wo 2014/022255 A1 |[IN I N0FV 00O 0 YO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

—~
é

\\

6 February 2014 (06.02.2014)

WIPOIPCT

(10) International Publication Number

WO 2014/022255 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
F02C 7/00 (2006.01) F02C 7/12 (2006.01)

International Application Number:
PCT/US2013/052458

International Filing Date:
29 July 2013 (29.07.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/565,877 3 August 2012 (03.08.2012) US

Applicant: UNITED TECHNOLOGIES CORPORA-
TION [US/US]; One Financial Plaza, Hartford, Connectic-
ut 06101 (US).

Inventors: PROPHETER-HINCKLEY, Tracy A.; 44
Oak Forest Dr., Manchester, Connecticut 06042 (US).
GAUTSCHI, Steven Bruce; 146 Applewood Lane,
Naugatuck, Connecticut 06770 (US). QUACH, San; 31
Washington Ave., Fast Hartford, Connecticut 06108 (US).

Agent: BARRETT, Todd W.; Carlson, Gaskey &
Olds/Pratt & Whitney, c/o CPA Global, P.O. Box 52050,
Minneapolis, Minnesota 55402 (US).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: GAS TURBINE ENGINE COMPONENT COOLING CIRCUIT

22\ .

A
1] ML'.‘-C;' ;".!‘

Y &

(57) Abstract: A component for a gas turbine engine according to an exemplary aspect of the present disclosure includes, among
other things, a body portion, a cooling circuit disposed within the body portion and including at least a first cavity and a microcircuit
in fluid communication with the first cavity. A plunged hole intersects at least a portion of the microcircuit.



WO 2014/022255 PCT/US2013/052458

GAS TURBINE ENGINE COMPONENT COOLING CIRCUIT

[poo1] This invention was made with government support under Contract No.
N00019-12-D-0002 awarded by the United States Navy. The government has certain

rights in this invention.

BACKGROUND

ooo2] 'This disclosure relates to a gas turbine engine, and more particularly to

an airfoil component having a cooling circuit that includes a microcircuit and one or
more plunged holes that may partially intersect the microcircuit.

[ooo3] (as 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 is 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.

[ooo4] 'The compressor and turbine sections of the gas turbine engine typically
include alternating rows of rotating blades and stationary vanes. The rotating blades
either create or extract 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. Due to their exposure to hot
combustion gases, some airfoils may include cooling circuits that receive cooling
airflow for cooling various internal and external surfaces of the airfoils during engine

operation.

SUMMARY
[ooo5s] A component for a gas turbine engine according to an exemplary
aspect of the present disclosure includes, among other things, a body portion, a
cooling circuit disposed within the body portion and including at least a first cavity
and a microcircuit in fluid communication with the first cavity. A plunged hole
intersects at least a portion of the microcircuit.
[ooos] In a further non-limiting embodiment of the foregoing component for a

gas turbine engine, the body portion is an airfoil of one of a blade and a vane.
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[ooo7] In a further non-limiting embodiment of either of the foregoing
components for a gas turbine engine, the body portion is part of a blade outer air seal
(BOAS).

[poos] In a further non-limiting embodiment of any of the foregoing
components for a gas turbine engine, the microcircuit and the plunged hole are
manufactured using different manufacturing methods.

[poog] In a further non-limiting embodiment of any of the foregoing
components for a gas turbine engine, an outlet of the plunged hole is angled relative to
an exterior surface of the body portion.

[poo1o] In a further non-limiting embodiment of any of the foregoing
components for a gas turbine engine, the outlet is angled at an angle that is between
10 and 40 degrees relative to the exterior surface.

[poo11] In a further non-limiting embodiment of any of the foregoing
components for a gas turbine engine, the plunged hole intersects one of a forward end
portion and a trailing end portion of the microcircuit.

[ooo12] In a further non-limiting embodiment of any of the foregoing
components for a gas turbine engine, the microcircuit extends from the first cavity
toward the leading edge of the body portion.

[ooo13] In a further non-limiting embodiment of any of the foregoing
components for a gas turbine engine, the microcircuit extends from the first cavity to
a position adjacent to a rib that is disposed between additional cavities of the cooling
circuit.

[0oo14] In a further non-limiting embodiment of any of the foregoing
components for a gas turbine engine, a second cavity is adjacent to the first cavity,
wherein the second cavity includes a bulged portion and the plunged hole extends into
the bulged portion.

