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ABSTRACT

go—

A turbine blade that is used in a turbine of a gas turbine

engine and cooled by cooling air, and includes a cooling channel

that 1s formed within the turbine blade and in which the cooling

air flows, plural bottomed recesses that are formed on a blade

surface of the turbine blade and of which each downstream—-side

inner wall is inclined, and an ejection hole that 1is formed on

each bottom of the plural bottomed recesses and communicates

with the cooling channel to eject the cooclingair. The ejection

hole is formed so that a central line of the ejection hole extends

along the downstream-side inner wall. The above turbine blade

pr—
—

can improve cooling without reducing efficiency.
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DESCRIPTION
TITLE OF INVENTION: TURBINE COMPONENTS HAVING COOLING
HOLES IN BOTTOMED RECESSES
TECENICAL FIELD
[0001] The present invention relates to an engine
component, especially to a turbine blade, used 1n a gas turbine
englne such as an aircraft engine and an industrial gas turbine

engine.

BACKGROUND ART
[0002] A turbine blade exposed to combustion gas

(main-flow gas) during operation of a gas turbine engine is

generally cooled by utilizing cooling air (portion of
compressed ailr) extracted from a compressor or a fan of the gas

turbine engine. In addition, recently, temperature of

compustion gas increases along with increasing of gas turbine
engine power, and thereby it is desired to improve cooling of
a turbine blade. A Patent Document 1 listed below discloses

an art for improving cooling of a turbine blade.

[0003] In an inside of the turbine blade disclosed 1in the

Patent Document 1, a cooling channel in which cooling air

(portion of compressed air) flows is formed. A bottomed slot

extending along a span direction (a height direction of the

blade) is formed on a blade surface of the turbine blade. 1In

addition, plural ejection holes for ejecting the cooling air

are formed on a bottom of the bottomed slot at intervals along

the span direction. Each of the ejection holes communicates
with the cooling channel.
[0004] During operation of the gas turbine engine, cooling

alr extracted from a compressor or a fan flcws into the cooling
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channel, so that the turbine blade is cooled from 1ts 1inside

by a convective cooling (an internal cooling). In addition,

the cooling air after convectively cooling the turbine blade

is ejected from the plural ejection holes to forma cooling film

5 surrounding the blade surface of the turbine blade, so that the

turbine blade is cooled by a f£film cooling (an external coolling).

[0005] Here, the cooling air ejected from the ejection
holes expands along the span direction 1n the bottomed slot and

stays in the bottomed slot to absorb heat, and then goes out

10 of the bottomed slot to form the cooling film extensively. AS

a result, cooling of the turbine blade 1s improved.

Prior Art Document

Patent Document

[0006] Patent Document 1: U.S. Granted Patent No. 6234755

15

SUMMARY OF INVENTION

Technical Problem

[0007] In the turbine blade disclosed 1n the Patent

Document 1, cooling of the turbine blade 1s improved, but the

20 combustion gas strikes on an downstream-side i1nner wall of the

bottomed slot when passing through the bottomed slot and 1is

separated from the blade surface. Therefore, aerodynamic loss

- iy

of the turbine blade increases, so that engine efficiency of

the gas turbine engine reduces. Namely, cooling of the turbine

F
-—

25 blade is improved, but it is hard to sufficiently restrict the

reduction of engine efficiency.
[0008] Note that the same problem similarly occurs also

in an engine component cooled by cooling air, such as shroud,

other than the turbine blade.

30 [0009] An object of the present invention 1s to provide
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a turbine blade and an engine component that can improve cooling

F

without reducing efficiency.

