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(57) ABSTRACT

A gas turbine blade includes a hollow-blade-form portion
formed by a leading edge on an upstream side of an working
fluid of a gas turbine in a flow direction, a trailing edge on a
downstream side of the working fluid in the flow direction,
and a suction surface and a pressure surface reaching the
trailing edge from the leading edge, and a shank portion for
supporting the blade form portion. The blade also includes a
partition for connecting the suction surface and the pressure
surface in a hollow region of the blade-form portion, coolant
paths formed by the partition, the suction surface, and the
pressure surface, an impingement cooling hole formed in the
partition for dividing the first path that is a flow path nearest
to the leading edge side among the coolant paths and the
second path adjacent to the first path, and first and second
converter portions.
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GAS TURBINE, GAS TURBINE BLADE, AND
MANUFACTURING METHOD OF GAS
TURBINE BLADE

CLAIM OF PRIORITY

[0001] The present application claims priority from Japa-
nese patent application JP 2012-186046 filed on Aug. 27,
2012, the content of which is hereby incorporated by refer-
ence into this application.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention
[0003] The present invention relates to a gas turbine, a gas
turbine blade and a manufacturing method of gas turbine
blade.
[0004] 2. Description of Related Art
[0005] As a background art of this technical field, there is
Japanese Laid-open Patent Application No. 2003-322002
(Patent Literature 1). This patent application states: “The
refresh path extends through the inner wall in the radial direc-
tion, which inner wall is a boundary of the inner portion of the
final flow path in the radial direction, and fluid-interconnects
to the cooling air source. The refresh path to the leading edge
feed flow path is connected to the flow-in entrance flow path
of'the serpentine cooling passage passing through the base of
the blade and as a result, joins to the flow rate ofthe serpentine
cooling passage. To adjust the flow rate and pressure to the
leading edge feed flow path, independently of the flow
through the serpentine cooling passage, the cooling flow
passing through the refresh path can be adjusted.”
[0006] Further, there exists Japanese Laid-open Patent
Application No. 2008-151112 (Patent Literature 2). This
patent application states: “The plurality of stub portions are
mutually gathered in the valve portion connected to the shank
portion, are radially extended outward, and are connected
integrally with different rod portions among the rod portions
s0 as to increase the strength of the cores.”
[0007] {Patent Literature 1} Japanese Laid-open Patent
Application No. 2003-322002
[0008] {Patent Literature 2} Japanese Laid-open Patent
Application No. 2008-151112

SUMMARY OF INVENTION

[0009] The gas turbine blade is exposed to high-tempera-
ture and high-pressure combustion gas when the gas turbine is
in operation. So that the gas turbine can function soundly even
in a severe environment of high-temperature and high-pres-
sure, the gas turbine blade may be operated while being
cooled by internally ventilating it with cooling air.

[0010] For example, the cooling air is bleed air from a
compressor and the use of cooling air leads to an increase in
the compressor power and becomes a factor of a reduction in
the thermal efficiency of the gas turbine. Further, for example,
the cooling air, after cooling the turbine blade, is discharged
into high-temperature gas and the combustion gas tempera-
ture falls. Therefore, it becomes a factor of a reduction in the
thermal efficiency of the gas turbine.

[0011] To avoid the efficiency reduction, the turbine blade
need to be cooled down to a temperature preferable in terms
of reliability at as low a cooling air flow rate as possible. To
cope with such a problem, in the patent literature 1 mentioned
above, the adjustment mechanism of cooling air flow rate is
described.
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[0012] Further, the inner cooling air path of each blade, for
example, using ceramics cores, is formed by precision cast-
ing. If some cores are cracked or distorted, or are shifted
inside the blade form frame, depending on the extent, the
inner cooling air path does not satisfy the allowance and the
blade may become an inferior good. These are the factors
which reduce the yield rate and increase costs. To cope with
this problem, in the patent literature 2 mentioned above, the
technology for improving the strength of the cores is
described.

