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AIRCRAFT PROPULSION SYSTEM WITH
VARIABLE SPEED ROTATING STRUCTURE

[0001] This application claims priority to U.S. Patent
Appln. No. 63/346,171 filed May 26, 2022 which is hereby
incorporated herein by reference in its entirety.

BACKGROUND OF THE DISCLOSURE

1. Technical Field

[0002] This disclosure relates generally to an aircraft and,
more particularly, to an aircraft propulsion system for alter-
nately generating power for multi-directional propulsion.

2. Background Information

[0003] Various types and configurations of propulsion
systems are known in the art for an aircraft. While these
known aircraft propulsion systems have various benefits,
there is still room in the art for improvement.

SUMMARY OF THE DISCLOSURE

[0004] According to an aspect of the present disclosure, a
propulsion system is provided for an aircraft. This aircraft
propulsion system includes a first propulsor rotor, a second
propulsor rotor and a gas turbine engine core. The first
propulsor rotor is configured to generate propulsive thrust.
The second propulsor rotor is configured to generate pro-
pulsive lift. The gas turbine engine core includes a com-
pressor section, a combustor section, a turbine section and a
rotating structure. The rotating structure includes a turbine
rotor within the turbine section. The gas turbine engine core
is configured to rotate the rotating structure at a first rota-
tional speed during a first mode to drive the first propulsor
rotor to generate the propulsive thrust. The gas turbine
engine core is configured to rotate the rotating structure at a
second rotational speed during a second mode to drive the
second propulsor rotor to generate the propulsive lift. The
second rotational speed may be less than eighty percent of
the first rotational speed.

[0005] According to another aspect of the present disclo-
sure, another propulsion system is provided for an aircraft.
This aircraft propulsion system includes a first propulsor
rotor, a second propulsor rotor and a gas turbine engine core.
The first propulsor rotor is configured to generate propulsive
thrust. The second propulsor rotor is configured to generate
propulsive lift. The gas turbine engine core includes a
compressor section, a combustor section, a turbine section
and a rotating structure. The rotating structure includes a
turbine rotor within the turbine section. The gas turbine
engine core is configured to rotate the rotating structure
during a first mode to drive the first propulsor rotor to
generate the propulsive thrust. The propulsion system has a
first engine pressure ratio during the first mode. The gas
turbine engine core is configured to rotate the rotating
structure during a second mode to drive the second propul-
sor rotor to generate the propulsive lift. The propulsion
system has a second engine pressure ratio during the second
mode. The second engine pressure ratio is less than the first
engine pressure ratio.

[0006] According to still another aspect of the present
disclosure, an aircraft system is provided that includes a first
output, a second output and a gas turbine engine core. The
gas turbine engine core includes a compressor section, a
combustor section, a turbine section and a rotating structure.
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The rotating structure includes a turbine rotor within the
turbine section. The gas turbine engine core is configured to
rotate the rotating structure at a first rotational speed during
a first mode to rotatably drive the first output. The propulsion
system has a first engine pressure ratio between 1.25 and 3.0
during the first mode. The gas turbine engine core is
configured to rotate the rotating structure at a second rota-
tional speed during a second mode to rotatably drive the
second output. The second rotational speed is between
fifty-five percent and seventy-five percent of the first rota-
tional speed. The propulsion system has a second engine
pressure ratio between 1.01 and 1.06 during the second
mode.
[0007]
and 3.0.
[0008] The second engine pressure ratio may be between
1.01 and 1.06.

[0009] The gas turbine engine core may be configured to
rotate the rotating structure at a first rotational speed during
the first mode to drive the first propulsor rotor to generate the
propulsive thrust. The gas turbine engine core may also be
configured to rotate the rotating structure at a second rota-
tional speed during the second mode to drive the second
propulsor rotor to generate the propulsive lift. The second
rotational speed may be less than eighty percent of the first
rotational speed.

[0010] The second rotational speed may be between fifty-
five percent and seventy-five percent of the first rotational
speed.

[0011] The propulsion system may have a first engine
pressure ratio during the first mode. The propulsion system
may have a second engine pressure ratio during the second
mode that is less than the first engine pressure ratio.

The first engine pressure ratio may be between 1.25

[0012] The first engine pressure ratio may be greater than
1.2.
[0013] The second engine pressure ratio may be less than
1.1.
[0014] The first engine pressure ratio may be between 1.25

and 3.0. In addition or alternatively, the second engine
pressure ratio may be between 1.01 and 1.06.

[0015] The gas turbine engine core may also be configured
to rotate the first propulsor rotor during the second mode.
The first propulsor rotor may be configured to generate at
least one and one-half times more thrust during that first
mode than during the second mode.

