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ABSTRACT OF THE DISCLOSURE

The gas turbine system (GT) includes a combustor (2) having a fuel
injection nozzle assembly (4) for jetting hydrogen gas (H) and pure water (W), a
reservoir (12) for pooling the pure water (W) to be supplied to the combustor (2),
a gas compressing device (10) for boosting the hydrogen gas (H) to be supplied
to the combustor (2), a fuel supply passage (6) for guiding the boosted hydrogen
gas (H) towards the combustor (2), and a pressurizing passage (16)
communicating between the reservoir (12) and the fuel supply passage (6) for

pressurizing the pure water (W) by means of the boosted hydrogen gas (H).
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GAS TURBINE SYSTEM

CROSS REFERENCE TO THE RELATED APPLICATION

This application is based on and claims Convention priority to
Japanese patent application No. 2011-240818, filed November 2, 2011, the entire
disclosure of which is herein incorporated by reference as a part of this
application.

BACKGROUND OF THE INVENTION
(Field of the Invention)

The present invention relates to a gas turbine system of a type in
which the emission of NOx is reduced by injecting water or water vapor into a
combustor.

(Description of Related Art)

A reference herein to a patent document or other matter which is given as prior art is not
to be taken as an admission that that document or matter was known or that the
information it contains was part of the common general knowledge as at the priority
date of any of the claims.

Throughout the description and claims of the specification, the word "comprise" and
variations of the word, such as "comprising” and "comprises", is not intended to exclude
other additives, components, integers or steps.

In recent years, the low-level NOx emission in and the increase of the
efficiency of the gas turbine engine are issues of concern. To achieve the
low-level NOx emission, injection of water or water vapor into a combustor is
generally practiced in the art concerned. In this connection, see, for example,
the patent documents 1 and 2 listed below.

[Prior Art Literature]
Patent Document 1:  JP Laid-open Patent Publication No. 2001-041454
Patent Document 2:  JP Laid-open Patent Publication No. 2004-278875
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It has, however, been found that since in the practice of the patent
documents 1 and 2 referred to above, a steam is injected into the combustor
according to a pressurized injection system, it 1S necessary to inject the steam
under a high pressure in order to supply it into the combustor at a uniform
density and, accordingly, supplemental equipments such as, for example, a
booster apparatus and a driving power source therefor are required. As a result,
the heat efficiency of the gas turbine system as a whole is rendered to be worse.
SUMMARY OF THE INVENTION

In view of the foregoing, the present invention has been devised to
provide a gas turbine system of a type in which an incidental equipment for
supplying water or a water vapor is simplified to thereby reduce the NOx
emission at a high efficiency.

According to the present invention, there 1s provided a gas turbine
system which comprises: a combustor, having a fuel injection nozzle assembly to
inject a gas fuel and an injection water; a reservoir to pool the injection water to
be supplied to the combustor; a fuel boosting unit to increase the pressure of the
gas fuel to be supplied to the combustor; a fuel supply passage to supply the
boosted gas fuel into the combustor; and a pressurizing passage communicated
with the reservoir and the fuel supply passage to increase the pressure of the
injection water by the aid of the boosted gas fuel, in which the fuel boosting unit
comprises a gas compressing device.

According to the present invention, since with the use of the boosted
gas fuel the injection water is pressurized, no extra equipments such as, for
example, a device for pressurizing the injection water and a power device
therefor is needed and, therefore, a highly efficient reduction of the NOx
emission can be realized while the system as a whole 1s simplified.

In a preferred embodiment of the present invention, the combustor

referred to above is preferably of a premixing type in which the gas fuel and the
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injection water are premixed. According to this structural feature, with the use
of the premixing type of combustor capable of atomizing the injection water by
the effect of the flow of the gas fuel, not a pressure atomizer type in which the
injection water is supplied under a high pressure to atomize it, the injection
pressure of the injection water can be effectively suppressed, and therefore,
pressurization by the effect of the flow of the gas fuel can readily be achieved.
As a result, simplification of accessory equipments and the highly efficient

reduction of the NOx emission can be easily realized.
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Where the premixing type is employed for the combustor, the gas fuel
is preferably a hydrogen gas. As is well known to those skilled in the art,
hydrogen has a low energy density per unitary volume, and, therefore, where the
supply of the hydrogen in a calorie comparable with that of a natural gas is
desired, hydrogen gas need be supplied in a quantity that is three to four times in
volume ratio than natural gas and the flow or flow velocity of the hydrogen past a
nozzle assembly must be three to four times that with the natural gas. However,
according to the use of the gas fuel in the form of hydrogen as referred to above,
the injection water can be atomized by the effect of the fast flow of the hydrogen
and premixing of the injection water with a substantial quantity of the hydrogen
gas can be accelerated. As a result thereof, it is possible to efficiently suppress
the flame temperature with a minimized quantity of the injection water and,
hence, a highly efficient reduction of the NOx emission can be realized.

