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Description

BACKGROUND

[0001] This disclosure relates generally to gas turbine
engines and, more particularly, tip film cooling for turbine
components.
[0002] Turbine blades and BOAS (blade outer air
seals) are designed to have very tight clearances at
cruise to improve aerodynamic performance. At other
performance points in the flight envelope the blade and
the BOAS may be rubbing causing the thermal barrier
coating to be removed. This makes it notoriously difficult
to cool the tips of the turbine blades.
[0003] Accordingly, it is desirable to provide turbine air-
foils and/or engines with airfoils that reduce the heat load
on the tip of the airfoil as well as preventing the detrimen-
tal effects associated with leakage airflows.
[0004] EP 3 150 803 A1 and EP 1 927 727 A2 relate
to turbine blades with cooling components.

BRIEF DESCRIPTION

[0005] In one embodiment, a component for a gas tur-
bine engine is provided. The component including: an
airfoil having a tip portion; a tip shelf located in the tip
portion; a first plurality of cooling openings located in an
edge of the tip shelf that extends along at least a portion
of a pressure side of the airfoil; and a second plurality of
cooling openings located in an edge of a wall portion
defining a surface of the tip portion proximate to the tip
shelf that extends along at least a portion of a pressure
side of the tip portion.
[0006] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, each of the first plurality of cooling open-
ings may have a diffuser portion formed in the edge of
the tip shelf.
[0007] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, each of the second plurality of cooling
openings may have a diffuser portion formed in the edge
of a wall portion defining a surface of the tip portion.
[0008] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, each diffuser portion may have a fillet
edge located therein.
[0009] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, at least a portion of the edge of the tip
shelf may be convex in shape.
[0010] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, a squealer pocket may be located in a
surface of the tip portion.
[0011] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, the component may be a turbine blade.

[0012] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, each of the first plurality of cooling open-
ings may have a diffuser portion formed in the edge of
the tip shelf and each of the second plurality of cooling
openings may have a diffuser portion formed in the edge
of a wall portion defining a surface of the tip portion.
[0013] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, each diffuser portion may have a fillet
edge located therein.
[0014] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, at least one diffuser portion of the first plu-
rality of cooling openings and at least one diffuser portion
of the second plurality of cooling openings may have a
fillet edge located therein.
[0015] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, at least a portion of the edge of the tip
shelf may be convex in shape and at least a portion of
the edge of the tip shelf may be convex in shape.
[0016] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, at least a portion of the edge of the tip
shelf may be convex in shape and at least a portion of
the edge of the tip shelf may be convex in shape.
[0017] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, further including a plurality of squealer
pockets located in a surface of the tip portion.
[0018] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, further including a squealer pocket locat-
ed in a surface of the tip portion.
[0019] In yet another embodiment, a gas turbine en-
gine is provided. The gas turbine engine having: a com-
pressor section; a combustor section; and a turbine sec-
tion; wherein the turbine section includes a plurality of
rotors having a plurality of radially disposed rotor blades
at least some of the plurality of radially disposed rotor
blades having: an airfoil, the airfoil having a tip portion;
a tip shelf located in the tip portion; a first plurality of
cooling openings located in an edge of the tip shelf that
extends along at least a portion of a pressure side of the
airfoil; and a second plurality of cooling openings located
in an edge of a wall portion defining the surface of the tip
portion proximate to the tip shelf that extends along at
least a portion of a pressure side of the tip portion.
[0020] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, each of the first plurality of cooling open-
ings may have a diffuser portion formed in the edge of
the tip shelf and each of the second plurality of cooling
openings may have a diffuser portion formed in the edge
of the tip portion.
[0021] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
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embodiments, at least one diffuser portion of the first plu-
rality of cooling openings and at least one diffuser portion
of the second plurality of cooling openings may have a
fillet edge located therein.
[0022] In addition to one or more of the features de-
scribed above, or as an alternative to any of the foregoing
embodiments, at least a portion of the edge of the tip
shelf may be convex in shape and at least a portion of
the edge of the tip shelf may be convex in shape.
[0023] In yet another embodiment, a method of cooling
a portion of a component of a gas turbine engine is pro-
vided. The method including the steps of: forming a first
plurality of cooling openings in an edge of a tip shelf that
extends along at least a portion of a pressure side of an
airfoil of the component; and forming a second plurality
of cooling openings in an edge of a wall portion defining
a surface of a tip portion of the airfoil proximate to the tip
shelf that extends along at least a portion of a pressure
side of the tip portion, wherein the first plurality of cooling
openings and the second plurality of cooling openings
are in fluid communication with an internal plenum of the
airfoil.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The subject matter which is regarded as the
present disclosure is particularly pointed out and distinct-
ly claimed in the claims at the conclusion of the specifi-
cation. The foregoing and other features, and advantag-
es of the present disclosure are apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings in which:

FIG. 1 is a partial cross-sectional view of a gas tur-
bine engine;

FIG. 2A is a perspective view illustrating a tip portion
of a turbine blade in accordance with an embodiment
of the disclosure;

FIG. 2B is an enlarged perspective view of the tip
portion illustrated in FIG. 2A;

FIG. 2C is an enlarged perspective view of a tip por-
tion according to an alternative embodiment;

FIG. 2D is an enlarged view of a cooling opening and
associated diffuser portions in accordance with an
alternative embodiment of the present disclosure;

FIG. 2E is a view along lines 2E-2E of FIG. 2D;

FIG. 3 is a cross-sectional view of a portion of the
turbine blade illustrated in FIGS. 2A and 2B along
lines 3-3;

FIGS. 4A and 4B are perspective views of illustrating
internal intercept locations of film holes of the turbine

blade illustrated in at least FIGS. 2A and 2B; and

FIG. 5 is a perspective view illustrating a tip portion
of a turbine blade in accordance with an alternative
embodiment of the disclosure.

