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MANIFOLD FOR USE IN A CLEARANCE
CONTROL SYSTEM AND METHOD OF
MANUFACTURING

BACKGROUND

[0001] The present disclosure relates generally to a clear-
ance control system for use in aerospace applications and,
more specifically, to a manifold for use in the clearance
control system.

[0002] At least some known gas turbine engines, such as
aircraft engines, include an engine casing that extends
circumferentially about a compressor and a turbine that each
include a rotor assembly and a stator assembly. Known rotor
assemblies include at least one row of rotating blades that
extend radially outward from a blade root coupled to the
rotor assembly, to a blade tip that passes proximate the stator
assembly. A radial tip clearance is defined between the
rotating blade tips and a stationary shroud attached to the
engine casing.

[0003] In these known assemblies, during engine opera-
tion, variations in the thermal environment in the engine
may cause thermal expansion or contraction of the rotor and
stator assemblies. Such thermal expansion or contraction
may not occur uniformly in magnitude or rate. As a result,
inadvertent rubbing, such as between the rotor blade tips and
the shroud may occur. Moreover, radial clearances may be
created that are wider than acceptable the design clearances.
These wider clearances may adversely affect engine perfor-
mance. Continued rubbing between the rotor blade tips and
engine casing may lead to premature failure of the rotor
blade.

[0004] At least some known aircraft engines use active
clearance control systems to control the thermal expansion
or contraction of the engine casing. For example, at least
some known active clearance control systems discharge a
flow of air from the compressor, or other suitable fluid
sources, towards the engine casing. In some embodiments,
the flow of air is discharged from a manifold extending
circumferentially about the engine casing. The manifold is
typically manufactured from sheet metal, and is formed in a
roll forming process. However, the thickness of the sheet
metal and the process used to form the manifold generally
limits the final shape of the manifold. Moreover, the thick-
ness of the sheet metal is typically limited to reduce the
weight of the aircraft engine.

BRIEF DESCRIPTION

[0005] In one aspect, a manifold for use in a clearance
control system is provided. The manifold includes a housing
including a plurality of walls that at least partially define an
interior of the housing, and a nozzle portion integrally
formed with the housing. The nozzle portion extends
between adjacent walls of the plurality of walls and includ-
ing at least one nozzle projection having a plurality of
impingement openings defined therein. The at least one
nozzle projection extends from the adjacent walls in an
outward direction relative to the interior of the housing.

[0006] In another aspect, a gas turbine engine is provided.
The gas turbine engine includes a fluid source, and a
manifold configured to receive a flow of air from the fluid
source. The manifold includes a housing including a plural-
ity of walls that at least partially define an interior of the
housing, and a nozzle portion integrally formed with the
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housing. The nozzle portion extends between adjacent walls
of the plurality of walls and includes at least one nozzle
projection having a plurality of impingement openings
defined therein. The at least one nozzle projection extends
from the adjacent walls in an outward direction relative to
the interior of the housing.

[0007] In yet another aspect, a method of manufacturing a
manifold for use in a clearance control system is provided.
The method includes providing a housing that includes a
plurality of walls that at least partially define an interior of
the housing, and integrally forming a nozzle portion with the
housing. The nozzle portion extends between adjacent walls
of the plurality of walls and includes at least one nozzle
projection having a plurality of impingement openings
defined therein. The at least one nozzle projection extends
from the adjacent walls in an outward direction relative to
the interior of the housing.

DRAWINGS

[0008] These and other features, aspects, and advantages
of the present disclosure will become better understood
when the following detailed description is read with refer-
ence to the accompanying drawings in which like characters
represent like parts throughout the drawings, wherein:
[0009] FIG. 1 is a schematic illustration of an exemplary
turbofan engine;

[0010] FIG. 2 is a cross-sectional view of a portion of the
turbofan engine shown in FIG. 1;

[0011] FIG. 3 is a perspective sectional view of a portion
of an exemplary manifold assembly that may be used with
the clearance control system shown in FIG. 2;

