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(54) TURBINE STATOR VANE

(57) In a turbine vane (41) and a gas turbine, an outer
shroud (45) is fixed to one end of a vane body (44) formed
in a hollow shape, an inner shroud (46) is fixed to the
other end thereof, and a partition plate (55) is fixed to the
inner portions of the vane body (44), the outer shroud
(45), and the inner shroud (46), so that a cavity (61) is
formed so as to be continuous between the partition plate

(55) and the group of the vane body (44), the outer shroud
(45), and the inner shroud (46). Then, the vane body (44),
the outer shroud (45), and the inner shroud (46) are pro-
vided with a plurality of cooling holes (52), and the par-
tition plate (55) is provided with a plurality of penetration
holes (65, 74, 84, 94). Accordingly, since the vane struc-
ture or the end wall structure is evenly cooled, a defor-
mation or damage may be suppressed.
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Description

Field

[0001] The present invention relates to a turbine vane
provided in, for example, a gas turbine which supplies a
fuel to hot and pressurized compressed air so as to burn
the fuel and the air and supplies a generated combustion
gas to the turbine so as to obtain a rotational force. Back-
ground
[0002] A gas turbine includes a compressor, a com-
bustor, and a turbine. Here, air which is taken from an
air inlet is compressed by a compressor so as to become
hot and pressurized compressed air, a fuel is supplied
to the compressed air in a combustor so that the fuel and
the air are burned, the hot and pressurized combustion
gas drives a turbine, and then a power generator con-
nected to the turbine is driven. In this case, the turbine
is formed by alternately arranging a plurality of turbine
vanes and a plurality of turbine blades inside a wheel
chamber, and the turbine blades are driven by a com-
bustion gas, so that an output shaft connected to the
power generator is rotationally driven.
[0003] Further, the turbine vane has a structure in
which a shroud is fixed to an end of a vane body in the
length direction. Then, cooling air is introduced from each
shroud into the vane body so as to cool the inner wall
surface of the vane body, and the cooling air is dis-
charged from a cooling hole formed in the vane body to
the outside so that the cooling air flows along the outer
wall surface of the vane body, thereby cooling the outer
wall surface of the vane body.
[0004] As such a turbine vane, for example, examples
are disclosed in Patent Literatures 1 and 2 below. With
regard to a steam outlet flow for a rear cavity of a blade
profile part disclosed in Patent Literature 1, steam flowing
to an outer wall impingement-cools an outer wall surface
through an impingement plate, flows into a cavity of a
turbine vane, flows into an inner wall, impingement-cools
an inner wall surface through an impingement plate, and
returns through a returning cavity. Further, with regard
to a turbine vane disclosed in Patent Literature 2, cooling
air flows from an impingement plate near each shroud
into a cavity of the shroud so as to cool the cavity, flows
from the impingement plate of a vane body into the cavity
of the vane body so as to cool the cavity, and is dis-
charged from a film-cooling hole to the outside.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Laid-open Patent
Publication No. 2002-004803
Patent Literature 2: Japanese Laid-open Patent
Publication No. 2008-286157

Summary

Technical Problem

[0006] As described above, the turbine vane includes
the vane body and each shroud fixed to the end of the
vane body. Then, since the temperature of the turbine
vane is increased by the combustion gas, there is a need
to cool the turbine vane by introducing the cooling air
thereinto. In the citation lists, the vane body near the inner
wall surface is covered by the impingement plate so as
to define the cavity, and each shroud near the inner wall
surface is covered by the impingement plate so as to
define the different cavity. Then, the cooling air is se-
quentially introduced through the respective cavities, so
that the shroud or the vane body is cooled.
[0007] Incidentally, when the cavities are defined by
covering the vane body near the inner wall surface and
each shroud near the inner wall surface by different im-
pingement plates, there is a need to provide a flange
portion near the inner wall surface of each shroud and
the vane body in order to fix the impingement plate. Then,
the portion of the shroud or the vane body provided with
the flange portion may not be sufficiently cooled, and
hence a deformation or damage of the vane body may
be caused by the high thermal stress.
[0008] FIG. 10 is a longitudinal sectional view illustrat-
ing a turbine vane of the related art. That is, as illustrated
in FIG. 10, a turbine vane of the related art has a structure
in which a vane body 001 is connected to a shroud 002
and an impingement plate 003 is disposed therein so as
to define a cavity 004. Then, a flange portion 005 is
formed near the connection portion between the vane
body 001 and the shroud 002, and the impingement plate
003 is fixed to the flange portion 005. In this way, since
the flange portion 005 needs to be provided, a curved
connection portion 006 obtained by continuously forming
the vane body 001 and the shroud 002 is not sufficiently
cooled because the combustion gas side wall surface is
far from the wall surface near the cavity 004 that is cooled
by the collision of the cooling air from a penetration hole
007 of the impingement plate 003. For this reason, a lo-
cally high-temperature portion occurs in the combustion
gas side wall surface of the curved connection portion
006 obtained by continuously forming the vane body 001
and the shroud 002. Then, a high thermal stress is gen-
erated, and hence damage caused by the oxidization
thinning and the thermal stress easily occurs.
[0009] The invention solves the above-described prob-
lems, and it is an object of the invention to provide a
turbine vane capable of suppressing a deformation or
damage thereof by evenly cooling a vane structure or an
end wall structure. Solution to Problem
[0010] According to a turbine vane of the present in-
vention in order to achieve the object, it is characterized
that the turbine vane includes: a vane structure formed
in a hollow shape; an end wall structure provided in an
end of the vane structure; and a partition plate for forming
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a cavity continuous inside the vane structure and the end
wall structure, the partition plate being provided with a
plurality of penetration holes.
[0011] Accordingly, since the cavity is formed inside
the vane structure and the end wall structure in a contin-
uous state by the partition plate with the plurality of pen-
etration holes, the cooling medium introduced thereinto
is directly and evenly introduced from the respective pen-
etration holes formed in the partition plate into the cavity.
For this reason, the vane structure and the end wall struc-
ture may be evenly cooled by the cooling medium, and
hence the deformation or the damage of the vane struc-
ture and the end wall structure may be suppressed.
[0012] In a turbine vane of the present invention, it is
characterized that the partition plate is formed in a cylin-
drical shape, and an end near the end wall structure is
enlarged and is fixed to the end wall structure.
[0013] Accordingly, since the partition plate is formed
in an appropriate shape, it is possible to easily define the
cavity which is continuous from the inside of the vane
structure to the inside of the end wall structure.
[0014] In a turbine vane of the present invention, it is
characterized that a protrusion is provided between the
vane structure and the partition plate or between the end
wall structure and the partition plate so as to suppress
the gap therebetween from being narrowed.
[0015] Accordingly, even when the vane structure, the
end wall structure, and the partition plate are thermally
deformed, it is possible to suppress the gap between the
partition plate and the group of the vane structure and
the end wall structure, that is, the width of the cavity from
being narrowed by the protrusions, and hence to evenly
cool the vane structure and the end wall structure by the
cooling medium at all times.
[0016] In a turbine vane of the present invention, it is
characterized that the end wall structure includes an out-
er end wall structure connected to one end of the vane
structure and an inner end wall structure connected to
the other end of the vane structure, and the partition plate
includes an outer partition plate inserted from the outer
end wall structure and an inner partition plate inserted
from the inner end wall structure.
[0017] Accordingly, since the partition plate is divided
into the outer partition plate and the inner partition plate,
the partition plate may be easily inserted and disposed
in the structures, and hence the assembling work effi-
ciency may be improved.
[0018] In a turbine vane of the present invention, it is
characterized that the outer partition plate and the inner
partition plate are formed so that base ends thereof are
fixed to the outer end wall structure and the inner end
wall structure and leading ends thereof are bonded to
each other.
[0019] Accordingly, since the leading ends of the outer
partition plate and the inner partition plate inserted into
the structures are bonded to each other, the high air-
tightness may be ensured. Accordingly, the stable cool-
ing performance may be maintained and the bonding por-

