediate cooling type gas turbine combined cycle is reduced,
so that 1t is possible to make the intermediate cooling type
combined gas turbine provided with the intermediate cooling
device a gas turbine combined cycle which can sufficiently
satisfy the advantages (a) to (c¢) mentioned above.

Further, in accordance with the invention, in

1 3
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addition to the structure mentioned above, there is provided a
gas turbine combined cycle, in which the steam turbine
comprises a high pressure steam turbine, an intermediate
pressure steam turbine and a low pressure steam turbine, the
steam generated from the condensed water by the cooled heat
recovered by a cooling of the extracted air due to the
compression air discharged from the low pressure compressor or
the cooled air is supplied to any one of the intermediate
pressure steam turbine and the low pressure steam turbine, and
these steam turbines are operated so as to improve the drive
force.

That is, in the gas turbine combined cycle in
accordance with the invention, in addition to the feature
mentioned above, since the structure is made such as to cool the
compression air discharged from the low pressure compressor so
as to supply to the high pressure compressor, it is possible to
recover the recovered heat which is recovered in the
intermediate cooling device, recovered in the rotor cooling
cooler for making the extracted air from the high pressure
compressor a cooled air in order to cool the high temperature
portion of the gas turbine and conventionally discharged to the
amblent air by a discharged heat recovery portion. Further, it
1S possible to convert the recovered heat recovered in the
exhaust gas heat recovery portion into a drive force more,

thereby further increasing the drive force capable of being
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outward output from the exhaust gas heat recovery portion and

improving the combined efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1s a systematic view which shows an
intermediate cooling type gas turbine combined cycle as a first
embodiment of a gas turbine combined cycle in accordance with

the invention;

Fig. 2 is a diagram which shows a heat exchange
in an intermediate cooling device shown in Fig. 1; and
Fig. 3 1s a systematic view which shows an
intermediate cooling type combined gas turbine cycle 1n

accordance with a conventional art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, an embodiment of a gas turbine
combined cycle in accordance with the 1nvention will be

described below with reference to the drawings.

(First Embodiment)

Fig. 1 is a systematic view which shows an
intermediate cooling type gas turbine combined cycle as a first

embodiment of a gas turbine combined cycle in accordance with

the invention.

In this case, in the drawing, the same reference

numerals are attached to the same elements as those shown in

1 9
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Fig. 3 and a detailed explanation thereof will be omitted.

A gas turbine portion 41 of the intermediate
cooling type gas turbine combined cycle in accordance with this
embodiment 1s provided with the same elements as the power
generator 1, the low pressure compressor 2, the high pressure
compressor 3, the combustion device 4, the gas turbine 5, the
rotor cooling cooler 6, and the cooling towers 7 and 9 of the
gas turbine portion 10 shown in Fig. 3.

Further, in place of the intermediate cooling
device 8 shown in Fig. 3, it is structured such that an
intermediate cooling device 42 constituted by an economizer 43,
an evaporator 44 and a super heater 45 1s provided.

Among them, the gas turbine portion 41 1is
structured in the same manner as that of the gas turbine 10
shown in Fig. 3 mentioned above, such as to coaxially connect
the high pressure compressor 3, the low pressure compressor 2
and the power generator 1, operate the compressors by the gas
turbine 5 driven by the combustion gas as mentioned below,
generate a predetermined high pressure air for burning the
ambient air and generate a power by an excessive drive force.

However, the intermediate cooling device 42 for
cooling the compression air having a temperature of 190 °C and
discharged from the low pressure compressor 45 to about 100°C
is constituted by the economizer 43, the evaporator 44 and the

super heater 45, so that the cooled heat which deteriorates a

1 6




10

15

20

25

CA 02263036 1999-02-25

heat efficiency of the conventional intermediate cooling type
gas tﬁrbine combined cycle 30, makes it difficult to apply to
the gas turbine combined cycle and is recovered in the
intermediate cooling device 42 is converted into a power in an
exhaust gas heat recovery portion 46 mentioned below without
being discharged to the ambient air, and the disadvantage that
the efficiency of the exhaust gas heat recovery portion 23 is
reduced, particularly generated by a provision of the
intermediate cooling device 8,-can be avoided, and the structure
can be applied to the intermediate cooling type gas turbine
combined cycle 40 giving various advantages to the gas turbine

combined cycle.

