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Description

FIELD OF THE INVENTION

[0001] The present invention is directed to an article
and a method of forming an article. More particularly, the
present invention is directed to a cooling article and a
method of forming a cooling article.

BACKGROUND OF THE INVENTION

[0002] Turbine systems are continuously being modi-
fied to increase efficiency and decrease cost. One meth-
od for increasing the efficiency of a turbine system in-
cludes increasing the operating temperature of the tur-
bine system. To increase the operating temperature, the
turbine system must be constructed of materials which
can withstand such temperatures during continued use.
[0003] In addition to modifying component materials
and coatings, a common method of increasing temper-
ature capability of a turbine component includes the use
of cooling features. For example, one type of cooling fea-
ture includes an impingement member having apertures
formed therein. The impingement member directs cool-
ing fluid through the apertures and towards a surface that
is intended to be cooled. However, it is often difficult to
control the flow of the cooling fluid once it exits the ap-
ertures, particularly in the presence of cross-flow be-
tween the impingement member and the surface to be
cooled.
[0004] To contact the surface with the cooling fluid in
the presence of cross-flow, an increased amount of cool-
ing fluid is typically passed through the apertures in the
impingement member. As the cooling fluid is often pro-
vided from the compressed air in a turbine engine, pass-
ing an increased amount of cooling fluid through the ap-
ertures removes an increased portion of the compressed
air prior to reaching the combustor. Removing an in-
creased portion of compressed air may decrease effi-
ciency and increase operating cost of the turbine engine.
[0005] An article and a method that show one or more
improvements in comparison to the prior art would be
desirable in the art. Gas turbine articles according to the
state of the art are disclosed by EP2716868-A2 and
GB2492374-A.

BRIEF DESCRIPTION OF THE INVENTION

[0006] The invention provides a cooling article, com-
prising: a body portion separating an inner region and an
outer region; an aperture in the body portion, the aperture
fluidly connecting the inner region to the outer region for
directing a cooling fluid from the inner region to the outer
region; and a cooling feature extending away from an
outer surface of the body portion, wherein the cooling
feature includes a semi-circular geometry; wherein the
cooling feature is positioned to disturb fluid flow in the
outer region by directing hot gas cross-flow within the

outer region away from the cooling fluid exiting the ap-
erture so as to decrease or eliminate cross-flow effects
on the cooling fluid exiting the aperture, and wherein the
cooling article is arranged and disposed for insertion with-
in a hot gas path component of a turbine engine.
[0007] Other features and advantages of the present
invention will be apparent from the following more de-
tailed description, taken in conjunction with the accom-
panying drawings which illustrate, by way of example,
the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a perspective view of a cooling article ac-
cording to an embodiment of the disclosure.

FIG. 2 is a section view of a cooling article according
to an embodiment of the disclosure.

FIG. 3 is a section view of a cooling article positioned
within a cooled component according to an embod-
iment of the disclosure.

FIG. 4 is an enhanced view of a cooling feature ac-
cording to an embodiment of the disclosure.

FIG. 5 is a process view of a method of forming a
cooling article according to an embodiment of the
disclosure.

FIG. 6 is a schematic view of a method of forming a
cooling article according to an embodiment of the
disclosure.

[0009] Wherever possible, the same reference num-
bers will be used throughout the drawings to represent
the same parts.