[ooo15] In a further non-limiting embodiment of any of the foregoing
components for a gas turbine engine, the microcircuit includes a curved portion.

[ooo16] In a further non-limiting embodiment of any of the foregoing

components for a gas turbine engine, the plunged hole intersects the curved portion.
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[00017] A gas turbine engine according to an exemplary aspect of the present
disclosure includes, among other things, a compressor section, a combustor section in
fluid communication with the compressor section, and a turbine section in fluid
communication the combustor section. A component is disposed in at least one of the
compressor section and the turbine section. The component includes a body portion,
a cooling circuit disposed within the body portion and having a cavity and a
microcircuit fluidly connected to the cavity. A plunged hole intersects at least a
portion of the microcircuit.

[ooo1g] In a further non-limiting embodiment of the foregoing gas turbine
engine, the plunged hole intersects with a forward end portion of the microcircuit.

[ooo19] In a further non-limiting embodiment of either of the foregoing gas
turbine engines, a second cavity is adjacent to the cavity, and the second cavity
includes a bulged portion. The plunged hole extends into the bulged portion.

[ooo20] In a further non-limiting embodiment of any of the foregoing gas
turbine engines, the microcircuit includes a curved portion and the plunged hole
intersects the curved portion.

[ooo21] In a further non-limiting embodiment of any of the foregoing gas
turbine engines, an outlet of the plunged hole is positioned at an angle relative to an
exterior surface of the body portion on a pressure side of the body portion.

[00022] A method for providing a component of a gas turbine engine with a
cooling circuit according to another exemplary aspect of the present disclosure
includes, among other things, forming a microcircuit in a body portion of the
component using a first manufacturing technique and forming a plunged hole through
the body portion such that the plunged hole intersects a portion of the microcircuit
using a second manufacturing technique different from the first manufacturing
technique.

[00023] In a further non-limiting embodiment of the foregoing method for
providing a component of a gas turbine engine with a cooling circuit, the first
manufacturing technique includes casting and the second manufacturing technique
includes machining.

[00024] In a further non-limiting embodiment of either of the foregoing
methods for providing a component of a gas turbine engine with a cooling circuit, the
step of forming the microcircuit is performed prior to the step of forming the plunged

hole.
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[ooo25] '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

[ooo26] Figure 1 illustrates a schematic, cross-sectional view of a gas turbine

engine.

[ooo27] Figure 2 illustrates an airfoil that can be incorporated into a gas turbine
engine.

[ooo2g] Figure 3 illustrates a cross-sectional view of an airfoil.

[ooo29] Figure 4 illustrates a portion of a microcircuit of an airfoil.

[ooo30] Figures 5A and 5B illustrate a method of providing an airfoil with a
cooling circuit.

[ooo31] Figure 6 illustrates a cross-sectional view of a portion of another
exemplary airfoil.

[ooo32] Figure 7 illustrates a cross-sectional view of yet another exemplary
airfoil.

[ooo33] Figure § illustrates an exemplary cooling circuit.

[ooo34] Figure 9 illustrates another exemplary cooling circuit.

DETAILED DESCRIPTION

[ooo3s] Ligure 1 schematically illustrates a gas turbine engine 20. The

exemplary gas turbine engine 20 is a two-spool turbofan engine that generally
incorporates a fan section 22, a compressor section 24, a combustor section 26 and a
turbine section 28. Alternative engines might include an augmenter section (not
shown) among other systems for features. The fan section 22 drives air along a
bypass flow path B, while the compressor section 24 drives air along a core flow path
C for compression and communication into the combustor section 26. The hot
combustion gases generated in the combustor section 26 are expanded through the
turbine section 28. Although depicted as a turbofan gas turbine engine in the
disclosed non-limiting embodiment, it should be understood that the concepts
described herein are not limited to turbofan engines and these teachings could extend
to other types of engines, including but not limited to, three-spool engine

architectures.
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[ooo3e] The gas turbine engine 20 generally includes a low speed spool 30 and
a high speed spool 32 mounted for rotation about an engine centerline longitudinal
axis A. The low speed spool 30 and the high speed spool 32 may be mounted relative
to an engine static structure 33 via several bearing systems 31. It should be
understood that other bearing systems 31 may alternatively or additionally be
provided.

