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PROPULSION SYSTEM ARCHITECTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 63/380,891, filed on Oct. 25, 2022, entitled
“PROPULSION SYSTEM ARCHITECTURE,” the disclo-
sure of which is incorporated herein in its entirety.

TECHNICAL FIELD

[0002] This relates, in general, to aircraft propulsion sys-
tems, and in particular, to an architecture for propulsion
systems for supersonic passenger aircraft that incorporate
propulsion-based noise reduction features.

BACKGROUND

[0003] Passenger aircraft may achieve high speed flight,
for example, supersonic flight, through the incorporation of
one or more turbojet engines into an aircraft body designed
to withstand such speeds, while also maintaining passenger
safety and comfort. Often, such aircraft make use of one or
more engines, for example, turbojet engines, having a rela-
tively low bypass ratio. These relatively low bypass ratio
engines may provide for efficiency at cruise speeds, for
example, supersonic cruise speeds, particularly given the
relatively long range flights for which these types of pas-
senger aircraft are likely to be operated. However, noise
output by operation of these relatively low bypass ratio
engines at lower speeds, for example, take-off and/or land-
ing speeds and the like, may exceed acceptable noise levels
and/or established noise standards for operation of passenger
aircraft in a commercial environment.

SUMMARY

[0004] Systems and methods, in accordance with imple-
mentations described herein, include a propulsion system for
a passenger aircraft that operates in a first mode to provide
for high speed cruise operation of the passenger aircraft, for
example, supersonic cruise speeds, and in a second mode to
provide for operation of the passenger aircraft at lower
speeds such as, for example, take-off and/or landing speeds.
In some examples, the propulsion system includes a variable
airflow capture area that provides for operation in the first
mode and in the second mode. In some examples, the
propulsion system includes a main propulsion source that
provides for operation in the first mode, and an auxiliary
propulsion source that provides for operation in the second
mode. In some examples, the auxiliary propulsion source
operates together with the main propulsion source to provide
for variable airflow capture area. In some examples, the
main propulsion source provides for operation of the aux-
iliary propulsion source in the second mode.

[0005] In some examples, the main propulsion source
includes one or more turbojet engines, for example, one or
more relatively low bypass ratio turbojet engines. In some
examples, the auxiliary power source includes one or more
auxiliary thrust fans that are mechanically driven by the
main power source in the second mode. In some examples,
the auxiliary power source includes one or more auxiliary
thrust fans that are electrically driven by the main power
source in the second mode. Operation of the one or more
auxiliary thrust fans, driven by the main power source in the
second mode, may augment, or increase, a propulsive air-
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flow capture area during operation in the second mode, in
which the aircraft is operated at relatively lower speeds. The
augmented, or increased, airflow capture area provided by
the auxiliary power source in the second mode, during
operation of the aircraft at lower speeds, may reduce an
overall noise level output by the aircraft during operation at
these lower speeds. In some examples, the auxiliary power
source may be deployed for operation in the second mode,
for example, positioned in the airflow direction of the
aircraft. In some examples, the auxiliary power source (i.e.,
the one or more thrust fans) may be in a standby state during
operation in the first mode, for example, stowed within the
aerodynamic profile of the aircraft. The stowing of the
auxiliary power source in the first mode may allow the main
propulsion source (for example, the one or more low bypass
ratio turbojet engines) to provide for high speed cruise of the
passenger aircraft.

[0006] The ability to deploy the auxiliary power source
during low speed operation, and to stow the auxiliary power
source, within the aerodynamic profile of the aircraft, during
high speed cruise operation of the aircraft, may allow high
speed cruise propulsion to be provided by one or more
relatively low bypass ratio turbojet engine(s), to provide for
efficiency during high speed (i.e., supersonic) cruise opera-
tion, while augmenting or increasing airflow capture area
during lower speed operation, thus mimicking a higher
bypass ratio engine during lower speed operation. This may
provide for reduced overall noise levels output by the
propulsion system during operation of the aircraft at lower
speeds, while preserving efficiency during operation at
higher cruise speeds. In some examples, this may provide
for efficient operation of a passenger aircraft using relatively
low bypass ratio engine(s), within established noise stan-
dards for operation of passenger aircraft in a commercial
aviation environment.

[0007] In some aspects, the techniques described herein
relate to an aircraft, including: an aircraft structure; a pro-
pulsion system operably coupled in the aircraft structure, the
propulsion system having a variable airflow capture area, the
propulsion system including: at least one jet engine mounted
to the aircraft structure; at least one auxiliary thrust fan
coupled in the aircraft structure, wherein in a first mode, the
propulsion system has a first airflow capture area, the at least
one jet engine provides power to the aircraft, and the at least
one auxiliary thrust fan is in a standby state, stowed within
an aerodynamic profile of the aircraft structure; and in a
second mode, the propulsion system has a second airflow
capture area that is greater than the first airflow capture area,
and the at least one auxiliary thrust fan is in a deployed state
and is driven by power extracted from the at least one jet
engine.

[0008] In some aspects, the techniques described herein
relate to an aircraft, wherein the first mode corresponds to a
supersonic operation mode of the aircraft; and the second
mode corresponds to a low speed operation mode of the
aircraft.

[0009] In some aspects, the techniques described herein
relate to an aircraft, wherein an exhaust velocity of the at
least one jet engine in the second mode is less than the
exhaust velocity of the at least one jet engine in the first
mode as power is extracted from the at least one jet engine
to drive the at least one auxiliary thrust fan; and a noise level
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output by the at least one jet engine in the second mode is
less that the noise level output by the at least one jet engine
in the first mode.

[0010] In some aspects, the techniques described herein
relate to an aircraft, wherein the at least one auxiliary thrust
fan is mechanically coupled to and driven by the at least one
jet engine in the second mode.

[0011] In some aspects, the techniques described herein
relate to an aircraft, wherein the at least one auxiliary thrust
fan is electrically coupled to and driven by the at least one
jet engine in the second mode.

[0012] In some aspects, the techniques described herein
relate to an aircraft, wherein the at least one jet engine
includes at least one low bypass ratio turbojet engine con-
figured to generate thrust to support supersonic cruise opera-
tion of the aircraft; and the at least one auxiliary thrust fan
includes a plurality of auxiliary thrust fans.

[0013] In some aspects, the techniques described herein
relate to an aircraft, wherein the first airflow capture area is
defined by a capture area of the at least one low bypass ratio
turbojet engine; and the second airflow capture area is
defined by an airflow capture area of the plurality of auxil-
iary thrust fans together with the capture area of the at least
one low bypass ratio turbojet engine.

[0014] In some aspects, the techniques described herein
relate to an aircraft, wherein the at least one auxiliary thrust
fan includes a plurality of auxiliary thrust fans arranged
circumferentially along an aft end portion of a main body of
the aircraft structure.

[0015] In some aspects, the techniques described herein
relate to an aircraft, wherein the at least one auxiliary thrust
fan includes a plurality of auxiliary thrust fans arranged
circumferentially along a forward end portion of a main
body of the aircraft structure.

[0016] In some aspects, the techniques described herein
relate to an aircraft, wherein the at least one auxiliary thrust
fan includes a first plurality of auxiliary thrust fans arranged
along a leading edge portion of a first wing of the aircraft
structure, and a second plurality of auxiliary thrust fans
arranged along a leading edge portion of a second wing of
the aircraft structure.

[0017] In some aspects, the techniques described herein
relate to an aircraft, further including a drive system coupled
between the at least one jet engine and the at least one
auxiliary thrust fan, the drive system including: a generating
system operably coupled to the at least one jet engine,
wherein the generating system is configured to generate
electric power from power extracted during operation of the
at least one jet engine; and a distribution system configured
to selectively distribute the electric power generated by the
generating system to the at least one auxiliary thrust fan to
drive the at least one auxiliary thrust fan during operation in
the second mode.

[0018] In some aspects, the techniques described herein
relate to an aircraft, wherein the drive system includes a
power storage device configured to store electric power
generated by the generating system.

[0019] In some aspects, the techniques described herein
relate to an aircraft, wherein the distribution system is
configured to distribute electric power stored in the power
storage device to a plurality of systems of the aircraft.
[0020] In some aspects, the techniques described herein
relate to a propulsion system, including: a main propulsion
system including a main propulsion source; and an auxiliary
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propulsion system that is selectively driven by the main
propulsion system, the auxiliary propulsion system includ-
ing an auxiliary propulsion source, wherein, in a first mode
of operation: the main propulsion source is configured to
output a first amount of thrust, and the auxiliary propulsion
source is in an idle state; and in a second mode of operation:
the main propulsion source is configured to output a second
amount of thrust that is less than the first amount of thrust,
and the auxiliary propulsion source is in a deployed state and
is driven by power extracted from the main propulsion
source.

[0021] In some aspects, the techniques described herein
relate to a propulsion system, wherein the first mode is a
high speed mode of operation, and the second mode is a low
speed mode of operation.

[0022] In some aspects, the techniques described herein
relate to a propulsion system, further including a drive
system coupled between the main propulsion system and the
auxiliary propulsion system, the drive system including: a
generating system operably coupled to the main propulsion
source and configured to extract power from the main
propulsion source during operation of the main propulsion
source; and a distribution system configured to distribute
electric power, generated by the generating system, to the
auxiliary propulsion source to drive the auxiliary propulsion
source during operation in the second mode.

[0023] In some aspects, the techniques described herein
relate to a propulsion system, wherein the propulsion system
is configured for incorporation into a supersonic aircraft, and
wherein the main propulsion source includes a plurality of
high bypass ratio engines configured to be mounted on the
supersonic aircraft, and the auxiliary propulsion source
includes a plurality of auxiliary thrust fans configured to be
mounted at a corresponding plurality of locations on the
supersonic aircraft.

[0024] In some aspects, the techniques described herein
relate to a propulsion system, wherein, in the first mode, the
plurality of high bypass ratio engines are configured to
provide thrust for high speed operation of the supersonic
aircraft; and in the second mode, at least some of the
plurality of high bypass ratio engines are configured to
provide power to drive the plurality of auxiliary thrust fans
for low speed operation of the supersonic aircraft.

[0025] In some aspects, the techniques described herein
relate to an aircraft, including: a main body; a wing structure
mounted at an intermediate portion of the main body; a
plurality of control devices provided at an aft end portion of
the main body; a propulsion system operably coupled to the
aircraft, the propulsion system including: a plurality of jet
engines mounted on at least one of the wing structure or the
main body; and a plurality of auxiliary thrust fans coupled
to the main body and configured to be independently con-
trolled to provide for directional control of the aircraft.

[0026] In some aspects, the techniques described herein
relate to an aircraft, wherein an operating speed of the
plurality of auxiliary thrust fans is independently adjustable,
such that a variation in operating speed of the plurality of
auxiliary thrust fans generates a thrust differential to provide
for directional control of the aircraft.

[0027] In some aspects, the techniques described herein
relate to an aircraft, wherein an orientation of the plurality
of auxiliary thrust fans is independently adjustable, such that



US 2024/0228048 A9

a variation in orientation of the plurality of auxiliary thrust
fans generates a thrust differential to provide for directional
control of the aircraft.

[0028] In some aspects, the techniques described herein
relate to an aircraft, wherein the plurality of auxiliary thrust
fans are circumferentially arranged along the aft end portion
of the main body, proximate the plurality of control devices.

