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(54) Axial-flow turbine and power plant including the same

(57) An axial-flow turbine (10) according to an em-
bodiment includes a plurality of nozzle structures (20)
and a plurality of blade structures (40). At least one nozzle
structure includes an outer ring diaphragm (21) and an
inner ring diaphragm (22). The outer ring diaphragm and
the inner ring diaphragm form an annular opening portion
which extends in a circumferential direction therebe-
tween. A nozzle (25) is provided in a portion of a region
of the annular opening portion in the circumferential di-

rection, and a closing part (30) is provided in another
portion of the region of the annular opening portion in the
circumferential direction. The closing part closes this oth-
er portion of the region to prevent a working fluid from
flowing into this other portion of the region. A closing part
medium passage (33) is provided in the closing part and
is configured to flow a cooling medium which cools the
closing part.
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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present invention is based on, and claims
priority from, Japanese Patent Application No.
2013-048114 filed on March 11, 2013, the entire contents
of which are hereby incorporated by reference.

FIELD

[0002] Embodiments relate to an axial-flow turbine and
a power plant including the axial-flow turbine.

BACKGROUND

[0003] In recent years, it is desired in the field of a pow-
er plant including an axial-flow turbine to improve power
generation efficiency and also to suppress the amount
of generated gas such as CO2, SOx, and NOx, to sup-
press global warming.
[0004] In a thermal power plant using an axial-flow tur-
bine such as a steam turbine or a gas turbine, as an
effective technique to improve the power generation ef-
ficiency, the temperature of working fluid supplied to the
axial-flow turbine, that is, the temperature of the turbine
inlet, is raised.
[0005] Further, when a volumetric flow rate of the work-
ing fluid flowing into the axial-flow turbine is small, a throat
area (minimum passage area) between nozzles (stator
vanes) needs to be reduced. Consequently, the airfoil
height of the nozzle needs to be designed small. In this
case, the secondary flow becomes significant between
the nozzles and the secondary loss increases, which may
cause a drop in performance of the axial-flow turbine.
For this reason, in the case when a volumetric flow rate
of the working fluid is small, suppressing the drop in per-
formance of the turbine as well as suppressing the sec-
ondary flow may be difficult.
[0006] In a steam turbine, when a volumetric flow rate
of the working fluid is small, a so-called partial admission
structure is applied to suppress the secondary flow. Gen-
erally, a plurality of nozzles is arranged in the whole cir-
cumference of an annular opening portion formed be-
tween an outer ring diaphragm and an inner ring dia-
phragm of the steam turbine. The working fluid flows into
the whole circumference of the annular opening portion.
On the contrary, the partial admission structure is a struc-
ture in which the working fluid flows into a portion of a
region of the annular opening portion in the circumferen-
tial direction and another portion of the region is closed.
That is, a plurality of nozzles is arranged in one portion
of the region of the annular opening portion in the cir-
cumferential direction, and no nozzle is provided in sec-
ond portion of the region. The second region is closed
so that the working fluid will not flow there into. In this
case, by changing the ratio of the closed region to the
whole region of the annular opening portion, the height

of the nozzle can be adjusted to be larger. Therefore, in
the case when the volumetric flow rate of the working
fluid is small, the secondary flow can be suppressed and
the drop in performance of the axial-flow turbine can be
suppressed. Generally, such partial admission structure
is preferably used in a speed control stage of a steam
turbine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Fig. 1 is a figure illustrating a general configuration
of a power plant according to a first embodiment of
the present invention;
Fig. 2 is a general view illustrating an example of an
axial-flow turbine used in the power plant in Fig. 1;
Fig. 3 is a partial cross sectional view of the axial-
flow turbine in Fig. 2;
Fig. 4 is a view of the nozzle structure in Fig. 3 viewed
from the axial direction of the turbine rotor;
Fig. 5 is a partial perspective view of the nozzle struc-
ture in Fig. 3;
Fig. 6 is a partial cross sectional view of the axial-
flow turbine according to a second embodiment of
the present invention;
Fig. 7 is a perspective view illustrating a circumfer-
ential end portion of a closing part according to a
third embodiment of the present invention;
Fig. 8 is a partial perspective view illustrating a nozzle
structure according to a fourth embodiment of the
present invention;
Fig. 9 is a view of a nozzle structure viewed from the
axial direction of the turbine rotor according to a fifth
embodiment of the present invention;
Fig. 10 is a partial cross sectional view of an axial-
flow turbine according to a sixth embodiment of the
present invention;
Fig. 11 is a partial cross sectional view of an axial-
flow turbine according to a seventh embodiment of
the present invention;
Fig. 12 is a partial cross sectional view of an axial-
flow turbine according to a eighth embodiment of the
present invention; and
Fig. 13 is a cross sectional view of the seal connect-
ing portion in Fig. 12 viewed from the upstream side.

DETAILED DESCRIPTION OF THE INVENTION

[0008] An axial-flow turbine according to the embodi-
ment includes a plurality of nozzle structures supported
by a casing and a plurality of blade structures supported
by a turbine rotor which is rotatable against the casing.
The nozzle structure and the blade structure are ar-
ranged alternately in an axial direction of the turbine rotor.
At least one nozzle structure among the plurality of nozzle
structures includes an outer ring diaphragm supported
by the casing, and an inner ring diaphragm provided in
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an inner circumferential side of the outer ring diaphragm.
The outer ring diaphragm and the inner ring diaphragm
form an annular opening portion which extends in a cir-
cumferential direction therebetween. A nozzle is provid-
ed in a portion of the region of the annular opening portion
in the circumferential direction, and a closing part is pro-
vided in another portion of the region of the annular open-
ing portion in the circumferential direction. The closing
part closes this other portion of the region and prevents
a working fluid from flowing into this other portion of the
region. A closing part medium passage is provided in the
closing part and is configured to flow a cooling medium
which cools the closing part.
[0009] Further, a power plant according to the embod-
iment includes an oxygen producing apparatus extract-
ing oxygen from air by removing nitrogen, and a com-
bustor producing a combustion gas by combusting a fuel
with the oxygen extracted by the oxygen producing ap-
paratus. The combustion gas produced by the combustor
is supplied to the axial-flow turbine as the working fluid
to rotationally drive the axial-flow turbine. By the rotation-
ally driven axial-flow turbine, a generator generates pow-
er. An exhaust gas exhausted from the axial-flow turbine
is cooled by a cooler. Moisture in the exhaust gas cooled
by the cooler is separated and removed by a moisture
separator to regenerate the exhaust gas. The regenera-
tive gas regenerated by the moisture separator is com-
pressed by a compressor. The regenerative gas com-
pressed by the compressor and the exhaust gas flowing
toward the cooler from the axial-flow turbine heat-ex-
change with each other in a regenerative heat exchanger.
A portion of the regenerative gas heat-exchanged in the
regenerative heat exchanger is supplied to the combus-
tor, and a remaining portion of the regenerative gas is
supplied to the closing part medium passage of the axial-
flow turbine as a cooling medium.

