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GAS TURBINE POWER GENERATION EQUIPMENT AND AIR HUMIDIFYING APPARATUS

(57) Abstract

An air humidifying apparatus adapted to humidify the air by adding moisture to a working medium in a gas turbine, and gas turbine
power generation cquipment adapted to generate power by driving the gas turbine using the highly humid working medium, which aim at
improving a generated power output or power generating efficiency by reducing a pressure loss of a combustion exhaust gas from the gas
turbine, comprising a humidifying apparatus (3), a combustor (5), a turbine (6), a generator (7), a water recovery unit (10), characterized in
that an exhaust gas reheater (11) adapted to heat a combustion exhaust gas discharged from the water recovery unit by excessive water

discharged from the humidifying apparatus is provided.
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ABSTRACT

~The present invention relates to an air humidifier
for adding moisture to a working medium of a gas turbine
for humidification, and gés turbine electric power
generation equipment for driving fhe gas turbine by the
working medium of high moisture to general electricity. An
( object of the present invention is to reduce pressure loss
of burned exhaust gas of the gas turbine to improve output
or efficiency of electric power generation. There
comprises a humidifier (3), a combustor (5), a turbine (6),
a generator (7), and a water recovery unit (10), further
comprises an exhaust gas reheater (11) for heating burned
exhaust gas discharged from the water recovery unit by

surplus water discharged from the humidifier.




DESCRIPTION

GAS TURBINE ELECTRIC POWER GENERATION EQUIPMENT AND

AIR HUMIDIFIER

TECHNICAL FIELD

The present invention relates to an air humidifier
for adding moisture to a working medium of a gas turbine
for humidification, and gas turbine electric power
generation equipment in which a gas turbine is driven by
the working medium of ‘high moisture, and moisture is
recovered from gas turbine exhaust gases for recycle or
recirculation, and particularly to an air humidifier and
gas turbine electric power generation equipment which
reduce pressure loss of the working medium or pressure loss

of the gas turbine exhaust gas.

BACKGROUND ART

As a prior art relating to HAT (Humid Air Turbin)
cycle, in U.S. Patent No. 5,507,141, Japanese Patent
Publication No. Hei 1-31012, Japanese Patent Publicatioq No.
Hei 1-195053, Japanese Patent Laid-open No. Hei 9-264158,
and Japanese Patent Laid-open No. Hei 10-103079 is

described a gas turbine cycle for carrying out heat




recovery of exhaust of a turbine or heat recovery of
exhaust of a turbine and intermediate cooling of a
compressor by a liquid phase mixture of compressed
alr/water/steam obtained by pouring liquid phase water into
a part or the whole of compressed air obtained by
compressing by the compressor air used as self-sustained
combustion gas, working medium gas or the like of gas
mainly comprising air.

It has been contemplated that the above gas turbine
cycle can achieve the output and high efficiency equal to
of more than those of the combined cycle merely by a gas
turbine without requiring a steam turbine, but a problem of
consuming a large the quantity of water has been also
pointed out.

So, in "FT4000 HAT WITH NATURAL GAS FUEL" on pages
239 to 245 of "IGTI-Vol. 7, ASME COGEN-TURBO 1992",
Japanese Patent Laid-open No. Hei 10-30811, and Japanese
Patent Laid—dpen No. Hei 10-110628, a system for recovering
moisture from exhaust gases of the gas turbine for recycle
or recirculation is contemplated. The exhaust gas from
which moisture is recovered is at a temperature of, for
example, approximately 40°C which is lower than a
condensation temperature (100°C), but since the exhaust gas

cannot be released into atmosphere at that temperature in




terms of environment, exhaust gas from which moisture has
been recovered is heat exchanged with exhaust gas prior to
recovery of moisture to reheat it.

In the above-described prior arts, the exhaust gas
prior to recovery of moisture is used as a reheating medium
for the exhaust gas from which moisture has been recovered
to carry out heat exchanging between gas and gas. As a
result, heat exchanging equipment becomes largejscaled and

pressure loss of exhaust gas increases. Since pressure of

exhaust gas at an inlet of a chimney is determined in a

relation with atmospheric pressure, when pressure loss of
exhaust gas before reaching the chimney increases, pressure
of exhaust gas at an outlet of the gas turbine need be made
high. That is, a pressure difference in a working medium
between the inlet and outlet of the gas turbine is so small
that output of the gas turbine is small. However, such a
point as just mentioned has not been studied in the above-
described prior arts.

Further, in the above-described prior arts, a
humidifying tower has been used to humidify compressed air
supplied to the gas turbine. The detailed construction of
the humidifying tower is described in, for example, U.S.
Patent No. 2,186,706, or the like.

In the above conventional humidifying tower,
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compressed air and water are brought into contact in an
opposite flow and directly. That is, in the humidifying
tower, waterdrops sprayed or dropped are brought into direct
contact through a porous medium (which promotes contact
between compressed air and water) with compressed air
flowing in an upper direction, and moisture is added to the
compressed air.

Therefore, since the conventional humidifying tower is
operated in the opposite flow and through the porous medium,
pressure loss of compressed air is extremely large. When
the pressure loss of compressed air is large, pressure of
the working medium of the gas turbine is small, and the
output of the gas turbine is small. However, nothing on
such a point as described has been studied in the above-
described prior arts.

Embodiments of the present invention provide gas
turbine electric power generation equipment which reduces
pressure loss of burned exhaust gas of a gas turbine to
improve output or efficiency of electric power generation.

Embodiments of the present invention to provide gas
turbine electric power generation equipment which reduces
pressure loss of a working medium of a gas turbine to
improve output or efficiency of electric power generation.

Embodiments of the present invention to provide an air
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humidifier which, while reducing pressure loss of a working
medium of a gas turbine, adds moisture to the working medium

for humidification.

DISCLOSURE OF INVENTION

According to the present invention, there is provided
gas turbine electric power generation equipment comprising:
a humidifier for increasing at least one of a quantity of
steam, relative humidity, and absolute humidity of air; a
combustor for generating combustion gas by humidified air
obtainued by the humidifier and fuel; a turbine driven by the
combustion gas generated by the combustor; an electricity
generator driven by the turbine to generate electricity; a
water recovery unit for cooling the burned exhaust gas
discharged from the turbine to recover moisture in the
burned exhaust gas; and an exhaust gas reheater for heating
the burned exhaust gas discharged from the water recovery
unit by surplus water left in that used for increasing the
quantity of steam or relative humidity or absolute humidity
of air by the humidifier.

Embodiments of the aforementioned gas turbine electric
power dgeneration equipment according to the present
invention takes effect of reducing pressure loss of the

burned exhaust gas of the gas turbine to improve output or
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efficiency of electric power generation.

According to the present invention, there is also
provided gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by the humidifier and fuel; a
turbine driven by the combustion gas generated by the
combustor; an electricity generator driven by the turbine to
generate electricity; a water recovery unit for condensing
moisture in the burned exhaust gas discharged from the
turbine, and a heat exchanger for heat-exchanging between
surplus left in that used for increasing the quantity of
steam or relative humidity or absolute humidity of air by
the humidifier and the burned exhaust gas discharged from
the water recovery unit.

The aforementioned gas turbine electric power
generation equipment according to the present invention
takes effect of reducing pressure loss of the burned exhaust
gas of the gas turbine to improve output or efficiency of
electric power generation.

According to the present invention, there is also
provided gas turbine electric power generation equipment

comprising: a compressor for compressing air; a humidifier
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for adding moisture to the compressed air obtained by the
compressor; a combustor for generating combustion gas by
humidified air obtained by the humidifier and fuel; a
turbine driven by the combustion gas generated by the
5 combustor; an electricity generator driven by the turbine to
generate electricity; a regenerator for heating the
humidified air supplied to the combustor by the burned
exhaust gas discharged from the turbine; a water heater for
heating water supplied to the humidifier by the burned
10 exhaust gas discharged from the regenerator; a water
recovery unit for cooling the burned exhaust gas discharged
from the water heater to recover moisture in the burned
exhaust gas; and an exhaust gas reheater for heating the

burned exhaust gas discharged from the water recovery unit

el 15 by surplus water discharged from the humidifier. Further,

* se
.

