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(57) Abréegée/Abstract:

A fluid transfer assembly for use in a gas turbine engine includes a rotor shaft, a stationary assembly circumscribing the rotor shaft,
and a rotating component coupled to the rotor shaft and positioned radially inward of the stationary assembly. The rotating

assembly includes a hub coupled to the rotor shaft, a plurality of rotor blades coupled to the hub, and a shroud coupled to the
plurality of rotor blades.
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ABSTRACT

A fluid transter assembly for use in a gas turbine engine includes a rotor shaft, a
stationary assembly circumscribing the rotor shaft, and a rotating component coupled to
the rotor shaft and positioned radially inward of the stationary assembly. The rotating
assembly 1ncludes a hub coupled to the rotor shaft, a plurality of rotor blades coupled to

the hub, and a shroud coupled to the plurality of rotor blades.
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CENTRIFUGAL COMPRESSOR ASSEMBLY FOR USE IN A
TURBINE ENGINE AND METHOD OF ASSEMBLY
BACKGROUND

[0001] The present disclosure relates generally to turbine engines and, more
specifically, to systems and methods of controlling rotor blade clearance in a centrifugal

compressor of a turbine engine.

[0002] Known turbine engines experience several different phases of operation
including, but not limited to, start-up, warm-up, steady-state, shutdown, and cool-down.
At least some known turbine engines include rotating compressors and turbines that
define clearances between rotor blades and inner surfaces of the surrounding seal
members. These clearances are controlled to facilitate improving operating efficiency.
Such clearances generally vary as the turbine or compressor transitions from one
operational phase to another. More particularly, each operational phase has different
operating conditions associated with 1t, such as temperature, pressure, and rotational
speed, which will induce changes 1n the clearances between components, including static

and moving components within the turbine engine.

[0003] In at least some known turbine engines, the clearances between compressor

and/or turbine rotor blades and the seal members are also controlled to prevent contact-

related damage therebetween as the turbine and compressor transitions between
operational phases. For example, in at least some known turbine engines, cold, or
assembly, clearances are set to be no larger than required for steady-state operation to
account for thermal and mechanical differences in the turbine engine when transitioning
between phases of operation. Moreover, as described above, turbine engine efficiency
depends at least in part on the clearance between tips of the rotating blades and seal
members coupled to the surrounding stationary components. If the clearance is too large,
enhanced gas tlow may unnecessarily leak through the clearance gaps, thus decreasing

the turbine engine's efficiency. Many known turbines and compressors include variable
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clearance mechanisms 1n the high-pressure turbine section, the low-pressure turbine
section, and the compressor section. However, it is generally difficult to implement
clearance control systems that are integrally formed with the turbine and compressor due

to the complex geometry of the components and manufacturing limitations.
BRIEF DESCRIPTION

[0004] In one aspect, a tluid transter assembly for use in a gas turbine engine is
provided. The fluid transfer assembly includes a rotor shaft, a stationary assembly
circumscribing the rotor shaft, and a rotating component coupled to the rotor shaft and
positioned radially inward of the stationary assembly. The rotating assembly includes a
hub coupled to the rotor shaftt, a plurality of rotor blades coupled to the hub, and a shroud

coupled to the plurality of rotor blades.

[0005] In another aspect, a centrifugal compressor for use in a gas turbine engine
including a rotor shaft is provided. The centrifugal compressor includes a hub coupled to
the rotor shaft, a plurality of rotor blades coupled to the hub, wherein the plurality of
rotor blades include an outer edge, and a shroud coupled to the outer edge of the plurality

of rotor blades such that a flowpath is formed between the shroud and the hub.

[0006] In yet another aspect, a method of manufacturing a centrifugal compressor for
use in a gas turbine engine is provided. The method includes integ.rally forming a

plurality of blades with a hub, wherein the hub is configured to be coupled to a rotor

shaft. The method also includes integrally forming a shroud with an outer edge of the

plurality of rotor blades to form a flowpath defined between the shroud and the hub.