DETAILED DESCRIPTION

[0025] Various embodiments of the present disclosure
are related to turbine blades with radially oriented edge
trenched cooling openings arranged to abate the heat
load proximate the pressure side tip and OD most cir-
cumferential tip surface of the airfoil of the turbine blade
as well as preventing the detrimental effects associated
excessive heat loads and leakage airflows. Although en-
gine turbine blade airfoils are discussed herein, it is un-
derstood that embodiments of this disclosure may be ap-
plied on any turbomachinery component that requires
the aforementioned cooling or tip cooling for example,
the cooling openings may be positioned on compressor
blades of the gas turbine engine, stationary vanes, blade
outer air seals (BOAS).
[0026] A detailed description of one or more embodi-
ments of the disclosed apparatus and method are pre-
sented herein by way of exemplification and not limitation
with reference to the FIGS.
[0027] FIG. 1 schematically illustrates a gas turbine
engine 20. The gas turbine engine 20 is disclosed herein
as a two-spool turbofan that generally incorporates a fan
section 22, a compressor section 24, a combustor section
26 and a turbine section 28. Alternative engines might
include an augmentor section (not shown) among other
systems or features. The fan section 22 drives air along
a bypass flow path B in a bypass duct, while the com-
pressor section 24 drives air along a core flow path C for
compression and communication into the combustor
section 26 then expansion through the turbine section
28. Although depicted as a two-spool turbofan gas tur-
bine engine in the disclosed non-limiting embodiment, it
should be understood that the concepts described herein
are not limited to use with two-spool turbofans as the
teachings may be applied to other types of turbine en-
gines including but not limited to three-spool architec-
tures, single spool architectures, etc.
[0028] The exemplary engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine central longitudinal axis A
relative to an engine static structure 36 via several bear-
ing systems 38. It should be understood that various
bearing systems 38 at various locations may alternatively
or additionally be provided, and the location of bearing
systems 38 may be varied as appropriate to the applica-
tion.
[0029] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a low pressure
compressor 44 and a low pressure turbine 46. The inner
shaft 40 is connected to the fan 42 through a speed
change mechanism, which in exemplary gas turbine en-
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gine 20 is illustrated as a geared architecture 48 to drive
the fan 42 at a lower speed than the low speed spool 30.
The high speed spool 32 includes an outer shaft 50 that
interconnects a high pressure compressor 52 and high
pressure turbine 54. A combustor 56 is arranged in ex-
emplary gas turbine 20 between the high pressure com-
pressor 52 and the high pressure turbine 54. An engine
static structure 36 is arranged generally between the high
pressure turbine 54 and the low pressure turbine 46. The
engine static structure 36 further supports bearing sys-
tems 38 in the turbine section 28. The inner shaft 40 and
the outer shaft 50 are concentric and rotate via bearing
systems 38 about the engine central longitudinal axis A
which is collinear with their longitudinal axes.
[0030] The core airflow is compressed by the low pres-
sure compressor 44 then the high pressure compressor
52, mixed and burned with fuel in the combustor 56, then
expanded over the high pressure turbine 54 and low pres-
sure turbine 46. The turbines 46, 54 rotationally drive the
respective low speed spool 30 and high speed spool 32
in response to the expansion. It will be appreciated that
each of the positions of the fan section 22, compressor
section 24, combustor section 26, turbine section 28, and
fan drive gear system 48 may be varied. For example,
gear system 48 may be located aft of combustor section
26 or even aft of turbine section 28, and fan section 22
may be positioned forward or aft of the location of gear
system 48.
[0031] The engine 20 in one example is a high-bypass
geared aircraft engine. In a further example, the engine
20 bypass ratio is greater than about six (6), with an ex-
ample embodiment being greater than about ten (10),
the geared architecture 48 is an epicyclic gear train, such
as a planetary gear system or other gear system, with a
gear reduction ratio of greater than about 2.3 and the low
pressure turbine 46 has a pressure ratio that is greater
than about five. In one disclosed embodiment, the engine
20 bypass ratio is greater than about ten (10:1), the fan
diameter is significantly larger than that of the low pres-
sure compressor 44, and the low pressure turbine 46 has
a pressure ratio that is greater than about five 5:1. Low
pressure turbine 46 pressure ratio is pressure measured
prior to inlet of low pressure turbine 46 as related to the
pressure at the outlet of the low pressure turbine 46 prior
to an exhaust nozzle. The geared architecture 48 may
be an epicycle gear train, such as a planetary gear sys-
tem or other gear system, with a gear reduction ratio of
greater than about 2.3:1. It should be understood, how-
ever, that the above parameters are only exemplary of
one embodiment of a geared architecture engine and
that the present disclosure is applicable to other gas tur-
bine engines including direct drive turbofans.
[0032] A significant amount of thrust is provided by the
bypass flow B due to the high bypass ratio. The fan sec-
tion 22 of the engine 20 is designed for a particular flight
conditiontypically cruise at about 0.8Mach and about
35,000 feet (10,688 meters). The flight condition of 0.8
Mach and 35,000 ft (10,688 meters), with the engine at