In this case, the cooling tower 9 for
discharging the cooled heat recovered in the conventional -
Intermediate cooling device 8 to the ambient air is provided in
the same manner as the conventional manner, however, the cooling
tower 9 in accordance with this embodiment is only used as a
back up in the case that the condensed water is not sufficiently
supplied to the intermediate cooling device 8, a performance of
the intermediate cooling device 42 is reduced, a temperature of
the cooling air in an outlet of the high pressure compressor 3
1s increased and a risk over an allowable stress for a turbine
blade 1s generated when a partly load is applied, and is not
used in an operation near a rated point of the intermediate

cooling type gas turbine combined cycle 40.

1 7
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On the contrary, in the exhaust gas heat
recovery portion 46, there are provided the same elements as
the high pressure steam generating device 11, the intermediate
pressure steam generating device 12, the low pressure steam
generating device 13, the high pressure steam pipe 14, the
intermediate pressure steam pipe 15, the low pressure steam pipe
16, the power generator 17, the high pressure steam turbine 18,
the Intermediate pressure steam turbine 19, the low pressure
steam turbine 20, the reheater 21 and the condenser 22 of the
exhaust gas heat recovery portion 23 shown in Fig. 3.

Further, in the exhaust gas heat recovery
portion 46, there is provided a pressurized water pipe 47
provided in such a manner as to branch from the condensed water
supply pipe 25 for supplying the condensed water to each of the
steam generating devices 11, 12 and 13 mentioned above from the
condenser 22 and interposing a pressurizing pump 48 for
supplying the condensed water to the intermediate cooling device
42 mentioned above, a heated steam pipe 49 for supplying a
heated steam obtained by evaporating the condensed water by the
cooled heat recovered by the intermediate cooling device 42 to
the outlet of the high pressure steam turbine 18 and the outlet
of the intermediate pressure steam turbine, and valves 50 and
0l respectively interposed in a connection portion of the
heated steam pipe 43 to the outlet of the high pressure steam

turbine 18 and a connection portion to the outlet of the

1 8
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intermediate pressure steam turbine 19.

In this exhaust gas heat recovery portion 46, in
the same manner as that of the exhaust gas heat recovery
portion 23 shown in Fig. 3, the heat recovery is performed from

O the high temperature exhaust gas so as to generate the steam
having a high pressure, an intermediate pressure and a low
pressure by successively passing the exhaust gas discharged from
the gas turbine 5 and injected from the chimney 24 to the
ambient air through the inner portions of the high pressure

10 steam generating device 11, the intermediate pressure steam
generating device 12 and the low pressure steam generating
device 13. The respective steams are fed to the high pressure
steam turbine 18, the intermediate pressure steam turbine 19
and the low pressure steam turbine 20 coaxially connected by the

15 high pressure steam pipe 14, the intermediate pressure steam
pipe 15 and the low pressure steam pipe 16 respectively, so that
the turbines are operated and the output forces thereof drive
the power generator 17 coaxially connected to the turbines so

as to generate an electric energy.

20 Further, in the outlet of the high pressure
steam turbine 18, it is structured such as to mix the exhaust
gas of the high pressure steam turbine 18 with the intermediate
pressure steam generated in the intermediate pressure steam
generating device 12 and supplied through the intermediate

25 pressure steam pipe 15, thereafter, heat the mixed steam by the

1 9
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reheater 21, increase the temperature of the inlet of the
Intermediate pressure steam turbine 19, supply the mixed steam
to the intermediate pressure steam turbine 19 and increase the
output of the intermediate pressure turbine 19. Further, in
the outlet of the intermediate pressure steam turbine 19, it is
structured such as to mix the exhaust gas of the intermediate
pressure steam turbine 19 with the low pressure steam generated
in the low pressure steam generating device 13 and supplied
through the low pressure steam pipe 16, and theréafter supply

the mixed steam to the low pressure steam turbine 20.