St the water heater heats the surplus water discharged from the
exhaust gas reheater to supply it to the humidifier.
Preferably, the surplus water discharged from said water

. oe recovery unit is supplied to an inlet of the compressor.

20 Further, preferably, a part of water supplied to the

humidifier is used to cool the turbine.

Embodiments of the aforementioned gas turbine electric

power generation equipment according to the present

invention take effect of reducing pressure loss of the
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burned exhaust gas of the gas turbine to improve output or
efficiency of electric power generation.
According to the present invention, there is also
provided gas turbine electric power generation equipment
5 comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by the humidifier and fuel; a
turbine driven by the combustion gas generated by the
10 combustor; an electricity generator driven by the turbine to
generate electricity; a water heater for heating water
supplied to the humidifier by heat of the burned exhaust gas
discharged from the turbine; a water recovery unit for
cooling the burned exhaust gas discharged from the water

15 heater to recover moisture in the burned exhaust gas; and an

exhaust gas reheater for heating the burned exhaust gas
discharged from the water recovery unit by a part of water
obtained by being heated by the water heater.

. oo Embodiments of the aforementioned gas turbine electric
*eres® 20 power generation equipment according to the present
invention take effect of reducing pressure loss of the

burned exhaust gas of the gas turbine to improve output or

efficiency of electric power generation.

Further, for achieving the aforementioned first object,
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according to the present invention, there is provided gas
turbine electric power generation equipment comprising: a
humidifier for increasing at least one of a quantity of
steam, relative humidity, and absolute humidity of air; a
combustor for generating combustion gas by humidified air
obtained by the humidifier and fuel; and turbine driven by
the combustion gas generated by the combustor; an
electricity generator driven by the turbine to generate
electricity; a first heat exchanger for heat-exchanging
between the burned exhaust gas discharged from the turbine
and water supplied to the humidifier; a water recovery unit
for condensing moisture in the burned exhaust gas discharged
from the first heat exchanger; and a second heat exchanger
for heat-exchanging between a part of water obtained by the
first heat exchanger and the burned exhaust gas discharged
from the water recovery unit.

Embodiments of the aforementioned gas turbine electric
power generation equipment according to the present
invention takes effect of reducing pressure loss of the
burned exhaust gas of the gas turbine to improve output or
efficiency of electric power generation.

According to the present invention, there is also
provided gas turbine electric power generation egquipment

comprising: a compressor for compressing air; a humidifier
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for adding moisture to the compressed air obtained by the
compressor; a combustor for generating combustion gas by
humidified air obtained by the humidifier and fuel; a
turbine driven by the combustion gas generated by the
combustor; an electricity generator driven by the turbine to
generate electricity; a regenerator for Theating the
humidified air supplied to the combustor by the burned

exhaust gas discharged from the turbine; a water heater for

heating water supplied to the humidifier by the burned

.exhaust gas discharged from the regenerator; a water

recovery unit for cooling the burned exhaust gas discharged
from the water heater to recover moisture in the burned
exhaust gas; and an exhaust gas reheater for heating the
burned exhaust gas discharged from the water recovery unit
by a part of water obtained by being heated by the water
heater. Moreover, the water heater heats waste water
discharged from the exhaust gas reheater to supply it to the
humidifier. Preferably, the waste water discharged from the
exhaust gas reheater is supplied to an inlet of the
compressor. Further, preferably, a part of water supplied
to the humidifier is used to cool the turbine.

Embodiments of the aforementioned gas turbine electric
power generation equipment according to the present

invention take effect of reducing pressure loss of the
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burned exhaust gas of the gas turbine to improve output or
efficiency of electric power generation.

According to the present invention, there is also
provided gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of uir; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustor; an electricity generator driven by said turbine
to generate electricity, and a water recovery unit for
cooling burned exhaust gas discharged from said turbine to
recover moisture in said burned exhaust gas, said equipment
further comprising

a heat exchanger for heat-exchanging between surplus
water left in that used for increasing the quantity of steam
or relative humidity or absolute humidity of said air by
said humidifier and the burned exhaust gas discharged from
sald water recovery unit, said humidifier causing steam
having pressure as high as said air to merge with said air
to increase at least one of the quantity of steam, relative
humidity, and absolute humidity of said air. Preferably,
the steam is saturated steam.

Embodiments of the aforementioned gas turbine electric
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power generation equipment according to the present
invention take effect of reducing pressure loss of the
working medium (particularly, air for burning) of the gas
turbine to improve output or efficiency of electric power
generation.

According to the present invention, there is also
provided gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by the humidifier and fuel; a
turbine driven by the combustion gas generated by the
combustor; and an electricity generator driven by the
turbine to generate electricity. Moreover, the humidifier
comprise an expanding portion for expanding compressed water
higher in pressure than the air to pressure as high as the
air, and mixing portion for mixing steam obtained in the
expanding portion with the air.

Embodiments of the aforementioned gas turbine electric
power generation equipment according to the present
invention take effect of reducing pressure 1loss of the
working medium (particularly, air for burning) of the gas
turbine to improve output or efficiency of electric power

generation.
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According to the present invention, there is also
provided gas turbine electric poWer generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustor; and an electricity generator driven by said
turbine to generate electricity,

wherein said humidifier comprises a flow path through
which said air flows, a vaporizing portion to jet and
vaporize compressed water higher in pressure than said air,
and a partitioning plate for partitioning said flow path and
said vaporizing portion, said partitioning plate being
provided with a communication portion for communicating said
flow path with said vaporizing portion.

Embodiments of the aforementioned gas turbine electric
power generation equipment according to the present
invention take effect of reducing pressure loss of the
working medium (particularly, air for burning) of the gas
turbine to improve output or efficiency of electric power
generation.

According to the present invention, there is further

provided gas turbine electric power generation equipment




10

..
. ssee
.
.
enee
Y
* e
sess
vene
.

e 0

15

PAOPERKL'96472-98 response.doc- 12/03/03

-14 -

comprising: gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustor; and an electricity generator driven by said
turbine to generate electricity,

wherein said humidifier comprises a partitioning means
whose part is opened to partition the interior of said
humidifier, said air is introduced into one partitioned by
said partitioning means, and compressed water higher in
pressure than said air is jetted on the other partitioned by
said partitioning means.

Embodiments of the aforementioned gas turbine electric
power generation equipment according to the present
invention take effect of reducing pressure loss of the
working medium (particularly, air for burning) of the gas
turbine to improve output or efficiency of electric power
generation.

According to the present invention, there is also
provided gas turbine electric power generation equipment
comprising: a compressor for compressing air; a humidifier

for adding moisture to the compressed air obtained by the
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compressor; a combustor for generating combustion gas by
humidified air obtained by the humidifier and fuel; a
turbine driven by the combustion gas generated by the
combustor; an electricity generator driven by the turbine to
generate electricity; a regenerator for Theating the
humidified air supplied to the combustor by the burned
exhaust gas discharged from the turbine; a water heater for
heating water supplied to the humidifier by the burned
exhaust gas discharged from the regenerator; and a water
recovery unit for cooling the burned exhaust gas discharged
from the water heater to recover moisture in the burned
exhaust gas. Moreover, the humidifier comprises a flow path
through which the compressed air flows, and a gas and liquid
separating portion communicated with the flow path to jet
water heated by the water heater to separate it into steam
and water. Furthermore, the equipment comprises a heat
exchanger for heat-exchanging between water separated by the
gas and liguid separating portion and the burned exhaust gas
discharged from the water recovery unit.

