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METHODS FOR POSITIONING NEIGHBORING NOZZLES
OF A GAS TURBINE ENGINE

ABSTRACT

Methods for positioning neighboring nozzles of a gas turbine engine are
provided. A method includes assembling a first nozzle assembly. The first nozzle
assembly includes a first nozzle and a first nozzle support structure. The method further
1ncludes assembling a second nozzle assembly. The second nozzle assembly includes a
second nozzle and a second nozzle support structure. The method further includes
adjusting the first nozzle assembly and the second nozzle assembly such that an
engineering dimension between the first nozzle and the second nozzle is within a
predetermined engineering tolerance, and joining the first nozzle support structure and

the second nozzle support structure together.
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METHODS FOR POSITIONING NEIGHBORING NOZZLES
OF A GAS TURBINE ENGINE

FIELD OF THE INVENTION

[0001] The present subject matter relates generally to nozzles of gas turbine
engines, and more particularly to methods for positioning neighboring nozzles of gas
turbine engines such that particular engineering dimensions between the nozzles are

within predetermined tolerances.

BACKGROUND OF THE INVENTION

(0002} A gas turbine engine generally includes, 1n serial flow order, a compressor
section, a combustion section, a turbine section and an exhaust section. In operation, air
enters an inlet of the compressor section where one or more axial compressors
progressively compress the air until 1t reaches the combustion section. Fuel 1s mixed with
the compressed air and burned within the combustion section to provide combustion
gases. The combustion gases are routed from the combustion section through a hot gas

path defined within the turbine section and then exhausted from the turbine section via

the exhaust section.

[0003] In particular configurations, the turbine section includes, in serial tlow
order, a high pressure (HP) turbine and a low pressure (LP) turbine. The HP turbine and
the LP turbine each include various rotatable turbine components such as turbine rotor
blades, rotor disks and retainers, and various stationary turbine components such as stator
vanes or nozzles, turbine shrouds and engine frames. The rotatable and the stationary
turbine components at least partially define the hot gas path through the turbine section.

As the combustion gases flow through the hot gas path, thermal energy is transterred

from the combustion gases to the rotatable turbine components and the stationary turbine

components.
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[0004] Nozzles utilized in gas turbine engines, and in particular HP turbine
nozzles, are often arranged as an array of airfoil-shaped vanes extending between annular
1nner and outer bands which define the primary flowpath through the nozzles. Further,
the spacing between and orientation of the components of neighboring nozzles arranged
in an annular array is of particular concern for optimal gas turbine engine performance.
Various engineering dimensions between features of neighboring nozzles, and 1n
particular the airfoils thereof, are measured and evaluated. It is generally desirable that
these engineering dimensions are within desired predetermined tolerances for optimal gas
turbine engine performance. One engineering dimension that is of particular concern is
the dimension between a trailing edge of an airfoil of a nozzle and a high camber location
on a suction side of an airfoil of a neighboring nozzle. This engineering dimension is
sometimes termed the “A41” dimension. If this dimension is smaller than a
predetermined optimal range of dimensions, the gas turbine engine compressor can stall.
If this dimension is larger than the predetermined optimal range of dimensions, the

efficiency of the gas turbine engine can be lowered.

[0005] Accordingly, improved methods for positioning neighboring nozzles are
desired. In particular, methods which provide for positioning such that particular
engineering dimensions between the neighboring nozzles are within predetermined

tolerances would be advantageous.

BRIEF DESCRIPTION OF THE INVENTION

[0006] Aspects and advantages of the invention will be set forth in part in the
following description, or may be obvious from the description, or may be learned through

practice of the invention.

[0007] In accordance with one embodiment of the present disclosure, a method
for positioning neighboring nozzles of a gas turbine engine is provided. The method
includes assembling a first nozzle assembly. The first nozzle assembly includes a first

nozzle and a first nozzle support structure. The first nozzle includes an airfoil, an outer
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band disposed radially outward of the airfoil, and an inner band disposed radially inward
of the airfoil. The first nozzle support structure includes a strut extending through the
nozzle, an outer hanger disposed radially outward of the airfoil, and an inner hanger
disposed radially inward of the airfoil. The method further includes assembling a second
nozzle assembly. The second nozzle assembly includes a second nozzle and a second
nozzle support structure. The second nozzle includes an airfoil, an outer band disposed
radially outward of the airfoil, and an inner band disposed radially inward of the airfoil.
The second nozzle support structure included a strut extending through the nozzle, an
outer hanger disposed radially outward of the airfoil, and an inner hanger disposed
radially inward of the airfoil. The method further includes adjusting the first nozzle
assembly and the second nozzle assembly such that an engineering dimension between
the first nozzle and the second nozzle 1s within a predetermined engineering tolerance,
and joining the first nozzle support structure and the second nozzle support structure

together.