[0029] In some aspects, the techniques described herein
relate to an aircraft, wherein a variation in at least one of an
operating speed or an orientation of one or more auxiliary
thrust fans, of the plurality of auxiliary thrust fans, on a first
lateral side of the main body generates a thrust differential
with remaining auxiliary thrust fans, of the plurality of
auxiliary thrust fans, on a second lateral side of the main
body, that adjusts a yaw component of the aircraft.

[0030] In some aspects, the techniques described herein
relate to an aircraft, wherein a variation in at least one of an
operating speed or an orientation of one or more auxiliary
thrust fans, of the plurality of auxiliary thrust fans, on an
upper portion of the main body generates a thrust differential
with remaining auxiliary thrust fans, of the plurality of
auxiliary thrust fans, on a lower portion of the main body,
that adjusts a pitching component of the aircraft.

[0031] In some aspects, the techniques described herein
relate to an aircraft, wherein the plurality of auxiliary thrust
fans are circumferentially arranged along a forward end
portion of the main body, proximate a nose portion of the
aircraft.

[0032] In some aspects, the techniques described herein
relate to an aircraft, wherein the plurality of auxiliary thrust
fans are arranged along a leading edge portion of the wing
structure.

[0033] In some aspects, the techniques described herein
relate to an aircraft, wherein at least some of the plurality of
auxiliary thrust fans are gimbal mounted.

[0034] In some aspects, the techniques described herein
relate to an aircraft, wherein the plurality of auxiliary thrust
fans are driven in response to power extracted from at least
one of the plurality of jet engines.

[0035] In some aspects, the techniques described herein
relate to an aircraft, wherein the plurality of auxiliary thrust
fans are driven in response to electrical power generated by
a generating system from the power extracted from the at
least one of the plurality of jet engines.

[0036] In some aspects, the techniques described herein
relate to a drive system for a propulsion system, including:
a generating system coupled to a main propulsion source
including a jet engine, wherein the generating system is
configured to generate electric power from power extracted
during operation of the jet engine; a distribution system
coupled to the generating system, wherein the distribution
system is configured to distribute electric power generated
by the generating system to auxiliary systems connected to
the distribution system; and a power storage device con-
nected to the generating system and to the distribution
system and configured to store electric power generated by
the generating system for distribution by the distribution
system.

[0037] In some aspects, the techniques described herein
relate to a drive system, wherein the distribution system is
configured to distribute electric power to an auxiliary pro-
pulsion source including one or more auxiliary thrust fans.
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[0038] In some aspects, the techniques described herein
relate to a drive system, wherein the auxiliary systems
include operational systems of an aircraft in which the jet
engine is installed.

[0039] In some aspects, the techniques described herein
relate to a drive system, wherein the generating system is
configured to operate to generate electric power from power
extracted during low speed operation of the jet engine.
[0040] In some aspects, the techniques described herein
relate to a drive system, wherein the generating system is
configured to operate to generate electric power from power
extracted during high speed operation of the jet engine, and
to store the electric power in the power storage device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1A is a front perspective view of an example
aircraft.
[0042] FIG. 1B is a rear perspective view of the example

aircraft shown in FIG. 1A.

[0043] FIG. 1C is a top view of the example aircraft shown
in FIGS. 1A and 1B.

[0044] FIG. 1D is a side view of the example aircraft
shown in FIGS. 1A-1C.

[0045] FIG. 1E is a front view of the example aircraft
shown in FIGS. 1A-1D.

[0046] FIG. 1F is a rear view of the example aircraft
shown in FIGS. 1A-1E.

[0047] FIG. 2 is a block diagram of an example propulsion
system, in accordance with implementations described
herein.

[0048] FIG. 3A is a partial front view of an example wing
of an example aircraft, illustrating a stowed state of an
example auxiliary thrust fan of an example auxiliary pro-
pulsion system, in accordance with implementations
described herein.

[0049] FIG. 3B is a partial front view of the example wing,
illustrating a deployed state of the example auxiliary thrust
fan shown in FIG. 3A.

[0050] FIG. 3C is a side view of the example wing,
illustrating the deployed state of the example auxiliary thrust
fan shown in FIGS. 3A and 3B.

[0051] FIG. 4 is a block diagram of an example propulsion
system, in accordance with implementations described
herein.

[0052] FIG. 5A is a perspective view of an aft portion of
an example aircraft, illustrating a stowed state of an example
auxiliary thrust fan of an example auxiliary propulsion
system, in accordance with implementations described
herein.

[0053] FIG. 5B is a perspective view of the aft portion of
the example aircraft, illustrating a partially deployed state of
the example auxiliary thrust fan shown in FIG. 5A.

[0054] FIG. 5C is a perspective view of the aft portion of
the example aircraft, illustrating a fully deployed state of the
example auxiliary thrust fan shown in FIGS. 5A and 5B.
[0055] FIG. 6A is a rear view of an example aircraft,
illustrating a stowed state of an example plurality of auxil-
iary thrust fans of an example auxiliary propulsion system,
in accordance with implementations described herein.
[0056] FIG. 6B is a side view of an aft portion of the
example aircraft, illustrating the stowed state of the example
plurality of auxiliary thrust fans shown in FIG. 6A.
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[0057] FIG. 6C is a rear view of the example aircraft,
illustrating a deployed state of the example plurality of
auxiliary thrust fans shown in FIGS. 6A and 6B.

[0058] FIG. 6D is a side view of the aft portion of the
example aircraft, illustrating the stowed state of the example
plurality of auxiliary thrust fans shown in FIGS. 6A-6C.
[0059] FIG. 6E is a close in view of one of the example
plurality of auxiliary thrust fans shown in FIGS. 6 A-6D, in
the deployed state.

[0060] FIG. 7A is a front view of an example aircraft,
illustrating a stowed state of an example plurality of auxil-
iary thrust fans of an example auxiliary propulsion system,
in accordance with implementations described herein.
[0061] FIG. 7B is a side view of a forward portion of the
example aircraft, illustrating the stowed state of the example
plurality of auxiliary thrust fans shown in FIG. 7A.

[0062] FIG. 7C is a front view of the example aircraft,
illustrating a deployed state of the example plurality of
auxiliary thrust fans shown in FIGS. 7A and 7B.

[0063] FIG. 7D is a side view of the forward portion of the
example aircraft, illustrating the stowed state of the example
plurality of auxiliary thrust fans shown in FIGS. 7A-7C.
[0064] FIG. 7E is a close in view of one of the example
plurality of auxiliary thrust fans shown in FIGS. 7A-7D, in
the deployed state.

[0065] FIG. 8A is a partial front view of an example wing
of an example aircraft, illustrating a stowed state of an
example plurality of auxiliary thrust fans of an example
auxiliary propulsion system, in accordance with implemen-
tations described herein.

[0066] FIG. 8B is a partial front view of the example wing,
illustrating a deployed state of the example plurality of
auxiliary thrust fans shown in FIG. 8A.

[0067] FIG. 8C is a side view of a portion of the example
wing, illustrating the deployed state of one of the example
plurality of auxiliary thrust fans shown in FIGS. 8A and 8B.
[0068] FIG. 9 is a flowchart of a process, in accordance
with implementations described herein.

[0069] The above figures are provided to illustrate features
and concepts to be described herein, and are not necessarily
drawn to scale.

DETAILED DESCRIPTION

[0070] Efficiency at high speed cruise conditions, for
example, supersonic flight conditions, particularly over rela-
tively long ranges, is typically achieved through the use of
relatively low bypass ratio jet engines, for example, turbojet
engines. The use of relatively low bypass ratio jet engines
allows for a relatively large portion of the airflow captured
by the jet engine(s) to be processed through the core of the
jet engine(s) for the production of thrust. While the incor-
poration of high bypass ratio jet engines into a supersonic
aircraft may provide for efficiency at high speed/supersonic
cruise conditions, noise levels generated by the high bypass
ratio jet engines at low speed conditions, such as take-off
and/or landing, may be relatively high. In some situations,
the noise generated by these types of high bypass ratio jet
engines at low speed conditions may exceed established
noise standards for operation of passenger aircraft in a
commercial aviation environment.

[0071] In some situations, the issue of noise generated
during low speed operation may be at least partially
addressed through the use of higher bypass ratio engines.
Typically, increases in the bypass ratio of an engine, that can
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still produce the thrust required during high speed/super-
sonic cruise, relies on the use of a larger (in some cases,
considerably larger) fan, to increase airflow capture area.
The higher bypass ratio engine relies on the greater airflow
capture area to capture a larger mass flow (compared to the
lower bypass ratio engine), and accelerate that larger mass
flow to a lesser degree (compared to the lower bypass ratio
engine) through the core of the engine to produce the same
amount of thrust (as the lower bypass ratio engine) at a
reduced noise level (compared to the lower bypass ratio
engine). While the use of a higher bypass ratio engine may
be effective in reducing noise levels produced for a given
amount of thrust during low speed operation, the larger
diameter fan (and nacelle) associated with the higher bypass
ratio engine increases cross-sectional area of the aircraft.
The increases in cross-sectional area of the aircraft have a
negative impact on drag, particularly in areas associated
with engine installation where the aircraft may be most
sensitive to changes in cross-sectional area. Increased drag,
in turn, has a negative impact on efficiency, particularly
during high speed/supersonic cruise, which is exacerbated
over long range flights. Additionally, increases in fan diam-
eter associated with the higher bypass ratio engine drive
increases (for example, multiplicative increases) in inlet
length, thus increasing wetted area and further negatively
impacting drag. Further, increases in fan diameter (and
corresponding increases in overall engine diameter) in turn
drive increases in landing gear height and weight, to provide
necessary ground clearance, particularly during take-off
when the aircraft rotation angle could otherwise cause
interference between the nacelle and the runway.

[0072] Thus, there are considerable trade-offs to be made
in the design and operation of supersonic aircraft, and
particularly the design and operation of supersonic passen-
ger aircraft to be operated in a commercial aviation envi-
ronment, between noise generated during low speed opera-
tion (i.e., at take-off and/or landing), and efficiency during
high speed/supersonic operation of the aircraft, particularly
over relatively long ranges. Systems and methods, in accor-
dance with implementations described herein, provide a
propulsion system having a variable mass flow capture area,
providing a supersonic aircraft with increased mass flow
capture area for use during low speed operation to reduce
noise, but that retains efficiency associated with the standard
mass flow capture area during high speed/supersonic cruise
operation.

[0073] FIGS. 1A-1F present various views of an example
aircraft 100. In particular, FIG. 1A is a front perspective
view, FIG. 1B is a rear perspective view, FIG. 1C is a top
view, FIG. 1D is a side view, FIG. 1E is a front view, and
FIG. 1F is a rear view, of the example aircraft 100. The
example aircraft 100 shown in FIGS. 1A-1F is provided
simply for purposes of discussion and illustration. The
principles to be described herein may be applied to other
types of aircraft, having other configurations, and/or includ-
ing other features and/or combinations of features arranged
differently than what is explicitly shown in FIGS. 1A-1F.

