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(54) INLET ASSEMBLY FOR AN AIRCRAFT AFT FAN

(57) An engine for mounting in or to an aircraft in-
cludes a stage of compression airfoils rotatable about a
central axis; a casing surrounding the stage of compres-
sion airfoils and defining an inlet; and a low-distortion
inlet assembly mounted within the inlet. The inlet assem-
bly includes one or more structural members mounted

at predetermined locations around a circumference of
the central axis within the inlet, the predetermined loca-
tions defining an airflow distortion exceeding a predeter-
mined threshold; and at least one airflow modifying ele-
ment configured within the inlet so as to reduce airflow
distortion entering the stage of compression airfoils.



EP 3 722 576 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part appli-
cation of U.S. Application No. 15/234,067 filed August
11, 2016, and U.S. Application No. 15/234,055 filed Au-
gust 11, 2016, and each of the above applications are
hereby incorporated by reference in their entireties for all
purposes.

FIELD OF THE INVENTION

[0002] The present subject matter relates generally to
aircraft engines, and more particularly to an inlet assem-
bly for an aircraft engine that reduces an airflow distortion
of airflow entering a stage of compression airfoils of the
engine.

BACKGROUND OF THE INVENTION

[0003] During operation of aircraft engines, an inlet of
the aircraft engine can see a strong swirl distortion (or
other airflow distortion) due to a variety of factors. For
example in supersonic aircraft engines, the inventors of
the present disclosure have found that relatively thin lips/
leading edges of a nacelle located upstream of a gas
turbine engine can generate airflow distortion at the inlet
to the gas turbine engine at certain aircraft operating con-
ditions. The airflow distortion can be detrimental to an
operability of the engine, and particularly to the gas tur-
bine engine. Further, such airflow distortion can cause
aeromechanical and/or operational issues.
[0004] Thus, an improved inlet assembly for an aircraft
engine that addresses the aforementioned issue would
be welcomed in the art.

BRIEF DESCRIPTION OF THE INVENTION

[0005] Aspects and advantages of the invention will be
set forth in part in the following description, or may be
obvious from the description, or may be learned through
practice of the invention.
[0006] In one aspect, the present disclosure is directed
to an engine for mounting in or to an aircraft, the engine
defining a central axis. The engine includes a stage of
compression airfoils rotatable about the central axis; a
casing surrounding the stage of compression airfoils and
defining an inlet; and a low-distortion inlet assembly
mounted within the inlet. The inlet assembly includes one
or more structural members mounted at predetermined
locations around a circumference of the central axis with-
in the inlet, the predetermined locations defining an air-
flow distortion exceeding a predetermined threshold; and
at least one airflow modifying element configured within
the inlet so as to reduce airflow distortion entering the
stage of compression airfoils.
[0007] In certain embodiments the engine is a super-

sonic turbofan engine for mounting in or to a supersonic
aircraft.
[0008] For example, in certain embodiments the en-
gine further includes a gas turbine engine including the
stage of compression airfoils and a turbine coupled to
the stage of compression airfoils for driving the stage of
compression airfoils, and wherein the casing is a gas
turbine engine casing; and an engine casing surrounding
the gas turbine engine, the engine casing configured as
a nacelle.
[0009] For example, in certain embodiments the gas
turbine engine includes a nose cone, and wherein the
inlet is defined with the nose cone.
[0010] For example, in certain embodiments the na-
celle further defines a bypass passage around the gas
turbine engine.
[0011] For example, in certain embodiments the inlet
defined by the gas turbine engine casing is a gas turbine
engine inlet, wherein the low-distortion inlet assembly is
mounted within the gas turbine engine inlet.
[0012] For example, in certain embodiments the air-
flow duct of the nacelle defines a non-linear centerline.
[0013] For example, in certain embodiments the na-
celle defines a nacelle inlet upstream of the airflow duct,
wherein the engine further defines a radial direction, and
wherein the nacelle inlet defines an angle with the radial
direction greater than about 15 degrees.
[0014] In certain embodiments the one or more struc-
tural members include at least one of an inlet guide vane
or a strut.
[0015] For example, in certain embodiments the en-
gine further includes a plurality of inlet guide vanes placed
in groups at the predetermined locations around the cir-
cumference of the central stage of compression airfoils.
[0016] For example, in certain embodiments each of
the plurality of inlet guide vanes includes a shape and an
orientation configured to reduce airflow distortion enter-
ing the stage of compression airfoils.
[0017] For example, in certain embodiments the inlet
assembly defines a first circumferential portion having a
first density of structural members and a second circum-
ferential portion having a second density of structural
members, and wherein the first density is different than
the second density.
[0018] For example, in certain embodiments a leading
edge radius of one or more of the inlet guide vanes varies
in a span-wise direction as a function of the airflow con-
ditions entering the stage of compression airfoils.
[0019] In certain embodiments the at least one airflow
modifying element includes at least one of a vortex gen-
erator, a contoured surface, a flap, or variable inlet guide
vanes.
[0020] For example, in certain embodiments the at
least one vortex generator or flap is mounted on one of
the plurality of structural members.
[0021] For example, in certain embodiments the con-
toured surface is located on an inner surface of the cas-
ing.
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[0022] In certain embodiments including at least one
of trailing edge blowing, trailing edge suction, or angled
flow injection configured to reduce flow distortion entering
the stage of compression airfoils.
[0023] In certain embodiments the predetermined lo-
cations are substantially evenly spaced with respect to
the circumference of the central axis.
[0024] In certain embodiments the engine is an aft fan
assembly for mounting to the aircraft at an aft end of the
aircraft, wherein the stage of compression airfoils is a fan
having a plurality of fan blades, and wherein the casing
is a nacelle surrounding the plurality of fan blades.
[0025] In another exemplary aspect of the present dis-
closure, a low-distortion inlet assembly is provided for an
engine of an aircraft having a stage of compression air-
foils rotatable about a central axis, the engine further de-
fining an inlet. The inlet assembly includes a plurality of
structural members mounted at one or more predeter-
mined locations around a circumference of the central
axis of the engine within the inlet, the one or more pre-
determined locations including an airflow distortion ex-
ceeding a predetermined threshold; and at least one air-
flow modifying element configured within the inlet of the
engine so as to reduce swirl distortion entering the stage
of compression airfoils.
[0026] These and other features, aspects and advan-
tages of the present invention will become better under-
stood with reference to the following description and ap-
pended claims. The accompanying drawings, which are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and, together with
the description, serve to explain the principles of the in-
vention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] A full and enabling disclosure of the present in-
vention, including the best mode thereof, directed to one
of ordinary skill in the art, is set forth in the specification,
which makes reference to the appended figures, in which:

FIG. 1 illustrates a top view of one embodiment of
an aircraft according to the present disclosure;
FIG. 2 illustrates a port side view of the aircraft of
FIG. 1;
FIG. 3 illustrates a schematic, cross-sectional view
of one embodiment of a gas turbine engine mounted
to one of the wings of the aircraft of FIG. 1;
FIG. 4 illustrates a schematic, cross-sectional view
of one embodiment of an aft engine according to the
present disclosure;
FIG. 5 illustrates a schematic, cross-sectional view
of the aft engine of FIG. 4, viewed along an axial
centerline of the aft engine of FIG. 4 so as to illustrate
one embodiment of an inlet assembly according to
the present disclosure;
FIG. 6 illustrates a cross-sectional view of one em-
bodiment of an inlet guide vane of an inlet guide vane

assembly according to the present disclosure, par-
ticularly illustrating an inlet guide vane having a ro-
tatable flap at a trailing edge thereof;
FIG. 7 illustrates a cross-sectional view of another
embodiment of an inlet guide vane of an inlet guide
vane assembly according to the present disclosure,
particularly illustrating an inlet guide vane having a
vortex generator configured thereon;
FIG. 8 illustrates a cross-sectional view of another
embodiment of an inlet guide vane of an inlet guide
vane assembly according to the present disclosure,
particularly illustrating an upright inlet guide vane;
FIG. 9 illustrates a cross-sectional view of yet anoth-
er embodiment of an inlet guide vane of an inlet guide
vane assembly according to the present disclosure,
particularly illustrating an inverted inlet guide vane;
FIG. 10 illustrates a cross-sectional view of still an-
other embodiment of an inlet guide vane of an inlet
guide vane assembly according to the present dis-
closure, particularly illustrating a symmetrical inlet
guide vane;
FIG. 11 illustrates a span-wise view of one embod-
iment of an inlet guide vane of an inlet guide vane
assembly according to the present disclosure, par-
ticularly illustrating an inlet guide vane having a var-
ying leading edge radius in the span-wise direction;
FIG. 12 illustrates a schematic, cross-sectional view
of one embodiment of a supersonic gas turbine en-
gine for mounting in or to a supersonic aircraft in
accordance with an exemplary embodiment of the
present disclosure;
FIG. 13 illustrates a schematic, cross-sectional view
of a gas turbine engine inlet of the exemplary engine
of FIG. 12, along an axial centerline of the engine of
FIG. 12;
FIG. 14 illustrates a schematic, cross-sectional view
of an inlet assembly as may be incorporated into an
engine in accordance with the present disclosure;
and
FIG. 15 shows a side view of a forward end of an
engine in accordance with an exemplary embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Reference will now be made in detail to present
embodiments of the invention, one or more examples of
which are illustrated in the accompanying drawings. The
detailed description uses numerical and letter designa-
tions to refer to features in the drawings. Like or similar
designations in the drawings and description have been
used to refer to like or similar parts of the invention. As
used herein, the terms "first", "second", and "third" may
be used interchangeably to distinguish one component
from another and are not intended to signify location or
importance of the individual components. The terms "up-
stream" and "downstream" refer to the relative direction
with respect to fluid flow in a fluid pathway. For example,
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"upstream" refers to the direction from which the fluid
flows, and "downstream" refers to the direction to which
the fluid flows.
[0029] Generally, the present disclosure is directed to
a low-distortion inlet assembly for reducing airflow swirl
distortion entering an engine (or an aspect of the engine)
mounted to or within an aircraft. Further, the inlet assem-
bly includes a plurality of structural members (e.g. inlet
guide vanes, struts, or similar) mounted at one or more
predetermined locations around a circumference of an
axis of the engine and at least one airflow modifying el-
ement configured within an inlet of the engine. More spe-
cifically, the predetermined locations have a distortion
exceeding a predetermined threshold. As such, the inlet
assembly is configured to reduce airflow distortion enter-
ing the engine or aspect of the engine.
[0030] The inlet guide vanes can be tailored to reduce
flow distortion by introducing variations of the vanes. For
example, in one embodiment, part-circumference inlet
guide vanes may be located in groups at certain locations
around an annulus where distortion is highest. In addi-
tion, one or more of the inlet guide vanes may be replaced
with struts that provide structural support and flow turning
to counter distortion. The inlet assembly of the present
disclosure may also incorporate airflow modifying ele-
ments, such as vortex generators, trailing edge blowing,
trailing edge suction, and/or high lift devices such as flaps
attached to the structural members to further reduce dis-
tortion. Further, the inlet assembly of the present disclo-
sure may also include non-axisymmetric internal area
ruling or contouring to induce a flow field that counters
the airflow distortion or moves it radially further away from
the tips of the downstream compressor blades. Thus, the
present invention reduces airflow distortion entering the
engine or an aspect of the engine and reduces weight
and helps improve the operability of the engine.
[0031] Referring now to the drawings, wherein identi-
cal numerals indicate the same elements throughout the
figures, FIG. 1 illustrates a top view of one embodiment
of the aircraft 10 according to the present disclosure. FIG.
2 illustrates a port side view of the aircraft 10 as illustrated
in FIG. 1. As shown in FIGS. 1 and 2 collectively, the
aircraft 10 defines a longitudinal centerline 14 that ex-
tends therethrough, a vertical direction V, a lateral direc-
tion L, a forward end 16, and an aft end 18. As will be
appreciated, the aircraft depicted in FIGS. 1 and 2 may
be a subsonic commercial aircraft, configured to operate
at subsonic flight speeds.
[0032] Moreover, the aircraft 10 includes a fuselage
12, extending longitudinally from the forward end 16 of
the aircraft 10 towards the aft end 18 of the aircraft 10,
and a pair of wings 20. As used herein, the term "fuse-
lage" generally includes all of the body of the aircraft 10,
such as an empennage of the aircraft 10 and an outer
surface or skin 38 of the aircraft 10. The first of such
wings 20 extends laterally outwardly with respect to the
longitudinal centerline 14 from a port side 22 of the fuse-
lage 12 and the second of such wings 20 extends laterally

