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(54) THRUST-REVERSER ASSEMBLIES THAT UTILIZE ACTIVE FLOW-CONTROL AND SYSTEMS 
AND METHODS INCLUDING THE SAME

(57) Thrust-reverser assemblies (60) that utilize ac-
tive flow-control and systems and methods (200) includ-
ing the same are disclosed herein. The thrust-reverser
assemblies define a forward-thrust configuration (62)
and a reverse-thrust configuration (64). The thrust-re-
verser assemblies include a bullnose fairing (100) that
defines a portion of a reverser duct (66) and an active
flow-control device (150). The active flow-control device
is located to energize a boundary layer fluid flow (82)
within a boundary layer (80) that is adjacent to the bull-

nose fairing to resist separation of the boundary layer
from the bullnose fairing when the thrust-reverser assem-
bly is in the reverse-thrust configuration. The methods
include flowing (210) a thrust-reverser fluid stream
through the reverser duct to generate the boundary layer
and energizing (220) a boundary layer fluid flow within
the boundary layer with an active flow-control device to
resist separation of the boundary layer from the bullnose
fairing.
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Description

FIELD

[0001] The present disclosure relates to thrust-revers-
er assemblies for jet engines, and more particularly to
thrust-reverser assemblies that utilize active flow-control
to energize a boundary layer fluid flow within a boundary
layer adjacent to a bullnose fairing of the thrust-reverser
assembly, and to systems and methods including the
thrust-reverser assemblies.

BACKGROUND

[0002] Jet engines may include a thrust-reverser as-
sembly, which may regulate flow of a bypass stream with-
in a bypass duct of the jet engine. The thrust-reverser
assembly defines a forward-thrust configuration, in which
the bypass stream generates thrust in a forward direction,
and a reverse-thrust configuration, in which the bypass
stream generates thrust in a reverse direction that is op-
posed to the forward direction.
[0003] Placing the thrust-reverser assembly in the re-
verser-thrust configuration generally redirects the by-
pass stream through a reverser duct. This redirection typ-
ically includes a significant change in a direction of flow
of the bypass stream, and a bullnose fairing may be uti-
lized to define an inner, or minimum, radius of curvature
of this directional change.
[0004] In order to provide a desired level of perform-
ance of the thrust-reverser assembly (or a desired mag-
nitude of the reverse-thrust) it may be desirable to design
the thrust-reverser assembly such that a boundary layer
fluid flow within a boundary layer that is adjacent to the
bullnose fairing does not separate from the bullnose fair-
ing. Thus, the inner radius of curvature that is defined by
the bullnose fairing may be dictated by a desired mass
flow rate of the bypass stream through the reverser duct,
a desired average velocity of the bypass stream through
the reverser duct, and/or the desired magnitude of the
reverse-thrust. This may place significant restrictions on
the overall size and/or placement of a jet engine that in-
cludes the bullnose fairing. Thus, there exists a need for
improved bullnose fairing assemblies for jet engines.

SUMMARY

[0005] Thrust-reverser assemblies that utilize active
flow-control and systems and methods including the
same are disclosed herein. The thrust-reverser assem-
blies define a forward-thrust configuration and a reverse-
thrust configuration. The thrust-reverser assemblies in-
clude a bullnose fairing that defines a portion of a reverser
duct and an active flow-control device. The active flow-
control device is located to energize a boundary layer
fluid flow within a boundary layer that is adjacent to the
bullnose fairing to resist separation of the boundary layer
from the bullnose fairing when the thrust-reverser assem-

bly is in the reverse-thrust configuration.
[0006] In some embodiments, the thrust-reverser as-
semblies are configured to resist separation of the bound-
ary layer from the bullnose fairing when the bullnose fair-
ing defines a radius of curvature that is less than a con-
ventional radius of curvature of a conventional bullnose
fairing that does not include the active flow-control de-
vice. In some embodiments, the active flow-control de-
vice is configured to resist separation of the boundary
layer from the bullnose fairing when an average thrust-
reverser fluid flow speed through the reverser duct is at
least 100 m/s and less than 350 m/s.
[0007] In some embodiments, the active flow-control
device is configured to inject a flow-control fluid stream
into the boundary layer through an injection orifice that
is defined by the bullnose fairing. In some embodiments,
the injection orifice forms a portion of a sweeping jet. In
some embodiments, a flow rate of the flow-control fluid
stream through the injection orifice is at least 100 m/s
and less than 700 m/s. In some embodiments, a pressure
differential of the flow-control fluid stream across the in-
jection orifice is at least 20 kPa. In some embodiments,
the flow-control fluid stream includes a compressed gas
stream that is generated by the jet engine and/or a syn-
thetic jet that is generated by a synthetic jet generator.
[0008] In some embodiments, the active flow-control
device is configured to inject a plurality of flow-control
fluid streams into the boundary layer. In some embodi-
ments, the active flow-control device is configured to sys-
tematically vary which of the plurality of flow-control fluid
streams is being injected into the boundary layer at a
given point in time. In some embodiments, the plurality
of flow-control fluid streams is injected via a plurality of
injection orifices that is defined within the bullnose fairing.
In some embodiments, the plurality of injection orifices
is spaced-apart around a circumference of the bullnose
fairing.
[0009] In some embodiments, the active flow-control
device includes a vortex generator that is configured to
generate a vortex within the boundary layer. In some em-
bodiments, the active flow-control device includes a suc-
tion assembly that is configured to remove a suction
stream from the boundary layer.
[0010] In some embodiments, the systems include a
jet engine that includes the thrust-reverser assembly. In
some embodiments, the systems include an aircraft that
includes the jet engine.
[0011] The methods include flowing a thrust-reverser
fluid stream through the reverser duct to generate the
boundary layer. The methods further include energizing
the boundary layer fluid flow with the active flow-control
device to resist separation of the boundary layer from the
bullnose fairing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]
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Fig. 1 is a schematic representation of an illustrative,
non-exclusive example of an aircraft that may in-
clude a jet engine that includes a thrust-reverser as-
sembly according to the present disclosure.

Fig. 2 is a schematic representation of an illustrative,
non-exclusive example of a jet engine that includes
a thrust-reverser assembly according to the present
disclosure in a forward-thrust configuration.

Fig. 3 is a schematic representation of an illustrative,
non-exclusive example of a jet engine that includes
a thrust-reverser assembly according to the present
disclosure in a reverse-thrust configuration.

Fig. 4 is a schematic cross-sectional view of a bull-
nose fairing that includes an active flow-control de-
vice according to the present disclosure.

Fig. 5 is a schematic cross-sectional view comparing
a conventional bullnose fairing to a bullnose fairing
that includes an active flow-control device according
to the present disclosure.

Fig. 6 is a schematic cross-sectional view of a bull-
nose fairing that includes an active flow-control de-
vice according to the present disclosure illustrating
a first injection angle of a flow-control fluid stream.

Fig. 7 is a schematic top view of the bullnose fairing
of Fig. 6 illustrating a second injection angle of the
flow-control fluid stream.

Fig. 8 is a schematic rear view of the bullnose fairing
of Figs. 6-7 illustrating a distribution of active flow-
control devices around a circumference of the bull-
nose fairing.

Fig. 9 is a flowchart depicting methods, according to
the present disclosure, of resisting boundary layer
separation from a bullnose fairing of a thrust-reverser
assembly.