[0013] As an embodiment of a cooling structure with high
cooling performance, there are an impingement cooling
structure and a film cooling structure. These structures have a
high cooling performance, though they are a fine structure, so
that the adjustment of cooling air is difficult and the control of
dimensional allowance is difficult. Further, the cores are apt
to reduce in strength and are easily damaged. As mentioned
above, the structure having a high cooling performance is apt
to reduce the productivity and increase the cost.

[0014] Inthe gas turbine blade, as described above, both the
high cooling performance and productivity need to be
attained. However, in the patent literature 1, the pressure
adjustment technology using refresh air is disclosed, though
there is no description relating to the core strength. In the
patent literature, technology to improve core strength is dis-
closed, though there is no description relating to the pressure
adjustment technology.

[0015] Furthermore, for the pressure adjustment technol-
ogy, a wider adjustment range than that of the prior technol-
ogy is required and the core strength is required for higher
strength than that of the prior technology.

[0016] Further, an easy inspection during production and
an easy discovery of inferior goods lead to a reduction in the
inspection man-hour and a reduction in the cost.

[0017] The present invention has been made in view of the
above and an object of the present invention is to provide a gas
turbine and a gas turbine blade having both excellent cooling
performance and productivity.

[0018] To solve the above problems, for example, the con-
stitution described in the claim is used.

[0019] A gas turbine blade of the present invention com-
prising: a hollow blade form portion formed by aleading edge
on an upstream side of an working fluid of a gas turbine in a
flow direction, a trailing edge on a downstream side of the
working fluid in the flow direction, and a suction surface and
a pressure surface reaching the trailing edge from the leading
edge, and a shank portion for supporting the blade form
portion, characterized in that, the gas turbine blade is further
comprising: a partition for connecting the suction surface and
the pressure surface in a hollow region of the blade form
portion, coolant paths formed by the partition, the suction
surface, and the pressure surface, an impingement cooling
hole formed in the partition for dividing a first path which is
aflow path nearest to the leading edge side among the coolant
paths and a second path adjacent to the first path, a first
converter portion which is installed between the blade form
portion and the shank portion for connecting the second flow
path and a third flow path adjacent to the second flow path,
and a second converter portion which is installed at a tip on
the blade form portion side for connecting the third flow path
and a fourth flow path adjacent to the third flow path, wherein:
at least, the first flow path and the second flow path are
extended to an outer peripheral side end of the blade form
portion, and an outer peripheral side plate made of a different
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member from the blade form portion is attached on an outer
peripheral side of the blade form portion and defines outer-
most peripheral ends of the first flow path and the second flow
path.

[0020] According to the present invention, a gas turbine and
a gas turbine blade having both excellent cooling perfor-
mance and productivity can be provided. The problems, con-
stitutions, and effects other than the aforementioned will be
made clear by the explanation of the following embodiments.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG.1is an embodiment of the cross sectional view
of the turbine cooling blade of the first embodiment in the
present invention.

[0022] FIG. 2 is an embodiment of the block diagram of a
gas turbine.
[0023] FIG. 3 is an embodiment of the partial cross sec-

tional view of a gas turbine.

[0024] FIG.4 is an embodiment of shape of the cores on the
outer peripheral side for forming the turbine cooling blade of
the first embodiment.

[0025] FIG.5 is an embodiment of shape of the cores on the
inner peripheral side for forming the turbine cooling blade of
the first embodiment.

[0026] FIG. 6 is an embodiment of the cross sectional view
of'the turbine cooling blade of the second embodiment in the
present invention.

[0027] FIG. 7 is an embodiment of the cross sectional view
of the turbine cooling blade of the third embodiment in the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Hereinafter, the embodiments of the present inven-
tion will be explained by referring to the accompanying draw-
ings.

[0029] Firstly, the constitution of a gas turbine which is an
application object of the present invention will be explained
by referring to FIG. 2.