[0012] FIG. 4 is an enlarged perspective view of a first
manifold that may be used in the manifold assembly shown
in FIG. 3;

[0013] FIG. 5 is a cross-sectional view of a portion of the
clearance control system shown in FIG. 2, in accordance
with a first embodiment of the disclosure;

[0014] FIG. 6 is a cross-sectional view of a portion of the
clearance control system shown in FIG. 2, in accordance
with a second embodiment of the disclosure;

[0015] FIG. 7 is a cross-sectional view of a portion of the
clearance control system shown in FIG. 2, in accordance
with a third embodiment of the disclosure;

[0016] FIG. 8 is a cross-sectional view of a portion of the
clearance control system shown in FIG. 2, in accordance
with a fourth embodiment of the disclosure;

[0017] FIG. 9 is a cross-sectional view of a portion of the
clearance control system shown in FIG. 2, in accordance
with a fifth embodiment of the disclosure;

[0018] FIG. 10 is an enlarged perspective view of a first
manifold that may be used in the manifold assembly shown
in FIG. 3, in accordance with a sixth embodiment of the
disclosure; and

[0019] FIG. 11 is a partial cutaway view of the first
manifold shown in FIG. 10.

[0020] Unless otherwise indicated, the drawings provided
herein are meant to illustrate features of embodiments of the
disclosure. These features are believed to be applicable in a
wide variety of systems comprising one or more embodi-
ments of the disclosure. As such, the drawings are not meant
to include all conventional features known by those of
ordinary skill in the art to be required for the practice of the
embodiments disclosed herein.
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DETAILED DESCRIPTION

[0021] In the following specification and the claims, ref-
erence will be made to a number of terms, which shall be
defined to have the following meanings.

[0022] The singular forms “a”, “an”, and “the” include
plural references unless the context clearly dictates other-
wise.

[0023] “Optional” or “optionally” means that the subse-
quently described event or circumstance may or may not
occur, and that the description includes instances where the
event occurs and instances where it does not.

[0024] Approximating language, as used herein through-
out the specification and claims, may be applied to modify
any quantitative representation that could permissibly vary
without resulting in a change in the basic function to which
it is related. Accordingly, a value modified by a term or
terms, such as “about”, “approximately”, and “substan-
tially”, are not to be limited to the precise value specified. In
at least some instances, the approximating language may
correspond to the precision of an instrument for measuring
the value. Here and throughout the specification and claims,
range limitations may be combined and/or interchanged.
Such ranges are identified and include all the sub-ranges
contained therein unless context or language indicates oth-
erwise.

[0025] As used herein, the terms “axial” and “axially”
refer to directions and orientations that extend substantially
parallel to a centerline of the turbine engine. Moreover, the
terms “radial” and “radially” refer to directions and orien-
tations that extend substantially perpendicular to the center-
line of the turbine engine. In addition, as used herein, the
terms “circumferential” and “circumferentially” refer to
directions and orientations that extend arcuately about the
centerline of the turbine engine.

[0026] Embodiments of the present disclosure relate to
turbine engines, such as turbofans, and methods of manu-
facturing thereof. More specifically, the turbine engines
described herein include an active clearance control system
including at least one manifold for channeling a flow of air
towards a casing of the turbine engine. The manifold
includes a housing and a nozzle portion formed separately
from and subsequently integrally formed with the housing.
The nozzle portion includes at least one nozzle projection
that facilitates at least one of reducing a distance between the
nozzle projection and the casing and/or increasing the Ven-
turi effect of the nozzle portion to increase the cooling
efficiency of the flow of air channeled towards the casing.
Moreover, the nozzle portion is formed separately from the
housing using an additive manufacturing technique, for
example, to ensure the complex shape of the nozzle projec-
tion can be achieved without increasing the overall thickness
and weight of the manifold.