DESCRIPTION

[0013] Figs. 1-9 provide illustrative, non-exclusive ex-
amples of bullnose fairings 100 that include active flow-
control devices 150 according to the present disclosure,
of thrust-reverser assemblies 60 that include bullnose
fairings 100, of jet engines 40 that include thrust-reverser
assemblies 60, of aircraft 20 that include jet engines 40,
and/or of methods of operating the same. Elements that
serve a similar, or at least substantially similar, purpose
are labeled with like numbers in each of Figs. 1-9, and
these elements may not be discussed in detail herein
with reference to each of Figs. 1-9. Similarly, all elements
may not be labeled in each of Figs. 1-9, but reference
numerals associated therewith may be utilized herein for

consistency. Elements, components, and/or features
that are discussed herein with reference to one or more
of Figs. 1-9 may be included in and/or utilized with any
of Figs. 1-9 without departing from the scope of the
present disclosure.
[0014] In general, elements that are likely to be includ-
ed in a given (i.e., a particular) embodiment are illustrated
in solid lines, while elements that are optional to a given
embodiment are illustrated in dashed lines. However, el-
ements that are shown in solid lines are not essential to
all embodiments, and an element shown in solid lines
may be omitted from a given embodiment without depart-
ing from the scope of the present disclosure.
[0015] Fig. 1 is a schematic representation of an illus-
trative, non-exclusive example of an aircraft 20 that may
include a jet engine 40 that includes a thrust-reverser
assembly 60 according to the present disclosure, while
Figs. 2-3 are more detailed but still illustrative, non-ex-
clusive examples of a jet engine 40 that includes a thrust-
reverser assembly 60 according to the present disclo-
sure. As illustrated in Fig. 1, aircraft 20 includes an air-
frame 30, which is operatively attached to and/or config-
ured to support one or more jet engines 40. As further
illustrated in Fig. 1, jet engines 40 may include an inlet
42, which is configured to receive an air stream, and a
compressor 44, which is configured to compress (or in-
crease a pressure of) the air stream. Jet engines 40 also
may include a burner 46, which is configured to combust
a fuel stream with a portion 53 of the air stream to gen-
erate a combustion stream, and a turbine 48, which is
configured to be powered by the combustion stream and
to power compressor 44.
[0016] As illustrated in Figs. 1-3, jet engines 40 further
may include a nozzle 50, which is configured to permit
the combustion stream and the portion of the air stream
to be expelled from (or to exit) jet engine 40. As illustrated
most clearly in Figs. 2-3, jet engines 40 may define a
central duct 52, which is configured to receive portion 53
of the air stream from inlet 42, and a bypass duct 54,
which is configured to receive another portion of the air
stream, which is referred to herein as a bypass stream
55, from inlet 42.
[0017] Thrust-reverser assembly 60 includes a bull-
nose fairing 100 that includes an active flow-control de-
vice 150. Thrust-reverser assembly 60 may define a for-
ward-thrust configuration 62 (as illustrated in Fig. 2) and
a reverse-thrust configuration 64 (as illustrated in Fig. 3).
When thrust-reverser assembly 60 is in forward-thrust
configuration 62, bypass stream 55 may flow through by-
pass duct 54 and exit jet engine 40 via nozzle 50, thereby
contributing to the forward-thrust that is generated by the
jet engine. Alternatively, when thrust-reverser assembly
60 is in reverse-thrust configuration 64, bypass stream
55 may exit jet engine 40 via a reverser duct 66 as a
thrust-reverser fluid flow 70, thereby generating a re-
verse-thrust that is at least substantially opposed to the
forward-thrust.
[0018] Thrust-reverser assembly 60 further may in-
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clude a vane grid 72. Vane grid 72 may extend across
reverser duct 66 and may be configured to regulate flow
of the bypass stream through the reverser duct (i.e., as
thrust-reverser fluid flow 70). Thrust-reverser assembly
60 also may include a blocker door 74 and/or an outer
housing 76. Blocker door 74 and outer housing 76 may
operate cooperatively to transition thrust-reverser as-
sembly 60 between forward-thrust configuration 62 and
reverse-thrust configuration 64. As an illustrative, non-
exclusive example, outer housing 76 may translate along
a length of jet engine 40 to selectively permit and restrict
flow of bypass stream 55 through reverser duct 66. As
another illustrative, non-exclusive example, blocker door
74 may selectively permit and restrict fluid flow through
a portion of bypass duct 54 that is located downstream
from reverser duct 66, thereby selectively directing by-
pass stream 55 through reverser duct 66 as thrust-re-
verser fluid flow 70.
[0019] As discussed in more detail herein, and when
thrust-reverser assembly 60 is in reverse-thrust config-
uration 64, active flow-control device 150 may be config-
ured, utilized, and/or operated to resist separation of a
boundary layer 80, which includes a boundary layer fluid
flow 82, from bullnose fairing 100. As an illustrative, non-
exclusive example, active flow-control device 150 may
be configured to energize boundary layer fluid flow 82,
thereby changing one or more characteristics of bound-
ary layer fluid flow 82 and permitting boundary layer fluid
flow 82 to flow past bullnose fairing 100 without separa-
tion therefrom.
[0020] In general, thrust-reverser assemblies 60 ac-
cording to the present disclosure that include active flow-
control device 150 may be configured to retain boundary
layer 80 attached to bullnose fairing 100 over a wide
range of average thrust-reverser fluid flow speeds of
thrust-reverser fluid flow 70. As illustrative, non-exclusive
examples, thrust-reverser assemblies 60 according to
the present disclosure may maintain boundary layer 80
attached to bullnose fairing 100 when the average thrust-
reverser fluid flow speed is at least 100 meters/second
(m/s), at least 125 m/s, at least 150 m/s, at least 175 m/s,
at least 200 m/s, at least 225 m/s, at least 250 m/s, at
least 275 m/s, and/or at least 300 m/s. Additionally or
alternatively, thrust-reverser assemblies 60 also may
maintain boundary layer 80 attached to bullnose fairing
100 when the average thrust-reverser fluid flow speed is
less than 350 m/s, less than 325 m/s, less than 300 m/s,
less than 275 m/s, less than 250 m/s, less than 225 m/s,
and/or less than 200 m/s.
[0021] Active flow-control device 150 may include
and/or utilize any suitable active flow-control technology.
As an illustrative, non-exclusive example, and as dis-
cussed in more detail herein, active flow-control device
150 may be configured to inject a flow-control fluid stream
into boundary layer 80. As another illustrative, non-ex-
clusive example, active flow-control device 150 may in-
clude a vortex generator that is configured to generate a
vortex within boundary layer 80. As yet another illustra-