[0030] Inthe FIG. 2, a gas turbine 101 is composed of, for
example, a compressor 102, a combustor 103, and a turbine
104. The compressor 102 compresses air 111, generates com-
pressed air 106, and supplies the generated compressed air
106 to the combustor 103. The combustor 103 mix-burns the
compressed air 106 generated by the compressor 102 and
fuel, generates combustion gas 107 which is working fluid of
the gas turbine 104, and discharges the combustion gas 107
into the turbine 104.

[0031] Theturbine 104, by the combustion gas 107 which is
discharged from the combustor 103 and is increased in the
energy of the compressed air, generates rotation force in a
turbine shaft 105. By the rotation force of the turbine shaft
105, a device 109 connected to the gas turbine 101 is driven.
The combustion gas 107, as exhaust gas 112 after the energy
is captured by the turbine 104, is discharged via an exhaust
diffuser 113. Further, a part of the air compressed by the
compressor 102 is bled as turbine cooling air 110 and is fed to
the turbine 104 as cooling air without passing through the
combustor 103.

[0032] FIG. 3 shows an embodiment of the partial cross
sectional view of a gas turbine.

[0033] In the FIG. 3, a numeral 1 shown in the drawing
indicates a first stage nozzle, 2 a first stage blade, 3 a second
stage nozzle, 4 a second stage blade, 5 a third stage nozzle,
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and 6 a third stage blade and an arrow 8 indicates a flow
direction of the combustion gas 107 in the turbine.

[0034] The first stage blade 2 is connected to the outer
periphery of a first stage wheel 9, is stacked by a stacking bolt
together with a second stage wheel 10 with the second stage
blade 4 connected to, a third stage wheel 11 with the third
stage blade 6 connected to, a compressor rotor 12 connected
to the compressor 102, and a spacer 13, and composes the
turbine shaft 105. The turbine shaft 105 captures the energy of
the combustion gas 107 discharged from the combustor 103
by the first stage blade 2, the second stage blade 4, and the
third stage blade 6 and drives the compressor 102 and the
device 109 such as a generator connected to the turbine shaft
end.

[0035] The turbine shaft 105 is involved in a casing 114. In
the casing 114, the first stage nozzle 1, the second stage
nozzle 3, the third stage nozzle 5, a first stage shroud 14, a
second stage shroud 15, and a third stage shroud 16 are
connected on the inner peripheral side, and furthermore on
the inner peripheral side of the second stage nozzle 3 and the
third stage nozzle 5, a diaphragm 24 is connected, respec-
tively.

[0036] Further, the cooling air 110 passes through the
inside of the turbine shaft 105, reaches the base portion of the
first stage blade 2 and the second stage blade 4 via a path (not
shown) installed between the first stage wheel 9 and the
spacer 13 and between the second stage wheel 10 and the
spacer 13, and flows into the blade. The air finishing to cool
the first stage blade 2 and the second stage blade 4 is dis-
charged from the inside of the blade to the outside, is mixed
with the combustion gas 107, and is discharged outside the
gas turbine 101 as exhaust gas 112.

First Embodiment

[0037] Inthis embodiment, the gas turbine blade combined
with both excellent cooling performance and productivity
will be explained. FIG. 1 shows an embodiment of the cross
sectional view of the first stage blade 2 of the gas turbine 101
of the first embodiment in the radial direction.

[0038] Inthe FIG. 1, the first stage blade 2 includes a blade
form portion 17 and a shank portion 18. The blade form
portion 17 is composed of a leading edge 19 on the upstream
side in the flow direction of the combustion gas which is an
working fluid, a trailing edge 20 on the downstream side, and
the turbine blade pressure surface in the concave external
form and the turbine blade suction surface in the convex
external form installed between the leading edge 19 and the
trailing edge 20. The shank portion 18 is positioned on the
inner peripheral side of the gas turbine from the blade form
portion 17 and supports the blade form portion 17.