Embodiments of the aforementioned gas turbine electric
power generation equipment according to the present
invention take effect of reducing pressure loss of the
burned exhaust gas of the turbine and reducing pressure loss

of the working medium (particularly, air for burning) of the
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gas turbine to improve output or efficiency of electric
power generation.

According to the present invention, there is also
provided a humidifier for adding moisture to air supplied to
a combustor according to the present invention comprises a
partitioning means whose part is opened to partition the
interior of the humidifier, an introducing port for
introducing the air into one partitioned by the partitioning
means, and a nozzle for Jjetting water into the other
partitioned by the partitioning means.

Embodiments of the aforementioned humidifier according
to the present invention take effect of, while reducing
pressure loss of the working medium (particularly, air for
burning) of the gas turbine, adding moisture to the working
medium for humidification.

The invention also provides a humidifier for increasing
at least one of a quantity of steam or relative humidity or
absolute humidity of a working fluid of a turbine according
to the present invention comprises a partitioning means
whose part is opened to partition the interior of the
humidifier, an introducing port for introducing the working
fluid into one partitioned by the partitioning means, and a
nozzle for jetting water into the other partitioned by the

partitioning means.
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Embodiments of the aforementioned humidifier according
to the present invention take effect of, while reducing
pressure loss of the working medium (particularly, air for
burning) of the gas turbine, adding moisture to the working

medium for humidification.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a system diagram of gas turbine electric
power generation equipment according to a first embodiment
of the present invention.

EIG. 2 is a structural view of an air humidifier of the
gas turbine electric power generation equipment according to
the first embodiment of the present invention.

FIG. 3 is a structural view of another air humidifier
of the gas turbine electric power generation equipment
according to the first embodiment of the present invention.

FIG. 4 1is a structural view of still another air
humidifier of the gas turbine electric power generation
equipment according to the first embodiment of the present

invention.



FIG. 5 is a structural view of further anothe; air
humidifier of the gas turbine electric power generation
equipment according to the first embodiment of the present
invention.

FIG. 6 is a system diagram of gas turbine electric
power generation equipmentiaccording to a second embodiment
of the present invention.

FIG. 7 is é system diagram of gas turbine electric
power generation equipment according to a third embodiment

of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTIdN The
embodiments of the present invention will be described
hereinafter with reference to the drawings.

. FIG. 1 shows a system diagram of gas turbine
electric power generation equipment according to a first
embodiment of the present invention. In FIG. 1, reference
numeral 1 designates a WAC device for spraying water to air
(a): 2 a compressor for compressing the air (a); 3 an air
humidifier for humidifying compressed air (b); 4 a
regenerator for heating humidified air (c); 5 a combustor
for mixing fuel (d) and the humidified air (c) or the
compressed air (b) and for burning them to generate

combustion gas (e); 6 a turbine driven by the combustion
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gas (e); 7 a generator for converting power to electricity
for generation; 8 a furbine rotor for mechanically
connecting the 6ompressor 2, the turbine 6 and the
electricity generator 7; 9 a water heater for heating watgr
(k); 10 a water recovery unit for recovering moisture in
exhaust gas (f); 11 an exhaust gas reheater for heating the
exhaust gas (£); 12 a chimney for releasing the exhaust gas
(f): 13 a water processing device for purifying recovery
water (g); 14 a cooler for cooling the recbvery water (g):
15 a sea water pump for pumping up sea water (j); 16 a
replenishing water tank for storing replenishing water (i);
20 and 21 adjusting valves for adjustiﬁg flow rate; 30 to
34 pumps for pressurizing liquid; 50 a suction duct through
which the air (a) flows: 51 and 52 compressed air lines
through which the compressed air (b) flows; 53 to 55
humidified air lines through which the humidified air (c)
flows; 56 a fuel line through which the fuel (d) flows, 57
a coﬁbustion gas line through which the combustion gas (e)
flows; 58 and 59 exhaust ducts through which the exhaust
gas (f) flows; 60 recovered water line through which the
recovery water (g) flows; 61 and 62 water lines through
which the water (k) flows: 63 a circulating water line
through which circulating water (1) flows; 65 and &6

surplus water lines through which surplus water (h) flows:
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67 replenishing water lines through which the replenishing
water (1) fldwsf and 68 a sea water line through which the
sea water (j) flows; Although not shown, reference letter
(a) designates air; (b) compressed air; (c) humidified air;
(d)'fuél (for example, such as natural gas, coal gas, oil
or the like), (e) combustion gas (working medium of turbine
6); (f) exhaust gas: (g) recovery water; (h) surplus water;
(i) replenishing water; (jj sea water, (k) water, and (1)
circulating water.

The WAC device 1 is arranged within the suction duct
50. In the WAC device 1, water (preferably, a part of
recovery water (g)) is sprayed on the air (a) sucked into
the compressor 2. At this time, in the adjusting valve 21,
the quantity of water to be sprayed (for example, about
0.1 %vol of the air (a)) is adjusted so that waterdrops in
the air (a) may be evaporated within the compressor 2.
Thereby, there are obtained an effect in that the air (a)
is cooled to reduce power of the compressor 2, and an
effect in that since density of the working medium
(combustion gas (e)) of the turbine 6 increases due to the
fact that the waterdrops in the air (a) are evaporated
within the compressor 2, output of electric power
generation increases.

The air (a) containing the waterdrops is sucked into




the compressor 2 by the WAC device 1. In the compressor 2,
the air (a)} is compressed to approximately 15 atmospheric
pressures. At this time, a temperature of the compressed
air (b) obtained will be approximatgly 370°C.

The compressed air (b) compressed by the compressor
2 is supplied to the air humidifier 3 via the compressed
air line 51. In the air humidifier 3, the water (k) is
mixed with the compressed air (b) to increase at least one
of a quantity of steam or relative humidity or absolute
humidity of the compressed air (b). That is, moisture is
added to the compressed air (b) to humidify the compressed
air (b). The humidity of the humidified air (c) obtained
is approximately 19%, for example. In the adjusting vale
20, the quantity of water (k) to be mixed is adjusted in
consideration of thermal balance of the whole system of the
gas turbine electric power generation equipment. It is to
be noted that a part of the compressed air (b) may be
supplied to the coﬁbustor 5 via the compressed air line 52
without intervention of the moistening unit 3, according to
the operating conditions (such as start, stop, load
variation, rated load operation, partial addition operation,
etc.) of the gas turbine electric power generation
équipment.

Remaining water (k) used for humidifying the
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compressed air (b) in the air humidifier 3 is boosted by
the pump 31 as the surplus water (h) (saturated water
associated with the pressure of the inside of the air
humidifier 3, that is, the pressure of the compressed air
(b)), and then is supplied to the exhaust gas reheater 11.

A part or the whole of the humidified air (c¢)
humidified in the air humidifier 3 is supplied to the
regenerator 4 via the humidified air line 53. The
regenerator 4 is an opposite flow and indirect heat
exchanging type heat exchanger. In the regenerator 4, the
humidified air (c) and the exhaust gas (f) are heat-
exchanged indirectly through a heat transfer pipe or the
like whereby the humidified air (c) is heated, for example,
to approximately 572°C, and the exhaust gas (f) is cooled,
for example, to approximately 361°C. That is, the quantity
of heat of the exhaust gas (f) is moved to the humidified
air (c) whereby the quantity of heat discharged from the
turbine 6 is again supplied upstream of the turbine 6 and
is recovered as power for the turbine 6. Thereby, output
of the turbine 6 increases. Also in the regenerator 4, the
fuel (4) ahd the exhaust gas (f) are heat-exchanged whereby
the quantity of heat of the exhaust gas (f) may be
recovered by the fuel (d).

The humidified air (c) heated by the regenerator 4




is supplied to the combustor 5 via the humidified air line
55. On the other hand, the fuel (d) is supplied to the
combustor 5 via the fuel line 56. In the combustor 5, the
humidified air (c) and the fuel (d) are mixed and burned to
generate combustion gds (e) at, for example, approximately
1260°C. In order to prevent a flame from being blown out
due to much moisture of air for burning, the construction
of the combustor 5 is breferably provided with a diffusion
burning portion having a high flame temperature in the
center thereof, and a lean burning portion having a
relatively low temperature in the circumference thereof.

