
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

00
9 

60
0

A
1

TEPZZ¥ZZ96ZZA_T
(11) EP 3 009 600 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
20.04.2016 Bulletin 2016/16

(21) Application number: 15188953.2

(22) Date of filing: 08.10.2015

(51) Int Cl.:
F01D 5/20 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA

(30) Priority: 14.10.2014 US 201462063528 P

(71) Applicant: United Technologies Corporation
Hartford, CT 06101 (US)

(72) Inventors:  
• SPANGLER, Brandon W.

Vernon, CT Connecticut 06066 (US)
• BURSTYNSKI, Laurie L.

South Windsor, CT Connecticut 06074 (US)

(74) Representative: Hull, James Edward
Dehns 
St. Bride’s House 
10 Salisbury Square
London
EC4Y 8JD (GB)

(54) GAS TURBINE ENGINE TURBINE BLADE WITH COOLED TIP

(57) An airfoil (78; 178; 278) for a gas turbine engine
(20) includes pressure and suction walls (86, 88) that are
spaced apart from one another and joined at leading and
trailing edges (82, 84) to provide an airfoil (78; 178; 278)
that has an exterior surface that extends in a radial di-

rection (R) to a tip (80; 180; 280). A film cooling hole (94)
is provided in the tip (80; 180; 280) and extends at an
angle relative to the radial direction (R). The film cooling
hole (94) includes a diffuser (98).
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Description

BACKGROUND

[0001] This disclosure relates to a gas turbine engine.
More particularly, the disclosure relates to a tip cooling
configuration for an airfoil.
[0002] Gas turbine engines typically include a com-
pressor section, a combustor section and a turbine sec-
tion. During operation, air is pressurized in the compres-
sor section and is mixed with fuel and burned in the com-
bustor section to generate hot combustion gases. The
hot combustion gases are communicated through the tur-
bine section, which extracts energy from the hot com-
bustion gases to power the compressor section and other
gas turbine engine loads.
[0003] Both the compressor and turbine sections may
include alternating series of rotating blades and station-
ary vanes that extend into the core flow path of the gas
turbine engine. For example, in the turbine section, tur-
bine blades rotate and extract energy from the hot com-
bustion gases that are communicated along the core flow
path of the gas turbine engine. The turbine vanes, which
generally do not rotate, guide the airflow and prepare it
for the next set of blades.
[0004] Turbine blades typically include internal cooling
passages. Film cooling holes communicate cooling fluid
from the cooling passages to areas on the exterior sur-
face of the turbine blade that may experience undesirably
high temperatures.
[0005] One high temperature area is the tip of the air-
foil. A proposed cooling configuration uses a notch cir-
cumscribed about at least a portion of the perimeter of
the airfoil at the tip, which provides a tip shelf. In some
airfoils, the shelf includes film cooling holes.

SUMMARY

[0006] In one exemplary embodiment, an airfoil for a
gas turbine engine includes pressure and suction walls
that are spaced apart from one another and joined at
leading and trailing edges to provide an airfoil that has
an exterior surface that extends in a radial direction to a
tip. A film cooling hole is provided in the tip and extends
at an angle relative to the radial direction. The film cooling
hole includes a diffuser.
[0007] In a further embodiment of the above, the airfoil
has a cooling passage arranged between the pressure
and suction walls and extends toward the tip. The cooling
hole fluidly interconnects the cooling passage and the tip.
[0008] In a further embodiment of any of the above,
multiple cooling holes are provided in the tip along a
chord-wise direction.
[0009] In a further embodiment of any of the above,
the film cooling hole includes a metering portion that ex-
tends along an axis. The axis and radial direction are
arranged at an acute angle.
[0010] In a further embodiment of any of the above,