[0039] The inside of the first stage blade 2 is hollow and a
cooling path is formed here. And, the compressed air bled
from the compressor 102 flows into the cooling path from the
shank base portion.

[0040] The cooling path is formed as cooling paths 204a,
2045,204¢,204d,204e, 2041, 204g, and 204/ of coolant paths
by partitions 210a, 2105, 210c, 210d, 210e, and 210f for
connecting the pressure surface and suction surface in the
hollow region of the blade form portion 17, the pressure
surface, and the suction surface. The respective cooling paths
204a, 2045, 204c, 204d, 204e, 204f, 204g, and 204/ are
connected by convertors 205a, 2056, 205¢, and 2054. For
example, the convertors 2055 and 205c¢ are positioned on the
outer peripheral side (tip) of the blade form portion 17 and the
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convertors 205a and 2054 are positioned between the blade
form portion 17 and the shank portion 18.

[0041] Further, in this embodiment, bearing the constitu-
tion attached to the turbine shaft 105 in the mind, the side of
the shank portion 18 is referred to as an inner peripheral side
and the side of the blade form portion 17 is referred to as an
outer peripheral side.

[0042] There are two paths of cooling air available, and one
is a front side serpentine cooling path 206 passing through the
cooling paths 204d, 204c¢, and 2045 and the converter por-
tions 205a and 20556 from a front side cooling air feed hole
208 and reaching the cooling path 2044q via a leading edge
impingement hole 211, and the other one is a rear side ser-
pentine cooling path 207 reaching the cooling path 204/ at the
trailing edge ofthe blade via the cooling paths 204e, 204/, and
204g and the converter portions 205¢ and 2054 from a rear
side cooling air feed hole 209.

[0043] Respectively inside the front side serpentine cooling
path 206 and the rear side serpentine cooling path 207, a
turbulent flow promotion rib (not shown) is installed. The rib
disturbs the flow of cooling air by its projection. The rib
changes the disturbance form due to the shape, so that
depending on the shape of the rib arranged, the thermal con-
ductivity of the rib installation surface changes. Therefore, it
is desirable to arrange an appropriately shaped rib according
to a thermal load. By the appropriate rib arrangement, the
metal temperature can be made uniform and the thermal
stress can be suppressed.

[0044] Further, on the front side of the cooling path 204«
which is a flow path nearest to the side of the leading edge 19
among the cooling paths, a film cooling hole 212 for perform-
ing film cooling on the outside surface of each blade is
formed. The film cooling is a heat insulation technique of
injecting cooling air from a small hole and reducing the
temperature of the combustion gas 107 in the neighborhood
of the outside surface of each blade and has a high cooling
performance. Furthermore, for example, the convection cool-
ing effect cannot be expected for the cooling air that has risen
to a temperature almost equivalent to the temperature of the
blade as a result of having cooled the blade from the inside;
however, even such cooling air can be used for film cooling
because its temperature is lower than the combustion gas
temperature. Therefore, to obtain a higher cooling perfor-
mance at a low cooling air flow rate, it is desirable to use the
cooling air as film air after a plurality of paths are cooled as in
this embodiment. However, there is a case that the pressure of
the cooling air is reduced excessively due to passing through
a plurality of paths, so that it cannot be continued endlessly
and, as mostly described in the present embodiment, series
connection of about 4 flow paths is a limit.

[0045] The characteristics of this embodiment are that the
cooling path 204a is structured so as to be connected with the
cooling path 2045 through the plurality of impingement holes
211, and further, these cooling paths 204a, 2045 are extended
to the end of the blade form portion 17 on the outer peripheral
side, and the outermost peripheral end is defined by an outer
peripheral side plate 214. Further, the converter portion 2056
for connecting the cooling path 204¢ and the cooling path
204d is extended to the end of the blade form portion 17 on the
outer peripheral side, and the outermost peripheral end is
defined by the outer peripheral side plate 214. In addition, the
converter portion 205a for connecting the cooling path 2045
and the cooling path 204¢ and the cooling path 204d are
extended to the end of each blade on the inner peripheral side
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and the innermost peripheral end is defined by an inner
peripheral side plate 213. Further, the inner peripheral side
plate 213 and the outer peripheral side plate 214 are com-
posed of different members from the blade form portion 17
and the shank portion 18 and are structured so as to be
attached at the process of brazing, welding, or adhesion using
an adhesive subsequent to the precision casting.

