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(57) Abréegée/Abstract:
A gas turbine engine airfoll comprises first and second opposite sides joined together at spaced-apart leading and trailling edges

and extending from a root to a tip. An internal cooling passage Is provided for channelling coolant through the airfoil. The Internal
cooling passage has a discharge aperture at a juncture of the tip and the tralling edge. The discharge aperture has a tip

component and a tralling edge component to provide for effective cooling of the trailing tip corner region of the airfoll.
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ABSTRACT

A gas turbine engine airfoil comprises first and second opposite sides joined together
at spaced-apart leading and trailing edges and extending from a root to a tip. An
internal cooling passage is provided for channelling coolant through the airfoil. The
internal cooling passage has a discharge aperture at a juncture of the tip and the
trailing edge. The discharge aperture has a tip component and a trailing edge
component to provide for effective cooling of the trailing tip corner region of the

airfou1l.
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COOLED AIRFOIL TRAILING EDGE TIP EXIT

TECHNICAL FIELD

The invention relates generally to gas turbine engines and, more particularly,

to cooling of airfoil trailing edge tip corners.

BACKGROUND OF THE ART

The intersection between an airfoil trailing edge and an airfoil tip defines a
trailing edge tip corner. The cooling of such a trailing edge tip corner has always been
challenging. The various solutions which have been proposed heretofore are not fully

satisfactory either from a performance or a manufacturing point of view.

Accordingly, there 1s still a need to provide means for more effectively

cooling of blade trailing edge tip corners.

SUMMARY OF THE INVENTION

[t 1s therefore an object of this invention to provide an efficient means for

cooling of the trailing edge tip corner of an airfoil for a gas turbine engine.

In one aspect, the present mvention provides a gas turbine engine airfouil
comprising: first and second opposite sides joined together at spaced-apart leading
and trailing edges and extending from a root to a tip, an internal cooling passage for
channelling coolant therethrough, said internal cooling passage having a discharge
aperture at a juncture of said tip and said trailing edge, said discharge aperture having

a tip component and a trailing edge component.

In another aspect, the present invention provides an internally cooled turbine
airfoll comprising an airfoil body having a leading edge and a trailing edge extending
spanwise between a root and a tip, a cooling passage extending through said airfoil
body and having a trailing edge tip exit, said trailing edge tip exit extending through

both said tip and said traitling edge.

In another aspect, the present invention provides a method of improving the

cooling of a trailing edge tip region of a gas turbine engine airfoil, comprising the

-1 -
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step of radially widening a trailing edge discharge opening through a trailing tip
corner of the airfoil, the trailing edge discharge opening extending through both the

tip and the trailing edge of the airfoil.

In another aspect, the present invention provides a method of manufacturing
an airfoil for a gas turbine engine, comprising defining a cooling passage in the
airtoil, and extending the cooling passage through a trailing tip corner of the airfoil to
provide a discharge aperture at an intersection between a trailing edge and a tip of the
airfoil, the discharge aperture being partly defined 1n both the trailing edge and the

atrfoil.

Further details of these and other aspects of the present invention will be

apparent from the detailed description and figures included below.

DESCRIPTION OF THE DRAWINGS

Reference 1s now made to the accompanying figures depicting aspects of the

present invention, in which:

Figure 1 1s a schematic side view of a gas turbine engine, in partial cross-

section;
Figure 2a 1s an elevation view of a turbine blade;

Figure 2b 1s a partial sectional view of the turbine blade in accordance with

an embodiment of the present invention;

Figure 3 1s an enlarged cross-sectional view of an airfoil showing an

alternative cooling scheme; and

Figure 4 1s an enlarged cross-sectional view of an airfoil showing a further

alternative cooling scheme.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig.1 1llustrates a gas turbine engine 10 of a type preferably provided for use
in subsonic flight, generally comprising in serial flow communication a fan 12
through which ambient air is propelled, a multistage compressor 14 for pressurizing

the air, a combustor 16 in which the compressed air is mixed with fuel and ignited for
_0.
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generating an annular stream of hot combustion gases, and a turbine section 18 for

extracting energy from the combustion gases.

The turbine section 18 comprises one or more stages of stationary vanes and
rotating blades. The present invention 1s particularly applicable to the latter type of
airfoils, 1.e. the rotating blades, one of which is generally designated by numeral 20 in
Fig. 2a and 2b. In Fig. 2b, a portion of the pressure side wall 24 has been removed to

reveal an internal cooling circuit.

