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Description

BACKGROUND OF THE INVENTION

[0001] The subject matter disclosed herein relates to
turbomachinery. More particularly, the subject matter re-
lates to cooling passages in hot gas path components of
turbines.
[0002] In a turbine, a combustor converts the chemical
energy of a fuel or an air-fuel mixture into thermal energy.
The thermal energy is conveyed by a fluid, often com-
pressed air from a compressor, to a turbine where the
thermal energy is converted to mechanical energy. As
part of the conversion process, hot gas is flowed over
and through portions of the turbine. High temperatures
along the hot gas path can heat turbine components,
causing degradation of components. Forming cooling
channels in the components by casting may limit the prox-
imity of the channels to the surface of the component to
be cooled. Accordingly, the effectiveness of cooling
channels is limited, thereby increasing thermal stress ex-
perienced by turbine components along the hot gas path.
[0003] US 2008/298975 A1 discloses a method of
manufacturing a hot gas path component of a turbine
which includes the provision of cooling channels and aux-
iliary cooling passages.

BRIEF DESCRIPTION OF THE INVENTION

[0004] According to the invention, the method for man-
ufacturing a hot gas path component of a turbine accord-
ing to claim 1 is provided.
[0005] These and other advantages and features will
become more apparent from the following description
taken in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWING

[0006] The foregoing and other features, and advan-
tages of the invention are apparent from the following
detailed description taken in conjunction with the accom-
panying drawings in which:

FIG. 1 is a schematic diagram of an embodiment of
a turbomachine system;

FIG. 2 is a schematic side view of an exemplary hot
gas path component to be placed in a gas turbine;

FIG. 3 is a perspective view of an embodiment of a
hot gas path component to be placed in a gas turbine;

FIG. 4 is another perspective view of the hot gas
path component to be placed in a gas turbine; and

FIG. 5 is yet another schematic side view of an ex-
emplary hot gas path component to be placed in a
gas turbine.

[0007] The detailed description explains embodiments
of the invention, together with advantages and features,
by way of example with reference to the drawings.