[0046] Further, it is one of the characteristics that the cool-
ing paths 204a, 20456 and the converter portion 2054 are
extended to the outside end of the blade form portion 17, and
the cooling path 2044 and the converter portion 205a are
extended to the end of the shank portion 18 on the inner
peripheral side, respectively maintaining their cross-sec-
tional areas of the paths (without reducing the cross-sectional
areas of the paths).

[0047] Here, the manufacture of the turbine blade relating
to this embodiment will be explained. FIG. 4 shows the shape
of the cores on the outer peripheral side used to form the
turbine blade of this embodiment. It is a core 3044 which
forms the cooling path 2044, and itis a core 3045 which forms
the cooling path 2045, and it is a core 304¢ which forms the
cooling path 204c¢, and it is a core 3044 which forms the
cooling path 204d. Further, the impingement hole 211 is
formed by an impingement core 311. Further, it is a converter
core 3055 which forms the converter portion 2055.

[0048] The cores 304a, 3045 and the converter core 3055
are extended to the end of the blade on the outer peripheral
side so as to maintain the cross-sectional area of the cooling
path, and are joined to each other at the end on the outer
peripheral side.

[0049] FIG. 5 shows the shape of the cores on the inner
peripheral side used to form the turbine blade of this embodi-
ment. The portions indicated with the same symbols as those
shown in FIG. 4 are the same portions.

[0050] The converter portion 2054 is formed by a converter
core 3054 and the core 3044 is formed so as to extend to the
inner peripheral side end of the blade without reducing the
cross-sectional area of the flow path. Furthermore, the con-
verter core 305a is structured so as to extend to the inner
peripheral side end of the blade by almost keeping the cross-
sectional area of the path.

[0051] By use of the constitution mentioned above, at the
time of manufacture by the precision casting, the cores 3045,
304c¢, and 3044, in the blade form frame, can be supported on
both sides at the inner peripheral side end and the outer
peripheral side end, and further, the core 304a can be sup-
ported at a plurality of points on the outer peripheral side of
the blade together with the impingement core 311. Further-
more, the cores for forming all the paths are extended so as to
maintain the cross-sectional areas of the paths and the
strength can be ensured by the wide cross-sectional areas, so
that the support can be strengthened.

[0052] Particularly, the impingement core 311 has a stick-
shaped structure with a small diameter, so that generally, the
strength of the cores is apt to reduce. However, in the manu-
facture of the blade of this embodiment in which the cooling
paths 2044 and 2045 are extended to the outer peripheral end
of the blade form portion 17, the cores 304a and 3045 are
supported strongly from the outer peripheral side end, so that
the application of force to the impingement core 311 is sup-
pressed. By doing this, the reduction in the yield rate due to
damage of the cores can be suppressed.

[0053] Further, in the region other than the outer peripheral
side end and inner peripheral side end, the adjacent cores are
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connected to each other. The cores between each path are
connected, thus the displacement between each flow path can
be suppressed.

