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GAS TURBINE ENGINE AIRFOIL COOLING CIRCUIT

BACKGROUND

ooo1]  'This disclosure relates to a gas turbine engine, and more particularly to

an airfoil cooling circuit that includes at least one trip strip to cool an airfoil of a gas
turbine engine.

00021 (Gas turbine engines typically include a compressor section, a
combustor section and a turbine section. In general, during operation, air is
pressurized in the compressor section and mixed with fuel and burned in the
combustor section to generate hot combustion gases. The hot combustion gases flow
through the turbine section which extracts energy from the hot combustion gases to
power the compressor section and other gas turbine engine loads.

00031 'The compressor and turbine sections of the gas turbine engine typically
include alternating rows of rotating blades and stationary vanes. The rotating blades
extract the energy from the hot combustion gases that are communicated through the
gas turbine engine, and the vanes convert the velocity of the airflow into pressure and
prepare the airflow for the next set of blades. 'The hot combustion gases are
communicated over airfoils of the blades and vanes. The airfoils can include cooling

circuits that receive cooling airflow for cooling the airfoils during engine operation.

SUMMARY

o041 An airfoil for a gas turbine engine according to one exemplary
embodiment includes an airfoil body that extends between a leading edge and a
trailing edge. A cooling circuit can be defined within the airfoil body. The cooling
circuit can include at least one trip strip disposed within a cavity of the cooling circuit
between a leading edge inner wall and a first rib. The at least one trip strip can
include an increasing height in a direction from the first rib toward the leading edge
inner wall.

ooos]1 In a further embodiment of the foregoing airfoil embodiment, the
airfoil can be a blade.

ooo6] In a further embodiment of either of the foregoing airfoil
embodiments, the airfoil can be a vane.

00071 In a further embodiment of any of the foregoing airfoil embodiments,

the cavity can extend between a suction side inner wall and a pressure side inner wall.
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ooos] In a further embodiment of any of the foregoing airfoil embodiments,
the increasing height can extend in a direction from one of the suction side inner wall
and the pressure side inner wall toward the other of the suction side inner wall and the
pressure side inner wall.

00091 In a further embodiment of any of the foregoing airfoil embodiments,
at least one trip strip can include a leading edge portion adjacent the leading edge
inner wall and a trailing edge portion adjacent to the first rib.

ooo10] In a further embodiment of any of the foregoing airfoil embodiments,
the leading edge portion can be generally perpendicular to the leading edge inner wall.

ooo11] In a further embodiment of any of the foregoing airfoil embodiments, a
gap can extend between the leading edge portion and the leading edge inner wall.

000121 In a further embodiment of any of the foregoing airfoil embodiments,
the at least one trip strip can be hockey stick shaped.

0o013] In a further embodiment of any of the foregoing airfoil embodiments,
the at least one trip strip can include at least two trip strips that are arranged in a V-
shaped chevron configuration.

[ooo14] In a further embodiment of any of the foregoing airfoil embodiments,
the at least two trip strips are staggered along the cavity of the cooling circuit.

ooo1s] In a further embodiment of any of the foregoing airfoil embodiments,
the at least on trip strip can include at least a first trip strip and a second trip strip
having a different configuration from the first trip strip.

ooo16] In a further embodiment of any of the foregoing airfoil embodiments,
the first trip strip and the second trip strip can be non-symmetrically arranged relative
to a mean camber line of the cavity of the cooling circuit.

0001771 A gas turbine engine according to another exemplary embodiment
includes a compressor section, a combustor section in fluid communication with said
compressor section, a turbine section in fluid communication said combustor section,
an airfoil disposed in at least one of the compressor section and the turbine section.
The airfoil can include an airfoil body that extends between a leading edge and a
trailing edge. A cooling circuit can be disposed within the airfoil body and have a
cavity adjacent to the leading edge. The cavity can include a leading edge inner wall,
a suction side inner wall and a pressure side inner wall. A trip strip can include a
leading edge portion that extends a first distance from at least one of the suction side

inner wall and the pressure side inner wall and a trailing edge portion can extend a

)
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second distance from at least one of the suction side inner wall and the pressure side
inner wall. The first distance can be greater than said second distance.

ooo18] In a further embodiment of the foregoing gas turbine engine
embodiment, the leading edge portion can be adjacent to the leading edge inner wall
and the trailing edge portion can be adjacent to a rib of the cavity.

ooo19] In a further embodiment of either of the foregoing gas turbine engine
embodiments, the leading edge portion can be generally perpendicular to the leading
edge inner wall.

