Innovation, Sciences et Innovation, Science and CA 2964988 C 2019/09/17
I*I Déeveloppement economique Canada Economic Development Canada

Office de |la Propriete Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 964 988
12 BREVET CANADIEN
CANADIAN PATENT
(13) C
(22) Date de depot/Filing Date: 201/7/04/21 (51) Cl.Int./Int.Cl. FO2C 7/04 (2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2018/01/28 B64C 11/14 (2006.01), B64D 33/00 (2006.01),

FO1D 6/02 (2006.01), FO2C 7/067 (2006.01)
(45) Date de delivrance/lssue Date: 2019/09/17
(72) Inventeur/Inventor:

(30) Prioritée/Priority: 2016/07/28 (US515/222,307) DUONG, HIEN, CA

(73) Propriéetaire/Owner:
PRATT & WHITNEY CANADA CORP., CA

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : SYSTEME ET METHODE D’INFLUENCE DU FLUX DANS UN VENTILATEUR D'UNE TURBINE A GAZ
(54) Title: ASSEMBLY AND METHOD FOR INFLUENCING FLOW THROUGH A FAN OF A GAS TURBINE ENGINE

17 /
20
70
2&
',
#
268 22

46-2 /{/ .
38 “ A< @‘ PRk 24

8

l \
,l
\
pr e
I

(57) Abrege/Abstract:

Assemblies and methods for providing injection air to influence flow In a flow passage defined by a fan of a gas turbine engine are
disclosed. In one embodiment, the method comprises: recelving air into an interior of a nose cone; increasing the pressure of the
air in the interior of the nose cone and directing the pressurized air; and discharging the air into the flow passage defined by the fan.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



CA 2964988 2017-04-21

ABSTRACT

Assemblies and methods for providing injection air to influence flow in a flow passage
defined by a fan of a gas turbine engine are disclosed. In one embodiment, the method
comprises: receiving air into an interior of a nose cone; increasing the pressure of the

air in the interior of the nose cone and directing the pressurized air; and discharging the
air into the flow passage defined by the fan.
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ASSEMBLY AND METHOD FOR INFLUENCING FLOW THROUGH A FAN OF A
GAS TURBINE ENGINE

TECHNICAL FIELD

[0001] The disclosure relates generally to flow control, and more particularly to

influencing flow in a flow passage defined by a fan of a turbofan engine.

BACKGROUND OF THE ART

[0002] An inlet fan of a turbofan gas turbine engine uses mechanical energy
from the gas turbine to accelerate air rearwards into a core of the engine and into a duct
that bypasses the core of the engine. The design and performance of the fan can play
an important role in the overall efficiency of the engine. Improvement in the design of

inlet fans to improve the efficiency of turbofan gas turbine engines is desired.

SUMMARY

[0003] In one aspect, the disclosure describes a fan assembly for a turbofan

engine. The fan assembly comprises:

a fan comprising a plurality of circumferentially distributed fan blades extending
from a hub, the fan blades and the hub defining a flow passage through which ambient
air is propelled;

a nose cone disposed upstream of the hub and having an interior in fluid
communication with the ambient air; and

a pump at least partially housed in the interior of the nose cone, the pump being
configured to, using the ambient air in the nose cone, drive injection air into the flow
passage defined by the fan blades and the hub to influence flow in the flow passage.
[0004] The hub may define one or more injection passages for directing

Injection air from the pump to one or more locations in the flow passage.

[0005] The one or more injection passages may comprise one or more

respective openings formed in an outer surface of the hub.

[0006] The pump may comprise a plurality of rotor blades secured for common

rotation with the fan.

[0007] The pump may comprise a circular array of the rotor blades.
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[0008] The plurality of rotor blades may be secured to an inner surface of the

outer wall of the nose cone.

[0009] The pump may comprise a first stage including a first circular array of the
rotor blades and a second stage including a second circular array of the rotor blades.

The second stage may be disposed downstream of the first stage.

[0010] The pump may comprise a circular array of stator guide vanes disposed

between the first stage of rotor blades and the second stage of rotor blades.

[0011] The hub may at least partially define a collection chamber for receiving
the injection air from the pump. The collection chamber may be disposed upstream of

the one or more injection passages.

[0012] The pump may define an annular flow passage that is at least partially

defined by an inner surface of the outer wall of the nose cone.

[0013] The pump may be configured to drive injection air to a root region of the

one or more fan blades.