[0054] Further, the cross-sectional shape of the turbine
blade in the peripheral direction is generally a crescent shape.
Particularly, in the outer periphery of each blade, the connec-
tion of a plurality of cores in the axial direction leads to an
increase in an apparent thickness 320 in the structure and the
bending strength is improved. By doing this, the bending of
the cores is suppressed, so that the displacement caused by the
core bending in the blade form frame at the time of precision
casting is suppressed and the yield rate can be improved.
[0055] Further, the cores, at the time of manufacture by
precision casting, use a process of, for example, destroying
them by chemicals treatment and removing from the inside of
each blade. At this time, in consideration of penetration of the
chemicals, the cores need to be structured so as to include
many pores, but this causes a reduction in the strength of the
cores. According to the constitution of this embodiment, the
cores can be removed from both the inner peripheral side of
each blade and outer peripheral side, and compared with the
conventional type, the opening particularly on the outer
peripheral side of each blade can be made larger, so that the
removability of the cores is better. Therefore, compared with
the conventional type, cores with a smaller pore rate and a
higher material strength can be used. According to this
embodiment, there is a room left for improvement of struc-
tural strength and strength improvement from the viewpoint
of'the core material, so that due to the synergistic effect of the
two, extensive strength improvement is enabled.

[0056] Further, the impingement hole 211 is formed by a
core. The impingement hole 211 is a structure of the inner
surface of the blade, so that if the outermost end of the blade
is integrally formed by the precision casting, the inside cannot
be viewed, so that the evaluation of soundness may need
inspection requiring labor and man-hour such as flow rate
confirmation by the flow rate test and inspection using the
non-destructive test technique such as X-ray. However, in the
constitution of this embodiment, the outside end of each blade
is plate-sealed after the precision casting, so that at the stage
before the plate sealing, visual confirmation is enabled and
obvious inferior goods can be removed by visual inspection.
By doing this, the inspection man-hour can be reduced,
thereby contributing to cost reduction.

[0057] Further, the inner surface of each cooling path, to
suppress high-temperature oxidation, may be coated. The
outer peripheral end of each blade is formed in the plate
sealing structure, thus the opening area on the outer periph-
eral side of the blade can be made large and the accessibility
to the inside is increased. By doing this, the coating enforce-
ment property is increased, so that particularly inside the
cooling path 204a, the manufacturing processes and time can
be reduced, thereby contributing to cost reduction.

[0058] As described above, according to the constitution of
this embodiment, a gas turbine blade and a gas turbine having
a high manufacture property including a film cooling and
impingement cooling structure showing a high cooling prop-
erty can be provided.

Second Embodiment

[0059] Inthis embodiment, an embodiment of a gas turbine
and gas turbine blade will be explained where in addition to
the characteristics of the first embodiment, the cooling air
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flow rate of the turbine blade can be adjusted easily, the
adjustment range is wide, and the cost is low.

[0060] FIG. 6 is a cross-sectional view of the first stage
blade 2 of the second embodiment in the radial direction. In
the drawing, among the turbine blade shown in FIG. 1, the
inner peripheral side plate 213 and the outer peripheral side
plate 214 are provided with an orifice 215, 216, respectively.
The other constitutions have the constitutions with the same
reference numerals and the same functions as shown in the
first embodiment in FIG. 1, which are explained already, so
the explanation of them will be omitted.

[0061] For example, for the turbine blade, after finishing
the general processing, the cooling air flow rate test may be
executed as a 100% text or a sample test. In the flow rate test,
for example, specified pressure is applied to the cooling paths
206 and 207 and the cooling air flow rate flowing at that time
is measured. By this test, the deviation between the measured
value of the cooling air flow rate and the design value can be
obtained. In the conventional type, to control the deviation to
the allowable value or less, may adjust the hole diameters of
the front side cooling air feed hole 208 and the rear side
cooling air feed hole 209.

[0062] Here, the structure of injecting cooling air via a
small hole such as the film cooling hole 212 and the impinge-
ment hole 211 is large in flow rate change due to hole diam-
eter, so that if the dimensional allowance of the hole diameter
is not made smaller, it may be difficult to adjust the cooling air
flow rate only by the cooling air feed holes 208 and 209. If the
dimensional allowance is made smaller like this, the yield rate
is reduced and an undesirable cost increase is caused. Particu-
larly, the impingement hole 211 is formed by precision cast-
ing, so that the management of the dimensional allowance is
difficult.