The combustion gas (e) generated in the combustor 5
is supplied to the turbine 6 via the combustion gas line 57.
In the process while the combustion gas (e) expaﬁds, a
moving blade is rotated, and the turbine rotor 8 to which
the moving blade is secured is rotated. Thé electricity
generator 7 connected to one of the turbine rotor 8 is
rotated, and in the electricity generator 7, power is
converted into electricity to generate electric power.
This electric power will be a generator output.

The combustion gas (e) expanded in the turbine 6
will be the exhaust gas (f£) (whose temperature is, for
example, approximately 602°C, and pressure is, for example,

approximately 1.12 atmospheric pressure, which is supplied
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to the regenerator 4 via the exhaust duct. In the
regenerator 4, the exhaust gas (f) and the humidified air
(c) are heat-exchanged to cool the exhauét gas (f).

The exhaust gas (f) passed through the regenerator 4
is supplied to the water heater 9. The water heater 9 is
an opposite flow and indirect heat exchanging type heat
exchanger, similar to the regenerator 4. In the water
heater 9, the water (k) and the exhaust gas (f) are heat-
exchanged indirectly through a heat transfer pipe or the
like whereby the water (k) is heated to, for example,
approximately 250°C, and the exhaust gas (f) is cooled to,
for example, approximately 93°C. That is, siﬁiiarly to the
regenerafor 4, the quantity of heat of the exhaust gas (f)
is moved to the water (k) whereby the quantity of heat
_ discharged from thé turbine 6 is again supplied upstream
the turbine 6 to recover it as power of the turbine 6.
Thereby, output of the turbine 6 increases. However, the
water heater 9 which uses the water (k) which is liquid to
recover heat from the exhaust gas (£) is high in heat
transfer efficiency as compared with the regenerator 4
which uses the humidified air (c¢) which is gas (steam) to
recover heatifrom the exhaust gas (f). Suppose that the
same the quantity of héat is recovered, the water heater 9

can reduce a heat transfer area as compared with the




regenerator 4, thus making it possible to make its
construction compact.

The exhaust gas (f) passed through the water heater
9 is supplied to the water recovery ugit 10. In the water
recovery unit 10, the circulating water (1) (whose
temperature is preférably 20°C to 40°C, for example,
approximately 30°C) is sprayed or dropped on the exhaust
gas (f) from the upper portion of the water redovery unit
10 so that the exhaust gas (f) and the circulating water
(1) are brought into direct contact to cool the exhaust gas
(f) (heat the circulating water (1) to thereby condense
moisture contained in the exhaust gas (f) and recover
moisture from the exhaust gas (f). With this, in the water
recovery unit 10, a gas component and a liquid component of
the exhaust gas (f) are separafed so that the gas component
is discharged along the flow thereof while the liquid
component (moisture) is discharged from the bottom portion.
In the water recovery unit 10, the exhaust gas (f) and the
circulating water (1) or the sea water (j) are brought into
contact indirectly through the heat transfer pipe or the
like. Alternatively, however, of the exhaust gas (f) and
the circulating water (1) are brought in contact directly,
a heat transfer area can be made large, and a heat transfer

efficiency is high, which is therefore preferable. The
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larger the quantity of removing heat of the exhaust gas (f},
that is, the lower the temperature of the circulating water
(1) and the higher the heat transfer efficiency, the lower
the temperature of the exhaust gas (f), and therefore, the
quantity of saturated steam of the exhaust gas (f) is small,
and molsture that can be recovered increases.

A part of condensed water obtained in the water
recovery unit 10 will be the circulating water (1), which
is boosted by the pump 34 via the circulating water line 63,
after which it is supplied to the cooler 14. The cooler 14
is an opposite flow and indirect heat exchanging type heat
exchanger. In the cooler 14, the circulating water (1) and
the sea water (j) are heat-exchanged indirectly through the
heat transfer pipe or the like to thereby cool the
circulating water (1) and heat the sea water (j). The
circulating water (1) cooled by the water recovery unit 10
is again supplied to the water recovery unit 10 and is
sprayed or dropped from the upper portion of the water
recovery unit 10. The sea water (j) is pumped up by the
sea water pump 15, and is supplied to the cooler 14 via the
sea water line 68. Since the quantity of heat moved to the
sea water (j) is discharged outside the system of the gas
turbine electric power generation equipment, it will be

loss of the gas turbine electric power generation equipment.
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Therefore, the smaller the quantity of heating the sea
water (j), that is, the quantity of removing heat of the
circulating water (1), the higher the thermal efficiency of
the gas turbine electric power generation equipment. As a
medium for cooling the circulating water (1), any medium
will suffice which is lower in temperature than the
circulating water (1) other than the sea water (j).

The replenishing water (i) stored in the
replenishing water tank 16 is added to the cifculating
water (1) via the replenishing water line 67. Thereby, it
is possible to replenish moisture which is short in the
system of the gas turbine electric power generation
equipment, that is, moisture contained in the exhaust gas
(f) and discharged outside the system. 1In the gas turbine
electric power generation equipment according to the
present embodiment, moisture added upstream the turbine 6
is recovered downstream the turbine 6, and the moisture
recovered is used as moisture to be added upstream the
turbine 6, whereby the moisture is circulated within the
system of fhe gas turbine electric power generation
equipment. Therefore, there is very little water which is
short in the system of the gas turbine electric power
generation equipment. However, all the moisture added

upstream the turbine 6 cannot be recovered downstream the
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turbine 6. This is due to the fact that the quantity of
moisture contained in the exhaust gas (f) discharged from
the water recovery unit 10 (corresponding to the quantity
of safurated steam of the exhaust gas (f)) is large as
compared with the gquantity of moisture contained in the air
(a). Therefore, the replenishing water (i) is necessary.

A part of the condensed water obtained in the water
recovery unit 10 will be recovery water (g), which is
supplied to the water processing device 13 via the recovery
water line 60. In the water processing device 13, the
recovery water (g) is denitrified and desulfurized. A part
or the whole of the recovery water (g) purified in the
water processing device 13 is boosted to, for example,
approximately 50 atmospheric pressures by the pump 30,
after which it is supélied to the water heater 9 as the
water (k). When ﬁressure of the water (k) is risen,
saturated temperature of the water (k) also rises to
thereby enabie to prevent the water (k) from boiling in the
water heater 9. Thus, the heat recovery is enabled without
subjecting to limitation of a pinch point of a heat
exchanger that poses a problem iﬁ the heat recovery making
use of a waste heat recovery boiler of a combined cycle
generation plant. On the other hand, a part of the

recovery water (g) purified in the water processing device
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13 is boosted by the pump 32, after which it is supplied as
the water (k) to the WAC device 1.

on the other hand the exhaust gas (f) from which
moisture is removed to some extent in the water recovery
unit 10 is supplied to the exhaust gas reheater '11. The
exhaust gas reheater 11 is an opposite flow and indirect
heat exchanging type heat exchanger. The exhaust gas (f)
and the surplus water (h) are heat-exchanged in the exhaust
gas reheater 11 whereby the exhaust gas (f) is heated to,
for example, approximately 140°C, and the surplus water (h)
is cooled to, for example, approximately 77°C. 1In the
exhaust gas reheater 11, the exhaust gas (f) and the
surplus water (h) may be brought into direct contact.
However, when the exhaust gas (f) and the surplus water (h)
are brought into direct contact, moisture is again to be
added to the exhaust gas (f) from which moisture is removed
to some extent. It is therefore preferable that the
exhaust gas (f) and the surplus water (h) are brought into
indirect contact.

