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(54) IMPINGEMENT COOLING WITH INCREASED CROSS-FLOW AREA

(57) Impingement assemblies including an impinge-
ment plate (420) having an increased cross-flow struc-
ture (436) that forms an increased cross-flow area be-
tween the impingement plate (422) and an impingement
surface (422) when the impingement plate (420) is in-
stalled proximate to the impingement surface (422). The
increased cross-flow structure has a first portion (438)
having at least one impingement hole (424) passing
through the first portion (438), the first portion being sep-
arated from the impingement surface (422) by an im-
pingement hole height (X), a second portion (440) sep-

arated from the first portion (438) by a separation dis-
tance (Y) and separated from the impingement surface
(422) by a cross-flow structure height (Z), and a third
portion (442) extending between the first portion (438)
and the second portion (440). The first portion (438), the
second portion (440), and the third portion (442) define
at least one cross-flow cavity (434) between the impinge-
ment plate (420) and the impingement surface (422), and
the cross-flow structure height (Z) is greater than the im-
pingement hole height (X).
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Description

BACKGROUND

[0001] The subject matter disclosed herein generally
relates to gas turbine engines and, more particularly, to
impingement cooling with increased cross-flow area for
components of gas turbine engines.
[0002] Impingement is an effective, widely used type
of cooling system that is employed in jet propulsion type
systems (e.g., gas turbine engines). Various components
of gas turbine engines can benefit from impingement
cooling in order to maintain, for example, appropriate op-
erational conditions and/or to maximize component life.
For example, impingement cooling may be employed on
vanes, blades, combustor panels, and blade outer air
seals ("BOAS"). Accordingly, it may be advantageous to
provide improved impingement cooling to improve part
life or provide other features/benefits.

SUMMARY

[0003] According to some embodiments, impingement
assemblies are provided. The assemblies include an im-
pingement plate having an increased cross-flow struc-
ture that forms an increased cross-flow area between the
impingement plate and an impingement surface when
the impingement plate is installed proximate to the im-
pingement surface. The increased cross-flow structure
has a first portion having at least one impingement hole
passing through the first portion, the first portion being
separated from the impingement surface by an impinge-
ment hole height, a second portion separated from the
first portion by a separation distance and separated from
the impingement surface by a cross-flow structure height,
and a third portion extending between the first portion
and the second portion. The first portion, the second por-
tion, and the third portion define at least one cross-flow
cavity between the impingement plate and the impinge-
ment surface, and the cross-flow structure height is great-
er than the impingement hole height.
[0004] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the impingement assembly, the increased
cross-flow structure may form a plurality of divots in the
impingement plate, wherein at least one of the plurality
of divots contains an impingement hole.
[0005] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the impingement assembly, the increased
cross-flow structure may form at least one channel, the
at least one impingement hole located within the at least
one channel.
[0006] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the impingement assembly, the at least one
channel may include a plurality of parallel rails that define
the channels.