tive, non-exclusive example, active flow-control device
150 may be configured to remove a suction stream from
boundary layer 80.
[0022] It is within the scope of the present disclosure
that active flow-control device 150 may supply the flow-
control fluid stream, may generate the vortex, and/or may
remove the suction stream in any suitable manner and/or
utilizing any suitable equipment. As illustrative, non-ex-
clusive examples, active flow-control device 150 may in-
clude one or more of a piezoelectric actuator, a shape
memory alloy actuator, a diaphragm, a pump, a compres-
sor, and/or a fan.
[0023] Fig. 4 is a schematic cross-sectional view of a
bullnose fairing 100 that includes an active flow-control
device 150 according to the present disclosure. As dis-
cussed, active flow-control device 150 may be configured
to interact with, modify, and/or energize a boundary layer
fluid flow 82 that is present within a boundary layer 80 of
a thrust-reverser fluid flow 70 that is flowing past bullnose
fairing 100 to resist separation of the boundary layer from
the bullnose fairing. This may be accomplished in any
suitable manner.
[0024] As an illustrative, non-exclusive example, ac-
tive flow-control device 150 may be configured to inject
one or more flow-control fluid streams 152 into boundary
layer 80 through an injection orifice 154 that may be de-
fined by, within, and/or on bullnose fairing 100. Flow-
control fluid stream 152 may be injected into boundary
layer 80 in any suitable manner. As an illustrative, non-
exclusive example, flow-control fluid stream 152 may be
injected at a flow speed, or average flow speed, of at
least 100 meters/second (m/s), at least 125 m/s, at least
150 m/s, at least 175 m/s, at least 200 m/s, at least 225
m/s, at least 250 m/s, at least 275 m/s, at least 300 m/s,
at least 350 m/s, at least 400 m/s, at least 450 m/s, or at
least 500 m/s. As another illustrative, non-exclusive ex-
ample, flow-control fluid stream 152 may be injected at
a flow speed of less than 700 m/s, less than 650 m/s,
less than 600 m/s, less than 550 m/s, less than 500 m/s,
less than 450 m/s, less than 400 m/s, less than 350 m/s,
less than 325 m/s, less than 300 m/s, less than 275 m/s,
less than 250 m/s, less than 225 m/s, and/or less than
200 m/s. As yet another illustrative, non-exclusive exam-
ple, flow-control fluid stream 152 may be injected through
injection orifice 154 such that a pressure differential
across the injection orifice is at least 1 kilopascal (kPa),
at least 5 kPa, at least 10 kPa, at least 15 kPa, at least
20 kPa, at least 25 kPa, at least 30 kPa, at least 35 kPa,
and/or at least 40 kPa.
[0025] It is within the scope of the present disclosure
that active flow-control device 150 may be configured to
continuously, or at least substantially continuously, inject
flow-control fluid stream 152 into boundary layer 80 when
thrust-reverser fluid flow 70 is flowing past bullnose fair-
ing 100 and/or when thrust-reverser assembly 60 is in
the reverse-thrust configuration (as illustrated in Fig. 3).
Additionally or alternatively, it is also within the scope of
the present disclosure that active flow-control device 150
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may be configured to intermittently, selectively, and/or
periodically inject flow-control fluid stream 152 into
boundary layer 80 when thrust-reverser fluid flow 70 is
flowing past bullnose fairing 100 and/or when thrust-re-
verser assembly 60 is in the reverse-thrust configuration.
[0026] Flow-control fluid stream 152 may be injected
into boundary layer 80 at any suitable location. As an
illustrative, non-exclusive example, flow-control fluid
stream 152 may be injected into boundary layer 80 at a
cordwise location 116 along a length of bullnose fairing
100. As another illustrative, non-exclusive example, flow-
control fluid stream 152 may be injected into boundary
layer 80 at a location that is offset (i.e., upstream and/or
downstream) from cordwise location 116. As yet another
illustrative, non-exclusive example, active flow-control
device 150 may be configured to inject a plurality of flow-
control fluid streams 152 into boundary layer 80. This
may include injecting the plurality of flow-control fluid
streams in a spaced-apart manner around a curvature,
or radius of curvature, 104 of bullnose fairing 100.
[0027] As yet another illustrative, non-exclusive exam-
ple, flow-control fluid stream 152 may be injected behind,
downstream of, and/or on a lee side of a step 130 on a
surface of bullnose fairing 100. Step 130 may include
and/or be any suitable discontinuity and/or change in pro-
file of bullnose fairing 100 and also may be referred to
herein as a discontinuity 130.
[0028] Flow-control fluid stream 152 may be generated
in any suitable manner. As an illustrative, non-exclusive
example, flow-control fluid stream 152 may include
and/or be a compressed gas stream that is generated by
jet engine 40 and/or by compressor 44 thereof (as illus-
trated in Fig. 1). Additionally or alternatively, flow-control
fluid stream 152 may include and/or be a synthetic jet
that is generated by a synthetic jet generator 158.
[0029] As another illustrative, non-exclusive example,
active flow-control device 150 may include a suction as-
sembly 160 that is configured to withdraw a suction
stream 161 from boundary layer 80. As yet another illus-
trative, non-exclusive example, active flow-control de-
vice 150 may include a vortex generator 156 that is con-
figured to generate a vortex 157 within boundary layer
80. Vortex generator 156 may include any suitable active
and/or passive vortex generator 156 that is configured
to generate vortex 157 in any suitable manner. As illus-
trative, non-exclusive examples, vortex generator 156
may include a physical obstruction and/or a vortex gen-
erator jet actuator.
[0030] Fig. 5 is a schematic cross-sectional view com-
paring a conventional bullnose fairing 110 to a bullnose
fairing 100 according to the present disclosure that in-
cludes an active flow-control device 150. Bullnose fair-
ings 100 according to the present disclosure that include
active flow-control devices 150 may provide improved
performance over conventional bullnose fairings 110 that
do not include active flow-control devices 150.
[0031] As an illustrative, non-exclusive example, a
boundary layer fluid flow 82 within boundary layer 80 that

is adjacent bullnose fairing 100 may define a threshold
mass flow rate below which boundary layer 80 is attached
to bullnose fairing 100 and above which boundary layer
80 detaches and/or separates from bullnose fairing 100.
Similarly, a boundary layer fluid flow within a boundary
layer that is attached to conventional bullnose fairing 110
also may define a threshold mass flow rate below which
the boundary layer is attached to bullnose fairing 110 and
above which the boundary layer detaches and/or sepa-
rates from bullnose fairing 100. However, the presence
of active flow-control devices 150 in bullnose fairings 100
according to the present disclosure, may permit bullnose
fairings 100 to have a comparable, or even greater,
threshold mass flow rate despite having a shorter length
102 than a conventional length 112 of conventional bull-
nose fairing 100 and/or despite defining a smaller radius
of curvature 104 when compared to a conventional radius
of curvature 114 of conventional bullnose fairing 110. The
lengths may be defined relative to a starting point 101 at
which a profile of the bullnose fairing changes in order
to direct and/or bend boundary layer fluid flow 82. Simi-
larly, the radii of curvature may approximate and/or be a
radius of curvature traveled by at least a portion of bound-
ary layer fluid flow 82 as boundary layer fluid flow 82
flows around bullnose fairing 100/110.
[0032] As illustrative, non-exclusive examples, length
102 may be less than 90%, less than 80%, less than
70%, less than 60%, less than 50%, and/or less than
40% of conventional length 112. Additionally or alterna-
tively, radius of curvature 104 may be less than 90%,
less than 80%, less than 70%, less than 60%, less than
50%, and/or less than 40% of conventional radius of cur-
vature 114.
[0033] Decreasing length 102 and/or radius of curva-
ture 104 relative to conventional length 112 and/or con-
ventional radius of curvature 114 may provide significant
performance benefits within jet engines 40 that include
thrust-reverser assemblies 60 according to the present
disclosure. As an illustrative, non-exclusive example, de-
creasing length 102 and/or radius of curvature 104 may
permit bypass duct 54 to have a larger cross-sectional
area without increasing an overall outer size of jet engine
40. This may permit jet engines 40 that include thrust-
reverser assemblies 60 to have a greater bypass ratio
(i.e., a ratio of a flow rate of bypass stream 55 to a flow
rate of portion of the air stream 53 that flows through
central duct 52) than jet engines that include conventional
thrust-reverser assemblies. Illustrative, non-exclusive
examples of bypass ratios that may be utilized with jet
engines 40 according to the present disclosure include
bypass ratios of at least 5, at least 10, at least 15, at least
20, and/or at least 25. Additionally or alternatively, the
bypass ratio may be less than 40, less than 35, less than
30, less than 25, and/or less than 20. Stated another way,
the bypass ratio of jet engines 40 according to the present
disclosure may be at least 105%, at least 110%, at least
115%, at least 120%, at least 125%, and/or at least 130%
larger than conventional jet engines that define the same,
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or a similar, overall outer size.
[0034] Jet engines 40 according to the present disclo-
sure also may exhibit less weight and/or a smaller overall
outer size when compared to comparable conventional
jet engines due to the smaller length 102 and/or radius
of curvature 104 of bullnose fairing 100. This may de-
crease nacelle friction loss with jet engines 40, increasing
fuel economy. Additionally or alternatively, this also may
provide for increased flexibility regarding location(s)
where jet engines 40 may be mounted on aircraft 20.
[0035] Figs. 6-8 provide various views of a bullnose
fairing 100 that includes an active flow-control device 150
according to the present disclosure. Figs. 6-8 illustrate
various orientations and/or locations for active flow-con-
trol devices 150 and/or various relative orientations for a
flow-control fluid stream 152 that may be provided by
active flow-control devices 150. For consistency of ref-
erence, a single Cartesian coordinate system has been
utilized to describe the relative orientations of active flow-
control devices 150 and/or flow-control fluid streams 152
thereof among Figs. 6-8; however, this specific coordi-
nate system is not required, and Cartesian coordinate
systems that are oriented differently than illustrated in
Figs. 6-8, as well as other coordinate systems, are within
the scope of the present disclosure.
[0036] Fig. 6 is a schematic cross-sectional view of
bullnose fairing 100 and illustrates a first injection angle
170 of flow-control fluid stream 152. In the illustrative,
non-exclusive example of Fig. 6, first injection angle 170
is measured in a first plane (i.e., the X-Z plane) that is
parallel to a surface normal direction (i.e., the Z-direction)
of bullnose fairing 100. It is within the scope of the present
disclosure that the first injection angle 170 may include
any suitable angle.
[0037] Fig. 7 is a schematic top view of bullnose fairing
100 of Fig. 6 illustrating a second injection angle 174 of
flow-control fluid stream 152. In the illustrative, non-ex-
clusive example of Fig. 7, second injection angle 174 is
measured in a second plane (i.e., the Y-Z plane) that is
parallel to the surface normal direction and that is per-
pendicular to the first plane. It is within the scope of the
present disclosure that second injection angle 174 may
include any suitable angle.
[0038] Illustrative, non-exclusive examples of first in-
jection angle 170 and/or second injection angle 174 in-
clude angles of at least 0 degrees, at least 5 degrees, at
least 10 degrees, at least 15 degrees, at least 20 degrees,
at least 30 degrees, at least 40 degrees, at least 50 de-
grees, at least 60 degrees, at least 70 degrees, at least
80 degrees, at least 90 degrees, at least 100 degrees,
at least 110 degrees, at least 120 degrees, at least 130
degrees, at least 140 degrees, at least 150 degrees, at
least 160 degrees, and/or at least 170 degrees. As ad-
ditional illustrative, non-exclusive examples, first injec-
tion angle 170 and/or second injection angle 174 include
angles of less than 180 degrees, less than 170 degrees,
less than 160 degrees, less than 150 degrees, less than
140 degrees, less than 130 degrees, less than 120 de-