DETAILED DESCRIPTION OF THE INVENTION

[0010] Provided are a cooling article and a method of
forming a cooling article. Embodiments of the present
disclosure, for example, in comparison to concepts failing
to include one or more of the features disclosed herein,
increase cooling efficiency, decrease cooling fluid use,
increase control of fluid flow, increase efficiency of im-
pingement fluid flow, decrease cross-flow effects on im-
pingement fluid, increase hot wall heat transfer, provide
turbulent coolant flow, increase operational lifespan, or
a combination thereof.
[0011] A cooling article 100 includes any suitable arti-
cle for facilitating cooling of a turbine component. In one
embodiment, as illustrated in FIG. 1, the cooling article
100 includes one or more apertures 101 formed therein
and/or one or more cooling features 103 formed thereon.
For example, in another embodiment, the cooling article
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100 includes an impingement sleeve having a plurality
of apertures 101 and/or cooling features 103. Although
primarily described herein with regard to an impingement
sleeve, as will be understood by those skilled in the art,
the cooling article 100 may include any other suitable
article, such as, but not limited to, an impingement plate,
multiple impingement plates, any other article configured
for insertion within a component, or a combination there-
of.
[0012] Referring to FIG. 2, a body portion 201 of the
cooling article 100 defines and/or separates an inner re-
gion 203 and an outer region 205. The body portion 201
includes an inner surface 204, which faces the inner re-
gion 203, and an outer surface 206, which faces the outer
region 205. In one embodiment, the one or more aper-
tures 101 are formed in the body portion 201, fluidly con-
necting the inner region 203 to the outer region 205 and
providing fluid flow between the inner region 203 and the
outer region 205. For example, the apertures 101 may
extend between the inner surface 204 and the outer sur-
face 206, facilitating a flow of cooling fluid from the inner
region 203 to the outer region 205.
[0013] Each of the apertures 101 includes any suitable
geometry for fluidly connecting the inner region 203 and
the outer region 205. Suitable geometries include, but
are not limited to, circular, substantially circular, round,
substantially round, oval, elliptical, non-round, square,
triangular, star shaped, polygonal, chevron-shaped, var-
ied, irregular, any other geometrical shape, or a combi-
nation thereof. Additionally, the apertures 101 include
any suitable orientation and/or spacing for facilitating
cooling flow. Suitable spacing between the apertures 101
includes, but is not limited to, even, uniform, varied, gra-
dient, sectioned, or a combination thereof. The geometry
and/or spacing of the apertures 101 may be uniform, sub-
stantially uniform, or varied throughout the cooling article
100, with the geometry and/or spacing of each of the
apertures 101 being the same, substantially the same,
and/or different from one or more other apertures 101 in
the cooling article 100.
[0014] In another embodiment, the one or more cooling
features 103 are formed on the outer surface 206, and
extend away from the outer surface 206 into the outer
region 205. Suitable cooling features 103 include shield-
ing members 403 (FIG. 4) as described in more detail
belowAdditionally, the cooling article 100 may include a
combination of pins 203 and other cooling features 103.
[0015] In one embodiment, the cross-sectional geom-
etry of each of the one or more cooling features 103 is
the same or substantially the same as the other cooling
features 103. In another embodiment, the cross-section-
al geometry of at least one of the cooling features 103
differs from the cross-sectional geometry of at least one
other cooling feature 103 along the outer surface 206 of
the cooling article 100. In a further embodiment, the cool-
ing features 103 are formed in sections, the cross-sec-
tional geometry of the cooling features 103 in at least one
section differing from the cross-sectional geometry of the