0o0o20] In a further embodiment of any of the foregoing gas turbine engine
embodiments, the gas turbine engine is a land based gas turbine engine.

00021 In a further embodiment of any of the foregoing gas turbine engine
embodiments, the gas turbine engine is a turbofan gas turbine engine.

000221 A method for cooling an airfoil of a gas turbine engine according to yet
another exemplary embodiment includes communicating a cooling airflow through a
cavity of a cooling circuit of the airfoil, and directing a first portion of the cooling
airflow axially along an upstream face of at least one trip strip of the cooling circuit
toward a leading edge of the airfoil to cool the leading edge of the airfoil.

00023] In a further embodiment of the foregoing method embodiment, a gap
can be provided between a leading edge inner wall of the airfoil and a leading edge
portion of the at least one trip strip.

00024 In a further embodiment of either of the foregoing method
embodiments, a second portion of the cooling airflow can be directed across a height
of the at least one trip strip.

00025 The various features and advantages of this disclosure will become
apparent to those skilled in the art from the following detailed description. The

drawings that accompany the detailed description can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS

fooo26] Figure 1 schematically illustrates a gas turbine engine.

000271 Figure 2 illustrates an airfoil of a gas turbine engine.
oo028] Figure 3 illustrates a cut away view of an airfoil having a cooling
circuit.

000291 Figure 4 illustrates a cross-sectional view of an airfoil.
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000301 Figure 5 illustrates an example trip strip that can be incorporated into a
cooling circuit of an airfoil.

000311 Figure 6 illustrates a cut away view of a portion of an airfoil.

000321 Figure 7 illustrates another example cooling circuit of an airfoil.

00033] Figure 8 illustrates another airfoil of a gas turbine engine.

00034] Figure 9 illustrates a cut away view of portion of an airfoil having a
cooling circuit.

o003s] Figure 10 illustrates a portion of yet another example cooling circuit of

an airfoil.

DETAILED DESCRIPTION

ooo3s] Figure 1 schematically illustrates a gas turbine engine 10. 'The
example gas turbine engine 10 may be a land based gas turbine engine that generally
incorporates a compressor section 12, a combustor section 14, a turbine section 16
and a generator 18. Alternative engines could include fewer or additional sections,
systems or features. Generally, the compressor section 12 drives air along a core flow
path for compression and communication into the combustor section 14. The hot
combustion gases generated in the combustor section 14 are expanded through the
turbine section 16, which extracts energy from the hot combustion gases to power the
compressor section 12 and the generator 18.

000371 This view is highly schematic and is included only to provide a basic
understanding of a gas turbine engine and not to limit the disclosure. This disclosure
extends to all types of gas turbine engines and to all types of applications, including
but not limited to, multiple spool turbofan engines that can incorporate a fan section.
This disclosure could also extend to flight engines, auxiliary power units, or power
generation units.

00038] The compressor section 12 and the turbine section 16 can each include
alternating rows of rotor assemblies and vane assemblies (not shown). The rotor
assemblies carry a plurality of rotating blades, while each vane assembly includes a
plurality of vanes. The blades of the rotor assemblies create or extract energy (in the
form of pressure) from core airflow that is communicated through the gas turbine
engine 10. The vanes of the vane assemblies direct airflow to the blades of the rotor

assemblies to either add or extract energy.
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[00039] Various components of the gas turbine engine 10, including airfoils
such as the blades and vanes of the compressor section 12 and the turbine section 16,
may be subjected to repetitive thermal cycling under widely ranging temperatures and
pressures. 'The hardware of the turbine section 16 is particularly subjected to
relatively extreme operating conditions. Therefore, some components may require
internal cooling circuits for cooling the parts during engine operation. Example
cooling circuits that include features such as trip strips for cooling these components
are discussed below.

fooo40] Figure 2 illustrates an airfoil 40 that can be incorporated into a gas
turbine engine, such as the gas turbine engine 10 of Figure 1. In this example, the
airfoil 40 is a vane of a vane assembly of either the compressor section 12 or the
turbine section 16. However, the teachings of this disclosure are not limited to vane
airfoils and could extend to other airfoils including blades and also non-airfoil
hardware of the gas turbine engine 10. This disclosure could also extend to airfoils of
a middle turbine frame of a gas turbine engine.