[0008] In accordance with another embodiment of the present disclosure, a
method for positioning neighboring nozzles of a gas turbine engine i1s provided. The
method includes assembling a first nozzle assembly. The first nozzle assembly includes a
first nozzle and a first nozzle support structure. The first nozzle includes an airtoil, an
outer band disposed radially outward of the airfoil, and an inner band disposed radially

inward of the airfoil. The first nozzle support structure includes a strut extending through

the nozzle, an outer hanger disposed radially outward of the airfoil, and an inner hanger
disposed radially inward of the airfoil. The method further includes assembling a second
nozzle assembly. The second nozzle assembly includes a second nozzle and a second
nozzle support structure. The second nozzle includes an airfoil, an outer band disposed
radially outward of the airfoil, and an inner band disposed radially inward of the airfoil.
The second nozzle support structure included a strut extending through the nozzle, an
outer hanger disposed radially outward of the airfoil, and an inner hanger disposed
radially inward of the airfoil. The method further includes, after assembling the first

nozzle assembly and the second nozzle assembly, adjusting the first nozzle assembly and

3
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the second nozzle assembly such that an engineering dimension between the first nozzle
and the second nozzle is within a predetermined engineering tolerance. The method

further includes, after adjusting the first nozzle assembly and the second nozzle assembly,

joining the first nozzle support structure and the second nozzle support structure together.

[0009] In accordance with another embodiment of the present disclosure, a
method for positioning neighboring nozzles of a gas turbine engine is provided. The
method includes joining an inner hanger of a first nozzle support structure and an inner
hanger of a second nozzle support structure together, and joining an outer hanger of the
first nozzle support structure and an outer hanger of the second nozzle support structure

together. The method further includes, after joining the inner hangers and outer hangers
together, assembling a first nozzle assembly. The first nozzle assembly includes a first
nozzle and the first nozzle support structure. The first nozzle includes an airfoil, an outer
band disposed radially outward of the airfoil, and an inner band disposed radially inward
of the airfoil. The first nozzle support structure includes a strut extending through the
nozzle, the outer hanger disposed radially outward of the airfoil, and the inner hanger
disposed radially inward of the airfoil. The method further includes, after joining the
inner hangers and outer hangers together, assembling a second nozzle assembly. The
second nozzle assembly includes a second nozzle and the second nozzle support
structure. The second nozzle includes an airfoil, an outer band disposed radially outward

of the airfoil, and an inner band disposed radially inward of the airfoil. The second

nozzle support structure included a strut extending through the nozzle, the outer hanger
disposed radially outward of the airfoil, and the inner hanger disposed radially inward of
the airfoil. The method further includes adjusting the first nozzle assembly and the
second nozzle assembly such that an engineering dimension between the first nozzle and

the second nozzle is within a predetermined engineering tolerance.

[0010] In accordance with another embodiment of the present disclosure, a nozzle
doublet assembly for a gas turbine engine is provided. The nozzle doublet assembly

includes a first nozzle assembly. The first nozzle assembly includes a nozzle and a
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nozzle support structure, the nozzle including an airfoil having an exterior surface
defining a pressure side and a suction side extending between a leading edge and a
trailing edge, an outer band disposed radially outward of the airfoil, and an inner band
disposed radially inward of the airfoil, the nozzle support structure including a strut
extending through the airfoil, the outer band of the nozzle and the inner band of the
nozzle, an outer hanger disposed radially outward of the airfoil, and an inner hanger
disposed radially inward of the airfoil. The nozzle doublet assembly further includes a
second nozzle assembly. The second nozzle assembly includes a nozzle and a nozzle
support structure, the nozzle including an airfoil having an exterior surface defining a
pressure side and a suction side extending between a leading edge and a trailing edge, an
outer band disposed radially outward of the airfoil, and an inner band disposed radially
inward of the airfoil, the nozzle support structure including a strut extending through the
airfoil, the outer band of the nozzle and the inner band of the nozzle, an outer hanger
disposed radially outward of the airfoil, and an inner hanger disposed radially inward ot
the airfoil. The inner hangers of the first nozzle assembly and the second nozzle
assembly are joined together and the outer hangers of the first nozzle assembly and the

second nozzle assembly are joined together.

[0011] In some embodiments, the strut of the first nozzle assembly is joined to at
least one of the inner hanger or the outer hanger of the first nozzle assembly and the strut

of the second nozzle assembly is joined to at least one of the inner hanger or the outer

hanger of the second nozzle assembly. In some embodiments, the strut of the first nozzle
assembly is connected to at least one of the inner hanger or the outer hanger of the first
nozzle assembly and the strut of the second nozzle assembly 1s connected to at least one

of the inner hanger or the outer hanger of the second nozzle assembly.

[0012] In some embodiments, an engineering dimension between the nozzle of

the first nozzle assembly and the nozzle of the second nozzle assembly is within a
predetermined engineering tolerance. For example, the predetermined engineering

tolerance may be plus or minus 4%, plus or minus 3%, plus or minus 2%, etc.