DRAWINGS

[0007] These and other features, aspects, and advantages of the present disclosure will
become better understood when the following detailed description is read with reference
to the accompanying drawings in which like characters represent like parts throughout the

drawings, wherein:



CA 02956900 2017-02-02

285042

[0008] FIG. 1 1s a schematic 1illustration of an exemplary turbofan engine;

[0009] FIG. 2 is a cross-sectional illustration of a high-pressure compressor that may be

used in the turbofan engine shown in FIG. 1, in accordance with a first embodiment of

the disclosure:

[0010] FIG. 3 i1s a partial cross-sectional illustration of the high-pressure compressor

with the turbofan engine removed for clarity;

[0011] FIG. 4 1s a perspective partial cross-sectional illustration of the high-pressure

compressor shown 1n FIG. 3; and

[0012] FIG. 5 1s a cross-sectional illustration of a high-pressure compressor that may be

used 1n the turbofan engine shown in FIG. 1, in accordance with a second embodiment of

the disclosure.

[0013] Unless otherwise indicated, the drawings provided herein are meant to illustrate
features of embodiments ot the disclosure. These features are believed to be applicable
1n a wide variety of systems comprising one or more embodiments 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.

DETAILED DESCRIPTION

[0014] In the following specification and the claims, reference will be made to a

number of terms, which shall be defined to have the following meanings.

[0015] The singular forms “a”, “an”, and “the” include plural references unless the

context clearly dictates otherwise.
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[0016] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where the

event occurs and instances where 1t does not.

[0017] Approximating language, as used herein throughout 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
“substantially”, 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 otherwise.

[0018] As wused heremn, 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 orientations that
extend substantially perpendicular to the centerline 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.

[0019] Embodiments of the present disclosure relate to systems and methods for use in
controlling rotor blade clearance 1n a turbine engine. More specifically, the systems
described herein include a centrifugal compressor including a hub, a plurality of rotor
blades coupled to the hub, and a shroud coupled to the plurality of rotor blades. The
shroud 1s designed to accommodate the complex geometry of rotor blades in the
centrifugal compressor. More specifically, the shroud is integrally formed with the rotor
blades and with the hub such that there is no clearance gap between the radially outer
edges of the rotor blades and the shroud. As such, the hub, rotor blades, and shroud
define a plurality of sealed flowpaths along the rotor blades such that an entirety of the

fluid entering the centrifugal compressor is processed or transferred and there is no fluid
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leakage around the rotor blades. Accordingly, the overall performance and efficiency of

the turbine engine 1s increased.

[0020] FIG. 1 1s a schematic 1llustration of an exemplary turbofan engine 10 including a
fan assembly 12, a low pressure or booster compressor 14, a high-pressure compréssor
16, and a combustor assembly 18. In one embodiment, high-pressure compressor 16 is
embodied as a centrifugal compressor assembly. 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 1ncludes an array of tan blades 24 extending radially outward from a rotor
disk 26. Low-pressure turbine 22 1s coupled to tan assembly 12 and booster compressor
14 through a first drive shaft 28, and high-pressure turbine 20 is coupled to high-pressure
compressor 16 through a second drive shatt 30. Turbofan engine 10 has an intake 32 and
an exhaust 34. Turbofan engine 10 turther includes a centerline 36 about which fan

assembly 12, booster compressor 14, high-pressure compressor 16, and turbines 20 and

22 rotate.

(0021} In operation, air entering turbotan engine 10 through intake 32 is channeled
through tan assembly 12 towards booster compressor 14. Compressed air is discharged
from booster compressor 14 towards high-pressure compressor 16. Highly compressed

alr 1s 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 1s subsequently discharged from turbofan

engine 10 via exhaust 34.