[First Embodiment]

[0010] Using Fig. 1 to Fig. 5, an axial-flow turbine and
a power plant including the axial-flow turbine according
to a first embodiment of the present invention will be de-
scribed.
[0011] At first, a power plant 1 will be described using
Fig. 1.
[0012] As illustrated in Fig. 1, the power plant 1 in-
cludes an oxygen producing apparatus 2 extracting ox-
ygen from air by removing nitrogen, a combustor 3 pro-
ducing a combustion gas, and an axial-flow turbine 10
having a turbine rotor 12 (see Fig. 2). The axial-flow tur-
bine 10 is rotationally driven by the combustion gas which
is produced by the combustor 3 and is supplied to the
axial-flow turbine 10 as a working fluid.
[0013] It is configured that the oxygen extracted by the
oxygen producing apparatus 2 is supplied to the com-
bustor 3, and the combustor 3 produces the combustion
gas by combusting the oxygen with a fuel. The fuel used
in the combustor 3 can be, for example, natural gas free

of nitrogen such as methane gas. Since the air from which
nitrogen is removed, that is, oxygen, is used for the com-
bustion of the fuel, the combustion gas produced in the
combustor 3 includes CO2 gas and steam. Namely, com-
ponents of the combustion gas are CO2 (carbon dioxide)
and water. Therefore, inclusion of a gas such as SOx
(sulfur oxide) and NOx (nitrogen oxide) in the combustion
gas can be suppressed.
[0014] The combustor 3 is configured to produce high
temperature combustion gas. The combuster 3 prefera-
bly produces the combustion gas having a temperature
of, for example, 600 °C or higher. In this manner, im-
provement in power generation efficiency and suppres-
sion of an amount of generated gas such as CO2 can be
achieved. Further, it is configured that from a regenera-
tive heat exchanger 5 which will be described below, a
portion of the regenerative gas (specifically, CO2 gas,
that is, a gas having CO2 as a component) heated in the
regenerative heat exchanger 5 is supplied to the com-
bustor 3, and the fuel is combusted with the supplied
regenerative gas.
[0015] The combustion gas performed by the combus-
tor 3 is supplied to the axial-flow turbine 10 as a working
fluid to perform work against a blade 41 (see Fig. 3) which
will be described below to rotationally drive the turbine
rotor 12. A generator 4 is connected to the turbine rotor
12 of the axial-flow turbine 10, and generates power by
the rotationally driven turbine rotor 12.
[0016] The combustion gas which produced work in
the axial-flow turbine 10 is exhausted from the axial-flow
turbine 10 as an exhaust gas. The exhaust gas includes
CO2 gas and steam. Namely, components of the exhaust
gas are also CO2 and water. The exhaust gas is supplied
to the regenerative heat exchanger 5 provided in the
downstream side of the axial-flow turbine 10. It is config-
ured that from a CO2 pump (compressor) 8 which will be
described below, the regenerative gas with relatively low
temperature is supplied to the regenerative heat ex-
changer 5. In this manner, the regenerative gas and the
exhaust gas exchange heat with each other in the regen-
erative heat exchanger 5 so that the exhaust gas with
relatively high temperature is cooled.
[0017] In the downstream side of the regenerative heat
exchanger 5, a cooler 6 is provided. The exhaust gas
cooled in the regenerative heat exchanger 5 is supplied
to the cooler 6 and the cooler 6 further cools the exhaust
gas.
[0018] In the downstream side of the cooler 6, a mois-
ture separator 7 is provided. The exhaust gas cooled by
the cooler 6 is supplied to the moisture separator 7, and
the moisture separator 7 separates and removes mois-
ture in the exhaust gas. In this manner, moisture is re-
moved from the exhaust gas which has CO2 and water
as a component, thereby regenerating the exhaust gas.
Namely, the exhaust gas is regenerated into a regener-
ative gas having CO2 as a component.
[0019] In the downstream side of the moisture sepa-
rator 7, a CO2 pump 8 is provided. The regenerative gas
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regenerated by the moisture separator 7 is supplied to
the CO2 pump 8. The CO2 pump 8 compresses the re-
generative gas to raise the pressure of the regenerative
gas.
[0020] The compressed regenerative gas is supplied
to the regenerative heat exchanger 5 described above.
In the regenerative heat exchanger 5, as described
above, heat is exchanged between the regenerative gas
compressed by the CO2 pump 8 and the exhaust gas
flowing from the axial-flow turbine 10 toward the cooler
6. In this manner, the regenerative gas having relatively
low temperature is heated. A portion of the regenerative
gas compressed by the CO2 pump 8 is recovered without
being supplied to the regenerative heat exchanger 5. The
recovered regenerative gas is stored, or used for other
purposes (e.g., used for increasing the amount of oil pro-
duced by oil-drilling).
[0021] A portion of the regenerative gas heated in the
regenerative heat exchanger 5 is supplied to the com-
bustor 3. The remaining portion is supplied to a closing
part medium passage 33 of the axial-flow turbine 10
which will be described below, and used as a cooling
medium.
[0022] In this manner, in the power plant 1 illustrated
in Fig. 1, power is generated using the combustion gas
having CO2 produced by combustion and water as com-
ponents, and having a temperature of 600 °C or higher.
The majority of CO2 is circulated and reused. In this man-
ner, generation of NOx or SOx which is a harmful gas
can be prevented. Further, an equipment for separating
and recovering CO2 from the exhaust gas can be not
necessary. Further, the purity of recovered CO2 can be
raised, thereby allowing the recovered CO2 to be used
for various purposes other than power generation.
[0023] Now, using Fig. 2, the axial-flow turbine 10 ac-
cording to this embodiment will be described. An example
of a high pressure turbine in which the combustion gas
pressure is relatively high will be illustrated as the axial-
flow turbine 10.
[0024] As illustrated in Fig. 2, the axial-flow turbine 10
includes a casing 11 and a turbine rotor 12 rotatably pro-
vided against the casing 11. The casing 11 includes an
inner casing 11a and an outer casing 11b provided in the
outer side of the inner casing 11 a, thereby constituting
a double structured casing.
[0025] A gas supply pipe 13 is connected to the outer
casing 11 b so that the combustion gas produced in the
combustor 3 is supplied to the axial-flow turbine 10 as a
working fluid. The working fluid supplied to the axial-flow
turbine 10 is guided to the turbine stage 15 in the most
upstream side among a plurality of turbine stages 15
which will be described below by an inlet sleeve 14a and
a nozzle box 14b which are provided in the casing 11.
The generator 4 described above is connected to the
turbine rotor 12.
[0026] A plurality of nozzle structures 20 is supported
in the casing 11 (more particularly, an inner casing 11a).
A plurality of blade structures 40 is supported by the tur-