its best fuel consumption--also known as "bucket cruise
Thrust Specific Fuel Consumption (’TSFC’)"--is the in-
dustry standard parameter of lbm of fuel being burned
divided by lbf of thrust the engine produces at that min-
imum point. "Low fan pressure ratio" is the pressure ratio
across the fan blade alone, without a Fan Exit Guide Vane
("FEGV") system. The low fan pressure ratio as disclosed
herein according to one non-limiting embodiment is less
than about 1.45. "Low corrected fan tip speed" is the ac-
tual fan tip speed in ft/sec divided by an industry standard
temperature correction of [(Tram °R)/(518.7 °R)]0.5. The
"Low corrected fan tip speed" as disclosed herein ac-
cording to one non-limiting embodiment is less than
about 1150 ft/second (350.5 m/sec).
[0033] The high pressure turbine 54 or low pressure
turbine 46 of the turbine section 28 may include a plurality
of turbine discs 70, 72 that each rotate about the axis A.
As is known in the related arts, the high pressure turbine
54 may include a plurality of stages each having a plu-
rality of turbine blades 74 mounted to respective turbine
disk of each stage. Similarly, the low pressure turbine 46
may have a plurality of turbine blades 76.
[0034] Referring now to FIG. 2A is a perspective view
of a portion of one embodiment of a turbine blade or com-
ponent 74 for use in the turbine section 28 of the gas
turbine engine 20 is illustrated. In one embodiment, the
turbine blade 74 may be a blade in the high pressure
turbine 54. Still further and in one non-limiting embodi-
ment, the turbine blade 74 may be one of several blades
that are located downstream from the combustor 56.
Since turbine blade 74 is downstream from the combus-
tor section 26 and it is proximate to the combustor it is
desirable to provide the turbine blade 74 with a cooling
film or cooling fluid flows.
[0035] Although, turbine blade 74 is discussed as a
blade of the high pressure turbine 54, various embodi-
ments of the present disclosure may be incorporated into
a turbine blade 76 of the low pressure turbine 46 or turbine
blades 74 and 76 of both the high pressure turbine 54
and the low pressure turbine 46.
[0036] The turbine blade 72 has an airfoil 78 with a
leading edge 80, a trailing edge 82, a pressure side 84
and a suction side 86. The airfoil 78 terminates at a tip
portion 88, which is located in close proximity to a blade
outer air seals (BOAS).
[0037] In accordance with an embodiment of the
present disclosure, the tip portion 88 of the airfoil 78 is
provided with a tip shelf 90. The tip shelf 90 also removes
the tip edge on the pressure side where the heat load is
extremely high and the blade is prone to rapid oxidation.
In addition, the tip portion 88 may also be provided with
a squealer pocket 92 or a plurality of squealer pockets
92. Squealer pockets are used in turbine blades to reduce
the leakage flow over the tip and also to reduce the heat
load to the part. The squealer pocket configuration cre-
ates an effective labyrinth seal which reduces the amount
of tip leakage and brings with it a performance benefit.
The squealer pocket has thermal benefits as the pocket
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itself experiences lower heat transfer coefficients as the
pocket acts as a mini-plenum which reduces the velocity
of the gaspath air in this region. Also the squealer pocket
can be coated with thermal barrier coatings which do not
get abraded off (even if blade tip rub does occur) since
they are recessed from the tip surface which provides
additional thermal benefits. Additionally, the squealer
pocket removes a significant amount of thermal mass
from the tip region of the airfoil. The reduction of thermal
mass in the tip enables the transient response of the sur-
rounding tip surface walls to heat and cool at a more
uniform rate and therefore minimizes the presence of
large thermal gradients that would exist due to the rela-
tively large transient metal temperature gradients which
result in high compressive thermal strains. The resulting
high compressive strains may initiate Thermal Mechan-
ical Fatigue cracks (TMF) which can propagate into the
wall substrate and produce a thru wall crack exposing
the internal cooling cavity. In this instance the bare alloy
surfaces along the TMF crack front have reduced oxida-
tion capability due to the lack of protective ceramic and
metallic coating. As a result the base alloy begins oxidiz-
ing at a faster rate compromising the integrity and func-
tionality of the local convective and film cooling proximate
the tip region of the airfoil. In an alternative embodiment,
airfoil 78 may be formed without squealer pocket 92.
[0038] In the illustrated embodiment, the tip shelf 90
extends from the leading edge 80 to the trailing edge 82
and the tip shelf 90 is located on the pressure side 84 of
the airfoil 78. It is, of course, understood that the tip shelf
90 may only extend partially between the leading edge
80 and the trailing edge 82 of the airfoil 78.
[0039] In one embodiment, a plurality of cooling open-
ings 94 or a first plurality of cooling openings 94 are lo-
cated proximate to or in an edge 96 of the pressure side
84 of the airfoil 78 defining one edge of the tip shelf 90.
In one embodiment, openings 94 each have a diffuser
portion 98 that extends through the edge 96. As illustrated
and in one embodiment, the diffuser portion 98 fans out-
wardly in a predominately radial and axial direction from
opening 94 and may comprise a trenched or grooved
portion that extends through edge 96. See also angles
θ1a and θ2a.
[0040] In one non-limiting embodiment and as illustrat-
ed herein, the aforementioned radial direction may be
represented by arrows 99 and the axial direction may be
represented by arrows 101. Also, a circumferential direc-
tion is represented by axis 103, which is into and out of
the plane illustrated by at least FIGS. 2A-2C. The diffuser
portion 98 is configured to direct a flow or cooling air or
film across the edge 96, which further enhances the cool-
ing attributes of the cooling openings 94. In addition and
by locating the diffuser portion 98 in edge 96, a portion
of the edge 96 is removed thus reducing the amount of
edge 96 that is in contact with the hot freestream gas
temperature exiting from the combustor 56. Still further,
the cooling openings 94 and their associated diffuser por-
tions 98 are predominately radially orientated such the

cooling air is at least initially directed generally in a radial
direction represented by arrow 99. In addition and in one
embodiment, the diffuser portion 98 may extend circum-
ferentially into the airfoil 78. See for example angles θ3a.
[0041] The airfoil 78 also has a wall portion, wall or
surface 100 that extends radially (arrows 99) from the tip
shelf 90 to a tip surface 102 of the airfoil 78. As illustrated,
the squealer pocket 92 is formed in the tip surface 102
of the airfoil 78.
[0042] In the embodiment of the invention, a second
plurality of cooling openings 104 are located proximate
to or in an edge 106 of the wall portion 100 defining one
edge of the tip surface 102. In one embodiment, the sec-
ond plurality of cooling openings 104 each have a diffuser
portion 108 that extends through the edge 106. As illus-
trated and in one embodiment, the diffuser portion 108
may comprise a trenched or grooved portion that extends
through edge 106. The diffuser portion 108 fans outward-
ly from opening 104 and is configured to direct a flow or
cooling air or film across the edge 106, which further en-
hances the cooling attributes of the cooling openings 104.
In addition and by locating the diffuser portion 108 in edge
106, a portion of the edge 106 is removed thus reducing
the amount of edge 106 that is in contact with the hot
gases exiting from the combustor 56. Still further, the
cooling openings 104 and their associated diffuser por-
tions 108 are radially orientated such the cooling air is at
least initially directed generally in a radial direction rep-
resented by arrow 99. Additionally the diffuser portions
108 of the film hole openings 104 also provide lateral
spreading of the film flow in predominately an axial di-
rection (arrows 101) from leading edge 80 to trailing edge
82 along the radial edge 106 and tip surface 102. See
also angles θ1b and θ2b. In this instance the lateral
spreading provides increased film coverage over a larger
percentage of the edge surface 106 and tip surface 102,
prohibiting hot gases from coming in contact with the air-
foil tip portion 88. In addition, this lateral spreading of the
film flow may decrease the amount of air flow or pressure
of an air flow required for cooling of the airfoil 78.
[0043] The diffuser portions 108 of film hole openings
104 are also expanded in the circumferential direction
(axis 103) in a streamwise direction consistent with the
airfoil tip portion 88 aerodynamic pressure gradients. See
also angle θ3b.The circumferential diffusion (into and out
of the plane illustrated in at least FIGS. 2A-2C and more
particularly the circumferential diffusion out of the plane
illustrated in at least FIGS. 2A-2C) enables the momen-
tum of the film flow emanating from the diffuser portion
108 to be better aligned with the tip surface 102 aerody-
namic streamlines (illustrated by arrows 122), providing
more effective film cooling of the tip surface 102 and airfoil
tip portion 88. In one embodiment, the circumferential
diffusion may only be outwardly along axis 103 or in other
words towards the pressure side of the airfoil 78.
[0044] In one embodiment, the cooling openings 94
and 104 and their associated diffusers 98 and 108 pro-
vide fluid communication of a cooling fluid (e.g., air) from
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one of a plurality of internal plenums 114 of the airfoil 78.
[0045] As it pertains to film cooling holes 94 and 104
and their associated diffuser sections 98 and 108 respec-
tively, it should be understood that the corresponding dif-
fusion angles and expansion ratios may vary as a function
of the local film hole pressure, mass, and momentum flux
ratios. The film holes 94 and 104 and the corresponding
diffuser section 98 and 108 area (expansion) ratios will
also be dependent on local pressure side tip shelf radial
height, H, and width W geometry requirements. The ex-
pansion angles θ1a, θ2a and θ1b, θ2b of the film hole dif-
fusers may range in the lateral direction or axial direction
(arrows 101) from 0°-15° on both the upstream (towards
the leading edge 80, θ1a, θ1b) and downstream (towards
the trailing edge 82, θ2a, θ2b) sides of the diffuser. As
used herein and as illustrated in the attached FIGS., the
aforementioned angles θ1a, θ1b, θ2a, and θ2b are refer-
enced with respect to a center line 105, 107 of the open-
ings 94, 104. It is to be understood that the laterally dif-
fusion angles θ1a, θ1b, θ2a, and θ2b for each diffuser may
be equivalent to each other and/or differ from each other
depending on local external airfoil tip region 88 pressure
gradients. It is, of course, understood that the aforemen-
tioned diffuser angles θ1a, θ1b, θ2a, and θ2b may vary to
be greater or less than the aforementioned values and/or
ranges and various embodiments of the present disclo-
sure are not necessarily limited to the aforementioned
values.
[0046] Similarly, the circumferential diffusion angles
θ3a, θ3b may also vary between 0°-20° depending on a
diffuser section length (illustrated by the brackets 98, 108
in FIG. 3) and area ratio requirements to ensure film cool-
ing flow remains attached as it is expanded through the
diffuser 98, 108 in order to achieve optimal film cooling
coverage and film cooling effectiveness performance. As
used herein the expansion angles θ1a, θ1b, θ2a, and θ2b
may be with respect to a central axis 105, 107 of the
openings 94, 104 as it extends through their associated
diffusers 98, 108. The circumferential diffuser angle θ3a
for diffusers 98 is determined with respect to a line 109
for diffusers 98 and the circumferential diffuser angle θ3b
for diffusers 108 is determined with respect to a line 111
for diffusers 108. Line 109 is parallel to line 105 and is
an extension of a sidewall of a film metering section 113
of hole 94 and line 111 is parallel to line 107 and is an
extension of a sidewall of a film metering section 115 of
hole 104. Accordingly, the circumferential diffuser angles
θ3a, θ3b for diffusers 98 and 108 is an angle in the cir-
cumferential direction 103 into the body of the airfoil 78
proximate to the tip portion 88. It is, of course, understood
that the aforementioned diffuser angles θ3a, θ3b may vary
to be greater or less than the aforementioned values
and/or ranges and various embodiments of the present
disclosure are not necessarily limited to the aforemen-
tioned values.
[0047] The diffuser portions 98 and 108 may be con-
figured to have any suitable shape. For example, they
may have a curved aspect to them (e.g., semi-elliptical