grees, less than 110 degrees, less than 100 degrees,
less than 90 degrees, less than 80 degrees, less than 70
degrees, less than 60 degrees, less than 50 degrees,
less than 40 degrees, less than 30 degrees, less than 20
degrees, less than 15 degrees, less than 10 degrees,
and/or less than 5 degrees.
[0039] It is within the scope of the present disclosure
that first injection angle 170 and/or second injection angle
174 may be a variable angle that varies between any of
the above-listed lower limits and any of the above-listed
upper limits. Under these conditions, flow-control fluid
stream 152 may be generated by a sweeping jet that
systematically and/or periodically varies the first injection
angle and/or the second injection angle.
[0040] Fig. 8 is a schematic rear view of the bullnose
fairing of Figs. 6-7 illustrating a distribution, location,
and/or spacing of active flow-control devices 150 around
a circumference of bullnose fairing 100. As illustrated in
Fig. 8, bullnose fairings 100 may include a plurality of
active flow-control devices 150, may include a plurality
of injection orifices 154, and/or may be configured to in-
ject a plurality of flow-control fluid streams 152.
[0041] It is within the scope of the present disclosure
that the plurality of active flow-control devices 150 may
define any suitable relative orientation on bullnose fairing
100. As an illustrative, non-exclusive example, each of
the plurality of active flow-control devices 150 may define
an angular spacing 178 relative to an adjacent active
flow-control device 150. Illustrative, non-exclusive exam-
ples of the angular spacing include angles of at least 1
degree, at least 2 degrees, at least 3 degrees, at least 4
degrees, at least 5 degrees, and/or at least 10 degrees.
Additional illustrative, non-exclusive examples of the an-
gular spacing include angles of less than 90 degrees,
less than 45 degrees, less than 40 degrees, less than 30
degrees, less than 20 degrees, less than 15 degrees,
less than 10 degrees, and/or less than 5 degrees.
[0042] The plurality of active flow-control devices may
include any suitable number of active flow-control devic-
es. As illustrative, non-exclusive examples, bullnose fair-
ing 100 may include at least 4, at least 8, at least 9, at
least 12, at least 18, at least 24, at least 36, at least 72,
at least 90, at least 120, at least 180, at least 270, and/or
at least 360 active flow-control devices 150 and/or injec-
tion orifices 154, or may be configured to inject a corre-
sponding number of flow-control fluid streams 152. As
additional illustrative, non-exclusive examples, bullnose
fairing 100 may include fewer than 36, fewer than 72,
fewer than 90, fewer than 120, fewer than 180, fewer
than 270, fewer than 360, and/or fewer than 720 active
flow-control devices 150 and/or injection orifices 154, or
may be configured to inject a corresponding number of
flow-control fluid streams 152.
[0043] When bullnose fairing 100 includes a plurality
of active flow-control devices 150 and/or is configured to
inject a plurality of flow-control fluid streams 152, the plu-
rality of flow-control fluid streams 152 may be injected in
any suitable manner. As an illustrative, non-exclusive ex-
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ample, each of the plurality of flow-control fluid streams
may be injected continuously when a thrust-reverser as-
sembly 60 that includes bullnose fairing 100 is in the re-
verse-thrust configuration (as illustrated in Fig. 3) and/or
when thrust-reverser fluid flow 70 is flowing past bullnose
fairing 100. As another illustrative, non-exclusive exam-
ple, one or more of the flow-control fluid streams 152 may
be injected intermittently. This may include systematical-
ly varying which of the plurality of flow-control fluid
streams 152 is being injected at a given point in time.
[0044] When active flow-control device 150 is config-
ured to inject the plurality of flow-control fluid streams
152, the plurality of flow-control fluid streams may be
injected through the plurality of injection orifices 154,
which may be defined by bullnose fairing 100. It is within
the scope of the present disclosure that the plurality of
injection orifices 154 may include any suitable cross-sec-
tional shape, including circular, elongate, slotted, square,
arcuate, and/or rectangular cross-sectional shapes, and
that at least a portion of the plurality of injection orifices
154 may have a different cross-sectional shape and/or
size relative to a remainder of the plurality of injection
orifices 154. It is also within the scope of the present
disclosure that active flow-control device 150 may in-
clude a continuous, or at least substantially continuous,
slot 155 that may be configured to inject one or more
flow-control fluid streams around at least a portion, or
even all, of a circumference of bullnose fairing 100.
[0045] Fig. 9 is a flowchart depicting methods 200, ac-
cording to the present disclosure, of resisting boundary
layer separation from a bullnose fairing of a thrust-re-
verser assembly. Methods 200 include flowing a thrust-
reverser fluid stream through a reverser duct of a jet en-
gine at 210 and energizing a boundary layer with an ac-
tive flow-control device at 220.
[0046] Flowing the thrust-reverser fluid stream through
the reverser duct at 210 may include flowing through any
suitable reverser duct that forms a portion of the thrust-
reverser assembly. The flowing at 210 may include gen-
erating a boundary layer, which includes a boundary lay-
er fluid flow, adjacent the bullnose fairing.
[0047] Energizing the boundary layer at 220 may in-
clude energizing to resist separation of the boundary lay-
er from the bullnose fairing. This may include modifying
any suitable characteristic, or flow characteristic, of the
boundary layer and/or of the boundary layer fluid flow to
decrease a potential for separation of the boundary layer
from the bullnose fairing, such as under expected and/or
nominal operating conditions of the jet engine. As an il-
lustrative, non-exclusive example, the energizing at 220
may include energizing to resist separation of the bound-
ary layer from the bullnose fairing when an average flow
speed of the thrust-reverser fluid stream is at least 100
meters/second (m/s), at least 125 m/s, at least 150 m/s,
at least 175 m/s, at least 200 m/s, at least 225 m/s, at
least 250 m/s, at least 275 m/s, and/or at least 300 m/s.
Additionally or alternatively, the energizing also may in-
clude energizing to resist separation of the boundary lay-