bine rotor 12. The nozzle structure 20 and the blade struc-
ture 40 are alternately arranged in the axial direction of
the turbine rotor 12. One nozzle structure 20 and one
blade structure 40 which are adjacently arranged with
said one nozzle structure 20 in the downstream side
thereof constitute one turbine stage 15. In the axial-flow
turbine 10, a plurality of such turbine stages 15 is provid-
ed in the axial direction of the turbine rotor 12. In this
manner, the working fluid supplied via the gas supply
pipe 13 flows through the plurality of turbine stages 15
to perform work against the blade 41 of each turbine
stage 15, thereby rotationally driving the turbine rotor 12.
[0027] The working fluid flowed through the blade 41
in the final stage is then exhausted to the outside of the
axial-flow turbine 10 through an exhaust flow passage 16.
[0028] Now, using Fig. 3 to Fig. 5, the nozzle structure
20 will be described.
[0029] As illustrated in Fig. 3, the nozzle structure 20
includes an outer ring diaphragm 21 supported by the
casing 11 and an inner ring diaphragm 22 which is pro-
vided in the inner circumferential side than the outer ring
diaphragm 21. As illustrated in Fig. 3 and Fig. 4, an an-
nular opening portion 23 extending in the circumferential
direction is formed between the outer ring diaphragm 21
and the inner ring diaphragm 22. The outer ring dia-
phragm 21 is engaged with, and fixed to, the casing 11.
[0030] On the inner circumferential surface of the inner
ring diaphragm 22, a labyrinth packing 24 is provided.
The labyrinth packing 24 prevents the working fluid from
flowing toward the downstream side to cause leakage
between the inner ring diaphragm 22 and the turbine rotor
12.
[0031] As illustrated in Fig. 4, in a portion (one portion)
of the region of the annular opening portion 23 in the
circumferential direction described above, a plurality of
nozzles (stator vanes) 25 is provided. In the one portion
of the region, the plurality of nozzles 25 is arranged in a
row in the circumferential direction. The one portion of
the region in which the nozzle 25 is arranged forms a
fan-shaped (or segment-shaped) nozzle opening portion
26. The working fluid flows into the nozzle opening portion
26.
[0032] In another portion (second portion) of the region
in the circumferential direction of the annular opening
portion 23, a closing part 30 is provided. The closing part
30 is provided to close the second portion of the region
and prevent the working fluid from flowing into said sec-
ond portion of the region. Such structure is called the
partial admission structure. The partial admission struc-
ture is preferably applied to each nozzle structure 20. In
this case, the circumferential location of the closing part
30 in a nozzle structure 20 may preferably be arranged
to be shifted, to the opposite direction to the rotational
direction of the turbine rotor 12, from the location of the
closing part 30 of the nozzle structure 20 which is in the
upstream side of the former nozzle structure 20.
[0033] In this embodiment, the closing part 30 includes
a pair of closing plates 31 arranged apart from each other
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in the axial direction of the turbine rotor 12. One closing
plate 31 is arranged in the upstream side and the other
closing plate 31 is arranged in the downstream side. A
closed space 32 is formed between the pair of closing
plates 31.
[0034] In each closing part 30, a closing part medium
passage 33, through which a cooling medium which cools
the closing part 30 flows, is provided. In this embodiment,
a cooling pipe 34 including the closing part medium pas-
sage 33 is arranged in the closed space 32 described
above. In other words, the cooling pipe 34 including the
closing part medium passage 33 is provided on the inner
surface of each closing plate 31 (the surface facing the
other closing plate 31). The cooling pipe 34 is preferably
in contact with the inner surface of the corresponding
closing plate 31 so that cooling efficiency can be im-
proved. Further, the cooling pipe 34 is formed to extend
in the circumferential direction, that is, formed to extend
from one circumferential end portion to the other circum-
ferential end portion of the closing part 30.
[0035] As illustrated in Fig. 4, a medium supply pipe
35 which supplies the cooling medium is connected to
the cooling pipe 34 including the closing part medium
passage 33. The medium supply pipe 35 is formed to
penetrate the outer ring diaphragm 21 in the radial direc-
tion. Further, a portion of the regenerative gas is supplied
to the medium supply pipe 35 from the regenerative heat
exchanger 5 illustrated in Fig. 1, and the supplied regen-
erative gas is used as a cooling medium. The cooling
medium is a gas having CO2 as a component.
[0036] Further, a medium discharge pipe 36 which dis-
charges the cooling medium from the closing part medi-
um passage 33 is connected to the cooling pipe 34 in-
cluding the closing part medium passage 33. The medi-
um discharge pipe 36 is formed to penetrate the outer
ring diaphragm 21 in the radial direction. The cooling me-
dium discharged from the medium discharge pipe 36 is
transferred, together with the exhaust gas exhausted
from the axial-flow turbine 10, to the regenerative heat
exchanger 5 illustrated in Fig. 1.
[0037] In the configuration illustrated in Fig. 5, a plu-
rality of cooling pipes 34 is provided on the inner surface
of each closing plate 31. In this case, each closing plate
31 can uniformly be cooled. The plurality of cooling pipes
34 may be connected to the medium supply pipe 35 and
the medium discharge pipe 36 in parallel, or in series.
That is, the cooling medium may flow through the plurality
of cooling pipes 34 in parallel, or the cooling medium may
flow through the plurality of cooling pipes 34 in series
(each of the cooling pipes 34 one after another).
[0038] Using Fig. 3, the blade structure 40 will be de-
scribed.
[0039] As illustrated in Fig. 3, the blade structure 40
includes a plurality of blades 41. That is, a stud portion
12a protruding in the outer circumferential side of the
turbine rotor 12 is provided in the turbine rotor 12, and
the blade 41 is fixed to the stud portion 12a. The plurality
of blades 41 is arranged in a row in the circumferential