[0016] The propulsion system may also include a trans-
mission configured to: decouple the second propulsor rotor
from the rotating structure during the first mode; and couple
the second propulsor rotor to the rotating structure during
the second mode.

[0017] The propulsion system may also include a geartrain
coupling the rotating structure to the first propulsor rotor and
the second propulsor rotor.

[0018] The first propulsor rotor may be rotatable about a
first axis. The second propulsor rotor may be rotatable about
a second axis that is angularly offset from the first axis.
[0019] The first propulsor rotor may be configured as or
otherwise include a ducted rotor.

[0020] The second propulsor rotor may be configured as or
otherwise include an open rotor.

[0021] The second propulsor rotor may be one of a plu-
rality of second propulsor rotors rotatably driven by the
rotating structure during the second mode.
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[0022] The gas turbine engine core may also include a
second rotating structure. The second rotating structure may
include a compressor rotor within the compressor section
and a second turbine rotor within the turbine section.
[0023] The present disclosure may include any one or
more of the individual features disclosed above and/or
below alone or in any combination thereof.

[0024] The foregoing features and the operation of the
invention will become more apparent in light of the follow-
ing description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 is a partial, schematic illustration of an
aircraft propulsion system.

[0026] FIG. 2 is a graph depicting a relationship between
rotational speed and thrust.

[0027] FIG. 3 is a graph depicting a relationship between
rotational speed and engine pressure ratio (EPR).

[0028] FIG. 4 is a partial schematic illustration of the
aircraft propulsion system configured without a geartrain.
[0029] FIG. 5 is a partial schematic illustration of a gas
turbine engine core with multi-staged compressor rotors.
[0030] FIG. 6 is a partial schematic illustration of a
rotating structure coupled to and driving multiple propulsor
rotors for generating propulsive lift.

DETAILED DESCRIPTION

[0031] FIG. 1 schematically illustrates a propulsion sys-
tem 20 for an aircraft. The aircraft may be an airplane, a
helicopter, a drone (e.g., an unmanned aerial vehicle
(UAV)), a spacecraft or any other manned or unmanned
aerial vehicle. This aircraft may be configured as a vertical
take-off and landing (VTOL) aircraft or a short take-off and
vertical landing (STOVL) aircraft. The aircraft propulsion
system 20 of FIG. 1, for example, is configured to generate
power for first direction propulsion (e.g., propulsive thrust)
during a first mode of operation and to generate power for
second direction propulsion (e.g., propulsive lift) during a
second mode of operation, where the first direction is
different than (e.g., angularly offset from) the second direc-
tion. The first mode may be a horizontal (e.g., forward) flight
mode where the first direction propulsion is substantially
horizontal (e.g., within 5 degrees, 10 degrees, etc. of a
horizontal axis) propulsive thrust. The second mode may be
a vertical flight and/or hover mode where the second direc-
tion propulsion is substantially vertical (e.g., within 5
degrees, 10 degrees, etc. of a vertical axis) propulsive lift.
The aircraft propulsion system 20, of course, may also be
configured to generate both the first direction propulsion
(e.g., horizontal thrust) and the second direction propulsion
(e.g., vertical lift) during a third (e.g., transition) mode of
operation. The aircraft propulsion system 20 of FIG. 1
includes at least one bladed first propulsor rotor 22, at least
one bladed second propulsor rotor 24 and a gas turbine
engine core 26 configured to rotatably drive the first pro-
pulsor rotor 22 and the second propulsor rotor 24.

[0032] The first propulsor rotor 22 may be configured as a
ducted rotor such as a fan rotor. The first propulsor rotor 22
of FIG. 1 is rotatable about a first rotor axis 28. This first
rotor axis 28 is an axial centerline of the first propulsor rotor
22 and may be horizontal when the aircraft is on ground. The
first propulsor rotor 22 includes at least a first rotor disk 29
and a plurality of first rotor blades 30 (on visible in FIG. 1);
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e.g., fan blades. The first rotor blades 30 are distributed
circumferentially around the first rotor disk 29 in an annular
array. Bach of the first rotor blades 30 is connected to and
projects radially (relative to the first rotor axis 28) out from
the first rotor disk 29.

[0033] The second propulsor rotor 24 may be configured
as an open rotor such as a propeller rotor or a helicopter
(e.g., main) rotor. Of course, in other embodiments, the
second propulsor rotor 24 may alternatively be configured as
a ducted rotor such as a fan rotor; e.g., see dashed line duct.
The second propulsor rotor 24 of FIG. 1 is rotatable about
a second rotor axis 32. This second rotor axis 32 is an axial
centerline of the second propulsor rotor 24 and may be
vertical when the aircraft is on the ground. The second rotor
axis 32 is angularly offset from the first rotor axis 28 by an
included angle 34; e.g., an acute angle or a right angle. This
included angle 34 may be between sixty degrees(60°) and
ninety degrees (90°); however, the present disclosure is not
limited to such an exemplary relationship. The second
propulsor rotor 24 includes at least a second rotor disk 36
and a plurality of second rotor blades 38; e.g., open rotor
blades. The second rotor blades 38 are distributed circum-
ferentially around the second rotor disk 36 in an annular
array. Each of the second rotor blades 38 is connected to and
projects radially (relative to the second rotor axis 32) out
from the second rotor disk 36.