CA 02927268 2016-04-14

2’79498

[0013] These and other features, aspects and advantages of the present invention
will become better understood with reference to the following description and appended
claims. The accompanying drawings, which are incorporated in and constitute a part of

this specification, illustrate embodiments of the invention and, together with the

description, serve to explain the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A full and enabling disclosure of the present invention, including the best
mode thereof, directed to one of ordinary skill in the art, is set forth i1n the specification,

which makes reference to the appended figures, in which:

[0015] FIG. 1 is a schematic cross-sectional view of a gas turbine engine in

accordance with one embodiment of the present disclosure;

[0016] FIG. 2 is an enlarged circumferential cross sectional side view of a high

pressure turbine portion of a gas turbine engine in accordance with one embodiment of

the present disclosure;

[0017] FIG. 3 is a perspective view of an assembled nozzle assembly in

accordance with one embodiment of the present disclosure;

[0018] FIG. 4 is a perspective view of airfoils of neighboring nozzles illustrating

the measurement of an engineering dimension in accordance with one embodiment of the

present disclosure;

[0019] FIG. 5 is a perspective view of joined neighboring nozzle assemblies in

accordance with one embodiment of the present disclosure;

[0020] FIG. 6 is a perspective view of joined inner and outer hangers of
neighboring nozzle support structures being assembled with neighboring nozzles to form

neighboring nozzle assemblies in accordance with one embodiment of the present

disclosure;



CA 02927268 2016-04-14

279498

[0021] FIG. 7 is a cross-sectional view of apparatus for connecting components of

a nozzle assembly in accordance with one embodiment of the present disclosure;

[0022) FIG. 8 is a cross-sectional view of apparatus for connecting components of

a nozzle assembly in accordance with another embodiment of the present disclosure; and

[0023] FIG. 9 is a cross-sectional view of apparatus for connecting components of

a nozzle assembly in accordance with another embodiment of the present disclosure.
DETAILED DESCRIPTION OF THE INVENTION

10024 ] Reference will now be made in detail to present embodiments of the
invention, one or more examples of which are illustrated in the accompanying drawings.
The detailed description uses numerical and letter designations to refer to features in the
drawings. Like or similar designations in the drawings and description have been used to
refer to like or similar parts of the invention. As used herein, the terms “first”, “second”,
and “third” may be used interchangeably to distinguish one component from another and
are not intended to signify location or importance of the individual components. The
terms “upstream” and “downstream” refer to the relative flow direction with respect to
fluid flow in a fluid pathway. For example, “upstream” refers to the flow direction trom
which the fluid flows, and “downstream” refers to the flow direction to which the fluid

flows.

[0025] Further, as used herein, the terms “axial” or “axially” refer to a dimension
along a longitudinal axis of an engine. The term “forward” used in conjunction with
“axial” or “axially” refers to a direction toward the engine inlet, or a component being
relatively closer to the engine inlet as compared to another component. The term “rear”
used in conjunction with “axial” or “axially” refers to a direction toward the engine
nozzle, or a component being relatively closer to the engine nozzle as compared to

another component. The terms “radial” or “radially” refer to a dimension extending

between a center longitudinal axis of the engine and an outer engine circumference.
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[0026] Reterring now to the drawings, FIG. 1 is a schematic cross-sectional view
of an exemplary high-bypass turbofan type engine 10 herein referred to as “turbofan 10”
as may incorporate various embodiments of the present disclosure. As shown in FIG. 1,
the turbofan 10 has a longitudinal or axial centerline axis 12 that extends therethrough for
reference purposes. In general, the turbofan 10 may include a core turbine or gas turbine

engine 14 disposed downstream trom a tan section 16.

10027] The gas turbine engine 14 may generally include a substantially tubular
outer casing 18 that defines an annular inlet 20. The outer casing 18 may be formed from
multiple casings. The outer casing 18 encases, in serial flow relationship, a compressor
section having a booster or low pressure (LP) compressor 22, a high pressure (HP)
compressor 24, a combustion section 26, a turbine section including a high pressure (HP)
turbine 28, a low pressure (LP) turbine 30, and a jet exhaust nozzle section 32. A high
pressure (HP) shaft or spool 34 drivingly connects the HP turbine 28 to the HP
compressor 24. A low pressure (LP) shatt or spool 36 drivingly connects the LP turbine
30 to the LP compressor 22. The (LP) spool 36 may also be connected to a fan spool or
shaft 38 of the fan section 16. In particular embodiments, the (LP) spool 36 may be
connected directly to the fan spool 38 such as in a direct-drive configuration. In
alternative configurations, the (LP) spool 36 may be connected to the fan spool 38 via a
speed reduction device 37 such as a reduction gear gearbox in an indirect-drive or geared-

drive configuration. Such speed reduction devices may be included between any suitable

shafts / spools within engine 10 as desired or required.