[0007] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the impingement assembly, the at least one
channel may be a serpentine channel.
[0008] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the impingement assembly, the first portion and
the second portion may define parallel planes.
[0009] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the impingement assembly, the third portion
may intersect at least one of the first portion or the second
portion at a ninety degree angle.
[0010] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the impingement assembly, the third portion
may intersect at least one of the first portion or the second
portion at a non-ninety degree angle.
[0011] According to other embodiments, components
of a gas turbine engines are provided. The components
include an impingement surface to be cooling by impinge-
ment cooling and an impingement plate positioned prox-
imate the impingement surface. The impingement plate
includes an increased cross-flow structure that forms an
increased cross-flow area between the impingement
plate and the impingement surface. The increased cross-
flow structure has a first portion having at least one im-
pingement hole passing through the first portion, the first
portion being separated from the impingement surface
by an impingement hole height, a second portion sepa-
rated from the first portion by a separation distance and
separated from the impingement surface by a cross-flow
structure height, and a third portion extending between
the first portion and the second portion. The first portion,
the second portion, and the third portion define at least
one cross-flow cavity between the impingement plate and
the impingement surface, and the cross-flow structure
height is greater than the impingement hole height.
[0012] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the gas turbine engines, the increased cross-
flow structure may form a plurality of divots in the im-
pingement plate, wherein each divot contains a respec-
tive impingement hole.
[0013] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the gas turbine engines, the increased cross-
flow structure may form at least one channel, the at least
one impingement hole located within the at least one
channel.
[0014] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the gas turbine engines, the at least one channel
may include a plurality of parallel rails that define the
channels.
[0015] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the gas turbine engines, the at least one channel
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may be a serpentine channel.
[0016] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the gas turbine engines, the first portion and
the second portion may define parallel planes.
[0017] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the gas turbine engines, the third portion may
intersects at least one of the first portion or the second
portion at a ninety degree angle.
[0018] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the gas turbine engines, the third portion may
intersect at least one of the first portion or the second
portion at a non-ninety degree angle.
[0019] In addition to one or more of the features de-
scribed above, or as an alternative, in further embodi-
ments of the gas turbine engines, the impingement sur-
face may be a surface of an airfoil of the gas turbine
engine.
[0020] Technical effects of embodiments of the
present disclosure include an impingement plate for com-
ponents of gas turbine engines with improved impinge-
ment cooling efficiency. Further technical effects include
increased cross-flow structures formed as part of im-
pingement plates that increase a cross-flow area or vol-
ume to reduce cross-flow velocity, and thus improve im-
pingement cooling efficiency.
[0021] The foregoing features and elements may be
executed or utilized in various combinations without ex-
clusivity, unless expressly indicated otherwise. These
features and elements as well as the operation thereof
will become more apparent in light of the following de-
scription and the accompanying drawings. It should be
understood, however, that the following description and
drawings are intended to be illustrative and explanatory
in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The subject matter is particularly pointed out
and distinctly claimed at the conclusion of the specifica-
tion. The foregoing and other features and advantages
of the present disclosure are apparent from the following
detailed description taken in conjunction with the accom-
panying drawings in which:

FIG. 1A is a schematic cross-sectional illustration of
a gas turbine engine architecture that may employ
various embodiments disclosed herein;
FIG. 1B is a schematic cross-sectional illustration of
another gas turbine engine architecture that may em-
ploy various embodiments disclosed herein;
FIG. 2 is a schematic illustration of a section of a gas
turbine engine that may employ various embodi-
ments disclosed herein;
FIG. 3 is a schematic illustration of an impingement
plate positioned relative to an impingement surface

of a component of a gas turbine engine;
FIG. 4 is a schematic illustration of an impingement
plate in accordance with an embodiment of the
present disclosure positioned relative to an impinge-
ment surface of a component of a gas turbine engine;
FIG. 5 is a schematic illustration of an impingement
plate in accordance with another embodiment of the
present disclosure positioned relative to an impinge-
ment surface of a component of a gas turbine engine;
and
FIG. 6 is a schematic illustration of an impingement
plate in accordance with another embodiment of the
present disclosure positioned relative to an impinge-
ment surface of a component of a gas turbine engine.

DETAILED DESCRIPTION

[0023] As shown and described herein, various fea-
tures of the disclosure will be presented. Various embod-
iments may have the same or similar features and thus
the same or similar features may be labelled with the
same reference numeral, but preceded by a different first
number indicating the Figure Number to which the feature
is shown. Thus, for example, element "##" that is shown
in FIG. X may be labelled "X##" and a similar feature in
FIG. Z may be labelled "Z##". Although similar reference
numbers may be used in a generic sense, various em-
bodiments will be described and various features may
include changes, alterations, modifications, etc. as will
be appreciated by those of skill in the art, whether explic-
itly described or otherwise would be appreciated by those
of skill in the art.
[0024] FIG. 1A 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. Hot com-
bustion gases generated in the combustor section 26 are
expanded through the turbine section 28. Although de-
picted 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 en-
gine architectures.
[0025] The gas turbine engine 20 generally includes a
low speed spool 30 and a high speed spool 32 mounted
for rotation about an engine centreline 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 addi-
tionally be provided.
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[0026] 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 com-
pressor 37 and a high pressure turbine 40. In this em-
bodiment, 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.
[0027] 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 pres-
sure 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.
[0028] The inner shaft 34 and the outer shaft 35 are
concentric and rotate via the bearing systems 31 about
the engine centreline longitudinal axis A, which is colinear
with their longitudinal axes. The core airflow is com-
pressed 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.
[0029] Each of the compressor section 24 and the tur-
bine section 28 may include alternating rows of rotor as-
semblies 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 add or extract
energy 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 airflow to the blades 25 to either add or extract en-
ergy.
[0030] Various components of a gas turbine engine 20,
including but not limited to 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 pres-
sures. The hardware of the turbine section 28 is partic-
ularly subjected to relatively extreme operating condi-
tions. Therefore, some components may require internal
cooling circuits for cooling the parts during engine oper-
ation. Example cooling circuits that include features such
as airflow bleed ports are discussed below.
[0031] Referring to FIG. 1B, an alternative engine ar-
chitecture of a gas turbine engine 50 may also include
an augmentor section 52 and an exhaust duct section 54
among other systems or features. Otherwise, the engine