outwardly with respect to the longitudinal centerline 14
from a starboard side 24 of the fuselage 12. Further, as
shown in the illustrated embodiment, each of the wings
20 depicted includes one or more leading edge flaps 26
and one or more trailing edge flaps 28. The aircraft 10
may also include a vertical stabilizer 30 having a rudder
flap 32 for yaw control, and a pair of horizontal stabilizers
34, each having an elevator flap 36 for pitch control. It
should be appreciated however, that in other exemplary
embodiments of the present disclosure, the aircraft 10
may additionally or alternatively include any other suita-
ble configuration of stabilizer that may or may not extend
directly along the vertical direction V or horizontal/ lateral
direction L.
[0033] In addition, the aircraft 10 of FIGS. 1 and 2 in-
cludes a propulsion system 100, herein referred to as
"system 100." The system 100 includes a pair of aircraft
engines, at least one of which mounted to each of the
pair of wings 20, and an aft engine. For example, as
shown, the aircraft engines are configured as turbofan
jet engines 102, 104 suspended beneath the wings 20
in an under-wing configuration. Additionally, the aft en-
gine is configured as an engine that ingests and con-
sumes air forming a boundary layer over the fuselage 12
of the aircraft 10. Specifically, the aft engine is configured
as a fan, i.e., a Boundary Layer Ingestion (BLI) fan 106,
configured to ingest and consume air forming a boundary
layer over the fuselage 12 of the aircraft 10. Further, as
shown in FIG. 2, the BLI fan 106 is mounted to the aircraft
10 at a location aft of the wings 20 and/or the jet engines
102, 104, such that a central axis 15 extends there-
through. As used herein, the "central axis" refers to a
midpoint line extending along a length of the BLI fan 106.
Further, for the illustrated embodiment, the BLI fan 106
is fixedly connected to the fuselage 12 at the aft end 18,
such that the BLI fan 106 is incorporated into or blended
with a tail section at the aft end 18. However, it should
be appreciated that in various other embodiments, some
of which will be discussed below, the BLI fan 106 may
alternatively be positioned at any suitable location of the
aft end 18.
[0034] In various embodiments, the jet engines 102,
104 may be configured to provide power to an electric
generator 108 and/or an energy storage device 110. For
example, one or both of the jet engines 102, 104 may be
configured to provide mechanical power from a rotating
shaft (such as an LP shaft or HP shaft) to the electric
generator 108. Additionally, the electric generator 108
may be configured to convert the mechanical power to
electrical power and provide such electrical power to one
or more energy storage devices 110 and/or the BLI fan
106. Accordingly, in such embodiments, the propulsion
system 100 may be referred to as a gas-electric propul-
sion system. It should be appreciated, however, that the
aircraft 10 and propulsion system 100 depicted in FIGS.
1 and 2 is provided by way of example only and that in
other exemplary embodiments of the present disclosure,
any other suitable aircraft 10 may be provided having a
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propulsion system 100 configured in any other suitable
manner.
[0035] Referring now to FIG. 3, in certain embodi-
ments, the jet engines 102, 104 may be configured as
high-bypass turbofan jet engines. More specifically, FIG.
3 illustrates a schematic cross-sectional view of one em-
bodiment of a high-bypass turbofan jet engine 200, here-
in referred to as "turbofan 200." In various embodiments,
the turbofan 200 may be representative of jet engines
102, 104. Further, as shown, the turbofan 200 engine 10
defines an axial direction A1 (extending parallel to a lon-
gitudinal centerline 201 provided for reference) and a ra-
dial direction R1. In general, the turbofan 200 includes a
fan section 202 and a core turbine engine 204 disposed
downstream from the fan section 202.
[0036] In particular embodiments, the core turbine en-
gine 204 generally includes a substantially tubular outer
casing 206 that defines an annular inlet 208. It should be
appreciated, that as used herein, terms of approximation,
such as "approximately," "generally," "substantially," or
"about," refer to being within a forty percent margin of
error. The outer casing 206 encases, in serial flow rela-
tionship, a compressor section including a booster or low
pressure (LP) compressor 210 and a high pressure (HP)
compressor 212; a combustion section 214; a turbine
section including a high pressure (HP) turbine 216 and
a low pressure (LP) turbine 218; and a j et exhaust nozzle
section 220. A high pressure (HP) shaft or spool 222
drivingly connects the HP turbine 216 to the HP com-
pressor 212. A low pressure (LP) shaft or spool 224 driv-
ingly connects the LP turbine 218 to the LP compressor
210.
[0037] Further, as shown, the fan section 202 includes
a variable pitch fan 226 having a plurality of fan blades
228 coupled to a disk 230 in a spaced apart manner. As
depicted, the fan blades 228 extend outwardly from the
disk 230 generally along the radial direction R1. Each fan
blade 228 is rotatable relative to the disk 230 about a
pitch axis by virtue of the fan blades 228 being operatively
coupled to a suitable actuation member 232 configured
to collectively vary the pitch of the fan blades 228 in uni-
son. As such, the fan blades 228, the disk 230, and the
actuation member 232 are together rotatable about the
longitudinal axis 12 by LP shaft 224 across a power gear-
box 234. In certain embodiments, the power gearbox 234
includes a plurality of gears for stepping down the rota-
tional speed of the LP shaft 224 to a more efficient rota-
tional fan speed.
[0038] Referring still to FIG. 3, the disk 230 is covered
by rotatable front hub 236 aerodynamically contoured to
promote an airflow through the plurality of fan blades 228.
Additionally, the fan section 202 includes an annular fan
casing or outer nacelle 238 that circumferentially sur-
rounds the fan 226 and/or at least a portion of the core
turbine engine 204. It should be appreciated that the outer
nacelle 238 may be configured to be supported relative
to the core turbine engine 204 by a plurality of circumfer-
entially-spaced outlet guide vanes 240. Moreover, a

downstream section 242 of the nacelle 238 may extend
over an outer portion of the core turbine engine 204 so
as to define a bypass airflow passage 244 therebetween.
[0039] In addition, it should be appreciated that the tur-
bofan engine 200 depicted in FIG. 3 is by way of example
only, and that in other exemplary embodiments, the tur-
bofan engine 200 may have any other suitable configu-
ration. Further, it should be appreciated, that in other ex-
emplary embodiments, the jet engines 102, 104 may in-
stead be configured as any other suitable aeronautical
engine.
[0040] Referring now to FIG. 4, a schematic, cross-
sectional side view of an aft engine in accordance with
various embodiments of the present disclosure is provid-
ed, such as the aft engine mounted to the aircraft 10 at
the tail section 18 of the aircraft 10. More specifically, as
shown, the aft engine is configured as a boundary layer
ingestion (BLI) fan 300. The BLI fan 300 may be config-
ured in substantially the same manner as the BLI fan 106
described above with reference to FIGS. 1 and 2 and the
aircraft 10 may be configured in substantially the same
manner as the exemplary aircraft 10 described above
with reference to FIGS. 1 and 2.
[0041] More specifically, as shown, the BLI fan 300
defines an axial direction A2 extending along the central
axis 15 that extends therethrough for reference. Addi-
tionally, the BLI fan 300 defines a radial direction R2 and
a circumferential direction (not shown). In general, the
BLI fan 300 includes a fan 304 rotatable about the central
axis 15, a nacelle 306 extending around at least a portion
of the fan 304, and one or more structural members 307
extending between the nacelle 306 and the fuselage 12
of the aircraft 10. Further, the fan 304 includes a plurality
of fan blades 310 spaced generally along the circumfer-
ential direction C2. Moreover, the structural member(s)
307 extend between the nacelle 306 and the fuselage 12
of the aircraft 10 at a location forward of the plurality of
fan blades 310. Additionally, the nacelle 306 extends
around and encircles the plurality of fan blades 310, and
also extends around the fuselage 12 of the aircraft 10 at
an aft end 18 of the aircraft 10 when, as shown in FIG.
4, the BLI fan 300 is mounted to the aircraft 10. Notably,
as used herein, the term "nacelle" includes the nacelle
as well as any structural fan casing.
[0042] As is also depicted in FIG. 4, the fan 304 addi-
tionally includes a fan shaft 312 with the plurality of fan
blades 310 attached thereto. Although not depicted, the
fan shaft 312 may be rotatably supported by one or more
bearings located forward of the plurality of fan blades 310
and, optionally, one or more bearings located aft of the
plurality of fan blades 310. Such bearings may be any
suitable combination of roller bearings, ball bearings,
thrust bearings, etc.
[0043] In certain embodiments, the plurality of fan
blades 310 may be attached in a fixed manner to the fan
shaft 312, or alternatively, the plurality of fan blades 310
may be rotatably attached to the fan shaft 312. For ex-
ample, the plurality of fan blades 310 may be attached
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to the fan shaft 312 such that a pitch of each of the plurality
of fan blades 310 may be changed, e.g., in unison, by a
pitch change mechanism (not shown). Changing the
pitch of the plurality of fan blades 310 may increase an
efficiency of the BLI fan 300 and/or may allow the BLI
fan 300 to achieve a desired thrust profile. With such an
exemplary embodiment, the BLI fan 300 may be referred
to as a variable pitch BLI fan.
[0044] The fan shaft 312 is mechanically coupled to a
power source 314 located at least partially within the fu-
selage 12 of the aircraft 10, forward of the plurality of fan
blades 310. Further, as shown, the fan shaft 312 is me-
chanically coupled to the power source 314 through a
gearbox 316. The gearbox 316 may be configured to
modify a rotational speed of the power source 314, or
rather of a shaft 315 of the power source 314, such that
the fan 304 of the BLI fan 300 rotates at a desired rota-
tional speed. The gearbox 316 may be a fixed ratio gear-
box, or alternatively, the gearbox 316 may define a var-
iable gear ratio. With such an embodiment, the gearbox
316 may be operably connected to, e.g., a controller of
the aircraft 10 for changing its ratio in response to one
or more flight conditions.
[0045] In certain embodiments, the BLI fan 300 may
be configured with a gas-electric propulsion system, such
as the gas-electric propulsion system 100 described
above with reference to FIG. 1. In such an embodiment,
the power source 314 may be an electric motor that re-
ceives power from one or both of an energy storage de-
vice or an electric generator-such as the energy storage
device 110 or electric generator 108 of FIGS. 1 and 2,
the electric generator 108 converting mechanical power
received from one or more under-wing mounted aircraft
engines to electric power. However, in other embodi-
ments, the power source 314 may instead be any other
suitable power source. For example, the power source
314 may alternatively be configured as a gas engine,
such as a gas turbine engine or internal combustion en-
gine. Moreover, in certain exemplary embodiments, the
power source 314 may be positioned at any other suitable
location within, e.g., the fuselage 12 of the aircraft 10 or
the BLI fan 300. For example, in certain embodiments,
the power source 314 may be configured as a gas turbine
engine positioned at least partially within the BLI fan 300.
[0046] As briefly stated above, the BLI fan 300 includes
one or more structural members 307 for mounting the
BLI fan 300 to the aircraft 10. More specifically, as shown
in FIG. 5, the structural member(s) 307 may be config-
ured as inlet guide vanes 308 for the fan 304 and/or as
struts 309. Further, it should be understood that the struc-
tural member(s) 307 may be configured as fixed inlet
guide vanes extending between the nacelle 306 and the
fuselage 12 of the aircraft 10. Alternatively, the structural
member(s) 307 may be configured as variable inlet guide
vanes. Further, as shown, the structural member(s) 307
generally extend substantially along the radial direction
R2 of the BLI fan 300 between the nacelle 306 and the
fuselage 12 of the aircraft 10 for mounting the BLI fan