in shape or semicircular in shape). Alternatively, they
may have a more linear shape such as a rectangular
shape or square shape or trapezoidal shape. Still further,
they may have any other suitable shape, such as a tri-
angular shape or any other suitable shape having straight
and/or curved sides or surfaces. In yet another embodi-
ment, the diffuser portions 98, 108 may have a multi-
lobed shape as illustrated in FIGS. 2D and 2E. Still further
an in any of the aforementioned embodiments, the cool-
ing openings 94 and 104 may have a circular or elliptical
shape.
[0048] Still further, a central axis 105 of some of the
cooling openings 94 and their associated diffusers 98
may be angularly oriented either towards the leading
edge 80 or trailing edge 82 of the airfoil 78. For example
and due to a particular cooling requirement, a single or
a plurality of cooling openings 94 and their associated
diffusers 98 may have a different angular orientation of
their central axis 105 with respect to the leading edge 80
or trailing edge 82 of the airfoil 78 than other cooling
openings 94 and their associated diffusers 98. In addi-
tion, a central axis 107 of some of the cooling openings
104 and their associated diffusers 108 may be angularly
oriented either towards the leading edge 80 or trailing
edge 82 of the airfoil 78. For example and due to a par-
ticular cooling requirement, a single or a plurality of cool-
ing openings 104 and their associated diffusers 108 may
have a different angular orientation of their central axis
107 with respect to the leading edge 80 or trailing edge
82 of the airfoil 78 than other cooling openings 104 and
their associated diffusers 108.
[0049] Still further and in yet another embodiment, ar-
ray 116 may only have some of the cooling openings 94
and their associated diffusers 98 with a central axis 105
angled towards or away from the leading edge 80 and/or
the trailing edge 82. Alternatively, array 118 may only
have some of the cooling openings 104 and their asso-
ciated diffusers 108 with a central axis 107 angled to-
wards or away from the leading edge 80 and/or the trailing
edge 82. In yet another embodiment, both arrays 116
and 118, may have cooling openings 94, 104 and their
associated diffusers 98, 108 with their central axis 105,
107 angled towards or away from the leading edge 80
and/or the trailing edge 82.
[0050] Moreover and in yet another embodiment, the
density or spacing of the cooling openings 94, 104 and
their associated diffusers 98, 108 in arrays 116, 118 may
vary as desired. For example, some cooling openings
94, 104 and their associated diffusers 98, 108 may have
a space or gap between each other that is smaller or
greater than other cooling openings 94, 104 and their
associated diffusers 98, 108. In addition and although
the arrays 116 and 118 are illustrated as being centrally
located on the chord of the airfoil, the arrays 116, 118
may have any configuration. For example, the arrays
116, 118 may extend from the leading edge to the trailing
edge (See FIG. 5) or the arrays 116, 118 may be more
closely located proximate to the leading edge or trailing
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edge. Still further, the arrays 116, 118 may have different
configurations with respect to each other or they may be
the same.
[0051] It is of course understood that any combination
of the aforementioned configurations of the openings 94
and 104 and their associated diffuser portions 98 and
108 may be used in the arrays 116 and 118. Still further,
each array 116 and 118 may have any combination of
the aforementioned configurations of the openings 94
and 104 and their associated diffuser portions 98 and
108.
[0052] Referring now to FIG. 3 a cross-sectional view
of a portion of the turbine blade illustrated in FIGS. 2A
and 2B is provided. Here, a cross-sectional view of the
diffusers 98 and 108 of cooling holes or openings 94 and
104 are illustrated. In one non-limiting embodiment, a
fillet edge 110 may be located in the portion of the diffuser
98 extending through edge 96. In addition, a fillet edge
112 may be located in the portion of the diffuser 106
extending through edge 106. In one embodiment, the
fillet edges 110 and 112 may have a constant and/or
variable radius along the axial length of the airfoil pres-
sure side 84 tip surface edge 96 extending from leading
edge 80 to the trailing edge 82. The range of fillet edge
110 may vary between 0.00 inches or centimeters (a dis-
crete sharp edge) to a maximum radius equivalent to
approximately 60% of the local pressure side circumfer-
ential shelf width, W, The circumferential width, W, of the
pressure side tip shelf 90 can range between 1Dh ≤ W
≤ 5Dh of the cooling hole openings 94, wherein Dh is the
hydraulic diameter of the cooling hole. For the case of a
round hole, Dh=D wherein D is the diameter of the film
metering section of the hole. In FIG. 3 the film metering
section of holes 94 and 104 is illustrated by arrows 113
and 115. Similarly the fillet edge 112 may vary between
0.00" (a discrete sharp edge) to a maximum radius equiv-
alent to approximately 60% of the local pressure side
radial shelf height, H. The radial height, H, of the pressure
side tip shelf may also vary between 1Dh ≤ H ≤ 5Dh of
the cooling hole openings 104.
[0053] The film hole metering section 113, 115 may be
referred to as the "meter" of the hole in the case of a
shaped or diffused hole. The meter length refers to the
streamwise length of the metering section of the cooling
hole. The metering length of the film cooling hole is meas-
ured from the internal intercept point where the cooling
hole breaks out along the internal wall surface, to a lo-
cation that is coincident with the intersection of the end
of the metering section and the start of the diffuser section
as measured along the centerline of the film cooling hole.
The metering length can range anywhere between 1.5 ≤
Dh ≤ 20 depending on the total length of the film cooling
hole. In one embodiment and in order to maximize the
amount of expansion of the diffuser, for airfoil cooing
walls the length of the metering section of the cooling
hole may be 1.5 ≤ Dh ≤ 3.
[0054] In alternative embodiments the fillet edge radius
112 may also be limited by the tip wall thickness, YY,