architecture of the gas turbine engine 50 may be similar
to that shown in FIG. 1A. That is, the gas turbine engine
50 includes a fan section 22b that drives air along a by-
pass flowpath while a compressor section 24b drives air
along a core flowpath for compression and communica-
tion into a combustor section 26b then expansion through
a turbine section 28b.
[0032] Although two architectures for gas turbine en-
gines are depicted (e.g., turbofan in FIG. 1A, low bypass
augmented turbofan FIG. 1 B) in the disclosed non-lim-
iting embodiments, it should be understood that the con-
cepts described herein are not limited to use with the
shown and described configurations, as the teachings
may be applied to other types of engines such as, but
not limited to, turbojets, turboshafts, and three-spool
(plus fan) turbofans wherein an intermediate spool in-
cludes an intermediate pressure compressor ("IPC") be-
tween a low pressure compressor ("LPC") and a high
pressure compressor ("HPC"), and an intermediate pres-
sure turbine ("IPT") between the high pressure turbine
("HPT") and the low pressure turbine ("LPT").
[0033] FIG. 2 is a schematic view of a turbine section
that may employ various embodiments disclosed herein.
Turbine 200 includes a plurality of airfoils, including, for
example, one or more blades 201 and vanes 202. The
airfoils 201, 202 may be hollow bodies with internal cav-
ities defining a number of channels or cavities, hereinaf-
ter airfoil cavities, formed therein and extending from an
inner diameter 206 to an outer diameter 208, or vice-
versa. The airfoil cavities may be separated by partitions
within the airfoils 201, 202 that may extend either from
the inner diameter 206 or the outer diameter 208 of the
airfoil 201, 202. The partitions may extend for a portion
of the length of the airfoil 201, 202, but may stop or end
prior to forming a complete wall within the airfoil 201, 202.
Thus, each of the airfoil cavities may be fluidly connected
and form a fluid path within the respective airfoil 201,
202. The blades 201 and the vanes 202 may include
platforms 210 located proximal to the inner diameter
thereof. Located below the platforms 210 may be airflow
ports and/or bleed orifices that enable air to bleed from
the internal cavities of the airfoils 201, 202. A root of the
airfoil may connected to or be part of the platform 210.
[0034] The turbine 200 is housed within a case 212,
which may have multiple parts (e.g., turbine case, diffuser
case, etc.). In various locations, components, such as
seals, may be positioned between airfoils 201, 202 and
the case 212. For example, as shown in FIG. 2, blade
outer air seals 214 (hereafter "BOAS") are located radi-
ally outward from the blades 201. As will be appreciated
by those of skill in the art, the BOAS 214 can include
BOAS supports that are configured to fixedly connect or
attach the BOAS 214 to the case 212 (e.g., the BOAS
supports can be located between the BOAS and the
case). As shown in FIG. 2, the case 212 includes a plu-
rality of hooks 218 that engage with the hooks 216 to
secure the BOAS 214 between the case 212 and a tip of
the blade 201.
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[0035] Impingement cooling can be used to provide
cooling to various components of gas turbine engines,
including, but not limited to, blades, vanes, BOAS, com-
bustor panels, etc. Impingement-type cooling can be ad-
justed or optimized by selecting or defining a specific or
desired arrangement of the characteristics or parameters
of the impingement holes. For example, impingement
hole diameter, impingement hole spacing, and depth-to-
diameter ratio of the impingement hole can all be adjust-
ed, selected, or otherwise designed to achieve desired
impingement cooling. As known in the art, the impinge-
ment hole depth is an important factor for effective cooling
and optimal or preferred impingement hole depth may
tend toward being small (e.g., a short or shallow impinge-
ment hole). However, having a small (e.g., short depth)
impingement hole depth can increase cross-flow air ve-
locity that "blows away" impingement jets and therefore
reduces impingement effectiveness.
[0036] Turning now to FIG. 3, a side view illustration
of an impingement plate 320 positioned proximate to an
impingement surface 322 is shown. The impingement
surface 322 is a surface of a component that is to be
cooled (e.g., a surface of an airfoil, a surface of a com-
bustor, a surface of a BOAS, etc.). That is, the impinge-
ment plate 320 is positioned about and near the impinge-
ment surface 322 to provide cooling to the impingement
surface 322. As shown, the impingement plate 320 in-
cludes a plurality of impingement holes 324. The im-
pingement holes 324 can be arranged in a grid-like pat-
tern on the impingement plate 320 or may be otherwise
arranged or positioned to provide a desired cooling to
the impingement surface 322.
[0037] The impingement plate 320 has a first surface
326 and a second surface 328, with the impingement
holes 324 extending through the impingement plate 320
from the first surface 326 to the second surface 328. The
impingement plate 320 has an impingement plate thick-
ness (i.e., the distance from the first surface 326 to the
second surface 328) that defines an impingement hole
depth L. Further, each impingement hole 324 has an im-
pingement hole diameter D. A cross-flow area 330 is de-
fined between the impingement surface 322 and the first
surface 326 of the impingement plate 320. The cross-
flow area 330 has an impingement cavity height X that
is defined as the distance between the first surface 326
and the impingement surface 322, as shown.
[0038] As noted above, typically it is desirable to pro-
vide impingement cooling by optimizing the impingement
hole diameter D and positioning the impingement plate
320 at a specific impingement hole height X from the
impingement surface 322. However, having a small (e.g.,
short depth) impingement hole depth can increase cross-
flow air velocity that "blows away" impingement jets and
therefore reduces impingement effectiveness. That is,
air flowing within the cross-flow area 330 can reduce the
effectiveness of impingement cooling by having too high
of a velocity as the cross-flow air passes through the
cross-flow area 330. As shown in FIG. 3, the cross-flow