the diffuser is spaced from a pressure side exterior airfoil
surface.
[0011] In a further embodiment of any of the above,
the diffuser includes first and second faces that respec-
tively provide inner and outer corners with the tip. The
inner corner is arranged farthest from and the outer cor-
ner arranged nearest to the pressure side exterior airfoil
surface. The first face is at an obtuse angle with the me-
tering portion.
[0012] In a further embodiment of any of the above,
the second face is arranged linearly relative to the me-
tering portion and at a greater angle relative to the radial
direction than the first face.
[0013] In a further embodiment of any of the above,
the diffuser breaks the tip at a perimeter that is generally
rectangular in shape and has a length and a width. The
length, which is greater than the width, extends in the
chord-wise direction.
[0014] In a further embodiment of any of the above,
the tip includes a shelf. The diffuser is spaced from the
shelf.
[0015] In another exemplary embodiment, an airfoil for
a gas turbine engine includes pressure and suction walls
that are spaced apart from one another and joined at
leading and trailing edges to provide an airfoil having an
exterior surface that extends in a radial direction to a tip.
A shelf is provided in at least one of the pressure and
suction side walls at the tip. A film cooling hole is provided
in the shelf and extends at an angle relative to the radial
direction. The film cooling hole includes a diffuser.
[0016] In a further embodiment of the above, the airfoil
has a cooling passage that is arranged between the pres-
sure and suction walls that extends toward the tip. The
cooling hole fluidly interconnects the cooling passage
and the shelf.
[0017] In a further embodiment of any of the above,
multiple cooling holes are provided in the shelf along a
chord-wise direction.
[0018] In a further embodiment of any of the above,
the shelf is arranged on the pressure wall.
[0019] In a further embodiment of any of the above,
the shelf is spaced from the trailing edge.
[0020] In a further embodiment of any of the above,
the shelf is spaced from the leading edge.
[0021] In a further embodiment of any of the above,
the film cooling hole includes a metering portion that ex-
tends along an axis. The axis and radial direction are
arranged at an acute angle.
[0022] In a further embodiment of any of the above,
the shelf includes first and second adjoining surfaces that
extend in a chord-wise direction. The first surface ex-
tends in an airfoil thickness direction. The second surface
extends in the radial direction. The diffuser is provided
in the first surface.
[0023] In a further embodiment of any of the above,
the diffuser includes first and second faces that respec-
tively provide inner and outer corners with the first sur-
face. The inner corner is arranged near the second sur-
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face. The outer corner is arranged near the pressure side
exterior airfoil surface. The first face is at an obtuse angle
with the metering portion.
[0024] In a further embodiment of any of the above,
the second face is arranged linearly relative to the me-
tering portion and at a greater angle relative to the radial
direction than the first face.
[0025] In a further embodiment of any of the above,
the diffuser breaks the first surface at a perimeter that is
generally rectangular in shape and has a length and a
width. The length is greater than the width and the length
extends in the chord-wise direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The disclosure can be further understood by ref-
erence to the following detailed description when consid-
ered in connection with the accompanying drawings
wherein:

Figure 1 schematically illustrates a gas turbine en-
gine embodiment;
Figure 2A is a perspective view of the airfoil having
the disclosed cooling passage;
Figure 2B is a plan view of the airfoil illustrating di-
rectional references;
Figure 3 is a perspective view of tip cooling features
of a turbine blade;
Figure 4 is a cross-sectional taken along lines 4-4 of
Figure 3;
Figure 5 is a cross-sectional taken along lines 5-5 of
Figure 3;
Figure 6 is a cross-section, similar to Figure 4, with
another example film cooling hole arrangement; and
Figure 7 is a cross-section, similar to Figure 4, with
another example film cooling hole arrangement.

[0027] The embodiments, examples and alternatives
of the preceding paragraphs, the claims, or the following
description and drawings, including any of their various
aspects or respective individual features, may be taken
independently or in any combination. Features described
in connection with one embodiment are applicable to all
embodiments, unless such features are incompatible.