[0063] Inthis embodiment, the structure is so made that the
inner peripheral side plate 213 and the outer peripheral side
plate 214 are provide with orifices 215, 216, respectively,
thereby increasing the adjustment allowance of the cooling
air flow rate, thus it is enabled to set the tolerance larger. The
orifice is structured on a plate prepared at a different process
from the precision casting, so that it can be processed by a
machine and high processing precision can be obtained eas-
ily, so that the cooling air flow rate can be adjusted accurately.

[0064] If the finished size of the impingement hole 211 is
too small, it is a concern that the air flow rate passing through
the cooling paths 204a and 2046 may be insufficient, but
according to the constitution of this embodiment, for
example, the outer peripheral side plate 214 is provided with
an adjustment hole 215 as an orifice by machining, thus the
pressure of the cooling path 204a can be reduced and the
impingement flow rate can be increased.

[0065] Further, for example, the inner peripheral side plate
213 is provided with an adjustment hole 216 as an orifice, thus
the pressure of the cooling path 2045 can be increased and the
impingement flow rate can be increased. Further, the two are
combined, thus the impingement flow rate can be increased.

[0066] Asmentioned above, according to this embodiment,
a gas turbine and a gas turbine blade can be provided where
the adjustment allowance is high due to rich flow rate adjust-
ment allowance method, productivity is superior due to large
dimensional allowance, the core strength is strong, and the
yield rate is high, thereby reducing cost.
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Third Embodiment
[0067] Inthis embodiment, an embodiment of a gas turbine

and a gas turbine blade will be explained where in addition to
the characteristics of the first and second embodiments, the
cooling air flow rate of the turbine blade can be adjusted
easily and the adjustment range is wide.

[0068] FIG. 7 is a cross-sectional view of the turbine blade
101 of the third embodiment in the radial direction. In the
drawing, among the turbine blade shown in FIG. 1, a cut
portion 217 is formed in the upper part of the partition 210a
and a fluid interconnection portion other than the impinge-
ment hole 211 is installed. The other constitutions have the
constitutions with the same reference numerals and the same
functions as shown in the first embodiment in FIG. 1, which
are explained already, so the explanation of them will be
omitted.

[0069] Here, the structure of injecting cooling air via a
small hole such as the impingement hole 211 is large in flow
rate change due to hole diameter, so that if the dimensional
allowance of the hole diameter is not made smaller, it may be
difficult to adjust the cooling air flow rate only by the cooling
air feed holes 208 and 209. If the tolerance is made smaller,
the yield rate is reduced and an undesirable cost increase is
caused. Particularly, the impingement hole 211 is formed by
precision casting, so that the management of the dimensional
allowance is difficult.

[0070] Inthis embodiment, the cut portion 217 is installed,
so that, for example, even when the flow rate passing through
the impingement hole 211 becomes insufficient due to a fac-
tor such as a manufacture error, the cut portion 217 structures
a new flow path and the cooling air flow rate flowing into the
cooling path 204q is increased, thus the cooling air is
reserved. The reason that such processing can be performed
easily is that the outer peripheral side plate 214 is made of a
different member from the blade form portion 17 and is
structured so as to be attached later.

[0071] According to this embodiment, the adjustment
allowance of cooling air can be increased like this, so that the
tolerance can be made larger and the cost can be reduced.

[0072] Further, the present invention is not limited to the
embodiments mentioned above and includes various modifi-
cations. For example, the embodiments mentioned above are
explained in detail so as to explain the present invention in a
clear way, and the present invention does not always include
all the constitutions explained. Further, a part of the consti-
tutions of a certain embodiment can be replaced with the
constitutions of another embodiment and to the constitutions
ofa certain embodiment, the constitutions of another embodi-
ment can be added. Further, for a part of the constitutions of
each embodiment, other constitutions can be added, deleted,
or replaced.