The exhaust gas (f) heated by the exhaust gas
reheater 11 is supplied to the chimney 12 through the
exhaust gas duct 59 and is released into the atmosphere.
On the other hand, the surplus water (h) cooled in the

exhaust gas reheater 11 is boosted by the pump 33 to, for
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example, approximately 50 atmospheric pressures, after
which it is supplied to the water heater 9 to merge with
the water (k).

According to the first embodiment, as the heating
medium for heating the exhaust gas (f) in the exhaust gas
reheater 11, the surplus water (h) which is liquid is used
whereby the heat transfer efficiency is high and the heat
transfer area is small as compared with that uses gas as
the heating medium, thus making it possible to make the
exhaust gas reheater 11 compact. Thereby, pressure loss of
the exhaust gas (f) in the exhaust gas reheater 11 can be
reduced. Since the pressure of the exhaust gas (£f) in the
chimney 12 is determined, when the pressure loss of the
exhaust gas (f) in the exhaust gas reheater 11 is reduced,
pressure of the exhaust gas (f) at the outlet of the
turbine 6 can be made low. Thereby, pressure difference
between the inlet of the turbine 6 and the outlet of the
turbine 6, of the working medium (the combustion gas (e))
of the turbine 6Vis large, whereby power obtained in the
turbine 6, that is, rotating force of the turbine rotor 8
is great, and the output of electric power generation can
be increased.

Further, according to the present embodiment, as the

heating medium for heating the exhaust gas (f) in the
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exhaust gas reheater 11, the surplus water (h) is used,
whereby the heat balance of the whole system of the gas
turbine electric power generation equipment is improved so

that temperature in the air humidifier 3 rises. Thereby,

) it is not necessary to cool the compressed air (b) in order

to lower the temperature in the air humidifier 3, in
consideration of the heat balance in the wholé system, and
a posterio;ly disposed cooler or the like arranged on the
compressed air line 51 in order to cool the compressed air
(b) is unnecessary. With this, the pressure loss of the
compressed air (b) can be reduced, the pressure loss of the
working medium (combustion gas (e)) of the turbine 6 can be
reduced, and the pressure of the working medium (combustion
gas (e)) of the turbine 6 at the inlet of the turbine 6
becomes high, thus enabling an increase in output of
electric bower generation. Further, the volume of a flow
path froh the compressor 2 to the combustor 5 is small by

that portion not provided with the posteriorly disposed

" cooler or the like, thus improving respohdency of system

and enabling lessening of deterioration of aerodynamical
characteristic of the compressor 2. Further, the heat

transfer loss of the compressed air (b) occurring in the
passage of the posteriorly disposed cooler or the like is

eliminated.
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Moreover, according to the first embodiment, since
the temperature in the air humidifier 3 rises, the
temperature of the humidified air (c) also rises, the
quantity of heat exchange between the humidified air (c)
and the exhaust gas (f) in the regenerator 4 is small,
whereby the regenerator 4 inevitably becomes compact.
Thereby, the pressure loss of the exhaust gas (f) in the
regenerator 4 is small, and the pressure of the exhaust gas
(£) at the outlet of the turbine 6 can be made low.
Thereby, since the pressure difference between the inlet of
the turbine 6 and the outlet of the turbine 6 of the .
working medium (combustion gas (e)) of the turbine is large,
the power obtained in the turbine 6, that is, the rotating
force of the turbine rotor 8 is great to enable an increase
of the output of electric power generation.

The detailed construction of the air humidifier 3
will now be described.

FIG. 2 shows a structural view of an air humidifier
of the gas turbine electric power generation equipment
according to the first embodiment of the presént invention.
In FIG. 2, reference numeral 3a designates a merging
portion (a flow path through which compressed air (D)
flows) where water (k) (compressed water of, for example,

approximately 50 atmospheric pressures) which is expanded
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and compressed air (b) merge; 3b an expanding portion (a

* vaporizing portion in which water (k) is vaporized) in

which water (k) is expanded; 80 a partitioning plate for
partitioning the interior of the ailr humidifier 3 into the
merging portibn 3a and the expanding portion 3b; 81 a spray
nozzle for spraying water (b):; and 82 an opening (a
communication portion for communication between the merging
portion 3a and the expanding portion 3b) provided in the
partitioning plate 80.

The interior of the air humidifier 3 is divided into
upper and lower portions by the partitioning plate 80. An
upper region partitioned by the partitioning plate 80 is
the merging‘portion 3a, and a lower region partitioned by
the partitioning plate 80 is the expanding portion 3b. A

spray nozzle 81 in communication with the water line 61 is

'arranged in the expanding portion 3b. The partitioning

plate 80 has an opening 82 downstream along the flow of the
compressed air (b) and the expanded water (k).

The compressed air (b) flows into the merging
portion 3a. On the other hand the water (k) is sprayed on
the expanding portion 3b from the spray nozzle 81 and then
expanded, a part of which is vaporized into steam (m)
(saturated steam having pressure of the expanding portion

3b, that is, pressure corresponding to that of the
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compressed air (b), the remainder being surplus water (h)
(saturated water having pressure of the expanding portion
3b, that is, pressure corresponding to that of the
compressed air (b)). Then, the steam (m) flows into the
merging portion 3a from the opening 82 to merge with the
compressed air (b), which is the humidified air (c¢). On
the other hand the surplus water (h) is discharged outside

{ the air humidifier 3 from the bottom of the expanding
portion 3b.

If the pressure of the watef (k) is higher than that
of the compressed air (b), the water (k) expands at the
expanding portion 3b, but when pressure difference between
the pressure of the water (k) and the pressure of the
compressed air (b) is small, the quantity of vaporizing the
water (k) is so small that the compressed air (b) cannot be
humidified sufficiently. Preferably, therefore, the

p pressure difference between the pressure of the water (k)
and the pressure of the compressed air (b) is, for example,
20 atmospheric pressures or more. That is, suppose that
the pressure of the compressed air (b) is 15 atmospheric
pressures, the pressure of the water (k) is preferably 35
atmospheric pressures or more. However, the upper limit of
the pressure of the water (k) is determined depending on

the boosting ability of the pump 30 for boosting water (k)




and the pressure resistance of the water line 61. For
example, suppose that the pressure of the compressed air
(b) is 15 atmospheric pressures and its temperature is
366°C, and that the pressure of the water (k) is 50
atmospheric pressures and its temperature is 250°C, then
the water (k) expands to approximately 15 atmospheric
pressures in the expanding portion 3b, whereby
approximately 10% of the water (k) ét the rate of weight is
vaporized. That 1s, approximately 10% of the water (k)
will be the steam (m), and approximately 90% of the
remaining will be the surplus water (h). When the water
(k) under high pressure expands, a temperature is changed
to a temperature of saturated steam corresponding to
pressure after the expansion. However, since surplus
thermal energy is released as latent heat of vaporization,
steam is generated. Therefore, in the case where a larger
the quantity of steam (m) is desired to be obtained, it can
be achieved by making pressure difference between the
compressed air (b) and the water (k) large, for example,
such as 50, 100, 150 and 200 atmospheric pressures.
Further, the quantity of steam, relative humidity and
absolute humidity of the humidified air (c) depend on the
generation the quantity of the steam (m), that is, the flow

rate of the water (k) and pressure. Therefore, by
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controlling the flow rate of the wafer (k) and pressure, it

is possible to control the quantity of steam,’relative

humidity and absolute humidity of the humidified air (c¢).
According to the air humidifier shown above, since

the steam (m) having the same pressure as the compressed

.air (b) does and the compressed air (b) cause to be merged

(mixed) along the flow of the compressed air (b), there
occurs less disturbance in the flow of the compressed air
(b), as compared with the well-known humidifying tower in
which compressed air and watérdrops are placed in contact
in opposite flow and directly, and pressure loss of the
compressed air (b) (humidified air (c)) can be reduced.
Further, the construction of the air humidifier is simple,
as compared with the conventional humidifying tower in
which compressed air and waterdrops are placed in contact
in opposite flow and directly, and the air humidifier can
be made compact. That is, in the conventional humidifying
tower, since waterdrops are changed into steam by making
use of heat the quaptity of the compressed air, it is
necessary to promote contact between the compressed air and
the waterdrops in order to obtain necessary the quantity of
steam, because of which the compressed air and the
waterdrops had to be placed in contact in opposite flow

through a porous medium. On the other hand, in the above-
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described air humidifier, saturated steam which is steam
containing therein a largest the quantity of moisture can
be obtained making use of not only.the heat the quantity of
compressed air but also the heat the guantity of water
itself resulting from expansion, because of which necessary
the quantity of steam can be secured not in opposite flow
or without a porous medium.