[0028] As shown in FIG. 1, the fan section 16 includes a plurality of fan blades 40
that are coupled to and that extend radially outwardly from the fan spool 38. An annular
fan casing or nacelle 42 circumferentially surrounds the fan section 16 and/or at least a
portion of the gas turbine engine 14. It should be appreciated by those of ordinary skill in
the art that the nacelle 42 may be configured to be supported relative to the gas turbine

engine 14 by a plurality of circumferentially-spaced outlet guide vanes 44. Moreover, a

downstream section 46 of the nacelle 42 (downstream of the guide vanes 44) may extend
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over an outer portion of the gas turbine engine 14 so as to define a bypass airtlow passage

48 therebetween.

[0029] FIG. 2 provides an enlarged cross sectioned view of the HP turbine 28
portion of the gas turbine engine 14 as shown in FIG. 1, as may incorporate various
embodiments of the present invention. As shown in FIG. 2, the HP turbine 28 includes,
in serial flow relationship, a first stage 50 which includes an annular array 52 of stator
vanes (also known as nozzles) 54 (only one shown) axially spaced from an annular array
56 of turbine rotor blades 58 (only one shown). The HP turbine 28 further includes a
second stage 60 which includes an annular array 62 of stator vanes (also known as
nozzles) 64 (only one shown) axially spaced from an annular array 66 of turbine rotor
blades 68 (only one shown). The turbine rotor blades 58, 68 extend radially outwardly
from and are coupled to the HP spool 34 (FIG. 1). As shown in FIG. 2, the stator vanes
54, 64 and the turbine rotor blades 58, 68 at least partially define a hot gas path 70 for
routing combustion gases from the combustion section 26 (FIG. 1) through the HP

turbine 28.

[0030] As further shown in FIG. 2, the HP turbine may include one or more
shroud assemblies, each of which forms an annular ring about an annular array of rotor
blades. For example, a shroud assembly 72 may form an annular ring around the annular
array 56 of rotor blades 58 of the first stage 50, and a shroud assembly 74 may form an

annular ring around the annular array 66 of turbine rotor blades 68 of the second stage 60.

In general, shrouds of the shroud assemblies 72, 74 are radially spaced from blade tips
76, 78 of each of the rotor blades 68. A radial or clearance gap CL 1s defined between the
blade tips 76, 78 and the shrouds. The shrouds and shroud assemblies generally reduce
leakage from the hot gas path 70.

[0031] It should be noted that shrouds and shroud assemblies may additionally be
utilized in a similar manner in the low pressure compressor 22, high pressure compressor

24, and/or low pressure turbine 30. Accordingly, shrouds and shrouds assemblies as
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disclosed herein are not limited to use in HP turbines, and rather may be utilized 1n any

suitable section of a gas turbine engine.

10032] As discussed, the spacing and orientation of nozzles in an engine 10 1s of
particular concern. Accordingly, and referring now to FIGS 3 through 9, the present
disclosure is further directed to methods for positioning neighboring nozzles 102 of a gas
turbine engine 10. The neighboring nozzles 102 in accordance with the present
disclosure are nozzles which are or will be next to one another in an annular array 1in
engine 10. Nozzles 102 as disclosed herein may be utilized in place of stator vanes 54,

stator vanes 64, or any other suitable stationary airfoil-based assemblies 1n an engine.

[0033] As shown for example in FIGS. 3, a nozzle 102 in accordance with the
present disclosure includes an airfoil 110, which has outer surfaces defining a pressure
side 112, a suction side 114, a leading edge 116 and a trailing edge 118. The pressure
side 112 and suction side 114 extend between the leading edge 116 and the trailing edge
118, as is generally understood. In typical embodiments, airfoil 110 is generally hollow,
thus allowing cooling fluids to be flowed therethrough and structural reinforcement

components to be disposed therein.

[0034] Nozzle 102 can further include an inner band 120 and an outer band 130,
each of which is connected to the airfoil 110 at radially outer ends thereot generally along
a radial direction 104. Adjacent nozzles 102 in an array of nozzles 102 may be situated
side by side along a circumferential direction 106, as shown, with neighboring surfaces of
the inner bands 120 in contact and neighboring surfaces of the outer bands 130 1n contact.
Inner band 120 may be disposed radially inward of the airfoil 110, while outer band 130
may be disposed radially outward of the airfoil 110. Inner band 120 may include, for
example, a radially inwardly-facing end surface 121 and a radially outwardly-facing end
surface 122 which are spaced apart radially from each other. Inner band 120 may further
include various side surfaces, including a pressure side slash face 124, suction side slash
face 125, leading edge face 126 and trailing edge face 127. Similarly, outer band 130

may include, for example, a radially inwardly-facing end surface 131 and a radially

10
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outwardly-facing end surface 132 which are spaced apart radially from each other. Outer
band 130 may further include various side surfaces, including a pressure side slash face

134, suction side slash face 135, leading edge face 136 and trailing edge face 137.

[0035] In exemplary embodiments, the airfoil 110, inner band 110 and outer band
120 may be formed from ceramic matrix composite (“CMC”) materials. Alternatively,
however, other suitable materials, such as suitable plastics, composites, metals, etc., may

be utilized.