direction. Such blade 41 receives work from the working
fluid so as to obtain rotational energy, thereby rotating
the turbine rotor 12.
[0040] On the distal end portion in the outer circumfer-
ential side of the blade 41, a snubber 42 is provided. The
snubber 42 is for suppressing vibration of the turbine rotor
12. A seal fin 43 is arranged on the outer circumferential
surface of the snubber 42. The seal fin 43 is for preventing
the working fluid from flowing toward the downstream
side to cause leakage between the outer ring diaphragm
21 (more particularly, a portion of the outer ring dia-
phragm 21 which extends toward the blade 41 side) and
the snubber 42. The seal fin 43 is preferably provided on
the outer ring diaphragm 21.
[0041] The operation of this embodiment having the
configuration as described above will be described be-
low.
[0042] When the combustion gas is supplied to the ax-
ial-flow turbine 10 via the gas supply pipe 13 (see Fig. 2)
from the combustor 3 illustrated in Fig. 1 as a working
fluid, the supplied working fluid is supplied to the most
upstream side turbine stage 15 (see Fig. 3) through the
inlet sleeve 14a and the nozzle box 14b. The supplied
working fluid performs work against the blade 41 of said
turbine stage 15, and then performs work against the
blade 41 of each turbine stage 15 in the downstream
side. In this manner, the turbine rotor 12 is rotationally
driven.
[0043] During this process, the working fluid having a
temperature of 600 °C or higher flows through the nozzle
opening portion 26 (see Fig. 4) of the nozzle structure 20
of each turbine stages 15. During the process, the closing
part 30 is exposed to the high temperature working fluid.
[0044] On the other hand, the cooling medium (a por-
tion of the regenerative gas supplied from the regenera-
tive heat exchanger 5) is supplied to the closing part me-
dium passage 33 (see Fig. 5) of the cooling pipe 34 via
the medium supply pipe 35. In this manner, the cooling
medium flowing through the closing part medium pas-
sage 33 cools the closing part 30. The supplied cooling
medium is the gas supplied from the regenerative heat
exchanger 5 as described above. On the contrary, the
working fluid is the combustion gas having a high tem-
perature of 600 °C or higher produced from the gas which
is supplied from the regenerative heat exchanger 5 to
the combustor 3. In this manner, by the cooling medium
having relatively low temperature, the closing part 30
which is exposed to the working fluid having relatively
high temperature can efficiently be cooled.
[0045] The cooling medium which flows through the
closing part medium passage 33 is transferred to the re-
generative heat exchanger 5 via the medium discharge
pipe 36. The cooling medium is transferred to the regen-
erative heat exchanger 5 together with the exhaust gas
exhausted from the axial-flow turbine 10.
[0046] According to this embodiment, the closing part
30 provided in the one portion of the region of the annular
opening portion 23 formed between the outer ring dia-
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phragm 21 and the inner ring diaphragm 22 is cooled by
the cooling medium flowing through the closing part me-
dium passage 33. Thus, the rise in temperature of the
closing plate 31 of the closing part 30 exposed to the high
temperature working fluid can be prevented, so that burn-
out of the closing plate 31 can be prevented and the clos-
ing plate 31 can be kept in good condition. Consequently,
the axial-flow turbine 10 including the partial admission
structure which allows raising the temperature of the
working fluid, and the power plant 1 including the axial-
flow turbine 10 can be obtained.
[0047] Further, according to this embodiment, as a
cooling medium which cools the closing plate 31 of the
closing part 30, the regenerative gas having CO2 as a
component supplied from the regenerative heat ex-
changer 5 is used. Therefore, the cooling medium can
easily be acquired, thereby restraining complication of
the power plant 1 caused by providing equipment or the
like for acquiring the cooling medium.
[0048] Consequently, in this embodiment, it is possible
to provide the axial-flow turbine in which, while the sec-
ond portion of the region of the annular opening portion
formed between the outer ring diaphragm and the inner
ring diaphragm is closed, the temperature of the working
fluid can be raised, and the power plant including said
axial-flow turbine.
[0049] In this embodiment described above, there is
described the example in which the cooling pipe 34 in-
cluding the closing part medium passage 33 is provided
on the inner surface of each closing plate 31 of the closing
part 30. However, it is not limited to this configuration,
and the cooling pipe 34 may be provided on the outer
surface of each closing plate 31. Also in this case, the
rise in temperature of the closing plate 31 can be pre-
vented, so that the burnout of the closing plate 31 can
be prevented.
[0050] Further, in this embodiment described above,
there is described the example in which the cooling pipe
34 including the closing part medium passage 33 is ar-
ranged in the closed space 32 formed between the pair
of closing plates 31 of the closing part 30. However, it is
not limited to this configuration, and the closed space 32
may be configured as the closing part medium passage
33. That is, the closed space 32 may be connected to
the medium supply pipe 35 and the medium discharge
pipe 36 so that the cooling medium flows through in the
closed space 32. In this case, each closing plate 31 can
directly be cooled, so that the rise in temperature of the
closing plate 31 can further be prevented so that the burn-
out of each closing plate 31 can be further prevented.
[0051] Further, in this embodiment described above,
there is described the example in which the closing part
30 includes the pair of closing plates 31. However the
closing part 30 is not limited to such configuration if the
second portion of the region of the annular opening por-
tion 23 can be closed.

[Second Embodiment]

[0052] Using Fig. 6, an axial-flow turbine and a power
plant including the axial-flow turbine according to a sec-
ond embodiment of the present invention will be de-
scribed.
[0053] The second embodiment illustrated in Fig. 6
mainly differs from the first embodiment illustrated in Fig.
1 to Fig. 5 in that the closing part medium passage of
one nozzle structure and the closing part medium pas-
sage of another nozzle structure are connected via a me-
dium connecting pipe. Other configurations are approx-
imately the same as those of the first embodiment. In Fig.
6, the component same as that of the first embodiment
illustrated in Fig. 1 to Fig. 5 is appended with the same
reference numeral, and the detailed description for such
component is omitted.
[0054] As illustrated in Fig. 6, the closing part medium
passage 33 of one nozzle structure 20 and the closing
part medium passage 33 of another nozzle structure 20
are connected via the medium connecting pipe 51. The
medium connecting pipe 51 preferably connects, for ex-
ample, the closing part medium passage 33 of the nozzle
structure 20 in the upstream side with the closing part
medium passage 33 of another nozzle structure 20 lo-
cated adjacent to the former nozzle structure 20 in the
downstream side thereof. In this case, the configuration
of the medium connecting pipe 51 can be restrained from
being complicated. The medium supply pipe 35 is con-
nected to the closing part medium passage 33 of the
nozzle structure 20 in the upstream side, and the medium
discharge pipe 36 is connected to the closing part medi-
um passage 33 of the nozzle structure 20 in the down-
stream side. Similar to the medium supply pipe 35 or the
medium discharge pipe 36, the medium connecting pipe
51 is preferably formed to penetrate the outer ring dia-
phragm 21 in the radial direction. In this embodiment, the
closing part medium passage 33 is configured with the
closed space 32 formed between the pair of closing
plates 31 of the closing part 30.
[0055] In the configuration illustrated in Fig. 6, the cool-
ing medium is supplied to the closing part medium pas-
sage 33 of the nozzle structure 20 in the upstream side
via the medium supply pipe 35 so that the closing part
30 of said nozzle structure 20 is cooled. The cooling me-
dium which cools the closing part 30 in the upstream side
flows through the medium connecting pipe 51 to be sup-
plied to the closing part medium passage 33 of the nozzle
structure 20 in the downstream side, thereby cooling the
closing part 30 of said nozzle structure 20. The cooling
medium which cools the closing part 30 in the down-
stream side is discharged via the medium discharge pipe
36. In order to cool the closing part 30 of the nozzle struc-
ture 20 in the downstream side, it is preferable to raise
cooling capability by increasing the flow passage cross
sectional area of the closing part medium passage 33,
the flow passage cross sectional area of the medium sup-
ply pipe 35, and the flow passage cross sectional area
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of the medium discharge pipe 36 so as to increase the
flow rate of the cooling medium flowing through the clos-
ing part medium passage 33.
[0056] According to this embodiment as described
above, the cooling medium which cools the closing part
30 of the nozzle structure 20 in the upstream side can
cool the closing part 30 of the nozzle structure 20 in the
downstream side. Therefore, the total amount of the cool-
ing medium used for cooling every closing part 30 of the
axial-flow turbine 10 can be reduced, thereby enabling
improvement of the overall efficiency of the power plant 1.
[0057] In this embodiment described above, there is
described the example in which the medium connecting
pipe 51 connects the closing part medium passage 33
of one nozzle structure 20 with the closing part medium
passage 33 of another nozzle structure 20 located adja-
cent to the former nozzle structure 20 in the downstream
side thereof. However, it is not limited to this configuration
in which two nozzle structures 20 connected with each
other by the medium connecting pipe 51 are adjacent to
each other. Further, it may be configured that another
medium connecting pipe is connected to the closing part
medium passage 33 of the nozzle structure 20 in the
downstream side, to which the medium connecting pipe
51 is connected, so that the cooling medium is supplied
to the closing part medium passage 33 of the nozzle
structure 20 in further downstream of the former closing
part medium passage 33.
[0058] In this embodiment described above, there is
described the example in which the medium supply pipe
35 is connected to the closing part medium passage 33
of the nozzle structure 20 in the upstream side, and the
medium discharge pipe 36 is connected to the closing
part medium passage 33 of the nozzle structure 20 in the
downstream side. However, it is not limited to this con-
figuration, and the medium supply pipe 35 may be con-
nected to the closing part medium passage 33 of the
nozzle structure 20 in the downstream side, and the me-
dium discharge pipe 36 may be connected to the closing
part medium passage 33 of the nozzle structure 20 in the
upstream side.