tion may be disposed at a position where the bonding
operation may be easily performed.
[0020] In a turbine vane of the present invention, it is
characterized that the outer partition plate and the inner
partition plate are formed so that the base ends are fixed
to the outer end wall structure and the inner end wall
structure and the leading ends are blocked, and are dis-
posed inside the vane structure with a predetermined
gap therebetween.
[0021] Accordingly, since the leading ends of the outer
partition plate and the inner partition plate inserted into
the structures are disposed with a predetermined gap
therebetween, the number of bonding positions is de-
creased. Thus, it is possible to decrease the assembling
cost and to improve the assembling work efficiency.
[0022] In a turbine vane of the present invention, it is
characterized that a combustion gas path is provided out-
side the vane structure and the end wall structure, and
the outer partition plate and the inner partition plate are
disposed so that the leading ends avoid a portion with
the highest combustion gas temperature of a vane body
in a length direction.
[0023] Accordingly, the leading ends of the outer par-
tition plate and the inner partition plate may not be easily
provided with the penetration holes for the cooling oper-
ation. Thus, when the portion with the highest combustion
gas temperature is disposed so as to avoid the position,
the occurrence of the locally high-temperature portion
may be suppressed.

Advantageous Effects of Invention

[0024] According to the turbine vane of the invention,
since the partition plate provided with the plurality of pen-
etration holes is fixed so as to form the cavity continuous
inside the vane structure and the end wall structure, the
cooling medium introduced into the cavity is directly and
evenly introduced from the respective penetration holes
of the partition plate into the cavity. Accordingly, it is pos-
sible to evenly cool the vane structure and the end wall
structure by the cooling medium and to suppress the de-
formation or the damage of the vane structure and the
end wall structure.

Brief Description of Drawings

[0025]

FIG. is a longitudinal sectional view illustrating a tur-
bine vane according to a first embodiment of the in-
vention.
FIG. 2 is a cross-sectional view illustrating the turbine
vane of the first embodiment.
FIG. 3 is a cross-sectional view illustrating a connec-
tion portion between an inner shroud and a vane
body of the turbine vane of the first embodiment.
FIG. 4 is a schematic diagram illustrating a gas tur-
bine of the first embodiment.
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FIG. 5 is a schematic diagram illustrating a turbine
of the first embodiment.
FIG. 6 is a longitudinal sectional view illustrating a
turbine vane according to a second embodiment of
the invention.
FIG. 7 is a cross-sectional view illustrating a connec-
tion portion between an outer shroud and a vane
body of the turbine vane of the second embodiment.
FIG. 8 is a longitudinal sectional view illustrating a
turbine vane according to a third embodiment of the
invention.
FIG. 9 is a longitudinal sectional view illustrating a
turbine vane according to a fourth embodiment of
the invention.
FIG. 10 is a longitudinal sectional view illustrating a
turbine vane of the related art.

Description of Embodiments

[0026] Hereinafter, preferred embodiments of a turbine
vane according to the invention will be described in detail
by referring to the accompanying drawings. Furthermore,
the invention is not limited to the embodiments. When
plural embodiments are present, the respective embod-
iments may be combined with each other.

First Embodiment

[0027] FIG. 1 is a longitudinal sectional view illustrating
a turbine vane according to a first embodiment of the
invention, FIG. 2 is a cross-sectional view illustrating the
turbine vane of the first embodiment, FIG. 3 is a cross-
sectional view illustrating a connection portion between
an inner shroud and a vane body of the turbine vane of
the first embodiment, FIG. 4 is a schematic diagram il-
lustrating a gas turbine of the first embodiment, and FIG.
5 is a schematic diagram illustrating a turbine of the first
embodiment.
[0028] As illustrated in FIG. 4, the gas turbine of the
first embodiment includes a compressor 11, a combustor
12, and a turbine 13. The gas turbine is connected with
a power generator (not illustrated), so that power may be
generated.
[0029] The compressor 11 includes an air inlet 21 into
which air is taken, where a plurality of turbine vane bodies
23 and a plurality of turbine blade bodies 24 are alter-
nately arranged in the front to rear direction (the axial
direction of a rotor 32 to be described below) inside a
compressor wheel chamber 22, and air bleeding cham-
bers 25 are provided at the outside thereof. The combus-
tor 12 supplies a fuel to air compressed by the compres-
sor 11 and burns the fuel and the air by the ignition. In
the turbine 13, a plurality of turbine vane bodies 27 and
a plurality of turbine blade bodies 28 are alternately ar-
ranged in the front to rear direction (the axial direction of
the rotor 32 to be described below) inside a turbine wheel
chamber (casing) 26. A flue gas chamber 30 is disposed
at the downstream side of the turbine wheel chamber 26