Further, in the outlet of the low pressure steam
turbine 20, it is structured such as to return the exhaust
vapor gas discharged from the low pressure steam turbine 20 by
the condenser 22 to a water so as to supply to each of the high
pressure steam generating device 11, the intermediate pressure
steam generating device 12 and the low pressure steam generating

device 13 as the condensed water.

Still further, in the exhaust gas heat recovery
portion 48 in accordance with this embodiment, a part of the
condensed water supplied from the condenser 22 to the steam
generating devices 11, 12 and 13 is branched in the outlet of
the condenser 22, increased to a predetermined pressure by the
pressurizing pump 48 with commonly using an operation of valves
50 and 51 mentioned below, and supplied to the intermediate

cooling device 42 through the pressurized water pipe 47.

2 0

. e sBaLadvygdeg mmm“ Il : . . . . . R : . . . e .. . . e msses semsssssdmmme o e .
gty -] a4 Ndlrtert b Vot i P L I i ) MY ICAR MYy e i ' O R ~ e s . ' . . T e ey e 1 1 VA Y N Y - A A AR AT DA e S A A ¢ mpeyms S mes = s e maeye e oy e e g s s & s . - .




10

15

20

25

' T TR et ] M NI 2t & LA

CA 02263036 1999-02-25

The pressurized condensed water supplied to the
intermediate cooling device 42 at first becomes a saturated

water 1n the economizer 43, further becomes a saturated steam in

the evaporator 44 and becomes a heated steam in the super heater 45.

As mentioned above, the calorie which
conventionally discharged to the ambient air in the cooling
tower 3, supplied to the high pressure compressor 3 by cooling

the compression air discharged from the low pressure compressor

2 and recovered in the intermediate cooling device 42 is used

for increasing a temperature of the pressurized condensed water
so as to make the heated steam.

Further, the heated steam is structured such as
to mix the exhaust vapor gas of the high pressure steam turbine
18 with the intermediate pressure steam generated in the
intermediate pressure steam generating device 12 and supplied
through the intermediate pressure steam pipe 15 at the inlet of
the reheater 21, that is, the outlet of the high pressure
steam turbine 18 by the heated steam pipe 49, thereafter be
heated by the reheater 21 and be supplied to the intermediate

mix the exhaust gas of the intermediate pressure steam turbine
13 with the low pressure steam generated in the low pressure
steam generating device 13 and supplied through the 1low

pressure steam pipe 16 at the inlet of the low pressure steam

2 1
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turbine 24, that is, the outlet of the intermediate pressure
steam turbine 19, and thereafter be supplied to the low pressure
steam turbine 20 so as to increase the output of the low
pressure steam turbine 20.

At this time, in the case of pressurizing the
branched condensed water to a pressure having the same level as
that of the intermediate pressure steam in the pressurizing pump
48 so as to supply to the intermediate pressure steam turbine
19 (the reheater 21), it is possible to supply the heated steam
to the inlet of the reheater 21 by fully opening the valve 50
and fully closing the valve 51 so as to pressurize.

Further, in the pressurizing pump 48, in the
case of pressurizing the branched condensed water to a pressure
having the same level as that of the low pressure steam so as
to supply to the low pressure steam turbine 20, it is possible
to supply the heated steam to the inlet of the low pressure
steam turbine 20 by fully closing the valve 50 and fully opening
the valve 51 so as to pressurize.

Next, a heat exchange between the pressurized
condensed water and the cooled heat recovered in the
intermediate cooling device 42 performed in the intermediate
cooling device 42 will be described below with reference to Fig.
2.

In this case, a vertical axis in Fig. 2

indicates a temperature T and a horizontal axis indicates an

2 2
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exchanged calorie in each of the intermediate cooling device 42
comprising the economizer 43, the evaporator 44 and the super
heater 45.

The condensed water pressurized by the
pressurizing pump 48 is supplied to the economizer 43 through
the pressurized water pipe 47 and in the economizer 43, is made
the condensed water having a saturated temperature Ts and a
pressure pressurized to the pressure of the intermediate
pressure steam pressure or the pressure of the low pressure

steam pressure by the pressurizing pump 48.