[Third Embodiment]

[0059] Using Fig. 7, an axial-flow turbine and a power
plant including the axial-flow turbine according to a third
embodiment of the present invention will be described.
[0060] The third embodiment illustrated in Fig. 7 mainly
differs from the first embodiment illustrated in Fig. 1 to
Fig. 5 in that the second cooling pipe including the second
closing part medium passage is provided on the inner
surface of the end plate of the closing part. Other config-
urations are approximately the same as those of the first
embodiment. In Fig. 7, the component same as that of
the first embodiment illustrated in Fig. 1 to Fig. 5 is ap-
pended with the same reference numeral, and the de-
tailed description for such component is omitted.
[0061] As illustrated in Fig. 7, the closing part 30 further

includes the end plate 52 which defines the circumferen-
tial end portion of the closing part 30. More specifically,
the circumferential end portions of the pair of closing
plates 31 are connected to each other with the end plate
52. The end plate 52 preferably has an airfoil shape cor-
responding to the shape of the adjacent nozzle 25. In this
case, the loss occurring in the working fluid flowing
through the nozzle opening portion 26 can be sup-
pressed.
[0062] On the inner surface of the end plate 52, the
second cooling pipe 54 including the second closing part
medium passage 53 is provided. The cooling medium
which cools the end plate 52 flows through the second
closing part medium passage 53. The second cooling
pipe 54 is preferably formed to extend in the radial direc-
tion of the turbine rotor 12. The cooling pipe 34 and the
second cooling pipe 54 may be connected to the medium
supply pipe 35 and the medium discharge pipe 36 in par-
allel. In this case, the end plate 52 can efficiently be
cooled. Alternatively, the cooling pipe 34 and the second
cooling pipe 54 may be connected to the medium supply
pipe 35 and the medium discharge pipe 36 in series.
[0063] According to this embodiment as described
above, the end plate 52 of the closing part 30 is cooled
by the cooling medium flowing through the second clos-
ing part medium passage 53. Therefore, the end plate
52 of which temperature can relatively be high in the clos-
ing parts 30, by being exposed to the working fluid flowing
through the nozzle opening portion 26, can efficiently be
cooled. Therefore, the closing part 30 can further be kept
in good condition.
[0064] Further, according to this embodiment, the sec-
ond cooling pipe 54 extends in the radial direction of the
turbine rotor 12. Therefore, the cooling capability of the
end plate 52 can be raised, thereby further efficiently
cooling the end plate 52.

[Fourth Embodiment]

[0065] Using Fig. 8, an axial-flow turbine and a power
plant including the axial-flow turbine according to a fourth
embodiment of the present invention will be described.
[0066] The major difference of the fourth embodiment
illustrated in Fig. 8 is that an outer ring medium passage
which cools the outer ring diaphragm and an inner ring
medium passage which cools the inner ring diaphragm
are provided. Other configurations are approximately the
same as those of the first embodiment illustrated in Fig.
1 to Fig. 5. In Fig. 8, the component same as that of the
first embodiment illustrated in Fig. 1 to Fig. 5 is appended
with the same reference numeral, and the detailed de-
scription for the component is omitted.
[0067] As illustrated in Fig. 8, the outer ring medium
passage 55 through, which the cooling medium which
cools the outer ring diaphragm 21, flows is provided in
the outer ring diaphragm 21. As illustrated in Fig. 8, a
plurality of outer ring medium passages 55 is preferably
provided in the outer ring diaphragm 21 and formed to
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extend in approximately circumferential direction. Also,
the outer ring medium passage 55 is preferably arranged
in the vicinity of the surface of the outer ring diaphragm
21 so as to efficiently cool the outer ring diaphragm 21.
Further, the outer ring diaphragm 21 may be configured
with a plurality of outer ring diaphragm segments which
are divided in the circumferential direction. In this case,
the outer ring medium passage 55 may be formed in each
outer ring diaphragm segment and may be formed in an
approximately V-shape when the outer ring medium pas-
sage 55 is viewed from the axial direction of the turbine
rotor 12. Fig. 8 illustrates a perspective view of the nozzle
structure 20 including a cut section by which each type
of the cooling passage can be viewed.
[0068] Similarly, the inner ring medium passage 56,
through which the cooling medium which cools the inner
ring diaphragm 22 flows, is provided in the inner ring di-
aphragm 22. As illustrated in Fig. 8, a plurality of the inner
ring medium passages 56 is preferably provided in the
inner ring diaphragm 22 and formed to extend in approx-
imately circumferential direction. The inner ring medium
passage 56 is preferably arranged in the vicinity of the
surface of the inner ring diaphragm 22 so as to efficiently
cool the inner ring diaphragm 22. Further, the inner ring
diaphragm 22 may be configured with a plurality of inner
ring diaphragm segments which are divided in the cir-
cumferential direction. In this case, the inner ring medium
passage 56 may be formed in each inner ring diaphragm
segment and may be formed in an approximately V-
shape when the inner ring medium passage 56 is viewed
from the axial direction of the turbine rotor 12.
[0069] The medium supply pipe 35 and the medium
discharge pipe 36 are connected to the outer ring medium
passage 55 and the inner ring medium passage 56. The
outer ring medium passage 55 and the closing part me-
dium passage 33 may be connected to the medium sup-
ply pipe 35 and the medium discharge pipe 36 in series.
In this case, the total amount of the cooling medium to
be used can be reduced, thereby enabling to improve
the overall efficiency of the power plant 1. Further, the
outer ring medium passage 55 and the closing part me-
dium passage 33 may be connected to the medium sup-
ply pipe 35 and the medium discharge pipe 36 in parallel.
In this case, the outer ring diaphragm 21 and the closing
part 30 can efficiently be cooled, respectively. The inner
ring medium passage 56 may preferably be connected
to the medium supply pipe 35 and the medium discharge
pipe 36, in a similar manner to the outer ring medium
passage 55.
[0070] According to this embodiment as described
above, the outer ring diaphragm 21 is cooled by the cool-
ing medium flowing through the outer ring medium pas-
sage 55. Therefore, the outer ring diaphragm 21 is
cooled, thereby further preventing the rise in temperature
of the closing part 30. Further, the inner ring diaphragm
22 is cooled by the cooling medium flowing through the
inner ring medium passage 56. Therefore, the inner ring
diaphragm 22 can be cooled, thereby further preventing

the rise in temperature of the closing part 30.