[0036] As further illustrated in FIG. 3, nozzle 102 may be a component of a
nozzle assembly 100, which may additionally include a nozzle support structure 103.
Each support structure 108 may be coupled to a nozzle 102 to support the nozzle 102 in
engine 10. Further support structure 108 may transmit loads from the nozzle 102 to

various other components within the engine 10.

[0037] Support structure 108 may include, for example, a strut 140. Strut 140
may generally extend through the airfoil 110, such as generally radially‘through the
interior of the airfoil 110. Strut 140 may further extend through the inner band 120 and
the outer band 130, such as through bore holes (not labeled) therein. In general, strut 203
may carry loads between the radial ends of the nozzle 102 to other components of the
support structure 108. The loads may be transferred through these components to other

components of the engine 10, such as the engine casing, etc.

[0033] For example, support structure 108 may include an inner hangerlSO and
an outer hanger 160, each of which is connected to strut 140 at radially outer ends thereot
generally along radial direction 104. Adjacent support structures 108 in an array of
support structures 108 may be situated side by side along circumferential direction 106,
as shown, with neighboring surfaces of the inner hangers 150 in contact and neighboring
surfaces of the outer hangers 150 in contact. Inner hanger 150 may be disposed radially

inward of the strut 140, while outer hanger 160 may be disposed radially outward of the

strut 140. Further, inner hanger 150 may be positioned generally radially inward of the

11
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airfoil 110 and 1nner band 120. Outer hanger 160 may be positioned generally radially
outward of the airfoil 110 and outer band 130. Inner hanger 150 may include, for
example, a radially inwardly-tfacing end surface 151 and a radially outwardly-facing end
surface 152 which are spaced apart radially from each other. Inner hanger 150 may
further include various side surfaces, including a pressure side slash face 154, suction
side slash face 155, leading edge face 156 and trailing edge face 157. Similarly, outer
hanger 160 may include, for example, a radially inwardly-facing end surface 161 and a
radially outwardly-facing end surface 162 which are spaced apart radially from each
other. Outer hanger 160 may further include various side surfaces, including a pressure
side slash face 164, suction side slash face 165, leading edge face 166 and trailing edge
face 167.

[0039] In exemplary embodiments, the strut 140, inner hanger 150 and outer
hanger 160 are formed from metals. Alternatively, however, other suitable materials,

such as suitable plastics, composites, etc., may be utilized.

[0040] As mentioned, the present disclosure 1s directed to methods for positioning
neighboring nozzles 102, in general to form nozzle doublet assemblies. For purposes of
the present disclosure, neighboring nozzles 102 will be referred to respectively as a first
nozzle 210 and a second nozzle 212. Neighboring nozzle assemblies 100 will be reterred
to respectively as a first nozzle assembly 200 and a second nozzle assembly 202.

Neighboring nozzies support structures 108 will be referred to respectively as a first

nozzle support structure 220 and a second nozzle support structure 212. First nozzle
assembly 200 includes first nozzle 210 and first nozzle support structure 220, and second
nozzle assembly 202 includes second nozzle 212 and second nozzle support structure
222. It should be understood that first and second nozzle assemblies 200, 202, nozzles
210, 212, and nozzle support structures 220, 222 may be any two neighboring nozzle
assemblies 100, nozzles 102, and nozzle support structures 108, respectively, within or to

be utilized within an engine 10.

12
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[0041] Referring now to FIGS. 3 through 9, methods in accordance with the
present disclosure may include, for example, assembling a first nozzle assembly 200 and
a second nozzle assembly 202. FIG. 3 illustrates one embodiment of a nozzle assembly,
which may be a first nozzle assembly 200 or a second nozzle assembly 202, which has
been assembled in accordance with the present disclosure. In the embodiment of FIG. 3,
the steps of assembling the first and second nozzle assemblies 200, 202 are performed
before other steps of the present method, including an adjusting step and a joining step as

discussed herein.

[0042] An assembled first or second nozzle assembly 200, 202 includes a nozzle
210, 212 and a nozzle support structure 220, 222. The strut 140 of the nozzle support
structure 220, 222 generally extends through the nozzle 210, 212, such as through the
airfoil 110, inner band 120 and outer band 130 thereof. In exemplary embodiments, the
step of assembling a first nozzle assembly 200 and/or second nozzle assembly 202
includes, for example, the step of inserting the strut 140 of the first or second nozzle
support structure 220, 222 through the first or second nozzle 210, 222, such as through
the airfoil 110, inner band 120 and outer band 130 thereof. The step of assembling the
first nozzle assembly 200 and/or second nozzle assembly 202 may further include, for
example, the step of joining the strut 140 of the first or second nozzle support structure
220, 222 to one or both of the inner hanger 150 or outer hanger 160 of the first or second

nozzle support structure 220, 222. In some embodiments, the strut 140 may be integral

with one of the inner hanger 150 or outer hanger 160, and thus not require joining to this
hanger. In other embodiments, the strut 140 may require joining to both hangers 150,
160. For example, in the embodiment of FIG. 3, the strut 140 is integral with the outer

hanger 160 and joined to inner hanger 150.