DETAILED DESCRIPTION OF THE INVENTION

[0008] FIG. 1 is a schematic diagram of an embodi-
ment of a turbomachine system, such as a gas turbine
system 100. The system 100 includes a compressor 102,
a combustor 104, a turbine 106, a shaft 108 and a fuel
nozzle 110. In an embodiment, the system 100 may in-
clude a plurality of compressors 102, combustors 104,
turbines 106, shafts 108 and fuel nozzles 110. The com-
pressor 102 and turbine 106 are coupled by the shaft
108. The shaft 108 may be a single shaft or a plurality of
shaft segments coupled together to form shaft 108.
[0009] In an aspect, the combustor 104 uses liquid
and/or gas fuel, such as natural gas or a hydrogen rich
synthetic gas, to run the engine. For example, fuel noz-
zles 110 are in fluid communication with an air supply
and a fuel supply 112. The fuel nozzles 110 create an
air-fuel mixture, and discharge the air-fuel mixture into
the combustor 104, thereby causing a combustion that
creates a hot pressurized exhaust gas. The combustor
100 directs the hot pressurized gas through a transition
piece into a turbine nozzle (or "stage one nozzle"), and
other stages of buckets and nozzles causing turbine 106
rotation. The rotation of turbine 106 causes the shaft 108
to rotate, thereby compressing the air as it flows into the
compressor 102. In an embodiment, hot gas path com-
ponents, including, but not limited to, shrouds, dia-
phragms, nozzles, buckets and transition pieces are lo-
cated in the turbine 106, where hot gas flow across the
components causes creep, oxidation, wear and thermal
fatigue of turbine parts. Controlling the temperature of
the hot gas path components can reduce distress modes
in the components. The efficiency of the gas turbine in-
creases with an increase in firing temperature in the tur-
bine system 100. As the firing temperature increases,
the hot gas path components need to be properly cooled
to meet service life. Components with improved arrange-
ments for cooling of regions proximate to the hot gas path
and methods for making such components are discussed
in detail below with reference to FIGS. 2-5. Although the
following discussion primarily focuses on gas turbines,
the concepts discussed are not limited to gas turbines.
[0010] FIG. 2 is a schematic side view of an exemplary
hot gas path component 200. The hot gas path compo-
nent 200 has an arrangement that improves cooling
along the hot gas path, wherein a brazing or other suitable
process is used to form the hot gas path component 200.
The hot gas path component 200 includes a member 202
with a surface 204, wherein one or more channels 206
are formed in the surface 204. The hot gas path compo-
nent 200 also includes a layer 208 with a filler material
210 disposed between the layer 208 and the member
202. During an assembly process, the parts of the hot
gas path component 200 are held together by a clamping
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device 212. An exemplary manufacturing process for the
hot gas path component 200 includes the following steps.
Channels 206 are formed in the member 202 by a suitable
method, such as milling. The filler material 210 is then
placed on the surface 204 of the member 202. The layer
208 is placed on the filler material 210 and the surface
204, thereby enclosing channels 206. In one embodi-
ment, the clamping devices 212 are configured to com-
press and hold the layer 208 and member 202 together
during a heating cycle, such as those used in a brazing
process.
[0011] Thus, when assembled, a brazing process
heats the member 202, filler material 210 and layer 208
to a selected temperature for a selected amount of time,
wherein the selected temperature is above a melting
point of the filler material 210 and below a melting point
of the member 202 and the layer 208. Exemplary heating
cycles for brazing include heating the hot gas path com-
ponent to a temperature between about 1255 and about
1464 K (1800 and about 2175 degrees Fahrenheit) for
about 10 minutes. In some embodiments, the heating
cycle is to greater than about 1436 K (2125 degrees Fahr-
enheit). The heating process melts the exemplary filler
material 404, which may include a compound comprising
boron, silicon and nickel (e.g., BNi-2, BNi-3, BNi-5). Ex-
emplary materials for the member 202 and the layer 208
include alloys, such as nickel and cobalt base superal-
loys. After the heating cycle, the hot gas path component
200 is then cooled, thereby forming a bond between the
member 202 and the layer 208 via the hardened filler
material 210. The clamping devices 212 are optionally
used to prevent decoupling (or "potato chipping") of por-
tions of the hot gas path component 200 during the heat-
ing and cooling cycles.
[0012] After assembly and the brazing process, the hot
gas path component 200 is configured to direct a cooling
fluid through channels 206 to cool the hot gas path com-
ponent 200 as hot gas passes along region 214 during
turbine operation. By brazing the layer 208, a relatively
small distance 216 is provided between the cooling chan-
nel 206 and the region 214 to be cooled. In an embodi-
ment, the filler material 210 is a foil layer or a paste ap-
plied to the surface 210, wherein the filler material 210
provides a bond as it is heated and cooled. In embodi-
ments, the member 202, the surface 204 and the layer
208 are curved, thereby enabling a cooling of a curved
surface of the exemplary hot gas path component 200.
Other shapes or surfaces are also contemplated, such
as twisted or wavy surfaces. Exemplary curved hot gas
path components 200 include a bucket, a nozzle or other
curved member along a hot gas path of a turbine. The
depicted arrangement and method for making the hot
gas path component 200 provides improved cooling for
the component, thereby reducing creep, oxidation and
thermal fatigue while improving performance of the tur-
bine.
[0013] FIG. 3 is a perspective view of an embodiment
of a hot gas path component to be placed in the gas