[0074] The example aircraft 100 is defined by an aircraft
structure including a main body 110, or a fuselage, extend-
ing from a forward end portion 110A to an aft end portion
110B. The structure of the example aircraft 100 includes a
pair of wings 120, including a first wing 120A on a first side
portion of the main body 110, and a second wing 120B on
a second side portion of the main body 110. In the example
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arrangement shown in FIGS. 1A-1F, the wings 120 are
mounted at an intermediate portion of the structure of the
example aircraft 100, simply for purposes of discussion and
illustration. In the example arrangement shown in FIGS.
1A-1F, the example wings 120 have a delta configuration,
simply for purposes of discussion and illustration. A pro-
pulsion system of the example aircraft 100 may be mounted
to the structure of the aircraft 100. In the example shown in
FIGS. 1A-1F, the propulsion system includes a plurality of
engines 130, mounted, for example, on the wings 120. The
propulsion system, including the example engines 130, may
be mounted at other portions of the structure of the aircraft
100. The example arrangement shown in FIGS. 1A-1F
includes four engines 130 symmetrically arranged about a
longitudinal centerline A of the example aircraft 100, with
two engines 130 mounted on the first wing 120A, and two
engines 130 mounted on the second wing 120B, simply for
purposes of discussion and illustration. The principles to be
described herein can be applied to an aircraft including
more, or fewer engines 130, mounted differently, for
example, at different portions of the structure defining the
aircraft 100. The example aircraft 100 includes a plurality of
stability and control devices provided at the aft end portion
110B of the aircraft 100. In the example arrangement shown
in FIGS. 1A-1F, the plurality of stability and control devices
includes a vertical tail 140 and a horizontal tail 150 includ-
ing a first horizontal tail portion 150A on the first side
portion of the main body 110, aft of the first wing 120A, and
a second horizontal tail portion 150B on the second side
portion of the main body 110, aft of the second wing 120B.
The aircraft 100 can include other types of stability and
control devices, provided at other portions of the structure of
the aircraft 100. The example aircraft 100 and plurality of
engines 130 may be designed to operate at both low speed/
subsonic flight conditions, and at high speed/supersonic
flight conditions.

[0075] A propulsion system, in accordance with imple-
mentations described herein, may operate in a first mode to
provide for efficient high speed/supersonic cruise operation.
In the first mode, the propulsion system may have a standard
capture area that provides for capture of mass flow by a main
propulsion component of the system. In some examples, the
propulsion system may operate in a second mode to provide
for reduced levels of noise output during low speed opera-
tion (for example, during take-off and/or landing). In the
second mode, the propulsion system may have a greater, or
increased capture area that provides for an increased capture
of mass flow by the main propulsion component, together
with an auxiliary propulsion component. The second pro-
pulsion component may be in a standby state in which the
second propulsion component is not operational, for
example, stowed within the aerodynamic profile of the
aircraft, in the first mode, to preserve efficiency at high
speed/supersonic cruise operation.

[0076] FIG.2 is a block diagram of an example propulsion
system 200, in accordance with implementations described
herein. The example propulsion system 200 may be incor-
porated into the example aircraft 100 described above, or
another aircraft not explicitly described herein. The example
propulsion system 200 may include a main propulsion
system 210. The main propulsion system 210 may include a
main propulsion source 214. In the example aircraft 100
described above, the main propulsion source 214 may
include one or more engines, for example, one or more of the
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engines 130 (i.e., low bypass ratio engines 130) as described
above, that provide for efficient high speed/supersonic cruise
operation of the aircraft 100. The example propulsion sys-
tem 200 may include an auxiliary propulsion system 260
that is coupled to the main propulsion system 210 via an
auxiliary drive system 230, such that the auxiliary propul-
sion system 260 may be selectively driven by the main
propulsion system 210 via the auxiliary drive system 230. In
some examples, the auxiliary propulsion system 260 may be
mechanically driven by power extracted from the main
propulsion system 210 via the auxiliary drive system 230.

[0077] In some examples, the auxiliary drive system 230
may include, for example, an auxiliary gearbox coupled to
the main propulsion source 214, with the auxiliary gearbox
transferring a driving force extracted from the main propul-
sion source to drive an external shaft. Driving force from the
external shaft (driven by the auxiliary gearbox) in this
manner may, in turn, drive one or more elements of the
auxiliary propulsion system 260. In some examples, such an
auxiliary gearbox may include one or more gears in meshed
engagement with/driven by, for example, an outer ring gear
that rotates together with a rotating shaft of the main
propulsion source 214. In some examples, the auxiliary
gearbox may include one or more gears in meshed engage-
ment with/driven by, for example, a bevel gear coupled via
a radial shaft to a rotating shaft of the main propulsion
source 214. In some examples, the auxiliary gearbox may
include one or more gears in meshed engagement with/
driven by a bevel gear coupled via an axial shaft and spur
gears to a rotating shaft of the main propulsion source 214.
Various other arrangements may also be applicable in
extracting a driving force from the main propulsion source
214 for driving of the auxiliary propulsion system 260.

[0078] The auxiliary propulsion system 260 may include
an auxiliary propulsion source 264 that is selectively driven
by the main propulsion system 210 (for example, by power
extracted from the main propulsion source 214 by the
auxiliary drive system 230) during low speed operation of
the aircraft 100. In some examples, the auxiliary propulsion
source 264 may include one or more auxiliary thrust fans
that are driven, via the auxiliary drive system 230, by the
main propulsion source 214 (i.e., by one or more of the high
bypass ratio engines 130 of the aircraft 100). In some
examples, the one or more auxiliary thrust fans may be
selectively actuated, via an actuation system 262 of the
auxiliary propulsion system 260, under the control of a
propulsion control system 220. For example, the one or
more auxiliary thrust fans may be transitioned, from a
stowed state (in which the one or more auxiliary thrust fans
are in a standby state, and not operational) to an actuated
state, or a deployed state, in response to detection of a
condition in which an increase in airflow capture area may
be beneficial, such as low speed operation of the aircraft 100.
Similarly, the one or more auxiliary thrust fans may be
transitioned, from the actuated state, or the deployed state,
to the stowed state, in response to detection of a condition
in which the greater, or increased airflow capture area is no
longer necessary, such as high speed/supersonic cruise
operation of the aircraft 100.

[0079] During low speed operation of the aircraft 100, the
one or more auxiliary thrust fans of the auxiliary propulsion
system 260, driven by power extracted from the main
propulsion system 210, may augment or supplement the
airflow capture area of the main propulsion system 210 (i.e.,
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the one or more low bypass ratio engines 130). The greater,
or increased airflow capture area provided by the auxiliary
propulsion system 260, together with that of the main
propulsion system 210, may mimic the effect of a high
bypass ratio engine during the low speed flight condition.
The decreased acceleration of airflow through the core of the
main propulsion system 210 provides a reduction in noise
during the low speed flight condition. The transition of the
auxiliary propulsion system 260 back to the standby state, in
which the auxiliary propulsion system 260 is stowed, for
example, within the aerodynamic profile of the aircraft 100
and not operational, may preserve the efficiency of the
operation of the main propulsion system 210 during high
speed/supersonic cruise conditions.

[0080] FIGS. 3A-3C illustrate operation of an example
propulsion system 300, in accordance with implementations
described herein. Principles described above with respect to
the propulsion system 200 shown in FIG. 2 may be appli-
cable to the operation of the example propulsion system 300
shown in FIGS. 3A-3C. FIGS. 3A-3C illustrate a portion of
one of the pair of wings 120 (the first wing 120A and/or the
second wing 120B), simply for ease of discussion and
illustration. The principles to be described herein may be
applied to systems provided in the first wing 120A and/or
systems provided in the second wing 120B.

[0081] FIG. 3Ais a front view of the wing 120, as viewed
from a leading edge portion 121 of the wing 120, between
the two low bypass ratio engines 130 mounted on the wing
120. The propulsion system 300 shown in FIGS. 3A-3C
includes a main propulsion system 210 including a main
propulsion source 214, in the form of the low bypass ratio
engines 130, and an auxiliary propulsion system 260 includ-
ing an auxiliary propulsion source 264 in the form of an
auxiliary thrust fan 310. In the first mode of operation of the
propulsion system 300, i.c., high speed/supersonic cruise
operation of the aircraft 100, the auxiliary thrust fan 310 is
in a stowed state, received in a compartment 320 formed in
an interior space within the wing 120, as shown in FIG. 3A.
A panel, or door 330 may extend across an opening 325
formed in an outer skin 340 of the wing 120, corresponding
to the compartment 320, to enclose the compartment 320.
The outer skin 340, together with the door 330 positioned
across the opening 325, may define an outer contour of the
wing 120. That is, in the stowed state of the auxiliary thrust
fan 310, the door 330 may be substantially flush with the
outer skin 340 of the wing 120, such that the door 330
defines a corresponding portion of the outer contour of the
wing 120. In the stowed state, the auxiliary thrust fan 310
does not extend out into the airflow path of the aircraft 100,
and is confined within the aerodynamic profile of the aircraft
100. Thus, in the stowed state, the auxiliary thrust fan 310
has little to no negative impact on the cross-sectional area of
the wing 120, and on overall performance of the aircraft 100.

[0082] In some examples, the door 330 may be movably
coupled relative to the compartment 320. In the second
mode of operation of the propulsion system 300, the auxil-
iary thrust fan 310 is in a deployed state, or an actuated state,
as shown in the front view of FIG. 3B and the side view of
FIG. 3C. In the deployed state, or actuated state shown in
FIGS. 3B and 3C, the door 330 has moved toward the
trailing edge portion 122 of the wing 120 and has been
retracted into the interior space defined within the wing 120.
Movement of the door 330 in this manner allows the
auxiliary thrust fan 310 to be extended out, through the
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opening 325, and into the airflow path of the aircraft 100. In
some examples, the door 330 may move along an exterior
surface of the outer skin 340 of the wing 120 (not shown in
FIGS. 3B and 3C) away from the opening 325 of the
compartment 320 and towards the trailing edge portion 122
of the wing 120. An actuation mechanism (not shown), for
example, an actuation mechanism of the actuation system
262 described above with respect to FIG. 2, may trigger
movement of the door 330 in this manner. Similarly, an
actuation mechanism (not shown), for example, an actuation
mechanism of the actuation system 262 described above
with respect to FIG. 2, may trigger deployment of the
auxiliary thrust fan 310, from the stowed state shown in FIG.
3A to the deployed state, or actuated state, shown in FIGS.
3B and 3C. Movement of the door 330, and deployment of
the auxiliary thrust fan 310, may be initiated by the propul-
sion control system 220 described above with respect to
FIG. 2, in response to detection of low speed operation of the
aircraft 100, for example, in a take-off or landing situation,
in which it may be desirable to increase airflow capture area
to reduce noise associated with operation of the aircraft 100.
In some examples, a deployment orientation of the auxiliary
thrust fan 310 in the deployed state may be varied, based on
flight conditions, numbers of auxiliary thrust fans 310 in use,
thrust requirements, and other such factors.