[0043] Joining of components in accordance with the present disclosure may form
a joint 230 between the components. In exemplary embodiments, joining is
accomplished by brazing the components, such as the strut 140 and inner and/or outer

hangers 150, 160, together. Alternatively, joining may be accomplished by welding or

13
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another suitable joining technique. Joining techniques in accordance with the present
disclosure generally utilized a melted and then solidified filler material and/or melted and

then solidified surfaces of the components to fix the subject components together.

[0044] FIGS. 6 through 9 illustrate another embodiment of first and second
nozzle assemblies 200, 202 being assembled in accordance with the present disclosure.
In the embodiment of FIGS. 6 through 9, other steps of the method, such as joining steps
as discussed herein, are performed before the steps of assembling the first and second
nozzle assemblies 200, 202. FIG. 6 illustrates struts 140 of first and second nozzle
support structures 150, 160 being inserted through respective first or second nozzles 210,
222, such as through the airfoils 110, inner bands 120 and outer bands 130 thereof. In
these embodiments, however, rather than joining the strut 140 to the inner hanger 150
and/or outer hanger 160, the step of assembling the first nozzle assembly 200 and/or
second nozzle assembly 202 may further include connecting the strut 140 to one or both
of the inner hanger 150 or outer hanger 160. As discussed, in some embodiments, the
strut 140 may be integral with one of the inner hanger 150 or outer hanger 160, and thus
not require joining to this hanger. In other embodiments, the strut 140 may require
connecting to both hangers 150, 160. For example, in the embodiments of FIGS. 7
through, the strut 140 is integral with the inner hanger 150 and connected to outer hanger

160.

[0045] Connecting of components 1n accordance with the present disclosure may

be accomplished via, for example, a suitable mechanical fastener or another suitable
technique that generally results in a removable connection. For example, FIG. 7
illustrates one embodiment wherein the strut 140 defines a threaded inner bore 250 and
the inner hanger 150 or outer hanger 160 defines a bore hole 252. A threaded bolt 254
may be extended through the bore hole 252, and outer threads of the bolt 254 may engage
the inner threads of the threaded inner bore 250 to connect the strut 140 and the inner

hanger 150 or outer hanger 160. FIG. 8 illustrates another embodiment wherein the strut

140 includes a threaded protrusion 260 (which may be integral with the strut 140) which

14
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extends through a bore hole 262 define in the inner hanger 150 or outer hanger 160.
Inner threads of a threaded nut 264 may engage the outer threads of the threaded
protrusion 260 to connect the strut 140 and the inner hanger 150 or outer hanger 160.
FI1G. 9 illustrates another embodiment wherein a bore hole 270 is defined in the strut 140
and a mating bore hole 272 is defined in the inner hanger 150 or outer hanger 160. A pin
274 may extend through the bore holes 270, 272 to connect the strut 140 and the inner

hanger 150 or outer hanger 160.

[0046] A method 1n accordance with the present disclosure may further include,
for example, the step of adjusting the first nozzle assembly 200 and second nozzle
assembly 202 such that an engineering dimension between the first nozzle 210 and the
second nozzle 212 1s within a predetermined engineering tolerance. As discussed, the
engineering dimension is in exemplary embodiments a dimension, such as an area,
between a trailing edge 118 of the airfoil 110 of the first nozzle 210 and a high camber
location on a suction side 114 of the airfoil 110 of the second nozzle 212. This
dimension 1s labeled as reference number 240 in FIG. 4. Alternatively, however, an
engineering dimension may be any suitable dimension, such as a length, width, height,
area, etc., between the first nozzle 210 and the second nozzle 212 that is desired to be

within a specified, predetermined tolerance for preferred engine 10 performance.

[0047] Use of methods 1n accordance with the present disclosure advantageously

allows for the predetermined tolerances to be minimized, thus facilitate improved engine

10 performance as discussed herein. For example, in some embodiment, in particular
wherein the engineering dimension is dimension 240, the predetermined tolerance may

advantageously be plus or minus 4%, plus or minus 3%, plus or minus 2%, etc.

[0048] The adjusting step may include, for example, measuring the engineering
dimension between the first nozzle 210 and the second nozzle 212, and may further
include altering one or both of the first nozzle assembly 200 or the second nozzle
assembly 202 if required such that the engineering dimension is within the predetermined

engineering tolerance for that engineering dimension. FIG. 4, provides, for illustrative
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purposes only, a view of the airfoils 110 of nozzles 210, 212 positioned for measuring an

engineering dimension, in this case dimension 240.

[0049] In some embodiments, the adjusting step may occur after the assembling
steps, and betore a joining step as discussed herein. In other embodiments, the adjusting
step may occur during the assembling steps, such as after the inserting steps discussed
above with reference to FIG. 6 but before the connecting steps as discussed above with
reference to FIGS. 7 through 9. To alter the nozzle assemblies 200, 202 after measuring
the engineering dimension, the inner hangers 150 and/or outer hanger 160 of the .nozzle
support structures 220, 222 may, for example, be altered such that the engineering
dimension 1s within the predetermined tolerances. For example, the slash faces 154, 155,
164, 165 may be trimmed or re-positioned relative to each other such that the engineering

dimension is within the predetermined tolerances.