Technical Solution

[0010] A first aspect of the present invention provides

3 turbine blade that is used in a turbine of a gas turbine engine

and cooled by cooling air, and that includes: a cooling channel

that is formed within the turbine blade and in which the cooling

air flows; a plurality of bottomed recesses that is formed on

3 blade surface of the turbine blade and of which each

downstream~side inner wall is inclined; and an ejection hole

that is formed on each bottom of the plurality of bottomed

recesses and communicates with the cooling channel to eject the

cooling air, wherein the ejection hole is formed so that a

central 1line of the ejection hole extends along the

downstream-side inner wall.

fO011] Note that the turbine blade includes a turbine rotor

blade and a turbine stator vane. In addition, the blade surface

includes a leading edge, a trailing edge, a pressure surface,

and a suction surface. Further, the bottomed recess includes

a bottomed slot.

[0012] According to the first aspect, when the cooling air

P

flows into the cooling channel during operation of the gas

turbine engine, the turbine blade is cooled from its inside by

a convective cooling (an internal cooling). In addition, the

cooling air after the convective cooling is ejected from the

plural ejection holes to form a cooling film surrounding the

turbine blade. The turbine blade is cooled from 1ts outside

by a film cooling (an external cooling) with the cooling film.

[0013] Here, since each downstream-side inner wall of the

bottomed recesses is inclined and the ejection hole 1s ftormed
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so that the central line of the ejection hole extends along the

—

downstream-side 1nner wall, an ejection angle of the cooling

alr from the ejection hole can be made small without spoilling

r— pr—

airfoil of the turbine blade. As a result, Coanda effect by

the Coolihg alr can be obtained sufficiently. In addition,

=
e

since the downstream-side inner wall is inclined, striking of

combustion gas on the downstream-side inner wall is mitigated

gr—

and thereby separation of the combustion gas from the blade

pi
——

surface can be reduced. Therefore, aerodynamic loss of the

turbine blade i1s made small while improving cooling of the

pr——
o,

turbine blade, so that reduction of e:

ficlency can be

restricted.

[0014] A second aspect of the present invention provides
an engine component that is used 1n a gas turbine engine and

cooled by cooling air, and that includes: a cooling channel that

1s formed withlin the engine component and in which the cooling

alr flows; a plurality of bottomed recesses that 1s formed on

v e

a surface of the engine component and of which each

downstream-side 1nner wall 1s 1nclined; and an ejection hole

g

that 1s formed on each bottom of the plurality of bottomed

recesses and communicates with the cooling channel to eject the

cooling air, wherein the ejection hole 1s formed so that a

central line of the ejection hole extends along the

downstream—-side 1nner wall.

[0015] Note that the engine component includes a turbine

blade (a turbine rotor blade and a turbine stator vane), a shroud,

a combustor liner, and so on.

[0016] According to the first aspect, when the cooling air

pp—

flows 1nto the cooling channel during operation of the gas

turbine engine, the engine component i1s cooled from 1ts inside
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by a convective cooling (an lnternal cooling). In addition,

the cooling air after the convective cooling 1s ejected from

the plural ejection holes to form a cooling film surrounding

th

N

e engine component. The engine component 1s cooled from its

outside by a film cooling (an external cooling) with the cooling

fi;m.

[0017] Here, since each downstream-side inner wall of the

bottomed recesses is inclined and the ejection hole is formed

so that the central line of the ejection hole extends along the

downstream—side inner wall, an ejection angle of the cooling

alr from the ejection hole can be made small without spoiling

an aerodynamic shape / a hydrodynamic shape of the engine

component to -the combustion gas  flowing around the engine

component. As a result, Coanda effect by the cooling alir can

" o

be obtained sufficiently. In addition, since the

downstream-side inner wall is inclined, striking of combustion

gas on the downstream-side inner wall is mitigated and thereby

separation of the combustion gas from a surface of the engilne

component can be reduced. Therefore, aerodynamic loss of the

turbine blade is made small while improving cooling of the

turbine blade, so that reduction of efficiency can be

restricted.

BRIEF DESCRIPTION OF DRAWINGS

[0018] [Fig. 1] Fig. 1 is a perspective view of a turbine

rotor blade according to a first embodiment.