with the flue gas wheel chamber 29 interposed therebe-
tween, and the flue gas chamber 30 includes a flue gas
diffuser 31 which is continuous to the turbine 13.
[0030] Further, the rotor (turbine shaft) 32 is positioned
so as to penetrate the centers of the compressor 11, the
combustor 12, the turbine 13, and the flue gas chamber
30. In the rotor 32, the end near the compressor 11 is
rotatably supported by a bearing portion 33, and the end
near the flue gas chamber 30 is rotatably supported by
a bearing portion 34. Then, in the rotor 32, a plurality of
disks attached with the respective turbine blade bodies
24 are fixed to the compressor 11 in an overlapping state,
a plurality of disks attached with the respective turbine
blade bodies 28 are fixed to the turbine 13 in an overlap-
ping state, and a driving shaft of a power generator (not
illustrated) is connected to the end near the compressor
11.
[0031] Then, in the gas turbine, the compressor wheel
chamber 22 of the compressor 11 is supported by a leg
portion 35, the turbine wheel chamber 26 of the turbine
13 is supported by a leg portion 36, and the flue gas
chamber 30 is supported by a leg portion 37.
[0032] Accordingly, the air which is taken from the air
inlet 21 of the compressor 11 is compressed while pass-
ing through the plurality of turbine vane bodies 23 and
the plurality of turbine blade bodies 24, so that the air
becomes compressed air with a high temperature and a
high pressure. In the combustor 12, a predetermined fuel
is supplied to the compressed air, so that the fuel and
the air are burned. Then, the hot and pressurized com-
bustion gas as a hydraulic fluid generated by the com-
bustor 12 passes through the plurality of turbine vane
bodies 27 and the plurality of turbine blade bodies 28
constituting the turbine 13, so that the rotor 32 is rota-
tionally driven and the power generator connected to the
rotor 32 is driven. Meanwhile, the energy of the flue gas
(combustion gas) is converted into a pressure by the flue
gas diffuser 31 of the flue gas chamber 30, and the flue
gas is discharged to the atmosphere after its speed is
decreased.
[0033] In the above-described turbine 13, as illustrated
in FIG. 5, the turbine wheel chamber 26 which is formed
in a cylindrical shape has a combustion gas path 40 which
is formed therein so as to have an annular shape, and
the plurality of turbine vane bodies 27 and the plurality
of turbine blade bodies 28 are alternately arranged in the
combustion gas path 40 in the combustion gas flow di-
rection. That is, in the turbine vane bodies 27 of the re-
spective stages, a plurality of turbine vanes 41 are ar-
ranged at the same interval in the circumferential direc-
tion and are fixed to the turbine wheel chamber 26. Fur-
ther, in the turbine blade body 28, turbine blades 42 are
arranged at the same interval in the circumferential di-
rection and are fixed to a rotor disk 43 of which the base
end is fixed to the rotor 32.
[0034] In the turbine vane 41, an outer shroud (end
wall structure) 45 is fixed to one end (the outside in the
radial direction) of a vane body (vane structure) 44 in the
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length direction (the radial direction of the rotor 32), and
an inner shroud (end wall structure) 46 is fixed to the
other end (the inside in the radial direction) thereof. Then,
the outer shroud 45 is fixed to the turbine wheel chamber
26. Meanwhile, the turbine blade 42 has a structure in
which a platform 48 is fixed to the base end (the inside
in the radial direction) of the vane body 47 in the length
direction (the radial direction of the rotor 32). Then, the
platform 48 is fixed to the rotor disk 43, and the leading
end (the outside in the radial direction) thereof extends
to the vicinity of the inner wall surface of the turbine wheel
chamber 26.
[0035] In the turbine vane 41 with such a configuration,
as illustrated in FIGS. 1 to 3, the vane body 44 is formed
in a hollow shape, where the upstream side in the com-
bustion gas flow direction (the left side of FIG. 2) is formed
in a curved cross-sectional shape and the downstream
side in the combustion gas flow direction (the right side
of FIG. 2) is formed in a tapered cross-sectional shape.
Then, the inside of the vane body 44 is divided into three
spaces by two partition walls 51. Further, the vane body
44 is provided with a plurality of cooling holes 52 which
are provided at predetermined positions so as to pene-
trate the vane body from the inside to the outside thereof.
[0036] The outer shroud 45 is formed in a substantially
square plate shape, the center thereof is provided with
an opening having a vane shape, and one end of the
vane body 44 is fixed so as to match the opening. As in
the outer shroud 45, the inner shroud 46 is formed in a
substantially square plate shape, the center thereof is
provided with an opening having a vane shape, and the
other end of the vane body 44 is fixed so as to match the
opening. In this case, the vane body 44 and the outer
shroud 45 are connected to each other through a trumpet-
like curved portion 53, and the vane body 44 and the
inner shroud 46 are connected to each other through a
trumpet-like curved portion 54. Further, the respective
shrouds 45 and 46 are provided with a plurality of cooling
holes 52 which are formed at predetermined positions
so as to penetrate the shrouds from the inside to the
outside thereof.
[0037] A partition plate 55 is fixed to the inner portions
of the vane body 44, the outer shroud 45, and the inner
shroud 46. The partition plate 55 is formed in a cylindrical
shape, and the ends near the respective shrouds 45 and
46 are enlarged and are fixed to the respective shrouds
45 and 46. That is, the partition plate 55 includes a body
56 which corresponds to the vane body 44, an outer por-
tion 57 which corresponds to the outer shroud 45, and
an inner portion 58 which corresponds to the inner shroud
46, and curved portions 59 and 60 which correspond to
the respective curved portions 53 and 54 are provided
among the body 56, the outer portion 57, and the inner
portion 58.
[0038] Then, the partition plate 55 is fixed to the inner
portions of the vane body 44, the outer shroud 45, and
the inner shroud 46, so that a cavity 61 is defined therein.
The cavity 61 is obtained by continuously forming a first