er from the bullnose fairing when the average speed of
the thrust-reverser fluid stream is less than 350 m/s, less
than 325 m/s, less than 300 m/s, less than 275 m/s, less
than 250 m/s, less than 225 m/s, and/or less than 200 m/s.
[0048] The energizing at 220 may be accomplished in
any suitable manner. As illustrative, non-exclusive ex-
amples, the energizing at 220 may include injecting a
flow-control fluid stream into the boundary layer at 222,
generating a vortex within the boundary layer at 224,
and/or removing a suction stream from the boundary lay-
er at 226.
[0049] Injecting the flow-control fluid stream into the
boundary layer at 222 may include injecting the flow-con-
trol fluid stream through an injection orifice that is defined
by the bullnose fairing. The injecting at 222 may include
injecting at any suitable flow speed of the flow-control
fluid stream, illustrative, non-exclusive examples of
which are disclosed herein. Additionally or alternatively,
the injecting at 222 also may include injecting such that
any suitable pressure differential, illustrative, non-exclu-
sive examples of which are disclosed herein, is devel-
oped across the injection orifice.
[0050] The injecting at 222 may include continuously,
or at least substantially continuously injecting the flow-
control fluid stream during the flowing at 210. Alterna-
tively, the injecting at 222 also may include intermittently
injecting the flow-control fluid stream during the flowing
at 210.
[0051] It is within the scope of the present disclosure
that the injecting at 222 may include injecting at a first
injection angle and/or injecting at a second injection an-
gle. Illustrative, non-exclusive examples of the first injec-
tion angle and the second injection angle are disclosed
herein.
[0052] The flow-control fluid stream may be generated
in any suitable manner. As an illustrative, non-exclusive
example, the injecting at 222 may include directing a
compressed gas stream through the injection orifice. The
compressed gas stream may be generated in any suita-
ble manner, such as by the jet engine and/or via any
suitable pump and/or compressor. As another illustrative,
non-exclusive example, the injecting at 222 may include
generating the flow-control fluid stream with a synthetic
jet generator.
[0053] The injecting at 222 may include injecting a sin-
gle flow-control fluid stream or a plurality of flow-control
fluid streams. When the injecting at 222 includes injecting
the plurality of flow-control fluid streams, the injecting at
222 further may include systematically and/or periodical-
ly varying which of the plurality of flow-control fluid
streams is being injected into the boundary layer at a
given point in time. Additionally or alternatively, and as
discussed, the plurality of flow-control fluid streams may
be injected in a spaced-apart manner around a circum-
ference of the bullnose fairing. Illustrative, non-exclusive
examples of a spacing among the plurality of flow-control
fluid streams and/or of a number of flow-control fluid
streams (and/or corresponding injection orifices) in the
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plurality of flow-control fluid streams are discussed here-
in.
[0054] Generating the vortex within the boundary layer
at 224 may include generating the vortex in any suitable
manner. As an illustrative, non-exclusive example, the
generating at 224 may include generating with a vortex
generator.
[0055] Removing the suction stream from the bound-
ary layer at 226 may include removing the suction fluid
stream from the boundary layer in any suitable manner.
As an illustrative, non-exclusive example, the removing
at 226 may include generating a vacuum within a suction
assembly to remove the suction fluid stream from the
boundary layer.
[0056] Illustrative, non-exclusive examples of inven-
tive subject matter according to the present disclosure
are described in the following enumerated paragraphs:

A1. A thrust-reverser assembly for a jet engine,
wherein the thrust-reverser assembly defines a for-
ward-thrust configuration and a reverse-thrust con-
figuration, the assembly comprising:

a bullnose fairing that defines a portion of a re-
verser duct; and

an active flow-control device located to energize
a boundary layer fluid flow within a boundary
layer adjacent to the bullnose fairing to resist
separation of the boundary layer from the bull-
nose fairing when the thrust-reverser assembly
is in the reverse-thrust configuration.

A2. The assembly of paragraph A1, wherein the
boundary layer fluid flow defines a threshold mass
flow rate below which the boundary layer is attached
to the bullnose fairing, and further wherein a radius
of curvature of the bullnose fairing is less than a con-
ventional radius of curvature of a conventional bull-
nose fairing that produces a comparable threshold
mass flow rate but that does not include the active
flow-control device.

A2.1 The assembly of paragraph A2, wherein the
radius of curvature of the bullnose fairing is less than
90%, less than 80%, less than 70%, less than 60%,
less than 50%, or less than 40% of the conventional
radius of curvature of the conventional bullnose fair-
ing.

A3. The assembly of any of paragraphs A1-A2.1,
wherein the boundary layer defines a/the threshold
mass flow rate below which the boundary layer is
attached to the bullnose fairing, and further wherein
a length of the bullnose fairing is less than a conven-
tional length of a/the conventional bullnose fairing
that produces a/the comparable threshold mass flow
rate but that does not include the active flow-control

device.

A3.1 The assembly of paragraph A3, wherein the
length of the bullnose fairing is less than 90% less
than 80%, less than 70%, less than 60%, less than
50%, or less than 40% of the conventional length of
the conventional bullnose fairing.

A4. The assembly of any of paragraphs A1-A3.1,
wherein the assembly includes the boundary layer.

A5. The assembly of any of paragraphs A1-A4,
wherein the assembly includes the boundary layer
fluid flow.

A6. The assembly of any of paragraphs A1-A5,
wherein, when the thrust-reverser assembly is in the
reverse-thrust configuration, the active flow-control
device is configured to resist separation of the
boundary layer from the bullnose fairing when an
average thrust-reverser fluid flow speed through the
reverser duct is at least one of:

(i) at least 100 meters/second (m/s), at least 125
m/s, at least 150 m/s, at least 175 m/s, at least
200 m/s, at least 225 m/s, at least 250 m/s, at
least 275 m/s, or at least 300 m/s; and

(ii) less than 350 m/s, less than 325 m/s, less
than 300 m/s, less than 275 m/s, less than 250
m/s, less than 225 m/s, or less than 200 m/s.

A7. The assembly of any of paragraphs A1-A6,
wherein the active flow-control device is configured
to inject a flow-control fluid stream into the boundary
layer through an injection orifice that is defined by
the bullnose fairing.

A7.1 The assembly of paragraph A7, wherein the
injection orifice forms a portion of a sweeping jet.

A7.2 The assembly of any of paragraphs A7-A7.1,
wherein the assembly includes the flow-control fluid
stream.

A7.3 The assembly of any of paragraphs A7-A7.2,
wherein a flow speed of the flow-control fluid stream
through the injection orifice is at least one of:

(i) at least 100 meters/second (m/s), at least 125
m/s, at least 150 m/s, at least 175 m/s, at least
200 m/s, at least 225 m/s, at least 250 m/s, at
least 275 m/s, at least 300 m/s, at least 350 m/s,
at least 400 m/s, at least 450 m/s, or at least 500
m/s; and
(ii) less than 700 m/s, less than 650 m/s, less
than 600 m/s, less than 550 m/s, less than 500
m/s, less than 450 m/s, less than 400 m/s, less
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than 350 m/s, less than 325 m/s, less than 300
m/s, less than 275 m/s, less than 250 m/s, less
than 225 m/s, or less than 200 m/s.

A7.4 The assembly of any of paragraphs A7-A7.3,
wherein a pressure differential of the flow-control flu-
id stream across the injection orifice is at least 1 kil-
opascal (kPa), at least 5 kPa, at least 10 kPa, at least
15 kPa, at least 20 kPa, at least 25 kPa, at least 30
kPa, at least 35 kPa, or at least 40 kPa.

A7.5 The assembly of any of paragraphs A7-A7.4,
wherein the active flow-control device is configured
to continuously inject the flow-control fluid stream
into the boundary layer when the thrust-reverser as-
sembly is in the reverse-thrust configuration and the
boundary layer fluid flow is present within the bound-
ary layer.

A7.6 The assembly of any of paragraphs A7-A7.5,
wherein the active flow-control device is configured
to intermittently inject the flow-control fluid stream
into the boundary layer when the thrust-reverser as-
sembly is in the reverse-thrust configuration and the
boundary layer fluid flow is present within the bound-
ary layer.