000411 The airfoil 40 includes an airfoil body 42 that extends between an inner
platform 44 (on an inner diameter side) and an outer platform 46 (on an outer
diameter side). The airfoil 40 also includes a leading edge 48, a trailing edge 50, a
pressure side 52 and a suction side 54. The airfoil body 42 extends in chord between
the leading edge 48 and the trailing edge 50.

000421 Both the inner platform 44 and the outer platform 46 include leading
and trailing edge rails 56 having one or more engagement features 57 for mounting
the airfoil 40 to the gas turbine engine 10, such as to an engine casing. Other
engagement feature configurations are contemplated as within the scope of this
disclosure, including but not limited to, hooks, rails, bolts, rivets and tabs that can be
incorporated into the airfoil 40 to retain the airfoil 40 to the gas turbine engine 10.

[00043] A gas path 58 is communicated axially downstream through the gas
turbine engine 10 in a direction that extends from the leading edge 48 toward the
trailing edge 50 of the airfoil body 42. The gas path 58 (for the communication of
core airflow along a core flow path) extends between an inner gas path 60 associated
with the inner platform 44 and an outer gas path 62 associated with the outer platform
46 of the airfoil 40. The inner platform 44 and the outer platform 46 are connected to

the airfoil 40 at the inner and outer gas paths 60, 62 via fillets 64.
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000441 The airfoil body 42 includes an internal circuit 66 having an inlet 68
that receives a cooling airflow 70 from an airflow source 75 that is external to the
airfoil 40. In this embodiment, the inlet 68 of the internal circuit 66 is positioned at
the outer platform 46 of the airfoil 40, although the inlet 68 could also be positioned
at the inner platform 44. The cooling airflow 70 is a lower temperature than the
airflow of the gas path 58 that is communicated across the airfoil body 42. In one
example, the cooling airflow 70 is a bleed airflow that can be sourced from the
compressor section 12 or any other portion of the gas turbine engine 10 that is
upstream from the airfoil 40. The cooling airflow 70 is circulated through a cooling
circuit 72 (See Figures 3-6) of the airfoil 40 to transfer thermal energy from the airfoil
40 to the cooling airflow 70 thereby cooling portions of the airfoil 40.

[0004s] A cooling circuit such as disclosed herein can be disposed in any
component that requires cooling, including but not limited to those components that
are exposed to the gas path 58 of the gas turbine engine 10. In the illustrated
embodiments and for the purpose of providing detailed examples, the cooling circuits
of this disclosure are disposed within a portion of an airfoil, such as a stator vane or a
rotor blade. It should be understood, however, that the cooling circuits are not limited
to these applications and could be utilized within other areas of the gas turbine engine
that are exposed to relatively extreme environments, including but not limited to
blade outer air seals (BOAS) and platforms.

[ooo4s] Ligure 3 illustrates an example cooling circuit 72 of an airfoil 40. The
cooling circuit 72 is defined inside of the airfoil body 42. In this example, the cooling
circuit 72 establishes a multi-pass cooling passage within the internal circuit 66 of the
airfoil body 42. Although a three-pass cooling circuit is depicted by Figure 3, it
should be understood that the cooling circuit 72 could include any number of passes.
For example, a two-pass or four-pass cooling passage could be incorporated into the
airfoil 40. Also, although the cooling circuit 72 of this example is defined in the
radial direction, it should be understood that this disclosure could also extend to a
cooling circuit that extends in the tangential direction.

000471 The example cooling circuit 72 includes a first cavity 74 (i.e., a leading
edge cavity), a second cavity 76 (i.e., an intermediate cavity), and a third cavity 78
(i.e., a trailing edge cavity). The cavities 74, 76, 78 direct the cooling airflow 70
through the cooling circuit 72 to cool any high temperature areas of the airfoil body

42. The first cavity 74 is in fluid communication with the second cavity 76, and the
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second cavity 76 is in fluid communication with the third cavity 78. Accordingly, the
cooling airflow 70 received within the cooling circuit 72 can be circulated through the
first cavity 74, then through the second cavity 76, and then through the third cavity 78
to cool the airfoil 40. Also, the cooling airflow 70 could be communicated in the
opposite direction (in a direction from the inner platform 44 toward the outer platform
46) within the scope of this disclosure.