In another preferred embodiment of the present invention, the gas
turbine system of the present invention may also includes a pure water making
device to manufacture the injection water in the form of a pure water. When the
pure water making device is simultaneously operated during the operation of the
gas turbine engine, the electric power consumption is rendered to be high.
However, according to the use of the pure water making device in the gas turbine
system, the pure water so prepared can be pooled in the reservoir and, therefore,
it is possible to employ such an operating schedule that, for example, the purer
water making device may be operated in the night, during which the electric
power consumption is low, to allow a quantity of the pure water needed in one
day to be pooled in the reservoir and, instead, the pure water making device may
not be operated during the operation of the gas turbine engine. Accordingly, the
electric power consumption can be suppressed, and also the amount of the pure
water used can be saved, and, as a result, a highly efficient reduction of the NOx

emission can be realized.
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In a further preferred embodiment of the present invention, the fuel
boosting unit may be employed in the form of a gas compressing device. Also,
the fuel boosting unit referred to above may include a liquid fuel compressing
device to boost the pressure of a liquid fuel and an evaporator to generate the gas
fuel from the boosted liquid fuel.

Any combination of at least two constructions, disclosed in the
appended claims and/or the specification and/or the accompanying drawings
should be construed as included within the scope of the present invention. In
particular, any combination of two or more of the appended claims should be
equally construed as included within the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In any event, the present invention will become more clearly
understood from the following description of preferred embodiments thereof,
when taken in conjunction with the accompanying drawings. However, the
embodiments and the drawings are given only for the purpose of illustration and
explanation, and are not to be taken as limiting the scope of the present invention
in any way whatsoever, which scope is to be determined by the appended claims.
In the accompanying drawings, like reference numerals are used to denote like
parts throughout the several views, and:

Fig. 1 is a schematic structural diagram showing a gas turbine system
designed in accordance with a first preferred embodiment of the present
invention;

Fig. 2 is a longitudinal sectional view showing a combustor for a gas
turbine engine employed in the gas turbine system;

Fig. 3 is a longitudinal sectional view showing a fuel injection nozzle
assembly employed in the combustor of Fig. 2;

Fig. 4 is a longitudinal sectional view showing the fuel injection

nozzle assembly employed in the combustor in a comparable example;
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Fig. 5 is a chart showing the emissions of NOx component exhibited
respectively by the gas turbine engine of the first embodiment and the
conventional gas turbine engine;

Fig. 6 is a chart showing the injection pressures of the injection water
exhibited respectively by the gas turbine engine of the first embodiment and the
conventional gas turbine engine;

Fig. 7 is a schematic structural diagram showing the gas turbine
system designed in accordance with a second preferred embodiment of the
present invention;

Fig. 8A is a longitudinal sectional view showing the fuel injection
nozzle assembly of a different mixing type;

I'ig. 8B is a front elevational view of the fuel injection nozzle
assembly shown in Fig. 8A;

Fig. 9A is a longitudinal sectional view showing the fuel injection
nozzle assembly of another different mixing type;

Fig. 9B is a front elevational view of the fuel injection nozzle
assembly shown in Fig. 9A;

Fig. 10A is a longitudinal sectional view showing the fuel injection
nozzle assembly of a yet different mixing type; and

Fig. 10B is a front elevational view of the fuel injection nozzle
assembly shown in Fig. 10A.

DESCRIPTION OF PREFERRED EMBODIMENTS

Hereinafter, some preferred embodiments of the present invention
will be described in detail with reference to the accompanying drawings.