300 to the fuselage 12 of the aircraft 10. As such, the
structural member(s) 307 may be shaped and/or oriented
to direct and/or condition a flow of air into the BLI fan 300
to, e.g., increase an efficiency of the BLI fan 300, or re-
duce a distortion of the air flowing into the BLI fan 300,
which will be discussed in more detail below.
[0047] Referring still to FIG. 4, the BLI fan 300 addi-
tionally includes one or more outlet guide vanes 338 and
a tail cone 340. The one or more outlet guide vanes 338
for the embodiment depicted extend between the nacelle
306 and the tail cone 340 for directing a flow of air through
the BLI fan 300, and optionally for adding strength and
rigidity to the BLI fan 300. The outlet guide vanes 338
may be evenly spaced along the circumferential direction
C2 or may have any other suitable spacing. Additionally,
the outlet guide vanes 338 may be fixed outlet guide
vanes, or alternatively may be variable outlet guide
vanes. Inclusion of the plurality of outlet guide vanes 338
extending between the nacelle 306 and the tail cone 340
allows for maximizing the efficiency of the BLI fan 300.
[0048] Further, aft of the plurality of fan blades 310,
and for the embodiment depicted, aft of the one or more
outlet guide vanes 338, the BLI fan 300 additionally de-
fines a nozzle 342 between the nacelle 306 and the tail
cone 340. As such, the nozzle 342 may be configured to
generate an amount of thrust from the air flowing there-
through. In addition, the tail cone 340 may be shaped to
minimize an amount of drag on the BLI fan 300. However,
in other embodiments, the tail cone 340 may have any
other shape and may, e.g., end forward of an aft end of
the nacelle 306 such that the tail cone 340 is enclosed
by the nacelle 306 at an aft end. Additionally, in other
embodiments, the BLI fan 300 may not be configured to
generate any measureable amount of thrust, and instead
may be configured to ingest air from a boundary layer of
air of the fuselage 12 of the aircraft 10 and add energy/
speed up such air to reduce an overall drag on the aircraft
10 (and thus increase a net thrust of the aircraft 10).
[0049] Referring particularly to FIGS. 4 and 5, the BLI
fan 300 defines an inlet 334 at a forward end 336 between
the nacelle 306 and the fuselage 12 of the aircraft 10. As
mentioned above, the nacelle 306 of the BLI fan 300 ex-
tends around the central axis 15 of the aircraft 10 and
the fuselage 12 of the aircraft 10 at the aft end of the
aircraft 10. Accordingly, as shown, the inlet 334 of the
BLI fan 300 extends substantially three hundred sixty de-
grees (360°) around the central axis 15 of the aircraft 10
and the fuselage 12 of the aircraft 10 when, such as in
the embodiment depicted, the BLI fan 300 is mounted to
the aircraft 10. Additionally, in still further embodiments,
the BLI fan 300, or rather the external surface of the na-
celle 306, may have any other suitable cross-sectional
shape along the axial direction A2 (as opposed to the
circular shape depicted) and the structural members 307
may not be evenly spaced along the circumferential di-
rection C2.
[0050] Referring particularly to FIG. 5, a schematic,
cross-sectional view of one embodiment of the BLI fan
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300, viewed along an axial centerline 15 thereof so as to
illustrate an inlet assembly 302 according to the present
disclosure is illustrated. More specifically, as shown, the
illustrated BLI fan 300 includes a plurality of structural
members 307 mounted at one or more predetermined
locations around a circumference of the fan shaft 312 of
the BLI fan 300. For example, in certain embodiments,
the predetermined locations as described herein have a
distortion exceeding a predetermined threshold. In other
words, for certain embodiments, the airflow entering the
BLI fan 300 may be evaluated to determine a pattern
thereof. Thus, the location and/or number of structural
members 307, as well as the shape of the structural mem-
bers 307, may be designed and chosen as a function of
the pattern or distortion. In further embodiments, as
shown in FIG. 5, only a portion of the circumference of
the fan shaft 312 may include structural members 307.
For example, in the embodiment shown, about fifty per-
cent (50%) of the circumference includes structural mem-
ber 307. Alternatively, the structural members 307 may
be spaced around the entire circumference of the fan
shaft 312. As such, in particular embodiments, the struc-
tural members 307 may be evenly spaced along the cir-
cumferential direction C2 of the BLI fan 300 around the
fan shaft 312. In alternative embodiments, the structural
members may form one or more inlet guide vane groups
318, which may be spaced appropriately depending on
the distortion pattern along the circumferential direction
C2 of the BLI fan 300 around the fan shaft 312.
[0051] In addition, as shown in the illustrated embod-
iment, the structural members 307 may be located cir-
cumferentially at a substantially twelve o’clock, a sub-
stantially three o’clock, a substantially six o’clock, and/or
a substantially nine o’clock, receptively, with respect to
the circumference of the fan shaft 312. It should be un-
derstood that the predetermined locations may be at the
illustrated locations as well as any location therebetween
and are meant to encompass locations having a high
distortion and/or a location where a modification of the
airflow would have the highest impact of correcting the
distortion. Further, as mentioned, the structural members
307 may include inlet guide vanes 308, struts 309, or
similar or any combinations thereof.
[0052] Still referring to FIG. 5, the inlet assembly 302
may also include at least one airflow modifying element
315 configured within the inlet 334. As such, the inlet
assembly 302 of the present disclosure is configured to
reduce distortion of the airflow entering the fan 30. Ac-
cordingly, the present disclosure may include any suita-
ble combination of structural members 307 and/or airflow
modifying elements 315 so as to offset or modify the dis-
tortion of the airflow entering the BLI fan 300, examples
of which are described in more detail below.
[0053] For example, as shown in FIG. 5, the inlet as-
sembly 302 may include a plurality of inlet guide vanes
308 placed in groups 318 at the predetermined locations
around the circumference of the fan shaft 312 (i.e. spaced
along the circumferential direction C2 of the BLI fan 300),