[0022] FIG. 215 a cross-sectional illustration of a high-pressure compressor section 16
having a centrifugal compressor 100 that may be used in turbofan engine 10 (shown in
FIG. 1), 1n accordance with a first embodiment of the disclosure. In the exemplary

embodiment, high-pressure compressor section 16 includes a centrifugal compressor 100

5.
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coupled to shaft 30 and a stationary assembly 102 circumscribing centrifugal compressor
100. Although FIG. 2 illustrates and describes a compressor section 16 having a
centrifugal compressor 100, this 1s for example only. Alternatively, the centrifugal
compressor shown in FIG. 2 1s a centrifugal turbine for use in high pressure turbine
section 20 of turbine engine 10. Generally, FIG. 2 illustrates any fluid transfer assembly
of gas turbine engine 10. FIG. 3 1s a partial cross-sectional illustration of centrifugal
compressor 100 with stationary assembly 102 removed for clarity; and FIG. 4 1s a

perspective partial cross-sectional illustration of centrifugal compressor 100 shown 1n

FIG. 3.

(0023] Centrifugal compressor 100 includes a hub 104, a plurality of rotor blades 106
coupled to hub 104, and a shroud 108 coupled to the plurality of rotor blades 106. Rotor
blades 106 can be a combination of full and partial (splitter) blades or two tandem rows
of blades with moderate-to-high pressure ratio stages. In the exemplary embodiment,
rotor blades 106 include a blade inner edge 110 coupled to hub 104 and a blade outer
edge 112 coupled to shroud 108 such that there 1s no gap or clearance between blade
outer edges 112 and shroud 108. Furthermore, shroud 108 extends circumferentially
relative to plurality of rotor blades 106 to form a disk shape and includes an arcuate shape
that 1s complementary to the outer protile of blade outer edges 112. As such, centrifugal
compressor 100 defines a plurality fluid tlowpaths 114 between shroud 108 and hub 104

between adjacent rotor blades 106.

[0024] Rotor blades 106 further include a leading edge 116 on a radially inner portion
118 of rotating component 100 and a trailing edge 120 located at a radially outer portion
122 of centrifugal compressor 100. An arcuate rotor blade length is defined between
leading edge 116 and trailing edge 120. In the exemplary embodiment, shroud 108
substantially a full distance along rotor blades 106 between leading edge 116 and trailing
edge 120 such that shroud 103 includes a shroud length substantially equal to the rotor

blade length. Alternatively, as described 1n further detail below, shroud 108 extends from
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at least one of leading edge 116 and trailing edge 120 a distance along rotor blades 106
less than a full length of rotor blades 106.

[0025] In the exemplary embodiment, stationary assembly 102 includes a first
stationary member 124 positioned adjacent radially inner portion 118 of centrifugal
compressor 100 and a second stationary member 126 positioned adjacent radially outer
portion 122 of centrifugal compressor 100. First stationary member 124 includes a first
sealing element 128 positioned proximate leading edge 116 of rotor blades 106.
Similarly, second stationary member 126 includes a second sealing element 130
positioned proximate trailing edge 120 of rotor blades 106. Sealing elements 128 and
130 torm a seal with centrifugal compressor 100 such that an entirety of a fluid entering
centrifugal compressor 100 through an inlet 132 thereof flows along flowpath 114 and is
discharged from centrifugal compressor 100 through an outlet 134 thereof. More
specifically, in the exemplary embodiment, centrifugal compressor 100 includes a first
tooth 136 and a second tooth 138 coupled to shroud 108 that contact sealing elements 128

and 130, respectively, to form a seal.

[0026] Centrifugal compressor 100 i1s formed from a titanium-based alloy or a nickel-
based alloy as single-piece component using additive manufacturing or electrical
discharge machining. The material and manufacturing method are based on the size of
centrifugal compressor 100 and the temperatures to which centrifugal compressor 100 is

exposed 1n operation. Alternatively, centrifugal compressor 100 is formed from any
material and by any method that facilitates operation of centrifugal compressor 100 as

described herein.