In particular, Fig. 1 illustrates a schematic structure of a gas turbine
system designed in accordance with a first preferred embodiment of the present
invention. Referring to Fig. 1, a gas turbine engine GT includes, as major
constituent components, a compressor 1, a combustor 2 and a turbine 3, and an

electric power generator unit PU is connected with the gas turbine engine GT.
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The combustor 2 includes a fuel injection nozzle assembly 4, which is in turn
fluid connected with a fuel supply passage 6 and an injection water introducing
passage 8. The fuel supply passage 6 is a passage through which hydrogen gas
H, which is a gas fuel, is supplied to the combustor 2, whereas the injection water
introducing passage 8 is a passage through which a pure water W, i.e., an
injection water is supplied to the combustor 2.  The pure water W is supplied for
the purpose of lowering the flame temperature within the combustor 2 to thereby
lower the NOx emission.

A compressed air A, fed from the compressor 1, and a hydrogen gas
H, fed from the fuel injection nozzle assembly 4, are burned within the
combustor 2 to produce a high temperature, high pressure combustion gas G,
which is in turn supplied to the turbine 3 to drive the latter. The compressor 1
referred to above is driven by the turbine 3 through a rotary shaft 9 so that a load
such as the electric power generator unit PU may be driven by the turbine 3.

The fuel supply passage 6 is provided with a gas compressing device
10 which serves as a fuel boosting unit for boosting the pressure of the hydrogen
gas H. This gas compressing device 10 is operable to boost the pressure of the
hydrogen gas, which is low in pressure, to generate a high pressure hydrogen gas
H, and the hydrogen gas H so boosted is supplied to the combustor 2 through the
fuel injection nozzle assembly 4.

The injection water introducing passage 8 is provided with a reservoir
12 and a pure water making device 14. The pure water making device 14
makes the pure water W from tap water in any known manner utilizing an ion
exchange resin or a reverse osmosis membrane, and the pure water W so made
by the pure water making device 14 is pooled in the reservoir 12. The fuel
supply passage 6 and the reservoir 12 are communicated with each other through
a pressurizing passage 16 and, hence, the pure water W pooled in the reservoir 12
is pressurized by the hydrogen gas H then boosted in pressure by the gas

compressing device 10 before the pure water W is supplied into the combustor 2

—<6>—



10

15

20

25

through the fuel injection nozzle assembly 4. In other words, the fuel injection
nozzle assembly 4 supplied the hydrogen gas H and the pure water W into the
combustor 2.

As shown in Fig. 2, the combustor 2 is of a premixing type in which
the hydrogen gas H and the pure water W are mixed together within the fuel
injection nozzle assembly 4 before they are supplied therethrough into the
combustor 2. Specifically, the fuel injection nozzle assembly 4 is of an internal
mixing system for atomizing the pure water W by the effect of the flow (flow
current) of the hydrogen gas H, and, after the hydrogen gas H and the pure water
W have been premixed within the fuel injection nozzle 4, the resultant mixture is
injected into a combustion chamber 24 of the combustor 2.

As shown in Fig. 3, the fuel injection nozzle assembly 4 has an
annular injection water passage 26, defined therein for the flow of the pure water
W, and an annular gas fuel passage 28 also defined therein so as to surround
radially outwardly a portion of the injection water passage 26. This gas fuel
passage 28 has a downstream end, with respect to the direction of flow of the
hydrogen gas towards the combustor 2, which downstream end is communicated
with a mixing passage 30. The pure water W is injected into the mixing passage
30 from a radially outwardly oriented injection region 32 defined in a
downstream end portion of the injection water passage 26, to allow the pure
water W so injected to be atomized by the effect of the flow of the hydrogen gas
H and then premixed with the hydrogen gas H.

The mixing passage 30 includes a throttling region 30a that form an
upstream portion of the mixing passage 30 and an annular region 30b that forms
a downstream portion of the mixing passage 30, and the throttling region ’30a is
comprised of a plurality of axial passageways which are circumferentially
equidistantly spaced from each other about the longitudinal axis of the nozzle
assembly 4. The radially outwardly oriented injection region 32 referred to

above is facing each of the axial passages in the throttling region 30a. When
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the pure water W is injected into the flow of the hydrogen gas H then flowing at
high speed within the throttling region 30a, the pure water W is effectively
atomized and the resultant mixture of the hydrogen gas H and the pure water W
is homogenized within the annular region 30b so as to have a circumferentially
uniform distribution of concentration. The annular region 30b has a
downstream end which is communicated with a plurality of injection holes 34
formed in the fuel injection nozzle assembly 4 so as to be circumferentially
equidistantly spaced from each other, and the premix of the hydrogen gas H and
the pure water W formed in the mixing passage 30 is eventually injected into the
combustion chamber 24 through the injection holes 34. The number of the
injection holes 34 employed is, for example, within the range of 8 to 12.

