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(54) FILM COOLING STRUCTURE AND TURBINE WING

(57) The film cooling structure (1) includes: a wall
surface (2) along which a heating medium flows; and at
least one pair of film cooling holes (3a and 3b) that open
at the wall surface (2) and that blow a cooling medium.
The pair of film cooling holes (3a and 3b) are arranged
to be adjacent to each other in a main flow direction of
the heating medium. In addition, perforation directions of
the pair of film cooling holes (3a and 3b) are set such

that directions of swirls of the cooling medium formed by
blowing are opposite to each other, a swirl of the cooling
medium on a downstream side in the main flow direction
is mixed and merged with another swirl of the cooling
medium on an upstream side in the main flow direction,
and the merged cooling medium flows along the wall sur-
face in a direction intersecting with the main flow direc-
tion.
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Description

Technical Field

[0001] The present invention relates to a film cooling
structure and a turbine blade.
[0002] Priority is claimed on Japanese Patent Applica-
tion No. 2011-245704, filed November 9, 2011, the con-
tent of which is incorporated herein by reference.

Background Art

[0003] Patent Document 1 discloses a film cooling
structure in which blow holes (film cooling holes) are
formed on a wall surface of a rotor blade of a gas turbine
or of a liner of a combustor, wherein the wall surface
faces high-temperature gas (heating medium), and a
cooling medium blown from the blow holes flows along
the wall surface so as to cool the wall surface. In this film
cooling structure, in order to suppress the separation of
the cooling medium from the wall surface and to improve
a film efficiency, blowing directions of cooling media from
one pair or more pairs of blow holes are set so as to form
swirls in directions in which the cooling media are mutu-
ally pressed against the wall surface.
[0004] Specifically, each pair of blow holes are ar-
ranged on the wall surface back and forth in a flow direc-
tion of high-temperature gas, and each blow hole is
formed on the wall surface into an elliptical shape whose
long axis is in the blowing direction of a cooling medium
therefrom. Blowing speed vectors of the cooling media
blown from the pair of blow holes have transverse angle
components β1 and β2 on a plane along the wall surface
with respect to the flow direction of the high-temperature
gas, and the transverse angle components β1 and β2
are set to be different from each other.

Document of Related Art

Patent Document

[0005] [Patent Document 1] Japanese Patent Granted
Publication No. 4147239

Summary of Invention

Technical Problem

[0006] In Patent Document 1, the cooling media from
the pair of two blow holes interfere with each other so
that the cooling media are pressed by one another onto
the wall surface. Thereby, the separation of the cooling
media from the wall surface is suppressed. Therefore,
the film efficiency on the wall surface can be enhanced.
[0007] However, in the related art described above,
the pressing action of the cooling media is obtained only
in a range between the swirls of the cooling media, and
thus a range where a high film efficiency is obtained may

be narrow.
[0008] The present invention has been made in con-
sideration of the above-described problems, and an ob-
ject thereof is to provide a film cooling structure and a
turbine blade which are capable of obtaining a high film
efficiency in a wide range.

Solution to Problem

[0009] According to a first aspect of the present inven-
tion, a film cooling structure includes: a wall surface along
which a heating medium flows; and at least one pair of
film cooling holes that open at the wall surface and that
are used to blow a cooling medium. The pair of film cool-
ing holes are arranged to be adjacent to each other in a
main flow direction of the heating medium. In addition,
perforation directions of the pair of film cooling holes are
set such that directions of swirls of the cooling medium
formed by blowing are opposite to each other, a swirl of
the cooling medium on a downstream side in the main
flow direction is mixed and merged with another swirl of
the cooling medium on an upstream side in the main flow
direction, and the merged cooling medium flows along
the wall surface in a direction intersecting with the main
flow direction.
[0010] According to a second aspect of the present
invention, in the film cooling structure of the first aspect,
in the pair of film cooling holes, a perforation direction of
a first cooling hole on the upstream side in the main flow
direction is set in a first plane orthogonal to the main flow
direction, and a perforation direction of a second cooling
hole on the downstream side in the main flow direction
is set in a second plane orthogonal to the main flow di-
rection.
[0011] According to a third aspect of the present inven-
tion, in the film cooling structure of the second aspect, a
first angle of the perforation direction of the first cooling
hole with respect to the wall surface in the first plane is
set to be different from a second angle of the perforation
direction of the second cooling hole with respect to the
wall surface in the second plane.
[0012] According to a fourth aspect of the present in-
vention, in the film cooling structure of the third aspect,
a difference between the first angle and the second angle
is set within a range greater than 100° and less than 120°.
[0013] According to a fifth aspect of the present inven-
tion, in the film cooling structure of the fourth aspect, one
of the first angle and the second angle is set within a
range greater than 135° and less than 150°, and the other
one of the first angle and the second angle is set within
a range greater than 30° and less than 40°.
[0014] According to a sixth aspect of the present in-
vention, in the film cooling structure of any one of the first
to fifth aspects, the pair of film cooling holes are formed
at positions different from each other in a direction which
is orthogonal to the main flow direction and which is par-
allel to the wall surface.
[0015] According to a seventh aspect of the present
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invention, a turbine blade includes: the film cooling struc-
ture according to any one of the first to sixth aspects.