The condensed water made the saturated
temperature Ts in the economizer 43 is further heated by the
evaporator 44 so as to becomes a saturated steam, supplied to
the super heater 45 and changed to the heated steam in the super
heater 45, however, the amount of the steam generated from the
pressurized condensed water is determined by a temperature
difference of a terminal in a high temperature side and a

temperature difference of a pinching point.

Here, when the amount of the steam generated in
the intermediate cooling device 42 is determined, an amount of
the heat exchange in the economizer 43 is determined and the
temperature of the inlet of the high pressure compressor 3 is

determined.

As mentioned above, in the intermediate cooling

type gas turbine combined cycle 40 employed in the gas turbine

2 3

TR L M AN A AL L I TR G s o T AT Al A O AR {3 4wt 1L ST i s S et i £ AT L B Pl A ke < = <s s e e s Lt ae s ek g e VI PALTAT ITAT AR LA A A IR I N R e iyt G AP WL ORI R P8 P Yidon Wa%ale s me mmemolerg & ser o maimrared® o v acrettdacmy -



10

15

20

25

CA 02263036 1999-02-25

combined cycle in accordance with this embodiment, the calorie
conventionally discharged to the ambient air in the cooling
tower 9 and recovered in the intermediate cooling device 42 is
changed to the heated steam by the economizer 43, the
evaporator 44 and the super heater 45 of the intermediate
cooling device 42 with using the condensed water pressurized by
the pressurizing pump 48 and the heated steam is supplied to
the inlet of the reheater 21 or the inlet of the low pressure
steam turbine 20, whereby the calorie is recovered as the output
of the intermediate pressure steam turbine 19 or the low
pressure steam turbine 20 and efficiently used. Accordingly,
there can be obtained an advantage of improving a so-called
combined efficiency, that ié, the outputs of the gas turbine
portion 41 and the exhaust gas heat recovery portion 46 are
combined in addition to the output of the discharged heat

recovery portion 46.

Therefore, since it is possible to solve the
disadvantage that the combined efficiency becomes lower than
that of the simple cycle, which corresponds to the problem of
the intermediate cooling type gas turbine combined cycle 30 in
accordance with the conventional art, the structure can be made
a gas turbine combined cycle which can efficiently use the
advantage which the inherent intermediate cooling type gas

turbine combined cycle has.

Further, since it is possible to freely set the

2 4
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pressure level of the condensed water to a level of the
Intermediate pressure steam pressure or the low pressure steam
pressure, there can be obtained an effect of making the amount
of the steam generated in the intermediate cooling device 42
maximum so as to widely recover the output when a partly load
1s applied to the gas turbine.

(Second Embodiment)

Further, an illustration is omitted in Fig. 1,
however, it is possible to use a cooled heat which cools the
extracted steam extracted from a part of the high pressure air
discharged from the high pressure compressor 3 in the gas
turbine portion 41 or from a predetermined step of the high
pressure compressor 3 and becoming a high temperature and a
high pressure to about 200 °C and is recovered by the rotor
cooling cooler 6 for making a cooled air for cooling the rotor
blade or the stator blade exposed to the high temperature
combustion gas of the gas turbine 5 from the inner portion
through the inner portion of the rotor of the gas turbine 5,
for generating the'steam from the condensed water.

That is, in Fig. 1, there is shown the
embodiment in which the cooled heat recovered in the rotor
cooling cooler 6 is discharged to the ambient air by the cooling
tower 7, however, in the same manner as the intermediate
cooling device 42 mentioned above, the structure can be made