Further, according to the gas turbine electric power
generation equipment in the present embodiment provided

with the air humidifier as described above, since there is

less pressure loss of the compressed air (b) (humidified

air (c)) in the air humidifier 3, the pressure loss of a
working medium (combustion gas (e)) of the turbine 6 can be
reduced, and since the pressure of the working medium
(combustion gas (e)) of the turbine 6 at the inlet of the
turbine is high, output of electric power genefation can be
increased.

Another construction of the air humidifier 3 will be
described hereinafter.

FIG. 3 shows a structural view of another air
humidifier of the gas turbine electric power generation
equipment according to the first embodiment of the present
invention. In FIG. 3, reference numeral 3c and 3d

designate expanding portions in which water (k) expands; 83
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and 84 spray nozzles for spraying water (k); and 85 and 86
openings provided in a partitioning plate 80.

A difference from the air humidifier shown in FIG. 2
is that there are a plurality of expahding portions (3b, 3c
and 3d), and water (k) having different pressures are
sprayed. Water (k) supplied from the water line 61 is
sprayed from the spray nozzle 81, and is expanded in the
expanding portion 3b to generate steam (m). The expanding
portion 3b is communicated with the expanding portion 3c,
and the steam (m) generated in the expanding portion 3b is
sprayed from the spray nozzle 83. The steam (m) is further
expanded in the expanding portion 3c to generate steam (n).
The expanding portion 3¢ is communicated with the expaﬁding
portion 3d, and the steam (n) generated in the expanding
portion 3c is sprayed from the spray nozzle 84. The steam
(m) is further expanded in the expanding portion 3d to
generaté steam (o). That is, there occurs a relation of
(pressure of steam (m)) > (pressure of steam (n)) (pressure
of steam (o)) = (pressure of compressed air (b))}. The
pressure of the steam (o) corresponds tb the compressed air
(b) and the steam (o) flows into the merging portion 3a
from the opening 80 to merge with the compressed air (b).

According to the present air humidifier, expanding

range (pressure reducing width) in the expanding portion of
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water (k) is so small that the expansion of the water (k)
causes to occur gently whereby sound or vibration generated
when expanded can be made small. This is particularly
effective when pressure difference between the compressed
air (b) and the water (k) is large such as 50 atmospheric
pressures or more.

Further, FIG. 4 shows a structural view of still
another air humidifier of the gas turbine electric power
generation equipment according to tﬁe first embodiment of
the present invention. In FIG. 4, reference numeral 3e
designates a mixing.portion for mixing surplus water (h)
with compressed air (b), and 85 a spray nozzle for spraying
the surplus water (h).

A difference from the air humidifier shown in FIG. 3
is that a region to which the compressed'air (b) is
supplied is divided into a plurality of parallel merging
portion 3a and a mixing portion 3e. In the merging portion
3a, the compressed air (b) and steam (m) are merged, and in
the mixing portion 3e, the surplus water (h) from the
expanding portion 3d or the like is sprayed so that the
compressed air (b) and the surplus water (h) are mixed.
That is, in the mixing portion 3e, the compreséed air (b)
and the surplus water (h) are brought into direct contact.

According to the present air humidifier, since the
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surplus water (h) is vaporized in the mixing portion 3e,

“heat of gasification is carried away by the vaporization,

because of which a temperature of the surplus water (h)
discharged into the surplus water line 65 can be lowered.

Further, FIG. 5 shows a structural view of another
air humidifier of the gas turbine electric power generation
equipment according to the‘first embodiment of the present
invention. In FIG. 5, feference numeral 87 designates a
porous medium; 88 a turbine; 89 a compressor; 90 a turbine
rotor; and 91 a communicating portion in which a merging
portion 3a and a mixing portion 3e are communicated.

A difference from the air humidifier shown in FIG. 4
is that the porous medium 87 is arranged in the mixing
portion 3e to increase the amount of contact between thg
compressed air (b) and_the surplus water (h). When the
compressed air (b) and the surplus water (h) are brought
into contact using the porous medium 87, the amount of
contact between the compressed air (b) and the surplus
water (h) increases while the pressure loss of the
compressed air (b) (humidified air (c)) increases. So, by
making use of pressure energy of the water (k), the
compressed air (b) is compressed to COfrect the pressure
lowering of the compressed air (b).

That is, the water (k) is supplied to the turbine 88.
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On the other hand the compressed air (b) is supplied to the
compressor 89. In the turbine 88, by making use of fhe
expansion of the water (k), the moving blade of the turbine
is rotated, and the turbine rotor 90 is rotated. By making
use of the rotation of the turbine rotor 90, the compressor
89 connected to the other of the turbine rotor 90 is
rotated. Thereby, the compressed air (b) is further
compressed. The compressed air (b) compressed by the
compressor 89 is supplied to the mixing portion 3e. The
water (k) expanded in the turbine 88 is supplied to the
expanding portion 3b for further expansion to separate it
into steam (m) and surplus water (h). The steam (m) is
then supplied to the merging portion 3a and is merged with
the compressed air (b). On the other hand the surplus
water kh) is supplied to the mixing portion 3e to mix with
the compressed air (b) compressed by the compressor 89
through the porous medium 87. Thereby, it is possible to
prevent the pressure losé of the compressed air (b) in the
mixing portion 3e having the porous medium 87.

Another construction of the gas turbine electric
power generation equipment according to the present
invention will be described hereinafter.

‘FIG. 6 is a system diagram of gas turbine electric

power generation equipment according to a second embodiment
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of the present invention. In FIG. 6, reference numeral 17
‘designates an air humidifier for humidifying compressed air
(b): 18 a posteriorly disposed cooler for cooling the
compressed air (b); 35 to 37 pumps for boosting liquid; 69
a surplus water line through which surplus water (h) flows;
70 a compressed air line through which the compressed air
(b) cooled in the posteriorly disposed cooler 16 flows; and
71 to 74 water lines through which water (k) flows.

A difference from the gas turbine electric power
generatién equipment shown in FIG. 1 is that as the air
humidifier 17, there is used a well-known humidifying tower
in which compressed air and waterdrops are brought into
contact in opposite flow and directly, and that in the
exhaust gas reheater 11, exhaust gas (f) is heated using a
part of the water (k).

That is, the compressed air (b) is supplied to the
posteriorly disposed cooler 18 through the compressed air
line 51. The posteriorly disposed cooler 18 is a heat
exchanger of an opposite flow and indirect heat exchanging
type. In the posteriorly disposed cooler 18, the
compressed air (b) and the water (k) having passed through
the water line 61 are subjected to indirect heat exchanging
through a heat transfer pipe or the like whereby the

compressed air (b) is cooled to, for example, approximately
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100°C, and the water (k) is heated to, for example,
approximately 80°C. More preferably, the surplus water .(h)
having passed through the surplus water line 69 is merged
with the water (k) having passed through the water line 61
to supply it to‘the posteriorly disposed cooler 18.

