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DOUBLE IMPINGEMENT SLOT CAP ASSEMBLY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Patent Application No. 15/354,072 filed on 17-

November-2016. The entire disclosure of the application is incorporated herein by reference.

FIELD

[0002] The subject matter described herein relates to cooling assemblies for equipment such as

turbine airfoils.
BACKGROUND

[0003] The leading edge region of a turbine airfoil is subjected to some of the highest head loads
when an engine is operating. To protect the airfoil from damage, cooling air may be directed in
and/or onto the airfoil. Cooling provided by a combination of impingement jets and film cooling

air can prevent thermal damage to the airfoils.

[6004] One issue with cooling known airfoil assemblies, however, is that an excessive quantity
of coolant is required to sufficiently cool the leading edge of the turbine airfoils. Additionally,
due to geometric constraints of the leading edge of the airfoil, there are limited strategies for

cooling the leading edge of the airfoil as well as downstream from the leading edge.
BRIEF DESCRIPTION

[0005] In one embodiment, an assembly comprises a cooling chamber disposed inside an airfoil
of a turbine assembly. The cooling chamber is configured to direct cooling air inside of the airfoil.
The assembly includes an impingement hole disposed inside the airfoil and fluidly coupled with
the cooling chamber. The impingement hole is configured to direct at least some of the cooling
air out of the cooling chamber. The assembly also includes a double impingement slot cap

assembly that is coupled with the airfoil. The double impingement slot cap assembly forms a cover
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over the impingement hole and is configured to direct the cooling air exiting the cooling chamber

in the airfoil through the impingement hole along one or more exterior surfaces of the airfoil.

[0006] In one embodiment, an airfoil of a turbine assembly comprises a cooling chamber
disposed inside of the airfoil. The cooling chamber is configured to direct cooling air inside the
airfoil. The airfoil includes one or more impingement holes disposed inside the airfoil and fluidly
coupled with the cooling chamber. The impingement holes are configured to direct at least some
of the cooling air out of the cooling chamber. A double impingement slot cap assembly is coupled
with the airfoil. The double impingement slot cap assembly forms a cover over the impingement
holes and is configured to direct the cooling air exiting the cooling chamber in the airfoil through
the impingement holes along one or more exterior surfaces of the airfoil. The airfoil also comprises
one or more supports are disposed inside of the airfoil and coupled with the double impingement
slot cap assembly, wherein the supports are configured to direct the cooling air exiting the cooling

chamber inside of the airfoil around the supports.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The present inventive subject matter will be better understood from reading the following

description of non-limiting embodiments, with reference to the attached drawings, wherein below:
[0008] Figure 1 illustrates a perspective view of an airfoil in accordance with one embodiment;

[0009] Figure 2 illustrates a cross-sectional view of an airfoil in accordance with one

embodiment;

[0010] Figure 3 illustrates a cross-sectional view of a leading edge of an airfoil in accordance

with one embodiment;
[6011] Figure 4 illustrates a front view of an airfoil in accordance with one embodiment;

[0012] Figure 5 illustrates a cross-sectional front view of the airfoil of Figure 4 in accordance

with one embodiment;

[0013] Figure 6 illustrates a cross-sectional front view of an airfoil in accordance with one

embodiment;
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[0014] Figure 7 illustrates a side view of an airfoil in accordance with one embodiment;

[0015] Figure 8 illustrates a cross-sectional front view of the airfoil of Figure 7 in accordance

with one embodiment;
[0016] Figure 9 illustrates a side view of an airfoil in accordance with one embodiment;

[0017] Figure 10 illustrates a cross-sectional front view of the airfoil of Figure 9 in accordance

with one embodiment;
[0018] Figure 11 illustrates a side view of an airfoil in accordance with one embodiment;

[0019] Figure 12 illustrates a cross-sectional front view of the airfoil of Figure 11 in accordance

with one embodiment;
[0020] Figure 13 illustrates a side view of an airfoil in accordance with one embodiment;

[0021] Figure 14 illustrates a cross-sectional front view of the airfoil of Figure 13 in accordance

with one embodiment; and

[0022] Figure 15 illustrates a flowchart of a method for cooling an airfoil in accordance with one

embodiment.
DETAILED DESCRIPTION

[0023] One or more embodiments of the inventive subject matter described herein relate to
systems and methods that provide cooling air onto and around surfaces of an airfoil of a turbine
assembly. The systems and methods fluidly couple one or more cooling chambers disposed inside
of the airfoil with an impingement hole that directs cooling air out of the cooling chambers. A
double impingement slot cap assembly is coupled with the airfoil by one or more supports and
forms a cover over the impingement hole. The slot cap assembly is separated from the airfoil by
opposite slots that are elongated in directions extending along a leading edge or a stagnation region
of the airfoil. The cooling air is directed out of the cooling chamber through the impingement
hole, and out of the airfoil through the slots along one or more exterior surfaces of the airfoil. The

supports direct the cooling air exiting the cooling chamber inside the airfoil around the supports.
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One technical effect of the subject matter described herein is managing a desired amount,
momentum, and direction of cooling air towards one or more exterior surfaces of the airfoil with
the supports. One technical effect of the subject matter described herein is improved reduction of
hot gas ingestion into the airfoil when the turbine assembly is operating. For example, the systems
and methods described herein may improve the reduction of hot gas ingestion into the airfoil when
the hot gas mainstream flow is unsteady (e.g., turbulent), when the turbine load is changing, when

the turbine assembly is subjected to a passing wake of the hot gas mainstream flow, or the like.

[0024] Figure 1 illustrates a perspective view of an airfoil 100 in accordance with one
embodiment. The airfoil 100 may be a turbine blade, a stationary guide vane, or the like, used in
a turbine assembly (not shown). The airfoil 100 has a pressure side 114 and a suction side 116
that is opposite the pressure side 114. The pressure side 114 and the suction side 116 are
interconnected by a leading edge 112 and a trailing edge 120 that is opposite the leading edge 112.
The pressure side 114 is generally concave in shape, and the suction side 116 is generally convex
in shape between the leading and trailing edges 112, 120. For example, the generally concave
pressure side 114 and the generally convex suction side 116 provides an aerodynamic surface over

which compressed working fluid flows through the turbine assembly.

[0025] The airfoil 100 extends an axial length 126 between the leading edge 112 and the trailing
edge 120. The trailing edge 120 is disposed proximate a shaft of the turbine assembly relative to
the leading edge 112 along the axial length 126. The airfoil 100 extends a radial length 124
between a first end 134 and a second end 136. For example, the axial length 126 is generally
perpendicular to the radial length 124.

[0026] A stagnation region 130 is generally parallel with an axis along the radial length 124 of
the airfoil. Optionally, the stagnation region 130 may be non-parallel with an axis along the radial
length 124. For example, a stagnation region 130 may be non-parallel with an axis along the radial
length of a twisted airfoil. The stagnation region 130, positioned at the leading edge 112 between
the pressure and suction sides 114, 116, is the region of maximum static pressure that divides fluid
flow between the pressure and suction sides 114, 116 of the airfoil 100. For example, hot
compressed air transferring through the turbine assembly divides at the stagnation region to flow

across the pressure and suction sides 114, 116 in a direction along the axial length 126.
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[0027] In one or more embodiments, the stagnation region 130 may divide the hot compressed
air substantially evenly to flow across the pressure and suction sides 114, 116. Additionally or
alternatively, the hot compressed air may or may not be divided substantially evenly to flow across
the pressure and suction sides 114, 116. For example, an amount of hot compressed air that flows
across the pressure side 114 may be less than, substantially the same as, or greater than an amount
of hot compressed air that flows across the suction side 116. Additionally or alternatively, the hot
compressed air may or may not be divided substantially evenly to flow across the pressure and
suction sides 114, 116 between the first end 134 and the second end 136 of the airfoil 100. For
example, at a position of the stagnation region 130 proximate to the first end 134, an amount of
hot compressed air that flows across the pressure side 114 may be greater than an amount of hot
compressed air that flows across the pressure side 114 at a position of the stagnation region 130
proximate to the second end 136 of the airfoil 100 along the radial length 124. Additionally or
alternatively, the amount of hot compressed air that flows across the pressure side 114 and the
suction side 116 between the first and second ends 134, 136 along the radial length 124 may be

substantially the same or may vary.

[0028] The airfoil 100 has an internal cooling chamber 102. The cooling chamber 102 is
disposed within the interior of the airfoil 100. For example, the cooling chamber 102 is entirely
contained within the airfoil 100 between the pressure side 114 and the suction side 116. In the
illustrated embodiment, the cooling chamber 102 is generally round in shape. Optionally, the
cooling chamber 102 may be any alternative shape and/or size. The cooling chamber 102 is
configured to direct cooling air inside of the airfoil 100 in order to cool the airfoil 100 when the
turbine assembly is operating. Optionally, the cooling chamber 102 may direct any form of coolant

when the turbine assembly is operating.

[0029] The cooling chamber 102 is fluidly coupled with an impingement hole 104. The
impingement hole 104 is disposed between the cooling chamber 102 and the leading edge 112
inside of the airfoil 100. For example, the impingement hole 104 is located closer to the leading
edge 112 and distal the trailing edge 120 than the cooling chamber 102. The portion of the leading
edge 112 that lies beneath the stagnation region 130 is exposed to the highest temperature of the
hot compressed gas transferring through the turbine assembly. The impingement hole 104 directs

some of the cooling air out of the cooling chamber 102 in a direction towards the leading edge
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112. For example, the cooling air is directed through the airfoil 100 in order to cool the leading
edge 112 of the airfoil 100. Additionally or alternatively, the cooling air is directed from the
cooling chamber 102 through the impingement hole 104 in order to cool one or more exterior
surfaces of the airfoil 100 including the leading edge 112, the pressure side 114 surface of the
airfoil 100, the suction side 116 surface of the airfoil 100, or the like, when the turbine assembly

is operating.