Effects of Invention

[0016] According to the present invention, a cooling
medium blown from a film cooling hole on the down-
stream side passes under and is mixed with the swirl
formed of a cooling medium blown from a film cooling
hole on the upstream side, and the cooling media inter-
fere with each other so as to be pressed and extended
in a direction intersecting with the main direction.
[0017] Accordingly, according to the present invention,
a high film efficiency can be obtained in a wide range.

Brief Description of Drawings

[0018]

FIG. 1 is a perspective view illustrating a turbine
blade according to an embodiment of the present
invention.
FIG. 2 is a plan view illustrating an arrangement of
film cooling holes of a film cooling structure accord-
ing to the embodiment of the present invention.
FIG. 3 is a cross-sectional view taken along arrow
A-A line in FIG. 2.
FIG. 4A is a schematic diagram illustrating a flow of
a cooling medium in a cross-section taken along ar-
row A-A line of FIG. 2.
FIG. 4B is a schematic diagram illustrating a flow of
a cooling medium in a cross-section taken along ar-
row B-B line of FIG. 2.
FIG. 4C is a schematic diagram illustrating a flow of
a cooling medium in a cross-section taken along ar-
row C-C line of FIG. 2.
FIG. 5 is a diagram illustrating an analysis result of
a film efficiency of the film cooling structure accord-
ing to the embodiment of the present invention.
FIG. 6 is planar cross-sectional view illustrating an
analysis model of a film cooling structure according
to an example of the present invention.
FIG. 7 is a graph illustrating a multidimensional anal-
ysis result in a case of γ1 > γ2 in the example.
FIG. 8 is a graph illustrating a multidimensional anal-
ysis result in a case of γ1 < γ2 in the example.

Description of Embodiments

[0019] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
In the following description, an example in which a film
cooling structure of the present invention is applied to a
cooling structure for a turbine blade of a gas turbine is
described.
[0020] FIG. 1 is a perspective view illustrating a turbine
blade 100 according to an embodiment of the present
invention.