The compressed air (b) cooled by the posteriorly
disposed cooler 18 is supplied to the air humidifier 17
through the compressed air line 70. On the other hand the
water (k) heated in the posterilorly disposed cooler 18 is
also supplied to the air humidifier 17 through the wafer
line 71. The water (k) having passed through the water
line 73 1s also supplied to the air humidifier 17. In the
air humidifier 17, the watér (k) having passed through the
water line 71 and the water (k) having passed through the
water line 73 are dropped while the compressed air (b)
having passed through the comp;essed air line 72 is blown
up upwardly from the bottom portion of the air humidifier
17 whereby the water (k) having passed through the water
line 71, the water (k) having passed through the water line
73, and the compressed air (b) having passed through the
compressed air line 72 are brought int6 contact in'an
opposite flow and directly to humidify the compressed air
(b). That is, the air humidifier 17 is to increase

moisture in air during the time till the compressed air (D)
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entered from the lower part thereof flows out from the
upper part thereof. Within the air humidifier 17, the
water (k) flows down from the upper portion toward the
bottom porti&n and comes in contact with air flowing upward
directly in an opposite flow state. The flowing-down water
(k) is that under the principle in which water loses latent
heat of vaporization when vaporized to lower its own
temperature, a temperature of the water (k) flowing down
from the upper portion lowers as it moves down, is lower,
at the lower end of the ailr humidifier 17 (i.e., in a state
of the surplus water (h)), than a temperature of the
compressed air (b) being flown into the air humidifier 17.
The surplus water (h) then recovers heat from the exhaust
gas (f) and is again supplied upward of the air humidifier
17. In the process of recovering heat, it is preferable
that to enable recovery to a region of temperature as low
as possible, a temperature of the surplus water (h) used
for heat recovery is low. It is necessary for obtaining
surplus water (h) of low temperature to lower a temperature
of the compressed alr (b) flowing into the air humidifier
17, because of which the posteriorly disposed cooler 18 is
provided.

The compressed air (b) humidified in the air

humidifier 17 is supplied, as humidified air (c), to the
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regenerator 4 via the humidified air 53. A part of the
surplus water (h) of the air humidifier 17 is discharged
from the bottom poftion of the air humidifier 17 and is
boosted in the pump 35 via the surplus water line 69, after
which it is mered with the water (k) having passed through
the water line 61 and is supplied to the posteriorly
disposed cooler 18.

A part or the whole of the surplus water (h) of the
air humidifier 17 is discharged from the bottom portion of
the air humidifier 17, and is boosted by the pump 36 via
the surplus water line 65, after which it is supplied, as
the water (k), to the water heater 8. In the water heater
9, the water (k) And the exhaust gas (f) are heat exchanged
to thereby heat the water (k).

A part of the water (k) heated by the water heater 9
is boosted by the pump 37 via the water line 72, and
thereafter supplied to the exhaust gas reheater 11. By the
heat exchange between the exhaust gas (f) and the water (k),
the exhaust éas (f) is heated to, for example,
approximately 140°C, and the water (k) is cooled to, for
example, approximately 77°C. The water (k) cooled by the

exhaust gas reheater 1l is again returned to the water

heater 9 via the water line 74. Preferably, a position

within the water heater 9 to which is returned the water
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(k) cooled by the exhaust gas reheater 11 (a connecting
point between the water heater 9 and the water line 74) is
upstream along the flow of the water (k) (i.e., on the low
temperature side of the water (k)) from a position within
the water heater 9 from which is discharged a part of the
water (k) hgated by the water heater 9 (i.e., a connecting
point between the water heater 9 and the water line 72).
According to the second embodiment, liquid which is
a part of the water (k) heated by the water heater 9 is
used, as a heating medium for heating exhaust gas (£f) in
the exhaust gés reheater 11, whereby the heat transfer
efficiency is high and the heat transfer area is small, as
compared with the case where gas is used as a heating
medium, thus making it possible to make the exhaust gas
reheater 11 compact. Thereby, the pressure loss of the
exhaust gas (f) in the exhaust gas reheater 11 can be
reduced. Since pressure of the exhaust gas (f£f) in the
chimney 12 is determined, when the pressure loss of the
exhaust gas (f) in the exhaust gas reheater 11 is reduced,
the pressure of the exhaust gas (f) at the outlet of the
turbine 6 can be made low. Since pressure difference
between the inlet of the turbine 6 and the outlet of the
turbine of a working medium (combustionigas (e)) of the

turbine 6 is large, power obtained in the turbine, that is,
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rotating force of the turbine rotor 8 is large, thus
enabling an increase of output of electric power gengration.

That is, even if a well-known humidifying tower for
bringing compressed air and waterdrops into contact in an
opposite flow and directly is used, as the air humidifier
17, the exhaust gas (f) is heated in the exhaust gas
reheater 11 making use of a part of the water (k) to.
thereby reduce the pressure loss of the exhaust gas (f),
thus enabling an increase of output of electric power
generation.

It is noted that even if the air humidifier shown in
FIGS. 2 to 5 is used, as the air humidifier 17 in the
second. embodiment, similar effects can be obtained.

FIG. 7 is a system diagram of gas turbine electric
power generation equipment according to a third embodiment'
of the present invention. In FIG. 7, referenceAnumeral 22
designates an adjusting valve for adjusting flow rate, and
75 and 76 blade cooling water lines through which blade
cooling water (p) flows.

A difference from the gas turbine electric power
generation equipment shown in FIG. 1 is that a part of
surplus water (h) cooled in the exhaust gas reheater 11 is
used to cool the turbine 6.

That is, a part of surplus water (h) cooled in the
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exhaust gas reheater 11 is supplied, as the blade cooling
water (p), to the turbine 6 via the blade cooling water
line 75. In the turbine 6, the blade cooling water (p) is
circulated in a turbine static blade or the like to cool
the turbine static blade or the like. The turbine static
blade or the like is cooled whereby the blade cooling water
(p) heated in the turbine 6 is merged with the watér (k)
having passed through the water line 61 via the blade
cooling water line 76 and is supplied to the air humidifier
3. That is, the compressed air (b) is humidified using the
blade cooling water (p) after having cooled the turbine
static blade or the like. The adjusting valve 22 may be
controlled, on the basis of at least one of output of
electric power generation or temperature of such as a
turbine static blade or temperature of the éombustion gas
(e) or the operating condition of the gas turbine electric
power generation equipment, to adjust the flow rate of the
blade cooling water (p).

According to the third embodiment, the turbine
static blade or the like can be cooled effiéiently in
addition to the effect of the first embodiment previously
mentioned. That is, since liquid which is the blade
cooling water (p) is used as a cooling medium of the

turbine static blade or the like, the heat transfer
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efficiency is better than cooling of the turbine static
blade or the like by the humidified air (c), and than well-
known steam cooling or well-known air cooling.

Further, since cooling media such as the humidified
air (c) for cooling of the turbine static blade or the like,
well-known steam cooling and well-known alr cooling
normally comprise air or steam contributed to electric
power generation, there posed a problem in that when the
air or steam is used for cooling the turbine static blade
or the like, generation efficiency lowers. However,
according to the third embodiment, the blade cooling water
(p) not contributed to electric power generation is used as
the cooling medium for the turbine static blade or the like,
to thereby enable prevention of the lowering of electric
power generation efficiency resulting from cooling of the

turbine static blade.

INDUSTRIAL APPLICABILITY

The gas turbine electric power generation equipment
and air humidifier according to the preéent invention are
utilized for the generation field for producing electric

power.
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Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
"comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a
stated integer or step or group of integers or steps but not
the exclusion of any other integer or step or group of
integers or steps.

The reference to any prior art in this specification is
not, and should not be taken as, an acknowledgment or any
form of suggestion that that prior art forms part of the

common general knowledge in Australia.
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CLAIMS

1. Gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a

{ turbine driven by the combustion gas generated by said
combustor; an electricity generator driven by said turbine
to generate electricity; and a water recovery unit for
cooling the burned exhaust gas discharged from said turbine
to recover moisture in said burned exhaust gas, said
equipment further comprising:

an exhaust gas reheater for heating the burned
exhaust gas discharged from said water recovery unit by
surplus water left in that usea for increasing the quantity

( of steam or relative humidity or absolute humidity of air
by said humidifier.