turbine 100. As depicted, the exemplary hot gas path
component is an embodiment of a stage one shroud 300.
The shroud 300 includes a member 302 with a surface
304 proximate to a hot gas path in the turbine 100. The
shroud 300 also includes a surface 306 proximate to cool
fluid and/or air in the turbine 100. To improve cooling of
the member 302, one or more channels 308 are formed
in the surface 304, wherein the channels 308 are config-
ured to cool the surface 304 by flowing a cooling fluid.
The cooling fluid flows through holes 310 to channels
308. A fluid supply 312, such as a chamber and/or a
pump, provides the cooling fluid, which may include air,
a water solution and/or a gas. The shroud 300 is config-
ured to interface with a similar adjacent shroud via a seal
to be placed in a seal slot 314 in interface surface 316.
In an embodiment, the seal and joined interface surface
316 reduces leakage of cool air from the surface 306 into
the hot gas path, thereby providing high temperature hot
gas to convert from thermal energy to mechanical energy
inside the turbine 100. As will be described in detail with
reference to FIG. 4, the channels 308 are covered by a
layer to form a substantially flush surface 304 and en-
close the channels 308.
[0014] As depicted, the channels 308 are configured
to control a temperature of surface 304. The cooling fluid
flows from fluid supply 312 through holes 310 into chan-
nels 308, wherein the proximity and configuration of
channels 308 in relation to surface 304 provides im-
proved cooling of the shroud 300. In embodiments, the
cooling channels 308 are formed in turbine components
proximate a hot gas flow path. Exemplary turbine com-
ponents along the hot gas path include, but are not limited
to, shrouds, nozzles, buckets and diaphragms. For ex-
ample, the channels 308 are formed in a surface of side-
wall of a nozzle assembly, wherein the channels are con-
figured to cool the sidewall to reduce thermal fatigue for
the nozzle assembly. The channels 308 may be formed
in the member 302 by any suitable method, such as by
investment casting during formation of the member 302.
Another exemplary technique to form the channels 308
includes removing material from the member 302 after it
has been formed. Removal of material to form channels
308 may include any suitable method, such as by using
a water jet, a mill, a laser, electric discharge machining,
any combination thereof or other suitable machining or
etching process. As depicted, the cooling channels 308
are in a U configuration (when line of sight is perpendic-
ular to the surface 304), however, the channels 308 may
be formed in any suitable configuration for cooling includ-
ing an S, O, Z or other suitable configuration. By using a
material removal process, complex and intricate patterns
may be used to form the channels 308 based on com-
ponent geometry and other application specific factors,
thereby improving cooling abilities for the hot gas path
component. In addition, any number of channels 308 may
be formed in the member 302, depending on desired
cooling performances and other system constraints.
[0015] In embodiments, the cooling fluid is any suitable
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fluid that cools the turbine components and selected re-
gions of gas flow, such as high temperature and pressure
regions of the shroud 300. For example, the cooling fluid
supply 312 is a supply of compressed air from the com-
pressor 102, wherein the compressed air is diverted from
the air supply routed to the combustor. Thus, the supply
of compressed air bypasses the combustor 104 and is
used to cool the shroud 300. Accordingly, the improved
arrangement of channels 308 reduces the amount of
compressed air used for cooling by improving cooling of
the turbine components and regions near the compo-
nents. As a result, an increased amount of compressed
air is directed to the combustor 106 for conversion to
mechanical output to improve overall performance and
efficiency of the turbine 100 while extending turbine com-
ponent life by reducing thermal fatigue. Further, the dis-
closed arrangement of the shroud 300 and channels 308
provides a more uniform temperature distribution along
surface 304. In aspects, turbine components or parts,
including the shroud 300, are formed of stainless steel
or an alloy, where the parts may experience creep, oxi-
dation and thermal fatigue if not properly cooled during
engine operation.
[0016] FIG. 4 is another perspective view of the shroud
300. As depicted, the shroud 300 includes a layer 402
(also referred to as "skin layer" "cover member" or "cover
piece") disposed on the channels 308 in surface 304,
thereby enclosing the channels 308. In an embodiment,
the layer 402 is coupled to the surface 304 after channels
308 are formed in the member 302. Thus, the enclosed
channels 308 provide improved cooling and reduced
thermal fatigue for the shroud 300. In the depicted em-
bodiment, the layer 402 is a suitable configuration, such
as the exemplary U shaped member. The layer 402 may
be formed from the same or different material as the
shroud 300. Exemplary materials for the layer 402 in-
clude alloys, such as nickel or cobalt base superalloys.
Further, the layer 402 may be any suitable geometry or
configuration to cover and enclose the channels 308. The
layer 402 may also comprise one or more members con-
figured to enclose and/or cover the channels 308. The
layer 402 is coupled to the surface 304 and member 302
via a suitable bonding method, such as brazing, linear
friction welding and diffusion bonding. For example, the
layer 402 is brazed to surface 304 by disposing a braze
foil filler material 404 between the layer and surface 304.
The filler material 404, member 302 and layer 402 are
then heated to a selected temperature, wherein the filler
material 404 is melted. The filler material 404, member
302 and layer 300 are then cooled to bond the layer 402
and member 302. The heating and cooling processes
may be repeated to provide a heating cycle at selected
temperatures to bond the parts. The brazing process
heats the parts to a melting temperature for the filler ma-
terial 404, wherein the temperature is below a melting
point of the layer 402 and member 302.
[0017] With continued reference to FIG. 4, the illustrat-
ed layer 300 has a thickness 400 of less than about