One example of the operation of the gas turbine system of the
structure described hereinbefore will now be described.

At the outset, in the night during which the gas turbine engine GT is
not operated, the pure water making device 14 shown in Fig. 1 is run by the use
of an external electric power available in the night to make the pure water W of a
quantity, which may be used in one day, and the pure water W so made is
thereafter pooled in the reservoir 12.

Thereafter, in the daytime, the gas turbine engine GT is operated to
provide an electric power. At this time, without the pure water making device
14 being operated, only the gas compressing device 10 is operated by the use of
the external electric power. Upon and after the operation of the gas

compressing device 10, a major portion of the high pressure hydrogen gas H

| boosted by the gas compressing device 10 in the manner hereinbefore discussed

is supplied to the fuel injection nozzle assembly 4 through the fuel supply
passage 6, and a portion thereof is guided into the reservoir 12 through the
pressurizing passage 16. The pure water W pooled in the reservoir 12 during
the night is pressurized by the high pressure hydrogen gas H, which has been

introduced into the reservoir 12 through the pressurizing passage 16, and is then
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supplied to the fuel injection nozzle assembly 4 through the injection water
introducing passage 8. The fuel injection nozzle assembly 4 premixes the
supplied high pressure hydrogen gas H and pure water W together and then
injects the resultant mixture into the combustor 2. The hydrogen gas H jetted
into the combustor 2 is burned within the combustor 2 together with the
compressed air A supplied from the compressor 1.

A series of verifying experiments were conducted on the gas turbine
system of the first embodiment.

The gas turbine system used as a comparison example was of a
structure generally similar to the above described gas turbine system of the first
embodiment, but differs therefrom in that, in place of the reservoir 12 and the
pressurizing passage 16 both employed in the practice of the foregoing
embodiment, a water pressurizing device such as, for example, a high pressure
pump was employed on one hand and, on the other hand, a fuel injection nozzle
assembly 4A was of a pressure atomizer type as shown in Fig. 4, not of the
internal mixing system. With the pressure atomizer type, the pure water W is,
after having been boosted in pressure by a water pressurizing device (not shown),
supplied to the injection nozzle assembly 4A and is subsequently jetted into the
combustion chamber 24 through the plurality of injection holes 46, which were
different from the plurality of injection holes 44 for the hydrogen gas H, to allow
the pure water W to be mixed with the hydrogen gas H within the combustion
chamber 24.

Fig. 5 illustrates a chart showing the NOx emission versus the amount
of the pure water injection and Fig. 6 illustrates a chart showing the injection
pressure of the pure water W versus the amount of the pure water injection. As
shown in Fig. 5, according to the gas turbine system of the structure described in
connection with the foregoing embodiment, as the amount of the pure water
injection increases, the NOx emission gradually lowers as compared with that

exhibited by the gas turbine system according to the comparative example shown
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in Fig. 4, and the NOx emission exhibited by the gas turbine system of the first
embodiment is half or smaller than that exhibited by the comparative example at
100 kg/hr. of the pure water injection amount.

Also, as shown in Fig. 6, in the gas turbine system according to the
foregoing embodiment, even though the amount of the pure water injection
increases, the injection pressure of the pure water does not increase so much and,
when the amount of the pure water injection is in the vicinity of 100 kg/hr., the
injection pressure of the pure water is one third or smaller than that exhibited by
the gas turbine system according to the comparative example shown in Fig. 4.

In particular, the hydrogen gas H has an excellent flame holding
capability, but is liable to a high NOx emission, because the combustion
temperature is high as compared with the natural gas, and does also result in
formation of flames in the vicinity of the fuel injection nozzle assembly 4
because of a high burning velocity. Because of that, with the combustor of the
pressure atomizer type shown in Fig. 4, it is difficult to effectively mix the pure
water W into the flames and, therefore, reduction of the NOx emission is difficult
to achieve. Moreover, atomization of the pure water W within the combustion
chamber 24 requires the pure water to be jetted under a high pressure.