[Fig. 21 Fig. 2 is a longitudinal cross-sectional view

of the turbine rotor blade along its span direction.

[Fig. 3] Fig. 3(a) is a cross-sectional view taken along

a line -1 shown in Fig. 1, and Figs. 3(b) and 3(c) 1s

cross—-sectional views showing modified shape examples of a
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bottomed recess shown in Fig. 3(a).

[Fig. 4] Fig. 4(a) is a cross-sectional view showlng a

gr—

modified shape example of an ejection hole, and Fig. 4(b) 1is

a plan view showing the modified shape example of an ejection

hole.

gr-—

[Fig. 5] Fig. 5 is a perspective view of a turbine rotor

blade according to a second embodiment.

F
—

[Fig. 6] Fig. 6(a) 1s a lateral cross-sectional view of

a turbine rotor blade according to a third embodiment along 1ts

chord direction, and Fig. 6(b) is an enlarged cross-sectional

P

view of a portion indicated by an arrow VI

-

B shown 1n Fig. 6(a).

DESCRIPTION OF EMBODIMENTS

[0019] (First Embodiment)

A first embodiment will be explained with reference to

Figs. 1 to 4. Note that "D" in the drawings 1indicates a

F

downstream direction of combustion gas, and "U" indicates an

upstream directlon.
[0020] - A turbine rotor blade 1 according to the present

embodiment is used in a turbine (not shown) of a gas turbine

engine such as an aircraft engine and an industrial gas turbine

engine. As shown in Figs. 1 and 2, the turbine rotor blade 1

is cooled by utilizing cooling air (portion of compressed alr)

CA extracted from a compressor (not shown) or a fan (not shown)

g—

of the gas turbine engine.

[0021] The turbine rotor blade 1 1s made Dby lost wax

precision casting, and includes a rotor blade body 3 that

obtains a rotational force from combusticn gas HG (see Fig. 3)

from a combustor (not shown) of the gas turbine engine. In

addition, a platform 5 is integrally formed at a base end otf
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the rotor blade body 3. A dovetail 7 1s integrally formed on

the platform 5. The dovetail 7 is engaged with one of joint

slots (not shown) formed around a turbine disc (not shown).

[0022] As shown in Fig. 2, an introduction channel 9 into

5 which the extracted cooling air CA 1s introduced 1s formed in

an inside from the dovetail 7 to the platform 5. In addition,

plural partitions 11 extending along a span direction (a

direction from the platform 5 to an end face 3t of the rotor

blade body 3) are formed in an inslde of the rotor blade body

10 3. A serpentine cooling channel 13 in which the cooling air

CA flows is partitioned by the partitions 11. Namely, the

serpentine cooling channel 13 1s formed in an 1nside of the rotor

blade body 3.,_and communicates with the introduction channel

9.
15 [0023] As shown in Fig. 1, plural bottomed recesses 15 are
formed on a pressure surface 3v of the rotor blade body 3. In

the present embodiment, the bottomed recesses 15 are aligned
in plural rows in a chord direction (a direction from a leading

edge 3e to a trailing edge 3p of the rotor blade body 3), and

20

~cach of the rows includes plural bottomed recesses 15. In

addition, as shown in Fig. 3(a), each downstream-side imner wall 1ba of the

bottomed recesses 15 18 inclined (1nclined to a thickness

direction T of the rotor blade body 3: 1nclined to a flow

direction of the combustion gas: an angle between the

25 downstream-side inner wall 15a and the pressure surface 3v is

obtuse), and each upstream-side inner wall 15b of the bottomed recesses

15 is also inclined symmetrically (inclined to the thickness

direction T: inclined to the flow direction of the combustion

gas: an angle between the upstream-side inner wall 15b and the

30 pressure surface 3v is obtuse). Separated swirls can be made
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pr—

small by the inclination of the upstream-side inner wall 15b

when separations occur at the bottomed recesses 15, so that

aerodynamic loss can be made small.