each extending between the nacelle 306 and the fuse-
lage 12 of the aircraft 10 generally along the radial direc-
tion R2. For example, as shown, the inlet assembly 302
includes a single group 318 of three inlet guide vanes
308. In alternative embodiments, the inlet assembly 302
may include more than one group 318 of inlet guide vanes
308 at any circumferential location having any suitable
number of inlet guide vanes 308. In addition, for embod-
iments having more than one inlet guide vane group 318,
each group 318 may include the same number of inlet
guide vanes 308 or a different number of inlet guide vanes
308. In further embodiments, the inlet assembly 302 may
include a plurality of inlet guide vanes 308 grouped into
a plurality of separate and distinct inlet guide vane groups
318 around the circumference of the fan shaft 312.
[0054] In addition, the inlet assembly 302 may include
one or more struts 309 extending between the nacelle
306 and the fuselage 12 of the aircraft 10 generally along
the radial direction R2. Generally, struts are structural
components designed to resist longitudinal compression.
In addition, the struts 309 of the present disclosure are
strategically placed at the predetermined locations so as
to redistribute the airflow entering the fan 300 more uni-
formly circumferentially so as to reduce swirl distortion
at the inlet 334. For example, as shown, the illustrated
inlet assembly 302 includes at least two struts 309, i.e.
at the three o’clock and the six o’clock positions, respec-
tively. In further embodiments, the inlet assembly 302
may include more than two or less than two struts 309.
[0055] Referring particularly to FIGS. 5-7, the airflow
modifying element(s) 315 may include at least one of a
vortex generator 317 (FIG. 7), a contoured surface 319
(FIG. 5), a flap 324 (FIG. 6), or any other airflow modifying
element. More specifically, as shown in FIG. 5, the inlet
assembly 302 may include a contoured surface 319 or
area ruling on an inner surface 311 of the nacelle 306,
e.g. at the twelve o’clock position, that is configured to
push airflow radially inward and away from the contoured
surface 319. As such, the contouring of the inner surface
311 of the nacelle 306 is configured to induce a flow field
that counters a type of swirl distortion of the airflow en-
tering the inlet 334. In addition, the inner surface 311 of
the nacelle 306 may also include one or more indentions
configured to modify the airflow.
[0056] Further, as shown in FIG. 7, one or more of the
structural members 307 may include a vortex generator
317 and/or a flap 324 configured therewith. More specif-
ically, FIGS. 5 and 6 illustrate cross-sectional views of
an inlet guide vane 308 taken along the radial direction
R2 that may be included in the inlet assembly 302. As
shown, the inlet guide vane 308 extends between a for-
ward, upstream end 320 and an aft, downstream end
322. The forward, upstream end 320 includes a leading
edge 344 of the inlet guide vane 308 and the aft, down-
stream end 322 includes a trailing edge 346 of the inlet
guide vane 308. A body 325 of the inlet guide vane 308
is fixed relative to the nacelle 306 of the BLI fan 300 and
the fuselage 12 of the aircraft 10 and includes a pressure
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side 323 and a suction side 321. Further, as shown, the
inlet guide vane 308 may include one or more vortex
generators 317 configured on one or more of the pressure
or suction sides 323, 321. For example, as shown, the
illustrated inlet guide vane 308 includes a single vortex
generator 317 on the suction side 321 thereof. In addi-
tional embodiments, the inlet guide vanes 308 and/or the
struts 309 may include any number and/or type of vortex
generators or similar surface features mounted to a sur-
face thereof so as to redirect the airflow entering the BLI
fan 300.
[0057] In addition, as shown in FIG. 6, the inlet guide
vanes 308 may also include an optional flap 324 at the
aft end 320 configured to rotate about a substantially ra-
dial axis 326. For example, as shown, the flap 324 is
configured to rotate between a first position 328 (in phan-
tom), a neutral position 330, a second position 332 (in
phantom), and a potentially infinite number of positions
therebetween. By rotating the flap 324 between the var-
ious positions, the inlet guide vanes 308 may be config-
ured to vary a direction in which air flowing thereover is
directed.
[0058] In yet another embodiment, the inlet assembly
302 may include trailing edge blowing or suction that is
configured to reduce axial or swirl distortion entering the
BLI fan 300. In addition, the inlet assembly 302 may in-
clude angled flow injection. Generally, trailing edge blow-
ing encompasses flow injection along the direction of the
airflow. In contrast, angled flow injection encompasses
flow injection at an angle. Further, the flow injection may
be steady or unsteady. As used herein, trailing edge
blowing generally refers to a technique of injecting air
into the inlet 334 at or near the trailing edge 346 of the
inlet guide vanes 308 or slightly upstream of the trailing
edge 346. For example, in one embodiment, trailing edge
blowing may include injecting airflow into the main air-
stream through a hole or slot configured within the airfoil.
As used herein, trailing edge suction generally refers to
a technique draining air from the inlet 334 at or near the
trailing edge 346 of the inlet guide vanes 308 or slightly
upstream of the trailing edge 346. As such, both trailing
edge blowing or trailing edge suction are configured to
modify the airflow entering the inlet 334 so as to reduce
airflow distortion entering the fan 300. Further, trailing
edge blowing can be achieved by steady or pulsed blow-
ing aligned with the airflow or at an angle to achieve the
same effect as a miniature vortex generator or tab. No-
tably, as used herein, the term "airflow distortion" refers
to variation in airflow properties, such airflow properties
including airflow speed, airflow pressure, etc. According-
ly, airflow distortion entering the fan 300 refers to varia-
tions in these airflow properties over an entire face of the
fan (circumferentially and radially), at a location down-
stream of the inlet and upstream of the fan, such as at a
location immediately upstream of the fan.
[0059] Referring now to FIGS. 8-10, cross-sectional
views of additional embodiments of the inlet guide vanes
308 of the present disclosure are illustrated. It should be