cavity 62 which is defined by the vane body 44 and the
body 56 of the partition plate 55, a second cavity 63 which
is defined by the outer shroud 45 and the outer portion
57 of the partition plate 55, and a third cavity 64 which is
defined by the inner shroud 46 and the inner portion 58
of the partition plate 55. In this case, the partition plate
55 is disposed so that the gap between the partition plate
and the inner wall surfaces of the vane body 44 and the
respective shrouds 45 and 46 is substantially even
throughout the substantially entire area.
[0039] That is, the partition plate 55 is disposed so as
to have an even gap between the partition plate and the
inner wall surfaces of the vane body 44 and the respective
shrouds 45 and 46. Meanwhile, the outer peripheral por-
tions of the respective shrouds 45 and 46 are provided
with steps 45a and 46a, and the respective ends of the
partition plate 55 are fixed (welded) to the steps 45a and
46a in a close contact state. Further, the partition plate
55 is provided with a plurality of penetration holes 65
which are formed at the substantially same interval
throughout the entire area thereof.
[0040] Furthermore, since the inside of the vane body
44 is divided into three spaces by two partition walls 51
as described above, the cylindrical partition plate 55 (55a,
55b, and 55c) is disposed in each space in actual, and
the respective partition plates 55a, 55b, and 55c are con-
nected at the respective shrouds 45 and 46, so that the
spaces communicate with one another.
[0041] Further, a plurality of protrusions 66 are provid-
ed between the group of the vane body 44 and the re-
spective shrouds 45 and 46 and the partition plate 55 so
as to suppress the gap from being narrowed. Each pro-
trusion 66 is formed in a columnar or prismatic shape
which protrudes from the inner wall surfaces of the vane
body 44 and the respective shrouds 45 and 46 toward
the partition plate 55, and the leading end thereof is sep-
arated from the partition plate 55. In this case, the plurality
of protrusions 66 are arranged inside the cavity 61 at the
substantially same interval.
[0042] Accordingly, when cooling air (cooling medium)
obtained from a cooling path (not illustrated) is supplied
from the outer shroud 45 and the inner shroud 46 toward
the turbine vane 41, the cooling air is first introduced into
the vane body 44, the outer shroud 45, and the inner
shroud 46, that is, the partition plate 55. Then, the cooling
air inside the partition plate 55 is sprayed to the cavity
61 through the plurality of penetration holes 65 formed
in the partition plate 55. Here, the inner wall surfaces of
the vane body 44, the outer shroud 45, and the inner
shroud 46 are impingement-cooled. At this time, the cool-
ing air inside the partition plate 55 is introduced into three
cavities 62, 63, and 64 in parallel through the respective
penetration holes 65, so that the vane body 44, the outer
shroud 45, and the inner shroud 46 are cooled uniformly.
Subsequently, the cooling air of the cavity 61 is dis-
charged to the outside (the combustion gas path 40)
through the plurality of cooling holes 52, and flows along
the outer wall surfaces of the vane body 44, the outer
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shroud 45, and the inner shroud 46, so that the outer wall
surfaces are film-cooled.
[0043] In this way, in the turbine vane of the first em-
bodiment, the outer shroud 45 is fixed to one end of the
vane body 44 formed in a hollow shape, the inner shroud
46 is fixed to the other end thereof, and the partition plate
55 is fixed to the inner portions of the vane body 44, the
outer shroud 45, and the inner shroud 46, so that the
continuous cavity 61 is formed between the group of the
vane body 44, the outer shroud 45, and the inner shroud
46 and the partition plate 55. Then, the vane body 44,
the outer shroud 45, and the inner shroud 46 are provided
with the plurality of cooling holes 52, and the partition
plate 55 is provided with the plurality of penetration holes
65.
[0044] Accordingly, when the cooling air is supplied
from the outer shroud 45 and the inner shroud 46, the
cooling air is introduced into the partition plate 55 and is
sprayed into the cavity 61 through the plurality of pene-
tration holes 65 formed in the partition plate 55. Accord-
ingly, the inner wall surfaces of the vane body 44, the
outer shroud 45, and the inner shroud 46 are impinge-
ment-cooled. Then, the cooling air is discharged to the
outside through the plurality of cooling holes 52 and flows
along the outer wall surfaces of the vane body 44, the
outer shroud 45, and the inner shroud 46, so that the
outer wall surfaces thereof are film-cooled.
[0045] At this time, since the cavity 61 (62, 63, and 64)
which is continuous to the inner portions of the vane body
44, the outer shroud 45, and the inner shroud 46 is formed
by the partition plate 55 with the plurality of penetration
holes 65, the cooling air inside the partition plate 55 is
directly and evenly introduced into three cavities 62, 63,
and 64 in parallel through the respective penetration
holes 65. Accordingly, the vane body 44, the outer shroud
45, and the inner shroud 46 may be evenly cooled by the
cooling air. Thus, the high temperature and the thermal
stress at the local positions of the vane body 44, the outer
shroud 45, and the inner shroud 46 are prevented, and
hence the deformation of the vane body 44, the outer
shroud 45, and the inner shroud 46 and the damage
caused by the thermal stress or the oxidization thinning
thereof may be suppressed.
[0046] Particularly, since the cavity 62 of the vane body
44 is continuous to the cavities 63 and 64 of the respective
shrouds 45 and 46, there is no need to provide a flange
near the connection portion of the vane body 44 and the
shrouds 45 and 46. For this reason, the combustion gas
side wall surfaces of the curved portions 53 and 54 con-
necting the vane body 44 and the shrouds 45 and 46 to
each other may be sufficiently cooled without being far
from the wall surfaces which are impingement-cooled by
the cooling air.
[0047] Further, in the turbine vane of the first embod-
iment, the circuit of the cooling air sprayed to the cavity
62 from the inside of the partition plate 55 (56) of the
vane body 44 and the circuit of the cooling air sprayed
to the cavities 63 and 64 from the inside of the partition