[0030] A double impingement slot cap assembly 106 is coupled with the airfoil 100. The slot
cap assembly 106 is disposed at the leading edge 112 of the airfoil 100 and forms a cover (e.g., a
cap, a hood, a top, or the like) over the impingement hole 104. The slot cap assembly 106 has an
external surface 108 and an opposite interior surface 110. The external surface 108 is common
with the leading edge 112 of the airfoil 100. For example, the external surface 108 is positioned
facing away from the airfoil 100. The interior surface 110 is positioned facing towards the
impingement hole 104 that is disposed inside of the airfoil 100. The impingement hole 104 is
configured to direct cooling air out of the cooling chamber 102 and towards the interior surface
110 of the slot cap assembly 106. For example, the impingement hole 104 directs cooling air to
the interior surface 110 in order to cool the interior surface 110 of the slot cap assembly 106 at or

around the stagnation region 130 when the turbine assembly is operating.

[0031] The double impingement slot cap assembly 106 is elongated along the stagnation region
130 in a direction along the radial length 124 of the airfoil 100. For example, the slot cap assembly
106 is elongated between the first and second ends 134, 136 of the airfoil 100. In the illustrated
embodiment, the slot cap assembly 106 extends a length substantially the same as the radial length
124 of the airfoil 100. Optionally, the slot cap assembly 106 may extend a length that is less than
the radial length 124 of the airfoil 100. Additionally, the slot cap assembly 106 is elongated along
the leading edge 112 of the airfoil 100. For example, the external and interior surfaces 108, 110
of the slot cap assembly 106 are elongated between the pressure and suction sides 114, 116 of the
airfoil.

[0032] The double impingement slot cap assembly 106 may comprise and/or be manufactured
of a material commonly used in airfoils 100 and/or turbine assemblies. For example, the airfoil

100 and the slot cap assembly 106 may be manufactured of a metal such as a nickel superalloy or
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a nickel alloy, a ceramic material, or the like. The slot cap assembly 106 and the airfoil 100 may
be manufactured a common material. Optionally, the slot cap assembly 106 may be manufactured
of a material that is unique to the material of the airfoil 100. Optionally, the slot cap assembly 106

and/or the airfoil 100 may be manufactured out of a combination of multiple, different, materials.

[0033] The slot cap assembly 106 is coupled with the airfoil 100 by one or more supports 132
disposed inside of the airfoil 100. The supports 132 may be positioned along the radial length 124
of the airfoil 100. The supports 132 are positioned, shaped and sized to support the mechanical
loads for holding the slot cap assembly 106 in place. For example, the supports 132 may be any
shape and/or size based on the mechanical and thermal requirements of the turbine assembly. In
one or more embodiments, the supports 132 may be cast and/or machined into the airfoil 100, and
the slot cap assembly 106 may be welded to the supports 132. Additionally or alternatively, the
supports 132 may be cast and/or machined with the slot cap assembly 106, and the supports 132
and the slot cast assembly 106 may be welded to the airfoil 100. Optionally, the supports 132 may
be printed directly onto the airfoil 100, printed then welded to the airfoil 100, may be cast with the
airfoil 100, may be cast with the slot cap assembly 106, or the like. For example, the airfoil 100
may be cast with a first alloy, and the supports 132 and slot cap assembly 106 may be integrally
cast with a second alloy that is different than the first alloy, such that the first alloy may be welded
with the second alloy. Optionally, another mechanical fastening method may be used.
Additionally or alternatively, the supports 132 may direct the cooling air exiting the cooling
chamber 102 inside the airfoil 100. Optionally, the supports 132 may improve the heat transfer
between a coolant and the slot cap assembly 106, or the like. The supports 132 will be discussed

in more detail below.

[0034] Figure 2 is a cross-sectional view of the airfoil 100 in accordance with one embodiment.
The cooling chamber 102, fluidly coupled with the impingement hole 104, directs cooling air out
of the airfoil 100 in a direction A. The slot cap assembly 106 is disposed at the leading edge 112

of the airfoil, such that the slot cap assembly 106 forms a cover over the impingement hole 104.

[0035] A first slot 202 and an opposite second slot 204 are fluidly coupled with the impingement
hole 104 under the cover of the slot cap assembly 106. The first slot 202 is open to the pressure
side 114 of the airfoil 100. For example, the first slot 202 is open to pressure side 114 of the airfoil
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100 on a first side of the stagnation region 130 (of Figure 1). The opposite second slot 204 is open
to the suction side 116 of the airfoil 100. For example, the second slot 204 is open to the suction
side 116 of the airfoil 100 on a second side of the stagnation region 130. The opposite slots 202,
204 are open passages between the impingement hole 104 and the pressure and suction sides 114,
116 of the airfoil 100. For example, cooling air is directed out of the cooling chamber 102, through
the impingement hole 104, through the opposite slots 202, 204 to the pressure side 114 and to the
opposite suction side 116 of the airfoil 100 as hot compressed air transfers downstream from the
stagnation region 130 (e.g., along the axial length 126 of the airfoil 100) when the turbine assembly

is operating.

[0036] The double impingement slot cap assembly 106 is spaced apart or separated from the
airfoil 100 by the opposite slots 202, 204. The opposite slots 202, 204 are elongated in a direction
extending along the leading edge 112 of the airfoil 100. For example, the opposite slots 202, 204
extend in a direction generally parallel with the elongated direction of the leading edge 112.
Additionally or alternatively, the opposite slots 202, 204 extend in a direction generally
perpendicular with the stagnation region 130 (of Figure 1) of the airfoil 100. The opposite slots
202, 204 provide a passage between the cooling chamber 102 and the pressure and suction sides
114, 116 of the airfoil 100 proximate the leading edge 112. For example, the opposite slots 202,
204 are located proximate to the leading edge 112, and positioned between the leading edge 112
and the trailing edge 120 (of Figure 1) along the axial length 126 of the airfoil 100.

[0037] The opposite slots 202, 204 direct at least some cooling air exiting the cooling chamber
102 through the impingement hole 104 along a first exterior surface 208 and a different second
exterior surface 210 of the airfoil 100. In the illustrated embodiment, the first exterior surface 208
is on the pressure side 114 of the airfoil 100, and the second exterior surface 210 is on the suction
side 116 of the airfoil 100. The first slot 202, fluidly coupled with the impingement hole 104,
directs some of the cooling air out of the cooling chamber 102 and along the first exterior surface
208. For example, the first slot 202 directs at least some of the cooling air to the first exterior
surface 208 on the pressure side 114 of the airfoil 100. Additionally, the second slot 204, fluidly
coupled with the impingement hole 104, directs some of the cooling air out of the cooling chamber

102 and along the second exterior surface 210. For example, the second slot 204 directs at least
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some of the cooling air to the second exterior surface 210 on the suction side 116 of the airfoil
100.

[0038] Figure 3 is a cross-sectional view of the slot cap assembly 106 at the leading edge 112 of
the airfoil 100 in accordance with one embodiment. The opposite slots 202, 204 fluidly couple the
impingement hole 104 with the exterior surfaces of the airfoil 100. For example, the first slot 202
fluidly couples the impingement hole 104 with the first exterior surface 208 of the airfoil 100, and
the second slot 204 fluidly couples the impingement hole 104 with the second exterior surface 210
of the airfoil 100.

[0039] The impingement hole 104 is elongated along a longitudinal axis 310. The opposite slots
202, 204 are elongated in a direction along the leading edge 112 of the airfoil 100 in a direction
generally perpendicular to the longitudinal axis 310. For example, the impingement hole 104 with
the opposite slots 202, 204 form a T-shape proximate the leading edge 112 of the airfoil 100. The
slot cap assembly 106 is disposed generally centered about the longitudinal axis 310 and forms a
cover over the impingement hole 104. The slot cap assembly 106 is separated from the airfoil 100
by the opposite slots 202, 204. The slot cap assembly 106 is separated from the airfoil 100 by the
opposite slots 202, 204 in a direction extending along the leading edge 112 of the airfoil 100. For
example, the slot cap assembly 106 is disposed a distance apart from the airfoil 100 along the
longitudinal axis 310 by a distance equivalent to the size and/or shape of the opposite slots 202,
204. The slot cap assembly 106 is separated from the airfoil 100 by the opposite slots 202, 204 in
a direction extending along the stagnation region 130 (of Figure 1). For example, the slot cap
assembly 106 is disposed a distance apart from the airfoil 100 between the first end 134 and the
second end 136 (of Figure 1) along the stagnation region 130.