understood that such features can also be applied to
struts. As shown, each of the inlet guide vanes 308 may
have a unique shape and/or orientation corresponding
to airflow conditions entering the BLI fan 300 at a partic-
ular location in the fan 300. Thus, any combination of
shapes may be used in the inlet assembly 302 and can
be chosen based on a determined swirl distortion of the
airflow entering the BLI fan 300.
[0060] For example, as shown, each of the inlet guide
vanes 308 may have a cambered upright airfoil cross-
section (FIG. 8), a cambered inverted airfoil cross-section
(FIG. 9), or a symmetrical airfoil cross-section (FIG. 10).
More specifically, as shown in FIG. 8, the cambered up-
right inlet guide vane 308 generally has a mean camber
line 348 above the chord line 350 of the airfoil, with the
trailing edge 346 having a downward direction. Such
cambered airfoils typically generate lift at zero angle of
attack and since air follows the trailing edge 346, the air
is deflected downward. As shown in FIG. 9, the inverted
inlet guide 308 vane generally has a mean camber line
348 below the chord line 350 of the airfoil, with the trailing
edge 346 having an upward direction. When a cambered
airfoil is upside down, the angle of attack can be adjusted
so that the lift force is upwards. In contrast, as shown in
FIG. 10, the mean camber line 348 and the chord line
350 of a symmetrical airfoil are the same (i.e. the lines
348, 350 overlap and there is zero chamber).
[0061] It should be understood that the lift force de-
pends on the shape of the airfoil, especially the amount
of camber (i.e. curvature such that one surface is more
convex than the other surface). In other words, increasing
the camber of the airfoil turns the flow more which in turn
generally increases lift. The local turning of the flow can
be used to counter the local flow distortion and result in
a more uniform flow profile ingested by the fan. Addition-
ally, or alternatively, the flow turning may be used to gen-
erate a favorable swirl profile entering the fan radially,
helping improve an efficiency and operability of the fan
under distortion.
[0062] In addition, as shown generally in FIGS. 6-11,
a leading edge radius 352 of one or more of the inlet
guide vanes 308 may be designed to reduce swirl distor-
tion of the airflow entering the BLI fan 300. In addition,
as shown in FIG. 10, in certain embodiments, the leading
edge radius 352 of one or more of the inlet guide vanes
308 may vary in a span-wise direction 354 (e.g. get larger
or smaller) as a function of the airflow conditions entering
the BLI fan 300. As such, the leading edge radius 352 of
each inlet guide vane 308 can be designed according to
the flow conditions it receives. In addition, as shown, a
camber angle (i.e. a curve) for an individual vane 308
can also vary in the span-wise direction 354 to effectively
turn the flow to a more uniform state at the discharge of
the inlet guide vane 308.
[0063] It will be appreciated, however, that the vanes
308 depicted in Figs. 6-11 are by way of example only,
and are depicted schematically for exemplary purposes.
In certain embodiments, the vanes 308 may each be thin-
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ner than depicted, particularly when incorporated into an
engine of supersonic aircraft. Further, it will be appreci-
ated that in other exemplary embodiments, the inlet as-
sembly 302 may be incorporated into any other suitable
engine for any other suitable aircraft. For example, in
certain exemplary embodiments, the inlet assembly 302
may be incorporated into, or otherwise operable with,
any other suitable gas turbine engine, such as a super-
sonic gas turbine engine for mounting in or to a super-
sonic aircraft. In certain exemplary embodiments, the en-
gine may be mounted at an aft end of the aircraft (similar
to engine 106 of aircraft 10), may be mounted on or to
the wings, may be incorporated into the body of the air-
craft (e.g., incorporated into the wings, fuselage, stabi-
lizer, etc.), or may be operable with the aircraft in any
other suitable manner.
[0064] More specifically, referring now to FIG. 12, an
engine 500 in accordance with another exemplary aspect
of the present disclosure is provided. As shown, the en-
gine 500 generally includes an engine casing 502 and a
gas turbine engine 504. For the embodiment shown, the
engine casing 502 is configured as a nacelle surrounding
at least in part the gas turbine engine 504. The gas turbine
engine 504 generally includes a stage of compression
airfoils and a turbine coupled to the stage of compression
airfoils through an engine shaft for driving the stage of
compression airfoils. More particularly, for the embodi-
ment shown, the gas turbine engine 504 includes a com-
pressor section having a compressor and a turbine sec-
tion having the turbine, and the stage of compression
airfoils is a stage of compressor rotor blades of the com-
pressor of the compressor section of the gas turbine en-
gine 504. However, in other embodiments, the stage of
compression airfoils may instead be, e.g., a plurality of
fan blades of a fan (see, e.g., fan blades 228 of FIG. 4).
[0065] Referring still to the gas turbine engine 504 of
FIG. 12, the compressor is a first compressor 506, and
the exemplary gas turbine engine 504 depicted further
includes a second compressor 508. The first compressor
506 may be a low pressure compressor and the second
compressor 508 may be a high pressure compressor.
Moreover, the turbine section includes a first turbine 510
and a second turbine 512. The first turbine 510 may be
a high pressure turbine coupled to the high pressure com-
pressor/ second compressor 508, and the second turbine
512 may be a low pressure turbine coupled to the low
pressure compressor/ first compressor 506. A combus-
tion section 514 is located between the second compres-
sor 508 and the first turbine 510. Further, the gas turbine
engine 504 defines a nozzle 516 downstream of the tur-
bine section.
[0066] As is also depicted, the gas turbine engine 504
includes a nose cone 518 and a gas turbine engine casing
520, with the gas turbine engine casing 520 surrounding
the compressor section and the turbine section and de-
fining an inlet 522. As also noted above, the engine 500
includes the engine casing 502, also referred to as the
nacelle. The nacelle defines an airflow duct 524 upstream

of the gas turbine engine inlet 522, and further defines a
nacelle inlet 526 upstream of the airflow duct 524. More
specifically, the casing 502 includes a forward lip 525
defining the nacelle inlet 526. As indicated in the close-
up Callout Circle A of Fig. 12, the forward lip 525 defines
a relatively small radius of curvature 527, such as a radius
of curvature less than about two inches, such as less
than about 1 inch, such as less than about 0.5 inches,
such as less than about 0.25 inches. For the embodiment
shown, the nacelle inlet 526 defines an angle 528 with
the radial direction R (depicted relative to reference line
R’ in FIG. 12) greater than about fifteen degrees, such
as greater than about twenty degrees, such as greater
than about twenty-five degrees, such as greater than
about thirty degrees, and up to about eighty-five degrees.
Moreover, for the embodiment shown, the airflow duct
524, which extends between the gas turbine engine inlet
522 and the nacelle inlet 526, defines a centerline 530
(i.e., a reference line extending halfway between a top
wall and a bottom wall in the plane depicted). For the
embodiment shown, the centerline 530 is a non-linear
centerline 530 (although in other embodiments, the cen-
terline 520 may be a linear centerline). It will further be
appreciated that the nacelle defines a bypass passage
532 around the gas turbine engine 504, which may be
useful during certain phases of flight of a supersonic air-
craft. The nonlinear centerline 530 of the airflow duct 524,
may assist with facilitating an airflow into and through the
bypass passage 532.
[0067] However, such features, such as the sharp na-
celle lip 525, may create an airflow distortion when the
aircraft is subject to an angle of attack at an upstream-
most stage of compression airfoils of the gas turbine en-
gine 504, or more particularly, at a first stage of compres-
sor rotor blades 534 of the first compressor 506 of the
compressor section of the gas turbine engine 504. Ac-
cordingly, the exemplary engine 500 also includes a low
distortion inlet assembly 302 mounted within the inlet
522. Referring now briefly also to FIG. 13, providing a
close-up view of the exemplary low distortion inlet as-
sembly 302, viewed along a central axis 536 of the engine
500, it will be appreciated that the exemplary low distor-
tion inlet assembly 302 may be configured in a similar
manner to the exemplary low distortion inlet assembly
302 described above with reference to FIGS. 5 through
10. The same numbers accordingly refer to the same
parts.
[0068] As shown, it will be appreciated that the low
distortion inlet assembly 302 may generally include one
or more structural members 307 mounted at predeter-
mined locations around the circumference of a central
axis 536 of the engine 500 within the inlet 522 defined
by the gas turbine engine casing 520 (e.g., extending
between the gas turbine engine casing 520 and the nose
cone 518). The predetermined locations define an airflow
distortion exceeding a predetermined threshold. The low
distortion inlet assembly 302 may also include at least
one airflow modifying element 315 configured within the
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inlet 522 so as to reduce airflow distortion into the stage
of compression airfoils (which, as noted above, is con-
figured as a stage of compressor rotor blades 534).
[0069] As will be appreciated, the low distortion inlet
assembly 302 may assist with accommodating, or cor-
recting, a distortion in the airflow into the gas turbine en-
gine 504 resulting from certain features of the supersonic
engine 500. The inlet assembly 302 of FIGS. 12 and 13
may include one or more of the features described above
with respect to the inlet assembly 302 incorporated into
the aft-mounted engine. For example, the inlet assembly
302 of FIGS. 12 and 13 may include one or more of the
structural members 307 and airflow modifying elements
315 described above with reference to FIGS. 5 through
10 (except incorporated into an inlet 522 of a gas turbine
engine 504 of a supersonic engine 500).
[0070] By further way of example, referring to Fig. 14,
a close-up view is provided of a low distortion inlet as-
sembly 302 in accordance with an embodiment of the
present disclosure, viewed along a central axis 536 of an
engine 500. The inlet assembly 302 depicted may be
configured in a similar manner as the exemplary inlet
assembly 302 of Fig. 13. For example, the inlet assembly
302 includes a plurality of structural members 307 mount-
ed at one or more predetermined locations around a cir-
cumferential direction C of the inlet assembly 302. As
with the embodiments above, the placement of the struc-
tural members 307 may be set to address an airflow dis-
tortion through the inlet assembly 302 (e.g., through an
inlet 526 of the engine casing 520/ nacelle if the inlet
assembly 302 is mounted within the airflow duct 524 of
the casing 520, and/or through the inlet 522 of the gas
turbine engine 504 if the inlet assembly 302 is mounted
at the inlet 522 of the gas turbine engine 504).
[0071] More specifically, for the embodiment shown,
the structural members 307 are asymmetrically spaced
along the circumferential direction C, with a density of
the structural members 307 being higher where a higher
airflow distortion is expected. For example, in certain em-
bodiments, the structural members may form one or more
structural member groups 318, which may be spaced
appropriately depending on a distortion pattern along the
circumferential direction C. Additionally, or alternatively,
a shape of the structural members 307 may be designed
and chosen as a function of the pattern of distortion (see,
e.g., Figs. 6-11). For the embodiment shown the inlet
assembly 302 includes two structural member groups
318 positioned substantially in a top half. More specifi-
cally, for the embodiment shown, the inlet assembly 302
defines a first circumferential portion having a first density
of structural members 307 and a second circumferential
portion having a second density of structural members
307, and the first density is different than the second den-
sity. However, in other embodiments, the inlet assembly
302 may include any other suitable number of groups
318, positioned at any suitable location circumferentially.
[0072] For the embodiment of Fig. 14, the structural
members 307 are inlet guide vanes 308, but they may