[0021] As illustrated in FIG. 1, a front edge 101 of the
turbine blade 100 is provided with a film cooling structure
1 of this embodiment. The film cooling structure 1 in-
cludes: a wall surface 2 along which a heating medium
flows; and a plurality of film cooling holes 3 which open
at the wall surface 2 and which are used to blow a cooling
medium.
[0022] The heating medium is high-temperature com-
bustion gas that is produced by a combustor (not illus-
trated). This heating medium flows along the wall surface
2 in a main flow direction from the front edge 101 toward
a rear edge 102. The main flow direction of the heating
medium is represented by reference sign F in the draw-
ings of this embodiment.
[0023] The cooling medium is low-temperature com-
pressed air that is supplied from a blade support compo-
nent or the like (not illustrated) to which multiple turbine
blades 100 are attached. The inside of the turbine blade
100 is hollow and is provided with a flow passageway
(not illustrated), and the supplied cooling medium is
blown from the film cooling holes 3.
[0024] FIG. 2 is a plan view illustrating an arrangement
of the film cooling holes 3 of the film cooling structure 1
according to the embodiment of the present invention.
FIG. 3 is a cross-sectional view taken along arrow A-A
line in FIG. 2.
[0025] In the drawings of this embodiment, an X-axis
direction represents the main flow direction of the heating
medium, a Y-axis direction represents a direction (span
(blade width) direction) orthogonal to the main flow di-
rection of the heating medium, and a Z-axis direction rep-
resents a direction perpendicular to the X-Y plane (wall
surface 2). That is, the Y-axis direction is a direction which
is orthogonal to the main flow direction of the heating
medium and which is parallel to the wall surface 2.
[0026] As illustrated in FIG. 2, on the wall surface 2, a
pair of film cooling holes 3a and 3b (first cooling hole 3a
and second cooling hole 3b) are arranged to be adjacent
to each other in the main flow direction (X-axis direction)
of the heating medium. That is, the film cooling holes 3a
and 3b are arranged at positions different from each other
with a predetermined interval in the X-axis direction. In
FIG. 2, the film cooling hole 3 on an upstream side (-X
side) in the main flow direction is represented by refer-
ence numeral 3a, and the film cooling hole 3 on a down-
stream side (+X side) in the main flow direction is repre-
sented by reference numeral 3b. The film cooling holes
3a and 3b are formed at positions different from each
other with a distance h in the Y-axis direction. Specifically,
the film cooling hole 3a on the upstream side is arranged
to be shifted toward a +Y side, and the film cooling hole
3b on the downstream side is arranged to be shifted to-
ward a -Y side, so that they are alternately arranged.
[0027] As illustrated in FIGS. 4A to 4C described be-
low, perforation directions (indicated by arrows in FIG.
3) of the film cooling holes 3a and 3b which are adjacent
to each other in the main flow direction of the heating
medium are set such that directions of swirls of the cool-
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ing medium formed by the above-described blowing are
opposite to each other, a swirl (represented by reference
numeral B2) of the cooling medium on the downstream
side in the main flow direction is mixed and merged with
another swirl (represented by reference numeral A2) of
the cooling medium on the upstream side in the main
flow direction, and the merged cooling medium flows
along the wall surface 2 in a direction intersecting with
the main flow direction.
[0028] Specifically, as illustrated in FIG. 3, the perfo-
ration directions of film cooling holes 3a and 3b adjacent
in the main direction of the heating medium are set in
planes (Y-Z planes) orthogonal to the main flow direction.
That is, the perforation direction of the film cooling hole
3a (first cooling hole 3a) is set in a first plane (not illus-
trated) orthogonal to the main flow direction, and the per-
foration direction of the film cooling hole 3b (second cool-
ing hole 3b) is set in a second plane (not illustrated) or-
thogonal to the main flow direction. The film cooling holes
3 a and 3b are formed to be slanting to the wall surface
2 such that they cross each other at the inside of the wall
surface 2 when seen from the main flow direction. Each
of the film cooling holes 3a and 3b has a diameter d.
Each opening of the film cooling holes 3a and 3b is formed
into an elliptical shape whose long axis is in the Y-axis
direction in the plan view illustrated in FIG. 2.
[0029] In addition, as illustrated in FIG. 3, in the film
cooling holes 3a and 3b adjacent to each other in the
main flow direction of the heating medium, a first angle
γ1 of the perforation direction of the film cooling hole 3 a
(first cooling hole 3a) on the upstream side in the main
flow direction with respect to the wall surface 2 in the Y-
Z plane (first plane) is set to be different from a second
angle γ2 of the perforation direction of the film cooling
hole 3b (second cooling hole 3b) on the downstream side
in the main flow direction with respect to the wall surface
2 in the Y-Z plane (second plane).
[0030] In this embodiment, the first angle γ1 is an angle
between the perforation direction of the film cooling hole
3a (or a central axis Ca of the film cooling hole 3a) and
the wall surface 2 and is also an angle on one side in the
Y-axis direction (downstream side in a flow direction of
the cooling medium blown from the film cooling hole 3 a
in FIG. 3). The second angle γ2 is an angle between the
perforation direction of the film cooling hole 3b (or a cen-
tral axis Cb of the film cooling hole 3b) and the wall sur-
face 2 and is also an angle on the above-described one
side in the Y-axis direction. Accordingly, in this embodi-
ment, as illustrated in FIG. 3, the first angle γ1 is set to
be an acute angle, and the second angle γ2 is set to be
an obtuse angle.
[0031] In other words, each of the first angle γ1 and
the second angle γ2 is an angle on one side in the Y-axis
direction. In addition, unlike this embodiment, the first
angle γ1 may be set to be an obtuse angle, and the sec-
ond angle γ2 is set to be an acute angle.
[0032] It is preferable that a difference between the
first angle γ1 and the second angle γ2 be set within a

range greater than 100° and less than 120°, irrespective
of a magnitude relationship between the first angle γ1
and the second angle γ2. That is, when the difference
between the first angle γ1 and the second angle γ2 is
represented by Δ, Δ is expressed by the following expres-
sion. 