plate 55 (57 and 58) of the respective shrouds 45 and 46
are formed in parallel. In the turbine vane (for example,
Patent Literature 1) of the related art, the cooling air se-
quentially flows in series from the inside of the partition
plate of the vane body, the cavity of the vane body, the
inside of the partition plate of the shroud, and the cavity
of the shroud. For this reason, a member such as a lead-
ing edge cavity insertion sleeve capable of dividing the
cooling air circuit of the vane body and the cooling air
circuit of the shroud portion is provided, and hence a
portion which may not be impingement-cooled occurs by
the existence of the member that divides the circuits. In
the turbine vane of the first embodiment, a member such
as a leading edge cavity insertion sleeve does not need
to be provided. Accordingly, it is possible to prevent the
occurrence of the portion which may not be impingement-
cooled and hence to evenly cool the vane body 44 and
the respective shrouds 45 and 46.
[0048] Further, in the turbine vane of the first embod-
iment, the vane body 44 and the respective shrouds 45
and 46 which support the turbine vane 41 against the
combustion gas force are formed so as to be exposed to
the combustion gas. Accordingly, since the member ex-
posed to the combustion gas is formed so as to be thick
in that the turbine vane 41 needs to be supported by the
member, it is possible to prevent a problem in which dam-
age penetrating the combustion gas path 40 and the cav-
ity 61 by the oxidization thinning caused by the high-tem-
perature combustion gas occurs and the cooling air
leaks. Thus, it is possible to obtain the cooling air flow
amount distribution and the cavity pressure according to
the design and to reliably cool the respective members.
[0049] Further, in the turbine vane of the first embod-
iment, the partition plate 55 is formed in a cylindrical
shape, and the ends reaching the respective shrouds 45
and 46 from the vane body 44 are enlarged in a trumpet
shape and are fixed to the outer peripheral portions of
the respective shrouds 45 and 46. Accordingly, since the
partition plate 55 is formed in an appropriate shape, the
cavity 61 which is continuous from the inner portion of
the vane body 44 to the inner portions of the respective
shrouds 45 and 46 is easily formed, the entire area of
the cavity 61 may be substantially evenly cooled.
[0050] Further, in the turbine vane of the first embod-
iment, the plurality of protrusions 66 are provided from
the vane body 44 and the respective shrouds 45 and 46
toward the partition plate 55 so as to suppress the gap
therebetween from being narrowed. Accordingly, even
when the vane body 44, the respective shrouds 45 and
46, and the partition plate 55 are thermally deformed, it
is possible to suppress the gap between the group of the
vane body 44 and the respective shrouds 45 and 46 and
the partition plate 55, that is, the width of the cavity 61
from being narrowed by the protrusions 66. Thus, it is
possible to supply an appropriate amount of cooling air
into the cavity 61 at all times and to evenly cool the vane
body 44 and the respective shrouds 45 and 46.
[0051] Furthermore, in the first embodiment, the plu-
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rality of protrusions 66 which suppress the gap between
the group of the vane body 44 and the respective shrouds
45 and 46 and the partition plate 55 from being narrowed
are provided so as to protrude from the vane body 44
and the respective shrouds 45 and 46 toward the partition
plate 55. However, the protrusions 66 may protrude from
the partition plate 55 toward the vane body 44 and the
respective shrouds 45 and 46. Further, the shape of the
protrusion 66 is not limited to the columnar or prismatic
shape, and may be any shape. Then, a shape is desirable
in which a large thermal stress does not act on the vane
body 44 and the respective shrouds 45 and 46. Then, in
the first embodiment, the plurality of protrusions 66 are
provided between the group of the vane body 44 and the
respective shrouds 45 and 46 and the partition plate 55.
However, the plurality of protrusions 66 may be provided
only between the vane body 44 and the partition plate 55
or only between at least one of the shrouds 45 and 46
and the partition plate 55.

Second Embodiment

[0052] FIG. 6 is a longitudinal sectional view illustrating
a turbine vane according to a second embodiment of the
invention and FIG. 7 is a cross-sectional view illustrating
a connection portion between an outer shroud and a vane
body of the turbine vane of the second embodiment. Fur-
thermore, the same reference sign will be given to the
same component having the same function as that of the
above-described embodiment and the detailed descrip-
tion thereof will not be repeated.
[0053] In the second embodiment, as illustrated in
FIGS. 6 and 7, the turbine vane 41 has a structure in
which the outer shroud 45 is fixed to one end of the vane
body 44 formed in a hollow shape and the inner shroud
46 is fixed to the other end thereof. Then, the vane body
44, the outer shroud 45, and the inner shroud 46 are
provided with the plurality of cooling holes 52.
[0054] A partition plate 71 is fixed to the inner portions
of the vane body 44, the outer shroud 45, and the inner
shroud 46. The partition plate 71 is formed in a cylindrical
shape, and the ends near the respective shrouds 45 and
46 are enlarged and are fixed to the respective shrouds
45 and 46. In the second embodiment, the partition plate
71 includes an outer partition plate 72 which is inserted
from the outer shroud 45 and an inner partition plate 73
which is inserted from the inner shroud 46. In the outer
partition plate 72, the base end thereof is fixed to the
outer peripheral portion (step 45a) of the outer shroud
45 and a leading end 72a is positioned inside the vane
body 44. Meanwhile, in the inner partition plate 73, the
base end thereof is fixed to the outer peripheral portion
(step 46a) of the inner shroud 46 and a leading end 73a
is positioned inside the vane body 44.
[0055] In this case, since the inner partition plate 73 is
formed so as to be longer than the outer partition plate
72, the leading ends 72a and 73a of the respective par-
tition plates 72 and 73 are disposed near the outer shroud