it

[0024] Note that at least one of an end edge of the

downstream-side inner wall 15a and an end edge of the

upstream-side 1nner wall 15b may be formed as a smoothly curved

surface as shown 1n Fig. 3(b). Alternatively, the

upstream-side inner wall 15b may not be inclined but formed

perpendicularly (parallel to the thickness direction T:

perpendicular to the flow direction of the combustion gas: an

angle petween the upstream-side inner wall 15b and the pressure

surface 3v 1s orthogonal) as shown in Fig. 3(c). In this case,

separations that may occur at the bottomed recesses 15 _can be

delavyed (separation poslitions are shifted downstream), so that

aerodynamic loss can be made smaller.

[0025] As shown 1n Fig. 3(a) [similarly also in the

modified examples in Figs. 3(b) and 3(c)], ejection holes

(film-cooling holes) 17 each having a circular shape are formed

on each bottom 15¢ (including a bottom-side of the upstream-side

F

inner wall 15b) of the bottomed recesses 15, and communicate

with the cooling channel 13. Each of the ejection holes 17 is

formed so that a central line 17L of the ejection hole 17 extends

almost along the downstream-side inner wall 15a. Here, an

F

inclined angle 6 of the central line 17L to a plane (virtual

plane) VP parallel to the downstream—-side inner wall 15a of the

bottomed recess 15 1s set to eqgqual—-to or smaller-than +20

ﬁ

degrees (-20 to +20 degrees). 1If the inclined angle 6 1s out

P

of the range o:

- -

- 20 degrees, Coanda e:

fect by the cooling air

CA ejected from the ejection holes 17 cannot be obtained

1]

-

sufficiently.
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[0026] Note that a shape of the ejection hole 17 may be

another shape such as an ellipsoidal shape and a rectangular

shape. In addition, as shown in Figs. 4(a) and 4(b), it is

preferable that a shape of the ejection hole 17 is a diffuser

hole which has a shape whose cross-sectional hole area (area
on a cross-—sectional plane perpendicular to a central axis of

the hole) is made larger toward its outlet end. Namely, it is

preferable that the ejection hole 17 1s a tapered hole gradually

widened toward its outlet end.

[0027] As shown in Fig. 1, plural supplemental ejection

holes 19 forejecting the cooling air CA are formed on the leading

edge 3e and the end face 3t of the rotor blade body 3, and

communicate with the cooling channel 13. _Plural eduction holes

21 for discharging the cooling air CA are formed on the railing

-

edge 3p of the rotor blade body 3, and communicate with the

cooling channel 13.

[0028] Note that plural supplemental ejection holes 19 may

be formed also on a suction surface 3b of the rotor blade body

3 in addition to the supplemental ejection holes 19 formed on

the leading edge 3e and the end face 3t.

[0029] Next, advantages of the present embodiment will be
explained.
[0030] When cooling air CA flows into the cooling channel

" el

13 via the introduction channel 9 during operation of the gas

turbine engine, the turbine rotor blade 1 is cooled from 1its

-

inside by a convective cooling (an internal cooling). In

F

addition, the cooling air CA after the convective cooling 1s

ejected fromthe ejection holes 17 and the supplemental ejection

holes 19 to form the cooling £film CF (see Fig. 3(a)) surrounding

+he turbine rotor blade 1. The turbine rotor blade 1 1s cooled
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the cooling

10

from its outside by a film cooling (an external cooling) with

ilm CF. Note that portion of the cooling air CA

after the convective cooling for the turbine rotor blade 1 1is

ejected also from the eduction holes Z1.

[0031]

bottomed recesses 15 are inclined and the central lines 1/L otf

Since the downstream-side inner walls 1b5a of the

-

the ejection holes 17 extends along the downstream-side inner

walls 153,

ejection angles of the cooling air CA from the

ejection holes 15 can be made small without spoiling airfoil

the cooling

[0032]

15a of the

F

of the turbine rotor blade 1. As a result, Coanda effect by

s
-

air CA can be obtained sufficiently.