[0040] The first slot 202 is generally mirrored with the second slot 204 about the longitudinal
axis 310. For example, the opposite slots 202, 204 have a common shape and size on opposite
sides of the longitudinal axis 310. Optionally, the first slot 202 may have a shape and/or size that
is unique to a shape and/or size of the second slot 204. The first and second slots 202, 204 extend
generally perpendicular to the longitudinal axis 310. For example, the first and second slots 202,
204 are transversely oriented with respect to the impingement hole 104. Optionally, the first and

second slots 204 may be axially oriented with respect to the longitudinal axis 310. Optionally, the



WO 2018/093627 PCT/US2017/060530

first and second slots 204 may extend in a common axial orientation mirrored about the
longitudinal axis 310. Optionally, the first slot 202 may extend in a unique orientation with respect

to the opposite second slot 204,

[0041] The first slot 202 has an opening at the pressure side 114 of the airfoil 100 that is
elongated between a first surface 312 and a second surface 314. The second slot 204 has an
opening at the suction side 116 of the airfoil 100 that is elongated between a first surface 316 and
a second surface 318. In the illustrated embodiments, the openings of each of the elongated
opposite slots 202, 204 are generally the same shape and size. Optionally, the first slot 202 may
have an opening with a unique shape and/or size. For example, a distance between the first and
second surfaces 312, 314 of the first slot 202 may be larger or smaller than a distance between the
first and second surfaces 316, 318 of the second slot 204. Optionally, a distance between the
second surface 314 and the longitudinal axis 310 may be larger or smaller than a distance between
the second surface 318 and the longitudinal axis 310. For example, the first slot 202 may have an
opening at the pressure side 114 that is positioned closer to the longitudinal axis 310 than the

second slot 204.

[0042] Figure 4 is a front view of an airfoil 400 (corresponding to the airfoil 100 of Figure 1) in
accordance with one embodiment. Figure 5 is a cross-sectional front view of the airfoil 400.
Figures 4 and 5 will be discussed together. The airfoil 400 is elongated along a radial length 424
(corresponding to the radial length 124 of Figure 1). The airfoil 400 is illustrated cut into four
sections 4A, 4B, 4C, and 4D. A stagnation region 430 (corresponding to the stagnation region 130
of Figure 1) divides the airfoil 400 between a pressure side 414 and a suction side 416. For
example, the stagnation region 430 may divide the hot compressed air to flow across the pressure

and suction sides 414, 416 when the turbine assembly is operating,.

[0043] A double impingement slot cap assembly 406 is coupled with the airfoil 400 at a position
generally centered about and elongated along the stagnation region 430. Opposite slots 402, 404
are disposed on opposite sides of the stagnation region 430. For example, the first slot 402 is an
open passage from the interior of the airfoil 400 to the pressure side 414, and the opposite second
slot 404 is a passage from the interior of the airfoil 400 to the suction side 416 of the airfoil 400.

At least some of the cooling air flows out of the airfoil 400 from the first slot 402 in a direction B.

-10-
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At least some of the cooling air flows out of the airfoil 400 from the second slot 404 in a direction
C. The cooling air flowing in the directions B and C from opposite slots 402, 404 cools the exterior
surfaces of the airfoil 400 on opposite sides of the stagnation region 430. For example, the cooling
air flowing in the direction B from the first slot 402 cools the exterior surface of the pressure side
414 of the airfoil 100, and the cooling air flowing in the direction B from the second slot 404 cools
the exterior surface of the suction side 416 of the airfoil 100. In the illustrated embodiment, the
opposite slots 402, 404 are illustrated as continuous passages that are open between a position
inside of the airfoil 400 to the exterior surfaces of the airfoil 400. Optionally, one or more sections

(4A-4D) may not have opposite slots 402, 404 along the radial length 424.

[0044] Turning to Figure 5, the four sections 4A-D are illustrated as sliced cross-sectional views
of the airfoil 400 along the radial length 424 of the airfoil 400 along the stagnation region 430.
Section 4A has a first pair of opposite slots 402a, 404a fluidly coupled with a first impingement
hole 403a. The opposite slots 402a, 404a are transversely oriented with respect to the first
impingement hole 403a. Cooling air is directed from a cooling chamber 422 (corresponding to the
cooling chamber 102 of Figure 1), through the impingement hole 403a, and at least some of the
cooling air is directed through the first slot 402a to the pressure side 414 of the airfoil 400, and at
least some of the cooling air is directed through the second slot 404a to the suction side of the
airfoil 400.

[0045] Section 4B illustrates an alternative configuration of the slot cap assembly 406 along the
radial length 424 of the airfoil 400. Section 4B has a second pair of opposite slots 402b, 404b.
The slots 402b, 404b are fluidly coupled with a first cap film hole 405a. The first cap film hole
405a is fluidly coupled with a cooling chamber inside of the airfoil 400 to direct cooling air exiting
the cooling chamber 422 to a leading edge 412 of the airfoil 400. The size and/or shape of the first
cap film hole 405a may vary. For example, at least some of the cooling air exiting the cooling
chamber 422 is directed through the first slot 402b to the pressure side 414, at least some of the
cooling air is directed through the second slot 404b to the suction side 416, and at least some of
the cooling air is directed through the first cap film hole 405a to the leading edge 412 of the airfoil
400. For example, the first cap film hole 405a directs cooling air exiting the cooling chamber 422
to the stagnation region 430 in a direction D. In the illustrated embodiment, the first cap film hole
405a is positioned substantially centered with the stagnation region 430 such that the first cap film

-11-
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hole 40354 divides the double impingement slot cap assembly 406 at the stagnation region 430, For
example, the double impingement slof cap assembly 406 is divided into a first half 407a and an
apposite second half 407k by the first cap film hole 4054 at the leading cdge 412 of the airfoil 400.
Optionally, the first cap film hole 4054 may nat be substantially centered with the stagnation region
430. Forexample, the first cap film bole 405a may be positioned closer 1o the pressure side 414

than the suction side 416, or closer to the suction side 416 than the pressure side 414,

{0046} Continning along the radial length 424 of the airfoil 400, section 4C has a configuration
similar to section 4A. For example, section 4C has a third pair of opposite slots 402¢, 404¢ that
are fluidly coupled with a second impingement hole 403b. In the ilustrated embodiment, the first
and second impingement holes 403a, 403b have a substantially common size. Additionally or
alternatively, one or more of the impingement holes 4034, 403b may be a larger or wider passage
to divect cooling air from the cooling chamber towards an interior surface 410 of the slot cap

assenmbly-406.

{06471 Continuing along the radial length 424 of the airfoil 400, section 4D illustrates an
altermative configuration of the slot cap assentbly 406, Section 4D has e second cap film hole 405b
fhuidly coupled with & cooling chamber 422 inside of the airfoil 400 to direct cooling air exiting
the cooling chamber 422 to the leading edge 412, The size andfor shape of the second cap film
hole 4056 may vary. In the iflustrated embodiment, the second cap filay hole 405b directs cooling
air from the cooling chamber 422 through the second cap film hole 405 to the leading edge 412
of the girfoil 400 and does not divect cooling air through slots to the pressure or suction sides 414,
416. For example, the second cap film hole 405b s not fluidly coupled with opposite slots 4024,
4044, The second cap film hole 405b divects cooling air exiting the cooling chamber 422 to the
stagnation region 430 in the direction D. In the Hustrated embodiment, the first and second cap
film holes 4052, 405b are open passages directing cooling air outside of the airfoil 400 to the
stagnation region 430 along the double impingement slot cap assembly 406 in alternating sections

48 and 4D,

[0048]  In the illustrated embodiment of Figures 4 and 5, section 4B illustrates the first cap film
fiole 405a fluidly coupled with both the fivst and second slots 402b, 404b. Section 4D illustrates

the second cap film hole 405h not fluidly coupled with first and second slots 402d, 404d.
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Optionally, the first and second cap film holes 405a, 405b may be fluidly coupled with one or more
opposite slots. For example, the first cap film hole 405a may be fluidly coupled with the first slot
402a but not the second slot 404b. Optionally, the first and second cap film holes 405a, 405b may
not be fluidly coupled with the opposite slots. For example, the first cap film hole 405a may not
be fluidly coupled with opposite slots 402b, 404b. Optionally, the first cap film hole 405a may be
fluidly coupled with first and/or second slots in any uniform or unique combination to the second
cap film hole 405b. Optionally, the first or second cap film holes 405a, 405b may be generally
centered about the stagnation region 430 or may not be generally centered about the stagnation

region 430. Optionally, one or more of sections 4A and/or 4C may also include a cap film hole.

[0049] Figures 4 and 5 illustrate one example the airfoil 400 including four sections (4A-D) of
the slot cap assembly 406 having an alternating pattern along the radial length 424 of the airfoil
400. Alternatively, the airfoil 400 may include any number of sections and/or the sections may be
configured in any order or pattern (e.g., alternating, non-alternating, random, or the like).
Optionally, the airfoil 400 may have any alternative alternating and/or non-alternating section
configuration. For example, the airfoil 400 may have a configuration with the order of sections
being 4A-4B-4D-4C, 4A-4C-4B-4D, or the like.