[0083] As noted above, a single auxiliary thrust fan 310,
operably coupled in one of the pair of wings 120, is shown
in FIGS. 3A-3C, for ease of discussion and illustration. In
some examples, one or more auxiliary thrust fans 310 may
be operably coupled in the first wing 120A, and one or more
auxiliary thrust fans 310 may be operably coupled in the
second wing 120B. Multiple auxiliary thrust fans 310 may
have different sizes and/or dimensions and/or capacities.
Similarly, the auxiliary thrust fan 310 shown in FIGS.
3A-3C is positioned between two adjacent high bypass ratio
engines mounted on the wing 120, simply for ease of
discussion and illustration. The principles described herein
may be applied to auxiliary thrust fans 310 positioned at
other positions along the span of the wing 120. Additionally,
the auxiliary thrust fan 310 shown in FIGS. 3A-3C is
positioned closer to the leading edge portion 121 of the wing
120, simply for ease of discussion and illustration. The
principles described herein may be applied to auxiliary
thrust fans 310 positioned at other positions along the chord
of the wing 120. In some examples, the individual auxiliary
thrust fans of the plurality of auxiliary thrust fans 310 are
independently controllable. In some examples, an operating
speed of the individual auxiliary thrust fans of the plurality
of auxiliary thrust fans 310 is independently controllable. In
some examples, an orientation of the individual auxiliary
thrust fans of the plurality of auxiliary thrust fans 310 is
independently controllable. In some examples, other oper-
ating parameters of the plurality of auxiliary thrust fans 310
are independently controllable.

[0084] As described above, in the first mode of operation,
corresponding to high speed/supersonic cruise conditions,
the one or more auxiliary thrust fans 310 may be in the
stowed state within the interior of the wing 120, as shown in
FIG. 3A. In the stowed state, the one or more auxiliary thrust
fans 310 are contained within the aecrodynamic profile of the
aircraft, and do not extend out into the airflow path of the
aircraft 100. Thus, in the stowed state, the one or more
auxiliary thrust fans 310 have little to no negative impact on
the cross-sectional area of the wing 120, and of the aircraft



US 2024/0228048 A9

100. Accordingly, in the first mode of operation of the
propulsion system 300, the one or more auxiliary thrust fans
310 have little to no adverse impact on drag during high
speed/supersonic cruise operation of the aircraft 100. In the
first mode of operation, propulsion of the aircraft 100 is
provided by the operation of the low bypass ratio engines
130, maintaining efficiency afforded by the low bypass ratio
engines at high speed/supersonic cruise speed conditions.

[0085] In the second mode of operation of the propulsion
system 300, corresponding to low speed operation such as
take-off or landing conditions, the one or more auxiliary
thrust fans 310 may be transitioned from the stowed state to
the deployed state, or actuated state, shown in FIGS. 3B and
3C. In the deployed state, the one or more auxiliary thrust
fans 310 extend out into the airflow path of the aircraft 100,
and are driven, for example, mechanically driven, by the low
bypass ratio engines 130. The driving of the one or more
auxiliary thrust fans 310 by the low bypass ratio engines 130
reduces an exit velocity from the low bypass ratio engines
130, thus reducing noise levels generated by operation of the
low bypass ratio engines at low speeds. Operation of the one
or more auxiliary thrust fans 310 (driven by the low bypass
ratio engines 130) increases an overall airflow/mass flow
capture area of the propulsion system 300. This increases the
airflow/mass flow and thrust produced by the propulsion
system 300 (the low bypass ratio engines 130 and the one or
more auxiliary thrust fans 310) in the first mode, and
compensates for the losses due to the lower speed operation
of'the low bypass ratio engines 130. Thus, the addition of the
one or more auxiliary thrust fans 310 during low speed
operation, i.e., at take-off and/or landing, mimics the opera-
tion of higher bypass ratio engines having a larger capture
area, without the need to actually increase capture area
associated with the main engines and incur the associated
drag penalties during high speed/cruise operation.

[0086] FIG. 4 is a block diagram of an example propulsion
system 400, in accordance with implementations described
herein. The example propulsion system 400 may be incor-
porated into the example aircraft 100 described above, or
another aircraft not explicitly described herein. The example
propulsion system 400 may include a main propulsion
system 410. The main propulsion system 410 may include a
main propulsion source 414. In the example aircraft 100
described above, the main propulsion source 414 may
include the one or more low bypass ratio engines 130 that
provide for efficient high speed/supersonic cruise operation
of'the aircraft 100. The example propulsion system 400 may
include an auxiliary propulsion system 460 that is coupled to
the main propulsion system 410 via an auxiliary drive
system 430, such that the auxiliary propulsion system 460
may be selectively driven by the main propulsion system
410. In some examples, the auxiliary propulsion system 460
may be electrically driven by power extracted from the main
propulsion system 410 via the auxiliary drive system 430.

[0087] In some examples, the auxiliary propulsion system
460 includes an auxiliary propulsion source 464 that is
selectively driven by the main propulsion system 410 via the
auxiliary drive system during low speed operation of the
aircraft 100. In some examples, the auxiliary propulsion
source 464 may include a plurality of auxiliary thrust fans
that are driven, via the auxiliary drive system 430, by the
main propulsion source 414 (i.e., by one or more of the high
bypass ratio engines 130 of the aircraft 100). In some
examples, the auxiliary drive system 430 may include a
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generating system 432 that is operably coupled to the main
propulsion source 414, i.e., to one or more of the low bypass
ratio engines 130. The generating system 432 may convert
shaft power output by a rotational shaft of the low bypass
ratio engine 130 to electrical power. In some examples, the
generating system 432 may include one or more elements as
described above with respect to the auxiliary drive system
230 of the propulsion system 200 shown in FIG. 2. For
example, as described above with respect to FIG. 2, in some
examples, an external shaft driven by an auxiliary gearbox
of the auxiliary drive system 430 may drive an electric motor
of the generating system 432 to generate electric power that
can be distributed and/or stored. In some examples, the
generating system 432 may include one or more elements
coupled to a rotational shaft of the low bypass ratio engine(s)
130, for example, a turbine shaft of the engine(s). Interaction
with one or more complementary elements, for example
positioned at a casing of the engine(s) 130 as the rotational
shaft rotates, may generate an electrical field from which
electrical energy can be captured and stored.

[0088] The stored electrical energy may be selectively
distributed to the auxiliary propulsion source 464 via a
distribution system 434 including, for example, a cabling
system and the like. In some examples, the auxiliary drive
system 430 may include a power storage device 436, such as
a battery, that is connected to the generating system 432. In
some examples, the power storage device 436 can accumu-
late electrical power generated by the generating system 432
and store unused electrical power for later use. In some
examples, the power storage device 436 is connected to the
distribution system 434 so that the stored electrical power
can be distributed for operation of other aircraft operating
systems.

[0089] In some examples, the plurality of auxiliary thrust
fans may be selectively actuated, via an actuation system
462 of the auxiliary propulsion system 460, under the
control of a propulsion control system 420. For example, the
plurality of auxiliary thrust fans may be transitioned, from a
stowed state, in which the plurality of auxiliary thrust fans
are in a standby state, and inoperable, to an actuated state,
or a deployed state, in response to detection of a condition
in which an increased airflow capture area may be beneficial,
such as low speed operation of the aircraft 100. Similarly,
the plurality of auxiliary thrust fans may be transitioned,
from the actuated state, or the deployed state, to the stowed
state, in response to detection of a condition in which the
increased airflow capture area is no longer necessary, such as
high speed/supersonic cruise operation of the aircraft 100.
During low speed operation of the aircraft 100, the plurality
of auxiliary thrust fans of the auxiliary propulsion system
460, driven by power extracted from the main propulsion
system 410, may augment or supplement the airflow capture
area of the main propulsion system 410 (i.e., the one or more
low bypass ratio engines 130). The increased airflow capture
area provided by the auxiliary propulsion system 460,
together with that of the main propulsion system 410, may
mimic the effect of a high bypass ratio engine during the low
speed flight condition. The decreased acceleration of airflow
through the core of the main propulsion system 410 provides
a reduction in noise during the low speed flight condition.
The transition of the auxiliary propulsion system 460 back
to the stowed state, for example, within the aerodynamic
profile of the aircraft 100, may preserve the efficiency of the
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operation of the main propulsion system 410 during high
speed/supersonic cruise conditions.

[0090] FIGS. 5A-5C illustrate operation of an example
propulsion system 500, in accordance with implementations
described herein. Principles described above with respect to
the propulsion system 400 shown in FIG. 4 may be appli-
cable to the operation of the example propulsion system 500
shown in FIGS. 5A-5C.

[0091] FIGS. SA-5C are rear perspective views of the aft
end portion 110B of the main body 110 of the example
aircraft 100, including the vertical tail 140 and the horizontal
tail 150 (i.e., the first horizontal tail portion 150A and the
second horizontal tail portion 150B). The propulsion system
500 shown in FIGS. 5A-5C includes a main propulsion
system 410 including a main propulsion source 414, in the
form of the low bypass ratio engines 130 mounted on the
wings 120 (not shown in FIGS. 5A-5C). The propulsion
system 500 includes an auxiliary propulsion system 460
including an auxiliary propulsion source 464 in the form of
an auxiliary thrust fan 510.

[0092] In the first mode of operation of the propulsion
system 500, corresponding, for example, to high speed/
supersonic cruise operation of the aircraft 100, the auxiliary
thrust fan 510 is in a stowed state, received in a compartment
520 formed within the aft end portion 110B of the main body
110, as shown in FIG. 5A. One or more doors 530 may
extend across an opening 525 formed in a portion of the aft
end portion 110B of the main body 110, corresponding to the
compartment 520. In the closed position shown in FIGS. 5A
and 5C, the one or more doors 530 may be substantially flush
with the outer skin of the aircraft 100 defining the aft end
portion 110B of the main body 110, thus defining a corre-
sponding portion of the outer contour of the aft end portion
110B of the main body 110. In the stowed state, the auxiliary
thrust fan 510 does not extend out into the airflow path of the
aircraft 100, and is confined within the aerodynamic profile
of the aircraft 100. Thus, in the stowed state, the auxiliary
thrust fan has little to no negative impact on cross-sectional
area of the aft end portion 110B of the main body 110, and
the overall performance of the aircraft 100.

[0093] As shown in FIG. 5B, the one or more doors 530
may be movably coupled relative to interior structure (not
shown in FIGS. 5A-5C) of the aft end portion 110B of the
main body 110. In the example shown in FIG. 5B, the doors
530 are rotatably coupled relative to the aft end portion 110B
of the main body 110, simply for ease of discussion and
illustration. In some examples, the one or more doors 530
may be slidably coupled and retracted into to the aft end
portion 110B of the main body 110 or along an exterior
surface of the aft end portion 110B, and the like. In the
second mode of operation of the propulsion system 500, in
which the auxiliary thrust fan 510 is in a deployed state, or
an actuated state, as shown in FIG. 5C, the doors 530 have
moved relative to the opening 525 formed in the aft end
portion 110B of the main body 110, allowing the auxiliary
thrust fan 510 to be extended out, through the opening 525.
An actuation mechanism (not shown in FIGS. 5A-5C), for
example, an actuation mechanism of the actuation system
462 described above with respect to FIG. 4, may cause
movement of the doors 530 in this manner. Similarly, an
actuation mechanism (not shown in FIGS. 5A-5C), for
example, an actuation mechanism of the actuation system
462 described above with respect to FIG. 4, may cause
deployment of the auxiliary thrust fan 510, from the stowed
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state shown in FIG. 5A to the deployed state, or actuated
state, shown in FIG. 5C. Movement of the doors 530, and
deployment of the auxiliary thrust fan 510, may be initiated
by the propulsion control system 420 described above with
respect to FIG. 4, in response to detection of a condition in
which increased airflow capture area may be beneficial.
Such a condition may include low speed operation of the
aircraft 100, for example, in a take-off or landing situation
and the like, in which it may be desirable to increase airflow
capture area to reduce noise associated with operation of the
aircraft 100. In some examples, an orientation of the auxil-
iary thrust fan 510 in the deployed state may be varied, based
on flight conditions, position on the aircraft 100, numbers of
auxiliary thrust fans in use, thrust requirements, and other
such factors.