Tn addition, since the downstream-side inner walls

P

bottomed recesses .15 are inclined, striking of

portion of the combustion gas HG on the downstream-side inner

walls 15a is mitigated and thereby separation of the combustion

gas HG from the blade surface on a downstream side of the bottomed

recess 15 can be reduced. Especially, as shown in Fig. 3(b),

the separation of the combustion gas HG from the blade surface

can be further reduced in a case where an upper edge oif the

downstream-side inner wall 15a is made as a smoothly curved

surface.

[0033]

Therefore, according to the present embodiment,

cooling of the turbine rotor blade 1 is improved and aerodynamic

loss of the turbine rotor blade 1 is reduced, so that reduction

P

of engine e:

ficiency of the gas turbine engine can be restricted

-

SUL

B

F

Ficiently. Especially, as shown inFigs. 4(a) and 4 (b), when

a shape of the ejection hole(s) 17 is made so as to widen 1ts

internal shape, attachablity of the cooling air CA to the

pressure surface 3v is made higher and thereby cooling of the

turbine rotor blade 1 can be improved further.
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[0034] (Second Embodiment)

A second embodiment will be explained with reference tO

Fig. 5. Note that "D" in the drawings indicates a downstream

F

direction of combustion gas, and "U" indicates an upstream

direction.

[0035] A turbine rotor blade 23 in the present embodiment

has almost the same configurations as those of the turbine rotor

blade 1 in the above-explained first embodiment. Hereinafter,

only configurations different from those of the turbine rotor

blade 1 are explained, and configurations identical-to or

similar-to those of the turbine rotor blade 1 are labeled with

identical numerals and their explanations are omitted.

[0036] As.shown in Fig. 5, plural bottomed slots (one type

of bottomed recess) 25 extending the span direction are formed

on the pressure surface 3v of the rotor blade body 3. Similarly

to the above-explained bottomed  recesses 15, each

-

downstream-side inner wall 25a of the bottomed slots 25 1is

H

inclined (inclined to the thickness direction T of the rotor

blade body 3: inclined to the flow direction of the combustion

gas: an angle between the downstream-side inner wall Z5a and

the pressure surface 3v is obtuse), and each upstream-side inner

wall 25b of the bottomed slots 25 is also inclined symmetrically

(inclined to the thickness direction T: inclined to the flow

direction of the combustion gas: an angle between the

upstream-side inner wall 25b and the pressure surface 3v 1s

obtuse). The above-explained plural ejectlon holes 1/ are

formed on each bottom 25c¢c (including a bottom-side of the

P

upstream-side inner wall 25b) of the bottomed slots 25 at

intervals along the span direction. Note that a

cross—-sectional shape of the bottomed slots 25 can be varied
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12

as explained in the first embodiment (see Figs. 3({(a) to 3(c)),

and a shape of the ejection hole 17 can be also varied as

explained in the first embodiment.

[0037] According to the present embodiment, in addition

to the advantages by the first embodiment, the cooling alr CA

ejected from the plural ejection holes 17 can expands more

easily along the span direction in each of the bottomed slots

25, so that the cooling film CF can be formed more extensively.

As a result, cooling of the turbine rotoxr blade 1 can be 1mproved

further. Further, in the turbine rotor blade 23 1n the present

g

embodiment, the number of the bottomed slots (one type of

bottomed recess) 25 can be reduced in comparison with the

turbine. rotor Dblade 1 in the first embodiment, so. that.

manufacturing costs becomes lower.

[0038] (Third Embodiment)

A third embodiment will be explained with reference to

Figs. 6(a) and 6(b). Note that "D" in the drawings indicates

F

a downstream direction of combustion gas, and "U" indicates an

upstream direction.