[6050] Figure 6 illustrates a cross-sectional front view of an airfoil 600. In the illustrated
embodiment, the airfoil 600 is divided into four sections 6A-D (corresponding to sections 4A-D
of Figures 4 and 5) along a radial length 624 of the airfoil 600 along a stagnation region 630.
Section 6A has a first pair of opposite metering slots 603a, 608a. The opposite metering slots
603a, 608a are fluidly coupled with a cooling chamber 602 (corresponding to the cooling chamber
102 of Figure 1). A double impingement slot cap assembly 606 is coupled to the airfoil 600 and
forms a cover at a leading edge 612 of the airfoil 600. The slot cap assembly 606 is separated from
the airfoil 600 by the opposite metering slots 603, 608. The opposite metering slots 603, 608 direct
cooling air exiting the cooling chamber 602 to one or more exterior surfaces of the airfoil 600. For
example, the first metering slot 603a directs cooling air to a pressure side 614 of the airfoil 600 in
a direction B. Additionally, the second metering slot 608a directs cooling air to a suction side 616
of the airfoil 600 in a direction C. The airfoil 600 is devoid an impingement hole. For example,
the cooling chamber 602 is fluidly coupled directly to the opposite metering slots 603, 608 to direct

cooling air from the cooling chamber 602 to the exterior surfaces of the airfoil 600.
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[0051] Section 6B illustrates a configuration that is alternative of the configuration of section
4A of the double impingement slot cap assembly 606 along the radial length 624. Section 6B has
a second pair of opposite metering slots 603b, 608b. The metering slots 603b, 608b are fluidly
coupled with the cooling chamber 602. A first cap film hole 605a (corresponding to the first cap
film hole 405a of Figure 5) is fluidly coupled with the cooling chamber 602. The first metering
slot 603b directs at least some of the cooling air exiting the cooling chamber 602 to the pressure
side 614, the opposite second metering slot 608b directs at least some of the cooling air to the
suction side 616, and the first cap film hole 605a directs at least some of the cooling air from the
cooling chamber 602 to the leading edge 612 of the airfoil 600. For example, the first cap film
hole 605a directs cooling air exiting the cooling chamber 602 to the stagnation region 630 in a
direction D. The first cap film hole 605a is positioned substantially centered about the stagnation
region 630 and divides the double impingement slot cap assembly 606 at the stagnation region
630. For example, the double impingement slot cap assembly 606 is divided into a first half 607a
and an opposite second half 607b by the first cap film hole 605a at the leading edge 612.
Optionally, the first cap film hole 605a may not be substantially centered with the stagnation region
630. For example, the first cap film hole 605a may be positioned closer to the pressure side 614

than the suction side 616, or closer to the suction side 616 than the pressure side 614.

[0052] Continuing along the radial length 624 of the airfoil 600, section 6C has a configuration
similar to section 6A, and section 6D has a configuration similar to section 6B. For example,
section 6C has a third pair of opposite metering slots 603c, 608c that are fluidly coupled with the
cooling chamber 602, and section 6D has a fourth pair of opposite metering slots 603d, 608d, and
a second film cooling hole 605b that are fluidly coupled with the cooling chamber 602.

[0053] In the illustrated embodiment of Figure 6, section 6B illustrates the first cap film hole
605a and both the first and second slots 603b, 608b fluidly coupled with the cooling chamber 602.
Optionally, section 6B may include the first cap film hole 605a and less than two metering slots
fluidly coupled with the cooling chamber 602. For example, the cooling chamber 602 may be
fluidly coupled with the first metering slot 603a but not the second metering slot 608b.

[0054] Figure 6 illustrates one example of the airfoil 600 including four sections (6A-D) having

an alternating pattern. Alternatively, the airfoil 600 may include any number of sections and/or
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the sections may be configured in any order or pattern (e.g., alternating, non-alternating, random,
or the like). For example, any section may include less than two or more than two metering slots.
Optionally, the airfoil 600 may have any alternative alternating section configuration. For
example, the airfoil 600 may have a configuration with the order of sections being 6A-6B-6D-6C,
6A-6C-6B-6D, or the like.

[0055] In one or more embodiments, the supports 132 (of Figure 1) operably couple the slot cap
assembly 106 to the airfoil 100. Additionally, the supports 132 may direct the cooling air exiting
the cooling chamber 102 around the supports 132 in order to cool the one or more exterior surfaces
of the airfoil 100. For example, the supports 132 may control an amount of cooling air exiting the
cooling chamber, may control an amount of momentum of the cooling air that is exiting the cooling
chamber 102, may divide and/or diffuse the cooling air that is exiting the cooling chamber 102,
may control an amount of pressure inside of one or more of the opposite slots (e.g., the slots 202,
204), may block or prevent the flow of cooling air towards one or more different exterior surfaces
of the airfoil, may allow the flow of cooling air towards one or more different exterior surfaces of
the airfoil, or the like. Figures 7 through 14 illustrate examples of the one or more supports 132
directing the cooling air exiting the cooling chamber 102 in order to cool the one or more exterior

surfaces of the airfoil.

[6056] Figure 7 is a side view of an airfoil 700 (corresponding to the airfoil 100 of Figure 1) in
accordance with one embodiment. Figure 8 is a cross-sectional front view of the airfoil 700.
Figures 7 and 8 illustrate the airfoil 700 that includes a support 732 that couples a double
impingement slot cap assembly 706 with the airfoil 700 and directs cooling air around the support

732 in accordance with one embodiment. Figures 7 and 8 will be discussed together.

[0057] The airfoil 700 is elongated along the radial length 124. The airfoil 700 is illustrated cut
into four sections 8A, 8B, 8C, and 8D. The stagnation region 130 divides the airfoil 700 between
the pressure side 114 and the suction side 116. The slot cap assembly 706 is coupled with the
airfoil 700 at a position generally centered about and elongated along the stagnation region 130.
The opposite slots 202, 204 are disposed on opposite sides of the stagnation region 130. The
support 732 is elongated along and generally centered about the stagnation region 130 along the
radial length 124 of the airfoil 700. Optionally, the support 732 may not be positioned generally
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centered about the stagnation region 130. The support 732 extends continuously along the radial
length 124 of the airfoil 700 between first and second ends (e.g., 134, 136 illustrated in Figure 1)
of the airfoil 700. Additionally or alternatively, one or more supports 732 may extend semi-
continuously, randomly, independently, or the like, between the first and second ends of the airfoil
700.

[0058] The opposite slots 202, 204 fluidly coupled an impingement hole 704 with the exterior
surfaces of the airfoil 700. The impingement hole 704 is elongated along and generally centered
about the longitudinal axis 310. The opposite slots 202, 204 are elongated in a direction along the
leading edge (e.g., the leading edge 112 illustrated in Figure 3) of the airfoil 700 in a direction
generally perpendicular to the longitudinal axis 310. The slot cap assembly 706 is disposed
generally centered about the longitudinal axis 310 and forms a cover over the impingement hole
704.

[0059] As illustrated in Figure 8, the support 732 extends to semi-continuous partial height
distances away from the interior surface 110 of the slot cap assembly 706. For example, the
support 732 extends between a first surface 702 and a splitter end 708, illustrated in sections 8A
and 8C, and extends between the first surface 702 and a mating surface 710, illustrated in sections
8B and 8D. Additionally, the support 732 is elongated along and is generally centered about the
longitudinal axis 310. In the illustrated embodiment, the support 732 has a substantially triangular
or conical cross-sectional shape. Optionally, the support 732 may have any alternative uniform or
non-uniform cross-sectional shape or size. For example, the support 732 may have a substantially
rectangular cross-sectional shape that extends between the first surface 702 an opposite free end a
distance away from the interior surface 110, with a substantially triangular splitter end 708
extending from the free end and protruding into the impingement hole 704. Optionally, the support
732 may have any alternative cross-sectional shape and/or size that may promote the cooling air

to spread towards one or more interior or exterior surfaces of the airfoil 700.

[0060] The first surface 702 of the support 732 is operably coupled with the interior surface 110
of the slot cap assembly 706. For example, the first surface 702 of the support 732 may be welded
to, machined into, integrally cast with, printed onto, or the like, the interior surface 110 of the slot

cap assembly 706. The support 732 extends a distance away from the interior surface 110 of the
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slot cap assembly 706. In the illustrated embodiment, the splitter end 708 of the support 732
extends a distance that is greater than a distance between the interior surface 110 of the slot cap
assembly 706 and the first surfaces 312, 316 of the opposite slots 202, 204 along the longitudinal
axis 310. For example, the splitter end 708 of the support 732 extends into the impingement hole
704. Additionally or alternatively, the support 732 may extend a lesser (e.g., shorter) distance
(e.g., the splitter end 708 may not extend into the impingement hole 704), may extend a greater

(e.g., longer) distance into the impingement hole 704, or the like.

[0061] Turning to Figure 8, the four sections 8A-D are illustrated as sliced cross-sectional views
of the airfoil 700 along the radial length 124 of the airfoil 700. Section 8A has an impingement
hole 704a that extends between the cooling chamber 102 and the opposite slots 202, 204. Cooling
air is directed from the cooling chamber 102 and through the impingement hole 704a. The first
surface 702 of the support 732 is coupled with the interior surface 110 of the slot cap assembly
706. The splitter end 708 of the support 732 extends a distance away from the interior surface 110
of the slot cap assembly 706 in a direction towards the impingement hole 704a such that the splitter
end 708 of the support 732 extends or protrudes into the impingement hole 704a. Optionally,
section 8A may include any number of impingement holes 704 that may direct cooling air from
the cooling chamber 102, and the support 732 may include any number of splitter ends 708 that
may protrude into the impingement holes 704 in order to direct and/or divide the flow of cooling

air that is exiting the cooling chamber 102.

[0062] The splitter end 708 of the support 732 of section 8A directs at least some of the cooling
air towards the first slot 202 in the direction B in order to cool the pressure side 114 exterior surface
of the airfoil 700, and at directs least some of the cooling air towards the second slot 204 in the
direction C in order to cool the suction side 116 exterior surface of the airfoil 700. For example,
the cooling air exiting the cooling chamber 102 is directed around the support 732 and out of the
airfoil 700 onto different exterior surfaces of the airfoil 700. Additionally or alternatively, the
splitter end 708 of the support 732 may be shaped and sized in order to direct a larger amount of
cooling air towards the first slot 202 than an amount of cooling air towards the second slot 204, or
may direct a larger amount of cooling air towards the second slot 204 than an amount of cooling
air towards the first slot 202. Additionally or alternatively, the splitter end 708 may not be

generally centered with the impingement hole 704a. For example, the splitter end 708 may extend
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into the impingement hole 704a at a position closer to the pressure side 114 of the airfoil 700, at a

position closer to the suction side 116 of the airfoil 700, or the like.