[0050] A method in accordance with the present disclosure may further include,
for example, the step of joining the first nozzle support structure 220 and the second
nozzle support structure 222 together. For example, the joining step may include joining
the 1inner hangers 150 of the first nozzle support structure 220 and second nozzle support
structure 222 together and joining the outer hangers 160 of the first nozzle support
structure 220 and second nozzle support structure 222 together. In particular, and as
shown for example in FIGS. 5 and 6, the suction side slash face 155 of the inner hanger

150 of the first nozzle support structure 220 and the pressure side slash face 154 of the
inner hanger 150 of the second nozzle support structure 222 may be joined together, and
the suction side slash face 165 of the outer hanger 160 of the first nozzle support structure

220 and the pressure side slash face 164 of the outer hanger 160 of the second nozzle

support structure 222 may be joined together.

[0051} As discussed above, such joining step may occur before or after the
assembling steps discussed herein. For example, in some embodiments, as illustrated in
FIG. 5, the joining step may occur after the assembling steps as well as the adjusting step.
FIG. 5 1llustrates the joints 230 resulting from joining of the nozzle support structures
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220, 222. Such joining in these embodiments generally couples the nozzle assemblies
200, 202 together such that the possibility of further adjustments in the engineering

dimension are advantageously reduced or eliminated.

[0052] In other embodiments, as illustrated in FIG. 6, the joining step may occur
before the assembling steps. As shown, the inner hangers 150 and outer hangers 160 are
joined together before assembling the nozzle assemblies 200, 202. In these embodiments,
after the joining step, connecting of the struts 140 of the nozzle support structures 220,
222 to the respective inner hangers 150 and/or outer hangers 160 generally couples the
nozzle assemblies 200, 202 together such that the possibility of further adjustments in the

engineering dimension are advantageously reduced or eliminated.

[0053] While there have been described herein what are considered to be preferred
and exemplary embodiments of the present invention, other modifications of these
embodiments falling within the scope of the invention described herein shall be apparent

to those skilled in the art.
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WHAT IS CLAIMED IS:

1. A method for positioning neighboring nozzles of a gas turbine engine,
the method comprising:

assembling a first nozzle assembly, the first nozzle assembly comprising a first
nozzle and a first nozzle support structure, the first nozzle comprising an airfoil, an outer
band disposed radially outward of the airfoil, and an inner band disposed radially inward
of the airfoil, the first nozzle support structure comprising a strut extending through the
nozzle, an outer hanger having a suction side slash face and a pressure side slash face, the
inner hanger disposed radially outward of the airfoil, and an inner hanger disposed radially
inward of the airfouil;

assembling a second nozzle assembly, the second nozzle assembly comprising
a second nozzle and a second nozzle support structure, the second nozzle comprising an
airfoil, an outer band disposcd radially outward ot the airfoil, and an inner band disposed
radially inward of the airfoil, the second nozzle support structure comprising a strut
extending through the nozzle, an outer hanger disposed radially outward of the airfoil, and
an inner hanger having a suction side slash face and a pressure side slash face, the outer
hanger disposed radially inward of the airfoul;

adjusting the first nozzle assembly and the second nozzlc assembly by trimming
or re-positioning the slash faces relative to each other such that an engineering dimension
between the first nozzle and the second nozzle is within a predetermined engineering
tolerance; and

joining the first nozzle support structure and the second nozzle support structure

together.

2. The method of claim 1, wherein the engineering dimension is a

dimension between a trailing edge of the airfoil of the first nozzle and a high camber

location on a suction side of the airfoil of the second nozzlc.
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3. The method of claim 1, wherein the joining step comprises:

joining the mner hangers of the first nozzle support structure and the second
nozzle support structure together; and

joining the outer hangers of the first nozzle support structure and thc sccond

nozzle support structure together.

4. The method of claim 3, wherein the step of joining the inner hangers
comprises joining the suction side slash face ot the inner hanger of the first nozzle support
structure and the pressure side slash face of the inner hanger of the second nozzle support
structure together, and wherein the step of joining the outer hangers comprises joining the
suction side slash face of the outer hanger of the first nozzle support structure and the

pressure side slash face of the outer hanger of the second nozzle support structure together.

3. The method of claim 1, wherein the nozzles are made of a ceramic
composite material (CMC) and the strut and the support structures are made of metallic
material and wherein the joining step comprises brazing the first nozzle support structure

and the second nozzle support structure together.

6. The method of claim 1, wherein the steps of assembling the first nozzle
assembly and assembling the second nozzle assembly are performed before the adjusting

step and the joining step.