45. Then, the leading end 72a of the outer partition plate
72 is turned back and the leading end 73a of the inner
shroud 46 overlaps therein, so that both portions are
bonded to each other by welding.
[0056] Then, the partition plate 71 is fixed to the inner
portions of the vane body 44, the outer shroud 45, and
the inner shroud 46, so that the cavity 61 is defined there-
in. The cavity 61 is obtained by continuously forming the
first cavity 62 corresponding to the vane body 44, the
second cavity 63 corresponding to the outer shroud 45,
and the third cavity 64 corresponding to the inner shroud
46. In this case, the partition plate 71 is disposed through-
out the substantially entire area so that the gap between
the group of the inner wall surfaces of the vane body 44
and the respective shrouds 45 and 46 and the partition
plate is substantially even. Then, the partition plate 71 is
provided with a plurality of penetration holes 74 which
are formed substantially at the same interval throughout
the entire area thereof.
[0057] Furthermore, since the operation of the second
embodiment is the same as that of the first embodiment,
the description thereof will not be repeated.
[0058] In this way, in the turbine vane of the second
embodiment, the partition plate 71 is fixed to the inner
portions of the vane body 44, the outer shroud 45, and
the inner shroud 46 so as to form the cavity 61. Then,
the vane body 44, the outer shroud 45, and the inner
shroud 46 are provided with the plurality of cooling holes
52, and the partition plate 71 is provided with the plurality
of penetration holes 74.
[0059] Accordingly, since the cavity 61 (62, 63, and 64)
which is continuous inside the vane body 44, the outer
shroud 45, and the inner shroud 46 is formed by the par-
tition plate 71 with the plurality of penetration holes 74,
the cooling air inside the partition plate 71 is directly and
evenly introduced to three cavities 62, 63, and 64 in par-
allel through the respective penetration holes 74. Accord-
ingly, the vane body 44, the outer shroud 45, and the
inner shroud 46 may be evenly cooled by the cooling air.
Thus, it is possible to prevent the occurrence of the locally
high thermal stress and to suppress the occurrence of
the deformation or the damage of the vane body 44, the
outer shroud 45, and the inner shroud 46.
[0060] Further, in the turbine vane of the second em-
bodiment, the partition plate 71 includes the outer parti-
tion plate 72 which is inserted from the outer shroud 45
and the inner partition plate 73 which is inserted from the
inner shroud 46. Accordingly, since the partition plate 71
is divided into the outer partition plate 72 and the inner
partition plate 73, the partition plates may be easily in-
serted and disposed in the structures, and hence the as-
sembling work efficiency may be improved.
[0061] Further, in the turbine vane of the second em-
bodiment, the outer partition plate 72 and the inner par-
tition plate 73 have a structure in which the base ends
are fixed to the outer peripheral portions of the outer
shroud 45 and the inner shroud 46 and the leading ends
72a and 73a are bonded to each other inside the vane
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body 44. Accordingly, since the leading ends 72a and
73a of the outer partition plate 72 and the inner partition
plate 73 inserted into the structures are bonded to each
other inside the vane body 44, the high air-tightness may
be ensured. Accordingly, the stable cooling performance
may be maintained and the bonding portion may be dis-
posed at a position where the bonding operation is easily
performed.
[0062] Further, in the turbine vane of the second em-
bodiment, the leading ends 72a and 73a of the outer par-
tition plate 72 and the inner partition plate 73 are disposed
and bonded near the outer shroud 45. Accordingly, since
the bonding portion between the outer partition plate 72
and the inner partition plate 73 is disposed near the outer
shroud 45, both portions may be easily bonded to each
other from the outside by welding or the like, and hence
the assembling work efficiency may be improved. Fur-
ther, since the leading end of the outer partition plate 72
or the inner partition plate 73 may not be easily provided
with the penetration holes 74 used for the cooling oper-
ation, the positions of the leading ends 72a and 73a of
the respective partition plates 72 and 73 are disposed
near the outer shroud 45 so as to avoid the portion with
a high combustion gas temperature, and hence the oc-
currence of the locally high-temperature portion may be
suppressed.
[0063] Furthermore, in the second embodiment, the
leading ends 72a and 73a of the outer partition plate 72
and the inner partition plate 73 are disposed and bonded
to each other near the outer shroud 45. However, the
leading ends 72a and 73a of the outer partition plate 72
and the inner partition plate 73 may be disposed and
bonded to each other near the inner shroud 46. Even in
this case, the above-described operation and effect may
be obtained.

Third Embodiment

[0064] FIG. 8 is a longitudinal sectional view illustrating
a turbine vane according to a third embodiment of the
invention. Furthermore, the same reference sign will be
given to the same component having the same function
as that of the above-described embodiments and the de-
tailed description thereof will not be repeated.
[0065] In the third embodiment, as illustrated in FIG.
8, the turbine vane 41 has a structure in which the outer
shroud 45 is fixed to one end of the vane body 44 formed
in a hollow shape and the inner shroud 46 is fixed to the
other end thereof. Then, the vane body 44, the outer
shroud 45, and the inner shroud 46 are provided with the
plurality of cooling holes 52.
[0066] A partition plate 81 is fixed to the inner portions
of the vane body 44, the outer shroud 45, and the inner
shroud 46. The partition plate 81 is formed in a cylindrical
shape, and the ends near the respective shrouds 45 and
46 are enlarged and are fixed to the respective shrouds
45 and 46. In the third embodiment, the partition plate 81
includes an outer partition plate 82 which is inserted from