[0063] Section 8B illustrates an alternative configuration of the slot cap assembly 706 along the
radial length 124 of the airfoil 700. Section 8B is devoid an impingement hole. Optionally, section
8B may include one or more impingement holes. In section 8B, the support 732 extends along the
longitudinal axis 310 between the first surface 702 and the mating surface 710. The first surface
702 of the support 732 is coupled with the interior surface 110 of the slot cap assembly 706. The
mating surface 710 of the support 732 is coupled with the first surfaces 312, 316 of the opposite
slots 202, 204. For example, the support 732 at section 8B couples the slot cap assembly 706 with
the airfoil 700.

[0064] Continuing along the radial length 124 of the airfoil 700, section 8C has a configuration
similar to section 8A. For example, the first surface 702 of the support 732 is coupled with the
interior surface 110 of the slot cap assembly 706, and the splitter end 708 of the support 732
extends a distance away from the interior surface 110 of the slot cap assembly 706. In the
illustrated embodiment of Figure 8, the splitter end 708 of section 8A and the splitter end 708 of
section 8C extend substantially the same distance away from the slot cap assembly 706.
Optionally, one or more of the splitters ends 708 may extends a distance greater or less than one
or more alternative splitter ends 708 of the support 732. Optionally, the support 732 may extend
between the first surface 702 and the mating surface 710 at section 8C. For example, the support
732 may not extend into the impingement hole 704b.

[0065] The splitter end 708 of section 8C directs at least some of the cooling air towards the first
slot 202 in the direction B in order to cool the pressure side 114 exterior surface of the airfoil 700,
and at directs least some of the cooling air towards the second slot 204 in the direction C in order
to cool the suction side 116 exterior surface of the airfoil 700. For example, the cooling air exiting
the cooling chamber 102 is directed around the splitter end 708 of the support 732 and out of the
airfoil 700.

[0066] Continuing along the radial length 124, section 8D has a configuration similar to section
8B. For example, section 8D is devoid an impingement hole and the support 732 extends between

the first surface 702 and the mating surface 710. The first surface 702 of the support 732 is coupled
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with the interior surface 110 of the slot cap assembly 706, and the mating surface 710 of the support
732 is coupled with the first surfaces 312, 316 of the opposite slots 202, 204. For example, the
support 732 at section 8D couples the slot cap assembly 706 with the airfoil 700.

[0067] Figures 7 and 8 illustrate one example of the airfoil 700 including four sections (8A-D)
of the slot cap assembly 706 having an alternating pattern along the radial length 124 of the airfoil
700. For example, sections 8A and 8C include impingement holes 704a, 704b, and sections 8B
and 8D are devoid impingement holes. Optionally, any number of sections of the airfoil 700 may
include one or more impingement holes that are generally centered about the longitudinal axis 310,
one or more impingement holes that are generally not centered about the longitudinal axis 310,
that are mirrored about the longitudinal axis 310, or the like. Additionally or alternatively, the
airfoil 700 may include any number of impingement holes at any section of the airfoil 700 that
may direct cooling air out of the cooling chamber and onto different exterior surfaces of the airfoil
700. For example, section 8A may include any number of impingement holes with one or more
splitter ends 708 of the support 732 extending into one or more of the plural impingement holes.
Additionally or alternatively, the splitter ends 708 of the support 732 may extend generally
centered about the longitudinal axis 310, may extend into the impingement hole 704 off-centered
with the longitudinal axis 310, any number of splitter ends 708 may have a unique and/or common
shape or size, or any combination therein. Additionally, the airfoil 700 may include any number
of sections and/or the sections may be configured in any order or pattern (e.g., alternating, non-
alternating, random, or the like). For example, the airfoil 700 may have any alternative
configuration along the radial length 124, such as 8A-8D-8B-8C, 8D-8A-8C-8B, 8A-8B-8B-8B,
8B-8A-8A-8A, or the like.

[0068] Figure 9 is a side view of an airfoil 1000 (corresponding to the airfoil 100 of Figure 1) in
accordance with one embodiment. Figure 10 is a cross-sectional front view of the airfoil 1000.
Figures 9 and 10 illustrate the airfoil 1000 that includes one or more supports 1032 that couple a
double impingement slot cap assembly 1006 with the airfoil 1000 and direct cooling air along
different exterior surfaces of the airfoil 1000 in accordance with one embodiment. Figures 9 and

10 will be discussed together.
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[0069] The airfoil 1000 is elongated along the radial length 124. The airfoil 1000 is illustrated
cut into four sections 10A, 10B, 10C, and 10D. The stagnation region 130 divides the airfoil 1000
between the pressure and suction sides 114, 116. The double impingement slot cap assembly 1006
is coupled to the airfoil 1000 at a position generally centered about and elongated along the
stagnation region 130. The opposite slots 202, 204 are disposed on opposite sides of the stagnation
region 130.

[0070] The airfoil 1000 includes the support 1032 that is disposed inside of the airfoil 1000. The
support 1032 extends along the radial length 124 of the airfoil 1000 in a zig-zag alternating pattern
between the first and second ends (e.g., 134, 136 illustrated in Figure 1) of the airfoil 1000 across
the stagnation region 130. In the illustrated embodiment, the support 1032 extends continuously
in the zig-zag pattern along the radial length 124. For example, the support 1032 is continuous
between sections 10A-10D as a unitary embodiment. Additionally or alternatively, the airfoil 1000
may include any number of supports 1032 that extend along one or more of the sections 10A-10D
in any elongated, zig-zag, straight, or angular configuration. Additionally or alternatively, the
airfoil 1000 may include a first support 1032 in section 10A that extends in a direction generally
parallel with and not centered about the stagnation region 130, or the like. Additionally or
alternatively, the support 1032 may extend semi-continuously, randomly, independently, or the

like, between the first and second ends of the airfoil 1000.

[0071] Turning to Figure 10, the four sections 10A-D are illustrated as sliced cross-sectional
views of the airfoil 1000 along the radial length 124 of the airfoil 1000. Section 10A has an
impingement hole 1004a that extends in a direction along the longitudinal axis 310 between the
cooling chamber 102 and the opposite slots 202, 204. The impingement hole 1004a is disposed at
a position between the longitudinal axis 310 and the first slot 202. For example, the impingement
hole 1004a is not generally centered about the longitudinal axis 310.

[0072] The support 1032 extends between a first surface 1002 and a mating surface 1010. The
first surface 1002 of the support 1032 is coupled with the interior surface 110 of the slot cap
assembly 1006. The support 1032 extends a distance away from the interior surface 110 of the
slot cap assembly 1006. For example, the support 1032 extends a distance away that is
substantially equal to the distance between the interior surface 110 and the first surface 312 of the
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first slot 202. The mating surface 1010 of the support 1032 is coupled with the first surface 312
of the first slot 202. For example, the support 1032 at section 10A couples the slot cap assembly
1006 with the airfoil 1000.

[0073] Cooling air is directed from the cooling chamber 102 and through the impingement hole
1004a. The support 1032 is disposed at a position between the first slot 202 and the impingement
hole 1004a. For example, the support 1032 extends within the first slot 202 such that the support
1032 prevents (e.g., blocks) cooling air from being directed through the first slot 202.
Alternatively, the support 1032 directs at least some of the cooling air towards the second slot 204
in the direction C in order to cool the suction side 116 exterior surface of the airfoil 1000. For
example, the support 1032 directs the cooling air exiting the cooling chamber 102 out of the airfoil
1000. Optionally, section 10A may include any number of impingement holes 1004 that may

direct cooling air from the cooling chamber 102 and towards the second slot 204.

[0074] Section 10B illustrates an alternative configuration of the slot cap assembly 1006 along
the radial length 124 of the airfoil 1000. Section 10B is devoid an impingement hole. Optionally,
section 10B may include one or more impingement holes. In section 10B, the support 1032 extends
generally centered about and along the longitudinal axis 310 between the first surface 1002 and
the mating surface 1010. The first surface 1002 of the support 1032 is coupled with the interior
surface 110 of the slot cap assembly 1006. The mating surface 1010 of the support 1032 is coupled
with the first surfaces 312, 316 of the opposite slots 202, 204. For example, the mating surface
1010 of the support 1032 couples the slot cap assembly 1006 with the airfoil 1000.

[0075] Continuing along the radial length 124 of the airfoil 1000, section 10C has a configuration
that is generally mirrored with the configuration of section 10A about the longitudinal axis 310.
For example, section 10C includes an impingement hole 1004b that extends in a direction along
the longitudinal axis 310 between the cooling chamber 102 and the opposite slots 202, 204. The
impingement hole 1004b is disposed at a position between the longitudinal axis 310 and the second
slot 204. For example, the impingement hole 1004b is not generally centered about the

longitudinal axis 310.

[0076] The support 1032 extends between the first surface 1002 and the mating surface 1010.
The first surface 1002 of the support 1032 is coupled with the interior surface 110 of the slot cap
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assembly 1006. The mating surface 1010 of the support 1032 is coupled with the first surface 316

of the second slot 204. For example, the support 1032 couples the slot cap assembly 1006 with
the airfoil 1000.