air flows in a cross-flow direction 332 such as into and
out of the page of FIG. 3.
[0039] Turning now to FIG. 4, a side view illustration
of an impingement plate 420 in accordance with an em-
bodiment of the present disclosure positioned proximate
to an impingement surface 422 is shown. The impinge-
ment surface 422 is a surface of a component that is to
be cooled. That is, the impingement plate 420 is posi-
tioned about and near the impingement surface 422 to
provide cooling to the impingement surface 422. As
shown, the impingement plate 420 includes a plurality of
impingement holes 424. The impingement holes 424 can
be arranged in a grid-like pattern on the impingement
plate 420 or may be otherwise arranged or positioned to
provide a desired cooling to the impingement surface
422.
[0040] The impingement plate 420 is similar to the im-
pingement plate 320 of FIG. 3, having an impingement
hole depth L defined by a thickness of the impingement
plate 420 (e.g., distance through the impingement plate
420 from a first surface 426 to a second surface 428).
Each impingement hole 424 has an impingement hole
diameter D. Moreover, each of the impingement holes
424 is separated from the impingement surface 422 by
the impingement hole height X of a cross-flow area 430.
Air flowing through the cross-flow area 430 flows in a
cross-flow direction 432 (e.g., into/out of the page of FIG.
4).
[0041] The impingement plate 420 provides improved
impingement cooling through an increase in cross-flow
area 420 as described herein. The increased cross-flow
area enables a lower velocity cross-flow air flow and thus
impingement cooling may not be blow away as may hap-
pen in configurations such as that shown in FIG. 3.
[0042] As shown in FIG. 4, an increased cross-flow
area is formed through construction of the impingement
plate 420. The impingement plate 420 includes increased
cross-flow structures 436 defining cross-flow cavities 434
(e.g., cavities, channels, or other flow paths that increase
the cross-flow area or volume). Accordingly, the impinge-
ment plate 420 has a first portion 438 that includes the
impingement hole 424 and a second portion 440 that is
separated from the first portion 438 by a third portion 442.
The first and third portions 438, 442 define the cross-flow
cavity 434 is an open or non-closed cavity allowing for
air to flow through the impingement hole 424 freely.
[0043] As shown, the second portion 440 is separated
from the first portion 438 by a separation distance Y. In
some embodiments, such as shown in FIG. 4, the first
portion 438 and the second portion 440 are parallel or
define parallel planes. The third portion 442 has a linear
length extending from the first portion 438 to the second
portion 440 equal to the separation distance Y. However,
as will be appreciated by those of skill in the art, the third
portion 442 does not have to be a structure that intersects
the first or second portions 438, 440 at a ninety degree
angle. That is, the third portion 442, in some embodi-
ments, can be angled relative to the first and second por-
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tions 438, 440 or make take other shape or form (e.g.,
curved, bowed, etc.) while maintaining the desired sep-
aration distance Y.
[0044] Further, as shown in FIG. 4, the impingement
plate 420 has a contoured second surface 428 that is
defined by the increased cross-flow structures 436. The
increased cross-flow structures 436 define a first dis-
tance 444 that is a length or distance between third por-
tions 442 along the second portion 440 of a single in-
creased cross-flow structure 436 and a second distance
446 that is a length or distance between third portions
442 along the first portion 438 between two adjacent in-
creased cross-flow structures 436. By maximizing or oth-
erwise selecting or defining the first distance 444, the
cross-flow cavities 434 can be optimized to enable a de-
sired impingement cooling using the impingement plate
420. In various embodiments, the second distance is
greater than a diameter than the impingement hole 424.
[0045] The increased cross-flow structures 436 and
the profile or contour of the impingement plate 420 define
a cross-flow structure height Z, as shown. The cross-flow
structure height Z is height of the first portion 438 plus
the separation distance Y of the second portion 440 from
the first portion 438. That is, the cross-flow structure
height Z is the distance between the impingement sur-
face 422 and the second portion 440 of the increased
cross-flow structures 436.
[0046] Turning now to FIG. 5, an impingement plate
520 in accordance with an embodiment of the present
disclosure is shown. The impingement plate 520 is similar
to that shown and described above with respect to FIG.
4, and includes an increased cross-flow structure 536
that defines a plurality of divots 546 that extend down-
ward from a second portion 540 of the cross-flow struc-
ture 536 toward a first portion 538 that is formed around
impingement holes 524 of the impingement plate 420.
As shown, the divots 546 are defined by the first portion
538 at a position closest to an impingement surface 522
to be cooled, with the impingement holes 524 formed
therein and at an impingement hole height X. A third por-
tion 542 extends away from the first portion 538 to form
sidewalls of the divots 546. The third portion 542 ends
at the second portion 540, which is positioned at a cross-
flow structure height Z.
[0047] As will be appreciated by those of skill in the art,
the first portion 538 is minimized in surface area and the
second portion 540 is maximized in surface area. Such
configuration can maximize an amount of volume be-
tween the impingement plate 520 and the impingement
surface 522. Further, the cross-flow structure height Z is
greater than the impingement hole height X of the first
portion 538.
[0048] Turning now to FIG. 6, another embodiment of
an impingement plate 620 in accordance with an embod-
iment of the present disclosure is shown. The impinge-
ment plate 620 is similar to that shown and described
above and thus similar or the same features and/or struc-
tures will not be described again. However, as illustrated,