DETAILED DESCRIPTION

[0028] Figure 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 augmenter section (not shown) among other
systems or features. The fan section 22 drives air along
a bypass flow path B in a bypass duct defined within a
nacelle 15, while the compressor section 24 drives air
along a core flow path C for compression and communi-
cation into the combustor section 26 then expansion

through the turbine section 28. Although depicted as a
two-spool turbofan gas turbine 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 engines including three-spool ar-
chitectures.
[0029] 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 X
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.
[0030] The low speed spool 30 generally includes an
inner shaft 40 that interconnects a fan 42, a first (or low)
pressure compressor 44 and a first (or low) pressure tur-
bine 46. The inner shaft 40 is connected to the fan 42
through a speed change mechanism, which in exemplary
gas turbine engine 20 is illustrated as a geared architec-
ture 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 second (or high) pres-
sure compressor 52 and a second (or high) pressure tur-
bine 54. A combustor 56 is arranged in exemplary gas
turbine 20 between the high pressure compressor 52 and
the high pressure turbine 54. A mid-turbine frame 57 of
the engine static structure 36 is arranged generally be-
tween the high pressure turbine 54 and the low pressure
turbine 46. The mid-turbine frame 57 further supports
bearing systems 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 longitu-
dinal axis X which is collinear with their longitudinal axes.
[0031] 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 mid-turbine frame 57 includes air-
foils 59 which are in the core airflow path C. 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.
[0032] 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 (6:1), with an
example embodiment being greater than about ten
(10:1), the geared architecture 48 is an epicyclic gear
train, such as a planetary gear system or other gear sys-
tem, with a gear reduction ratio of greater than about 2.3
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and the low pressure turbine 46 has a pressure ratio that
is greater than about five (5:1). In one disclosed embod-
iment, the engine 20 bypass ratio is greater than about
ten (10:1), the fan diameter is significantly larger than
that of the low pressure compressor 44, and the low pres-
sure 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 pres-
sure turbine 46 prior to an exhaust nozzle. The geared
architecture 48 may be an epicycle gear train, such as a
planetary gear system or other gear system, with a gear
reduction ratio of greater than about 2.3:1. It should be
understood, however, that the above parameters are only
exemplary of one embodiment of a geared architecture
engine and that the present invention is applicable to
other gas turbine engines including direct drive turbofans.
[0033] 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
condition -- typically cruise at about 0.8 Mach (272 m/s)
and about 35,000 (10.7 km) feet. The flight condition of
0.8 Mach (272 m/s) and 35,000 ft (10.7km), with the en-
gine at its best fuel consumption - also known as "bucket
cruise Thrust Specific Fuel Consumption (’TSFC’)" - is
the industry standard parameter of lbm of fuel being
burned divided by lbf of thrust the engine produces at
that minimum point. "Low fan pressure ratio" is the pres-
sure 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 em-
bodiment is less than about 1.45. "Low corrected fan tip
speed" is the actual 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 dis-
closed herein according to one non-limiting embodiment
is less than about 1150 ft / second (350.5 m/s).
[0034] The disclosed serpentine cooling passage may
be used in various gas turbine engine components. For
exemplary purposes, a turbine blade 64 is described. It
should be understood that other shapes of cooling pas-
sage may also be used.
[0035] Referring to Figures 2A and 2B, a root 74 of
each turbine blade 64 is mounted to the rotor disk. The
turbine blade 64 includes a platform 76, which provides
the inner flow path, supported by the root 74. An airfoil
78 extends in a radial direction R from the platform 76 to
a tip 80. It should be understood that the turbine blades
may be integrally formed with the rotor such that the roots
are eliminated. In such a configuration, the platform is
provided by the outer diameter of the rotor. The airfoil 78
provides leading and trailing edges 82, 84. The tip 80 is
arranged adjacent to a blade outer air seal as is known.
[0036] The airfoil 78 of Figure 2B somewhat schemat-
ically illustrates an exterior airfoil surface extending in a
chord-wise direction H from a leading edge 82 to a trailing
edge 84. The airfoil 78 is provided between pressure (typ-
ically concave) and suction (typically convex) wall 86, 88