[0027] FIG. 1 is a schematic illustration of an exemplary
turbofan engine 10 including a fan assembly 12, a low
pressure or booster compressor 14, a high-pressure com-
pressor 16, and a combustor assembly 18. Fan assembly 12,
booster compressor 14, high-pressure compressor 16, and
combustor assembly 18 are coupled in flow communication.
Turbofan engine 10 also includes a high-pressure turbine 20
coupled in flow communication with combustor assembly
18 and a low-pressure turbine 22. Fan assembly 12 includes
an array of fan blades 24 extending radially outward from a
rotor disk 26. Low-pressure turbine 22 is coupled to fan
assembly 12 and booster compressor 14 through a first drive
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shaft 28, and high-pressure turbine 20 is coupled to high-
pressure compressor 16 through a second drive shaft 30.
Turbofan engine 10 has an intake 32 and an exhaust 34.
Turbofan engine 10 further includes a centerline 36 about
which fan assembly 12, booster compressor 14, high-pres-
sure compressor 16, and turbines 20 and 22 rotate.

[0028] In operation, air entering turbofan engine 10
through intake 32 is channeled through fan assembly 12
towards booster compressor 14. Compressed air is dis-
charged from booster compressor 14 towards high-pressure
compressor 16. Highly compressed air is channeled from
high-pressure compressor 16 towards combustor assembly
18, mixed with fuel, and the mixture is combusted within
combustor assembly 18. High temperature combustion gas
generated by combustor assembly 18 is channeled towards
turbine assemblies 20 and 22. Combustion gas is subse-
quently discharged from turbofan engine 10 via exhaust 34.

[0029] FIG. 2 is a cross-sectional view of a portion of
turbofan engine 10 (shown in FIG. 1). In the exemplary
embodiment, turbofan engine 10 includes a casing 38 posi-
tioned radially outward from high-pressure turbine 20. Cas-
ing 38 includes an outer surface 40 and a first radial member
42 and a second radial member 44 extending from outer
surface 40. In one embodiment, first radial member 42 and
second radial member 44 are embodied as thermal control
rings that extend radially outward from outer surface 40.
Moreover, a filleted region 46 is defined between outer
surface 40 and each of first radial member 42 and second
radial member 44.

[0030] Turbofan engine 10 also includes a clearance con-
trol system 47 including a manifold assembly 48 positioned
radially outward from casing 38. In the exemplary embodi-
ment, manifold assembly 48 includes a distribution header
50 and a first manifold 52, a second manifold 54, and a third
manifold 56 in flow communication with distribution header
50. In operation, distribution header 50 receives a flow of air
58 from a fluid source such as, but not limited to, fan
assembly 12, booster compressor 14 (each shown in FIG. 1),
or any other suitable source. As such, each manifold 52, 54,
and 56 in manifold assembly 48 receives the flow of air 58
from the fluid source for channeling the flow of air 58
towards casing 38. In an alternative embodiment, casing 38
and manifold assembly 48 are positioned radially outward
from low-pressure turbine 22 (shown in FIG. 1).

[0031] FIG. 3 is a perspective sectional view of a portion
of manifold assembly 48 that may be used with clearance
control system 47 (shown in FIG. 2). In the exemplary
embodiment, first manifold 52 and second manifold 54 each
include a housing and a nozzle portion integrally formed
with the housing. More specifically, first manifold 52
includes a first housing 60 and a first nozzle portion 62
integrally formed with first housing 60, and second manifold
54 includes a second housing 64 and a second nozzle portion
66 integrally formed with second housing 64. First housing
60 includes a plurality of walls that at least partially define
an interior 68 of first housing 60. More specifically, the
plurality of walls includes a first wall 70, a second wall 72,
and a third wall 74 extending between first wall 70 and
second wall 72. As will be described in more detail below,
the nozzle portion of first and second manifolds 52 and 54
extends between adjacent walls of the plurality of walls and
includes at least one nozzle projection 75 having a plurality
of impingement openings (not shown in FIG. 3) defined
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therein. In the exemplary embodiment, first nozzle portion
62 extends between first wall 70 and third wall 74.