[0077] Cooling air is directed from the cooling chamber 102 and through the impingement hole
1004b. The support 1032 is disposed at a position between the second slot 204 and the
impingement hole 1004b. For example, the support 1032 extends within the second slot 204 such
that the support 1032 prevents (e.g., blocks) cooling air from being directed through the second
slot 204. Alternatively, the support 1032 directs at least some of the cooling air towards the first
slot 202 in the direction B in order to cool the pressure side 114 exterior surface of the airfoil 1000.
For example, the support 1032 directs the cooling air exiting the cooling chamber 102 out of the
airfoil 1000. Optionally, section 10C may include any number of impingement holes 1004 that

may direct cooling air from the cooling chamber 102 and towards the first siot 202.

[0078] Continuing along the radial length 124, section 10D has a configuration similar to section
10B. For example, section 10D is devoid an impingement hole and the support 1032 extends
between the first surface 1002 and the mating surface 1010. Optionally, section 10D may include
one or more impingement holes. The first surface 1002 of the support 1032 is coupled with the
interior surface 110 of the slot cap assembly 1006, and the mating surface 1010 of the support
1032 is coupled with the first surfaces 312, 316 of the opposite slots 202, 204. For example, the
support 1032 couples the slot cap assembly 1006 with the airfoil 1000.

[0079] Figures 9 and 10 illustrate one example of the airfoil 1000 including four sections (10A-
D) of the slot cap assembly 1006 having an alternating pattern along the radial length 124 of the
airfoil 1000. For example, sections 10A and 10C include impingement holes 1004a, 1004b and
sections 10B and 10D are devoid impingement holes. Optionally, any number of sections of the
airfoil 1000 may include any number of impingement holes. For example, section 10B may
include an impingement hole that extends generally centered along the longitudinal axis 310.
Additionally or alternatively, the airfoil 1000 may include any number of impingement holes at
any section of the airfoil 1000 that may direct cooling air out of the cooling chamber and onto
different exterior surfaces of the airfoil 1000. The support 1032 may block, or prevent cooling air

from exiting the cooling chamber 102 through the one or more impingement holes. Optionally,
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the airfoil 1000 may include any number of sections and/or the sections may be configured in any

order or pattern (e.g., alternating, non-alternating, random, or the like).

[0080] Figure 11 is a side view of an airfoil 1200 (corresponding to the airfoil 100 of Figure 1)
in accordance with one embodiment. Figure 12 is a cross-sectional front view of the airfoil 1200.
Figures 11 and 12 illustrate the airfoil 1200 that includes one or more supports 1232 that couple a
double impingement slot cap assembly 1206 with the airfoil 1200 and direct cooling air around
the supports 1232 in accordance with one embodiment. Figures 11 and 12 will be discussed

together.

[0081] The airfoil 1200 includes four supports 1232 that are disposed inside of the airfoil 1200.
In the illustrated embodiment, two of the supports 1232 are disposed on a first side of an
impingement hole 1204 (e.g., on a first side of the stagnation region 130) between the impingement
hole 1204 and the first slot 202. Additionally, two of the supports 1232 are disposed on a second
side of the impingement hole 1204 (e.g., on a second side of the stagnation region 130) between
the impingement hole 1204 and the second slot 204. Additionally or alternatively, less than two
or more than two supports 1232 may be disposed on either side of the impingement hole 1204.
Optionally, the airfoil 1200 may include any number of supports 1232 that are disposed on either
side of the impingement hole 1204 inside of the airfoil 1200. In the illustrated embodiment, the
supports 1232 are uniform and have a generally cubical in shape. Additionally or alternatively,
one or more of the supports 1232 may have any alternative uniform and/or non-uniform shape

and/or size.

[0082] The supports 1232 include two upper supports 1232a and two lower supports 1232b. The
upper supports 1232a extend between a first surface 1202 and a second surface 1208. The first
surface 1202 of each of the upper supports 1232a is coupled with the interior surface 110 of the
slot cap assembly 1206. The upper supports 1232a extend a distance away from the interior surface
110 of the slot cap assembly 1206. For example, the upper supports 1232a extend a distance into
the slots 202, 204 and towards the inside of the airfoil 1200. The upper supports 1232a extend
continuously along the radial length 124 of the airfoil 1200 between first and second ends (e.g.,
134, 136 illustrated in Figure 1) of the airfoil 1200. Additionally or alternatively, the upper

supports 1232a may extend semi-continuously, randomly, or the like, between the first and second
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ends of the airfoil 700. Additionally, between the first and second ends of the airfoil 1200, the
upper supports 1232a extend a continuous partial height distance away from the interior surface
110 of the slot cap assembly 1206. For example, the distance between the first surface 1202 and
the second surface 1208 of the upper supports 1232a remains generally the same between the first
and second ends of the airfoil 1200 along the radial length 124. Optionally, the distance between
the first and second surfaces 1202, 1208 may vary semi-continuously, randomly, or the like,
between the first and second ends of the airfoil 1200.

[0083] The lower supports 1232b extend a distance away from the first surfaces 312, 316 of the
opposite slots 202, 204. For example, the lower supports 1232b extend a distance into the slots
202, 204 and towards the interior surface 110 of the slot cap assembly 1206. The lower supports
1232b extend continuously along the radial length 124 of the airfoil 1200 between the first and
second ends of the airfoil 1200. Additionally, between the first and second ends of the airfoil
1200, the lower supports 1232b extend to semi-continuous partial height distances away from the
first surfaces 312, 316 of the opposite slots 202, 204. For example, the lower supports 1232b
extend between a mating surface 1210 and a first surface 1209, illustrated in sections 13A and
13C, and extend between the mating surface 1210 and a second surface 1212, illustrated in sections
13B and 13D. For example, the second surface 1212 of the lower supports 1232b is coupled with
the interior surface 110 of the slot cap assembly 1206 and couples the slot cap assembly 1206 with
the airfoil 1200. Additionally or alternatively, one or more of the lower supports 1232b may extend
an alternative, different distance away from the first surfaces 312, 316 of the opposite slots 202,
204. The mating surface 1210 of each of the lower supports 1232b is coupled with the first surfaces
312, 316 of the opposite slots 202, 204. The second surface 1212 of the lower supports 1232b is
coupled with the interior surface 110 of the slot cap assembly 1206. Additionally or alternatively,

any upper support 1232a or lower support 1232b may have any alternative configuration.

[0084] The supports 1232 direct the cooling air that is exiting the cooling chamber 102 through
the one or more impingement holes 1204 such that the cooling air is directed around the supports
1232. For example, at section 13A, at least some of the cooling air is directed around the upper
and lower supports 1232a, 1232b towards the first slot 202 in the direction B in order to cool the
pressure side 114 exterior surface of the airfoil 1200. Additionally, at least some of the cooling is

directed around the upper and lower supports 1232a, 1232b towards the second slot 204 in the
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direction C in order to cool the suction side 116 exterior surface of the airfoil 1200. Optionally,
section 13A may include any number of impingement holes 1204 that may direct cooling air from
the cooling chamber 102 and towards the pressure side 114 and/or the suction side 116 of the

airfoil 1200.

[0085] Alternatively, at section 13B, the lower supports 1232b prevent (e.g., block) cooling air
from being directed through the first and second slots 202, 204. For example, the cooling air that
is directed out of the cooling chamber 102 through the impingement hole 1204 is directed towards
the interior surface 110 of the slot cap assembly 1206. Optionally, one or more of the lower
supports 1232b may not prevent cooling air from being directed through one or more of the first
or second slots 202, 204. For example, one of the lower supports 1232b may extend between the
mating surface 1210 and the first surface 1209 and may direct cooling air to flow around the
supports 1232 towards the first or second slots 202, 204 and out of the airfoil 1200. Optionally,
one or more upper supports 1232a may prevent cooling air from being directed through the
opposite slots 202, 204.  Additionally or alternatively, section 13B may include plural
impingement holes 1204 that direct cooling air out of the cooling chamber 102. For example, a
first impingement hole may be disposed generally centered about the longitudinal axis 310 and a
different, second impingement hole may be disposed between the lower support 1323b and the
upper support 1232a proximate to the suction side 116 of the airfoil 1200. The first impingement
hole may direct cooling air towards the interior surface 110 of the slot cap assembly 1206, and the
second impingement hole may direct cooling air outside of the cooling chamber 102 and towards

the suction side 116 exterior surface of the airfoil 1200.

[0086] Section 13C has a configuration similar to section 13A. For example, at least some of
the cooling air is directed around the upper and lower supports 1232a, 1232b towards the first slot
202 in the direction B in order to cool the pressure side 114 exterior surface of the airfoil 1200,
and at least some of the cooling is directed around the upper and lower supports 1232a, 1232b
towards the second slot 204 in the direction C in order to cool the suction side 116 exterior surface
of the airfoil 1200.

[0087] Section 13D has a configuration similar to section 13B. For example, the lower supports
1232b prevent (e.g., block) cooling air from being directed through the first and second slots 202,
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204. For example, the cooling air that is directed out of the cooling chamber 102 through the

impingement hole 1204 is directed towards the interior surface 110 of the slot cap assembly 1206.

[0088] Figures 11 and 12 illustrate one example of the zirfoil 1200 including four sections (13A-
D) of the slot cap assembly 1206 having an alternating pattern along the radial length 124 of the
airfoil 1200. For example, the upper and lower supports 1232a, 1232b at sections 13A and 13C
allow cooling air to be directed out of the airfoil 1200 and along different exterior surfaces of the
airfoil 1200. Optionally, any number of sections of the airfoil 1200 may include any number of
supports that may allow or prevent cooling air from being directed out of the airfoil 1200.
Optionally, the airfoil 1200 may have any alternative alternating and/or non-alternating section
configurations. Additionally or alternatively, the airfoil 1200 may include any number of
impingement holes at any section of the airfoil 1200 that may direct cooling air out of the cooling
chamber and onto different interior and/or exterior surfaces of the airfoil 1200. For example,
section 13B may include three impingement holes with that direct cooling air outside of the cooling
chamber 102 and towards the interior surface 110 of the slot cap assembly 1206, towards the
pressure side 114 exterior surface of the airfoil 1200, and towards the suction side 116 exterior
surface of the airfoil 1200.