A7.7 The assembly of any of paragraphs A7-A7.6,
wherein the injection orifice includes at least one of
a circular injection orifice, an elongate injection ori-
fice, a slot, and a rectangular slot.

A7.8. The assembly of any of paragraphs A7-A7.7,
wherein the injection orifice is a continuous slot that
is defined around a circumference of the bullnose
fairing.

A7.9 The assembly of any of paragraphs A7-A7.8,
wherein the injection orifice is located on a cord of
the bullnose fairing.

A7.10 The assembly of any of paragraphs A7-A7.9,
wherein the active flow-control device is configured
to inject the flow-control fluid stream into the bound-
ary layer at a first injection angle as measured in a
first plane that is parallel to a surface normal of the
bullnose fairing and a second injection angle as
measured in a second plane that is parallel to the
surface normal direction and perpendicular to the
first plane.

A7.10.1 The assembly of paragraph A7.10, wherein
the first injection angle is at least one of:

(i) at least 0 degrees, at least 5 degrees, at least
10 degrees, at least 15 degrees, at least 20 de-
grees, at least 30 degrees, at least 40 degrees,
at least 50 degrees, at least 60 degrees, at least

70 degrees, at least 80 degrees, at least 90 de-
grees, at least 100 degrees, at least 110 de-
grees, at least 120 degrees, at least 130 de-
grees, at least 140 degrees, at least 150 de-
grees, at least 160 degrees, or at least 170 de-
grees;

(ii) less than 180 degrees, less than 170 de-
grees, less than 160 degrees, less than 150 de-
grees, less than 140 degrees, less than 130 de-
grees, less than 120 degrees, less than 110 de-
grees, less than 100 degrees, less than 90 de-
grees, less than 80 degrees, less than 70 de-
grees, less than 60 degrees, less than 50 de-
grees, less than 40 degrees, less than 30 de-
grees, less than 20 degrees, less than 15 de-
grees, less than 10 degrees, or less than 5
degrees; and

(iii) a variable first injection angle that varies be-
tween any one of (i) and any one of (ii).

A7.10.2 The assembly of any of paragraphs A7.10-
A7.10.1, wherein the second injection angle is at
least one of:

(i) at least 0 degrees, at least 5 degrees, at least
10 degrees, at least 15 degrees, at least 20 de-
grees, at least 30 degrees, at least 40 degrees,
at least 50 degrees, at least 60 degrees, at least
70 degrees, at least 80 degrees, at least 90 de-
grees, at least 100 degrees, at least 110 de-
grees, at least 120 degrees, at least 130 de-
grees, at least 140 degrees, at least 150 de-
grees, at least 160 degrees, or at least 170 de-
grees;

(ii) less than 180 degrees, less than 170 de-
grees, less than 160 degrees, less than 150 de-
grees, less than 140 degrees, less than 130 de-
grees, less than 120 degrees, less than 110 de-
grees, less than 100 degrees, less than 90 de-
grees, less than 80 degrees, less than 70 de-
grees, less than 60 degrees, less than 50 de-
grees, less than 40 degrees, less than 30 de-
grees, less than 20 degrees, less than 15 de-
grees, less than 10 degrees, or less than 5
degrees; and

(iii) a variable second injection angle that varies
between any one of (i) and any one of (ii).

A7.11 The assembly of any of paragraphs A7-
A7.10.2, wherein the active flow-control device is
configured to inject a plurality of flow-control fluid
streams into the boundary layer.

A7.11.1 The assembly of paragraph A7.11, wherein
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the active flow-control device is configured to sys-
tematically vary which of the plurality of flow-control
fluid streams is being injected into the boundary layer
at a given point in time.

A7.11.2 The assembly of any of paragraphs A7.11-
A7.11.1, wherein the active flow-control device is
configured to inject the plurality of flow-control fluid
streams into the boundary layer via a plurality of in-
jection orifices that is defined by the bullnose fairing.

A7.11.2.1 The assembly of paragraph A7.11.2,
wherein the plurality of injection orifices is spaced-
apart around a/the circumference of the bullnose fair-
ing.

A7.11.2.2 The assembly of any of paragraphs
A7.11.2-A7.11.2.1, wherein the plurality of injection
orifices have an angular spacing of at least one of:

(i) at least 1 degree, at least 2 degrees, at least
3 degrees, at least 4 degrees, at least 5 degrees,
or at least 10 degrees; and

(ii) less than 90 degrees, less than 45 degrees,
less than 40 degrees, less than 30 degrees, less
than 20 degrees, less than 15 degrees, less than
10 degrees, or less than 5 degrees.

A7.11.2.3 The assembly of any of paragraphs
A7.11.2-A7.11.2.2, wherein the plurality of injection
orifices includes at least one of:

(i) at least 4, at least 8, at least 9, at least 12, at
least 18, at least 24, at least 36, at least 72, at
least 90, at least 120, at least 180, at least 270,
or at least 360 injection orifices; and

(ii) fewer than 36, fewer than 72, fewer than 90,
fewer than 120, fewer than 180, fewer than 270,
fewer than 360, or fewer than 720 injection ori-
fices.

A7.12 The assembly of any of paragraphs A7-
A7.11.2.3, wherein the flow-control fluid stream com-
prises a compressed gas stream that is generated
by the jet engine.

A7.13 The assembly of any of paragraphs A7-A7.12,
wherein the flow-control fluid stream comprises a
synthetic jet that is generated by a synthetic jet gen-
erator.

A8. The assembly of any of paragraphs A1-A7.13,
wherein the active flow-control device includes a vor-
tex generator configured to generate a vortex within
the boundary layer.

A9. The assembly of any of paragraphs A1-A8,
wherein the active flow-control device comprises a
suction assembly configured to remove a suction
stream from the boundary layer.

A10. The assembly of any of paragraphs A1-A9,
wherein the active flow-control device includes at
least one of a piezoelectric actuator, a shape mem-
ory alloy actuator, a diaphragm, a pump, a compres-
sor, and a fan.

B1. A jet engine, comprising:

an inlet configured to receive an air stream;

a compressor configured to compress the air
stream;

a burner configured to combust a fuel stream
with a portion of the air stream to generate a
combustion stream;

a turbine configured to be powered by the com-
bustion stream and to power the compressor;

a nozzle configured to permit the combustion
stream and the portion of the air stream to be
expelled from the jet engine; and

the thrust-reverser assembly of any of para-
graphs A1-A10.

B2. The jet engine of paragraph B1, wherein the jet
engine includes a central duct, which is configured
to receive the portion of the air stream from the inlet,
and a bypass duct, which is configured to receive a
bypass stream from the inlet.

B3.The jet engine of paragraph B2, wherein a ratio
of a flow rate of the bypass stream to a flow rate of
the portion of the air stream defines a bypass ratio
for the jet engine, and further wherein the bypass
ratio is at least one of:

(i) at least 5, at least 10 at least 15, at least 20,
or at least 25; and

(ii) less than 40, less than 35, less than 30, less
than 25, or less than 20.

B4. The jet engine of any of paragraphs B2-B3,
wherein the jet engine further includes a vane grid
that extends across the reverser duct and is config-
ured to regulate flow of the bypass stream through
the reverser duct.

B5. The jet engine of any of paragraphs B2-B4,
wherein the jet engine further includes a blocker door

17 18 



EP 2 937 548 A1

11

5

10

15

20

25

30

35

40

45

50

55

that is configured to selectively direct the bypass
stream through the reverser duct when the thrust-
reverser assembly is in the reverse-thrust configu-
ration and to permit the bypass stream to flow
through the nozzle when the thrust-reverser assem-
bly is in the forward-thrust configuration.

B6.The jet engine of any of paragraphs B2-B5,
wherein the thrust-reverser assembly further in-
cludes an outer housing that is configured to trans-
late relative to a remainder of the jet engine to se-
lectively permit or restrict flow of the bypass stream
through the reverser duct.