[0032] Second housing 64 includes a plurality of walls that
at least partially define an interior 76 of second housing 64.
More specifically, the plurality of walls includes a first wall
78 and a second wall 80 extending substantially parallel with
each other. Second nozzle portion 66 extends between first
wall 78 and second wall 80. Second nozzle portion 66 differs
from first nozzle portion 62 in that second nozzle portion 66
includes more than one nozzle projection. More specifically,
second nozzle portion 66 includes a first nozzle projection
82 and a second nozzle projection 84 formed at adjacent
ends of second nozzle portion 66. As such, second manifold
54 is capable of channeling a flow of air 58 towards adjacent
filleted regions 46 of casing 38 when positioned between
first radial member 42 and second radial member 44 (all
shown in FIG. 2).

[0033] Moreover, first manifold 52, second manifold 54,
and third manifold 56 (shown in FIG. 2) each have an
arcuate shape to enable manifold assembly to extend cir-
cumferentially about casing 38 (shown in FIG. 2). In one
embodiment, each manifold 52, 54, and 56 is formed from
a plurality of manifold segments each having an arcuate
shape. Separating first, second, and third manifolds 52, 54,
and 56 into a plurality of manifold segments facilitates
accounting for differences in thermal expansion therebe-
tween during operation of turbofan engine 10.

[0034] FIG. 4 is an enlarged perspective view of first
manifold 52 that may be used in manifold assembly 48
(shown in FIG. 3), and FIG. 5 is a cross-sectional view of a
portion of clearance control system 47 (shown in FIG. 2), in
accordance with a first embodiment of the disclosure. In the
exemplary embodiment, portions of first wall 70 and third
wall 74 (i.e., adjacent walls) are removed prior to integrally
forming first nozzle portion 62 with first housing 60, and
first nozzle portion 62 is coupled to first wall and third wall
74 to cover the space once occupied by the removed
portions. More specifically, first nozzle portion 62 extends
between first wall 70 and third wall 74 and includes at least
one nozzle projection 75 having a plurality of impingement
openings 88 defined therein. Nozzle projection 75 is formed
from a pair of converging walls 86 having an angle 6 of less
than about 90° defined therebetween. As such, converging
walls 86 enable nozzle projection 75 to extend from the
adjacent walls in an outward direction relative to interior 68
of first housing 60 to reduce a distance between an outlet 90
of impingement openings 88 and filleted region 46 of casing
38.

[0035] In the exemplary embodiment, first nozzle portion
62 is formed separately from and subsequently integrally
formed with first housing 60. As used herein, “integrally
formed” refers to forming separate components or features
of an apparatus into a single unitary structure. For example,
first nozzle portion 62 and first housing 60 may be cast as a
single unitary structure, or first nozzle portion 62 may be
either brazed or welded to first housing 60. Moreover, in one
embodiment, first nozzle portion 62 is formed using an
additive manufacturing technique to ensure the desired
shape of first nozzle portion 62 can be achieved. An exem-
plary additive manufacturing technique includes, but is not
limited to, a laser sintering process. In an alternative
embodiment, first nozzle portion 62 is manufactured using
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conventional sheet metal having a thickness greater than
first, second, or third walls 70, 72, or 74 to facilitate creating
a desired nozzle effect.

[0036] FIG. 6 is a cross-sectional view of a portion of
clearance control system 47 (shown in FIG. 2), in accor-
dance with a second embodiment of the disclosure. In the
exemplary embodiment, nozzle projection 75 of a first
nozzle portion 92 has a thickness such that a length (L)-to-
diameter (D) ratio of the plurality of impingement openings
88 is greater than about 1:1. More specifically, nozzle
projection 75 is thicker than first wall 70 and second wall 72.
Increasing the thickness of nozzle projection 75 facilitates
reducing the distance between outlet 90 of impingement
openings 88 and filleted region 46, as well as improving the
Venturi effect of impingement openings 88.

[0037] FIG. 7 is a cross-sectional view of a portion of
clearance control system 47 (shown in FIG. 2), in accor-
dance with a third embodiment of the disclosure. In the
exemplary embodiment, first housing 60 includes a plurality
of openings 94 defined in at least one wall of the plurality of
walls. More specifically, instead of removing portions of
first wall 70 and third wall 74, as shown in the first and
second embodiments of the disclosure, a first nozzle portion
96 is coupled to first housing 60 and oriented such that the
plurality of impingement openings 88 and the plurality of
openings 94 substantially align. As such, the distance
between nozzle projection 75 and filleted region 46 is
decreased, and the Venturi effect of impingement openings
88 is improved without having to remove portions of first
wall 70 and third wall 74.