[0033] Further, it is more preferable that one of the first
angle γ1 and the second angle γ2 be set within a range
greater than 135° and less than 150°, and the other one
of the first angle γ1 and the second angle γ2 be set within
a range greater than 30° and less than 40°. That is, as
more preferable cases, the first angle γ1 and the second
angle γ2 are expressed by the following two expressions.

Case 1 ... 135 < γ1 < 150 and 30 < γ2 < 40
Case 2 ... 30 < γ1 < 40 and 135 < γ2 < 150

[0034] A plurality of film cooling holes 3 a on the up-
stream side and a plurality of film cooling holes 3b on the
downstream side are formed in the span direction (Y-axis
direction) so as to form a pair of lines (refer to FIG. 1).
The above-described relationships between the film
cooling holes 3a and 3b are set in each line. That is, the
plurality of film cooling holes 3 (3a or 3b) composing one
line are formed with the same inclination and have the
above-described relationships compared to an adjacent
line. In FIG. 1, lines in the span direction composed of
the plurality of film cooling holes 3 are arranged in the
main flow direction (X-axis direction). In this case, film
cooling holes 3 in a pair of lines adjacent to each other
in the main flow direction have the above-described re-
lationships.
[0035] Next, the operation of the film cooling structure
1 having the above-described configuration will be de-
scribed with reference to FIGS. 4A to 4C.
[0036] FIGS. 4A to 4C are diagrams to explain the op-
eration of the film cooling structure 1 according to the
embodiment of the present invention. FIG. 4A illustrates
a flow of a cooling medium in the cross-section taken
along arrow A-A line of FIG. 2, FIG. 4B illustrates a flow
of a cooling medium in the cross-section taken along ar-
row B-B line of FIG. 2, and FIG. 4C illustrates a flow of
a cooling medium in the cross-section taken along arrow
C-C line of FIG. 2.
[0037] Along the wall surface 2, the heating medium
flows in the X-axis direction (depth direction in FIGS. 4A
to 4C). Roughly, the cooling medium blown from the film
cooling hole 3a on the upstream side forms a flow rep-
resented by reference numeral A1 and a flow represent-
ed by reference numeral A2. The flow A1 flows along the
wall surface 2 and is a flow toward the +Y side in a di-
rection according to the perforation direction (direction
of the inclination) of the film cooling hole 3 a. On the other
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hand, the flow A2 is a swirl formed by the blowing of the
cooling medium and is a flow toward the -Y side in a
direction opposite to the perforation direction of the film
cooling hole 3a. As illustrated in FIG. 4A, the flow A2 is
a swirl that flows clockwise.
[0038] As illustrated in FIG. 4B, roughly the cooling me-
dium blown from the film cooling hole 3b on the down-
stream side also forms a flow represented by reference
numeral B1 and a flow represented by reference numeral
B2. However, directions of the flows B1 and B2 on the
downstream side are opposite to those of the flows A1
and A2 on the upstream side. That is, the flow B1 flows
along the wall surface 2 and is a flow toward the -Y side
in a direction according to the perforation direction (di-
rection of the inclination) of the film cooling hole 3b. On
the other hand, the flow B2 is a swirl formed by the blow-
ing of the cooling medium and is a flow toward the +Y
side in a direction opposite to the perforation direction of
the film cooling hole 3b. As illustrated in FIG. 4B, the flow
B2 is a swirl that flows counterclockwise.
[0039] The flows A2 and B2 flow toward the down-
stream side along with the flow of the heating medium in
the main flow direction and, as illustrated in FIG. 4C, in-
terfere with each other in the cross-section taken along
arrow C-C line on the downstream side. Regarding the
flows A2 and B2 in which directions of swirls of the cooling
medium are opposite to each other, the flow B2 on the
downstream side in the main flow direction is mixed and
merged with the swirl of the flow A2 flowed from the up-
stream side in the main flow direction, and the merged
cooling medium flows along the wall surface 2 in a direc-
tion intersecting with the main flow direction (direction
containing a component of the Y-axis direction). The rea-
son is as follows. The cooling medium blown from the
film cooling hole 3b on the downstream side extends so
as to pass under the swirl of the flow A2 formed of the
cooling medium blown from the film cooling hole 3a on
the upstream side, and the cooling media interfere with
each other so as to be pressed and extended in the span
direction (Y-axis direction).
[0040] FIG. 5 is a diagram illustrating an analysis result
of a film efficiency of the film cooling structure 1 according
to the embodiment of the present invention. In FIG. 5,
the main flow direction of the heating medium is a direc-
tion from the right side to the left side and is represented
by reference numeral F. In addition, the level of a film
efficiency is indicated by the gradation of a pattern, in
which a dark pattern indicates a high efficiency.
[0041] As illustrated in FIG. 5, according to the film
cooling structure 1 of this embodiment, the flow of the
cooling medium blown from the film cooling hole 3 a on
the upstream side interferes with the flow of the cooling
medium blown from the film cooling hole 3b on the down-
stream side. As a result, a high film efficiency can be
obtained in a wide range of the wall surface 2.
[0042] As described above, according to the above-
described embodiment, the film cooling structure 1 in-
cludes: the wall surface 2 along which a heating medium