additionally or alternatively be configured as struts 309.
It should be understood that the predetermined locations
may be at the illustrated locations as well as any location
therebetween and are meant to encompass locations
having a high distortion and/or a location where a mod-
ification of the airflow would have the highest impact of
correcting the distortion. Moreover, in certain embodi-
ments, the inlet assembly 302 may be mounted at the
inlet 522 to the gas turbine engine 504 (i.e., within the
casing 520), or alternatively may be mounted within the
engine casing 502 of the engine 500, e.g., within the inlet
duct 524.
[0073] Further, it should be appreciated that the inlet
assembly 302 and engine 500 discussed above are by
way of example only. In other embodiments the airflow
duct 524 of the casing 502 may have any other suitable
shape (e.g., linear or nonlinear centerline, such as cen-
terline 530, or may be a serpentine airflow duct 524).
More specifically, Fig. 15 shows a forward end of an en-
gine 500 having a casing 502 in accordance with another
embodiment of the present disclosure. The engine 500
further includes a nosecone 538 having a more stream-
lined shape. Further the nosecone 538 depicted may ex-
tend forward of an inlet 526 defined by the casing 502
(as in the embodiment shown), but alternatively may not
extend forward of the inlet 526. Further, for the embodi-
ment shown in Fig. 15, the inlet assembly 302 is posi-
tioned within the airflow duct 524 of the casing 520, at a
location upstream of the inlet 522 to the gas turbine en-
gine 504 (not shown in Fig. 15) of the engine 500.
[0074] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention 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 include structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.
[0075] Further aspects of the invention are provided
by the subject matter of the following clauses:

1. An engine for mounting in or to an aircraft, the
engine defining a central axis and comprising:

a stage of compression airfoils rotatable about
the central axis;
a casing surrounding the stage of compression
airfoils and defining an inlet, wherein the inlet is
positioned upstream of the stage of compres-
sion airfoils; and
a low-distortion inlet assembly mounted within
the inlet, the low-distortion inlet assembly com-
prising
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one or more structural members mounted
at predetermined locations around a cir-
cumference of the central axis within the in-
let, the predetermined locations defining an
airflow distortion exceeding a predeter-
mined threshold; and
at least one airflow modifying element con-
figured within the inlet so as to reduce air-
flow distortion entering the stage of com-
pression airfoils.

2. The engine of any preceding clause, wherein the
engine is a turbofan or turbojet engine for mounting
in or to a supersonic aircraft.
3. The engine of any preceding clause, further com-
prising:

a gas turbine engine including the stage of com-
pression airfoils and a turbine coupled to the
stage of compression airfoils for driving the
stage of compression airfoils, and wherein the
casing is a gas turbine engine casing; and
an engine casing surrounding the gas turbine
engine , the engine casing configured as a na-
celle.

4. The engine of any preceding clause, wherein the
gas turbine engine comprises a nose cone, and
wherein the inlet is defined with the nose cone.
5. The engine of any preceding clause, wherein the
nacelle further defines a bypass passage around the
gas turbine engine.
6. The engine of any preceding clause, wherein the
inlet defined by the gas turbine engine casing is a
gas turbine engine inlet, wherein the low-distortion
inlet assembly is mounted within the gas turbine en-
gine inlet.
7. The engine of any preceding clause, wherein the
airflow duct of the nacelle defines a non-linear cen-
terline.
8. The engine of any preceding clause, wherein the
nacelle defines a nacelle inlet upstream of the airflow
duct, wherein the engine further defines a radial di-
rection, and wherein the nacelle inlet defines an an-
gle with the radial direction greater than about 15
degrees.
9. The engine of any preceding clause, wherein the
low-distortion inlet assembly is mounted within the
engine casing upstream of the gas turbine engine.
10. The engine of any preceding clause, wherein the
one or more structural members comprise at least
one of an inlet guide vane or a strut.
11. The engine of any preceding clause, further com-
prising a plurality of inlet guide vanes placed in
groups at the predetermined locations around the
circumference of the central stage of compression
airfoils.
12. The engine of any preceding clause, wherein

each of the plurality of inlet guide vanes comprises
a shape and an orientation configured to reduce air-
flow distortion entering the stage of compression air-
foils.
13. The engine of any preceding clause, wherein the
inlet assembly defines a first circumferential portion
having a first density of structural members and a
second circumferential portion having a second den-
sity of structural members, and wherein the first den-
sity is different than the second density.
14. The engine of any preceding clause, wherein a
leading edge radius of one or more of the inlet guide
vanes varies in a span-wise direction as a function
of the airflow conditions entering the stage of com-
pression airfoils.
15. The engine of any preceding clause, wherein the
at least one airflow modifying element comprises at
least one of a vortex generator, a contoured surface,
a flap, or variable inlet guide vanes.
16. The engine of any preceding clause, wherein the
at least one vortex generator or flap is mounted on
one of the plurality of structural members.
17. The engine of any preceding clause, wherein the
contoured surface is located on an inner surface of
the casing.
18. The engine of any preceding clause, further com-
prising at least one of trailing edge blowing, trailing
edge suction, or angled flow injection configured to
reduce flow distortion entering the stage of compres-
sion airfoils.
19. The engine of any preceding clause, wherein the
predetermined locations are substantially evenly
spaced with respect to the circumference of the cen-
tral axis.
20. A low-distortion inlet assembly for an engine of
an aircraft having a stage of compression airfoils ro-
tatable about a central axis, the engine further de-
fining an inlet located upstream of the stage of com-
pression airfoils, the inlet assembly comprising:

a plurality of structural members mounted at one
or more predetermined locations around a cir-
cumference of the central axis of the engine
within the inlet, the one or more predetermined
locations comprising an airflow distortion ex-
ceeding a predetermined threshold; and
at least one airflow modifying element config-
ured within the inlet of the engine so as to reduce
an airflow distortion entering the stage of com-
pression airfoils.

21. An engine for mounting in or to an aircraft, the
engine defining a central axis and comprising:

a stage of compression airfoils rotatable about
the central axis;
a casing surrounding the stage of compression
airfoils and defining an inlet, wherein the inlet is
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positioned upstream of the stage of compres-
sion airfoils;
a low-distortion inlet assembly mounted within
the inlet, the low-distortion inlet assembly com-
prising

one or more structural members mounted
at predetermined locations around a cir-
cumference of the central axis within the in-
let, the predetermined locations defining an
airflow distortion exceeding a predeter-
mined threshold; and
at least one airflow modifying element con-
figured within the inlet so as to reduce air-
flow distortion entering the stage of com-
pression airfoils; and
an engine casing surrounding the casing.