[0014] The pump may be configured to drive injection air to a location upstream

of the one or more fan blades.

[0015] In another aspect, the disclosure describes a gas turbine engine

comprising:

an Inlet fan for propelling ambient air, the inlet fan comprising a plurality of
circumferentially distributed fan blades extending from a hub, the fan blades and the
hub defining a flow passage through which ambient air is propelled:

a nose cone disposed upstream of the hub and having an interior in fluid
communication with the ambient air; and

a pump at least partially housed in the interior of the nose cone, the pump being
configured to, using the ambient air in the nose cone, drive injection air into the flow
passage defined by the fan blades and the hub to influence flow in the flow passage;

a compressor for pressurizing the air propelled by the inlet fan;

a combustor in which the pressurized air from the compressor is mixed with fuel

and ignited for generating a stream of combustion gases; and

-9 .
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a turbine for extracting energy from the combustion gases.
[0016] The hub may define one or more injection passages for directing

injection air from the pump to one or more locations in the flow passage.

[0017] The one or more injection passages may comprise one or more

respective openings formed in an outer surface of the hub for discharging the injection

air.

[0018] The pump may comprise a plurality of rotor blades secured for common

rotation with the inlet fan.

[0019] The pump may be configured to drive injection air to a root region of the

one or more fan blades.

[0020] The pump may be configured to drive injection air to a location upstream

of the one or more fan blades.

[0021] In a further aspect, the disclosure describes a method for influencing flow

through a fan of a gas turbine engine. The method comprises:

receiving air into an interior of a nose cone;

iIncreasing the pressure of the air in the interior of the nose cone and directing

the pressurized air; and
discharging the air into a flow passage defined by the fan.

[0022] The method may comprise discharging the air through one or more

openings formed in an outer surface of a hub of the fan.

[0023] The method may comprise discharging the air to a root region of one or

more fan blades of the fan.

[0024] The method may comprise discharging the air to a location upstream of

one or more fan blades of the fan.

[0025] Further details of these and other aspects of the subject matter of this

application will be apparent from the detailed description included below and the

drawings.
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DESCRIPTION OF THE DRAWINGS

[0026] Reference is now made to the accompanying drawings, in which:

[0027] FIG. 1 shows an axial cross-section view of an exemplary turbofan gas

turbine engine comprising a fan assembly as described herein;

[0028] FIG. 2 shows a partial cross-section view of a schematic representation

of an exemplary fan assembly of the engine of FIG. 1;

[0029] FIG. 3 shows a partial cross-section view of a schematic representation

of another exemplary fan assembly of the engine of FIG. 1,

[0030] FIG. 4 shows a partial cross-section view of a schematic representation

of another exemplary fan assembly of the engine of FIG. 1,

[0031] FIG. 5 shows a partial cross-section view of a schematic representation

of another exemplary fan assembly of the engine of FIG. 1; and

[0032] FIG. 6 is a flowchart illustrating a method for influencing flow in a flow

passage defined by a fan of a gas turbine engine.

DETAILED DESCRIPTION

[0033] The present disclosure relates to assemblies and methods for influencing
flow through an inlet fan of a gas turbine engine by injecting air into the flow passage
defined by the inlet fan. In some embodiments, the disclosed assemblies and methods
may serve to provide (e.g., flow control) injection air to a root or other region(s) of one

or more fan blades to influence the flow characteristics around the fan blades. In some
situations, such influence on the flow characteristics may result in an improved
performance and greater operating range for the fan by delaying the onset of flow
separation and also contribute toward an improved overall performance of the gas
turbine engine. In some situations, such influence on the flow may result in reduced fan

vibration stress and noise.

[0034] In some embodiments, the disclosed assemblies and methods may be
adapted to drive injection air for discharge into the flow passage defined by the inlet fan

from within a nose cone of the gas turbine engine. Accordingly, the assemblies and
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methods disclosed herein may reduce or eliminate the need for routing high-pressure
(and relatively expensive) air drawn from a downstream compressor of the gas turbine

engine to the desired locations on the fan via relatively complex plumbing.

[0035] In some embodiments, the disclosed assemblies and methods may be
adapted to supercharge a root region of the blades of the fan (i.e., fan inner core) by

discharging injection air into the flow passage (e.g., upstream of the fan blades).