7. The method ot claim 1, wherein the step of assembling the first nozzle
assembly comprises:
inserting the strut of the first nozzle support structure through the first nozzle;

and
joining the strut of the first nozzle support structure to one of the inner hanger

ot the first nozzle support structure or the outer hanger of the first nozzle support structure.

8. The method of claim 7, wherein the strut is joined to the inner hanger of

the first nozzle support structure.
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9. The method of claim 1, wherein the joining step is performed before the

steps of assembling the first nozzle assembly and assembling the second nozzle assembly.

10.  The method of claim 1, wherein the step of assembling the first nozzle
assembly comprises:

inserting the strut of the [irst nozzle support structure through the first nozzle;
and

connccting the strut of the first nozzle support structurec to one of the inner
hanger of the first nozzle support structure or the outer hanger of the first nozzle support

structure.

11. A method for positioning neighboring nozzles of a gas turbine engine,
the method comprising:

joining an inner hanger ot a first nozzle support structure and an inner hanger of
a second nozzle support structure together; and

joining an outer hanger of the first nozzle support structure and an outer hanger
of the second nozzle support structure together;

atter joining the inner hangers and outer hangers together, assembling a first
nozzle assembly, the first nozzle assembly comprising a first nozzle and the first nozzle
support structure, the first nozzle comprising an airfoil, an outer band disposed radially
outward of the airfoil, and an 1nner band disposed radially inward of the airfoil, the [irst

nozzle support structure comprising a strut extending through the nozzle, the outer hanger

disposcd radially outward of the airfoil, and the 1inner hanger having a suction side siash
face and a pressure side slash face, the inner hanger disposed radially inward of the atrfoil;

after joining the inner hangers and outer hangers together, assembling a second
nozzle assembly, the second nozzle assembly comprising a second nozzle and the second
nozzle support structure, the second nozzle comprising an airfoil, an outer band disposed
radially outward of the airfoil, and an inner band disposed radially inward of the airfoil, the
second nozzle support structure comprising a strut extending through the nozzle, the outer

hanger having a suction side slash face and a pressure side slash face, the inner hanger
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disposed radially outward of the airfoil, and the inner hanger disposed radially inward of
the airfoil; and

adjusting the first nozzle assembly and the second nozzle assembly by trimming
or re-positioning the slash faces rclative to each other such that an engineering dimension
between the first nozzle and the second nozzle 1s within a predetermined engineering

tolerance.

12.  The method of claim 11, wherein the step of assembling the first nozzle
assembly comprises:

inserting the strut of the first nozzle support structure through the first nozzle;
and

connecting the strut of the first nozzle support structure to one of the inner
hanger of the first nozzle support structure or the outer hanger of the first nozzle support

structure.

13. The method of claim 11, wherein the step of joining the inner hangers
comprises brazing the inner hangers together and the step of joining the outer hangers

together comprises brazing the outer hangers together.

14. A nozzle doublet assembly for a gas turbine engine, the nozzle doublet
assembly comprising:

a first nozzle assembly, the first nozzle assembly comprising a nozzle and a
nozzle support structure, the nozzle comprising an airfotl having an exterior surface
defining a pressure side and a suction side extending between a leading edge and a trailing
edge, an outer band disposed radially outward of the airfoil, and an inner band disposed
radially inward of the airfoil, the nozzle support structure comprising a strut extending
through the airfoil, the outer band of the nozzle and the inner band of the nozzle, an outer
hanger disposcd radially outward of thc airfoil, and an inner hanger disposcd radially
inward of the airfoil; and

a second nozzle assembly, the second nozzle assembly comprising a nozzle and

a nozzle support structure, the nozzle comprising an airfoil having an exterior surface
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defining a pressure side and a suction side extending between a leading edge and a trailing
edge, an outer band disposed radially outward of the airtotl, and an inner band disposed
radially inward of the airfoil, the nozzle support structure comprising a strut extending
through the airfoil, the outer band of the nozzle and the inner band of the nozzle, an outer
hanger disposed radially outward of the airfoil, and an inner hanger disposed radially
inward of the airtoil,

wherein the inner hangers of the first nozzle assembly and the second nozzle
assembly are joined together and the outer hangers of the first nozzle assembly and the

second nozzle assembly are joined together.

15.  The nozzle doublet assembly of claim 14, wherein the strut of the first
nozzle assembly is joined to at least one of the inner hanger or the outer hanger of the tirst
nozzle assembly and the strut of the second nozzle assembly 1s joined to at least one of the

inner hanger or the outer hanger of the second nozzle assembly.

16.  The nozzle doublet assembly of claim 14, wherein the strut of the first
nozzle assembly is connected to at least one of the inner hanger or the outer hanger of the
first nozzle assembly and the strut of the second nozzle assembly is connected to at least

one of the inner hanger or the outer hanger of the second nozzle assembly.

17. The nozzle doublet assembly of claim 14, wherein an engineering
dimension between the nozzle of the first nozzle assembly and the nozzle of the second

nozzle assembly is within a predetermined engineering tolerance, the predetermined

engineering tolerance being plus or minus 4%.
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