flows; and the film cooling holes 3 which open at the wall
surface 2 and which blow a cooling medium, in which the
perforation directions of the film cooling holes 3a and 3b
adjacent to each other in the main flow direction (X-axis
direction) of the heating medium are set such that direc-
tions of swirls of the cooling medium formed by the blow-
ing are opposite to each other, the swirl (represented by
reference numeral B2) of the cooling medium on the
downstream side in the main flow direction is mixed and
merged with the swirl (represented by reference numeral
A2) of the cooling medium on the upstream side in the
main flow direction, and the merged cooling medium
flows along the wall surface 2 in a direction intersecting
with the main flow direction. By adopting such a config-
uration, a high film efficiency is obtained in a wide range.
[0043] In addition, according to a turbine blade 100 in-
cluding the film cooling structure 1 of this embodiment,
since heat resistance is improved, improvement in per-
formance and life can be realized.

(Example)

[0044] Hereinafter, the effects of the present invention
will be clarified using an example. The present invention
is not limited to the following example, and modifications
can be appropriately adopted within the scope of and not
departing from the gist of the present invention.
[0045] FIG. 6 is a planar cross-sectional view illustrat-
ing an analysis model of the film cooling structure 1 ac-
cording to this example.
[0046] As illustrated in FIG. 6, in this multidimensional
analysis, a model in which the front edge 101 of the tur-
bine blade 100 was simulated was used. In this multidi-
mensional analysis, a half model of a substantially U-
shaped model in a planar cross-sectional view was used.
In FIG. 6, an angle of the film cooling hole 3a on the
upstream side with respect to a reference surface 110 is
represented by reference numeral α, and an angle of the
film cooling hole 3b on the downstream side with respect
to the reference surface 110 is represented by reference
numeral β.
[0047] This multidimensional analysis was carried out
using five variables in total, the five variables including:
one flow variable relating to the flow, that is, a blowing
ratio (BR; mass flow rate of cooling flow / mass flow rate
of main flow); and four design variables relating to shape
(h/d, β, γ1, and γ2). The respective conditions are as fol-
lows. α was fixed (15°).

[Flow Condition]

[0048] BR 0.5 ≤ BR ≤ 2.0

[Shape Condition]

[0049]

h/d (refer to FIGS. 2 and 3) ... 3.5 ≤ h/d < 10.5 (base
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condition: h/d=3.5)
β (refer to FIG. 6) 39 ≤ β ≤ 90 (base condition: β=55°)
γ1 (refer to FIG. 3) ... 10 < γ1 (base condition: γ1=45°)
γ2 (refer to FIG. 3) ... γ2 ≤ 170 (base condition:
γ2=45°)