[0094] As described above, in the first mode of operation,
corresponding to high speed/supersonic cruise conditions,
the auxiliary thrust fan 510 may be in the stowed state within
the interior of the aft end portion 110B of the main body 110,
as shown in FIG. 5A. In the stowed state, the auxiliary thrust
fan 510 is contained within the aerodynamic profile of the
aircraft 100, and has little to no negative impact on the
cross-sectional area of the wing 120, and on overall perfor-
mance of the aircraft 100. Accordingly, in the first mode of
operation, the auxiliary thrust fan 510 has little to no adverse
impact on drag during high speed/supersonic cruise opera-
tion of the aircraft 100. In the first mode of operation,
propulsion of the aircraft 100 is provided by the operation of
the low bypass ratio engines 130, maintaining efficiency
afforded by the low bypass ratio engines at high speed/
supersonic cruise speed conditions.

[0095] In the second mode of operation of the propulsion
system 300, corresponding to a condition in which increased
airflow capture area may beneficial, such as low speed
operation during take-off or landing, the auxiliary thrust fan
510 may be transitioned from the stowed state to the
deployed state, or actuated state, shown in FIG. 5C. In the
deployed state, the auxiliary thrust fan 510 may be driven,
via components of the auxiliary drive system including the
generating system 432 and the distribution system 434
described above with respect to FIG. 4, by the low bypass
ratio engines 130. The driving of the auxiliary thrust fan 510
by electrical power extracted from the low bypass ratio
engines 130 in this manner reduces an exit velocity from the
low bypass ratio engines 130, thus reducing noise levels
generated by operation of the low bypass ratio engines 130
at low speeds. Operation of the auxiliary thrust fan 510
(driven by the low bypass ratio engines 130) increases an
overall airflow/mass flow capture area of the propulsion
system 500, increasing the airflow/mass flow and thrust
produced by the propulsion system 500 in the first mode, and
compensating for the losses due to the lower speed operation
of'the low bypass ratio engines 130. Thus, the addition of the
auxiliary thrust fan 510 during low speed operation, i.e., at
take-off and/or landing, mimics the operation of higher
bypass ratio engines, without the need to actually increase
capture area of the main engines and incur the associated
drag penalties during high speed/cruise operation.

[0096] FIGS. 6A-6E illustrate operation of an example
propulsion system 600, in accordance with implementations
described herein. Principles described above with respect to
the propulsion system 400 shown in FIG. 4 may be appli-
cable to the operation of the example propulsion system 600
shown in FIGS. 6A-6E.
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[0097] FIG. 6A is a rear view, and FIG. 6B is a side view,
of'a portion of the example aircraft 100, and in particular, the
aft end portion 110B of the main body 110 of the aircraft
100. The propulsion system 600 shown in FIGS. 6A-6E
includes a main propulsion system 410 including a main
propulsion source 414, in the form of the low bypass ratio
engines 130 (not shown in the partial views provided in
FIGS. 6A-6E), and an auxiliary propulsion system 460
including an auxiliary propulsion source 464 in the form of
a plurality of auxiliary thrust fans 610. In the first mode of
operation of the propulsion system 600, corresponding to,
for example, high speed/supersonic cruise operation of the
aircraft 100, the plurality of auxiliary thrust fans 610 are in
a stowed state, in a space formed within an interior of the aft
end portion 110B of the main body 110. A plurality of
panels, or doors 630, may extend across a respective plu-
rality of openings 625 formed in the outer skin 640 of the aft
end portion 110B of the main body 110, respectively cor-
responding positions of the plurality of auxiliary thrust fans
610. In the stowed state, the plurality of panels, or doors 630,
may be substantially flush with the exterior surface of the aft
end portion 110B of the main body 110, such that the
plurality of panels, or doors 630, define corresponding
portions of the outer contour of the aft end portion 110B of
the main body 110. In the stowed state, the plurality of
auxiliary thrust fans 610 are confined within the aerody-
namic profile of the aircraft 100, and do not extend out into
the airflow path of the aircraft 100. Thus, in the stowed state,
the auxiliary thrust fans 610 have little to no negative impact
on cross-sectional area of the aft end portion 110B of the
main body 110, and on overall performance of the aircraft
100.

[0098] In some examples, the plurality of panels, or doors
630, may be movably coupled relative to the exterior surface
of the aft end portion 110B of the main body 110. In the
second mode of operation of the propulsion system 600, the
plurality of auxiliary thrust fans 610 are in a deployed state,
or an actuated state. FIG. 6C is a rear view of the aircraft
100, and FIG. 6D is a partial side view of the aircraft 100,
illustrating the deployed state, or actuated state, of the
plurality of auxiliary thrust fans 610. FIG. 6E is a close-in
view illustrating the deployed state, or the actuated state, of
one of the plurality of auxiliary thrust fans 610. In the
deployed state, or actuated state, the plurality of panels, or
doors 630, have moved relative to the outer skin 640 of the
aft end portion 110B of the main body 110, allowing the
plurality of auxiliary thrust fans 610 to be deployed outward
through the respective plurality of openings 625.

[0099] Inthe example shown in FIGS. 6C-6E, the plurality
of panels, or doors 630 are moved somewhat radially
outward with respect to the longitudinal centerline A of the
aircraft 100, and outward with respect to the outer skin 640
of the aft end portion 110B of the main body 110. In the
deployed state, or actuated state, the plurality of auxiliary
thrust fans 610 are arranged along the exterior surface of the
aft end portion 110B of the main body 110, with the plurality
of panels, or doors 630, forming shrouds, or cowlings,
around the respective plurality of auxiliary thrust fans 610.
In this arrangement, the plurality of auxiliary thrust fans 610
act as boundary layer ingestion fans. That is, as shown in
FIG. 6E, boundary layer flow, identified by the arrows B,
flows along the outer surface of the main body 110 of the
aircraft 100. The boundary layer flow is ingested by the
plurality of auxiliary thrust fans 610, and is discharged by
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the plurality of auxiliary thrust fans 610 as accelerated
exhaust flow, identified by the arrows E. In some examples,
the shrouding, or cowling, formed by the deployed state of
the plurality of panels, or doors 630, may facilitate the
guiding of the boundary layer flow into the plurality of
auxiliary thrust fans 610, yielding more efficient production
of propulsive force by the plurality of auxiliary thrust fans
610.

[0100] In some examples, an actuation mechanism (not
shown in FIGS. 6A-6E), for example, an actuation mecha-
nism of the actuation system 462 described above with
respect to FIG. 4, may trigger movement of the plurality of
panels, or doors 630, in this manner. Similarly, an actuation
mechanism (not shown in FIGS. 6A-6F), for example, an
actuation mechanism of the actuation system 462 described
above with respect to FIG. 4, may trigger deployment of the
plurality of auxiliary thrust fans 610, from the stowed state
shown in FIGS. 6A and 6B (in which the plurality of
auxiliary thrust fans 610 are in a standby state, and inoper-
able) to the deployed state, or actuated state, shown in FIGS.
6C-6E. Movement of the plurality of panels, or doors 630,
and deployment of the plurality of auxiliary thrust fans 610,
may be initiated by the propulsion control system 420
described above with respect to FIG. 4, in response to
detection of a condition in which low speed operation of the
aircraft 100, for example, in a take-off or landing situation
and the like, in which it may be desirable to increase airflow
capture area to reduce noise associated with operation of the
aircraft 100.

[0101] As described above, in the first mode of operation,
corresponding to high speed/supersonic cruise conditions,
the plurality of auxiliary thrust fans 610 may be in the
stowed state, within the interior of the aft end portion 110B
of the main body 110, as shown in FIGS. 6A and 6B. In the
stowed state, the plurality of auxiliary thrust fans 610 are
contained within the aerodynamic profile of the aircraft 100,
and have little to no negative impact on the cross-sectional
area of the wing 120, and of the aircraft 100. Accordingly,
in the first mode of operation, the plurality of auxiliary thrust
fans 610 have little to no adverse impact on drag during high
speed/supersonic cruise operation of the aircraft 100. In the
first mode of operation, propulsion of the aircraft 100 is
provided by the operation of the low bypass ratio engines
130, maintaining efficiency afforded by the low bypass ratio
engines at high speed/supersonic cruise speed conditions.

[0102] In the second mode of operation of the propulsion
system 600, in which increased airflow capture area may be
beneficial, for example during low speed operation such as
take-off or landing conditions, the plurality of auxiliary
thrust fans 610 in the deployed state may be driven by power
extracted from the low bypass ratio engines 130, via com-
ponents of the auxiliary drive system 430 including the
generating system 432 and the distribution system 434
described above with respect to FIG. 4. The driving of the
plurality of auxiliary thrust fans 610 by electrical power
extracted from the low bypass ratio engines 130 in this
manner reduces an exit velocity from the low bypass ratio
engines 130, thus reducing noise levels generated by opera-
tion of the low bypass ratio engines 130 at low speeds.
Operation of the plurality of auxiliary thrust fans 610 (driven
by the low bypass ratio engines 130) increases an overall
airflow/mass flow capture area of the propulsion system 600,
increasing the airflow/mass flow and thrust produced by the
propulsion system 600 in the first mode, and compensating
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for the losses due to the lower speed operation of the low
bypass ratio engines 130. Thus, the addition of the plurality
of auxiliary thrust fans 610 during low speed operation, i.e.,
at take-oftf and/or landing, mimics the operation of higher
bypass ratio engines, without the need to actually increase
capture area of the main engines and incur the associated
drag penalties during high speed/cruise operation.

[0103] The example arrangement shown in FIGS. 6A-6D
illustrates a ring of eight auxiliary thrust fans 610, circum-
ferentially arranged at the aft end portion 110B of the main
body 110. In particular, the example arrangement shown in
FIGS. 6A-6D includes the plurality of auxiliary thrust fans
610 arranged symmetrically along a circumferential surface
of'the aft end portion 110B of the main body 110, simply for
purposes of discussion and illustration. The example pro-
pulsion system 600 can include more, or fewer, auxiliary
thrust fans 610, arranged similarly (i.e., arranged in a ring
along a circumferential surface), or differently than shown,
for example, symmetrically, or asymmetrically. Further, the
plurality of auxiliary thrust fans 610 may have different sizes
and/or dimensions and/or flow capacities. Similarly, the
plurality of auxiliary thrust fans 610 may be positioned
differently than shown with respect to the vertical tail 140
and/or the horizontal tail 150.

[0104] In some examples, the plurality of auxiliary thrust
fans 610 may be independently or dynamically controlled, to
independently or dynamically vary exhaust velocity/thrust
output by the individual auxiliary thrust fans 610. Indepen-
dent, or dynamic control of the plurality of auxiliary thrust
fans 610 may include, for example, independently or
dynamically controlling a rotational speed of the individual
auxiliary thrust fans 610. Independent, or dynamic control of
the plurality of auxiliary thrust fans 610 may include inde-
pendently or dynamically controlling operation of the aux-
iliary thrust fans 610 individually, so that some of the
auxiliary thrust fans 610 are in the on-state, and some of the
auxiliary thrust fans 610 are in the off-state or standby state
at a particular time. Independent, or dynamic control of the
plurality of auxiliary thrust fans 610 in this manner may
allow the plurality of auxiliary thrust fans 610 to provide a
thrust differential that can augment existing stability and
control systems of the aircraft 100.