the outer shroud 45 and an inner partition plate 83 which
is inserted from the inner shroud 46. In the outer partition
plate 82, the base end thereof is fixed to the outer pe-
ripheral portion of the outer shroud 45 and a leading end
82a is positioned inside the vane body 44. Meanwhile,
in the inner partition plate 83, the base end thereof is
fixed to the outer peripheral portion of the inner shroud
46 and a leading end 83a is positioned inside the vane
body 44.
[0067] In this case, since the outer partition plate 82
and the inner partition plate 83 are formed with the sub-
stantially same length, the leading ends 82a and 83a of
the partition plates 82 and 83 are disposed at the middle
portion of the vane body 44 in the length direction. Then,
the outer partition plate 82 and the inner partition plate
83 are separated from each other with a predetermined
gap therebetween so that the leading ends 82a and 83a
are blocked.
[0068] Then, the partition plate 81 is fixed to the inner
portions of the vane body 44, the outer shroud 45, and
the inner shroud 46, so that the cavity 61 is defined there-
in. The cavity 61 is obtained by continuously forming the
first cavity 62 corresponding to the vane body 44, the
second cavity 63 corresponding to the outer shroud 45,
and the third cavity 64 corresponding to the inner shroud
46. In this case, the partition plate 81 is disposed so that
the gap between the partition plate and the inner wall
surfaces of the vane body 44 and the respective shrouds
45 and 46 is substantially even throughout the substan-
tially entire area. Then, the partition plate 81 is provided
with a plurality of penetration holes 84 which are formed
at the substantially same interval throughout the entire
area thereof.
[0069] Furthermore, since the operation of the third
embodiment is the same as that of the first embodiment,
the description thereof will not be repeated.
[0070] In this way, in the turbine vane of the third em-
bodiment, the cavity 61 is formed by fixing the partition
plate 81 to the inner portions of the vane body 44, the
outer shroud 45, and the inner shroud 46. Then, the vane
body 44, the outer shroud 45, and the inner shroud 46
are provided with the plurality of cooling holes 52, and
the partition plate 81 is provided with the plurality of pen-
etration holes 84.
[0071] Accordingly, since the cavity 61 (62, 63, and 64)
which is continuous inside the vane body 44, the outer
shroud 45, and the inner shroud 46 is formed by the par-
tition plate 81 with the plurality of penetration holes 84,
the cooling air inside the partition plate 81 is directly and
evenly introduced to three cavities 62, 63, and 64 in par-
allel through the respective penetration holes 84. Accord-
ingly, the vane body 44, the outer shroud 45, and the
inner shroud 46 may be evenly cooled by the cooling air.
Thus, it is possible to prevent the occurrence of the locally
high thermal stress and to suppress the occurrence of
the deformation or the damage of the vane body 44, the
outer shroud 45, and the inner shroud 46.
[0072] Further, in the turbine vane of the third embod-
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iment, the partition plate 81 includes the outer partition
plate 82 which is inserted from the outer shroud 45 and
the inner partition plate 83 which is inserted from the inner
shroud 46, and the outer partition plate 82 and the inner
partition plate 83 are disposed with a predetermined gap
therebetween at the middle position of the vane body 44
so that the leading ends 82a and 83a thereof are blocked.
Accordingly, since the leading ends 82a and 83a of the
outer partition plate 82 and the inner partition plate 83
inserted into the structures are disposed with a predeter-
mined gap therebetween, the number of bonding posi-
tions in the partition plate 81 is decreased. Thus, it is
possible to decrease the assembling cost and to improve
the assembling work efficiency.

Fourth Embodiment

[0073] FIG. 9 is a longitudinal sectional view illustrating
a turbine vane according to a fourth embodiment of the
invention. Furthermore, the same reference sign will be
given to the same component having the same function
as that of the above-described embodiments and the de-
tailed description thereof will not be repeated.
[0074] In the fourth embodiment, as illustrated in FIG.
9, the turbine vane 41 has a structure in which the outer
shroud 45 is fixed to one end of the vane body 44 formed
in a hollow shape and the inner shroud 46 is fixed to the
other end thereof. Then, the vane body 44, the outer
shroud 45, and the inner shroud 46 are provided with the
plurality of cooling holes 52.
[0075] A partition plate 91 is fixed to the inner portions
of the vane body 44, the outer shroud 45, and the inner
shroud 46. The partition plate 91 is formed in a cylindrical
shape, and the ends near the respective shrouds 45 and
46 are enlarged and are fixed to the respective shrouds
45 and 46. In the fourth embodiment, the partition plate
91 includes an outer partition plate 92 which is inserted
from the outer shroud 45 and the inner partition plate 93
which is inserted from the inner shroud 46. In the outer
partition plate 92, the base end thereof is fixed to the
outer peripheral portion of the outer shroud 45 and a lead-
ing end 92a is positioned inside the vane body 44. Mean-
while, in the inner partition plate 93, the base end thereof
is fixed to the outer peripheral portion of the inner shroud
46 and a leading end 93a is positioned inside the vane
body 44.
[0076] In this case, since the inner partition plate 93 is
formed so as to be longer than the outer partition plate
92, the leading ends 92a and 93a of the partition plates
92 and 93 are disposed near the outer shroud 45 so as
to avoid the portion with a high combustion gas temper-
ature of the vane body 44 in the length direction. Then,
the outer partition plate 92 and the inner partition plate
93 are separated from each other with a predetermined
gap therebetween so that the leading ends 92a and 93a
are blocked.
[0077] Then, the cavity 61 is defined by fixing the par-
tition plate 91 to the inner portions of the vane body 44,