cooling features 103 in at least one other section.
[0016] Additionally or alternatively, other aspects of the
cooling features 103, such as, but not limited to, spacing,
angles, length, width, or combinations thereof, are the
same, substantially the same, or varied along the outer
surface 206. In one example, the spacing of the cooling
features 103 may be varied to vary a density or packing
of the cooling features 103. In another example, the cool-
ing features 103 may be angled with respect to the body
portion 201 and/or the outer surface 206. In one embod-
iment, the angle of the cooling features 103 is selected
to facilitate additive manufacturing of the cooling article
100, such as, for example, by providing support to the
body portion 201 during manufacturing. In a further ex-
ample, the cooling features 103 include support mem-
bers, such as, but not limited to, struts, ridges, and/or
rods, that provide support for the cooling features 103
during additive manufacturing. The support members
may form a portion of the cooling article 100, or may be
removed after additive manufacturing of the cooling ar-
ticle 100.
[0017] Turning to FIG. 3, in one embodiment, the cool-
ing article 100 is configured for insertion and/or position-
ing within a component 300, such as, but not limited to,
a hot gas path component, a turbine nozzle, a turbine
shroud, a turbine bucket or blade, a combustion compo-
nent, or a combination thereof. When inserted and/or po-
sitioned within the component 300, the outer region 205
of the cooling article 100 extends between the outer sur-
face 206 of the cooling article and an inner surface 304
of the component 300. Additionally, when the cooling ar-
ticle 100 is inserted and/or positioned within the compo-
nent 300, the flow of fluid through the apertures 101 pro-
vides impingement cooling of the component 300. For
example, a cooling fluid provided to the inner region 203
of the cooling article 100 may pass through the apertures
101 to the outer region 205 where the cooling fluid con-
tacts the inner surface 304 of the component 300 to cool
the component 300. The orientation and/or spacing of
the apertures 101 at least partially determines an
amount, direction, and/or concentration of the cooling flu-
id passing from the inner region 203 to the outer region
205.
[0018] As illustrated in FIG. 3, when the cooling article
100 is inserted and/or positioned within the component
300, the one or more cooling features 103 extend toward
the inner surface 304 of the component 300. In one em-
bodiment, the cooling features 103 are arranged and dis-
posed to affect fluid flow within and/or through the outer
region 205. In another embodiment, the one or more cool-
ing features 103 are adjacent the inner surface 304 of
the component 300, but do not contact the inner surface
304. In a further embodiment, the cooling features 103
turbulate fluid flow, such as cross-flow and/or other cool-
ing fluid flow, within the outer region 205. The turbulating
of the fluid flow within the outer region 205 increases near
wall turbulence, which increases overall heat transfer
from the component 300, increases cooling of the com-
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ponent 300, increases hot wall heat transfer, increases
cooling efficiency, or a combination thereof. Additionally
or alternatively, at least one of the one or more cooling
features 103 contacts the inner surface 304 of the com-
ponent 300, providing conductive heat transfer from the
component 300.
[0019] Turning to FIG. 4, the one or more cooling fea-
tures 103 include at least one shielding member 403 po-
sitioned relative to at least one of the one or more aper-
tures 101. The at least one shielding member 403 may
be provided in addition to, or in place of, the one or more
pins 203 or other cooling features 103. In another em-
bodiment, the at least one shielding member 403 is ar-
ranged and disposed to decrease or eliminate cross-flow
effects on the cooling fluid exiting at least one of the ap-
ertures 101. For example, as illustrated in FIG. 4, the
shielding member 403 may include a semi-circular ge-
ometry configured to direct cross-flow within the outer
region 205 away from the cooling fluid exiting the aperture
103. By decreasing or eliminating cross-flow effects on
the cooling fluid, the shielding members 403 increase
cooling fluid contact with the inner surface 304 of the
component 300, increase impingement cooling efficien-
cy, increase heat removal, provide cooling of the com-
ponent 300 with a decreased amount of fluid, and/or fa-
cilitate the use of increased operating temperatures.
[0020] In one embodiment, forming the cooling article
100 and/or the cooling features 103 includes any suitable
additive manufacturing method. Referring to FIGS. 5-6,
in another embodiment, the additive method 500 includes
making and/or forming net or near-net shape cooling ar-
ticles 100 and/or cooling features 103. As used herein,
the phrase "near-net" refers to the cooling article 100
and/or cooling features 103 being formed with a geom-
etry and size very similar to the final geometry and size
of the cooling article 100 and/or cooling features 103,
requiring little or no machining and processing after the
additive method 500. As used herein, the phrase "net"
refers to the cooling article 100 and/or cooling features
103 being formed with a geometry and size requiring no
machining and processing. For example, in one embod-
iment, the additive method 500 includes making the cool-
ing article 100 including the one or more aperture 101
and/or the one or more cooling feature 103. The additive
method 500 provides any net or near-net shape to the
cooling articles 100, the aperture(s) 101, and/or the cool-
ing feature(s) 103. Additionally or alternatively, the addi-
tive method 500 includes forming the cooling article 100
separate from the one or more cooling feature 103, then
securing the one or more cooling feature 103 to the cool-
ing article 100. Although described with regard to the
aperture(s) 101 being formed during the additive method
500, as will be appreciated by those skilled in the art, at
least one of the aperture(s) 101 may be machined into
the cooling article 100 after the additive method 500, with-
out affecting the net or near-net geometry of the cooling
article 100.
[0021] The additive method 500 includes any manu-