[0105] For example, operation of auxiliary thrust fans 610
positioned on one side of the aircraft 100 versus the other
(for example, auxiliary thrust fans 610 positioned to one side
of a vertical plane defined by the vertical tail 140 versus the
other side of that vertical plane) may be dynamically con-
trolled to augment or supplement the stability and control
provided by the vertical tail 140. That is, dynamic control of
the plurality of auxiliary thrust fans 610 to differentiate
thrust generated across one side of the aircraft 100 versus the
other may generate a yaw moment to supplement that which
is provided by the vertical tail 140 to keep the aircraft within
the desired line of flight. The supplemental control provided
by the dynamic operational control of the plurality of
auxiliary thrust fans 610 in this manner may allow for the
use of a smaller vertical tail 140, thus providing potential
savings in weight and drag. Similarly, dynamic control of
auxiliary thrust fans 610 positioned at a top half versus a
bottom half of the arrangement of the plurality of auxiliary
thrust fans 610 may augment or supplement the stability and
control provided by the horizontal tail 150. That is, dynamic
control of the plurality of auxiliary thrust fans 610 to
differentiate thrust generated across the top half versus the
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bottom half of the arrangement of the plurality of auxiliary
thrust fans 610 may generate a pitching moment to supple-
ment that which is provided by the horizontal tail 150 to
keep the aircraft within the desired line of flight. This may
allow for the use of a smaller horizontal tail 150, thus
providing potential savings in weight and drag.

[0106] In some examples, some, or all, of the plurality of
auxiliary thrust fans 610 may be gimbal mounted. Gimbal
mounting may provide for directional control of the plurality
of auxiliary thrust fans 610, either individually, or in subsets,
or as a whole, to provide for further differentiation of thrust
generated by the plurality of auxiliary thrust fans 610.
Gimbal mounting of the plurality of auxiliary thrust fans 610
may further augment the capabilities of the existing stability
and control systems of the aircraft 100.

[0107] FIGS. 7A-7E illustrate operation of an example
propulsion system 700, in accordance with implementations
described herein. Principles described above with respect to
the propulsion system 400 shown in FIG. 4 may be appli-
cable to the operation of the example propulsion system 700
shown in FIGS. 7A-7E.

[0108] FIG. 7A is a rear view, and FIG. 7B is a side view,
of'a portion of the example aircraft 100, and in particular, the
forward end portion 110A of the main body 110 of the
aircraft 100. The propulsion system 700 shown in FIGS.
7A-TE includes a main propulsion system 410 including a
main propulsion source 414, in the form of the low bypass
ratio engines 130 (not shown in the partial views provided
in FIGS. 7A-7E), and an auxiliary propulsion system 460
including an auxiliary propulsion source 464 in the form of
a plurality of auxiliary thrust fans 710. In the first mode of
operation of the propulsion system 700, i.c., high speed/
supersonic cruise operation of the aircraft 100, the plurality
of auxiliary thrust fans 710 are in a stowed state, in a space
formed within an interior of the forward end portion 110A
of the main body 110. A plurality of panels, or doors 730,
may extend across a respective plurality of openings 725
formed in the outer skin 740 of the forward end portion
110A of the main body 110, respectively corresponding
positions of the plurality of auxiliary thrust fans 710. In the
stowed state, the plurality of panels, or doors 730, may be
substantially flush with the exterior surface of the forward
end portion 110A of the main body 110, such that the
plurality of panels, or doors 730, define corresponding
portions of the outer contour of the forward end portion
110A of the main body 110. In the stowed state, the plurality
of auxiliary thrust fans 710 are confined within the aerody-
namic profile of the aircraft 100, and do not extend out into
the airflow path of the aircraft 100. Thus, in the stowed state,
the auxiliary thrust fans 710 have little to no negative impact
on cross-sectional area of the forward end portion 110A of
the main body 110, and of the aircraft 100.

[0109] In some examples, the plurality of panels, or doors
730, may be movably coupled relative to the exterior surface
of'the forward end portion 110A of the main body 110. In the
second mode of operation, the plurality of auxiliary thrust
fans 710 are in a deployed state, or an actuated state. FIG.
7C is a front view of the aircraft 100, and FIG. 7D is a partial
side view of the aircraft 100, illustrating the deployed state,
or actuated state, of the plurality of auxiliary thrust fans 710.
FIG. 7E is a close-in view illustrating the deployed state, or
the actuated state, of one of the plurality of auxiliary thrust
fans 710. In the deployed state, or actuated state, the
plurality of panels, or doors 730, have moved relative to the
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outer skin 740 of the forward end portion 110A of the main
body 110, allowing the plurality of auxiliary thrust fans 710
to be deployed outward through the respective plurality of
openings 725.

[0110] Inthe example shown in FIGS. 7C-7E, the plurality
of panels, or doors 730, are moved somewhat radially
outward with respect to the longitudinal centerline A of the
aircraft 100, and outward with respect to the outer skin 740
of forward end portion 110A of the main body 110. In the
deployed state, or actuated state, the plurality of auxiliary
thrust fans 710 are arranged along the exterior surface of the
forward end portion 110A of the main body 110, with the
plurality of panels, or doors 730, forming shrouds, or
cowlings, around the respective plurality of auxiliary thrust
fans 710. In this arrangement, the plurality of auxiliary
thrust fans 710 act as boundary layer ingestion fans. That is,
as shown in FIG. 7E, boundary layer flow, identified by the
arrows B, flows along the outer surface of the main body 110
of the aircraft 100. The boundary layer flow is ingested by
the plurality of auxiliary thrust fans 710, and is discharged
by the plurality of auxiliary thrust fans 710 as accelerated
exhaust flow, identified by the arrows E. In some examples,
the shrouding, or cowling, formed by the deployed state of
the plurality of panels, or doors 730, may facilitate the
guiding of the boundary layer flow into the plurality of
auxiliary thrust fans 710, yielding more efficient production
of propulsive force by the plurality of auxiliary thrust fans
710.

[0111] In some examples, an actuation mechanism (not
shown in FIGS. 7A-7E), for example, an actuation mecha-
nism of the actuation system 462 described above with
respect to FIG. 4, may cause movement of the plurality of
panels, or doors 730, in this manner. Similarly, an actuation
mechanism (not shown in FIGS. 7A-7E), for example, an
actuation mechanism of the actuation system 462 described
above with respect to FIG. 4, may cause deployment of the
plurality of auxiliary thrust fans 710, from the stowed state
shown in FIGS. 7A and 7B to the deployed state, or actuated
state, shown in FIGS. 7C-7E. Movement of the plurality of
doors 730, and deployment of the plurality of auxiliary
thrust fans 710, may be initiated by the propulsion control
system 420 described above with respect to FIG. 4, in
response to detection of low speed operation of the aircraft
100, for example, in a take-off or landing situation and the
like, in which it may be desirable to increase airflow capture
area to reduce noise associated with operation of the aircraft
100.

[0112] As described above, in the first mode of operation,
corresponding to high speed/supersonic cruise conditions,
the plurality of auxiliary thrust fans 710 may be in the
stowed state, within the interior of the forward end portion
110A of the main body 110, as shown in FIGS. 7A and 7B.
In the stowed state, the plurality of auxiliary thrust fans 710
are contained within the aecrodynamic profile of the aircraft
100, and have little to no negative impact on the cross-
sectional area of the forward end portion 110A of the main
body 110, and of the aircraft 100 overall. Accordingly, in the
first mode of operation, the plurality of auxiliary thrust fans
710 have little to no adverse impact on drag during high
speed/supersonic cruise operation of the aircraft 100. In the
first mode of operation, propulsion of the aircraft 100 is
provided by the operation of the low bypass ratio engines
130, maintaining efficiency afforded by the low bypass ratio
engines at high speed/supersonic cruise speed conditions.
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[0113] In the second mode of operation, corresponding to
conditions that would benefit from increased airflow capture
areas, including low speed operation such as take-off or
landing conditions, the plurality of auxiliary thrust fans 710
may be transitioned from the stowed state to the deployed
state, or actuated state, shown in FIGS. 7C-7E. In the
deployed state, the plurality of auxiliary thrust fans 710 may
be driven, via components of the auxiliary drive system 430
including the generating system 432 and the distribution
system 434 described above with respect to FIG. 4, by the
low bypass ratio engines 130. The driving of the plurality of
auxiliary thrust fans 710 by power extracted from the low
bypass ratio engines 130 in this manner reduces an exit
velocity from the low bypass ratio engines 130, thus reduc-
ing noise levels generated by operation of the low bypass
ratio engines 130 at low speeds. Operation of the plurality of
auxiliary thrust fans 710 (driven by the low bypass ratio
engines 130) increases an overall airflow/mass flow capture
area of the propulsion system 700, increasing the airflow/
mass flow and thrust produced by the propulsion system 700
in the first mode, and compensating for the losses due to the
lower speed operation of the low bypass ratio engines 130.
Thus, the addition of the plurality of auxiliary thrust fans
710 during low speed operation, i.e., at take-off and/or
landing, mimics the operation of higher bypass ratio
engines, without the need to actually increase capture area of
the main engines and incur the associated drag penalties
during high speed/cruise operation.

[0114] The example arrangement shown in FIGS. 7A-7D
illustrates a ring of eight auxiliary thrust fans 710, circum-
ferentially arranged at the forward end portion 110A of the
main body 110. In particular, the example arrangement
shown in FIGS. 7A-7D includes the plurality of auxiliary
thrust fans 710 arranged symmetrically along a circumfer-
ential surface of the forward end portion 110A of the main
body 110, simply for purposes of discussion and illustration.
In some examples, the example propulsion system 700 can
include more, or fewer, auxiliary thrust fans 710, arranged
similarly (i.e., arranged in a ring along a circumferential
surface), or differently that shown, for example, symmetri-
cally, or asymmetrically. Further, the plurality of auxiliary
thrust fans 710 may have different sizes and/or dimensions
and/or capacities. Similarly, the plurality of auxiliary thrust
fans 610 may be positioned differently than shown with
respect to the nose of the aircraft 100, the wings 120, and the
like.

[0115] As with the plurality of auxiliary thrust fans 610
described above with respect to FIGS. 6A-6E, the plurality
of auxiliary thrust fans 710 may be independently, or
dynamically controlled, to dynamically vary exhaust veloc-
ity/thrust output by the individual auxiliary thrust fans 710.
Independent, or dynamic control of the plurality of auxiliary
thrust fans 610 to provide for differentiated, or varying thrust
may include, for example, dynamically controlling a rota-
tional speed and/or an on/off state of the individual auxiliary
thrust fans 710, and the like. Independent, or dynamic
control of the plurality of auxiliary thrust fans 710 in this
manner may allow the plurality of auxiliary thrust fans 710
to generate a thrust differential that can augment existing
stability and control systems of the aircraft 100. For
example, dynamic control of auxiliary thrust fans 710 posi-
tioned on one side of the aircraft 100 versus the other may
generate a thrust differential that can augment or supplement
the stability and control provided by the vertical tail 140,
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thus allowing for the use of a smaller vertical tail 140, and
providing potential savings in weight and drag. Similarly,
dynamic control of auxiliary thrust fans 710 positioned at a
top half versus a bottom half of the arrangement of the
plurality of auxiliary thrust fans 710 may augment or
supplement the stability and control provided by the hori-
zontal tail 150, thus allowing for the use of a smaller
horizontal tail 150, and providing potential savings in
weight and drag. Like the plurality of auxiliary thrust fans
610, some, or all, of the plurality of auxiliary thrust fans 710
may be gimbal mounted. Gimbal mounting may provide for
directional control of the plurality of auxiliary thrust fans
710, either individually, or in subsets, or as a whole, to
provide for further differentiation of thrust generated by the
plurality of auxiliary thrust fans 710, alone or in combina-
tion with the plurality of auxiliary thrust fans 610. Gimbal
mounting of the plurality of auxiliary thrust fans 710 may
further augment the capabilities of the existing stability and
control systems of the aircraft 100.