00048 A first rib 81 separates the first cavity 74 from the second cavity 76,
and a second rib 83 divides the second cavity 76 from the third cavity 78. The first
and second ribs 81, 83 extend generally parallel to a longitudinal axis of the airfoil 40.

000491 The internal circuit 66 of the airfoil 40 establishes a leading edge inner
wall 67 and a trailing edge inner wall 69. The cooling circuit 72 extends axially
between the leading edge inner wall 67 and the trailing edge inner wall 69.

000501 One or more trip strips 80 can be disposed within the first cavity 74 of
the cooling circuit 72 between the first rib 81 and the leading edge inner wall 67. In
this example, the trips strips 80 include a hockey stick shape. In other words, a
leading edge portion 90 is transverse to a trailing edge portion 92 of the trip strip (See
Figure 6). One or more trip strips 82 can also be disposed within the second cavity 76
(angled between the first rib 81 and the second rib 83) and the third cavity 78. The
trip strips 80, 82 create turbulence in the cooling airflow 70 as it is communicated
through the cooling circuit 72 to improve the heat transfer between the cooling
airflow 70 and the airfoil 40. In this example, the trip strips 80 are disposed in the
first cavity 74, the trip strips 82 having a slightly different configuration than the trips
strips 80 are disposed within the second cavity 76, and no strip strips are positioned in
the third cavity 78. 'The actual number and configuration of the trip strips 80, 82 can
vary depending upon design specific parameters, including but not limited to the
cooling requirements of the airfoil 40. For example, the cooling circuit 72 could
include only the trip strips 80 in the first cavity 74.

ooos1] Referring to Figure 4, the trip strips 80 of the cooling circuit 72 can
extend from a suction side inner wall 84 and/or a pressure side inner wall 86 of the
first cavity 74 of the cooling circuit 72. The first cavity 74 extends between the
suction side inner wall 84 and the pressure side inner wall 86. The trip strips 80 can
include an increasing height H between the leading edge inner wall 67 and the first rib
81. The height H extends in a direction from either the suction side inner wall 84 or

the pressure side inner wall 86 toward the opposite wall (i.e., the height H extends
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into the first cavity 74). A gap 88 extends between the trip strips 80 and the leading
edge inner wall 67. In other words, the trip strips 82 may not span the entire distance
between the leading edge inner wall 67 and the first rib 81. The trip strips 82 of the
second cavity 76 can include a uniform height UH.

000521 Figure 5 illustrates an example trip strip 80 that can be disposed within
one or more of the cavities 74, 76, 78 of the cooling circuit 72 of an airfoil 40. In this
example, the trip strip 80 is disposed within the first cavity 74, although one or more
trip strips 80 could be disposed in any or all of the cavities 74, 76 and 78.

00053 The example trip strip 80 includes a leading edge portion 90 that is
adjacent to the leading edge inner wall 67 and a trailing edge portion 92 that is
adjacent to the first rib 81 that divides the first cavity 74 from the second cavity 76.
The trip strip 80 can extend between the leading edge inner wall 67 and the first rib
81, while a gap 88 can extend between a tip 94 of the leading edge portion 90 and the
leading edge inner wall 67 to force cooling airflow 70 to impinge on the leading edge
inner wall 67 without obstructing forward flow of the cooling airflow 70.

000541 The trip strip 80 includes an increasing height in a direction from the
first rib 81 toward the leading edge inner wall 67. In this example, the leading edge
portion 90 extends a first distance H1 from the suction side inner wall 84 (or pressure
side inner wall 86) and the trailing edge portion 92 of the trip strip 80 extends a
second distance H2 from the suction side inner wall 84 (or pressure side inner wall
86). The first distance H1 is greater than the second distance H2, in one exemplary
embodiment.