[ooo371 The low speed spool 30 generally includes an inner shaft 34 that
interconnects a fan 36, a low pressure compressor 38 and a low pressure turbine 39.
The inner shaft 34 can be connected to the fan 36 through a geared architecture 45 to
drive the fan 36 at a lower speed than the low speed spool 30. The high speed spool
32 includes an outer shaft 35 that interconnects a high pressure compressor 37 and a
high pressure turbine 40. In this embodiment, the inner shaft 34 and the outer shaft 35
are supported at various axial locations by bearing systems 31 positioned within the
engine static structure 33.

[ooo3s] A combustor 42 is arranged between the high pressure compressor 37
and the high pressure turbine 40. A mid-turbine frame 44 may be arranged generally
between the high pressure turbine 40 and the low pressure turbine 39. The mid-
turbine frame 44 can support one or more bearing systems 31 of the turbine section
28. The mid-turbine frame 44 may include one or more airfoils 46 that extend within
the core flow path C.

ooozs] The inner shaft 34 and the outer shaft 35 are concentric and rotate via
the bearing systems 31 about the engine centerline longitudinal axis A, which is co-
linear with their longitudinal axes. The core airflow is compressed by the low
pressure compressor 38 and the high pressure compressor 37, is mixed with fuel and
burned in the combustor 42, and is then expanded over the high pressure turbine 40
and the low pressure turbine 39.  The high pressure turbine 40 and the low pressure
turbine 39 rotationally drive the respective high speed spool 32 and the low speed
spool 30 in response to the expansion.

[ooos0] Each of the compressor section 24 and the turbine section 28 may
include alternating rows of rotor assemblies and vane assemblies (shown
schematically) that carry airfoils that extend into the core flow path C. For example,
the rotor assemblies can carry a plurality of rotating blades 25, while each vane
assembly can carry a plurality of vanes 27 that extend into the core flow path C. The

blades 25 of the rotor assemblies create or extract energy (in the form of pressure)
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from the core airflow that is communicated through the gas turbine engine 20 along
the core flow path C. The vanes 27 of the vane assemblies direct the core air flow to
the blades 25 to either add or extract energy.

[o0041] Various components of a gas turbine engine 20, such as the airfoils of
the blades 25 and the vanes 27 of the compressor section 24 and the turbine section
28, may be subjected to repetitive thermal cycling under widely ranging temperatures
and pressures. The hardware of the turbine section 28 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 microcircuits and plunged holes that may
intersect the microcircuit are discussed below.

[ooos2] Figure 2 illustrates a component 50 that can be incorporated into a gas
turbine engine, such as the gas turbine engine 20 of Figure 1. The component 50
includes a body portion 52 that axially extends between a leading edge 54 and a
trailing edge 56 and circumferentially extends between a pressure side 58 and a
suction side 60. In this embodiment, the body portion 52 is representative of an
airfoil. For example, the body portion 52 could be an airfoil that extends between
inner and outer diameter platforms (not shown) where the component 50 is a vane, or
could extend from platform and root portions (also not shown) where the component
50 is a blade. Alternatively, the body portion 52 could be a non-airfoil portion of a
component.

[o0043] A gas path 62 is communicated axially downstream through the gas
turbine engine 20 along the core flow path C in a direction that extends from the
leading edge 54 toward the trailing edge 56 of the body portion 52. The gas path 62
represents communication of core airflow along the core flow path C. The body
portion 52 can also extend radially across a span S.

[ooo44] The body portion 52 can also include a cooling circuit 64 for cooling
the internal and external surfaces of the component 50. The cooling circuit 64 can
include one or more cavities 72 (formed by using ceramic cores) as well as one or
more microcircuits 76 (formed by using refractory metal cores) that may be radially,
axially and/or circumferentially disposed inside of the body portion 52 to establish
cooling passages for receiving a cooling airflow 68 to cool the component 50. For
example, the cooling circuit 64 can include an inlet 66 that receives the cooling

airflow 68 from an airflow source 70 that is external to the component 50. The
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cooling airflow 68 is of a lower temperature than the airflow of the gas path 62 that is
communicated across the body portion 52. In one example, the cooling airflow 68 is
a bleed airflow that can be sourced from the compressor section 24 or any other
portion of the gas turbine engine 20 that is upstream from the component 50. The
cooling airflow 68 can be circulated through the cooling circuit 64, including through
the microcircuit(s) 76, to transfer thermal energy from the component 50 to the
cooling airflow 68 thereby cooling the internal and external surfaces of the component
50.