[Fifth Embodiment]

[0071] Using Fig. 9, an axial-flow turbine and a power
plant including the axial-flow turbine according to a fifth
embodiment of the present invention will be described.
[0072] The major difference of the fifth embodiment
illustrated in Fig. 9 is that the closing part includes a plu-
rality of closing part segments divided in the circumfer-
ential direction, and the closing part medium passage is
provided to each closing part segment. Other configura-
tions are approximately the same as those of the first
embodiment illustrated in Fig. 1 to Fig. 5. In Fig. 9, the
component same as that of the first embodiment illus-
trated in Fig. 1 to Fig. 5 is appended with the same ref-
erence numeral, and the detailed description for the com-
ponent is omitted.
[0073] As illustrated in Fig. 9, the closing part 30 in-
cludes the plurality of closing part segments 57 divided
in the circumferential direction. The plurality of closing
part segments 57 is arranged in series.
[0074] The closing part medium passage 33 is provid-
ed in each closing part segment 57. The medium supply
pipe 35 and the medium discharge pipe 36 are connected
to each closing part medium passage 33. That is, each
closing part medium passage 33 is connected to the me-
dium supply pipe 35 and the medium discharge pipe 36
in parallel. In this embodiment illustrated in Fig. 9, the
shape of the closing part segment 57 is formed along the
inlet shape (or an outlet shape) of the nozzle 25 as an
example. However, it is not limited to this configuration.
For example, the closing part segment 57 may be formed
along the radial direction of the turbine rotor 12. Further,
in Fig. 9, the medium discharge pipe 36 is omitted for
clarification of the drawing.
[0075] According to this embodiment as described
above, the closing part medium passage 33 is provided
in each closing part segment 57 divided in the circumfer-
ential direction. Therefore, each closing part segment 57
can independently be cooled. Further, when replacement
of a portion of the closing part 30 is required, the closing
part segment 57 which needs replacement may be re-
placed, and this allows improvement of maintenance.
[0076] According to this embodiment, the medium sup-
ply pipe 35 and the medium discharge pipe 36 are con-
nected to each closing part medium passage 33. There-
fore, cooling capability of each closing part segment 57
can independently be adjusted. For example, by varying
the flow passage cross sectional area of each closing
part medium passage 33, the flow rate of the cooling
medium which flows through each closing part medium
passage 33 can be adjusted, thereby allowing independ-
ently adjusting the cooling capability of each closing part
segment 57. Therefore, the flow rate of the cooling me-
dium in the closing part segment 57 of which temperature
is tend to rise can be increased, thereby raising the cool-
ing capability of the closing part segment 57. As a result,
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the closing part 30 can further efficiently be cooled.
[0077] In this embodiment described above, there is
described the example in which the closing part segment
57 is arranged in series. However, it is not limited to this
configuration, and the nozzle 25 may be arranged be-
tween the closing part segments 57 to form a plurality of
nozzle opening portions 26 in the circumferential direc-
tion and the working fluid may flow into each nozzle open-
ing portion 26.

[Sixth Embodiment]

[0078] Using Fig. 10, an axial-flow turbine and a power
plant including the axial-flow turbine according to a sixth
embodiment of the present invention will be described.
[0079] The major difference of the sixth embodiment
illustrated in Fig. 10 is that a discharge hole which dis-
charges the cooling medium in the closing part medium
passage to the outside of the closing part is provided on
the closing plate of the closing part. Other configurations
are approximately the same as those of the first embod-
iment illustrated in Fig. 1 to Fig. 5. In Fig. 10, the com-
ponent same as that of the first embodiment illustrated
in Fig. 1 to Fig. 5 is appended with the same reference
numeral, and the detailed description for the component
is omitted.
[0080] As illustrated in Fig. 10, the discharge hole 58
is provided on the closing plate 31 of the closing part 30.
The discharge hole 58 is configured to discharge the cool-
ing medium in the closing part medium passage 33 to
the outside of the closing part 30. That is, in this embod-
iment, the discharge hole 58 is provided on the down-
stream side closing plate 31 of the pair of the closing
plates 31. The discharge hole 58 is configured to dis-
charge the cooling medium in the closing part medium
passage 33 to the downstream side of the closing part
30. In this manner, the cooling medium which cools the
closing part 30 is mixed into the main flow of the working
fluid. In this embodiment, the medium discharge pipe 36
is not connected to the closing part medium passage 33.
Further, the closing part medium passage 33 is config-
ured with a closed space 32 formed between the pair of
closing plates 31 of the closing part 30.
[0081] According to this embodiment as described
above, the cooling medium, which cools the closing part
30 by flowing through the closing part medium passage
33, is discharged through the discharge hole 58 to the
outside of the closing part 30 to be mixed into the main
flow of the working fluid. Therefore, the drop in efficiency
of the axial-flow turbine 10 can be suppressed. That is,
the cooling medium which cools the closing part 30 ex-
changes heat with the closing part 30 and is heated,
thereby raising the temperature of the cooling medium.
If the cooling medium with raised temperature is dis-
charged from the axial-flow turbine 10 without producing
work against the blade 41, thermal energy loss may oc-
cur. Thus, by mixing the cooling medium with raised tem-
perature with the main flow of the working fluid, the ther-

mal energy of the cooling medium can efficiently be used
for rotationally driving the turbine rotor 12, thereby ena-
bling to suppress the drop of efficiency of the axial-flow
turbine 10. In this embodiment, in order to adjust the tem-
perature of the cooling medium discharged from the dis-
charge hole 58 close to the working fluid temperature,
the flow passage cross sectional area of the closing part
medium passage 33, the flow passage cross sectional
area of the medium supply pipe 35, or the flow passage
cross sectional area of the medium discharge pipe 36
may preferably be reduced. In this case, the flow rate of
the cooling medium, which flows through the closing part
medium passage 33, can be decreased, thereby sup-
pressing the cooling capability of the closing part 30.
[0082] In this embodiment described above, there is
described the example in which the discharge hole 58
discharges the cooling medium in the closed space 32
formed between the pair of closing plates 31 of the closing
part 30. However, it is not limited to this configuration.
For example, the discharge hole 58 may be configured
to discharge the cooling medium which flows through the
closing part medium passage 33 of the cooling pipe 34
as illustrated in Fig. 5. Also in this case, the drop in effi-
ciency of the axial-flow turbine 10 can be suppressed.
[0083] Further, in this embodiment described above,
the cooling medium, which flows through the outer ring
medium passage 55 illustrated in Fig. 8 to cool the outer
ring diaphragm 21, may be discharged outside from the
discharge hole 58. Further, the cooling medium, which
flows through the inner ring medium passage 56 to cool
the inner ring diaphragm 22, may be discharged outside
from the discharge hole 58. Also in this case, by efficiently
using the thermal energy of the cooling medium, the drop
in efficiency of the axial-flow turbine 10 can be sup-
pressed.