[0089] Figure 13 is a side view of an airfoil 1500 (corresponding to the airfoil 100 of Figure 1)
in accordance with one embodiment. Figure 14 is a cross-sectional front view of the airfoil 1500.
Figures 13 and 14 illustrate the airfoil 1500 that includes one or more supports 1532 that couple a
double impingement slot cap assembly 1506 with the airfoil 1500 and direct cooling air along
different exterior surfaces of the airfoil 1500 in accordance with one embodiment. Figures 13 and

14 will be discussed together.

[0090] The airfoil 1500 includes the supports 1532 that are disposed inside of the airfoil 1500.
In the illustrated embodiment of Figure 13, the supports 1532 are disposed on alternating sides of
the stagnation region 130 between first and second ends (e.g., 134, 136 of Figure 1) of the airfoil
1500. Optionally, the supports 1532 may be disposed on either side of the stagnation region 130
in any configuration or pattern. The supports 1532 extend semi-continuously along the radial
length 124 of the airfoil 1500 between the first and second ends of the airfoil 1500. Additionally
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or alternatively, one or more of the supports 1532 may extend continuously along the radial length
124 of the airfoil 1500.

[0091] The supports 1532 extend to continuous full height distances between the interior surface
110 of the slot cap assembly 1506 and the first surfaces 312, 316 of the opposite slots 202, 204.
For example, the supports 1532 extend between a first surface 1512 that is coupled with the interior
surface 110 of the slot cap assembly 1506 and a second surface 1514 that is coupled with the first
surfaces 312, 316 of the opposite slots 202, 204. For example, the supports 1532 couple the slot
cap assembly 1506 with the airfoil 1500.

[0092] A first support 1532a in section 15A extends between the first surface 1512 that is
coupled with the interior surface 110 of the slot cap assembly 1506 and the second surface 1514
that is coupled with the first surface 312 of the first slot 202. The first support 1532a directs the
cooling air that is exiting the cooling chamber 102 through an impingement hole 1504 such that
the cooling air is directed towards the second slot 204 in the direction C in order to cool the suction
side 116 exterior surface of the airfoil 1500. For example, the first support 1532a is disposed
between the first slot 202 and the impingement hole 1504 and prevents (e.g., blocks) cooling air
from being directed through the first slot 202. Optionally, section 15A may include any number
of impingement holes that may direct cooling air from the cooling chamber 102 and towards the

second slot 204.

[0093] A second support 1532b in section 15C extends between the first surface 1512 that is
coupled with the interior surface 110 of the slot cap assembly 1506 and the second surface 1514
that is coupled with the first surface 316 of the second slot 204. The second support 1532b directs
the cooling air that is exiting the cooling chamber 102 through the impingement hole 1504 such
that the cooling air is directed towards the first slot 202 in the direction B in order to cool the
pressure side 114 exterior surface of the airfoil 1500. For example, the second support 1532b is
disposed between the second slot 204 and the impingement hole 1504 and prevents (e.g., blocks)
cooling air from being directed through the second slot 204. Optionally, section 15C may include
any number of impingement holes that may direct cooling air from the cooling chamber 102 and
towards the first slot 202.
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[0094] In section 15B, the first and second supports 1532a, 1532b prevent (e.g., block) the
cooling air from exiting the inside of the airfoil 1500. For example, the cooling air that is directed
out of the cooling chamber 102 through the impingement hole 1504 is directed towards the interior
surface 110 of the slot cap assembly 1506. Additionally, in section 15D, the second support 1532b
and a third support 1532c¢ prevent the cooling air from exiting the inside of the airfoil 1500.

[0095] Figures 13 and 14 illustrate one example of the airfoil 1500 including four sections (15A-
D) of the slot cap assembly 1506 having an alternating pattern of supports 1532 along the radial
length 124 of the airfoil 1500. For example, the first and second supports 1532a, 1532b at sections
15A and 15C allow cooling air to be directed out of the airfoil 1500 and along different exterior
surfaces of the airfoil 1500. Additionally, the first, second, and third supports 1532a, 1532b, 1532¢
at sections 15B and 15D prevent the cooling air from being directed out of the airfoil 1500 through
the first or second slots 202, 204. Optionally, any number of sections of the airfoil 1500 may
include any number of supports 1532 that may allow or prevent cooling air from being directed
out of the airfoil 1500. Optionally, the airfoil 1500 may have any alternative alternating and/or

non-alternating section configurations.

[0096] Figure 15 illustrates a flowchart of a method for cooling an airfoil in accordance with one
embodiment. At 1602, a cooling chamber 102 disposed within an airfoil 100 of a turbine assembly
is fluidly coupled with one or more impingement holes 104. The impingement holes 104 are
configured to direct at least some of the cooling air out of the cooling chamber 102. For example,
the impingement holes 104 may be disposed inside of the airfoil and provide a passage for cooling

air to exit the cooling chamber of the airfoil.

[0097] At 1604, the impingement holes 104 are covered by a double impingement slot cap
assembly (e.g., the slot cap assembly 106). The slot cap assembly 106 is disposed at a leading
edge 112 of the airfoil 100. The slot cap assembly 106 is separated from the airfoil 100 by opposite
slots 202, 204. For example, the slot cap assembly 106 is positioned a distance away from the
airfoil 100 by the shape and size of the opposite slots 202, 204. The opposite slots 202, 204 are
fluidly coupled with the impingement holes inside of the airfoil and under the cover of the slot cap

assembly.
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[0098] At 1606, the impingement holes 104 direct cooling air exiting the cooling chamber 102
through the fluidly coupled opposite slots 202, 204 to the exterior of the airfoil 100. For example,
the impingement holes 104 direct at least some of the cooling air through the first slot 202 to a
pressure side 114 of the airfoil 100. Additionally, the impingement holes 104 direct at least some
of the cooling air through the second slot 204 to a suction side 116 of the airfoil 100.

[0099]) Additionally, the airfoil may include one or more supports disposed inside of the airfoil.
The supports couple the slot cap assembly with the airfoil. Optionally, one or more of the supports
may direct at least some of the cooling air that is exiting the impingement holes towards different
exterior surfaces of the airfoil. For example, the supports may be disposed at a position inside of
the airfoil to direct cooling air around the supports, to prevent (e.g., block) the flow of cooling air
from one or more exterior surfaces of the airfoil, to direct the flow of cooling air towards one or

more exterior surfaces of the airfoil, or any combination therein.

[00100]) In one embodiment of the subject matter described herein, an assembly comprises a
cooling chamber disposed inside an airfoil of a turbine assembly. The cooling chamber is
configured to direct cooling air inside of the airfoil. The assembly includes an impingement hole
disposed inside the airfoil and fluidly coupled with the cooling chamber. The impingement hole
is configured to direct at least some of the cooling air out of the cooling chamber. The assembly
also includes a double impingement slot cap assembly that is coupled with the airfoil. The double
impingement slot cap assembly forms a cover over the impingement hole and is configured to
direct the cooling air exiting the cooling chamber in the airfoil through the impingement hole along

one or more exterior surfaces of the airfoil.

[00101] Optionally, the assembly also includes one or more supports disposed inside the airfoil
and coupled with the double impingement slot cap assembly. The supports are configured to direct

the cooling air exiting the cooling chamber inside the airfoil around the supports.

[00102] Optionally, the double impingement slot cap assembly is coupled with the airfoil by the

one or more supports.

[00103] Optionally, the one or more supports are configured to extend a distance away from an

interior surface of the double impingement slot cap assembly.
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[00104] Optionally, the one or more supports are configured to direct at least some of the cooling
air exiting the cooling chamber through the impingement hole along different exterior surfaces of
the airfoil.

[00105] Optionally, the double impingement slot cap assembly is elongated along a leading edge
of the airfoil.

[00106] Optionally, the double impingement slot cap assembly is separated from the airfoil by
opposite slots that are elongated in directions extending along one or more of a leading edge of the

airfoil of a stagnation region of the airfoil.

[00107] Optionally, each of the opposite slots separating the double impingement slot cap
assembly from the airfoil directs at least some of the cooling air exiting the cooling chamber

through the impingement hole along different exterior surfaces of the airfoil.

[00108] Optionally, the assembly also includes one or more supports, wherein the one or more
supports are configured to be operably coupled with one or more of an interior surface of the

double impingement slot cap assembly or one or more first surfaces of the opposite slots.

[00109] Optionally, the double impingement slot cap assembly is separated from the airfoil by a
first slot and an opposite second slot. The first slot is elongated on a first side of a stagnation
region of the airfoil and the second slot is elongated on an opposite second side of the stagnation

region.

[00110] Optionally, the double impingement slot cap assembly is spaced apart from the airfoil
to form one or more opposite slots that are transversely oriented with respect to the impingement
hole and that are configured to direct at least some of the cooling air along the one or more exterior

surface of the airfoil.

[00111] Optionally, the impingement hole is configured to direct cooliﬁg air out of the cooling

chamber to an interior surface of the double impingement slot cap assembly.