[0116] FIGS. 8A-8C illustrate operation of an example
propulsion system 800, in accordance with implementations
described herein. Principles described above with respect to
the propulsion system 400 shown in FIG. 4 may be appli-
cable to the operation of the example propulsion system 800
shown in FIGS. 8A-8C. FIGS. 8A-8C illustrate a portion of
one of the pair of wings 120 (the first wing 120A and/or the
second wing 120B), simply for ease of discussion and
illustration. The principles to be described herein may be
applied to systems provided in the first wing 120A and/or
systems provided in the second wing 120B.

[0117] FIG. 8A is a front view of the wing 120, as viewed
from the leading edge portion 121 of the wing. The propul-
sion system 800 shown in FIGS. 8A-8C includes a main
propulsion system 410 including a main propulsion source
414, in the form of the low bypass ratio engines 130, and an
auxiliary propulsion system 460 including an auxiliary pro-
pulsion source 464 in the form of a plurality of auxiliary
thrust fans 810. In the first mode of operation of the
propulsion system 800, i.c., high speed/supersonic cruise
operation of the aircraft 100, the plurality of auxiliary thrust
fans 810 are in a stowed state, received within an interior
space defined by an outer skin 840 of the wing 120, as shown
in FIG. 8A. A plurality of panels, or doors 830, may extend
across a respective plurality of openings 825 formed in the
outer skin 840 of the wing 120, respectively corresponding
to installation positions of the plurality of auxiliary thrust
fans 810. In the stowed state of the plurality of auxiliary
thrust fans 810, the plurality of panels, or doors 830, may be
substantially flush with the outer skin 840 of the wing 120,
such that the plurality of doors 830 define corresponding
portions of the outer contour of the wing 120. In the stowed
state, the plurality of auxiliary thrust fans 810 are confined
within the aerodynamic profile of the aircraft 100, and do not
extend out into the airflow path of the aircraft 100. Thus, in
the stowed state, the plurality of auxiliary thrust fans 810
have little to no negative impact on cross-sectional area of
the wing 120, and of the aircraft 100.

[0118] In some examples, the plurality of panels, or doors
830, may be movably coupled relative to the exterior surface
of the wing 120. In the second mode of operation, the
plurality of auxiliary thrust fans 810 are in a deployed state,
or an actuated state. FIG. 8B is a front view of wing 120,
illustrating the deployed state, or actuated state, of the
plurality of auxiliary thrust fans 810. FIG. 8C is a close-in
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side view illustrating the deployed state, or the actuated
state, of one of the plurality of auxiliary thrust fans 810. In
the deployed state, or actuated state, the plurality of panels,
or doors 830have moved relative to the outer skin 840 of the
wing 120, allowing the plurality of auxiliary thrust fans 810
to be deployed outward through the respective plurality of
openings 825.

[0119] Inthe deployed state, or actuated state, the plurality
of auxiliary thrust fans 810 are arranged along the leading
edge portion 121 of the wing 120, with the plurality of doors
830, or panels, forming shrouds, or cowlings, around the
respective plurality of auxiliary thrust fans 810. In this
arrangement, the plurality of auxiliary thrust fans 810 may
act as boundary layer ingestion fans, ingesting boundary
layer flow across the leading edge portion 121 of the wing
120 and discharging accelerated exhaust flow. In some
examples, the shrouding, or cowling, formed by the
deployed state of the plurality of panels, or doors 830, may
facilitate the guiding of airflow into the plurality of auxiliary
thrust fans 810, yielding more efficient production of pro-
pulsive force by the plurality of auxiliary thrust fans 810.
[0120] In some examples, an actuation mechanism (not
shown in FIGS. 8A-8C), for example, an actuation mecha-
nism of the actuation system 462 described above with
respect to FIG. 4, may cause movement of the plurality of
panels, or doors 830, in this manner. Similarly, an actuation
mechanism (not shown in FIGS. 7A-7E), for example, an
actuation mechanism of the actuation system 462 described
above with respect to FIG. 4, may cause deployment of the
plurality of auxiliary thrust fans 810, from the stowed state
shown in FIG. 8A to the deployed state, or actuated state,
shown in FIGS. 8B and 8C. Movement of the plurality of
doors 830, and deployment of the plurality of auxiliary
thrust fans 810, may be initiated by the propulsion control
system 420 described above with respect to FIG. 4, in
response to detection of low speed operation of the aircraft
100, for example, in a take-off or landing situation, and the
like, in which it may be desirable to increase airflow capture
area to reduce noise associated with operation of the aircraft
100.

[0121] As described above, in the first mode of operation,
corresponding to high speed/supersonic cruise conditions,
with the plurality of auxiliary thrust fans 810 in the stowed
state within the interior of the wing 120, the plurality of
auxiliary thrust fans 810 are contained within the aerody-
namic profile of the aircraft 100, and have little to no
negative impact on the cross-sectional area of the wing 120,
and of the aircraft 100 overall. Accordingly, in the first mode
of operation, the plurality of auxiliary thrust fans 810 have
little to no adverse impact on drag during high speed/
supersonic cruise operation of the aircraft 100. In the first
mode of operation, propulsion of the aircraft 100 is provided
by the operation of the low bypass ratio engines 130,
maintaining efficiency afforded by the low bypass ratio
engines at high speed/supersonic cruise speed conditions.
[0122] In the second mode of operation, corresponding to
conditions in which increased airflow capture area may be
beneficial, including low speed operation such as take-off or
landing conditions, the plurality of auxiliary thrust fans 810,
in the deployed state, may be driven by the low bypass ratio
engines 130, via components of the auxiliary drive system
430 including the generating system 432 and the distribution
system 434 described above with respect to FIG. 4. The
driving of the plurality of auxiliary thrust fans 810 by power
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extracted from the low bypass ratio engines 130 in this
manner reduces an exit velocity from the low bypass ratio
engines 130, thus reducing noise levels generated by opera-
tion of the low bypass ratio engines 130 at low speeds.
Operation of the plurality of auxiliary thrust fans 810 (driven
by the low bypass ratio engines 130) increases an overall
airflow/mass flow capture area of the propulsion system 800,
increasing the airflow/mass flow and thrust produced by the
propulsion system 800 in the first mode, and compensating
for the losses due to the lower speed operation of the low
bypass ratio engines 130. Thus, the addition of the plurality
of auxiliary thrust fans 810 during low speed operation, i.e.,
at take-oftf and/or landing, mimics the operation of higher
bypass ratio engines, without the need to actually increase
capture area of the main engines and incur the associated
drag penalties during high speed/cruise operation.

[0123] As with the plurality of auxiliary thrust fans 610
described above with respect to FIGS. 6A-6E and the
plurality of auxiliary thrust fans 710 described above with
respect to FIGS. 7A-7E, operation of the plurality of aux-
iliary thrust fans 810 may be dynamically controlled, to
dynamically vary exhaust velocity/thrust output by the indi-
vidual auxiliary thrust fans 810. Dynamic control of the
plurality of auxiliary thrust fans 610 to provide for differ-
entiated, or varying thrust may include, for example,
dynamically controlling a rotational speed and/or an on/off
state of the individual auxiliary thrust fans 810, and the like.
Dynamic control of the plurality of auxiliary thrust fans 810
in this manner may allow the plurality of auxiliary thrust
fans 810 to generate a thrust differential that can augment
existing stability and control systems of the aircraft 100. For
example, dynamic control of auxiliary thrust fans 810 posi-
tioned on the first wing 120A versus the second wing 120B
may generate a thrust differential that can augment or
supplement the stability and control provided by the vertical
tail 140, thus allowing for the use of a smaller vertical tail
140, and providing potential savings in weight and drag.
Like the plurality of auxiliary thrust fans 610, and the
plurality of auxiliary thrust fans 710, in some examples, the
plurality of auxiliary thrust fans 810 may be gimbal
mounted. Gimbal mounting may provide for directional
control (individually, or as a grouping) of thrust generated
by the plurality of auxiliary thrust fans 810, further aug-
menting the existing stability and control systems of the
aircraft 100.

[0124] The plurality of auxiliary thrust fans 610 have been
described at an installation position proximate the aft end
portion 110B of the main body 110 of the aircraft 100,
simply for purposes of discussion and illustration. Similarly,
the plurality of auxiliary thrust fans 710 have been described
at an installation position proximate the forward end portion
110A of the main body 110 of the aircraft 100, and the
plurality of auxiliary thrust fans 810 have been described at
an installation position proximate the leading edge portion
of one or both of the wings 120, simply for purposes of
discussion and illustration. The principles described herein
may be applied to other arrangements of auxiliary thrust fans
provided at other portions of the aircraft 100, to function as
boundary layer ingestion fans as described above.

[0125] In some examples, a propulsion system may
include the one or more auxiliary thrust fan(s) 310 (de-
scribed above with respect to FIGS. 3A-3C) and/or the
auxiliary thrust fan 510 (described above with respect to
FIGS. 5A-5C) and/or the auxiliary thrust fans 610 (de-
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scribed above with respect to FIGS. 6A-6E) and/or the
auxiliary thrust fans 710 (described above with respect to
FIGS. 7A-7E) and/or the auxiliary thrust fans 810 (described
above with respect to FIGS. 8A-8C), used alone, or in
combination with each other, in a particular aircraft. In some
examples, a combination of auxiliary thrust fans may be
incorporated into a particular aircraft based on, for example,
aircraft configuration, anticipated operational conditions,
capabilities of the main propulsion system (i.e., the main
engines) and other such factors. In some examples, some, or
all, of the auxiliary thrust fans may be mechanically driven
by the main propulsion system, as described above with
respect to FIG. 2. In some examples, some, or all, of the
auxiliary thrust fans may be electrically driven by the main
propulsion system, as described above with respect to FIG.
4. In some examples, some of the auxiliary thrust fans may
be mechanically driven, and some of the auxiliary thrust fans
may be electrically driven.

[0126] In an example in which the one or more auxiliary
thrust fan(s) described above is electrically driven by power
extracted from one or more of the low bypass ratio engines
130, electrical power that is generated by the generating
system 432, but is not consumed by operation of the
auxiliary thrust fan(s), may be stored in the power storage
device 436 for later use. In some examples, the distribution
system 434 of the auxiliary drive system may be configured
such that electrical power stored in the power storage device
436 may be available for use by other systems of the aircraft
100.