In contrast thereto, with the combustor 2 of the premixing type shown
in Fig. 3 and employed in the practice of the foregoing embodiment, the
hydrogen gas H and the atomized pure water W can be sufficiently mixed
together and, therefore, there is no need to inject the mixture into the combustion
chamber 24 under a high pressure through the fuel injection nozzle assembly 4.
Also, since the hydrogen gas H has a low density, the supply of a gas in a
quantity equal to three to four times in volume ratio is needed in order to supply
the same calorie of the natural gas and, as a result, the fluid velocity through the
fuel injection nozzle assembly 4 shown in Fig. 3 is rendered to be three to four
times. Accordingly, in the mixing passage 30 in the fuel injection nozzle

assembly 4, the pure water W can be effectively atomized by the relatively
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high-speed flow of the hydrogen gas H and the premixing of the pure water W
with the substantial amount of the hydrogen gas H can be accelerated.

In the construction described herein above, since using the boosted
hydrogen gas G the pure water W within the reservoir 12 is pressurized,
accessory equipments such as, for example, a device for pressurizing the pure
water W and an electric power therefor are no longer needed. Therefore, the
highly efficient reduction of the NOx emission can be realized while the system
in its entirety, including the gas turbine engine GT, is simplified. |

Also, as shown in Fig. 3, since the combustor 2 is of a premixing type
in which the hydrogen gas H and the pure water W are premixed together, the
injection pressure of the pure water W can be suppressed as compared with
combustion with the pressure atomizer type, and the pressurization by the
hydrogen gas H through the pressurizing passage 16 can be facilitated. As a
result thereof, simplification of the accessory equipment as well as the high
efficient reduction of the NOx can be easily realized.

In addition, since the flow of the hydrogen gas is rendered to be larger
than that of the natural gas, the premixing with the pure water W by the effect of
the fast flow of the hydrogen gas H is accelerated and, therefore, the reduction of
the NOx emission can be realized by efficiently lowering the flame temperature
with a small amount of the pure water W.

As discussed hereinbefore, since the amount of the pure water W used
is minimized, it is possible that by making the pure water W during the night, in
which the electric power consumption is low, with the use of the pure water
making device 14 shown in Fig. 1, the pure water W in a quantity required in one
day can be pooled within the reservoir 12. As a result, there is no need to
operate the pure water making device 14 during the operation of the gas turbine
engine GT, and therefore, the electric power consumption during the daytime can
be suppressed and, yet, as compared with the combustor of the pressure atomizer

type that requires the pure water to be continuously injected under a high
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pressure during the operation of the gas turbine engine G, the amount of the pure
water W used can be saved and the highly efficient reduction of the NOx
cmission can be realized.

The gas turbine system designed in accordance with a second
preferred embodiment of the present invention is shown in Fig. 7. This second
embodiment is substantially similar to the previously described first embodiment,
but differs therefrom in that, instead of the use of the gas compressing device 10
employed in the practice of the previously described first embodiment for
boosting the low pressure hydrogen gas, a liquid hydrogen compressing device
40, which is a fuel boosting unit, is employed to boost a liquid hydrogen to allow
the high pressure hydrogen gas H to be produced in an evaporator 42. Other
structural features than that described above are similar to those in the previously
described first embodiment. Even in the practice of this second embodiment,
effects similar to those afforded by the first embodiment can be equally obtained.

It is to be noted that the structure of the fuel injection nozzle
assembly 4 employed in any one of the foregoing embodiments of the present
invention may not be necessarily limited to that shown and described and may be
of the mixing type such as shown in any one of Figs. 8A and 8B to Figs. 10A and
10B.

Specifically, Figs. 8A and 8B illustrate the fuel injection nozzle
assembly 4B of an external mixing system. In the fuel injection nozzle 4 of the
internal mixing system shown in Fig. 3 it is so designed and so configured as to
mix the gas fuel, such as the hydrogen gas H, and the injection water (pure water
W) in the mixing passage 30 within the nozzle assembly 4. In contrast thereto,
the fuel injection nozzle assembly 4B of the external mixing system shown in
Figs. 8A and 8B is so designed and so configured as to perform the mixing
outside the nozzle assembly 4B, specifically so designed and so configured that,
after the gas fuel H and the injection water W have been merged together, they

can be jetted from injection holes 34B to the outside of the nozzle assembly 4B
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to allow them to be mixed together. The injection holes 34B are disposed in
double circular rows coaxial with each other and, also, with the longitudinal axis
C of the fuel injection nozzle assembly 4B.