[oo0s5] The cooling circuit 64 such as disclosed herein can be disposed in any
component that requires dedicated cooling, including but not limited to any
component that is positioned within the core flow path C (Figure 1) of the gas turbine
engine 20. In the illustrated embodiments and for the purposes of providing detailed
examples herein, the exemplary cooling circuits of this disclosure are illustrated with
respect to airfoils, such as those of vanes and/or blades of the compressor section 24
or the turbine section 28. It should be understood; however, that the teachings of this
disclosure are not limited to these applications and could extend to other components
of the gas turbine engine 20 that may be exposed to relatively extreme environments,
including but not limited to blade outer air seals (BOAS), mid-turbine frames,
combustor panels, etc..

[oooss] Figure 3 (with continued reference to Figure 2) illustrates an
exemplary cooling circuit 64 that can be incorporated into the component 50. The
cooling circuit 64 is generally defined inside of the body portion 52. In this
exemplary embodiment, the cooling circuit 64 establishes a multi-pass cooling
passage that includes multiple cavities 72A, 72B, 72C and 72D. Although a four-pass
cooling circuit is depicted in this embodiment, it should be understood that the
cooling circuit 64 could include any number of passes. For example, a two-pass or a
three-pass cooling passage could be incorporated into the component 50.

[00047] In this embodiment, the exemplary cooling circuit 64 includes a first
cavity 72A (i.e., a leading edge cavity), a second cavity 72B (i.e., a first intermediate
cavity), a third cavity 72C (i.e., a second intermediate cavity) and a fourth cavity 72D
(i.e., a trailing edge cavity). The cavities 72A, 72B, 72C and 72D can communicate
the cooling airflow 68 (See Figure 2) through the cooling circuit 64 along a serpentine
path to cool the internal surfaces of the body portion 52. In other words, the cavities

72A-72D are in fluid communication with one another. A first rib 74A may separate
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the first cavity 72A from the second cavity 72B, a second rib 74B may be positioned
between the second cavity 72B and the third cavity 72C, and a third rib 74C may
divide the third cavity 72C from the fourth cavity 72D to define the serpentine path.

[ooosg] The cooling circuit 64 can further include one or more microcircuits
76, although only a single microcircuit 76 is shown. In this exemplary embodiment,
the microcircuit 76 is in fluid communication with the third cavity 72C and extends in
an upstream direction D1 toward the leading edge 54. Although shown fluidly
connected to the third cavity 72C, the microcircuit 76 could be fluidly connected to
any cavity 72A, 72B, 72C or 72D of the cooling circuit 64, or to multiple cavities.
The microcircuit 76 is fluidly connected to the third cavity 72C via an entrance
portion 78 of the microcircuit 76.

[ooos9] A forward end portion 80 of the microcircuit 76 that is positioned
opposite from the entrance portion 78 may be positioned adjacent to the second cavity
72B. The microcircuit 76 is but one example of a possible microcircuit, and it should
be understood that the microcircuit 76 could include other sizes, shapes and
configurations. The microcircuit 76 extends between an external surface 82 of the
body portion 52 and one or more of the cavities 72A-72D. 'The microcircuit 76 may
include a radial, axial and circumferential dimension within the body portion 52.

[ooos0] One or more plunged holes 84 can intersect at least a portion of the
microcircuit 76 (multiple plunged holes 84 are depicted in Figure 2) thereby allowing
fluid communication between the microcircuit 76 and the plunged hole 84. In the
embodiment of Figure 3, the plunged hole 84 intersects the forward end portion 80 of
the microcircuit 76 and extends at least partially into the rib 74A. It should be
understood that the plunged holes 84 could intersect the microcircuit at any position
along the length thereof, including at a trailing edge portion of the microcircuit 76
(see Figure 8). In addition, multiple rows of plunged holes 84 can intersect the
microcircuit 76 (see Figure 9).