[0036] Aspects of various embodiments are described through reference to the
drawings.
[0037] FIG. 1 illustrates a gas turbine engine 10 of a type preferably provided

for use Iin subsonic flight, generally comprising in serial flow communication a fan 12
through which ambient air is propelled, a multistage compressor 14 for pressurizing the
air, a combustor 16 In which the compressed air is mixed with fuel and ignited for
generating an annular stream of hot combustion gases, and a turbine section 18
comprising one or more turbines for extracting energy from the combustion gases.
Engine 10 may be suitable for use in aircraft applications. For example, engine 10 may
be of the turbofan type. It is understood that aspects of the present disclosure may also
be applicable to other types of gas turbine engines such as turbojet engines. Engine 10
may comprise a central axis of rotation RA about which one or more spools of engine
10 may rotate. In some embodiments, central axis of rotation RA may also correspond

to (i.e., be coaxial with) a rotation axis of fan 12.

[0038] FIG. 2 shows a partial cross-section view of a schematic representation
of fan 12 and nose cone 24 of engine 10 of FIG. 1. Nose cone 24 may be disposed
upstream of hub 22 and coaxial therewith. Nose cone 24 may be secured to hub 22 for
common rotation therewith and pump 26 may be at least partially housed in an interior
28 of nose cone 24. In various embodiments, fan 12 may comprise a plurality of
circumferentially distributed fan blades 20 extending from hub 22. Fan 12 may be

disposed at or near an inlet of engine 10 and may be considered an inlet fan. Fan

blades 20 may be arranged as a circular array of radially extending fan blades 20
secured to hub 22. In some embodiments, fan blades 20 may be integrally formed with

hub 22 as a unitary construction, or, fan blades 20 may comprise separately-formed
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components secured to hub 22 according to any suitable method. Each fan blade 20

may have a root region 20R located at or near an outer surface 30 of hub 22. Root

region 20R may be considered a radially-inner portion of fan blade 20.

[0039] Fan blades 20 and hub 22 may define a flow passage extending through
fan 12 and through which the ambient air AMB is propelled toward a core of engine 10
and/or toward a bypass duct of engine 10. The flow passage through fan 12 may be
considered part of the gas path of engine 10. The flow passage may comprise one or
more spaces defined between two adjacent fan blades 20 and extending radially from
hub 22 to the tips of the adjacent fan blades 20. The flow passage may extend axially
from a leading edge of one or more of fan blades 20 to a trailing edge of the one or
more fan blades 20. In some embodiments, the flow passage may extend axially from a
forward end of hub 22 to an aft end of hub 22 along axis of rotation RA. A radially-inner
portion of the flow passage (i.e., at or near hub 22) may also be known as an “inner

core” region of fan 12.

[0040] Hub 22 may be drivingly coupled to a shaft of engine 10 according to
any suitable method for rotation about rotation axis RA. Hub 22 may define one or
more injection passages 32 for directing injection air INJ to root region 20R of one or
more of fan blades 20. The one or more injection passages 32 may comprise one or
more respective discharge openings 34 formed in outer surface 30 of hub 22. The
number and location of injection passages 32 illustrated in FIG. 1 are for example only
and not intended to be limiting. The number and location(s) of the one or more
openings 34 may be selected based on the flow characteristics around each fan blade

20 and on the desired influence to be achieved on the flow characteristics around each
fan blade 20 at or near outer surface 30 of hub 22. For example, the number,
location(s), geometry and discharge orientation(s) of the one or more openings 34 may
be selected based on empirical information regarding the flow characteristics in root
region 20R of fan blade 20 or based on numerical modeling information regarding the
flow characteristics in root region 20R of fan blade 20. For example, the number and
location(s) of the one or more openings 34 may be selected for flow injection at
location(s) around root region 20R (e.g., suction side) of fan blade 20 that are more

susceptible to flow separation in order to delay the onset of such flow separation in the
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root region 20R of fan blade 20 for performance and/or operating range improvements
for example under one or more operating conditions. Injection passages 32 may
comprise holes/jets formed into hub 22 using any suitable method such as, for example,

being integrally formed into hub 22 during casting of hub 22 or by subsequent drilling.