[0073] For example, in some embodiment, the front side
serpentine cooling path 206 is explained, though the similar
constitutions may be applied to the rear side serpentine cool-
ing path 207. To the rear side serpentine cooling path 207, the
similar constitutions are applied, thus the yield rate of the
blade is improved and the cost can be reduced.

1. A gas turbine blade comprising: a hollow blade form
portion formed by a leading edge on an upstream side of an
working fluid of a gas turbine in a flow direction, a trailing
edge on a downstream side of the working fluid in the flow
direction, and a suction surface and a pressure surface reach-
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ing the trailing edge from the leading edge, and a shank
portion for supporting the blade form portion, characterized
in that,

the gas turbine blade is further comprising: a partition for
connecting the suction surface and the pressure surface
in a hollow region of the blade form portion,

coolant paths formed by the partition, the suction surface,
and the pressure surface,

an impingement cooling hole formed in the partition for
dividing a first path which is a flow path nearest to the
leading edge side among the coolant paths and a second
path adjacent to the first path,

a first converter portion which is installed between the
blade form portion and the shank portion for connecting
the second flow path and a third flow path adjacent to the
second flow path, and

a second converter portion which is installed at a tip on the
blade form portion side for connecting the third flow
path and a fourth flow path adjacent to the third flow
path, wherein:

at least, the first flow path and the second flow path are
extended to an outer peripheral side end of the blade
form portion, and

an outer peripheral side plate made of a different member
from the blade form portion is attached on an outer
peripheral side of the blade form portion and defines
outermost peripheral ends of the first flow path and the
second flow path.

2. The gas turbine blade according to claim 1, wherein:

the second converter portion is extended to the outer
peripheral side end of the blade form portion and the
outer peripheral side plate defines an outermost periph-
eral end of the second converter portion.

3. The gas turbine blade according to claim 1, wherein:

the fourth flow path and the first converter portion are
extended to an inner peripheral side end of the shank
portion, and

an inner peripheral side plate made of a different member
from the shank portion is attached on an inner peripheral
side of the shank portion and defines innermost periph-
eral ends of the fourth flow path and the first converter
portion.

4. The gas turbine blade according to claim 1, wherein:

at least one of the first flow path, the second flow path, and
the second converter portion is extended to the outer
peripheral side end of the blade form portion by main-
taining cross-sectional areas of the paths.

5. The gas turbine blade according to claim 1, wherein:

the first converter portion is extended to the inner periph-
eral side end of the shank portion by maintaining the
cross-sectional areas of the paths.

6. The gas turbine blade according to claim 1, wherein:

the inner peripheral side plate is provided with an adjust-
ment hole for ventilating cooling air, and

the outer peripheral side plate is provided with an adjust-
ment hole for ventilating cooling air.

7. The gas turbine blade according to claim 1, wherein:

a gap is formed between the partition for separating the first
flow path and the second flow path and the outer periph-
eral side plate.

8. The gas turbine blade according to claim 1, wherein:

the first flow path is provided with a film cooling hole.

9. A gas turbine comprising the gas turbine blades accord-

ing to claim 1.
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10. A manufacturing method of the gas turbine blade
according to claim 1, manufacturing method of the gas tur-
bine blade is comprising steps of:

a process of manufacturing the blade form portion and the

shank portion by precision casting using cores,

a process of manufacturing the outer peripheral side plate
as a different member from the blade form portion and
the shank portion, and

aprocess of attaching the outer peripheral side plate manu-
factured as a different member to the outer peripheral
side of the blade form portion manufactured by casting.

11. The gas turbine blade according to claim 2, wherein:

the fourth flow path and the first converter portion are
extended to an inner peripheral side end of the shank
portion, and an inner peripheral side plate made of a
different member from the shank portion is attached on
an inner peripheral side of the shank portion and defines
innermost peripheral ends of the fourth flow path and the
first converter portion.

#* #* #* #* #*