B7.The jet engine of any of paragraphs B1-B6,
wherein the jet engine further includes the reverser
duct.

C1. An aircraft, comprising:

an airframe; and

the jet engine of any of paragraphs B1-B7.

D1. A method of resisting boundary layer separation
from a bullnose fairing of a thrust-reverser assembly,
the method comprising:

flowing a thrust-reverser fluid stream through a
reverser duct of a jet engine that includes the
thrust-reverser assembly, wherein the flowing
includes generating a boundary layer adjacent
the bullnose fairing, and further wherein the
boundary layer includes a boundary layer fluid
flow; and

energizing the boundary layer fluid flow with an
active flow-control device to resist separation of
the boundary layer from the bullnose fairing.

D2. The method of paragraph D1, wherein the
boundary layer fluid flow defines a threshold mass
flow rate prior to separation of the boundary layer
from the bullnose fairing, wherein the bullnose fairing
defines a radius of curvature, wherein the flowing
includes flowing the boundary layer along the radius
of curvature, and further wherein the radius of cur-
vature is less than a conventional radius of curvature
of a conventional bullnose fairing that produces a
comparable threshold mass flow rate but that does
not utilize the energizing.

D2.1 The method of paragraph D2, wherein the ra-
dius of curvature of the bullnose fairing is less than
90% less than 80%, less than 70%, less than 60%,
less than 50%, or less than 40% of the conventional
radius of curvature of the conventional bullnose fair-
ing.

D3. The method of any of paragraphs D1-D2.1,
wherein the boundary layer fluid flow defines a/the
threshold mass flow rate prior to separation of the
boundary layer from the bullnose fairing, and further
wherein a length of the bullnose fairing is less than
a conventional length of a/the conventional bullnose
fairing that produces a/the comparable threshold
mass flow rate but that does not utilize the energiz-
ing.

D3.1. The method of paragraph D3, wherein the
length of the bullnose fairing is less than 90% less
than 80%, less than 70%, less than 60%, less than
50%, or less than 40% of the conventional length of
the conventional bullnose fairing.

D4. The method of any of paragraphs D1-D3.1,
wherein the energizing includes energizing to resist
separation of the boundary layer from the bullnose
fairing when an average flow speed of the thrust-
reverser fluid stream is at least one of:

(i) at least 100 meters/second (m/s), at least 125
m/s, at least 150 m/s, at least 175 m/s, at least
200 m/s, at least 225 m/s, at least 250 m/s, at
least 275 m/s, or at least 300 m/s; and

(ii) less than 350 m/s, less than 325 m/s, less
than 300 m/s, less than 275 m/s, less than 250
m/s, less than 225 m/s, or less than 200 m/s.

D5. The method of any of paragraphs D1-D4, where-
in the energizing includes injecting a flow-control flu-
id stream into the boundary layer through an injection
orifice that is defined by the bullnose fairing.

D5.1 The method of paragraph D5, wherein a flow
speed of the flow-control fluid stream through the
injection orifice is at least one of:

(i) at least 100 meters/second (m/s), at least 125
m/s, at least 150 m/s, at least 175 m/s, at least
200 m/s, at least 225 m/s, at least 250 m/s, at
least 275 m/s, at least 300 m/s, at least 350 m/s,
at least 400 m/s, at least 450 m/s, or at least 500
m/s; and

(ii) less than 700 m/s, less than 650 m/s, less
than 600 m/s, less than 550 m/s, less than 500
m/s, less than 450 m/s, less than 400 m/s, less
than 350 m/s, less than 325 m/s, less than 300
m/s, less than 275 m/s, less than 250 m/s, less
than 225 m/s, or less than 200 m/s.

D5.2 The method of any of paragraphs D5-D5.1
wherein a pressure differential of the flow-control flu-
id stream across the injection orifice is at least 1 kil-
opascal (kPa), at least 5 kPa, at least 10 kPa, at least
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15 kPa, at least 20 kPa, at least 25 kPa, at least 30
kPa, at least 35 kPa, or at least 40 kPa.

D5.3 The method of any of paragraphs D5-D5.2,
wherein the injecting includes continuously injecting
the flow-control fluid stream while the thrust-reverser
fluid stream is flowing through the reverser duct.

D5.4 The method of any of paragraphs D5-D5.2,
wherein the injecting includes intermittently injecting
the flow-control fluid stream while the thrust-reverser
fluid stream is flowing through the reverser duct.

D5.5 The method of any of paragraphs D5-D5.4,
wherein the injecting includes injecting at a first in-
jection angle as measured in a first plane that is par-
allel to a surface normal of the bullnose fairing and
at a second injection angle as measured in a second
plane that is parallel to the surface normal direction
and perpendicular to the first plane.

D5.5.1 The method of paragraph D5.5, wherein the
first injection angle is at least one of:

(i) at least 0 degrees, at least 5 degrees, at least
10 degrees, at least 15 degrees, at least 20 de-
grees, at least 30 degrees, at least 40 degrees,
at least 50 degrees, at least 60 degrees, at least
70 degrees, at least 80 degrees, at least 90 de-
grees, at least 100 degrees, at least 110 de-
grees, at least 120 degrees, at least 130 de-
grees, at least 140 degrees, at least 150 de-
grees, at least 160 degrees, or at least 170 de-
grees;

(ii) less than 180 degrees, less than 170 de-
grees, less than 160 degrees, less than 150 de-
grees, less than 140 degrees, less than 130 de-
grees, less than 120 degrees, less than 110 de-
grees, less than 100 degrees, less than 90 de-
grees, less than 80 degrees, less than 70 de-
grees, less than 60 degrees, less than 50 de-
grees, less than 40 degrees, less than 30 de-
grees, less than 20 degrees, less than 15 de-
grees, less than 10 degrees, or less than 5
degrees; and

(iii) a variable first injection angle that varies be-
tween any one of (i) and any one of (ii).

D5.5.2 The method of any of paragraphs D5.5-
D5.5.1, wherein the second injection angle is at least
one of:

(i) at least 0 degrees, at least 5 degrees, at least
10 degrees, at least 15 degrees, at least 20 de-
grees, at least 30 degrees, at least 40 degrees,
at least 50 degrees, at least 60 degrees, at least

70 degrees, at least 80 degrees, at least 90 de-
grees, at least 100 degrees, at least 110 de-
grees, at least 120 degrees, at least 130 de-
grees, at least 140 degrees, at least 150 de-
grees, at least 160 degrees, or at least 170 de-
grees;

(ii) less than 180 degrees, less than 170 de-
grees, less than 160 degrees, less than 150 de-
grees, less than 140 degrees, less than 130 de-
grees, less than 120 degrees, less than 110 de-
grees, less than 100 degrees, less than 90 de-
grees, less than 80 degrees, less than 70 de-
grees, less than 60 degrees, less than 50 de-
grees, less than 40 degrees, less than 30 de-
grees, less than 20 degrees, less than 15 de-
grees, less than 10 degrees, or less than 5
degrees; and

(iii) a variable second injection angle that varies
between any one of (i) and any one of (ii).

D5.6 The method of any of paragraphs D5-D5.5.2,
wherein the method further includes directing a com-
pressed gas stream that is generated by the jet en-
gine through the injection orifice to generate the flow-
control fluid stream.

D5.7 The method of any of paragraphs D5-D5.6,
wherein the method further includes generating the
flow-control fluid stream with a synthetic jet genera-
tor.

D5.8 The method of any of paragraphs D5-D5.7,
wherein the injecting includes injecting a plurality of
flow-control fluid streams into the boundary layer.

D5.8.1 The method of paragraph D5.8, wherein the
injecting includes systematically varying which of the
plurality of flow-control fluid streams is being injected
into the boundary layer at a given point in time.

D5.8.2 The method of any of paragraphs D5.8-
D5.8.1, wherein the injecting includes injecting the
plurality of flow-control fluid streams in a spaced-
apart manner around a circumference of the bullnose
fairing.