The turbine blade 20 comprises an airfoil 22 over which flows hot
combustion gases emanating from the combustor 16. The airfoil 22 generally
comprises a pressure side wall 24 and a suction side wall 26 extending chordwise
between radially extending leading and trailing edges 28 and 30 and spanwise
between a root 31 and a tip 33. The airfoil 22 defines between the pressure side wall
24 and the suction side wall 26 an internal cooling circuit 32 through which coolant,
such as cooling air bled from the compressor 14, flows to convectively cool the

airfoll 22, as depicted by arrows 34a and 34b in Fig. 2b.

The internal cooling circuit 32 may comprise among others an aft spanwise
extending passage 32a and a chordwise extending tip passage 32b (also known as a
“tip flag” passage) for independently receiving separate coolant flows. The mass of
coolant fed into passage 32a 1s discharged from the airfoil trailing edge 30 into the
main gas path of the engine 10 via a plurality of exit apertures 36 defined at selected
radially spaced-apart locations through the trailing edge 30 of the airfoil 22. The tip
passage 32b receives a separate flow of coolant, which is discharged through the

traihing edge tip comer of the airfoil 22 that is at the juncture of the trailing edge and

the tip 33.

As shown 1n Fig. 2b, the tip passage 32b extends completely through the

trailing edge tip corner of the airfoil 22, thereby providing for a non-solid trailing tip

corner. More particularly, the tip passage 32b has an outlet or exit aperture 40
extending through both the tip 33 and the trailing edge 30 for discharging the coolant
in the tip passage 32b through both the tip 33 and the trailing edge 30. As can be

appreciated from Fig. 2b, the tip passage 32b gradually becomes radially wider
-3 -
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towards the exit aperture 40. Radially widening the exit aperture 40 of the tip passage
32b provides enhanced cooling of the trailing edge tip region of the blade 20 while
substantially preserving the aerodynamic properties thereof. The quantity of coolant
flowing through the trailing edge tip region of the airfoil 20 could also be adjusted by
expanding the exit aperture 40 in a direction perpendicular to the pressure and suction
side walls 24 and 26, but this would make the airfo1l thicker at the trailing edge tip

corner and have an aerodynamic penalty.

The exit aperture 40 has a tip component 40a and trailing edge component
40b. The trailing edge component 40b is typically longer than the tip component 40a.
In the 1llustrated embodiment all of the coolant flowing through the tip passage 32b 1s
discharged through the exit aperture 40, the major portion of the coolant flowing over

the trailing edge component 40b of the exit aperture 40.

The exit aperture 40 1s designed to be radially wider than the trailing edge
exit apertures 36. This provides added heat exchange surface area where the airfoil 22
1s more thermally solicited and, thus, prevents the formation of hot spot at the trailing

tip corner of the airfo1l 22.

A guide support 42 preterably extends from the trailing edge 30 into the tip
passage 32b between walls 24 and 26 to guide a portion of the coolant flow towards
the tip 33. The guide support 42 also reinforces the blade trailing edge tip region that
has been weakened by the removal of solid material therefrom (hollow trailing tip
corner configuration). The removal of solid material from the trailing edge tip region
1s beneficial in that 1t facilitates the cooling of the trailing edge tip corner. It also
contributes to sitmplify the overall manufacturing process of the blade 20. There is no

longer any need to drill several elongated holes or passages though a solid tip corner

of the airtoil.

In use, coolant 1s fed into the blade 20 and circulated therethrough before
being discharged through the exit aperture 40 and the trailing edge apertures 30.
According to the illustrated embodiment, separate coolant flows are received in
spanwise passage 32a and the tip passage 32b. The coolant flow in the tip passage

32b 1s discharged through aperture 40 at the trailing tip corner of the blade 20,
_4 -
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whereas the coolant flow flowing through the spanwise passage 32a is discharged
through the trailing edge apertures 36. The two flows can be provided and discharged
at different pressures. Coolant flow may also be discharged through numerous holes

in the airfoil (not shown).

Fig. 3 1llustrates an alternative cooling scheme wherein the coolant
discharged through the trailing tip corner aperture 40 1s channelled through a
spanwise extending trailing edge passage 32c¢ instead of a tip flag passage. The
trailing edge passage 32c¢ is extended through the blade trailing edge tip corner to
provide exit aperture 40 with a tip component 40a and a trailing edge component 40b
so that, 1n use, a portion of the coolant flows out the tip 33, while the reminders flows

out the trailing edge 30, as 1llustrated by arrows 43.

Fig. 4 1llustrates another possible cooling scheme comprising two separate
cooling channels 32d and 32e. The coolant received in the first channel 32d is
discharged through aperture 40 at the blade trailing tip corner, whereas the coolant
fed mnto the second channel 32e is discharged through a number of trailing edge
apertures 30 defined 1n the blade trailing edge 30. The exit aperture 40 constitutes the
distal end of the rearmost spanwise leg of the first channel 32d and has a tip
component 40a and a traihng edge component 40b. By so extending the rear
spanwise leg of the first channel 32d completely through the blade trailing tip corner,
the quantity of solid material at the blade trailing tip corner can be significantly
reduced to provide a hollow configuration, which facilitates the cooling of the blade

trailing tip corner.