formed by the radial surface of the pressure side tip shelf
edge 106 and the radial surface of the squealer pocket
edge, ZZ. Of course, dimensions greater or less than the
aforementioned values are considered to be within the
scope of the present disclosure. In one embodiment, the
incorporation of the fillet edges 110 and 112 into the dif-
fusers 98 and 106 will assist in locating and retaining a
cooling film proximate to the tip portion 88 as it exits the
diffuser of a cooling opening. FIG. 3 also illustrates a
plenum 114 that is in fluid communication with at least
some of the cooling holes or openings 94 and 104.
[0055] FIGS. 4A and 4B are perspective views illus-
trating internal intercept locations of film holes or cooling
openings 94 and 104 of the turbine blade 74 illustrated
in at least FIGS. 2A and 2B. In these views and for ease
of review, a diagrammatic illustration of the turbine blade
is provided wherein features have been removed and the
exterior of the blade 74 is partially illustrated in phantom
or by dashed lines.
[0056] As illustrated in at least FIGS. 2A, 2B, 4A and
4B, the plurality of cooling openings 94 and 104 and their
associated diffusers 98 and 108 are arranged in arrays
116 and 118 of radially oriented cooling openings 94, 104
with "trenched" or "grooved" diffusers 98 and 108 located
in a pressure side shelf 90 and a pressure side tip 100.
In one embodiment, the arrays 116 and 118 are located
proximate to a tip portion 88 of an airfoil 78 and more
particularly in a convex portion 120 of a pressure side 84
of the airfoil 78. Still further and in one embodiment, the
diffusers 98 and 108 are at least located within the walls
of the airfoil proximate to the pressure side shelf 90 and
a pressure side tip 100 such that the cooling air flow dif-
fusion begins to occur prior to it reaching the surface of
the pressure side shelf 90 and the pressure side tip 100.
For example and as illustrated in at least FIG. 3 angle
θ3a and/or θ3b begins below the surface of the airfoil 78
and thus the cooling air flow diffusion begins internally
before the airflow exits the interior of the airfoil walls. In
one embodiment, the convex portion 120 is located prox-
imate to the tip portion 88 of the airfoil 78. Still further,
this convex portion 120 is located between the leading
edge 80 and trailing edge 82 of the airfoil 78.
[0057] By locating the arrays 116 and 118 in a convex
portion 120 of a pressure side 84 of the airfoil 78 prema-
ture tip oxidation distress are mitigated. The location and
orientation of the film cooling holes 94, 104 and their as-
sociated diffusers 98, 108 are provided at the pressure
side tip shelf and pressure side tip airfoil region such that
they are aligned with the local external tip airfoil stream-
lines. Although the pressure side airfoil surface is convex
as illustrated in this embodiment (See at least FIG 2A,
2B) it should be understood that the incorporation of film
cooling holes 94, 104 are not limiting by the current airfoil
84 pressure side 78 convex surface curvature. To those
skilled in the art that the pressure side airfoil 78 may also
be of a concave surface, and/or comprise of both concave
and convex surface curvatures dependent on aerody-
namic performance requirements. See for example, FIG.
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2C which illustrates an airfoil with a concave surface prox-
imate to the tip portion. In either instance, the functionality
and incorporation of film cooling holes 94, 104 may be
utilized to provide the same functionality as described
within. Accordingly, the diffusion of the film cooling pro-
vided by film cooling holes 94, 104 and their associated
diffusers 98, 108 is expanded in the direction of a favo-
rable pressure gradient which improves film cooling char-
acteristics and film effectiveness. The lateral expansion
of the diffused cooling holes in the direction of arrows
124 is intended to increase the geometric and film cov-
erage at the exit plane of the film hole where the colder
cooling air is ejected onto the local airfoil surface, thereby
insulating it from the local external free stream gas tem-
peratures.
[0058] By locating arrays 116 and 118 in the pressure
side 84 of the airfoil 78 improved film cooling is achieved
with the radially oriented trenched film hole layout and
the local heat flux at the airfoil tip region is greatly reduced
and the subsequent metal temperatures are also there-
fore reduced. The reduction in absolute blade airfoil tip
metal temperatures improves the durability of the blade
tip, increasing the oxidation and thermal mechanical fa-
tigue capability and tip life. The improved blade tip cooling
design will ensure the running tip clearance between the
rotating blade airfoil and the blade out air seal (BOAS)
is retained throughout the life cycle of the engine. The
tighter (smaller) running tip clearances ensure turbine
design component efficiencies are maintained thereby
minimizing the deterioration in engine performance.
[0059] As mentioned above, premature tip oxidation
and resulting Thermal Mechanical Fatigue (TMF) dis-
tress is undesirable in that it will adversely impact engine
time on wing which thus results in a reduction the refur-
bishment intervals of the hot section of the engine.
[0060] The proposed disclosure incorporates a high
density radially oriented "trenched" or "grooved" pres-
sure side tip and pressure side shelf film cooling concept
in order to prevent premature blade tip oxidation distress-
es. The location and orientation of the film cooling holes
at the pressure side tip airfoil region and in the pressure
side tip shelf are aligned with the local external tip airfoil
streamlines. The diffusion of the film cooling is expanded
in the direction of a favorable pressure gradient which
improves film cooling characteristics and film effective-
ness. The lateral expansion of the diffused cooling holes
is intended to increase the geometric and film coverage
at the exit plane of the film hole where the colder cooling
air is ejected onto the local airfoil tip surface 102 proxi-
mate the tip region 88, thereby insulating it from the local
external free stream gas temperatures.
[0061] As a result of the improvements in film cooling
achieved with the proposed radially oriented trenched
film hole design layout the local heat flux at the airfoil tip
region is greatly reduced and the subsequent metal tem-
peratures are also therefore reduced. Accordingly, this
mitigates the early onset of excessive tip oxidation and
increased tip clearances that result in lower turbine stage