[0041] Alternatively or in addition to openings 34 being formed in outer surface
30 of hub 22, injection passage(s) 32 may extend into fan blade(s) 20 and opening(s)
34 may be formed in a side wall of fan blade(s) 20 so that injection air INJ may be
discharged in root region 20R or in other region(s) of fan blade(s) 20 but at a distance
(e.qg., radially outward relative to axis of rotation RA) from outer surface 30 of hub 22. In
some embodiments, the location(s) of such opening(s) 34 formed in a side wall of fan
blade(s) 20 may be closer to outer surface 30 of hub 22 than to a tip of fan blade(s) 20.
Alternatively or in addition, pump 26 and injection passage(s) 32 may, for example, be
used to direct injection air INJ to a tip region of fan blade(s) 20 where injection
passage(s) 32 extend along fan blade(s) 20 or fan blade(s) 20 is/are hollow in order to
influence the flow characteristics in the tip or other region(s) of the one or more fan
blades 20.

[0042] Nose cone 24 may also be referred to as “inlet cone” or “fan spinner” of
engine 10. Nose cone 24 may be integrally formed with hub 22 as a unitary
construction, or, nose cone 24 may comprise a separately formed component or
components (e.g., removably) secured individually or as an assembly to hub 22
according to any suitable method such as by a plurality of circumferentially-distributed
fasteners 36. Nose cone 24 may comprise outer wall 38 providing an outer surface for

interfacing with a free stream of ambient air AMB (e.g., ram air) entering engine 10

during flight or other mode(s) of operation of engine 10. In some embodiments, the
outer surface of outer wall 38 of nose cone 24 may be substantially flush with outer

surface 30 of hub 22 and may serve to direct the ambient air AMB into the inner core of
fan 12.

[0043] Nose cone 24 may define interior 28 (i.e., an internal volume/space) at
least partially enclosed by outer wall 38. In some embodiments, interior 28 of nose

cone 24 may be at least partially defined by inside surface 40 of outer wall 38 of nose
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cone 24. Interior 28 of nose cone 24 may be in fluid communication with ambient air
AMB and with the one or more injection passages 32 defined in hub 22. For example,
interior 28 may be in fluid communication with the ambient air AMB via one or more
apertures 42 formed in outer wall 38 of nose cone 24. In some embodiments,
aperture(s) 42 may comprise a single aperture 42 centrally located in a forward-most
and forward-facing location of nose cone 24. In the illustrated embodiment, ambient
(e.g., ram) air AMB may enter nose cone 24 during flight of engine 10. Screen 44 may
be disposed across aperture 42 for preventing foreign objects of certain sizes from
entering interior 28 of nose cone 24 via aperture 42. Outer wall 38 of nose cone 24

may have an overall axisymmetric shape that is substantially coaxial with rotation axis
RA of fan 12.

[0044] Pump 26 may be at least partially housed in interior 28 of nose cone 24.
In some embodiments, pump 26 may be entirely housed in interior 28 of nose cone 24.
Pump 26 may be configured to, using ambient air AMB received in nose cone 24 via
aperture 42, drive injection air INJ through the one or more injection passages 32
defined in hub 22 to direct the injection air INJ to the root region 20R of the one or more
fan blades 20. Pump 26 may comprise any suitable means for driving (e.g., propelling)
a flow of air such as one or more impellers and/or one or more rotor blades (i.e.
airfoils). For example, pump 26 may be configured to add energy to the ambient air
AMB received in nose cone 24 in order to increase velocity and/or pressure of the
ambient air AMB and produce one or more flows of injection air INJ. For example,
pump 26 may be configured to pressurize the ambient air AMB and may be considered

a COmpressor.

[0045] In some embodiments, pump 26 may comprise one or more movable
rotor blades 46-1 and 46-2 (referred generically as “rotor blades 46") secured to a
structure of nose cone 24 for common rotation with nose cone 24 and hence with fan
12. For example, the plurality of rotor blades 46 may be (e.g., directly) secured to inner
surface 40 of outer wall 38 of nose cone 24. For example, rotor blades 46 may depend
(e.g., extend radially inwardly) from inner surface 40 of outer wall 38 of nose cone 24 as

shown in FIG. 2. In some embodiments rotor blades 46 may be made of the same or
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similar material(s) to that of nose cone 24. For example, rotor blades 46 may be made

of a suitable aluminum-based alloy or titanium-based alloy.

[0046] In various embodiments, pump 26 may comprise one or a plurality of
pressurizing stages in series where each stage comprise a circular array of rotor blades
46. The pressurizing stages may progressively pressurize the ambient air AMB
between inlet 26A of pump 26 and outlet 26B of pump 26. Inlet 26A and outlet 268 may
each have an annular shape where annular outlet 26B may have a larger nominal
diameter than annular inlet 26A due to the generally conical shape of nose cone 24.
Accordingly, pump 26 may defines a radially expanding annular flow passage extending
from annular inlet 26A to annular outlet 26B and that is at least partially defined by inner

surface 40 of outer wall 38 of nose cone 24.