[00112] In one embodiment of the subject matter described herein, an airfoil of a turbine
assembly comprises a cooling chamber disposed inside of the airfoil. The cooling chamber is

configured to direct cooling air inside the airfoil. The airfoil includes one or more impingement
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holes disposed inside the airfoil and fluidly coupled with the cooling chamber. The impingement
holes are configured to direct at least some of the cooling air out of the cooling chamber. A double
impingement slot cap assembly is coupled with the airfoil. The double impingement slot cap
assembly forms a cover over the impingement holes and is configured to direct the cooling air
exiting the cooling chamber in the airfoil through the impingement holes along one or more
exterior surfaces of the airfoil. The airfoil also comprises one or more supports are disposed inside
of the airfoil and coupled with the double impingement slot cap assembly, wherein the supports
are configured to direct the cooling air exiting the cooling chamber inside of the airfoil around the

supports.

[00113] Optionally, the double impingement slot cap assembly is coupled with the airfoil by the

one or more supports.

[00114] Optionally, the one or more supports are configured to direct at least some of the cooling
air exiting the cooling chamber through the impingement holes along different exterior surfaces of
the airfoil.

[00115] Optionally, the double impingement slot cap assembly is separated from the airfoil by
opposite slots that are elongated in directions extending along one or more of a leading edge of the

airfoil or a stagnation region of the airfoil.

[00116] Optionally, each of the opposite slots separating the double impingement slot cap
assembly from the airfoil directs at least some of the cooling air exiting the cooling chamber

through the impingement holes along different exterior surfaces of the airfoil.

{00117] Optionally, the one or more supports are configured to be operably coupled with one or
more of an interior surface of the double impingement slot cap assembly or one or more first

surfaces of the opposite slots.

[00118] Optionally, the double impingement slot cap assembly is separated from the airfoil by a
first slot and an opposite second slot. The first slot is elongated on a first side of a stagnation
region of the airfoil and the second slot is elongated on an opposite second side of the stagnation

region of the airfoil.
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[00119] Optionally, the double impingement slot cap assembly is spaced apart from the airfoil
to form one or more opposite slots that are transversely oriented with respect to the impingement
holes and that are configured to direct at least some of the cooling air along the one or more exterior
surfaces of the airfoil.

[00120] As used herein, an element or step recited in the singular and proceeded with the word
“a” or “an” should be understood as not excluding plural of said elements or steps, unless such
exclusion is explicitly stated. Furthermore, references to “one embodiment” of the presently
described subject matter are not intended to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features. Moreover, unless explicitly stated to the
contrary, embodiments “comprising” or “having” an element or a plurality of elements having a

particular property may include additional such elements not having that property.

[00121] 1t is to be understood that the above description is intended to be illustrative, and not
restrictive. For example, the above-described embodiments (and/or aspects thereof) may be used
in combination with each other. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the subject matter set forth herein without departing from
its scope. While the dimensions and types of materials described herein are intended to define the
parameters of the disclosed subject matter, they are by no means limiting and are exemplary
embodiments. Many other embodiments will be apparent to those of skill in the art upon reviewing
the above description. The scope of the subject matter described herein should, therefore, be
determined with reference to the appended claims, along with the full scope of equivalents to which
such claims are entitled. In the appended claims, the terms “including” and “in which” are used as
the plain-English equivalents of the respective terms “comprising” and “wherein.” Moreover, in
the following claims, the terms “first,” “second,” and “third,” etc. are used merely as labels, and
are not intended to impose numerical requirements on their objects. Further, the limitations of the
following claims are not written in means-plus-function format and are not intended to be
interpreted based on 35 U.S.C. § 112(f), unless and until such claim limitations expressly use the

phrase “means for” followed by a statement of function void of further structure.

[00122] This written description uses examples to disclose several embodiments of the subject

matter set forth herein, including the best mode, and also to enable a person of ordinary skill in the
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art to practice the embodiments of disclosed subject matter, including making and using the
devices or systems and performing the methods. The patentable scope of the subject matter
described herein is defined by the claims, and may include other examples that occur to those of
ordinary skill in the art. Such other examples are intended to be within the scope of the claims if
they have structural elements that do not differ from the literal language of the claims, or if they
include equivalent structural elements with insubstantial differences from the literal languages of

the claims.
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WHAT IS CLAIMED IS:
1. An assembly comprising:

a cooling chamber disposed inside an airfoil of a turbine assembly, the cooling chamber

configured to direct cooling air inside the airfoil;

an impingement hole disposed inside the airfoil and fluidly coupled with the cooling
chamber, the impingement hole configured to direct at least some of the cooling air out of the

cooling chamber; and

a double impingement slot cap assembly coupled with the airfoil, the double impingement
slot cap assembly forming a cover over the impingement hole, the double impingement slot cap
assembly configured to direct the cooling air exiting the cooling chamber in the airfoil through the

impingement hole along one or more exterior surfaces of the airfoil.

2. The assembly of claim 1, further comprising one or more supports disposed inside
the airfoil and coupled with the double impingement slot cap assembly, wherein the supports are
configured to direct the cooling air exiting the cooling chamber inside the airfoil around the

supports.

3. The assembly of claim 2, wherein the double impingement slot cap assembly is

coupled with the airfoil by the one or more supports.

4. The assembly of claim 2, wherein the one or more supports are configured to extend

a distance away from an interior surface of the double impingement slot cap assembly.

5. The assembly of claim 2, wherein the one or more supports are configured to direct
at least some of the cooling air exiting the cooling chamber through the impingement hole along

different exterior surfaces of the airfoil.

6. The assembly of claim 1, wherein the double impingement slot cap assembly is

elongated along a leading edge of the airfoil.
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7. The assembly of claim 1, wherein the double impingement slot cap assembly is
separated from the airfoil by opposite slots that are elongated in directions extending along one or

more of a leading edge of the airfoil or a stagnation region of the airfoil.

8. The assembly of claim 7, wherein each of the opposite slots separating the double
impingement slot cap assembly from the airfoil directs at least some of the cooling air exiting the

cooling chamber through the impingement hole along different exterior surfaces of the airfoil.

9. The assembly of claim 7, further comprising one or more supports, wherein the one
or more supports are configured to be operably coupled with one or more of an interior surface of

the double impingement slot cap assembly or one or more first surfaces of the opposite slots.

10.  The assembly of claim 1, wherein the double impingement slot cap assembly is
separated from the airfoil by a first slot and an opposite second slot, wherein the first slot is
elongated on a first side of a stagnation region of the airfoil and the second slot is elongated on an

opposite second side of the stagnation region.

11.  The assembly of claim 1, wherein the double impingement slot cap assembly is
spaced apart from the airfoil to form one or more opposite slots that are transversely oriented with
respect to the impingement hole and that are configured to direct at least some of the cooling air

along the one or more exterior surfaces of the airfoil.

12.  The assembly of claim 1, wherein the impingement hole is configured to direct
cooling air out of the cooling chamber to an interior surface of the double impingement slot cap

assembly.
13.  An airfoil of a turbine assembly comprising:

a cooling chamber disposed inside of the airfoil, the cooling chamber configured to direct

cooling air inside the airfoil;

one or more impingement holes disposed inside the airfoil and fluidly coupled with the
cooling chamber, the impingement holes configured to direct at least some of the cooling air out

of the cooling chamber;
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a double impingement slot cap assembly coupled with the airfoil, the double impingement
slot cap assembly forming a cover over the impingement holes, the double impingement slot cap
assembly configured to direct the cooling air exiting the cooling chamber in the airfoil through the

impingement holes along one or more exterior surfaces of the airfoil; and

one or more supports disposed inside the airfoil and coupled with the double impingement
slot cap assembly, wherein the supports are configured to direct the cooling air exiting the cooling

chamber inside the airfoil around the supports.

14.  The airfoil of claim 13, wherein the double impingement slot cap assembly is

coupled with the airfoil by the one or more supports.

15.  The airfoil of claim 13, wherein the one or more supports are configured to direct
at least some of the cooling air exiting the cooling chamber through the impingement holes along

different exterior surfaces of the airfoil.

16.  The airfoil of claim 13, wherein the double impingement slot cap assembly is
separated from the airfoil by opposite slots that are elongated in directions extending along one or

more of a leading edge of the airfoil or a stagnation region of the airfoil.

17.  The airfoil of claim 16, wherein each of the opposite slots separating the double
impingement slot cap assembly from the airfoil directs at least some of the cooling air exiting the

cooling chamber through the impingement holes along different exterior surfaces of the airfoil.

18.  The airfoil of claim 16, wherein the one or more supports are configured to be
operably coupled with one or more of an interior surface of the double impingement slot cap

assembly or one or more first surfaces of the opposite slots.

19.  The airfoil of claim 13, wherein the double impingement slot cap assembly is
separated from the airfoil by a first slot and an opposite second slot, wherein the first slot is
elongated on a first side of a stagnation region of the airfoil and the second slot is elongated on an

opposite second side of the stagnation region of the airfoil.

20.  The airfoil of claim 13, wherein the double impingement slot cap assembly is

spaced apart from the airfoil to form one or more opposite slots that are transversely oriented with
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respect to the impingement holes and that are configured to direct at least some of the cooling air

along the one or more exterior surfaces of the airfoil.
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CHAMBER THROUGH THE IMPINGEMENT HOLE,
DIRECTING AT LEAST SOME COOLING AlR
THROUGH THE FIRST SLOT AND DIRECTING AT
LEAST SOME COOLING AIR THROUGH THE
SECOND SLOT

. 1606

FIG. 15
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