and component efficiency. Reductions in turbine efficien-
cy associated with increased tip clearances result in in-
creases in intermediate turbine temperatures (ITT) and
low pressure turbine (LPT) exhaust gas temperature
(EGT) which increases the inter-stage gas temperatures
and also reduces downstream hot section component
lives. The reduction in absolute blade airfoil tip metal tem-
peratures improves the durability of the blade tip, increas-
ing the oxidation and thermal mechanical fatigue capa-
bility and tip life. The improved blade tip cooling design
will ensure the running tip clearance between the rotating
blade airfoil and the blade out air seal (BOAS) is retained
throughout the life cycle of the engine.
[0062] In one embodiment, the cooling holes 94, 104
and their associated diffuser portions 98, 108 are formed
by any method of manufacture including but limited to,
electrical discharge machining (EDM) process, laser ab-
lation, micro water-jet laser assist, additively manufac-
tured via a Direct Metal Laser Sintering (DMLS) process,
fabricated utilizing additive manufactured ceramic cores,
and/or fugitive core casting manufacturing processes.
[0063] In addition and in one embodiment and as illus-
trated in at least FIGS. 2A-2B, 3, 4A and 4B, the pressure
side of the blade 74 at least proximate to the tip is illus-
trated as being convex. The combination of the arrays
116, 118 of openings on a tip or tip portion 88 with a
convex pressure side tip may provide improved film ef-
fectiveness and cooling on highly thermally loaded blade
tips, which in some embodiments may have a concave
portions located in other areas of the pressure side of
the blade 74. Accordingly various embodiments of the
present disclosure contemplate the aforementioned ar-
rays 116, 118 of openings with a blade 74 that may have
a convex pressure side configuration proximate to the tip
88. As mentioned above, other portions of the pressure
side of the blade may be concave. Although, the illustrat-
ed embodiments contemplate a convex pressure side
proximate to the tip it is, of course, also understood that
the arrays 116, 118 of openings may be used with a blade
that may have a different pressure side configuration
such as convex or concave or any combination thereof,
which may be proximate to the tip or in other locations.
Still further, the suction side 86 of the blade either prox-
imate to or away from the tip may be concave or convex
in shape depending on the application.
[0064] Although various embodiments are illustrated,
it is understood that various embodiments of the present
disclosure contemplate any combination of the foregoing
(e.g., openings 94, 104 with associated diffusers 98, 108
in tip portion 88 with or without squealer pocket 92 or
pockets 92 and/or tip shelf 90). Still further and while the
openings 94, 104 with associated diffusers 98, 108
and/or arrays 116, 118 is/are illustrated as being located
proximate to the pressure side 84 of the airfoil 78 it is
understood that openings 94, 104 with associated diffus-
ers 98, 108 and/or arrays 116, 118 can be located prox-
imate to the suction side 86 or both pressure and suction
sides of the airfoil 78.
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[0065] In addition and as illustrated in the attached
FIGS. the airfoil 78 may further include a plurality of ad-
ditional cooling openings (not shown) in addition to the
aforementioned openings 94, 104 with associated diffus-
ers 98, 108 and/or arrays 116, 118. These cooling open-
ings may be located in anyone of the tip portion, the lead-
ing edge, the trailing edge, the pressure side, the suction
side or any combination of the foregoing.
[0066] The benefits of this disclosure include improved
cooling film effectiveness and cooler tip surfaces. By us-
ing this technology the tip temperatures can be reduced
for a set amount of cooling flow.
[0067] As mentioned above and although various em-
bodiments of the present disclosure are related to turbine
blades with openings 94, 104 with associated diffusers
98, 108 and/or arrays 116, 118 for abating the heatload
on the tip of the airfoil of the turbine blade as well as
preventing the detrimental effects associated with leak-
age airflows. It is, of course, understood that embodi-
ments of this disclosure may be applied on any turboma-
chinery component that requires the aforementioned
cooling or tip cooling. For example, openings 94, 104
with associated diffusers 98, 108 and/or arrays 116, 118
may be positioned on compressor blades of the gas tur-
bine engine, stationary vanes, blade outer air seals (BO-
AS) or any other component or surface requiring cooling
or film cooling. The aforementioned turbine blades, com-
pressor blades, stationary vanes, blade outer air seals
(BOAS) or any other component or surface may be col-
lectively referred to as component or an engine compo-
nent or gas turbine engine component. Accordingly,
openings 94, 104 with associated diffusers 98, 108
and/or arrays 116, 118 may be positioned on a surface
of the component or an engine component or gas turbine
engine component.
[0068] While the present disclosure has been de-
scribed in detail in connection with only a limited number
of embodiments, it should be readily understood that the
present disclosure is not limited to such disclosed em-
bodiments. Rather, the present disclosure can be mod-
ified to incorporate any number of variations, alterations,
substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the scope
of the present disclosure. Additionally, while various em-
bodiments of the present disclosure have been de-
scribed, it is to be understood that aspects of the present
disclosure may include only some of the described em-
bodiments. Accordingly, the present disclosure is not to
be seen as limited by the foregoing description, but is
only limited by the scope of the appended claims.