1.5mm to provide cooling channels 308 that are less than
about 1.5mm from the surface 304. In embodiments, the
thickness 400 is less than about 1.2mm. In other embod-
iments, the thickness 400 is less than about 2.5mm. In
embodiments, the thickness 400 is less than
about .8mm. In yet other embodiments, the thickness
400 ranges from about .4mm to about .6mm. By provid-
ing the relatively thin layer 300 to cover and encapsulate
the channels 308, the improved cooling of the shroud
300 extends the life of the hot gas path component. In
one embodiment, the layer 402 is formed to fit the open-
ing for channels 308 in member 302, wherein the layer
402 does not have to have a protruding portion removed.
Thus, the layer 402 is disposed on and coupled to the
surface 304 via brazing or another suitable method, as
described above, and provides a substantially uniform
profile with surface 304.
[0018] FIG. 5 is a schematic side view of another ex-
emplary hot gas path component 500. The hot gas path
component 500 includes a layer 502 with a surface 504,
wherein a filler material 510 is placed between the sur-
face 504 and a member 508. Channels 506 are formed
in a surface 507 of the member 508. In an embodiment,
the member 508 is less than about 2.5mm thick. During
an assembly process, the parts of the hot gas path com-
ponent 500 are held together by a clamping device 512.
An exemplary brazing process for the hot gas path com-
ponent 500 includes the following steps. Channels 506
are formed in the member 508 by a suitable method, such
as milling. Further, cooling holes 518 are formed by a
suitable method, such as drilling. The filler material 510
is then placed on the surface 507 of the member 508.
The filler material 510 is placed on the surface 504 and
the member 508 is then placed on the layer 502, thereby
enclosing channels 506. The layer 502, filler material 510
and member 508 are heated to a selected temperature
for a selected amount of time, wherein the selected tem-
perature is above a melting point of the filler material 510
and below a melting point of the layer 502 and the mem-
ber 508. After the heating cycle, the hot gas path com-
ponent 500 is then cooled, thereby forming a bond be-
tween the layer 502 and the member 508 via the hard-
ened filler material 510. In an embodiment, the channels
506 have a relatively small distance 516 to a hot gas path
region 514 in the turbine system, thereby improving cool-
ing and reducing creep, oxidation and thermal fatigue for
the hot gas path component 500 through improved cool-
ing efficiency.
[0019] After completion of the brazing process, the
component surfaces can be drilled for cooling holes and
also coated using a thermal spray process or other coat-
ing processes. Hot gas path components in gas turbines
are sometimes coated with McrAlY (metallic) bond coats
and/or thermal barrier coating (ceramic) top coats. Cool-
ing holes are also drilled in the hot gas path components
to provide film cooling fluid/air to cool the part and the
coating. In embodiments, after service of the turbine sys-
tem, the parts are inspected, repaired if necessary and
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put back in service. Repair typically involves stripping the
coating, inspection, welding or brazing to repair the de-
fects such as cracks or loss of material. The parts are
then coated and heat treated. Reopening and/or machin-
ing of cooling holes on repaired components can be a
difficult and tedious process. In the embodiment shown
in FIG. 5, the member 508 has the cooling holes 518 and
coating, the member 508 can be drilled and/or coated
prior to brazing it to the component 500, thereby simpli-
fying the repair process. In an embodiment, a service run
component can be modified to remove local thermally
damaged regions or "hot spots." Cooling channels can
be machined while the component is not assembled and
the member 508 can be brazed/bonded to form the
shroud 500 or other hot gas path component. The mem-
ber 508 can be drilled for cooling holes and also coated
with metallic and ceramic coatings prior to brazing/bond-
ing to the component. It should be noted that this arrange-
ment and method may be used during a manufacturing
or repair process for the component 500.
[0020] While the invention has been described in detail
in connection with only a limited number of embodiments,
it should be readily understood that the invention is not
limited to such disclosed embodiments. Accordingly, the
invention is not to be seen as limited by the foregoing
description, but is only limited by the scope of the ap-
pended claims.

Claims

1. A method for manufacturing a hot gas path compo-
nent (200, 300) of a turbine (100), the method com-
prising the following steps:

forming cooling channels (206, 308, 506) in a
surface of a member (202, 302, 508) of said hot
gas path component (200, 300, 500);
further drilling cooling holes (518) in the mem-
ber; then disposing a layer (208, 402, 502) on
the surface (204, 304) of the member (202, 302)
to enclose the cooling channels (206, 308), the
layer (208, 402) being disposed on a portion of
the member (202, 302) to be cooled; and
bonding the layer (208, 402) to the surface (204,
304), wherein bonding comprises disposing a
braze filler metal between the layer (208, 402)
and the surface (204, 304) and heating the layer
(208, 402), the member (202, 302) and the braze
filler metal to a selected temperature.

2. The method of claim 1, wherein the selected tem-
perature comprises a temperature greater than
about 1255 K (1800° F).

3. The method of claim 1 or 2, wherein the braze filler
material comprises a metallic foil.

4. The method of any preceding claim, wherein forming
cooling channels (206, 308) comprises machining or
investment casting the cooling channels (206, 308)
in the member (202, 302).

5. The method of any preceding claim, wherein forming
cooling channels comprises forming the channels
using at least one of a water jet, a mill, a laser, and
electric discharge machining.

6. The method of claim 1, wherein disposing the layer
(208, 402) comprises disposing the layer (208, 402)
with a thickness (216) less than about 0.8mm.