[0038] FIG. 8 is a cross-sectional view of a portion of
clearance control system 47 (shown in FIG. 2), in accor-
dance with a fourth embodiment of the disclosure. In the
exemplary embodiment, first housing 60 includes a curved
wall 98 coupled between first nozzle portion 62 and second
wall 72. Curved wall 98 has a swept configuration that
facilitates smoothly directing air from within interior 68
towards first nozzle portion 62.

[0039] FIG. 9 is a cross-sectional view of a portion of the
clearance control system 47 (shown in FIG. 2), in accor-
dance with a fifth embodiment of the disclosure. In the
exemplary embodiment, portions of first wall 70 and second
wall 72 are removed prior to integrally forming a first nozzle
portion 100 with first housing 60, and first nozzle portion
100 is coupled to first wall 70 and second wall 72 to cover
the space once occupied by the removed portions. More
specifically, first nozzle portion 100 extends between first
wall 70 and second wall 72 and includes at least one nozzle
projection 102 having a plurality of impingement openings
88 defined therein. Nozzle projection 102 is positioned such
that air discharged from impingement openings 88 is
directed towards a portion of casing 38 other than filleted
region 46.

[0040] FIG. 10 is an enlarged perspective view of first
manifold 52 that may be used in manifold assembly 48
(shown in FIG. 3), in accordance with a sixth embodiment
of the disclosure, and FIG. 11 is a partial cutaway view of
the portion of first manifold 52. In the exemplary embodi-
ment, a first nozzle portion 104 includes a plurality of
nodules 106 extending from and integrally formed with first
nozzle portion 104. The plurality of nodules 106 provide a
localized increased thickness to facilitate improving the
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Venturi effect of impingement openings 88. Moreover, the
localized increased thickness facilitates reducing the weight
of first manifold 52.

[0041] An exemplary technical effect of the system and
methods described herein includes at least one of: (a)
reducing a distance between an outlet of an impingement
opening of a nozzle and an engine casing; (b) increasing the
Venturi effect of the nozzle; and (c¢) improving the cooling
efficiency of a flow of air channeled towards the engine
casing.

[0042] Exemplary embodiments of a turbofan engine and
related components are described above in detail. The sys-
tem is not limited to the specific embodiments described
herein, but rather, components of systems and/or steps of the
methods may be utilized independently and separately from
other components and/or steps described herein. For
example, the configuration of components described herein
may also be used in combination with other processes, and
is not limited to practice with only turbofan engines and
related methods as described herein. Rather, the exemplary
embodiment can be implemented and utilized in connection
with many applications where channeling fluid towards an
object is desired.

[0043] Although specific features of various embodiments
of the present disclosure may be shown in some drawings
and not in others, this is for convenience only. In accordance
with the principles of embodiments of the present disclo-
sure, any feature of a drawing may be referenced and/or
claimed in combination with any feature of any other
drawing.

[0044] This written description uses examples to disclose
the embodiments of the present disclosure, including the
best mode, and also to enable any person skilled in the art
to practice embodiments of the present disclosure, including
making and using any devices or systems and performing
any incorporated methods. The patentable scope of the
embodiments described herein is defined by the claims, and
may include other examples that occur to those skilled in the
art. Such other examples are intended to be within the scope
of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they
include equivalent structural elements with insubstantial
differences from the literal languages of the claims.

What is claimed is:

1. A manifold for use in a clearance control system, said
manifold comprising:

a housing comprising a plurality of walls that at least

partially define an interior of said housing; and

a nozzle portion integrally formed with said housing, said

nozzle portion extending between adjacent walls of
said plurality of walls and comprising at least one
nozzle projection having a plurality of impingement
openings defined therethrough, wherein said at least
one nozzle projection extends from said adjacent walls
in an outward direction relative to said interior of said
housing.