000ss] In this exemplary embodiment, the trailing edge portion 92 is angled
relative to the leading edge portion 90. A transition portion 91 can transition the
leading edge portion 90 into the trailing edge portion 92. The leading edge portion 90
can be generally perpendicular to the leading edge inner wall 67, and the trailing edge
portion 92 can be generally transverse to the first rib 81 and the leading edge inner
wall 67.

oooss] The trip strip 80 also includes an upstream face 93 and a downstream
face 95 opposite from the upstream face 93. The upstream face 93 faces the
oncoming cooling airflow 70 as the cooling airflow 70 is communicated through the
cooling circuit 72.

000571 Figure 6 illustrates a portion of an airfoil 40, which could include

either a vane or a blade. Cooling airflow 70 is communicated through the cooling
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circuit 72 to cool the airfoil 40. The trip strips 80 create turbulence in the cooling
airflow 70 to increase the amount of heat transfer that is achieved between the cooling
airflow 70 and the airfoil 40.

oooss] Lor example, a first portion P1 of the cooling airflow 70 can be
directed over the height of the trip strips 80, which creates turbulence in the cooling
airflow 70. A second portion P2 of the cooling airflow 70 can also be communicated
axially along at least a portion of the upstream face 93 of the trip strip 80 to direct the
second portion P2 of the cooling airflow 70 toward the leading edge inner wall 67.
The trip strips 80 can redirect the momentum of at least a portion of the cooling
airflow 70 toward the leading edge inner wall 67, and the increased height H1 (See
Figure 5) of the leading edge portion 90 of the trip strip 80 can direct an increased
amount of cooling airflow 70 to the leading edge inner wall 67 to cool the leading
edge 48 of the airfoil 40.

[oooso] Figure 7 illustrates another example cooling circuit 172 that can be
incorporated into an airfoil 40. In this exemplary embodiment, the first cavity 74
includes both the trip strips 80 having a hockey stick shape and the trip strips 82
having a generally uniform height. The trips strips 80 and the trip strips 82 can be
disposed in an alternating pattern. Other configurations and positioning patterns of
the trip strips 80 and/or the trip strips 82 are also contemplated as within the scope of
this disclosure.

ooos0] Ligures 8 and 9 illustrate yet another cooling circuit 272 that can
incorporated into an airfoil 40. The cooling circuit 272 is substantially similar to the
cooling circuit 72 of Figures 3-6, except that the cooling circuit 272 includes trip
strips 280, 282 (i.e., first and second trip strips) that are configured in a V-shaped or
chevron pattern. In this example, the trip strips 280 are hockey stick shaped and have
an increasing height in a direction from the first rib 81 toward the leading edge inner
wall 67, and the trip strips 282 include a generally uniform height. The trip strips 280
can be disposed adjacent to the leading edge inner wall 67 to direct an increased
amount of cooling airflow 70 toward the leading edge inner wall 67, and the trip strips
282 can be disposed adjacent to the first rib 81.

ooos1] The trip strips 280, 282 could also be longitudinally staggered along
one or more of the cavities 74, 76, 78 (shown longitudinally staggered in the second
cavity 76 of Figure 8). Referring to Figure 9, a trailing most portion 297 of the trip

strip 280 can be aligned with a leading most portion 299 of the trip strip 282.
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000621 Figure 10 illustrates a portion of yet another cooling circuit 372 that
can be incorporated into an airfoil 40. In this example, trips strips 380, 382 are non-
symmetrically arranged relative to a mean camber line CL of a first cavity 74 of the
cooling circuit 372. In other words, a leading edge portion 391 of the trip strip 382 is
axially offset from a leading edge portion 390 of the trip strip 380 in a direction away
from a leading edge inner wall 67 of the airfoil 40. In this example, the trip strip 380
includes a hockey stick shape and has an increasing height in a direction toward the
leading edge inner wall 67 and the trip strip 382 includes a generally uniform height.
However, it should be understood that the cooling circuit 372 could also utilize only
trip strips having a hockey stick shape.

000631  Although the different examples have specific components shown in
the illustrations, embodiments of this disclosure are not limited to those particular
combinations. 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
examples.