such that an apparatus for generating a steam from the

2 5
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condensed water comprising the economizer, the evaporator and
the super heater 1s provided so as to recover the cooled heat
obtained when making the extracted steam the cooled air.
However, the temperature of the extracted steam
is significantly high in comparison with the compression air
discharged from the low pressure compressor 2 having a
temperature of about 190°C, the temperature of the cooled air
supplied to the high temperature portion of the gas turbine 5
from the rotor cooling cooler 6 is set to about 200 °C which is
higher than the temperature of the compression air discharged
from the low pressure compressor 2, and the flow amount of the
cooled air is set to be sufficiently smaller than the flow
amount of the high pressure air supplied from the high pressure
compressor 3 to the combustion device 4 and used for the
combu§tioq. Since the above items give a great advantage in
view of an efficiency of the gas turbine and an increase of an
output as mentioned above, in place of the same structure as
that of the intermediate cooling device 42, 1t 1s preferable
that there is provided a super heater for further heating the
heated steam supplied to the outlet of the high pressure steam
turbine 18 and the outlet of the intermediate pressure steam
turbine from the super heater 45 of the intermediate cooling
device 42 by the heated steam pipe 49 because a lot of

advantages can be obtained 1n view of the structure and the

CcOSt.
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a s

As mentioned above, In addition to the cooled
heat recovered in the intermediate cooling device 42, the cooled
heat recovered in the rotor cooling cooler 6 is recovered in
the exhaust gas heat recovery portion 46, so that in the same

O manner as the gas turbine combined cycle mentioned above, there
can be obtained a gas turbine combined cycle which can use the
advantages of the inherent intermediate cooling type gas
turbine combined cycle in a more efficient manner than the gas
turbine cycle mentioned above with solving the disadvantage

10 that the efficiency of the inherent intermediate cooling type
gas turbine combined cycle becomes lower than the simple cycle,

and can improve the combined efficiency.
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WHAT IS CLAIMED IS:

1. A gas turbine combined cycle comprising a gas
turbine portion (41) constituted by a low pressure compressor
(2), an intermediate cooling device (8) for cooling a
compression air discharged from said low pressure compressor (2)
a high pressure compressor (3) for further compressing the
compression air from said intermediate cooling device (8) so as
to make a high pressure air, a combustion device (4) for
burning said high pressure air and the supplied fuel (F) and a
gas turbine (o) driven by the combustion gas from said
combustion device (4) so as to generate a power, and an exhaust
gas heat recovery portion (46) constituted by a steam generating
device (11, 12, 13) for recovering a heat from an exhaust gas
discharged from said gas turbine (5) so as to generate a steam,
a steam turbine (18, 19, 20) driven by a steam from said steam
generating device (11, 12, 13) so as to generate a power and a
condenser (22) for returning the exhaust vapor gas discharged
from said steam turbine (20) to a water so as to make a
condensed water, characterized in that said condensed water
circulated to said steam generating device (11, 12, 13) from
said condenser (22) is branched and introduced to said
intermediate cooling device (8) so as to generate a steam for

driving said steam turbine (20).

2 8
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2. A gas turbine combined cycle as claimed in claim
1, characterized in that said condensed water circulated from
said condenser (22) to said steam generating device (11, 12,
13) is branched, and a high pressure air extracted from said
high pressure compressor (3) is introduced to a rotor cooling
cooler (6) for making a cooled air for cooling a high
temperature portion of said gas turbine (5), thereby generating

a steam for driving said steam turbine (18, 19, 20).

3. A gas turbine combined cycle as claimed in claim
I or 2, characterized in that said steam turbine comprises a
high pressure steam turbine (18), an intermediate pressure steam
turbine (19) and a low pressure steam turbine (20), and a steam
cenerated from said condensed water in said intermediate
cooling device (42), or the intermediate cooling device (42) and
the rotor cooling cooler (6) is supplied to any one of said
intermediate pressure steam turbine (19) and said low pressure

steam turbine (20).

2 9
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Fig. 2

Temperature
difference in high
temperature side

terminal

Temperature of outlet of low pressure compressor

Temperature of steam at outlet of intermediate
cooling device

Temperature of dlscharged air
from low pPressure compressor

: Temperature difference of
 ( pinching point

= > Temperature of inlet of
il PER N high pressure compressor
s ' : .
8 : : : > T tur
Ts Condensed water €emperatuxre
é* : fromS — difference at
3 ‘pressurized : log temperatgre
: é UTen erature of
inlet of
\“*“*—\/—————/\*- | intermediate
45 44 4 cooling device
Amount of

heat exchange Q

Cn e I I TIPSR ire § L fder Ay 730 b



CA 02263036 1999-02-25

Fig. 3
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