Figs. 9A and 9B illustrate a fuel jetting nozzle assembly 4C of a Y-jet
type injector. In the fuel injection nozzle assembly 4 of the internal mixing
system shown in Fig 3 it is so designed and so configured that the jetted injection
water W is jetted in a radial direction from the radially outwardly oriented
injection region 32, which is provided at the downstream end portion of the
injection water passage 26 to allow the gas fuel H and the injection water W to be
mixed together. In contrast thereto, the fuel injection nozzle assembly 4C of the
Y-jet type injector shown in Figs. 9A and 9B is so designed and so configured
that an injection region 32C, which is gradually inclined radially inwardly
towards a downstream side, is provided at a downstream end of an annular gas
fuel passage 28C. The injection region 32C referred to above is in a plural
number and arranged in a circumferential direction and, when the gas fuel H is
injected from this injection region 32C in a slantwise direction, the gas fuel H
can be mixed with the injection water W then inflowing from the injection water
passage 26C at a center portion, and the resultant mixture is subsequently
injected from injection holes 34C. The injection holes 34C referred to above
are disposed in triple circular rows coaxial with each other and, also, with the
longitudinal axis C of the fuel injection nozzle assembly 4C.

Figs. 10A and 10B illustrate the fuel injection nozzle assembly 4D of
a gas blast atomizing system. The illustrated fuel injection nozzle 4D is
provided with an annular inner gas fuel passage 28Di and an annular outer gas
fuel passage 28Do, which are positioned radially inwardly and outwardly of an
annular injection water passage 26D, and also is provided with swirlers 50 and
52 at respective downstream portions of the inner and outer gas fuel passages
28Di and 28Do. In a condition in which the gas fuel H then flowing through the

inner and outer gas fuel passages 28Di and 28Do is swirled by the swirlers 50
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and 52, the gas fuel H is mixed with an injection water W in the form of thin
annular layer to provide the atomized mixture at the outside of the fuel injection
nozzle assembly 4D.

Although the present invention has been fully described in connection
with the preferred embodiments thereof with reference to the accompanying
drawings which are used only for the purpose of illustration, those skilled in the
art will readily conceive numerous changes and modifications within the
framework of obviousness upon the reading of the specification herein presented
of the present invention. Accordingly, such changes and modifications are,
unless they depart from the scope of the present invention as delivered from the
claims annexed hereto, to be construed as included therein.

[Reference Numerals)

1 ---- Compressor
-~ Combustor
-+ Turbine

-+ Fuel injection nozzle assembly

N W

-+ Fuel supply passage
10 ---- Gas compressing device (Fuel boosting unit)
12 ---- Reservoir
14 ---- Pure water making device
16 ---- Pressurizing passage
40 ---- Liquid hydrogen compressing device (Fuel boosting unit)
42 ---- Evaporator (Fuel boosting unit)
GT ---- Gas turbine engine
H ---- Hydrogen gas (Gas fuel)

W ---- Pure water (Injection water)
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The claims defining the invention are as follows
1. A gas turbine system which comprises:

a combustor, having a fuel injection nozzle assembly to inject a gas fuel
and an injection water;

a reservoir to pool the injection water to be supplied to the combustor;

a fuel boosting unit to increase the pressure of the gas fuel to be supplied to
the combustor;

a fuel supply passage to supply the boosted gas fuel into the combustor;
and

a pressurizing passage communicated with the reservoir and the fuel supply
passage to increase the pressure of the injection water by the aid of the boosted
gas fuel, in which the fuel boosting unit comprises a gas compressing device.
2. The gas turbine system as claimed in claim 1, in which the combustor
1s of a premixing type in which the gas fuel and the injection water are premixed.
3. The gas turbine system as claimed in claim 2, in which the gas fuel
comprises a hydrogen gas.
4. The gas turbine system as claimed in any one of claims 1 to 3, further
comprising a pure water making device to manufacture the injection water in the
form of a pure water.
5. The gas turbine system as claimed in any one of claims 1 to 4, further
comprising an injection water introducing passage configured to connect between
the combustor and the reservoir, in which the injection water is supplied to the

combustor via the injection water introducing passage.
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