0027] In the exemplary embodiment, centrifugal compressor 100 is formed as a
unitary, monolithic component such that plurality of rotor blades 106 are integrally

formed with hub 104 and shroud 108 is integrally formed with plurality of rotor blades
106. Alternatively, shroud 108 is coupled to outer edges 112 of rotor blades 106 by any
other means, such as by welding. Generally, centrifugal compressor 100 is formed by

any means that couples shroud 108 to rotor blades 106 such that there is no gap or
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clearance therebetween and that shroud 108, rotor blades 106, and hub 104 define a

plurality ot flowpaths 114 that are enclosed with the exception of inlet 132 and outlet
134.

[0028] FIG. 5 18 a cross-sectional 1llustration of a high-pressure compressor section 16
that may be used in gas turbine engine 10 (shown in FIG. 1) including aﬁ alternative
centrifugal compressor 200 and stationary assembly 202. However, centrifugal
compressor 200 and stationary assembly 202 are similar to centrifugal compressor 100
and stationary assembly 102 as shown in FIGS. 2-4, and like components of centrifugal

compressors 100 and 200 and stationary assemblies 102 and 202 are numbered the same.

[0029]  Centrifugal compressor 200 includes hub 104, plurality of rotor blades 106
coupled to hub 104, and a first shroud 206, and a second shroud 208. Shrouds 206 and
208 are coupled to the plurality of rotor blades 106, similar to shroud 108. Rotor blades
106 1nclude blade inner edge 110 coupled to hub 104 and blade outer edge 112 coupled to
shrouds 206 and 208 such that there 1s no gap or clearance between blade outer edges 112
and shrouds 206 and 208. Furthermore, shrouds 206 and 208 extends circumferentially
relative to plurality of rotor blades 106 to form a disk shape and includes an arcuate shape
that 1s complementary to the outer profile of blade outer edges 112. As such, centrifugal
compressor 200 defines a plurality tluid tlowpaths 114 between shrouds 206 and 208 and
hub 104 between adjacent rotor blades 106.

(0030] Rotor blades 106 further include leading edge 116 and trailing edge 120 that
define the arcuate rotor blade length therebetween. In this embodiment, first shroud 206
extends from leading edge 116 to a shroud end 210 between leading edge 116 and trailing
edge 120. Similarly, second shroud 208 extends from trailing edge 120 to a shroud end
212 between trailing edge 120 and leading edge 116. As such, each shroud 206 and 208
detines a shroud length between leading edge 116 and shroud end 210 and between
trailing edge 120 and shroud end 212, respectively, which is less than the length of rotor
blades 106 to which shrouds 206 and 208 are coupled. Although centrifugal compressor
200 1 FIG. 5 1s shown and described as having two separate shrouds 206 and 208, it is

_8-



CA 02956900 2017-02-02

235042

contemplated that centritugal compressor 200 includes only one of shrouds 206 and 208.
Furthermore, the locations of shroud ends 210 and 212 are shown for example only and it
1s contemplated that ends 210 and 212 are located at any position along rotor blade outer
edge 112 between leading edge 116 and trailing edge 120. Additionally, although
centrifugal compressor 200 includes shrouds 206 and 208 that extend from one of leading
edge 116 or trailing edge 120, it 1s contemplated that shrouds 206 and 208 extend along

any portion of rotor blade outer edge 112.