[0047] The pressurization of ambient air AMB may cause an increase in
temperature of the pressurized injection air INJ. The flow of pressurized air against the
inside surface 40 of outer wall 38 may cause some heat to be transferred to outer wall
38 and provide some anti-icing protection for outer wall 38 of nose cone 24 depending

on the amount of heat transferred thereto and associated temperatures.

[0048] In some embodiments, pump 26 may comprise a first circular array 46-1
of rotor blades 46 defining a first pressurizing stage and a second circular array 46-2 of
rotor blades 46 defining a second pressurizing stage. The second circular array 46-2 of
rotor blade 46 may be disposed downstream of the first circular array 46-1 of rotor
blades 46 along annular passage 48. In some embodiments, pump 26 may comprise
one or more stator guide vanes 50-1 and 50-2 (referred generically as “stator guide
vanes 50”) secured to a non-rotating structure 52 (e.g., stator) of engine 10. For
example, pump 26 may comprise a first circular array 50-1 of stator guide vanes 50
disposed between first circular array 46-1 of rotor blades 46 and second circular array
46-2 of rotor blades 46. Pump 26 may comprise a second circular array 50-2 of stator
guide vanes 50 disposed downstream of second circular array 46-2 of rotor blades 46

along annular passage 48. Rotor blades 46 and nose cone 24 may be considered a
rotor portion of pump 26. Stator guide vanes 50 and associated structure may be

considered a stator portion of pump 26. In some embodiments, non-rotating structure
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52 may include or be indirectly secured to a casing of engine 10 for example. For
example, non-rotating structure 52 may include a bearing housing (shown in FIG. 3).
The stator portion of pump 26 may be sealed with the rotor portion of pump 26 or with
hub 22 via a suitable seal 53 of any suitable type. In some embodiments, seal 53 may

be a labyrinth seal.

[0049] In some embodiments, injection air INJ that is driven by pump 26 may be
collected into collection chamber 54 upstream of the one or more injection passages 32.
For example, collection chamber 54 may collect pressurized injection air INJ before 1t is
distributed to the one or more injection passages 32. In some embodiments, collection
chamber 54 may serve as a manifold for collecting and distributing injection air INJ to a
plurality of injection passages 32. Collection chamber 54 may comprise a volume at
least partially defined by hub 22. In some embodiments, collection chamber 54 may

comprise a volume that is cooperatively defined by hub 22 and nose cone 24.

[0050] In various embodiments, the flow injection functionality described herein
may be incorporated into new engines 10 or retrofitted into existing engines by, for

example, replacing nose cone 24 and adding suitable injection passages 32 to hub 22.

[0051] FIG. 3 shows a partial cross-section view of a schematic representation
of another exemplary fan assembly of engine 10. The fan assembly of FIG. 3 has
elements common with the fan assembly of FIG. 2 and their description is not repeated.
Like elements are shown using like reference numerals. The fan assembly of FIG. 3
shows a stator portion of pump 26 as being secured to non-rotating structure 52 which

is depicted as a bearing housing. The bearing associated with such housing may
support low-pressure shaft 56 of engine 10. Hub 22 may be directly or indirectly
secured to low-pressure shaft 56 for common rotation therewith. Alternatively, hub 22
may be drivingly coupled to low-pressure shaft 56 via a suitable (e.g., speed-reducing)

gear box.

[0052] In various embodiments, the fan assembly of FIG. 3 may or may not
comprise screen 44. In some embodiments, the stator portion of pump 26 may
comprise inlet guide wall 58 for directing the free stream of ambient air AMB entering

nose cone 24 via aperture 42 toward annular inlet 26A of pump 26. The use of inlet

- 10 -
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guide wall 58 may promote a more streamlined flow of ambient air AMB into pump 26,
increased velocity of the ambient air AMB entering pump 26 and consequently promote

increased velocity or pressure of injection air INJ being discharged by pump 26.