facturing method for forming the cooling article 100
and/or cooling features 103 through sequentially and re-
peatedly depositing and joining material layers. Suitable
manufacturing methods include, but are not limited to,
the processes known to those of ordinary skill in the art
as Direct Metal Laser Melting (DMLM), Direct Metal Laser
Sintering (DMLS), Laser Engineered Net Shaping, Se-
lective Laser Sintering (SLS), Selective Laser Melting
(SLM), Electron Beam Melting (EBM), Fused Deposition
Modeling (FDM), or a combination thereof. In one em-
bodiment, for example, the additive method 500 includes
providing a metal alloy powder 601 (step 501); forming
an initial layer 602 with the metal alloy powder 601 (step
502); sequentially forming an additional layer 622 over
the initial layer 602 with the metal alloy powder 601 (step
503); and joining the additional layer 622 to the initial
layer 602 to form the cooling article 100 and/or cooling
features 103 (step 504). In another embodiment, the ad-
ditive method 500 includes repeating the steps of se-
quentially forming the additional layer 622 over a previ-
ously formed layer and joining the additional layer 622
to the previously formed layer (step 505) until the cooling
article 100 and/or conduit(s) 103 having a predetermined
thickness and/or a predetermined shape are obtained.
The previously formed layer includes any portion 611 of
the cooling article 100 and/or cooling features 103 includ-
ing the initial layer 602 and/or any other additional layer(s)
622 directly or indirectly joined to the initial layer 602.
[0022] The initial layer 602 includes a preselected
thickness 603 and a preselected shape, which, when
forming the one or more apertures 101, includes at least
one first opening 604. Each of the additional layers 622
includes a second preselected thickness 623 and a sec-
ond preselected shape, the second preselected shape
including at least one second opening 624 corresponding
to the at least one first opening 604 in the initial layer
602, a shape corresponding to the outer surface 206,
and/or a shape corresponding to the one or more cooling
features 103. The second preselected thickness 623
and/or the second preselected shape may be the same,
substantially the same, or different between one or more
of the additional layers 622. When joined, the preselected
thickness 603 of the initial layer 602 and the second
preselected thickness 623 of the additional layer(s) 622
form a combined thickness 633 of the portion 611. Addi-
tionally, the at least one first opening 604 and the corre-
sponding at least one second opening 624 form one or
more combined openings 634 in the portion 611.
[0023] Once the cooling article 100 is formed, the one
or more combined opening 634 form the one or more
apertures 101 fluidly connecting the inner region 203 to
the outer region 205 of the portion 611.
[0024] In one embodiment, the additive method 500
includes the DMLM process. In another embodiment, the
DMLM process includes providing the metal alloy powder
601 and depositing the metal alloy powder 601 to form
an initial powder layer. The initial powder layer has the
preselected thickness 603 and the preselected shape
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including the at least one first opening 604. In a further
embodiment, the DMLM process includes providing a fo-
cused energy source 610, and directing the focused en-
ergy source 610 at the initial powder layer to melt the
metal alloy powder 601 and transform the initial powder
layer to the portion 611 of the cooling article 100 and/or
cooling features 103. Suitable focused energy sources
include, but are not limited to, laser device, an electron
beam device, or a combination thereof.
[0025] Next, the DMLM process includes sequentially
depositing additional metal alloy powder 601 over the
portion 611 of the cooling article 100 and/or cooling fea-
tures 103 to form the additional layer 622 having the sec-
ond preselected thickness 623 and the second prese-
lected shape. After depositing the additional layer 622 of
the metal alloy powder 601, the DMLM process includes
melting the additional layer 622 with the focused energy
source 610 to increase the combined thickness 633 and
form at least a portion of the cooling article 100. The steps
of sequentially depositing the additional layer 622 of the
metal alloy powder 601 and melting the additional layer
622 may then be repeated to form the net or near-net
shape cooling article 100 and/or cooling features 103.
For example, the steps may be repeated until the cooling
article 100 having the predetermined thickness, the pre-
determined shape, the one or more apertures 101, and/or
the one or more cooling features 103 is obtained.
[0026] Additionally or alternatively, the one or more
cooling features 103 may be formed separately from
and/or after the forming of the cooling article 100. For
example, the cooling features 103 may be formed directly
on a previously formed cooling article 100 using the ad-
ditive method 500, or the cooling features 103 may be
formed separate from the cooling article 100 then at-
tached to the cooling article 100. Forming the cooling
features 103 separate from the cooling article 100 may
include either the additive method 500 or a non-additive
method such as machining and/or casting. The forming
of the cooling article 100 and/or cooling features 103 us-
ing the additive method 500 facilitates the formation of
cooling features 103 having increased complexity as
compared to non-additive methods.
[0027] While the invention has been described with ref-
erence to one or more embodiments, it will be understood
by those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the invention.
In addition, many modifications may be made to adapt a
particular situation or material to the teachings of the in-
vention without departing from the essential scope there-
of. Therefore, it is intended that the invention not be lim-
ited to the particular embodiment disclosed but that the
invention will include all embodiments falling within the
scope of the appended claims. In addition, all numerical
values identified in the detailed description shall be in-
terpreted as though the precise and approximate values
are both expressly identified.