[Seventh Embodiment]

[0084] Using Fig. 11, an axial-flow turbine and a power
plant including the axial-flow turbine according to a sev-
enth embodiment of the present invention will be de-
scribed.
[0085] The major difference of the seventh embodi-
ment illustrated in Fig. 11 is that a medium discharge
passage discharges the cooling medium into a region
between the inner ring diaphragm and the turbine rotor.
Other configurations are approximately the same as
those of the first embodiment illustrated in Fig. 1 to Fig.
5. In Fig. 11, the component same as that of the first
embodiment illustrated in Fig. 1 to Fig. 5 is appended
with the same reference numeral, and the detailed de-
scription for the component is omitted.
[0086] As illustrated in Fig. 11, the medium discharge
passage 59 of this embodiment, which can be constituted
by a pipe or hole, for example, is configured so as to
discharge the cooling medium into the region between
the inner ring diaphragm 22 and the turbine rotor 12. The
medium discharge passage 59 is formed to penetrate
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the inner ring diaphragm 22 in the radial direction. In this
manner, the cooling medium discharged by the medium
discharge passage 59 is discharged into the region in
which the labyrinth packing 24 is formed. In this embod-
iment, the closing part medium passage 33 is configured
with the closed space 32 formed between the pair of clos-
ing plates 31 of the closing part 30.
[0087] According to this embodiment as described
above, the cooling medium, which flows through the clos-
ing part medium passage 33 to cool the closing part 30,
is discharged, through the medium discharge passage
59, into the region in which the labyrinth packing 24 is
formed. Therefore, in the region in which the labyrinth
packing 24 is formed, the working fluid is prevented from
flowing toward the downstream side. That is, the amount
of leakage of the working fluid can be reduced. Therefore,
the flow rate of the working fluid (main flow) which flows
into the nozzle opening portion 26 can be increased,
thereby allowing to improve the efficiency of the axial-
flow turbine 10.
[0088] In this embodiment described above, there is
described the example in which the medium discharge
passage 59 discharges the cooling medium into the
closed space 32 formed between the pair of closing
plates 31 of the closing part 30. However, it is not limited
to this configuration. For example, the medium discharge
passage 59 may be configured to discharge the cooling
medium which flows through the closing part medium
passage 33 of the cooling pipe 34 as illustrated in Fig. 5.
Also in this case, the flow rate of the working fluid which
flows into the nozzle opening portion 26 can be in-
creased, thereby allowing to improve the efficiency of the
axial-flow turbine 10.
[0089] Further, in this embodiment described above,
there is described the example in which the cooling me-
dium, which flows through the closing part medium pas-
sage 33 to cool the closing part 30, is discharged, from
the medium discharge passage 59, into the region in
which the labyrinth packing 24 is formed. However, it is
not limited to this configuration, and it may be configured
that the cooling medium, which flows through the outer
ring medium passage 55 to cool the outer ring diaphragm
21, is discharged, from the medium discharge passage
59, into the region in which the labyrinth packing 24 is
formed. Further, it may be configured that the cooling
medium, which flows through the inner ring medium pas-
sage 56 to cool the inner ring diaphragm 22, is dis-
charged, from the medium discharge passage 59, into
the region in which the labyrinth packing 24 is formed.
Also in this case, the flow rate of the working fluid which
flows into the nozzle opening portion 26 can be in-
creased, thereby allowing to improve the efficiency of the
axial-flow turbine 10.

[Eighth Embodiment]

[0090] Using Fig. 12 and Fig. 13, an axial-flow turbine
and a power plant including the axial-flow turbine accord-

ing to an eighth embodiment of the present invention will
be described.
[0091] The major difference of the eighth embodiment
illustrated in Fig. 12 and Fig. 13 is that a flow guiding
portion which guides the combustion gas produced by
the combustor to the nozzle of the nozzle structure ar-
ranged in the most upstream side is provided. Other con-
figurations are approximately the same as those of the
first embodiment illustrated in Fig. 1 to Fig. 5. In Fig. 12
and Fig. 13, the component same as that of the first em-
bodiment illustrated in Fig. 1 to Fig. 5 is appended with
the same reference numeral, and the detailed description
for the component is omitted.
[0092] As illustrated in Fig. 12, it is configured that the
combustion gas produced by the combustor 3 (see Fig.
1) is guided, by a gas guiding portion (fluid guiding por-
tion) 61, to the nozzle 25 (nozzle opening portion 26) of
the nozzle structure 20 of the turbine stage 15 arranged
in the most upstream side among the plurality of the noz-
zle structures 20, as the working fluid.
[0093] The gas guiding portion 61 includes an outlet
side end portion 61a provided to the side of the nozzle
structure 20. The outlet side end portion 61 a is arranged
in the vicinity of the nozzle structure 20 of the most up-
stream side turbine stage 15. Further, the outlet side end
portion 61 a is connected to the nozzle structure 20 via
a seal connecting portion 62.
[0094] As illustrated in Fig. 12 and Fig. 13, the seal
connecting portion 62 includes an outer ring side seal
plate 62a which extends from the outlet side end portion
61 a of the gas guiding portion 61 to the outer ring dia-
phragm 21, an inner ring side seal plate 62b which ex-
tends from the outlet side end portion 61a to the inner
ring diaphragm 22, and a pair of end portion side seal
plates 62c which extends from the outlet side end portion
61 a to the circumferential end portion of the closing part
30. In this manner, the working fluid supplied from the
gas guiding portion 61 is prevented from flowing toward
the closing part 30, so that the working fluid can be guided
to the nozzle opening portion 26.
[0095] The outer ring side seal plate 62a is preferably
formed in an arc shape along the curvature of the outer
ring diaphragm 21 when viewed from the axial direction
of the turbine rotor 12. Similarly, the inner ring side seal
plate 62b is preferably formed in an arc shape along the
curvature of the inner ring diaphragm 22 when viewed
from the axial direction of the turbine rotor 12. In this
case, the seal connecting portion 62 is formed in a fan-
shape (or segment-shape) when viewed from the axial
direction of the turbine rotor 12 so as to correspond to
the nozzle opening portion 26 having a fan-shape. Similar
to the seal connecting portion 62, the outlet side end por-
tion 61a of the gas guiding portion 61 is also preferably
formed in a fan-shape when viewed from the axial direc-
tion of the turbine rotor 12 so as to correspond to the
nozzle opening portion 26.
[0096] One end portion of each of the seal plates 62a,
62b, and 62c is configured to be inserted in a correspond-
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ing groove provided on the outlet side end portion 61 a
of the gas guiding portion 61. Further, the other end por-
tion of the outer ring side seal plate 62a is configured to
be inserted in a groove provided on the outer ring dia-
phragm 21, the other end portion of the inner ring side
seal plate 62b is configured to be inserted in a groove
provided on the inner ring diaphragm 22, and the other
end portion of the end potion side seal plate 62c is con-
figured to be inserted in a groove provided on the circum-
ferential end portion of the upstream side closing plate
31 of the closing part 30. In this manner, the working fluid,
which is supplied from the gas guiding portion 61 to the
nozzle opening portion 26 of the nozzle structure 20 of
the turbine stage 15 which is in the most upstream side,
is restrained from flowing toward the closing part 30.
[0097] According to this embodiment as described
above, the combustion gas produced by the combustor
3 is supplied from the outlet side end portion 61 a of the
guiding portion 61 to the nozzle opening portion 26 of the
nozzle structure 20 of the most upstream side turbine
stage 15 via the seal connecting portion 62 as the working
fluid. The seal connecting portion 62 includes the outer
ring side seal plate 62a, the inner ring side seal plate
62b, and the end portion side seal plate 62c. The outer
ring side seal plate 62a is connected to the outer ring
diaphragm 21, the inner ring side seal plate 62b is con-
nected to the inner ring diaphragm 22, and the end portion
seal plate 62c is connected to the circumferential end
portion of the closing plate 31 in the upstream side of the
closing part 30. Therefore, the working fluid, which is sup-
plied from the gas guiding portion 61 to the nozzle open-
ing portion 26 of the nozzle structure 20 of the most up-
stream side turbine stage 15, is restrained from flowing
toward the closing part 30. Therefore, the pressure loss
caused by the working fluid flowing toward the closing
part 30 is suppressed, thereby enabling to suppress the
drop of efficiency of the axial-flow turbine 10.
[0098] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel axial-flow tur-
bine and power plant described herein may be embodied
in a variety of other forms; furthermore, various omis-
sions, substitutions and changes in the form of the axial-
flow turbine and power plant described herein may be
made without departing from the spirit of the inventions.
The accompanying claims and their equivalents are in-
tended to cover such forms or modifications as would fall
within the scope and spirit of the inventions.
[0099] In the embodiment described above, there is
the example in which the combustor 3, producing the
combustion gas or the working fluid which is supplied to
the axial-flow turbine 10, produces combustion gas by
combusting oxygen supplied from the oxygen producing
apparatus 2 with fuel. However, it is not limited to this
configuration, and the combustor 3 may be configured
to produce combustion gas by combusting air with fuel.
Further, the axial-flow turbine 10 according to the em-