in an airfoil thickness direction T, which is generally per-
pendicular to the chord-wise direction H. Multiple turbine
blades 64 are arranged circumferentially in a circumfer-
ential direction A. The airfoil 78 extends from the platform
76 in the radial direction R, or spanwise, to the tip 80.
[0037] The airfoil 78 includes a cooling passage 90 pro-
vided between the pressure and suction walls 86, 88.
The exterior airfoil surface may include multiple film cool-
ing holes on the airfoil 78 (not shown) in fluid communi-
cation with the cooling passage 90.
[0038] Referring to Figure 3, a shelf 92 is shown pro-
vided in the pressure side wall 86, although the disclosed
shelf 92 may also be provided in a suction side wall 88.
In the example, the shelf 92 is spaced from the leading
edge 82 and the trailing edge 84. At least one film cooling
hole 94, multiple holes shown, are provided in the shelf
92. The film cooling holes 94 fluidly communicate with
the cooling passage 90.
[0039] The film cooling holes 94 extend at an angle
108 relative to the radial direction R, as shown in figure
4. Each film cooling hole 94 includes a metering portion
96 that extends along an axis 97 to a diffuser 98 at an
outlet of the film cooling hole 94. The axis 97 and the
radial direction R are arranged at an acute angle relative
to one another. In the example, the metering portion 96
has a circular cross-section.
[0040] Returning to Figure 3, the shelf 92 includes first
and second lateral surfaces 102, 104 that extend in the
chord-wise direction H. The first surface 102 extends in
the airfoil thickness direction T. The second surface 104
extends in the radial direction R. The diffuser 98 is pro-
vided in the first surface 102.
[0041] In the example, the diffuser 98 provides an exit
with a perimeter 100 at the first surface 102 that is gen-
erally rectangular in shape, for example. The diffuser 98
has a length and a width, with the length greater than the
width. The length extends in the chord-wise direction H.
Four generally flat, trapezoidal sides transition from the
metering hole 96 to the perimeter 100, as shown in Fig-
ures 3-5. The diffuser 98 is spaced from the pressure
side exterior airfoil surface.
[0042] Two of the four flat sides of the diffuser 98 are
provided by first and second faces 110, 112 that respec-
tively provide inner and outer corners 114, 116 with the
first surface 102. The inner corner is arranged near the
second surface 104. The outer corner 116 is arranged
near the pressure side exterior airfoil surface. The first
face 110 is at an obtuse angle with the metering portion
96. The second face 112 is arranged linearly relative to
the metering portion 96 and at a greater angle relative to
the radial direction R than the first face 110.
[0043] As shown in Figure 4, the gases G flow from
the pressure side wall 86 over the tip 80. The film cooling
hole 94 is angled into the gases G such that the cooling
fluid F is forced to turn radially, creating a boundary layer
of cooling fluid at the shelf 92. With the angle of the film
cooling hole 94 and the orientation of the diffuser faces
110, 112, the cooling fluid F has to turn less to align with
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the gases G, resulting in less film decay and better engine
performance. This encourages the cooling fluid F to bet-
ter attach to the shelf 92 rather than blow off the tip 80.
[0044] Another example airfoil 178 is shown in Figure
6. The tip 180 does not include a shelf, and the film cooling
hole 194 fluidly connects the cooling passage 90 to a
terminal end of the airfoil tip 180. In the example airfoil
278 shown in Figure 7, the tip 280 does included a shelf
292, however, the film cooling hole 194 is spaced from
the shelf 292 to fluidly connect the terminal end of the tip
280 to the cooling passage 90.
[0045] It should also be understood that although a par-
ticular component arrangement is disclosed in the illus-
trated embodiment, other arrangements will benefit here-
from. Although particular step sequences are shown, de-
scribed, and claimed, it should be understood that steps
may be performed in any order, separated or combined
unless otherwise indicated and will still benefit from the
present invention.
[0046] Although the different examples have specific
components shown in the illustrations, embodiments of
this invention are not limited to those particular combi-
nations. It is possible to use some of the components or
features from one of the examples in combination with
features or components from another one of the exam-
ples.
[0047] Although an example embodiment has been
disclosed, a worker of ordinary skill in this art would rec-
ognize that certain modifications would come within the
scope of the claims. For that reason, the following claims
should be studied to determine their true scope and con-
tent.