[0053] FIG. 4 shows a partial cross-section view of a schematic representation
of another exemplary fan assembly of engine 10. The fan assembly of FIG. 4 has
elements common with the fan assemblies of FIGS. 2 and 3 and their description Is not
repeated. Like elements are shown using like reference numerals. In various
embodiments, the fan assembly of FIG. 4 may serve to supercharge the inner core of
fan 12 and, optionally, also discharge flow control injection air INJ to locally influence
the flow through the flow passage defined by fan 12. For example, pump 26 may be
configured to drive an annular stream of injection air INJ directly to root region 20R of
fan blades 20. Since the injection air INJ provided to the inner core of fan 12 may be of
higher pressure than the ambient air AMB due to the action of pump 26, the injection air
INJ may be considered to supercharge the inner core of fan 12. The supercharging of
the inner core of fan 12 may, in some embodiments, promote increased overall core
pressure of engine 10 and reduced specific fuel consumption of engine 10. From an
aerodynamic point of view, the injection air INJ may, in some embodiments, improve
flow characteristics in the root region 20R of fan blades 20 by promoting one or more of
a higher Reynold number (i.e., less boundary layer build-up), a higher inlet pressure, a
higher choke margin, a higher inlet temperature, a lower corrected speed and a lower
relative Mach number. In some embodiments, injection air INJ may help lower energy

losses through fan 12.

[0054] In some embodiments, pump 26 may be configured to deliver an annular
stream of injection air INJ to a root region 20R of fan blades 20. The annular stream of
injection air INJ may be discharged to a location upstream of fan blades 20 as shown in
FIG. 4. For example, annular outlet 26B of pump 26 may be substantially aligned (e.g.,
streamlined) with the root region 20R of fan blades 20 so that the injection air INJ may
be delivered from pump 26 to the inner core of fan 12 without significant changes in flow
direction. Accordingly, in the embodiment shown, the outer surface of outer wall 38 of
nose cone 24 may not necessarily be flush with outer surface 30 of hub 22. For

example, the outer surface of outer wall 38 of nose cone 24 may be raised (i.e., offset)

- 11 -
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relative to outer surface 30 of hub 22 so that there is a radially inward step from the

outer surface of outer wall 38 to outer surface 30 of hub 22.

[0055] The fan assembly of FIG. 4 shows a stator portion of pump 26 as being
secured to non-rotating structure 52 which is depicted as a bearing housing supporting
low-pressure shaft 56 of engine 10. Hub 22 may be drivingly coupled to low-pressure
shaft 56 according to any suitable method. A rotor portion of pump 26 may also be
drivingly coupled to low-pressure shaft 56. For example, outer wall 38 of nose cone 24
may be coupled to low-pressure shaft 56 via rotor coupling member 60 for common
rotation with low-pressure shaft 56. Rotor coupling member 60 may define or
accommodate one or more apertures 42 for communicating ambient air AMB into the

interior 28 of nose cone 24.

[0056] As mentioned above, the fan assembly of FIG. 4 may optionally allow for
some of the injection air INJ to additionally be driven through one or more injection
passages 32 and discharged through one or more associated respective openings 34.
In some embodiments, some of the injection air INJ driven by pump 26 may be directed
into collection chamber 54, into injection passage(s) 32 and out of opening(s) 34 for
local flow control in the flow passage defined through fan 12 the manner explained

above.

[0057] FIG. 5 shows a partial cross-section view of a schematic representation
of another exemplary fan assembly of engine 10. The fan assembly of FIG. 5 has
elements common with the fan assembilies of FIGS. 2, 3 and 4 and their description is
not repeated. Like elements are shown using like reference numerals. In various
embodiments, the fan assembly of FIG. 5 may serve to supercharge the inner core of
fan 12 in a similar manner to the fan assembly of FIG. 4 where pump 26 is configured to
drive an annular stream of injection air INJ directly to root region 20R of fan blades 20.

The annular stream of injection air INJ may be discharged to a location upstream of fan
blades 20.

[0058] In contrast with the fan assembly of FIG. 4, outer wall 38 of nose cone 24
may be part of a stator portion of pump 26 and inner wall 39 of nose cone 24 may be

part of a rotor portion of pump 26. For example, stator guide vanes 50 may be secured

-12 -
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to outer wall 38 of nose cone 24 and outer wall 38 may in turn be secured to non-
rotating structure 52 via stator coupling member 62. On the other hand, rotor blades 46

may be secured to inner wall 39 of pump 26 and inner wall 39 may in turn be secured to

hub 22 via fastener(s) 36 for common rotation with hub 22.