[0oo64] Furthermore, the foregoing description shall be interpreted as
illustrative and not in any limiting sense. A worker of ordinary skill in the art would
understand that certain modifications could come within the scope of this disclosure.
For these reasons, the following claims should be studied to determine the true scope

and content of this disclosure.
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CLAIMS

1. An airfoil for a gas turbine engine, comprising:

an airfoil body that extends between a leading edge and a trailing edge; and

a cooling circuit defined within said airfeil body, wherein said cooling circuit includes at
least one trip strip disposed within a cavity of said cooling circuit between a leading edge inner
wall and a first rib, wherein said at least one trip strip includes a continuously increasing height

in a direction from said first rib toward said leading edge inner wall.

2. The airfoil as recited in claim 1, wherein said airfoil is a blade.
3. The airfoil as recited in claim 1, wherein said airfoil is a vane.
4. The airfoil as recited in claim 1, wherein said cavity extends between a suction side inner

wall and a pressure side inner wall and said increasing height extends in a direction from one of
said suction side inner wall and said pressure side inner wall toward the other of said suction side

inner wall and said pressure side inner wall.

5. The airfoil as recited in claim 1, wherein said at least one trip strip includes a leading
edge portion adjacent said leading edge inner wall and a trailing edge portion adjacent to said

first rib.

6. The airfoil as recited in claim 5, wherein said leading edge portion is generally

perpendicular to said leading edge inner wall.

7. The airfoil as recited in claim 5, wherein a gap extends between said leading edge

portion of said at least one trip strip and said leading edge inner wall.

&. The airfoil as recited in claim 1, wherein said at least one trip strip is hockey stick

shaped.
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0. The airfoil as recited in claim I, wherein said at least one trip strip includes at least two

trip strips that are arranged in a V-shaped chevron configuration.

10. The airfoil as recited in claim 9, wherein said at least two trip strips are staggered along

said cavity of said cooling circuit.

11. The airfoil as recited in claim 1, wherein said at least one trip strip includes at least a first

trip strip and a second trip strip having a different configuration from said first trip strip.

12. The airfoil as recited in claim 11, wherein said first trip strip and said second trip strip
are non-symmetrically arranged relative to a mean camber line of said cavity of said cooling

circuit.

13. A gas turbine engine, comprising:

a compressor section;

a combustor section in fluid communication with said compressor section;

a turbine section in fluid communication said combustor section;

an airfoil disposed in at least one of said compressor section and said turbine section,
wherein said airfoil includes an airfoil body that extends between a leading edge and a trailing
edge;

a cooling circuit disposed within said airfoil body and having a cavity adjacent to said
leading edge, wherein said cavity includes a leading edge inner wall, a suction side inner wall
and a pressure side inner wall; and

a trip strip that includes a leading edge portion that extends a first distance from at least
one of said suction side inner wall and said pressure side inner wall and a trailing edge portion
that extends a second distance from at least one of said suction side inner wall and said pressure
side inner wall, wherein said first distance is greater than said second distance such that said
leading edge portion extends further toward a center of said cavity than said trailing edge

portion.
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14. The gas turbine engine as recited in claim 13, wherein said leading edge portion is
adjacent to said leading edge inner wall and said trailing edge portion is adjacent to a rib of said

cavity.

15. The gas turbine engine as recited in claim 13, wherein said leading edge portion is

generally perpendicular to said leading edge inner wall.

16. The gas turbine engine as recited in claim 13, wherein the gas turbine engine is a land

based gas turbine engine.

17. The gas turbine engine as recited in claim 13, wherein the gas turbine engine is a

turbofan gas turbine engine.

18. A method for cooling an airfoil of a gas turbine engine, comprising the steps of:
communicating a cooling airflow through a cavity of a cooling circuit of the airfoil, the
cavity extending between a leading edge inner wall and a first rib; and
directing a first portion of the cooling airflow axially along an upstream face of at least
one trip strip of the cooling circuit toward a leading edge of the airfoil to cool the leading
edge of the airfoil, the at least one trip strip including a thickness that continuously increases

in a direction that extends from the first rib toward the leading edge inner wall.

19. The method as recited in claim 18, comprising the step of:
providing a gap between the leading edge inner wall of the airfoil and a leading edge

portion of the at least one trip strip.

20. The method as recited in claim 18, comprising the step of:

directing a second portion of the cooling airflow across a height of the at least one trip

strip.