[0o051] In this embodiment, the plunged hole 84 is positioned on the pressure
side 58 of the component 50 and extends in a direction toward the suction side 60.
However, the plunged hole 84 could also be formed through the suction side 60 and
extend toward the pressure side 58. Put another way, the microcircuit 76 may be
positioned adjacent to either the pressure side 58 or the suction side 60 of the

component 50.
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[00052] A portion 86 of the plunged hole 84 may extend past (i.e., further into
the rib 74A) the microcircuit 76. Alternatively, as shown in Figure 4, the plunged
hole 84 could extend directly adjacent to, and not past, the microcircuit 76.

[00053] An outlet 85 of the plunged hole 84 extends through the exterior
surface 82 of the body portion 52. The outlet 85 can be angled relative to the exterior
surface 82. In this exemplary embodiment, the outlet 85 of the plunged hole 84 is
positioned at an angle 01 relative to the exterior surface 82. The angle 61 is between
(0° and 90°, in one embodiment. The angle 81 could also be between 10° and 40°. In
yet another exemplary embodiment, the angle 0 1 is between 12° and 30°.

[00054] Once the component 50 is mounted for operation within the core flow
path C of the gas turbine engine 20, the cooling circuit 64 is operable to cool both the
internal and external surfaces of the body portion 52 by using both convective and
film cooling techniques. For example, a portion P1 of the cooling airflow 68 can be
extracted from the cavity 72C and communicated into the entrance portion 78 of the
microcircuit 76. The portion P1 can then be communicated in a forward, upstream
direction D1 toward the leading edge 54 of the component 50 to convectively cool the
internal surfaces of the body portion 52. The portion P1 of the cooling airflow 68 can
next be communicated into the plunged hole 84 prior to exiting the microcircuit 76
through the outlet 85 of the plunged hole(s) 84. The portion P1 of the cooling airflow
68 begins to switch directions once within the plunged hole 84. Once it exits through
the outlet 85, the portion P1 of the cooling airflow 68 can travel in an aft, downstream
direction D2 that is opposite of the direction D1 within the microcircuit 76. Because
the outlet 85 of the plunged hole 84 is angled relative to the exterior surface 82 of the
body portion 52, the portion P1 of the cooling airflow 68 that exits the plunged hole
84 can better adhere to the exterior surface 82 to provide improved surface film
protection and cooling at the exterior surface 82.

[ooos5] Liigures SA and 5B illustrate a method for providing a component 50 of
a gas turbine engine 20 with a cooling circuit 64. As shown in Figure 5A, the
component 50 can first be cast, such as in an investment casting process or other
suitable casting process, to include a cooling circuit 64 that includes multiple cavities
72 and at least one microcircuit 76 that is in fluid communication with at least one of
the cavities 72. In one embodiment, the cavities 72 are formed using a ceramic core

and the microcircuit 76 is formed using a refractory metal core (RMC).
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[ooose] Subsequently, in a separate manufacturing step from the casting step
described above, one or more plunged holes 84 can be machined into the body portion
52 to intersect a portion of the microcircuit 76 (See Figure 5B). The plunged hole(s)
84 can be formed using any known machining technique, including but not limited to,
electrical discharge machining (EDM). In other words, the microcircuit 76 and the
plunged holes 84 can be formed on the component 50 using different manufacturing
techniques.

[ooos7] Figure 6 illustrates another exemplary cooling circuit 164 that can be
incorporated into a component 150. In this disclosure, like reference numerals signify
like features, whereas reference numerals modified by ‘100’ signify slightly modified
features. The exemplary cooling circuit 164 includes a plurality of cavities 172A,
172B and 172C and a microcircuit 176 that is shortened in comparison to the
microcircuit 76. The cavity 172B can include a bulged portion 88 that is cast into or
cast as part of the cavity 172B. One or more plunged holes 184 can intersect the
microcircuit 176. In this exemplary embodiment, the plunged hole 184 intersects a
forward end portion 180 of the microcircuit 176 and extends partially into the bulged
portion 88 without piercing the second cavity 172B. The bulged portion 88 provides
a sufficient wall thickness between an exterior surface 182 of the body portion 152
and the cavity 172B such that the plunged hole 184 does not pierce the cavity 172B
during the machining operation used to form the plunged hole 184.

[oooss] Liigure 7 illustrates yet another exemplary cooling circuit 264 that can
be incorporated into a body portion 252 of a component 250. The exemplary cooling
circuit 264 includes a plurality of cavities 272A, 272B and 272C and a microcircuit
276. The exemplary microcircuit 276 includes a curled portion 90 opposite from an
entrance portion 278 that is in fluid communication with the cavity 272C. One or
more plunged holes 284 can intersect the curled portion 90 of the microcircuit 276.
The curled portion 90 may improve the airflow transition of the cooling airflow 68
from the microcircuit 276 into the plunged holes 284.