[0059] The embodiment of FIG. 5 may also comprise guide wall 58, which may
also be secured to non-rotating structure 52 via stator coupling member 62. Guide wall
58 may direct the free stream of ambient air AMB toward one or more apertures 42
leading to annular inlet 26A of pump 26. Aperture(s) 42 through which ambient air AMB
enters pump 26 may be formed in a stator portion of nose cone 24 so as to provide a
non-rotating window through which ambient air AMB is received. In some
embodiments. the flow of ambient air AMB received via non-rotating aperture(s) 42 may
be cleaner as opposed to being received via one or more rotating apertures 42 as in the
embodiment of FIG. 4. For example, pulsations or other disruptions in the flow of

ambient air AMB received may be reduced with the use of non-rotating aperture(s) 42.

[0060] FIG. 6 is a flowchart illustrating a method 600 for influencing the flow In
the flow passage defined by fan 12. Various embodiments of method 600 may be
carried out by fan 12, nose cone 24 and pump 26 described above and illustrated in one
or more of FIGS. 2, 3, 4 and 5 but it is understood that method 600 is not limited to the
specific exemplary embodiments illustrated in FIGS. 2, 3, 4 and 5 and described herein.
In various embodiments, method 600 may comprise: receiving air (e.g., ambient air
AMB) into interior 28 of nose cone 24 (see block 602); increasing the pressure of the air
(e.g., using pump 26) in interior 28 of nose cone 24 and directing the pressurized air

(see block 604); and discharging the air (e.g., injection air INJ) in the flow passage
defined by fan 12 to influence the flow in the flow passage (see block 606).

[0061] In various embodiments, discharging injection air INJ in the flow passage
may comprise discharging injection air INJ to root region 20R or other region(s) of the
one or more fan blades 20. In some embodiments, method 600 may comprise
discharging injection air INJ to a location upstream of one or more fan blades 20. In
some embodiments, method 600 may comprise using injection air INJ to supercharge

the inner core of fan 12.

-13 -
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[0062] In some embodiments of method 600, discharging the air to root region
20R of the one or more fan blades 20 may comprise discharging the air through one or

more openings 34 formed in an outer surface of hub 22 of fan 12.

[0063] In some embodiments of method 600, pressurizing the air (e.g., injection
air INJ) may comprise using rotor blades 46 secured to a structure (e.g., inside surface

40) of nose cone 24 for common rotation with nose cone 24.

[0064] In some embodiments, method 600 may comprise pressurizing the air in
interior 28 of nose cone 24 using a first pressurizing stage (e.g., rotor blades 46-1) and
a second pressurizing stage (e.qg., rotor blades 46-2) where both the first pressurizing

stage and the second pressurizing stage are disposed in interior 28 of nose cone 24.

[0065] In some embodiments of method 600, directing the air may comprise
directing the air against inner surface 40 of outer wall 38 of nose cone 24. In some
embodiments of method 600, directing the air may comprise directing the air toward the

flow passage defined by fan 12.

[0066] In some embodiments, method 600 may comprise receiving the air (e.g.,

injection air INJ) in collection chamber 54 prior to discharging the air.

[0067] The above description is meant to be exemplary only, and one skilled in
the relevant arts will recognize that changes may be made to the embodiments
described without departing from the scope of the invention disclosed. For example, the
blocks and/or operations in the flowcharts and drawings described herein are for
purposes of example only. There may be many variations to these blocks and/or
operations without departing from the teachings of the present disclosure. The present
disclosure may be embodied in other specific forms without departing from the subject
matter of the claims. Also, one skilled in the relevant arts will appreciate that while the

assemblies and methods disclosed and shown herein may comprise a specific number

of elements/components, the assemblies and methods could be modified to include
additional or fewer of such elements/components. The present disclosure is also
intended to cover and embrace all suitable changes in technology. Modifications which
fall within the scope of the present invention will be apparent to those skilled in the art,

in light of a review of this disclosure, and such modifications are intended to fall within
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the appended claims. Also, the scope of the claims should not be limited by the

preferred embodiments set forth in the examples, but should be given the broadest

interpretation consistent with the description as a whole.
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WHAT IS CLAIMED I[S:

1. A fan assembly for a turbofan engine, the fan assem bly comprising:

a fan comprising a plurality of circumferentially distributed fan blades extending
radially outwardly from a hub, the fan blades and a radially-outer surface of the hub
defining a flow passage through which ambient air is propelled;

a nose cone disposed upstream of the hub and having an interior in fluid
communication with the ambient air; and

a pump at least partially housed in the interior of the nose cone, the pump being
configured to, using the ambient air in the nose cone, drive injection air into the flow
passage defined by the fan blades and the radially-outer surface of the hub to influence
flow in the flow passage;

wherein:

the pump comprises a first stage including a first circular array of rotor
blades and a second stage including a second circular array of rotor blades, the
second stage being dis posed downstream of the first stage; and

the pump comprises a circular array of stator guide vanes disposed

between the first stage of rotor blades and the second stage of rotor blades.
2. The fan assembly as defined in claim 1, wherein the hub defines one or more
Injection passages for directing injection air from the pump to one or more locations in

the flow passage.