Claims

1. A cooling article (100), comprising:

a body portion (201) separating an inner region
(203) and an outer region (205);
an aperture (101) in the body portion (201), the
aperture (101) fluidly connecting the inner re-
gion (203) to the outer region (205) for directing
a cooling fluid from the inner region (203) to the
outer region (205); and
a cooling feature (103) extending away from an
outer surface (206) of the body portion (201),
wherein the cooling feature (103) includes a
semi-circular geometry;
wherein:

the cooling feature (103) is positioned to dis-
turb fluid flow in the outer region (205) by
directing hot gas cross-flow within the outer
region (205) away from the cooling fluid ex-
iting the aperture (101), so as to decrease
or eliminate cross-flow effects on the cool-
ing fluid exiting the aperture (101); and
wherein the cooling article is arranged and
disposed for insertion within a hot gas path
component of a turbine engine.

2. The cooling article (100) of claim 1, wherein the cool-
ing feature (103) is selected from the group consist-
ing of a pin, a bump, a dimple, a shielding member
(403), and combinations thereof.

3. The cooling article (100) of claim 1 or 2, wherein the
cooling feature (103) is arranged and disposed to
direct cross-flow away from the aperture (101).

4. The cooling article (100) of any preceding claim,
wherein the cooling article (100) comprises a plural-
ity of additional cooling features (103) extending
away from the outer surface (206) of the body portion
(201).

5. The cooling article (100) of claim 4, wherein the cool-
ing feature 103 and at least one of the additional
cooling features (103) include different geometries.

6. The cooling article (100) of claim 4 or 5, wherein a
packing of the plurality of additional cooling features
(103) varies along the body portion (201).

7. The cooling article (100) of any preceding claim,
wherein the cooling article (100) is arranged and dis-
posed for insertion within a turbine nozzle, and the
cooling feature (103) is arranged and disposed to
provide near wall turbulence.

8. The cooling article (100) of any of claims 1 to 7,
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wherein the cooling article (100) is arranged and dis-
posed for insertion within a turbine nozzle, and the
cooling feature (103) is arranged and disposed to
contact an inner surface (204) of the turbine nozzle
when the cooling article (100) is inserted therein.

Patentansprüche

1. Kühlartikel (100), umfassend:

einen Hauptteil (201), der einen inneren Bereich
(203) und einen äußeren Bereich (205) trennt;
eine Öffnung (101) in dem Hauptteil (201), wobei
die Öffnung (101) den inneren Bereich (203) mit
dem äußeren Bereich (205) fluidisch verbindet,
um ein Kühlfluid von dem inneren Bereich (203)
zu dem äußeren Bereich (205) zu leiten; und
ein Kühlmerkmal (103), das sich von einer Au-
ßenoberfläche (206) des Hauptteils (201) er-
streckt, wobei das Kühlmerkmal (103) eine halb-
kreisförmige Geometrie einschließt;
wobei:

das Kühlmerkmal (103) positioniert ist, um
den Fluidstrom in dem äußeren Bereich
(205) zu stören, indem der Heißgasquer-
strom innerhalb des äußeren Bereichs
(205) von dem die Öffnung (101) verlassen-
den Kühlfluid weg geleitet wird, um Quer-
stromeffekte auf das die Öffnung (101) ver-
lassende Kühlfluid zu verringern oder zu eli-
minieren; und
wobei der Kühlartikel angeordnet und posi-
tioniert ist zum Einsetzen in eine Heißgas-
pfadkomponente einer Turbine.

2. Kühlartikel (100) nach Anspruch 1, wobei das Kühl-
merkmal (103) ausgewählt ist aus der Gruppe be-
stehend aus einem Bolzen, einer Erhebung, einer
Vertiefung, einem Abschirmelement (403), und
Kombinationen davon.

3. Kühlartikel (100) nach Anspruch 1 oder 2, wobei das
Kühlmerkmal (103) so angeordnet und positioniert
ist, dass es den Querstrom weg von der Öffnung
(101) leitet.

4. Kühlartikel (100) nach einem der vorstehenden An-
sprüche, wobei der Kühlartikel (100) eine Vielzahl
von zusätzlichen Kühlmerkmalen (103) umfasst, die
sich weg von der Außenoberfläche (206) des Haupt-
teils (201) erstrecken.