22. The engine of any preceding clause, wherein the
engine is a turbofan or turbojet engine for mounting
in or to a supersonic aircraft.
23. The engine of any preceding clause, further com-
prising:

a gas turbine engine including the stage of com-
pression airfoils and a turbine coupled to the
stage of compression airfoils for driving the
stage of compression airfoils, and wherein the
casing is a gas turbine engine casing; and
the engine casing configured as a nacelle.

24. The engine of any preceding clause, wherein the
gas turbine engine comprises a nose cone, and
wherein the inlet is defined with the nose cone.
25. The engine of any preceding clause, wherein the
nacelle further defines a bypass passage around the
gas turbine engine.
26. The engine of any preceding clause, wherein the
inlet defined by the gas turbine engine casing is a
gas turbine engine inlet, wherein the low-distortion
inlet assembly is mounted within the gas turbine en-
gine inlet.
27. The engine of any preceding clause, wherein the
airflow duct of the nacelle defines a non-linear cen-
terline.
28. The engine of any preceding clause, wherein the
nacelle defines a nacelle inlet upstream of the airflow
duct.
29. The engine of any preceding clause, wherein the
engine further defines a radial direction, and wherein
the nacelle inlet defines an angle with the radial di-
rection greater than about 15 degrees.
30. The engine of any preceding clause, wherein the
one or more structural members comprise at least
one of an inlet guide vane or a strut.
31. The engine of any preceding clause, further com-
prising a plurality of inlet guide vanes placed in
groups at the predetermined locations around the

circumference of the central stage of compression
airfoils.
32. The engine of any preceding clause, wherein
each of the plurality of inlet guide vanes comprises
a shape and an orientation configured to reduce air-
flow distortion entering the stage of compression air-
foils.
33. The engine of any preceding clause, wherein the
inlet assembly defines a first circumferential portion
having a first density of structural members and a
second circumferential portion having a second den-
sity of structural members, and wherein the first den-
sity is different than the second density.
34. The engine of any preceding clause, wherein a
leading edge radius of one or more of the inlet guide
vanes varies in a span-wise direction as a function
of the airflow conditions entering the stage of com-
pression airfoils.
35. The engine of any preceding clause, wherein the
at least one airflow modifying element comprises at
least one of a vortex generator, a contoured surface,
a flap, or variable inlet guide vanes.
36. The engine of any preceding clause, wherein the
at least one vortex generator or flap is mounted on
one of the plurality of structural members.
37. The engine of any preceding clause, wherein the
contoured surface is located on an inner surface of
the casing.
38. The engine of any preceding clause, further com-
prising at least one of inlet guide vane trailing edge
blowing, inlet guide vane trailing edge suction, or in-
let guide vane angled flow injection configured to re-
duce flow distortion entering the stage of compres-
sion airfoils.
39. The engine of any preceding clause, wherein the
predetermined locations are substantially evenly
spaced with respect to the circumference of the cen-
tral axis.
40. A low-distortion inlet assembly for an engine of
an aircraft having a stage of compression airfoils ro-
tatable about a central axis, the engine further de-
fining an inlet located upstream of the stage of com-
pression airfoils, the inlet assembly comprising:

a plurality of structural members mounted at one
or more predetermined locations around a cir-
cumference of the central axis of the engine
within the inlet, the one or more predetermined
locations comprising an airflow distortion ex-
ceeding a predetermined threshold;
at least one airflow modifying element config-
ured within the inlet of the engine so as to reduce
an airflow distortion entering the stage of com-
pression airfoils, and
an engine casing surrounding the engine.
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Claims

1. An engine for mounting in or to an aircraft, the engine
defining a central axis and comprising:

a stage of compression airfoils rotatable about
the central axis;
a casing surrounding the stage of compression
airfoils and defining an inlet, wherein the inlet is
positioned upstream of the stage of compres-
sion airfoils; and
a low-distortion inlet assembly mounted within
the inlet, the low-distortion inlet assembly com-
prising

one or more structural members mounted
at predetermined locations around a cir-
cumference of the central axis within the in-
let, the predetermined locations defining an
airflow distortion exceeding a predeter-
mined threshold; and
at least one airflow modifying element con-
figured within the inlet so as to reduce air-
flow distortion entering the stage of com-
pression airfoils.

2. The engine of claim 1, wherein the engine is a tur-
bofan or turbojet engine for mounting in or to a su-
personic aircraft.

3. The engine of claim 1 or 2, further comprising:

a gas turbine engine including the stage of com-
pression airfoils and a turbine coupled to the
stage of compression airfoils for driving the
stage of compression airfoils, and wherein the
casing is a gas turbine engine casing; and
an engine casing surrounding the gas turbine
engine , the engine casing configured as a na-
celle.

4. The engine of claim 3, wherein the gas turbine engine
comprises a nose cone, and wherein the inlet is de-
fined with the nose cone.

5. The engine of claim 3 or 4, wherein the nacelle further
defines a bypass passage around the gas turbine
engine.

6. The engine of any of claims 3 to 5, wherein the inlet
defined by the gas turbine engine casing is a gas
turbine engine inlet, wherein the low-distortion inlet
assembly is mounted within the gas turbine engine
inlet.

7. The engine of any of claims 3 to 6, wherein an airflow
duct of the nacelle defines a non-linear centerline.

8. The engine of any of claims 3 to 7, wherein the na-
celle defines a nacelle inlet upstream of an airflow
duct, wherein the engine further defines a radial di-
rection, and wherein the nacelle inlet defines an an-
gle with the radial direction greater than about 15
degrees.

9. The engine of any of claims 3 to 8, wherein the low-
distortion inlet assembly is mounted within the en-
gine casing upstream of the gas turbine engine.

10. The engine of any of claims 1 to 9, wherein the one
or more structural members comprise at least one
of an inlet guide vane or a strut.

11. The engine of any of claims 1 to 10, further compris-
ing:

a plurality of inlet guide vanes placed in groups
at the predetermined locations around the cir-
cumference of the central stage of compression
airfoils; and wherein
each of the plurality of inlet guide vanes com-
prises a shape and an orientation configured to
reduce airflow distortion entering the stage of
compression airfoils; and/or
the inlet assembly defines a first circumferential
portion having a first density of structural mem-
bers and a second circumferential portion hav-
ing a second density of structural members, and
wherein the first density is different than the sec-
ond density; and/or
a leading edge radius of one or more of the inlet
guide vanes varies in a span-wise direction as
a function of the airflow conditions entering the
stage of compression airfoils.

12. The engine of any of claims 1 to 11, wherein the at
least one airflow modifying element comprises at
least one of a vortex generator, a contoured surface,
a flap, or variable inlet guide vanes; wherein

the at least one vortex generator or flap is mount-
ed on one of the plurality of structural members;
and/or
the contoured surface is located on an inner sur-
face of the casing.

13. The engine of any of claims 1 to 12, further compris-
ing at least one of trailing edge blowing, trailing edge
suction, or angled flow injection configured to reduce
flow distortion entering the stage of compression air-
foils.

14. The engine of any of claims 1 to 13, wherein the
predetermined locations are substantially evenly
spaced with respect to the circumference of the cen-
tral axis.
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15. A low-distortion inlet assembly for an engine of an
aircraft having a stage of compression airfoils rotat-
able about a central axis, the engine further defining
an inlet located upstream of the stage of compres-
sion airfoils, the inlet assembly comprising:

a plurality of structural members mounted at one
or more predetermined locations around a cir-
cumference of the central axis of the engine
within the inlet, the one or more predetermined
locations comprising an airflow distortion ex-
ceeding a predetermined threshold; and
at least one airflow modifying element config-
ured within the inlet of the engine so as to reduce
an airflow distortion entering the stage of com-
pression airfoils.
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