bodiment described above can be applied not only to the
power plant as illustrated in Fig. 1 but also to a power
plant of any configuration. Further, various kinds of liquid
or gas can be used as the cooling medium if such liquid
or gas can efficiently cool the closing part. It is preferable
to use gas as the cooling medium since excessive ex-
pansion due to the rise in temperature can be avoided.

Claims

1. An axial-flow turbine comprising:

a plurality of nozzle structures supported by a
casing; and
a plurality of blade structures supported by a tur-
bine rotor which is rotatable against the casing,
the nozzle structure and the blade structure al-
ternately arranged in an axial direction of the
turbine rotor, wherein
at least one nozzle structure among the plurality
of nozzle structures includes:

an outer ring diaphragm supported by the
casing;
an inner ring diaphragm provided in an inner
circumferential side of the outer ring dia-
phragm, the outer ring diaphragm and the
inner ring diaphragm forming an annular
opening portion which extends in a circum-
ferential direction therebetween,
a nozzle provided in a portion of a region of
the annular opening portion in the circum-
ferential direction,
a closing part provided in another portion of
the region of the annular opening portion in
the circumferential direction, the closing
part closing said other portion of the region
to prevent a working fluid from flowing into
said other portion of the region, and
a closing part medium passage provided in
the closing part, the closing part medium
passage being configured to flow a cooling
medium which cools the closing part.

2. The axial-flow turbine according to claim 1, wherein
the closing part includes a pair of closing plates ar-
ranged apart from each other in the axial direction
of the turbine rotor, and
a cooling pipe including the closing part medium pas-
sage is provided on an inner surface or an outer sur-
face of the closing plate.

3. The axial-flow turbine according to claim 1, wherein
the closing part includes a pair of closing plates ar-
ranged apart from each other in an axial direction of
the turbine rotor,
a closed space is formed between the pair of closing
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plates, and
the closed space is constituted as the closing part
medium passage.

4. The axial-flow turbine according to any one of claims
1 to 3, wherein
a medium supply pipe configured to supply the cool-
ing medium is connected to the closing part medium
passage.

5. The axial-flow turbine according to any one of claims
1 to 4, wherein
a medium discharge pipe configured to discharge
the cooling medium from the closing part medium
passage is connected to the closing part medium
passage.

6. The axial-flow turbine according to any one of claims
1 to 5, wherein
each of the plurality of the nozzle structures includes
the closing part medium passage, and
the closing part medium passage of one of the nozzle
structures and the closing part medium passage of
another nozzle structure are connected with each
other via a medium connecting pipe.

7. The axial-flow turbine according to claim 2, wherein
the closing part further includes an end plate con-
necting circumferential end portions of the closing
plates, and
a second cooling pipe including a second closing
part medium passage configured to flow a cooling
medium which cools the end plate is provided on an
inner surface of the end plate.

8. The axial-flow turbine according to claim 7, wherein
the second cooling pipe extends in a radial direction
of the turbine rotor.

9. The axial-flow turbine according to any one of claims
1 to 8, wherein
an outer ring medium passage configured to flow a
cooling medium which cools the outer ring dia-
phragm is provided in the outer ring diaphragm.

10. The axial-flow turbine according to any one of claims
1 to 9, wherein
an inner ring medium passage configured to flow a
cooling medium which cools the inner ring dia-
phragm is provided in the inner ring diaphragm.

11. The axial-flow turbine according to any one of claims
1 to 5, wherein
the closing part includes a plurality of closing part
segments divided in the circumferential direction,
and
the closing part medium passage is provided in each
of the closing part segments.

12. The axial-flow turbine according to any one of claims
1 to 4, wherein
a discharge hole configured to discharge the cooling
medium in the closing part medium passage to an
outside of the closing part is provided in the closing
part.

13. The axial-flow turbine according to any one of claims
1 to 3, wherein
a medium discharge passage configured to dis-
charge a cooling medium from the closing part me-
dium passage is connected to the closing part me-
dium passage, and
the medium discharge passage is configured to dis-
charge a cooling medium into a region between the
inner ring diaphragm and the turbine rotor.

14. The axial-flow turbine according to any one of claims
1 to 13, wherein
a combustion gas produced by a combustor, as the
working fluid, is guided to the nozzle of the nozzle
structure arranged in a most upstream side among
the plurality of the nozzle structures by a flow guiding
portion,
the flow guiding portion is connected to the nozzle
structure via a seal connecting portion,
the flow guiding portion includes an outlet side end
portion, and
the seal connecting portion includes an outer ring
side seal plate extending from the outlet side end
portion to the outer ring diaphragm, an inner ring side
seal plate extending from the outlet side end portion
to the inner ring diaphragm, and a pair of end portion
side seal plates extending from the outlet side end
portion to a circumferential end portion of the closing
part.

15. A power plant comprising:

an oxygen producing apparatus extracting oxy-
gen from air by removing nitrogen,
a combustor producing a combustion gas by
combusting a fuel with oxygen extracted by the
oxygen producing apparatus,
the axial-flow turbine according to any one of
claims 1 to 14, the axial-flow turbine being rota-
tionally driven by the combustion gas which is
produced by the combustor and is supplied to
the axial-flow turbine as the working fluid,
a generator generating power by the rotational
driving of the axial-flow turbine,
a cooler cooling an exhaust gas exhausted from
the axial-flow turbine,
a moisture separator separating and removing
moisture in the exhaust gas which is cooled by
the cooler, to regenerate the exhaust gas,
a compressor compressing the regenerative
gas regenerated by the moisture separator, and
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a regenerative heat exchanger heat-exchang-
ing between the regenerative gas compressed
by the compressor and the exhaust gas which
flows from the axial-flow turbine toward the cool-
er, wherein
a portion of the regenerative gas heat-ex-
changed in the regenerative heat exchanger is
supplied to the combustor, and a remaining por-
tion of the regenerative gas is supplied to the
closing part medium passage of the axial-flow
turbine as the cooling medium.
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