5. Kühlartikel (100) nach Anspruch 4, wobei das Kühl-
merkmal 103 und mindestens eines der zusätzlichen
Kühlmerkmale (103) unterschiedliche Geometrien
einschließen.

6. Kühlartikel (100) nach Anspruch 4 oder 5, wobei eine
Packung der Vielzahl von zusätzlichen Kühlmerk-
malen (103) entlang des Hauptteils (201) variiert.

7. Kühlartikel (100) nach einem der vorstehenden An-
sprüche, wobei der Kühlartikel (100) zum Einsetzen
in eine Turbinendüse angeordnet und positioniert ist
und das Kühlmerkmal (103) angeordnet und positi-
oniert ist, um Turbulenz in der Nähe der Wand be-
reitzustellen.

8. Kühlartikel (100) nach einem der Ansprüche 1 bis 7,
wobei der Kühlartikel (100) zum Einsetzen in eine
Turbinendüse angeordnet und positioniert ist und
das Kühlmerkmal (103) angeordnet und positioniert
ist, um eine Innenoberfläche (204) der Turbinendüse
zu kontaktieren, wenn der Kühlartikel (100) darin ein-
gesetzt ist.

Revendications

1. Article de refroidissement (100), comprenant :

une partie de corps (201) séparant une région
interne (203) et une région externe (205) ;
une ouverture (101) dans la partie de corps
(201), l’ouverture (101) reliant fluidiquement la
région interne (203) à la région externe (205)
pour diriger un fluide de refroidissement de la
région interne (203) à la région externe (205) ; et
un élément de refroidissement (103) s’étendant
à l’écart d’une surface externe (206) de la partie
de corps (201), dans lequel l’élément de refroi-
dissement (103) inclut une géométrie semi-
circulaire ;
dans lequel :

l’élément de refroidissement (103) est po-
sitionné pour perturber un flux de fluide
dans la région externe (205) en dirigeant un
gaz chaud en flux croisé à l’intérieur de la
région externe (205) à l’écart du fluide de
refroidissement sortant de l’ouverture
(101), de manière à diminuer ou éliminer
les effets de flux croisé sur le fluide de re-
froidissement sortant de l’ouverture (101) ;
et
dans lequel l’article de refroidissement est
agencé et disposé pour insertion dans un
composant de trajet de gaz chaud d’un mo-
teur de turbine.

2. Article de refroidissement (100) selon la revendica-
tion 1, dans lequel l’élément de refroidissement (103)
est choisi parmi le groupe constitué d’une broche,
d’une bosse, d’un creux, d’un élément de protection
(403) et de combinaisons de ceux-ci.
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3. Article de refroidissement (100) selon la revendica-
tion 1 ou 2, dans lequel l’élément de refroidissement
(103) est agencé et disposé pour diriger un flux croi-
sé à l’écart de l’ouverture (101).

4. Article de refroidissement (100) selon une quelcon-
que revendication précédente, dans lequel l’article
de refroidissement (100) comprend une pluralité
d’éléments de refroidissement supplémentaires
(103) s’étendant à l’écart de la surface externe (206)
de la partie de corps (201).

5. Article de refroidissement (100) selon la revendica-
tion 4, dans lequel l’élément de refroidissement 103
et au moins l’un des éléments de refroidissement
supplémentaires (103) incluent différentes géomé-
tries.

6. Article de refroidissement (100) selon la revendica-
tion 4 ou 5, dans lequel un paquet de la pluralité
d’éléments de refroidissement supplémentaires
(103) varie le long de la partie de corps (201).

7. Article de refroidissement (100) selon une quelcon-
que revendication précédente, dans lequel l’article
de refroidissement (100) est agencé et disposé pour
insertion à l’intérieur d’une tuyère de turbine et l’élé-
ment de refroidissement (103) est agencé et disposé
pour fournir une turbulence de paroi proche.

8. Article de refroidissement (100) selon l’une quelcon-
que des revendications 1 à 7, dans lequel l’article de
refroidissement (100) est agencé et disposé pour
insertion à l’intérieur d’une tuyère de turbine et l’élé-
ment de refroidissement (103) est agencé et disposé
pour venir en contact avec une surface interne (204)
de la tuyère de turbine lorsque l’article de refroidis-
sement (100) est inséré à l’intérieur de celle-ci.
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