Claims

1. An airfoil (78; 178; 278) for a gas turbine engine (20)
comprising:

pressure and suction walls (86, 88) spaced apart
from one another and joined at leading and trail-
ing edges (82, 84) to provide an airfoil (78; 178;
278) having an exterior surface that extends in
a radial direction (R) to a tip (80; 180; 280); and
a film cooling hole (94; 194; 294) provided in the
tip (80; 180; 280) extending at an angle relative
to the radial direction (R), wherein the film cool-
ing hole (94; 194; 294) includes a diffuser (98).

2. The airfoil (78; 178; 278) according to claim 1, where-
in the film cooling hole (94) includes a metering por-
tion (96) extending along an axis (97), the axis (97)
and radial direction (R) arranged at an acute angle.

3. The airfoil (78; 178; 278) according to claim 2, where-
in the diffuser (98) is spaced from the pressure side
exterior airfoil surface.

4. The airfoil (78; 178; 278) according to claim 2 or 3,
wherein the diffuser (98) includes first and second
faces (110, 112) that respectively provide inner and
outer corners (114, 116) with the tip (80; 180; 280),
the inner corner (114) arranged farthest from and
the outer corner (116) arranged nearest to the pres-
sure side exterior airfoil surface, the first face (110)
at an obtuse angle with the metering portion (96).

5. The airfoil (78; 178; 278) according to any preceding
claim, wherein the tip (80; 180; 280) includes a shelf
(92; 292), and the diffuser (98) is spaced from the
shelf (92; 192).

6. The airfoil (78; 178; 278) of any of claims 1 to 4,
further comprising a shelf (92; 292) provided in at
least one of the pressure and suction side walls (86,
88) at the tip (80; 180; 280), wherein the film cooling
hole (94) is provided in the shelf (92; 292).

7. The airfoil (78; 178; 278) according to claim 5 or 6,
wherein the shelf (92; 292) is arranged on the pres-
sure wall (86).

8. The airfoil (78; 178; 278) according to claim 7, where-
in the shelf (92; 292) is spaced from the trailing edge
(84).

9. The airfoil (78; 178; 278) according to claim 7 or 8,
wherein the shelf (92; 292) is spaced from the leading
edge (82).

10. The airfoil (78; 178; 278) according to any of claims
5 to 9, wherein the shelf (92; 292) includes first and
second adjoining surfaces (102, 104) extending in a
chord-wise direction (H), the first surface (102) ex-
tending in an airfoil thickness direction (T), and the
second surface (104) extending in the radial direction
(R), the diffuser (98) provided in the first surface
(102).

11. The airfoil (78; 178; 278) according to any of claims
5 to 10, wherein the diffuser (98) includes first and
second faces (110, 112) that respectively provide
inner and outer corners (114, 116) with the first sur-
face (102), the inner corner (114) arranged near the
second surface (104), and the outer corner (116) ar-
ranged near the pressure side exterior airfoil surface,
the first face (110) at an obtuse angle with the me-
tering portion (96).

12. The airfoil (78; 178; 278) according to claim 4 or 11,
wherein the second face (112) is arranged linearly
relative to the metering portion (96) and at a greater
angle relative to the radial direction (R) than the first
face (110).

13. The airfoil (78; 178; 278) according to any preceding
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claim, wherein the diffuser (98) breaks the tip (80;
180; 280) or the first surface (102) at a perimeter that
is generally rectangular in shape having a length and
a width, the length greater than the width, the length
extending in a/the chord-wise direction (H).

14. The airfoil (78; 178; 278) according to any preceding
claim, wherein the airfoil (78; 178; 278) has a cooling
passage (90) arranged between the pressure and
suction walls (86, 88) that extends toward the tip (80;
180; 280), and the cooling hole (94; 194; 294) fluidly
interconnecting the cooling passage (90) and the tip
(80; 180; 280) and/or the shelf (92; 292).

15. The airfoil (78; 178; 278) according to any preceding
claim, wherein multiple cooling holes (94) are pro-
vided in the tip (80; 180; 280) or the shelf (92; 292)
along a chord-wise direction (H).
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