[0031] In this exemplary embodiment, stationary assembly 202 includes first stationary
member 124, second stationary member 126, and a third stationary member 214
positioned adjacent a radially intermediate portion 216 ot centrifugal compressor 200.
First stationary member 124 includes first sealing element 128 positioned proximate
leading edge 116 of rotor blades 106. Similarly, second stationary member 120 includes
a second sealing element 130 positioned proximate trailing edge 120 of rotor blades 106.
Sealing elements 128 and 130 form a seal with centrifugal compressor 200 such that an
entirety of a fluid entering centrifugal compressor 200 through an inlet 132 thereof flows
along tlowpath 114 and 1s discharged from centrifugal compressor 200 through an outlet
134 thereot. More specifically, 1n the exemplary embodiment, centrifugal compressor

200 includes a first tooth 136 and a second tooth 138 coupled to shrouds 206 and 208,

respectively, that contact sealing elements 128 and 130, respectively, to form a seal.

[0032] Third stationary member 214 1includes a sealing member 218 positioned adjacent
radially outer edge 112 of rotor blades 106.  More specifically, sealing member 218 is
spaced from radially outer edge 112 to define a clearance gap therebetween. Sealing
member 218 extends along radially outer edge 112 between shroud ends 210 and 212 to
seal flowpath 114 along rotor blades 106. Generally, sealing member 218 is positioned
adjacent shroud 206 and/or 208 and extends away from that shroud end 210 or 212
toward leading edge 116 or trailing edge 120 until sealing member 218 reaches leading

edge 116 or traitling edge 120, or the other shroud 206 or 208. That is, sealing member
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218 extends along whatever portion of radially outer blade edge 112 not coupled to a

shroud 206 or 208.

[0033] As described above, at least some known turbine engines include a rotating
component having a plurality of rotor blades circumscribed by a stationary component
with seal members positioned proximate, but spaced from, the rotor blades to define a
gap or clearance therebetween extending a full length of the rotor blades. The clearance
gap allows for growth of the rotating component due to thermal expansion and other
deflections due to transient maneuver loads while avoiding contact between the rotating
component and the stationary component. Turbine engine etficiency depends at least in
part on the size of the clearance between tips of the rotating blades and the seal members
coupled to the surrounding stationary components. If the clearance 1s too large, enhanced
gas flow may unnecessarily leak through the clearance gaps, thus decreasing the turbine
engine's efficiency. Integrally forming a sealing élement, such as shrouds 108, 206, and
208, with at least portions of rotating blades 106 eliminates the clearance gap
therebetween and negates the undesirable effects of the clearance gap on the turbine
engine efficiency that result in performance loss. By integrally forming shrouds 108,
206, and 208 with rotor blades 106, the entire amount of fluid entering centrifugal
compressors 100 and 200 through inlet 132 is processed by compressors 100 and 200 and

exhausted through outlet 134, thus improving the etficiency ot gas turbine engine 10.

[0034] An exemplary technical effect of the system and methods described herein

includes at least one of: (a) improving compressor performance; and (b) improving gas

turbine engine efficiency.

[0035] Exemplary embodiments of a gas turbine engine and related components are
described above in detail. The system i1s 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 contiguration of components described herein may also be used

in combination with other processes, and 1s not limited to practice with only gas turbine

-10-
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engines and related methods as described herein. Rather, the exemplary embodiment can
be implemented and utilized in connection with many applications where improving gas

turbine efficiency 1s desired.

[0036] 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 disclosure, any feature of a
drawing may be referenced and/or claimed in combination with any feature of any other

drawing.

[0037] 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 1n the art.

-11-
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WHAT IS CLAIMED IS:

1. A ftluid transter assembly for use in a gas turbine engine, said fluid
transter assembly comprising:
a rotor shaft;
a stationary assembly circumscribing said rotor shaft; and
a rotating component coupled to said rotor shatt and positioned radially inward
of said stationary assembly, said rotating assembly comprising:
a hub coupled to said rotor shaft;
a plurality of rotor blades coupled to said hub; and

a shroud coupled to said plurality of rotor blades.

2. The assembly 1n accordance with Claim 1, wherein said shroud is

integrally formed with said plurality of rotor blades.

3. The assembly 1n accordance with Claim 1, wherein said shroud extends

circumterentially relative to said plurality of rotor blades to form a disk shape.