[0039] A turbine rotor blade 27 in the present embodiment

has almost the same configurations as those of the turbine rotor

blade 1 in the above-explained first embodiment (or the turbine

rotor blade 23 in the second embodiment). Hereinafter, only

pr—

configurations different from those of the turbine rotor blade

1 are explained, and configurations identical-to or similar-to

those of the turbine rotor blade 1 are labeled with i1dentical

numerals and their explanations are omitted.

[0040] As shown in Figs. 6(a) and 6(b), the bottomed

recesses 15 explained in the first embodiment (or the bottomed

slots 25 in the second embodiment) are formed, on the pressure
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surface 3v of the blade body 3, at positions associated with

the partitions 11. In addition, the ejection holes 17 in the

bottomed recesses 17 (the bottomed slots 25) are located just

upStream of the partitions 11.

[0041] According to the present embodiment, in addition

to the advantages by the first embodiment, affection to a shape

of the coolling channel 13 can be reduced even when the plural

bottomed recesses 15a are formed on the pressure surface 3v.

More 1n detail, the bottomed recesses 15 protruding to the

inside of the cooling channel 13 are not formed at a center of

the channel, so that the flow of the coolingair CA in the cooling

channel 13 becomes less impaired and manufacturing risks of the

turbine blade by precision casting becomes . low. In addition,

since the bottomed recesses 15 (or the bottomed slots 25) are

formed at the positions of the partitions 11, risks for reducing

strength and stiffness of the blade body 3 becomes low. Further,

the cooling air CA after the convective cooling is smoothly

ejected out from the ejection holes 17 by being guided by the

partitions 11.

f0042] - Note that the present invention 1s not limited to

the above embodiments, and, for example, the technical ideas

applied to the turbine rotor blade 1 (23, 27) can be applied
to engine components other than a turbine rotor blade, such as

a turbine stator vane, a shroud, and a combustor liner.
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What 1s claimed is:

]. A turbine blade that is used in a turbine of a gas turbine engine and cooled by cooling air,

the blade comprising:

a cooling channel that is formed within the turbine blade and in which the cooling air
flows:; and

a plurality of recesses that are formed on a blade surface of the turbine blade, each of the
plurality of recesses having an upstream-side inner wall, a downstream-side wall and a bottom,
the downstream-side inner wall being inclined, and the plurality of recesses being formed by
being depressed from the blade surface of the turbine blade so as not to spoil the blade surface,

wherein an ejection hole is formed on each of the bottoms of the plurality of recesses and
communicates with the cooling channel to eject the cooling air,

wherein the ejection hole is formed so that a central line of the ejection hole extends

along the downstream-side inner wall.

2. The turbine blade according to claim 1, wherein

an inclined angle of the central line of the ejection hole to a plane parallel to the

downstream-side inner wall is set within a range of 20 degrees.

3. The turbine blade according to claim 1 or 2, wherein

the ejection hole has a shape whose cross-sectional hole area is made larger toward an

outlet end thereof.

4. The turbine blade according to any one of claims 1 to 3, wherein
at least one of the plurality of recesses 1s formed as a bottomed slot extending along a

span direction, and a plurality of the ejection holes are formed at a bottom of the bottomed slot at

intervals along the span direction.

5. The turbine blade according to any one of claims 1 to 4, wherein

the upstream-side inner wall is inclined.



CA 02804632 2015-06-25

15

6. The turbine blade according to claim 5, wherein
at least one of an upper edge of the downstream-side inner wall and an upper edge of the

upstream-side inner wall 1s formed as a smoothly curved surface.

7. The turbine blade according to any one of claims 1 to 4, wherein

the upstream-side inner wall is formed perpendicularly to the blade surface.

8. The turbine blade according to any one of claims 1 to 7, wherein

a partition extending a span direction is formed in an inside of the turbine blade, and the
cooling channel is partitioned by the partition, and

at least one of the recesses is formed, on the blade surface, at a position associated with

the partition.
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