2. The manifold in accordance with claim 1, wherein said
nozzle portion is formed separately from and subsequently
integrally formed with said housing.

3. The manifold in accordance with claim 1, wherein said
plurality of walls comprises a first wall, a second wall, and
a third wall extending between said first and second walls,
said nozzle portion extending between said first and third
walls.
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4. The manifold in accordance with claim 1, wherein said
plurality of walls comprises a first wall and a second wall
extending substantially parallel with each other, said nozzle
portion extending between said first and second walls.

5. The manifold in accordance with claim 4, wherein said
nozzle portion comprises a first nozzle projection and a
second nozzle projection formed at adjacent ends of said
nozzle portion.

6. The manifold in accordance with claim 1, wherein at
least one nozzle projection has a thickness such that a
length-to-diameter ratio of said plurality of impingement
openings is greater than about 1:1.

7. A gas turbine engine comprising:

a fluid source; and

a manifold configured to receive a flow of air from said

fluid source, said manifold comprising:

a housing comprising a plurality of walls that at least
partially define an interior of said housing; and

a nozzle portion integrally formed with said housing,
said nozzle portion extending between adjacent
walls of said plurality of walls and comprising at
least one nozzle projection having a plurality of
impingement openings defined therethrough,
wherein said at least one nozzle projection extends
from said adjacent walls in an outward direction
relative to said interior of said housing.

8. The gas turbine engine in accordance with claim 7,
wherein said manifold has an arcuate shape.

9. The gas turbine engine in accordance with claim 7,
wherein said manifold is formed from a plurality of mani-
fold segments each having an arcuate shape.

10. The gas turbine engine in accordance with claim 7
further comprising a casing that comprises an outer surface
and a radial member extending from said outer surface,
wherein said at least one nozzle projection is oriented to
extend towards a filleted region defined between said outer
surface and said radial member.

11. The gas turbine engine in accordance with claim 7,
wherein said nozzle portion is formed separately from and
subsequently integrally formed with said housing.

12. The gas turbine engine in accordance with claim 7,
wherein said plurality of walls comprises a first wall, a
second wall, and a third wall extending between said first
and second walls, said nozzle portion extending between
said first and third walls.

13. The gas turbine engine in accordance with claim 7,
wherein said plurality of walls comprises a first wall and a
second wall extending substantially parallel with each other,
said nozzle portion extending between said first and second
walls.

14. The gas turbine engine in accordance with claim 13,
wherein said nozzle portion comprises a first nozzle projec-
tion and a second nozzle projection formed at adjacent ends
of said nozzle portion.

15. The gas turbine engine in accordance with claim 7,
wherein at least one nozzle projection has a thickness such
that a length-to-diameter ratio of said plurality of impinge-
ment openings is greater than about 1:1.

16. A method of manufacturing a manifold for use in a
clearance control system, said method comprising:

providing a housing that includes a plurality of walls that

at least partially define an interior of the housing; and
integrally forming a nozzle portion with the housing,
wherein the nozzle portion extends between adjacent
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walls of the plurality of walls and includes at least one
nozzle projection having a plurality of impingement
openings defined therethrough, the at least one nozzle
projection extending from the adjacent walls in an
outward direction relative to the interior of the housing.

17. The method in accordance with claim 16 further
comprising removing portions of the adjacent walls prior to
integrally forming the nozzle portion with the housing.

18. The method in accordance with claim 16 further
comprising:

defining a plurality of openings in at least one wall in the

plurality of walls; and

orienting the nozzle portion relative to the housing such

that the plurality of impingement openings and the
plurality of openings substantially align.

19. The method in accordance with claim 16 further
comprising forming the nozzle portion using an additive
manufacturing technique.

20. The method in accordance with claim 16, wherein
integrally forming a nozzle portion with the housing com-
prises at least one of casting the nozzle portion and the
housing, brazing the nozzle portion to the housing, or
welding the nozzle portion to the housing.

#* #* #* #* #*
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