the impingement plate 620 has an increased cross-flow
structure 636 that defines a plurality of channels or rails
648. The channels 648 are configured to form a contin-
uous first portion 638 that extend along a length or direc-
tion of the impingement plate 620 and form a trough or
channel in the impingement plate 620. Impingement
holes 624 are formed within the first portion 638 as de-
scribed above. Similarly, the second portions 640 are
formed as upper limits of the channels 648. Similar to
that described above, the first portion 638 is positioned
at an impingement hole height X and the second portion
640 is positioned at a cross-flow structure height Z sep-
arated from an impingement surface 622.
[0049] As will be appreciated by those of skill in the art,
an increased cross-flow area will be formed between the
impingement plate 620 and the impingement surface 622
such that improved impingement cooling can be
achieved. In the embodiment of FIG. 6, the increased
cross-flow area includes the increased space or volume
achieved by having the second portion 640 positioned at
the cross-flow structure height Z.
[0050] Although shown in FIG. 5 with divots and in FIG.
6 with channels / rails, those of skill in the art will appre-
ciate that the increased cross-flow structures of the
present disclosure can take any shape, size, design, ori-
entation, etc. That is, the various aspects or character-
istics of the increased cross-flow structures can be se-
lected, for example, based on the needs of the particular
application. For example, in some embodiments, divots
may be preferred over channels / rails, or vice versa.
Further, other structures, such as serpentine chan-
nels/rails, parallel channels / rails, partial length channels
/ rails (e.g., a channel that has two or a few impingement
holes, a plurality of such structures are formed on the
impingement plate), or other configurations are possible
without departing from the scope of the present disclo-
sure.
[0051] Advantageously, embodiments described
herein provide improved impingement cooling by in-
creasing cross-flow area and volume. For example, im-
pingement cooling efficiency may be increased through
application of embodiments disclosed herein because
impingement jets will blow out with less cross-flow force
compared to convention impingement plates having flat
surfaces or structures.
[0052] The use of the terms "a", "an", "the", and similar
references in the context of description (especially in the
context of the following claims) are to be construed to
cover both the singular and the plural, unless otherwise
indicated herein or specifically contradicted by context.
The modifier "about" used in connection with a quantity
is inclusive of the stated value and has the meaning dic-
tated by the context (e.g., it includes the degree of error
associated with measurement of the particular quantity).
All ranges disclosed herein are inclusive of the endpoints,
and the endpoints are independently combinable with
each other.
[0053] While the present disclosure has been de-
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scribed in detail in connection with only a limited number
of embodiments, it should be readily understood that the
present disclosure is not limited to such disclosed em-
bodiments. Rather, the present disclosure can be mod-
ified to incorporate any number of variations, alterations,
substitutions, combinations, sub-combinations, or equiv-
alent arrangements not heretofore described, but which
are commensurate with the scope of the present disclo-
sure. Additionally, while various embodiments of the
present disclosure have been described, it is to be un-
derstood that aspects of the present disclosure may in-
clude only some of the described embodiments.
[0054] Accordingly, the present disclosure is not to be
seen as limited by the foregoing description, but is only
limited by the scope of the appended claims.