[0050] FIG. 7 is a graph illustrating a multidimensional
analysis result in a case of γ1 > γ2 in this example. FIG.
8 is a graph illustrating a multidimensional analysis result
in a case of γ1 < γ2 in this example. In these two graphs,
a value of each parameter is increased toward the upside
of the drawing. In addition, the cooling efficiency (film
efficiency) was evaluated at three predetermined posi-
tions (η5d, η120, η90) of the wall surface 2.
[0051] As illustrated in FIG. 7, in the case where γ1 >
γ2, it was found that, when the shape condition (abs(γ1-
γ2)) is in a range from 100° to 120°, a high film efficiency
can be obtained even if the values of the other conditions
(BR, h/d, and β) are set to be dispersed in a certain range.
[0052] In addition, as illustrated in FIG. 8, in the case
where γ1 < γ2 (opposite relationship), similarly, it was
found that, when the shape condition (abs(γ1-γ2)) is in a
range from 100° to 120°, a high film efficiency can be
obtained even if the values of the other conditions (BR,
h/d, and β) are set to be dispersed in a certain range.
[0053] In addition, in the multidimensional analysis, as
a result of numerical analysis in which γ1 and γ2 were
set in a conceivable angle range, the following was found.
When one of the first angle γ1 and the second angle γ2
is set within a range greater than 135° and less than 150°,
and the other one of the first angle γ1 and the second
angle γ2 is set within a range greater than 30° and less
than 40°, a higher effect can be obtained from the view-
point of cooling efficiency.
[0054] According to the above-described example, it
is preferable that a difference between the first angle γ1
and the second angle γ2 be set within a range greater
than 100° and less than 120°. In addition, it is more pref-
erable that one of the first angle γ1 and the second angle
γ2 be set within a range greater than 135° and less than
150°; and that the other one of the first angle γ1 and the
second angle γ2 be set within a range greater than 30°
and less than 40°.
[0055] While a preferred embodiment of the present
invention have been described with reference to the
drawings, the present invention is not limited to the above
embodiment. A shape, a combination, or the like of each
component shown in the above-described embodiment
is an example, and additions, omissions, substitutions,
and other modifications of the configurations can be
made based on the design requirements within the scope
of and not departing from the gist of the present invention.
The present invention is not limited by the foregoing de-
scription, and is only limited by the scope of the appended
claims.
[0056] For example, in the above-described embodi-
ment, the case where the film cooling structure 1 is ap-
plied to the cooling structure of the turbine blade 100 of

a gas turbine have been exemplified. However, the
present invention is not limited to this configuration and
can be applied to, for example, another cooling structure
of a liner of a combustor or the like.
[0057] In this embodiment, all the film cooling holes 3
satisfy the above-described relationships between the
film cooling holes 3a and 3b. However, even when a plu-
rality of film cooling holes 3 are provided, it is only nec-
essary that at least one pair of film cooling holes 3a and
3b satisfy the above-described relationship. In addition,
the cooling medium is not limited to compressed air, and
another medium may be used therein. For example, low-
temperature compressed inert gas (such as nitrogen) or
oxygen may be used.

Industrial Applicability

[0058] The present invention can be applied to a film
cooling structure and a turbine blade.

Reference Signs List

[0059]

1 FILM COOLING STRUCTURE
2 WALL SURFACE
3 FILM COOLING HOLE
3A FILM COOLING HOLE (FIRST COOLING HOLE)
3B FILM COOLING HOLE (SECOND COOLING

HOLE)
A1 FLOW
A2 FLOW (SWIRL ON THE UPSTREAM SIDE)
B1 FLOW
B2 FLOW (SWIRL ON THE DOWNSTREAM SIDE)
γ1 FIRST ANGLE
γ2 SECOND ANGLE
100 TURBINE BLADE

Claims

1. A film cooling structure comprising:

a wall surface along which a heating medium
flows; and
at least one pair of film cooling holes that open
at the wall surface and that are used to blow a
cooling medium,
wherein the pair of film cooling holes are ar-
ranged to be adjacent to each other in a main
flow direction of the heating medium, and
perforation directions of the pair of film cooling
holes are set such that directions of swirls of the
cooling medium formed by blowing are opposite
to each other, a swirl of the cooling medium on
a downstream side in the main flow direction is
mixed and merged with another swirl of the cool-
ing medium on an upstream side in the main
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flow direction, and the merged cooling medium
flows along the wall surface in a direction inter-
secting with the main flow direction.

2. The film cooling structure according to Claim 1,
wherein in the pair of film cooling holes, a perforation
direction of a first cooling hole on the upstream side
in the main flow direction is set in a first plane or-
thogonal to the main flow direction, and a perforation
direction of a second cooling hole on the downstream
side in the main flow direction is set in a second plane
orthogonal to the main flow direction.

3. The film cooling structure according to Claim 2,
wherein a first angle of the perforation direction of
the first cooling hole with respect to the wall surface
in the first plane is set to be different from a second
angle of the perforation direction of the second cool-
ing hole with respect to the wall surface in the second
plane.

4. The film cooling structure according to Claim 3,
wherein a difference between the first angle and the
second angle is set within a range greater than 100°
and less than 120°.

5. The film cooling structure according to Claim 4,
wherein one of the first angle and the second angle
is set within a range greater than 135° and less than
150°, and
the other one of the first angle and the second angle
is set within a range greater than 30° and less than
40°.

6. The film cooling structure according to Claim 1,
wherein the pair of film cooling holes are formed at
positions different from each other in a direction
which is orthogonal to the main flow direction and
which is parallel to the wall surface.

7. A turbine blade comprising:

the film cooling structure according to any one
of Claims 1 to 6.
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