Claims

1. A component for a gas turbine engine, comprising:

an airfoil (78) having a tip portion (88);
a tip shelf (90) located in the tip portion;

a first plurality of cooling openings (94) located
in an edge of the tip shelf ·that· extends along
at least a portion of a pressure side (84) of the
airfoil; and characterised in that
a second plurality of cooling openings (104) are
located in an edge (106) of a wall portion (100)
defining a surface (102) of the tip portion proxi-
mate to the tip shelf that extends along at least
a portion of the pressure side of the tip portion.

2. The component as in claim 1, wherein each of the
first plurality of cooling openings (94) have a diffuser
portion (98) formed in the edge of the tip shelf.

3. The component as in claim 1 or 2, wherein each of
the second plurality of cooling openings have a dif-
fuser portion (108) formed in the edge (106) of a wall
portion (100) defining a surface (102) of the tip por-
tion (88).

4. The component as in claim 2 or 3, wherein each dif-
fuser portion has a fillet edge (110, 112) located
therein.

5. The component as in any preceding claim, wherein
at least a portion (120) of the edge of the tip shelf
(90) is convex in shape.

6. The component as in any preceding claim, further
comprising a squealer pocket (92) located in a sur-
face of the tip portion (88).

7. The component as in any preceding claim, wherein
the component is a turbine blade.

8. The component as in any preceding claim, wherein
each of the first plurality of cooling openings (94)
have a diffuser portion (98) formed in the edge of the
tip shelf and wherein each of the second plurality of
cooling openings (104) have a diffuser portion (108)
formed in the edge (106) of a wall portion (100) de-
fining a surface (102) of the tip portion (88).

9. The component as in any preceding claim, wherein
at least one diffuser portion (98) of the first plurality
of cooling openings (94) and at least one diffuser
portion (108) of the second plurality of cooling open-
ings (104) has a fillet edge (110, 112) located therein.

10. The component as in any preceding claim, further
comprising a plurality of squealer pockets located in
a surface of the tip portion.

11. A gas turbine engine (20), comprising:

a compressor section (24);
a combustor section (26); and
a turbine section (28); wherein the turbine sec-
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tion includes a plurality of rotors having a plural-
ity of radially disposed rotor blades at least some
of the plurality of radially disposed rotor blades
being, respectively, the component of any pre-
ceding claim.

12. The gas turbine engine as in claim 11, wherein at
least one diffuser portion (98) of the first plurality of
cooling openings (94) and at least one diffuser por-
tion (108) of the second plurality of cooling openings
(104) has a fillet edge (110, 112) located therein.

13. A method of cooling a portion of a component (74)
of a gas turbine engine, comprising:

forming a first plurality of cooling openings (94)
in an edge (96) of a tip shelf (90) that extends
along at least a portion of a pressure side of an
airfoil of the component; and
forming a second plurality of cooling openings
(104) in an edge (106) of a wall portion (100)
defining a surface (102) of a tip portion (88) of
the airfoil proximate to the tip shelf that extends
along at least a portion of the pressure side of
the tip portion, wherein the first plurality of cool-
ing openings (94) and the second plurality of
cooling openings (104) are in fluid communica-
tion with an internal plenum of the airfoil.

Patentansprüche

1. Bauteil für ein Gasturbinentriebwerk, Folgendes um-
fassend:

ein Schaufelprofil (78), das einen Spitzenab-
schnitt (88) aufweist;
einen Spitzenrand (90), der sich in dem Spitzen-
abschnitt befindet;
eine erste Vielzahl von Kühlöffnungen (94), die
sich in einer Kante des Spitzenrands befinden,
die sich entlang mindestens eines Abschnitts ei-
ner Druckseite (84) des Schaufelprofils er-
streckt; und dadurch gekennzeichnet, dass
eine zweite Vielzahl von Kühlöffnungen (104)
sich in einer Kante (106) eines Wandabschnitts
(100) befinden, der eine Oberfläche (102) des
Spitzenabschnitts nahe des Spitzenrands defi-
niert, der sich entlang mindestens eines Ab-
schnitts der Druckseite des Spitzenabschnitts
erstreckt.

2. Bauteil nach Anspruch 1, wobei jede von der ersten
Vielzahl von Kühlöffnungen (94) einen Diffusorab-
schnitt (98) aufweist, der in der Kante des Spitzen-
rands gebildet ist.

3. Bauteil nach Anspruch 1 oder 2, wobei jede aus der

zweiten Vielzahl von Kühlöffnungen einen Diffuso-
rabschnitt (108) aufweist, der in der Kante (106) ei-
nes Wandabschnitts (100) gebildet ist, der eine
Oberfläche (102) des Spitzenabschnitts (88) defi-
niert.

4. Bauteil nach Anspruch 2 oder 3, wobei jeder Diffu-
sorabschnitt eine darin befindliche Rundungskante
(110, 112) aufweist.

5. Bauteil nach einem der vorhergehenden Ansprüche,
wobei mindestens ein Abschnitt (120) der Kante des
Spitzenrands (90) eine konvexe Form aufweist.

6. Bauteil nach einem der vorhergehenden Ansprüche,
ferner eine Squealertasche (92) umfassend, die sich
in einer Oberfläche des Spitzenabschnitts (88) be-
findet.

7. Bauteil nach einem der vorhergehenden Ansprüche,
wobei die Komponente eine Turbinenschaufel ist.

8. Bauteil nach einem der vorhergehenden Ansprüche,
wobei jede von der ersten Vielzahl von Kühlöffnun-
gen (94) einen Diffusorabschnitt (98) aufweist, der
in der Kante des Spitzenrands gebildet ist und wobei
jede von der zweiten Vielzahl von Kühlöffnungen
(104) einen Diffusorabschnitt (108) aufweist, der in
der Kante (106) eines Wandabschnitts (100) gebil-
det ist, der eine Oberfläche (102) des Spitzenab-
schnitts (88) definiert.

9. Bauteil nach einem der vorhergehenden Ansprüche,
wobei mindestens ein Diffusorabschnitt (98) von der
ersten Vielzahl von Kühlöffnungen (94) und mindes-
tens ein Diffusorabschnitt (108) von der zweiten Viel-
zahl von Kühlöffnungen (104) eine Rundungskante
(110, 112) darin aufweist.

10. Bauteil nach einem der vorhergehenden Ansprüche,
ferner eine Vielzahl von Squealertaschen umfas-
send, die sich in einer Oberfläche des Spitzenab-
schnitts befinden.

11. Gasturbinentriebwerk (20), Folgendes umfassend:

einen Kompressorabschnitt (24);
einen Brennkammerabschnitt (26); und
einen Turbinenabschnitt (28); wobei der Turbi-
nenabschnitt eine Vielzahl von Rotoren beinhal-
tet, die eine Vielzahl von radial angeordneten
Laufschaufeln aufweisen, wobei mindestens ei-
nige von der Vielzahl von radial angeordneten
Laufschaufeln das entsprechende Bauteil nach
einem der vorhergehenden Ansprüche sind.