[0127] FIG. 9 is a flowchart of a method 900, in accor-
dance with example implementations described herein. The
method may be applied to the operation of one or more of
the propulsion systems described herein. Operation of an
aircraft may be initiated (block 910) including operation of
a main propulsion source of a propulsion system of the
aircraft (block 920). The propulsion system may include the
main propulsion source and an auxiliary propulsion source.
The main propulsion source may include one or more high
bypass ratio engines, such as the high bypass ratio turbojet
engines described above. The auxiliary propulsion system
may include one or more auxiliary thrust fans, provided at
a variety of locations on the aircraft, such as the various
auxiliary thrust fans described above. An operational/flight
condition of the aircraft may be detected (block 930). If it is
determined that the aircraft is in a high speed operation
condition, i.e., not in a low speed operation condition (block
940), the propulsion system may operate in a first mode
(block 980). In the first mode, the main propulsion source
may provide propulsive power for flight of the aircraft, while
the auxiliary propulsion source remains stowed and idle. If
it is determined that the aircraft is in a low speed operation
condition (block 940), the propulsion system may operate in
a second mode (block 950). In the second mode, power may
be extracted from the main propulsion source, to provide
power to the auxiliary power source (block 960). In some
examples, power is extracted via a mechanical coupling of
the auxiliary propulsion source and the main propulsion
source. In some examples, power is extracted via an elec-
trical coupling of the auxiliary propulsion source and the
main propulsion source. The auxiliary power source is
operated, together with the main propulsion source (block
970) until it is determined that operation of the aircraft is
complete (block 990).
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[0128] A number of embodiments have been described.
Nevertheless, it will be understood that various modifica-
tions may be made without departing from the spirit and
scope of the specification.
[0129] Logic flows depicted in the figures, if any, do not
require the particular order shown, or sequential order, to
achieve desirable results. In addition, other steps may be
provided, or steps may be eliminated, from the described
flows, and other components may be added to, or removed
from, the described systems.
[0130] While certain features of the described implemen-
tations have been illustrated as described herein, many
modifications, substitutions, changes and equivalents will
now occur to those skilled in the art. It is, therefore, to be
understood that the appended claims are intended to cover
all such modifications and changes as fall within the scope
of the implementations. It should be understood that they
have been presented by way of example only, not limitation,
and various changes in form and details may be made. Any
portion of the apparatus and/or methods described herein
may be combined in any combination, except mutually
exclusive combinations. The implementations described
herein can include various combinations and/or sub-combi-
nations of the functions, components and/or features of the
different implementations described.
What is claimed is:
1. An aircraft, comprising:
an aircraft structure; and
a propulsion system operably coupled in the aircraft
structure, the propulsion system having a variable
airflow capture area, the propulsion system including:
at least one jet engine mounted to the aircraft structure;
at least one auxiliary thrust fan coupled in the aircraft
structure, wherein in a first mode,
the propulsion system has a first airflow capture area,
the at least one jet engine provides power to the
aircraft, and
the at least one auxiliary thrust fan is in a standby
state, stowed within an aerodynamic profile of the
aircraft structure; and
in a second mode,
the propulsion system has a second airflow capture
area that is greater than the first airflow capture
area, and
the at least one auxiliary thrust fan is in a deployed
state and is driven by power extracted from the at
least one jet engine.
2. The aircraft of claim 1, wherein
the first mode corresponds to a supersonic operation mode
of the aircraft; and
the second mode corresponds to a low speed operation
mode of the aircraft.
3. The aircraft of claim 1, wherein
an exhaust velocity of the at least one jet engine in the
second mode is less than the exhaust velocity of the at
least one jet engine in the first mode as power is
extracted from the at least one jet engine to drive the at
least one auxiliary thrust fan; and
a noise level output by the at least one jet engine in the
second mode is less that the noise level output by the
at least one jet engine in the first mode.
4. The aircraft of claim 1, wherein the at least one
auxiliary thrust fan is mechanically coupled to and driven by
the at least one jet engine in the second mode.
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5. The aircraft of claim 1, wherein the at least one
auxiliary thrust fan is electrically coupled to and driven by
the at least one jet engine in the second mode.

6. The aircraft of claim 1, wherein

the at least one jet engine comprises at least one low

bypass ratio turbojet engine configured to generate
thrust to support supersonic cruise operation of the
aircraft; and

the at least one auxiliary thrust fan comprises a plurality

of auxiliary thrust fans.
7. The aircraft of claim 6, wherein
the first airflow capture area is defined by a capture area
of the at least one low bypass ratio turbojet engine; and

the second airflow capture area is defined by an airflow
capture area of the plurality of auxiliary thrust fans
together with the capture area of the at least one low
bypass ratio turbojet engine.

8. The aircraft of claim 1, wherein the at least one
auxiliary thrust fan comprises a plurality of auxiliary thrust
fans arranged circumferentially along an aft end portion of
a main body of the aircraft structure.

9. The aircraft of claim 1, wherein the at least one
auxiliary thrust fan comprises a plurality of auxiliary thrust
fans arranged circumferentially along a forward end portion
of a main body of the aircraft structure.

10. The aircraft of claim 1, wherein the at least one
auxiliary thrust fan comprises a first plurality of auxiliary
thrust fans arranged along a leading edge portion of a first
wing of the aircraft structure, and a second plurality of
auxiliary thrust fans arranged along a leading edge portion
of a second wing of the aircraft structure.

11. The aircraft of claim 1, further comprising a drive
system coupled between the at least one jet engine and the
at least one auxiliary thrust fan, the drive system comprising:

a generating system operably coupled to the at least one

jet engine, wherein the generating system is configured
to generate electric power from power extracted during
operation of the at least one jet engine; and

a distribution system configured to selectively distribute

the electric power generated by the generating system
to the at least one auxiliary thrust fan to drive the at
least one auxiliary thrust fan during operation in the
second mode.

12. The aircraft of claim 11, wherein the drive system
includes a power storage device configured to store electric
power generated by the generating system.

13. The aircraft of claim 12, wherein the distribution
system is configured to distribute electric power stored in the
power storage device to a plurality of systems of the aircraft.

14. A propulsion system, comprising:

a main propulsion system including a main propulsion

source; and

an auxiliary propulsion system that is selectively driven

by the main propulsion system, the auxiliary propulsion
system including an auxiliary propulsion source,
wherein,

in a first mode of operation:

the main propulsion source is configured to output a
first amount of thrust, and
the auxiliary propulsion source is in an idle state; and
in a second mode of operation:
the main propulsion source is configured to output a
second amount of thrust that is less than the first
amount of thrust, and
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the auxiliary propulsion source is in a deployed state
and is driven by power extracted from the main
propulsion source.

15. The propulsion system of claim 14, wherein the first
mode is a high speed mode of operation, and the second
mode is a low speed mode of operation.

16. The propulsion system of claim 14, further comprising
a drive system coupled between the main propulsion system
and the auxiliary propulsion system, the drive system
including:

a generating system operably coupled to the main pro-
pulsion source and configured to extract power from
the main propulsion source during operation of the
main propulsion source; and

a distribution system configured to distribute electric
power, generated by the generating system, to the
auxiliary propulsion source to drive the auxiliary pro-
pulsion source during operation in the second mode.

17. The propulsion system of claim 14, wherein the
propulsion system is configured for incorporation into a
supersonic aircraft, and wherein

the main propulsion source includes a plurality of high
bypass ratio engines configured to be mounted on the
supersonic aircraft, and

the auxiliary propulsion source includes a plurality of
auxiliary thrust fans configured to be mounted at a
corresponding plurality of locations on the supersonic
aircraft.

18. The propulsion system of claim 17, wherein,

in the first mode, the plurality of high bypass ratio engines
are configured to provide thrust for high speed opera-
tion of the supersonic aircraft; and

in the second mode, at least some of the plurality of high
bypass ratio engines are configured to provide power to
drive the plurality of auxiliary thrust fans for low speed
operation of the supersonic aircraft.

19. An aircraft, comprising:

a main body;

a wing structure mounted at an intermediate portion of the
main body;

a plurality of control devices provided at an aft end
portion of the main body; and

a propulsion system operably coupled to the aircraft, the
propulsion system including:

a plurality of jet engines mounted on at least one of the
wing structure or the main body; and

a plurality of auxiliary thrust fans coupled to the main
body and configured to be independently controlled
to provide for directional control of the aircraft.

20. The aircraft of claim 19, wherein an operating speed
of the plurality of auxiliary thrust fans is independently
adjustable, such that a variation in operating speed of the
plurality of auxiliary thrust fans generates a thrust differen-
tial to provide for directional control of the aircraft.

21. The aircraft of claim 19, wherein an orientation of the
plurality of auxiliary thrust fans is independently adjustable,
such that a variation in orientation of the plurality of
auxiliary thrust fans generates a thrust differential to provide
for directional control of the aircraft.

22. The aircraft of claim 19, wherein the plurality of
auxiliary thrust fans are circumferentially arranged along the
aft end portion of the main body, proximate the plurality of
control devices.
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23. The aircraft of claim 22, wherein a variation in at least
one of an operating speed or an orientation of one or more
auxiliary thrust fans, of the plurality of auxiliary thrust fans,
on a first lateral side of the main body generates a thrust
differential with remaining auxiliary thrust fans, of the
plurality of auxiliary thrust fans, on a second lateral side of
the main body, that adjusts a yaw component of the aircraft.

24. The aircraft of claim 22, wherein a variation in at least
one of an operating speed or an orientation of one or more
auxiliary thrust fans, of the plurality of auxiliary thrust fans,
on an upper portion of the main body generates a thrust
differential with remaining auxiliary thrust fans, of the
plurality of auxiliary thrust fans, on a lower portion of the
main body, that adjusts a pitching component of the aircraft.

25. The aircraft of claim 19, wherein the plurality of
auxiliary thrust fans are circumferentially arranged along a
forward end portion of the main body, proximate a nose
portion of the aircraft.

26. The aircraft of claim 19, wherein the plurality of
auxiliary thrust fans are arranged along a leading edge
portion of the wing structure.

27. The aircraft of claim 19, wherein at least some of the
plurality of auxiliary thrust fans are gimbal mounted.

28. The aircraft of claim 19, wherein the plurality of
auxiliary thrust fans are driven in response to power
extracted from at least one of the plurality of jet engines.

29. The aircraft of claim 28, wherein the plurality of
auxiliary thrust fans are driven in response to electrical
power generated by a generating system from the power
extracted from the at least one of the plurality of jet engines.

30. A drive system for a propulsion system, comprising:

a generating system coupled to a main propulsion source
including a jet engine, wherein the generating system is
configured to generate clectric power from power
extracted during operation of the jet engine;

a distribution system coupled to the generating system,
wherein the distribution system is configured to dis-
tribute electric power generated by the generating sys-
tem to auxiliary systems connected to the distribution
system; and

a power storage device connected to the generating sys-
tem and to the distribution system and configured to
store electric power generated by the generating system
for distribution by the distribution system.

31. The drive system of claim 30, wherein the distribution
system is configured to distribute electric power to an
auxiliary propulsion source including one or more auxiliary
thrust fans.

32. The drive system of claim 30, wherein the auxiliary
systems include operational systems of an aircraft in which
the jet engine is installed.

33. The drive system of claim 30, wherein the generating
system is configured to operate to generate electric power
from power extracted during low speed operation of the jet
engine.

34. The drive system of claim 30, wherein the generating
system is configured to operate to generate electric power
from power extracted during high speed operation of the jet
engine, and to store the electric power in the power storage
device.