3. The fan assembly as defined in claim 2, wherein the one or more injection
passages comprise one or more respective openings formed in the radially-outer

surface of the hub.

4. The fan assembly as defined in claim 1, wherein the rotor blades are secured for

common rotation with the fan.

5. The fan assembly as defined in claim 4, wherein the rotor blades are secured to

an inner surface of the outer wall of the nose cone.

- 16 -
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6. The fan assembly as defined in claim 2, wherein the hub at least partially
defines a collection chamber for receiving the injection air from the pump, the collection

chamber being disposed upstream of the one or more injection passages.

7. The fan assembly as defined in claim 1, wherein the pump defines an annular
flow passage that is at least partially defined by an inner surface of the outer wall of the

nose cone.

8. The fan assembly as defined in claim 1, wherein the pump is configured to drive

injection air to a root region of the one or more fan blades.

9. The fan assembly as defined in claim 1, wherein the pump is configured to drive

injection air to a location upstream of the one or more fan blades.

10. A gas turbine engine comprising:

an Inlet fan for propelling ambient air, the inlet fan comprising a plurality of
circumferentially distributed fan blades extending radially outwardly from a hub, the fan
blades and a radially-outer surface of the hub defining a flow passage through which
ambient air is propelled;

a nose cone disposed upstream of the hub and having an interior in fluid
communication with the ambient air; and

a pump at least partially housed in the interior of the nose cone, the pump being
configured to, using the ambient air in the nose cone, drive injection air into the flow
passage defined by the fan blades and the radially-outer surface of the hub to influence
flow in the flow passage, the pump comprising a first stage including a first circular array

of rotor blades and a second stage including a second circular array of rotor blades, the
second stage being disposed downstream of the first stage, the pump comprising a

circular array of stator vanes disposed between the first stage of rotor blades and the
second stage of rotor blades;

a compressor for pressurizing the air propeiled by the inlet fan;
a combustor in which the pressurized air from the compressor is mixed with fuel
and ignited for generating a stream of combustion gases; and

a turbine for extracting energy from the combustion gases.

- 17 -
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11. The gas turbine engine as defined in claim 10, wherein the hub defines one or
more injection passages for directing injection air from the pump to one or more

locations in the flow passage.

12. The gas turbine engine as defined in claim 11, wherein the one or more injection
passages comprise one or more respective openings formed in the radially-outer

surface of the hub for discharging the injection air.

13. The gas turbine engine as defined in claim 10, wherein the rotor blades are

secured for common rotation with the inlet fan.

14. The gas turbine engine as defined in claim 10, wherein the pump is configured

to drive injection air to a root region of the fan blades.

15. The gas turbine engine as defined in claim 10, wherein the pump is configured

to drive injection air to a location upstream of the fan blades.

16. A method for influencihg flow through a fan of a gas turbine engine, the method
comprising:

receiving air into an interior of a nose cone;

increasing the pressure of the air in the interior of the nose cone and directing
the pressurized air using a pump at least partially housed in the interior of the nose
cone, the pump comprising a first stage including a first circular array of rotor blades, a
second stage disposed downstream of the first stage and comprising a second circular
array of rotor blades, and a circular array of stator vanes disposed between the first
stage of rotor blades and the second stage of rotor blades; and

discharging the pressurized air into a flow passage defined by a radially-outer

surface of a hub and fan blades extending r adially outwardly from the hub.

17. - The method as defined in claim 16, comprising discharging the pressurized air

through one or more openings formed in the outer surface of the hub of the fan.

- 18 -
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18.  The method as defined in claim 16, comprising discharging the pressurized air
to a root region of the fan blades of the fan.

19. The method as defined in claim 16, comprising discharging the pressurized air

to a location upstream of the fan blades of the fan.

-19 -
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