the outer shroud 45, and the inner shroud 46. The cavity
61 is obtained by continuously forming the first cavity 62
corresponding to the vane body 44, the second cavity 63
corresponding to the outer shroud 45, and the third cavity
64 corresponding to the inner shroud 46. In this case,
the partition plate 91 is disposed so that the gap between
the partition plate and the inner wall surfaces of the vane
body 44 and the respective shrouds 45 and 46 are sub-
stantially even throughout the substantially entire area.
Then, the partition plate 91 is provided with a plurality of
penetration holes 94 which are formed at the substan-
tially same interval throughout the entire area.
[0078] Furthermore, since the operation of the fourth
embodiment is the same as that of the first embodiment,
the description thereof will not be repeated.
[0079] In this way, in the turbine vane of the fourth em-
bodiment, the cavity 61 is formed by fixing the partition
plate 91 to the inner portions of the vane body 44, the
outer shroud 45, and the inner shroud 46. Then, the vane
body 44, the outer shroud 45, and the inner shroud 46
are provided with the plurality of cooling holes 52, and
the partition plate 91 is provided with the plurality of pen-
etration holes 94.
[0080] Accordingly, since the cavity 61 (62, 63, and 64)
which is continuous inside the vane body 44, the outer
shroud 45, and the inner shroud 46 is formed by the par-
tition plate 91 with the plurality of penetration holes 94,
the cooling air inside the partition plate 91 is directly and
evenly introduced to three cavities 62, 63, and 64 in par-
allel through the respective penetration holes 94. Accord-
ingly, the vane body 44, the outer shroud 45, and the
inner shroud 46 may be evenly cooled by the cooling air.
Thus, it is possible to prevent the occurrence of the locally
high thermal stress and to suppress the occurrence of
the deformation or the damage of the vane body 44, the
outer shroud 45, and the inner shroud 46.
[0081] Further, in the turbine vane of the fourth em-
bodiment, the partition plate 91 includes the outer parti-
tion plate 92 which is inserted from the outer shroud 45
and the inner partition plate 93 which is inserted from the
inner shroud 46, and the outer partition plate 92 and the
inner partition plate 93 are disposed with a predetermined
gap therebetween near the outer shroud 45 in the vane
body 44 so that the leading ends 92a and 93a are
blocked. Accordingly, since the leading ends 92a and
93a of the outer partition plate 92 and the inner partition
plate 93 inserted into the structures are disposed with a
predetermined gap therebetween, the number of bond-
ing positions in the partition plate 91 is decreased. Thus,
it is possible to decrease the assembling cost and to im-
prove the assembling work efficiency.
[0082] Further, in the turbine vane of the fourth em-
bodiment, the leading ends 92a and 93a of the outer par-
tition plate 92 and the inner partition plate 93 are disposed
near the outer shroud 45. That is, the leading ends 92a
and 93a of the outer partition plate 92 and the inner par-
tition plate 93 are disposed so as to avoid the portion with
the highest combustion gas temperature. Accordingly,
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since the leading end of the outer partition plate 92 or
the inner partition plate 93 may not be easily provided
with the penetration holes 94 used for the cooling oper-
ation, the positions of the leading ends 92a and 93a of
the respective partition plates 92 and 93 are disposed
near the outer shroud 45 so as to avoid the portion with
a high combustion gas temperature of the vane body 44
in the length direction. Thus, it is possible to prevent the
portion which is not easily provided with the penetration
holes 94 and the portion with a high combustion gas tem-
perature from overlapping each other and to suppress
the occurrence of the locally high-temperature portion.
[0083] In this case, in the turbine vane 41, the portion
with the highest combustion gas temperature changes
depending on the state of the combustion gas flowing to
the combustion gas path 40. In the fourth embodiment,
since the portion with the highest combustion gas tem-
perature is present near the inner shroud 46 in relation
to the middle portion of the turbine vane 41 in the length
direction, the leading ends 92a and 93a of the outer par-
tition plate 92 and the inner partition plate 93 are disposed
near the outer shroud 45. Here, the portion with the high-
est combustion gas temperature changes depending on
the state of the combustion gas flowing to the combustion
gas path 40. For this reason, when the portion with the
highest combustion gas temperature is present near the
outer shroud 45 in relation to the middle portion of the
turbine vane 41 in the length direction, the leading ends
92a and 93a of the outer partition plate 92 and the inner
partition plate 93 may be disposed near the inner shroud
46.
[0084] Furthermore, in the above-described embodi-
ments, the cavity 61 is formed by fixing each of the par-
tition plates 55, 71, 81, and 91 to the inner portions of
the vane body 44, the outer shroud 45, and the inner
shroud 46. However, the cavity may be formed just by
fixing the partition plate to the vane body 44 and the outer
shroud 45 or to the vane body 44 and the inner shroud 46.
[0085] Further, in the above-described embodiments,
the cooling air (cooling medium) is supplied from the outer
shroud 45 and the inner shroud 46 toward the turbine
vane 41, but may be supplied from any one of the outer
shroud 45 and the inner shroud 46.
[0086] Further, in the second to the fourth embodi-
ments described above, the leading ends of the outer
partition plates 72, 82, and 92 and the inner partition
plates 73, 83, and 93 are bonded to one another inside
the vane body 44, but may be bonded to one another
inside the outer shroud 45 or the inner shroud 46.
[0087] Further, in the above-described embodiments,
a case has been described in which the turbine vane of
the invention is applied to the gas turbine, but the turbine
vane may be applied to a steam turbine. In this case, the
cooling medium is steam, and the steam having been
used to cool the cavity may be collected to the shroud
without being discharged to the outside.

Reference Signs List

[0088]

11 COMPRESSOR

12 COMBUSTOR

13 TURBINE

26 TURBINE WHEEL CHAMBER

27 TURBINE VANE BODY

28 TURBINE BLADE BODY

32 ROTOR

40 COMBUSTION GAS PATH

41 TURBINE VANE

42 TURBINE BLADE

43 ROTOR DISK

44 VANE BODY (VANE STRUCTURE)

45 OUTER SHROUD (END WALL
STRUCTURE)

46 INNER SHROUD (END WALL
STRUCTURE)

52 COOLING HOLE

55, 71, 81, 91 PARTITION PLATE

61, 62, 63, 64 CAVITY

65, 74, 84, 94 PENETRATION HOLE

66 PROTRUSION

Claims

1. A turbine vane comprising:

a vane structure formed in a hollow shape;
an end wall structure provided in an end of the
vane structure; and
a partition plate for forming a cavity continuous
inside the vane structure and the end wall struc-
ture, the partition plate being provided with a plu-
rality of penetration holes.

2. The turbine vane according to claim 1,
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wherein the partition plate is formed in a cylindrical
shape, and an end near the end wall structure is
enlarged and is fixed to the end wall structure.

3. The turbine vane according to claim 1 or 2,
wherein a protrusion is provided between the vane
structure and the partition plate or between the end
wall structure and the partition plate so as to sup-
press the gap therebetween from being narrowed.

4. The turbine vane according to claim 1,
wherein the end wall structure includes an outer end
wall structure connected to one end of the vane struc-
ture and an inner end wall structure connected to the
other end of the vane structure, and the partition plate
includes an outer partition plate inserted from the
outer end wall structure and an inner partition plate
inserted from the inner end wall structure.

5. The turbine vane according to claim 4,
wherein the outer partition plate and the inner parti-
tion plate are formed so that base ends thereof are
fixed to the outer end wall structure and the inner
end wall structure and leading ends thereof are
bonded to each other.

6. The turbine vane according to claim 4,
wherein the outer partition plate and the inner parti-
tion plate are formed so that the base ends are fixed
to the outer end wall structure and the inner end wall
structure and the leading ends are blocked, and are
disposed inside the vane structure with a predeter-
mined gap therebetween.

7. The turbine vane according to claim 5 or 6,
wherein a combustion gas path is provided outside
the vane structure and the end wall structure, and
the outer partition plate and the inner partition plate
are disposed so that the leading ends avoid a portion
with the highest combustion gas temperature of a
vane body in a length direction.

19 20 



EP 2 711 502 A1

12



EP 2 711 502 A1

13



EP 2 711 502 A1

14



EP 2 711 502 A1

15



EP 2 711 502 A1

16



EP 2 711 502 A1

17



EP 2 711 502 A1

18



EP 2 711 502 A1

19



EP 2 711 502 A1

20



EP 2 711 502 A1

21



EP 2 711 502 A1

22



EP 2 711 502 A1

23

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2002004803 A [0005] • JP 2008286157 A [0005]


	bibliography
	description
	claims
	drawings
	search report