7. The method of claim 1, wherein bonding the layer
comprises diffusion bonding the layer and member
at a selected temperature.

Patentansprüche

1. Verfahren zum Herstellen einer mit Heißgas beauf-
schlagten Komponente (200, 300) einer Turbine
(100), wobei das Verfahren die folgenden Schritte
umfasst:

Bilden von Kühlkanälen (206, 308, 506) in einer
Oberfläche eines Elements (202, 302, 508) der
mit Heißgas beaufschlagten Komponente (200,
300, 500);
weiterhin Bohren von Kühllöchern (518) in das
Element;
dann Anordnen einer Schicht (208, 402, 502)
auf der Oberfläche (204, 304) des Elements
(202, 302), um die Kühlkanäle (206, 308) zu um-
schließen, wobei die Schicht (208, 402) auf ei-
nem Abschnitt des zu kühlenden Elements (202,
302) angeordnet ist; und
Verbinden der Schicht (208, 402) mit der Ober-
fläche (204, 304), wobei das Verbinden das An-
ordnen eines Lötfüllmetalls zwischen der
Schicht (208, 402) und der Oberfläche (204,
304) und das Erwärmen der Schicht (208, 402),
des Elements (202, 302) und des Lötfüllmetalls
auf eine ausgewählte Temperatur umfasst.

2. Verfahren nach Anspruch 1, wobei die ausgewählte
Temperatur eine Temperatur von mehr als etwa
1255 K (1800 °F) umfasst.

3. Verfahren nach Anspruch 1 oder 2, wobei das Löt-
füllmaterial eine Metallfolie umfasst.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bilden von Kühlkanälen (206, 308)
das maschinelle Bearbeiten oder Feingießen der
Kühlkanäle (206, 308) in dem Element (202, 302)
umfasst.
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5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Bilden von Kühlkanälen das Bilden
der Kanäle unter Verwendung mindestens eines von
einem Wasserstrahl, einem Fräser, einem Laser und
Funkenerodieren umfasst.

6. Verfahren nach Anspruch 1, wobei das Anordnen
der Schicht (208, 402) das Anordnen der Schicht
(208, 402) mit einer Dicke (216) von weniger als etwa
0,8 mm umfasst.

7. Verfahren nach Anspruch 1, wobei das Verbinden
der Schicht das Diffusionsverbinden der Schicht und
des Elements bei einer ausgewählten Temperatur
umfasst.

Revendications

1. Procédé de fabrication d’un composant de trajet de
gaz chaud (200, 300) d’une turbine (100), le procédé
comprenant les étapes suivantes :

formation de canaux de refroidissement (206,
308, 506) dans une surface d’un élément (202,
302, 508) dudit composant de trajet de gaz
chaud (200, 300, 500) ;
le perçage en outre de trous de refroidissement
(518) dans l’élément ;
puis la mise en place d’une couche (208, 402,
502) sur la surface (204, 304) de l’élément (202,
302) pour enfermer les canaux de refroidisse-
ment (206, 308), la couche (208, 402) étant dis-
posée sur une partie de l’élément (202, 302) à
refroidir ; et
la liaison de la couche (208, 402) à la surface
(204, 304), dans lequel la liaison comprend la
mise en place d’un métal d’apport de brasage
entre la couche (208, 402) et la surface (204,
304) et le chauffage de la couche (208, 402), de
l’élément (202, 302) et du métal d’apport de
brasage à une température sélectionnée.

2. Procédé selon la revendication 1, dans lequel la tem-
pérature sélectionnée comprend une température
supérieure à environ 1255 K (1800 °F).

3. Procédé selon la revendication 1 ou 2, dans lequel
le matériau d’apport de brasage comprend une
feuille métallique.

4. Procédé selon une quelconque revendication pré-
cédente, dans lequel la formation de canaux de re-
froidissement (206, 308) comprend un usinage ou
une coulée en cire perdue des canaux de refroidis-
sement (206, 308) dans l’élément (202, 302).

5. Procédé selon une quelconque revendication pré-

cédente, dans lequel la formation de canaux de re-
froidissement comprend la formation des canaux en
utilisant au moins l’un parmi un jet d’eau, un laminoir,
un laser, et un usinage par étincelage.

6. Procédé selon la revendication 1, dans lequel la mise
en place de la couche (208, 402) comprend la mise
en place de la couche (208, 402) avec une épaisseur
(216) inférieure à environ 0,8 mm.

7. Procédé selon la revendication 1, dans lequel la
liaison de la couche comprend la liaison par diffusion
de la couche et de l’élément à une température sé-
lectionnée.
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