Claims

1. An impingement assembly comprising:

an impingement plate having an increased
cross-flow structure that forms an increased
cross-flow area between the impingement plate
and an impingement surface when the impinge-
ment plate is installed proximate to the impinge-
ment surface, the increased cross-flow structure
having:

a first portion having at least one impinge-
ment hole passing through the first portion,
the first portion being separated from the
impingement surface by an impingement
hole height;
a second portion separated from the first
portion by a separation distance and sepa-
rated from the impingement surface by a
cross-flow structure height; and
a third portion extending between the first
portion and the second portion,

wherein the first portion, the second portion, and
the third portion define at least one cross-flow
cavity between the impingement plate and the
impingement surface, and
the cross-flow structure height is greater than
the impingement hole height.

2. The impingement assembly of claim 1, wherein the
increased cross-flow structure forms a plurality of
divots in the impingement plate, wherein at least one
of the plurality of divots contains an impingement
hole.

3. The impingement assembly of claim 1, wherein the
increased cross-flow structure forms at least one
channel, the at least one impingement hole located
within the at least one channel.

4. The impingement assembly of claim 3, wherein the
at least one channel includes a plurality of parallel
rails that define the channels.

5. The impingement assembly of claim 3, wherein the
at least one channel is a serpentine channel.

6. The impingement assembly of any preceding claim,
wherein the first portion and the second portion de-
fine parallel planes.

7. The impingement assembly of claim 6, wherein the
third portion intersects at least one of the first portion
or the second portion at a ninety degree angle.

8. The impingement assembly of claim 6, wherein the
third portion intersects at least one of the first portion
or the second portion at a non-ninety degree angle.

9. A component of a gas turbine engine, the component
comprising:

an impingement surface to be cooling by im-
pingement cooling; and
an impingement assembly in accordance with
any preceding claim, wherein the impingement
plate positioned proximate the impingement sur-
face.

10. The component of claim 9, wherein the impingement
surface is a surface of an airfoil of the gas turbine
engine.
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