D5.8.3 The method of any of paragraphs D5.8-
D5.8.2, wherein the plurality of flow-control fluid
streams includes at least one of:

(i) at least 8, at least 9, at least 12, at least 18,
at least 24, at least 36, at least 72, at least 90,
at least 120, at least 180, at least 270, or at least
360 injection orifices; and

(ii) fewer than 36, fewer than 72, fewer than 90,
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fewer than 120, fewer than 180, fewer than 270,
fewer than 360, or fewer than 720 injection ori-
fices.

D6. The method of any of paragraphs D1-D5.8.3,
wherein the energizing includes generating a vortex
within the boundary layer with a vortex generator.

D7. The method of any of paragraphs D1-D6, where-
in the energizing includes removing a suction stream
from the boundary layer with a suction assembly.

D8. The method of any of paragraphs D1-D7, where-
in the energizing includes energizing with at least
one of a piezoelectric actuator, a shape memory al-
loy actuator, a diaphragm, a pump, a compressor,
and a fan.

[0057] As used herein, the terms "selective" and "se-
lectively," when modifying an action, movement, config-
uration, or other activity of one or more components or
characteristics of an apparatus, mean that the specific
action, movement, configuration, or other activity is a di-
rect or indirect result of user manipulation of an aspect
of, or one or more components of, the apparatus.
[0058] As used herein, the terms "adapted" and "con-
figured" mean that the element, component, or other sub-
ject matter is designed and/or intended to perform a given
function. Thus, the use of the terms "adapted" and "con-
figured" should not be construed to mean that a given
element, component, or other subject matter is simply
"capable of" performing a given function but that the el-
ement, component, and/or other subject matter is spe-
cifically selected, created, implemented, utilized, pro-
grammed, and/or designed for the purpose of performing
the function. It is also within the scope of the present
disclosure that elements, components, and/or other re-
cited subject matter that is recited as being adapted to
perform a particular function may additionally or alterna-
tively be described as being configured to perform that
function, and vice versa. Similarly, subject matter that is
recited as being configured to perform a particular func-
tion may additionally or alternatively be described as be-
ing operative to perform that function.
[0059] The various disclosed elements of apparatuses
and steps of methods disclosed herein are not required
to all apparatuses and methods according to the present
disclosure, and the present disclosure includes all novel
and non-obvious combinations and subcombinations of
the various elements and steps disclosed herein. More-
over, one or more of the various elements and steps dis-
closed herein may define independent inventive subject
matter that is separate and apart from the whole of a
disclosed apparatus or method. Accordingly, such inven-
tive subject matter is not required to be associated with
the specific apparatuses and methods that are expressly
disclosed herein, and such inventive subject matter may
find utility in apparatuses and/or methods that are not

expressly disclosed herein.

Claims

1. A thrust-reverser assembly (60) for a jet engine (40),
wherein the thrust-reverser assembly defines a for-
ward-thrust configuration (62) and a reverse-thrust
configuration (64), the assembly comprising:

a bullnose fairing (100) that defines a portion of
a reverser duct (66); and
an active flow-control device (150) located to en-
ergize a boundary layer fluid flow (82) within a
boundary layer (80) adjacent to the bullnose fair-
ing to resist separation of the boundary layer
from the bullnose fairing when the thrust-revers-
er assembly is in the reverse-thrust configura-
tion.

2. The assembly (60) of claim 1, wherein the boundary
layer fluid flow (82) defines a threshold mass flow
rate below which the boundary layer (80) is attached
to the bullnose fairing (100), and further wherein a
radius of curvature (104) of the bullnose fairing is
less than 70% of a conventional radius of curvature
(114) of a conventional bullnose fairing (110) that
produces a comparable threshold mass flow rate but
that does not include the active flow-control device
(150).

3. The assembly (60) of claim 1 or 2, wherein, when
the thrust-reverser assembly is in the reverse-thrust
configuration (64), the active flow-control device
(150) is configured to resist separation of the bound-
ary layer (80) from the bullnose fairing (100) when
an average thrust-reverser fluid flow speed through
the reverser duct (66) is at least at least 100 m/s and
less than 350 m/s.

4. The assembly (60) of any one of claim 1 to 3, wherein
the active flow-control device (150) is configured to
inject a flow-control fluid stream (152) into the bound-
ary layer (80) through an injection orifice (154) that
is defined by the bullnose fairing (100).

5. The assembly (60) of claim 4, wherein the injection
orifice (154) forms a portion of a sweeping jet.

6. The assembly (60) of claim 4, wherein the active
flow-control device (150) is configured to inject a plu-
rality of flow-control fluid streams (152) into the
boundary layer (80) and is configured to systemati-
cally vary which of the plurality of flow-control fluid
streams is being injected into the boundary layer at
a given point in time.

7. The assembly (60) of claim 4 or 6, wherein the active
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flow-control device (150) is configured to inject a plu-
rality of flow-control fluid streams (152) into the
boundary layer (80) and is configured to inject the
plurality of flow-control fluid streams into the bound-
ary layer via a plurality of injection orifices (154) that
is defined by the bullnose fairing (100).

8. The assembly (60) of claim 4, wherein the flow-con-
trol fluid stream (152) comprises at least one of:

(i) a compressed gas stream that is generated
by the jet engine (40); and
(ii) a synthetic jet that is generated by a synthetic
jet generator (158).

9. The assembly (60) of any one of claim 1 to 8, wherein
the active flow-control device (150) includes a vortex
generator (156) configured to generate a vortex
(157) within the boundary layer (80).

10. The assembly (60) of any one of claim 1 to 9, wherein
the active flow-control device (150) includes a suc-
tion assembly (160) configured to remove a suction
stream (161) from the boundary layer (80).

11. A jet engine (40) comprising:

an inlet (42) configured to receive an air stream;
a compressor (44) configured to compress the
air stream;
a burner (46) configured to combust a fuel
stream with a portion of the air stream to gener-
ate a combustion stream;
a turbine (48) configured to be powered by the
combustion stream and to power the compres-
sor;
a nozzle (50) configured to permit the combus-
tion stream and the portion of the air stream to
be expelled from the jet engine; and
the thrust-reverser assembly (60) of any one of
claim 1 to 10.

12. A method (200) of resisting boundary layer separa-
tion from a bullnose fairing (100) of a thrust-reverser
assembly (60), the method comprising:

flowing (210) a thrust-reverser fluid flow (70)
through a reverser duct (66) of a jet engine (40)
that includes the thrust-reverser assembly,
wherein the flowing includes generating a
boundary layer (80) adjacent the bullnose fair-
ing, and further wherein the boundary layer in-
cludes a boundary layer fluid flow (82); and
energizing (220) the boundary layer fluid flow
with an active flow-control device (150) to resist
separation of the boundary layer from the bull-
nose fairing.

13. The method (200) of claim 12, wherein the boundary
layer fluid flow (82) defines a threshold mass flow
rate prior to separation of the boundary layer (80)
from the bullnose fairing (100), wherein the bullnose
fairing defines a radius of curvature (104), wherein
the flowing (210) includes flowing the boundary layer
along the radius of curvature, and further wherein
the radius of curvature is less than 70% of a conven-
tional radius of curvature (114) of a conventional bull-
nose fairing (110) that produces a comparable
threshold mass flow rate but that does not utilize the
energizing (220).

14. The method (200) of claim 12 or 13, wherein the
energizing (220) includes energizing to resist sepa-
ration of the boundary layer (80) from the bullnose
fairing (100) when an average flow speed of the
thrust-reverser fluid flow (70) is at least 100 m/s and
less than 350 m/s.

15. The method (200) of any one of claim 12 to 14,
wherein the energizing (220) includes at least one of:

(i) injecting (222) a flow-control fluid stream
(152) into the boundary layer (80) through an
injection orifice (154) that is defined by the bull-
nose fairing (100);
(ii) generating (224) a vortex (157) within the
boundary layer with a vortex generator (156);
and
(iii) removing (226) a suction stream (161) from
the boundary layer with a suction assembly
(160).
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