4, The assembly in accordance with Claim 1, wherein said shroud
comprises arcuate shape that 1s complementary to an outer profile of said plurality of

rotor blades.

J. The assembly 1n accordance with Claim 1, wherein each rotor blade of
said plurality of rotor blades comprises a leading edge and an opposing trailing edge that
detines a rotor blade length therebetween, wherein said shroud extends substantially a

full distance of the rotor blade length.

6. The assembly 1n accordance with Claim 1, wherein each rotor blade of
said plurality of rotor blades comprises a leading edge and an opposing trailing edge that
defines a rotor blade length therebetween, wherein said shroud extends from at least one
of said leading edge and said trailing edge to a shroud end a distance less than the length

of said rotor blade.

_12-
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7. The assembly 1n accordance with Claim 6, wherein said stationary
assembly comprises a sealing member positioned adjacent said plurality of rotor blades,
wherein said sealing member extends away from said shroud between said shroud end

and one of said leading edge or said trailing edge.

8. The assembly in accordance with Claim 1, wherein said stationary
assembly comprises at least one sealing element positioned proximate at least one of said

leading edge and said trailing edge.

9. The assembly 1n accordance with Claim 8, wherein said rotating

component comprises at least one tooth coupled to said shroud, said at least one tooth

configured to form a seal with said at least one sealing element.

10.  The assembly in accordance with Claim 1, wherein said rotating

component comprises at least one of a centrifugal compressor and a centrifugal turbine.

11. A centrifugal compressor for use in a gas turbine engine including a
rotor shaft, said centrifugal compressor comprising:

a hub coupled to the rotor shaft;

a plurality of rotor blades coupled to said hub, said plurality of rotor blades
comprising an outer edge; and

a shroud coupled to said outer edge ot said plurality of rotor blades such that a

flowpath 1s formed between said shroud and said hub.

12.  The centrifugal compressor 1n accordance with Claim 11, wherein said

plurality of rotor blades are integrally formed with said hub and said shroud.

13.  The centrifugal compressor in accordance with Claim 11, wherein said

shroud extends circumterentially relative to said plurality of rotor blades to form a disk

shape.

-13-
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14.  The centrifugal compressor in accordance with Claim 11, said shroud
comprises arcuate shape that is complementary to an outer profile of said plurality of

rotor blades.

15.  The centrifugal compressor 1n accordance with Claim 11, wherein each
rotor blade of said plurality of rotor blades comprises a leading edge and an opposing
trailing edge that defines a rotor blade length therebetween, wherein said shroud extends

substantially a tull distance of the rotor blade length.

16.  The centrifugal compressor in accordance with Claim 11, wherein each
rotor blade of said plurality of rotor blades comprises a leading edge and an opposing
trailing edge that defines a rotor blade length therebetween, wherein said shroud extends
from at least one of said leading edge and said trailing edge to a shroud end a distance

less than the length of said rotor blade.

17.  The centrifugal compressor in accordance with Claim 11 further
comprising at least one seal tooth coupled to said shroud, said at least one tooth
configured to form a seal with a stationary assembly positioned proximate said shroud in

the gas turbine engine.

1s. A method of manutacturing a centrifugal compressor for use in a gas
turbine engine, said method comprising;:

integrally forming a plurality of blades with a hub, the hub configured to be
coupled to a rotor shatt; and

integrally forming a shroud with an outer edge of the plurality of rotor blades

to form a flowpath defined between the shroud and the hub.

19. The method in accordance with Claim 18, wherein integrally forming
the shroud comprises integrally forming the shroud such that the shroud extends

substantially a full distance of the plurality of rotor blades.

_14-
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20.  The method 1n accordance with Claim 18, wherein integrally forming
the shroud comprises integrally forming the shroud such that the shroud extends a

distance along the plurality of rotor blades less than a full length of the rotor blades.

_15-
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