[ooosg] Figure § illustrates yet another exemplary cooling circuit 364 that can
be incorporated into a body portion 353 of a component 350. In this embodiment, a
microcircuit 376 extends from a second cavity 372B in a direction toward the third
cavity 372C. A plunged hole 384 can intersect the microcircuit 376 at a trailing edge
portion 381 of the microcircuit 376. The cooling airflow 68 can travel in an aft

direction within the microcircuit 376 in this embodiment.

10
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[oooso] Although the different non-limiting embodiments are illustrated as
having specific components, the embodiments of this disclosure are not limited to
those particular combinations. It is possible to use some of the components or
features from any of the non-limiting embodiments in combination with features or
components from any of the other non-limiting embodiments.

poos1] It should be understood that like reference numerals identify
corresponding or similar elements throughout the several drawings. It should also be
understood that although a particular component arrangement is disclosed and
illustrated in these exemplary embodiments, other arrangements could also benefit
from the teachings of this disclosure.

[ooos2] 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.

11
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CLAIMS
What is claimed is:
1. A component for a gas turbine engine, comprising:
a body portion;
a cooling circuit disposed within said body portion and including at least a
first cavity and a microcircuit in fluid communication with said first cavity; and

a plunged hole that intersects at least a portion of said microcircuit.

2. The component as recited in claim 1, wherein said body portion is an airfoil of

one of a blade and a vane.

3. The component as recited in claim 1, wherein said body portion is part of a

blade outer air seal (BOAS).

4. The component as recited in claim 1, comprising multiple rows of plunged

holes that intersect said microcircuit.

5. The component as recited in claim 1, wherein an outlet of said plunged hole is

angled relative to an exterior surface of said body portion.

6. The component as recited in claim 5, wherein said outlet is angled at an angle

that is between 10 and 40 degrees relative to said exterior surface.

7. The component as recited in claim 1, wherein said plunged hole intersects one

of a forward end portion and a trailing end portion of said microcircuit.

8. The component as recited in claim 1, wherein said microcircuit extends from

said first cavity toward one of a leading edge and a trailing edge of said body portion.
9. The component as recited in claim 1, wherein said microcircuit extends from

said first cavity to a position adjacent to a rib that is disposed between additional

cavities of said cooling circuit.

12
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10. The component as recited in claim 1, comprising a second cavity adjacent to
said first cavity, wherein said second cavity includes a bulged portion and said

plunged hole extends into said bulged portion.

11. The component as recited in claim 1, wherein said microcircuit includes a

curved portion.

12. The component as recited in claim 11, wherein said plunged hole intersects

said curved portion.

13
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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;

a component disposed in at least one of said compressor section and said
turbine section, wherein said component includes a body portion;

a cooling circuit disposed within said body portion and having a cavity and a
microcircuit fluidly connected to said cavity; and

a plunged hole that intersects at least a portion of said microcircuit.

14. The gas turbine engine as recited in claim 13, wherein said plunged hole

intersects with a forward end portion of said microcircuit.

15. The gas turbine engine as recited in claim 13, comprising a second cavity
adjacent to said cavity, wherein said second cavity includes a bulged portion and said

plunged hole extends into said bulged portion.

16. The gas turbine engine as recited in claim 13, wherein said microcircuit

includes a curved portion and said plunged hole intersects said curved portion.

17. The gas turbine engine as recited in claim 13, wherein an outlet of said
plunged hole is positioned at an angle relative to an exterior surface of said body

portion on a pressure side of said body portion.

14
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18. A method for providing a component of a gas turbine engine with a cooling
circuit, comprising the steps of:
forming a microcircuit in a body portion of the component using a first
manufacturing technique; and
forming a plunged hole through the body portion such that the plunged hole
intersects a portion of the microcircuit using a second manufacturing technique

different from the first manufacturing technique.

19. The method as recited in claim 18, wherein the first manufacturing technique

includes casting and the second manufacturing technique includes machining.

20. The method as recited in claim 18, wherein the step of forming the

microcircuit is performed prior to the step of forming the plunged hole.

15
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