The above description 1s meant to be exemplary only, and one skilled in the
art will recognize that changes may be made to the embodiments described without
department from the scope of the invention disclosed. For example, other non-
ilustrated cooling schemes could be used as well. Still other modifications which
fall within the scope of the present invention will be apparent to those skilled in the
art, 1n light of a review of this disclosure, and such modifications are intended to fall

within the appended claims.
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CLAIMS:

1. A gas turbine engine airfoil comprising: first and second opposite sides
jomned together at spaced-apart leading and trailing edges and extending
from a root to a tip, an internal cooling passage for channelling coolant
therethrough, said internal cooling passage having a discharge aperture at a
juncture of said tip and said trailing edge, said discharge aperture having a
tip component and a trailing edge component, and defining a void at an

Iintersection of the tip and the trailing edge.

2. The gas turbine engine airfoil defined in claim 1, wherein said discharge
aperture 1s provided at a distal end of a chordwise extending tip portion of

said internal cooling passage.

3. The gas turbine engine airfoil defined in claim 1, wherein said discharge
aperture 1s provided at one end of a spanwise extending portion of said

internal cooling passage.

4. The gas turbine engine airfoil defined in claim 1, wherein said cooling

passage radially widens.

S. The gas turbine engine airfoil defined in claim 1, wherein said discharge
aperture 1s split in two by a guide support extending from the trailing edge
into the imternal cooling passage, said guide support being spaced from the

juncture of the tip and the trailing edge to provide a corner-free area.

6. An internally cooled turbine airfoil comprising an airfoil body having a
leading edge and a trailing edge extending spanwise between a root and a
tip, a cooling passage extending through said airfoil body and having a
trailing edge tip exit, said trailing edge tip exit extending through both said
tip and said trailing edge, and defining a void at an intersection of the tip and

the trailing edge.
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The internally cooled turbine airfoil as defined in claim 6, wherein said
trailing edge and said tip defines a corner, and wherein said corner is

substantially hollow.

The internally cooled turbine airfoil defined in claim 6, wherein said cooling

passage becomes wider at said trailing edge tip exit thereof.

The internally cooled turbine airfoil defined in claim 6, wherein the trailing

edge tip exit has substantially the same width as said cooling passage.

The internally cooled turbine airfoil defined in claim 6, wherein said trailing

edge tip exit extends at an angle through both said trailing edge and said tip.

The internally cooled turbine airfoil defined in claim 6, wherein a plurality
of trailing edge discharge apertures are provided along the trailing edge, and
wherein said trailing edge tip exit has a greater cross-sectional area than that

of said trailing edge discharge apertures.

The internally cooled turbine airfoil defined in claim 6, wherein a guide
support splits said trailing edge tip exit into first and second leg portions,
said first leg portion extending solely through said trailing edge, whereas

said second leg portion extends through both said tip and said trailing edge.

The internally cooled turbine airfoil defined in claim 6, wherein said trailing

edge tip exit extends over a longer extent of said trailing edge than over said

tip.

A method of improving cooling of a trailing edge tip region of a gas turbine
engine airfoil, comprising: radially widening a trailing edge discharge
opening through a trailing tip corner of the airfoil, the trailing edge discharge
opening extending through both the tip and the trailing edge of the airfoul,
and reinforcing the trailing edge tip region with a guide support extending

from the trailing edge into said trailing edge discharge opening, the guide
_7 -
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support splitting the trailing edge discharge opening into first and second
leg portions, the first leg portion extending solely through the trailing edge,
whereas the second leg portion extends through both the tip and the trailing

edge and defining a void at an intersection of the tip and the trailing edge.

The method of claim 14, further comprising diverting a portion of the flow

channelled to said trailing edge discharge aperture towards said tip.

A method of manufacturing an airfoil for a gas turbine engine, comprising
defining a cooling passage in the airfoil, and extending the cooling passage
through a trailing tip corner of the airfoil to provide a discharge aperture at
an 1ntersection between a trailing edge and a tip of the airfoil, the discharge
aperture being partly defined in both the trailing edge and the tip of the

airfoil and defining a void at the intersection therebetween.

The method defined in claim 16, further comprising reinforcing the trailing
tip corner with a guide support extending from said trailing edge into said
cooling passage, the guide support being spaced from the tip to leave said

void at said intersection between the trailing edge and the tip of the airfoil.
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