12. Gasturbinentriebwerk nach Anspruch 11, wobei min-
destens ein Diffusorabschnitt (98) von der ersten
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Vielzahl von Kühlöffnungen (94) und mindestens ein
Diffusorabschnitt (108) von der zweiten Vielzahl von
Kühlöffnungen (104) eine Rundungskante (110,
112) darin aufweist.

13. Verfahren zum Kühlen eines Abschnitts eines Bau-
teils (74) eines Gasturbinentriebwerks, Folgendes
umfassend:

Bilden einer ersten Vielzahl von Kühlöffnungen
(94) in einer Kante (96) eines Spitzenrands (90),
der sich entlang mindestens eines Abschnitts
einer Druckseite eines Schaufelprofils des Bau-
teils erstreckt; und
Bilden einer zweiten Vielzahl von Kühlöffnungen
(104) in einer Kante (106) eines Wandabschnitts
(100), der eine Oberfläche (102) eines Spitzen-
abschnitts (88) des Schaufelprofils nahe des
Spitzenrands definiert, die sich entlang eines
Abschnitts der Druckseite des Spitzenab-
schnitts erstreckt, wobei die erste Vielzahl von
Kühlöffnungen (94) und die zweite Vielzahl von
Kühlöffnungen (104) in Fluidkommunikation mit
einer inneren Kammer des Schaufelprofils ste-
hen.

Revendications

1. Composant pour un moteur à turbine à gaz
comprenant :

un profil aérodynamique (78) ayant une partie
d’extrémité (88) ;
un plateau d’extrémité (90) située dans la partie
d’extrémité ;
une première pluralité d’ouvertures de refroidis-
sement (94) situées dans un bord du plateau
d’extrémité qui s’étend le long d’au moins une
partie d’un intrados (84) du profil
aérodynamique ; et
une seconde pluralité d’ouvertures de refroidis-
sement (104) sont situées dans un bord (106)
d’une partie de paroi (100) définissant une sur-
face (102) de la partie d’extrémité à proximité
du plateau d’extrémité qui s’étend le long d’au
moins une partie de l’intrados de la partie d’ex-
trémité.

2. Composant selon la revendication 1, dans lequel
chacune de la première pluralité d’ouvertures de re-
froidissement (94) a une partie diffuseur (98) formée
dans le bord du plateau d’extrémité.

3. Composant selon la revendication 1 ou 2, dans le-
quel chacune de la seconde pluralité d’ouvertures
de refroidissement a une partie diffuseur (108) for-
mée dans le bord (106) d’une partie de paroi (100)

définissant une surface (102) de la partie d’extrémité
(88).

4. Composant selon la revendication 2 ou 3, dans le-
quel chaque partie diffuseur a un bord de congé (110,
112) situé à l’intérieur.

5. Composant selon une quelconque revendication
précédente, dans lequel au moins une partie (120)
du bord du plateau d’extrémité (90) est de forme con-
vexe.

6. Composant selon une quelconque revendication
précédente, comprenant en outre une poche d’indi-
cateur de fuite audible (92) située dans une surface
de la partie d’extrémité (88).

7. Composant selon une quelconque revendication
précédente, dans lequel le composant est une aube
de turbine.

8. Composant selon une quelconque revendication
précédente, dans lequel chacune de la première plu-
ralité d’ouvertures de refroidissement (94) a une par-
tie diffuseur (98) formée dans le bord du plateau d’ex-
trémité et dans lequel chacune de la seconde plura-
lité d’ouvertures de refroidissement (104) a une par-
tie diffuseur (108) formée dans le bord (106) d’une
partie de paroi (100) définissant une surface (102)
de la partie d’extrémité (88).

9. Composant selon une quelconque revendication
précédente, dans lequel au moins une partie diffu-
seur (98) de la première pluralité d’ouvertures de
refroidissement (94) et au moins une partie diffuseur
(108) de la seconde pluralité d’ouvertures de refroi-
dissement (104) a un bord de congé (110, 112) situé
à l’intérieur.

10. Composant selon une quelconque revendication
précédente, comprenant en outre une pluralité de
poches d’indicateur de fuite audible situées dans une
surface de la partie d’extrémité.

11. Moteur à turbine à gaz (20), comprenant :

une section de compresseur (24) ;
une section de chambre de combustion (26) ; et
une section de turbine (28) ; dans lequel la sec-
tion de turbine comporte une pluralité de rotors
ayant une pluralité d’aubes de rotor disposées
radialement, au moins certaines de la pluralité
d’aubes de rotor disposées radialement étant,
respectivement, le composant selon une quel-
conque revendication précédente.

12. Moteur à turbine à gaz selon la revendication 11,
dans lequel au moins une partie diffuseur (98) de la
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première pluralité d’ouvertures de refroidissement
(94) et au moins une partie diffuseur (108) de la se-
conde pluralité d’ouvertures de refroidissement
(104) a un bord de congé (110, 112) situé à l’intérieur.

13. Procédé de refroidissement d’une partie d’un com-
posant (74) d’un moteur à turbine à gaz,
comprenant :

la formation d’une première pluralité d’ouvertu-
res de refroidissement (94) dans un bord (96)
d’un plateau d’extrémité (90) qui s’étend le long
d’au moins une partie d’un intrados d’un profil
aérodynamique du composant ; et
la formation d’une seconde pluralité d’ouvertu-
res de refroidissement (104) dans un bord (106)
d’une partie de paroi (100) définissant une sur-
face (102) d’une partie d’extrémité (88) du profil
aérodynamique à proximité du plateau d’extré-
mité qui s’étend le long d’au moins une partie
de l’intrados de la partie d’extrémité, dans lequel
la première pluralité d’ouvertures de refroidisse-
ment (94) et la seconde pluralité d’ouvertures
de refroidissement (104) sont en communica-
tion fluidique avec un plénum interne du profil
aérodynamique.

21 22 



EP 3 406 852 B1

13



EP 3 406 852 B1

14



EP 3 406 852 B1

15



EP 3 406 852 B1

16



EP 3 406 852 B1

17



EP 3 406 852 B1

18



EP 3 406 852 B1

19



EP 3 406 852 B1

20



EP 3 406 852 B1

21

REFERENCES CITED IN THE DESCRIPTION

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

Patent documents cited in the description

• EP 3150803 A1 [0004] • EP 1927727 A2 [0004]


	bibliography
	description
	claims
	drawings
	cited references