2. Gas turbine electric éower generation equipment
comprising: a humidifier for incfeasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor.for generating combustion gas by
humidified air obtained by said humidifier and fuel; a

turbine driven by the combustion gas generated by said
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combustor; an electricity generator driven by said turbine
to generate electricity: and a water recovery unit for
condensing moisture in the burned exhaust gas discharged
from said turbine, said equipment further comprising:

a heat exchanger for heat-exchanging between surplus
wéter left in that for increasing the quantity of steam or
relative humidity or absolute humidity of air by said
humidifier and the burned exhaust gas discharged from said
water recovery unit.

3. Gas turbine electric power generation equipment
comprising: a compressor for compressing air; a humidifier
for adding moisture to the compressed air obtained by said
compressor; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustof; an electricity generator driven by said turbine
( to generate electricity; a regenerator for heating said

humidified air supplied to said combustor by the burned
exhaust gas discharged from said turbine; a water heater
for heating water supplied to said humidifier by the burned
exhaust gas discharged from said regenerator; and a water
recovery unit for cooling the burned exhaust gas discharged
from said water heater to recover moisture in said burned

exhaust gas, said equipment further comprising:
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an exhaust gas reheater for heating the burned exhaust
gas discharged from said water recovery unit by surplus
water discharged from said humidifier, said water heater
heating the surplus water discharged from said exhaust gas
reheater to supply it to said humidifier.

4. The gas turbine electric power generation
equipment of claim 3, wherein the surplus water discharged
from said water recovery unit 1is supplied to an inlet of
said compressor.

5. The gas turbine electric  power generation
equipment of claim 3, wherein a part of water supplied to
sald humidifier is used to cool said turbine.

6. Gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by s=aid humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustor; an electricity generator driven by said turbine
to generate electricity; a water heater for heating water
supplied to said humidifier by heat of the burned exhaust
gas discharged from said turbine; and a water recovery unit
for cooling the burned exhaust gas discharged from said

water heater to recover moisture in said burned exhaust gas,
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said equipment further comprising:

an exhaust gas reheater for heating the burned
exhaust gas discharged from said water recovery unit by a
part of water obtained by being heated by said water heater.

7. Gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustor; an electricity generator driven by said turbine
to generate electricity; a first heat exchanger for heat-
exchanging between the burned exhaust gas discharged from
sald turbine and water supplied to said humidifier; and a
water recovery unit for condensing moistufe in the burned
exhaust gas discharged from said first heat exchanger, said
equipment further comprising:

a second heat exchanger for heat-exchanging between
a part of water obtained by said first heat exchanger and
the burned exhaust gas discharged from- said water recovery
unit.

8. Gas turbine electric power generation equipment
comprising: a compressor for compressing air; a humidifier

for adding moisture to the compressed air obtained by said
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compressor; a combustor for generating combustion gas by

humidified air obtained by said humidifier and fuel; a

turbine driven by the combustion gas generated by said

combustor; an electricity generator driven by said turbine

to generate electricity; a regenerator for heating said

humidified air supplied to said combustor by the burned
exhaust gas discharged from said turbine; a water heater for
heating water supplied to said humidifier by the burned

exhaust gas discharged from said regenerator; and a water

recovery unit for cooling the burned exhaust gas discharged
from said water heater to recover moisture in said burned
exhaust gas, said equipment further comprising:

an exhaust gas reheater for heating the burned exhaust
gas discharged from said water recovery unit by a part of

water obtained by being heated by said water heater, said

water heater heating waste water discharged from said

exhaust gas reheater to supply it to said humidifier.

9. Gas turbine electric power generation equipment

comprising: a humidifier for increasing at least one of a

quantity of steam, relative humidity, and absolute humidity

of air; a combustor for generating combustion gas by

humidified air obtained by said humidifier and fuel; a

turbine driven by the combustion gas generated by said

combustor; an electricity generator driven by said turbine

to generate electricity, and a water recovery unit for

cooling burned exhaust gas discharged from said turbine to
recover moisture in said burned exhaust gas, said equipment

further comprising
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a heat exchanger for heat-exchanging between surplus
water left in that used for increasing the quantity of steam
or relative humidity or absolute humidity of said air by
said humidifier and the burned exhaust gas discharged from
said water recovery unit, said humidifier causing steam
having pressure as high as said air to merge with said air
to increase at least one of the quantity of steam, relative
humidity, and absolute humidity of said air.

10. The gas turbine electric  power generation
equipment of claim 9, wherein said steam is saturated steam.

11. Gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustor; and an electricity generator driven by said
turbine to generate electricity,

wherein said humidifier comprises an expanding portion
for expanding compressed water higher in pressure than said
air to pressure as high as said air, and a mixing portion
for mixing steam obtained in said expanding portion with
said air.

12. Gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by

humidified air obtained by said humidifier and fuel; a
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turbine driven by the combustion gas generated by =aid
combustor; and an electricity generator driven by said
turbine to generate electricity,

wherein said humidifier comprises a flow path through
which said air flows, a vaporizing portion to jet and
vaporize compressed water higher in pressure than said air,
and a partitioning plate for partitioning said flow path and
said wvaporizing portion, said partitioning plate being
provided with a communication portion for communicating said
flow path with said vaporizing portion.

13. Gas turbine electric power generation equipment
comprising: a humidifier for increasing at least one of a
quantity of steam, relative humidity, and absolute humidity
of air; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustor; and an electricity generator driven by said
turbine to generate electricity,

wherein said humidifier comprises a partitioning means
whose part is opened to partition the interior of said
humidifier, said air is introduced into one partitioned by
said partitioning means, and compressed water higher in
pressure than said air is jetted on the other partitioned by
said partitioning means.

14. The gas turbine electric power generation

equipment of claim 13, wherein said partitioning means
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divides the interior of said humidifier in substantially
straight direction relative to the introducing direction of
said air.

15. Gas turbine electric power generation equipment
comprising: a compressor for compressing air; a humidifier
for adding moisture to the compressed air obtained by said
compressor; a combustor for generating combustion gas by
humidified air obtained by said humidifier and fuel; a
turbine driven by the combustion gas generated by said
combustor; an electricity generator driven by said turbine
to generate electricity: a regenerator for heating said
humidified air supplied to said combustor by the burned
exhaust gas discharged from said turbine; a water heater
for heating water supplied to said humidifier by the burned
exhaust gas diécharged from said regenerator; and a water
recovery unit for cooling the burned exhaust gas discharged
from said water heater to recover moisture in said burned
exhaust gas,

wherein said humidifier comprises a flow path
through which said compressed air flows, and a gas and
liquid separating portion communicated with said flow path
to jet water heated by said water heater to separate it
into steam and water, and said equipment further comprises

a heat exchanger for heat-exchanging between water
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separated by said gas and liquid separating portion and the
burned exhaust gas discharged from said water recovery unit.

16. A humidifier for adding moisture to air supplied
to a combustor comprising a partitioning means whose part is
opened to partition the interior of said humidifier, an
introducing port for introducing said air into one
partitioned by said partitioning means, and a nozzle for
jetting water into the other partitioned by said
partitioning means.

17. A humidifier for increasing at least one of a
quantity of steam or relative humidity or absolute humidity
of a working fluid of a turbine comprising a partitioning
means whose part is opened to partition the interior of said
humidifier, an introducing port for introducing said working
fluid into one partitioned by said partitioning means, and a
nozzle for jetting water into the other partitioned by said
partitioning means.

18. Gas turbine electric power generation equipment
substantially as hereinbefore described, with reference to
the accompanying drawings.

19. A humidifier substantially as hereinbefore

described, with reference to the accompanying drawings.

DATED this 18™ day of March, 2003
HITACHI, LTD.
By its Patent Attorneys

Davies Collison Cave
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