[0034] The engine core 26 extends axially along a core
axis 40 between a forward, upstream airflow inlet 42 and an
aft, downstream core exhaust nozzle 44; e.g., a fixed exhaust
nozzle. The core axis 40 may be an axial centerline of the
engine core 26 and may be horizontal when the aircraft is on
the ground. This core axis 40 may be parallel (e.g., coaxial)
with the first rotor axis 28 and, thus, angularly offset from
the second rotor axis 32. The engine core 26 of FIG. 1
includes a compressor section 46, a combustor section 47
and a turbine section 48. The turbine section 48 of FIG. 1
includes a high pressure turbine (HPT) section 48A and a
low pressure turbine (LPT) section 48B (also sometimes
referred to as a power turbine section).

[0035] The engine sections 46-48B are arranged sequen-
tially along the core axis 40 within an engine housing 50.
This engine housing 50 includes an inner case 52 (e.g., a
core case) and an outer case 54 (e.g., a fan case). The inner
case 52 may house one or more of the engine sections
46-48B; e.g., the engine core 26. The outer case 54 may
house the first propulsor rotor 22. The outer case 54 of FIG.
1 also axially overlaps and extends circumferentially about
(e.g., completely around) the inner case 52 thereby at least
partially forming a bypass flowpath 56 radially between the
inner case 52 and the outer case 54.

[0036] Each of the engine sections 46, 48A and 48B
includes a bladed rotor 58-60 within that respective engine
section 46, 48A, 48B. Each of these bladed rotors 58-60
includes a plurality of rotor blades arranged circumferen-
tially around and connected to one or more respective rotor
disks. The rotor blades, for example, may be formed integral
with or mechanically fastened, welded, brazed, adhered
and/or otherwise attached to the respective rotor disk(s).
[0037] The compressor rotor 58 is connected to the HPT
rotor 59 through a high speed shaft 62. At least (or only)
these engine components 58, 59 and 62 collectively form a
high speed rotating structure 64. This high speed rotating
structure 64 is rotatable about the core axis 40. The LPT
rotor 60 is connected to a low speed shaft 66. At least (or
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only) these engine components 60 and 66 collectively form
a low speed rotating structure 68. This low speed rotating
structure 68 is rotatable about the core axis 40. The low
speed rotating structure 68 and, more particularly, its low
speed shaft 66 may project axially through a bore of the high
speed rotating structure 64 and its high speed shaft 62.
[0038] The aircraft propulsion system 20 of FIG. 1
includes a powertrain 70 that couples the low speed rotating
structure 68 to the first propulsor rotor 22 and that couples
the low speed rotating structure 68 to the second propulsor
rotor 24. The powertrain 70 of FIG. 1 includes a geartrain
72, a transmission 74 and a gearing 76; e.g., bevel gearing.
The powertrain 70 of FIG. 1 also includes one or more shafts
78, 80, 82 and 84 and/or other torque transmission devices
for coupling the geartrain 72 to the first propulsor rotor 22
and the second propulsor rotor 24.

[0039] The geartrain 72 may be configured as an epicyclic
geartrain such as, but not limited to, a planetary geartrain
and/or a star geartrain. The geartrain 72 of FIG. 1, for
example, includes a first component 86 (e.g., an inner gear
such as a sun gear), a second component 88 (e.g., an outer
gear such as a ring gear) and a third component 90 (e.g., a
carrier supporting one or more intermediate gears such as
planet or star gears), where the components 86, 88 and 90 (or
the gears attached thereto) are meshed or otherwise engaged
with one another. The first component 86 is connected to the
low speed rotating structure 68 and its low speed shaft 66.
The second component 88 is connected to the first propulsor
rotor 22 through the first propulsor shaft 78, where the first
propulsor shaft 78 may form an output from the geartrain 72
and the engine core 26. The third component 90 is connected
to an input of the transmission 74 through the geartrain
output shaft 80, where the geartrain output shaft 80 may
form another output from the geartrain 72 and the engine
core 26.

[0040] An output of the transmission 74 is connected to an
input of the gearing 76 through the transmission output shaft
82. This transmission 74 may be configured to selectively
couple (e.g., transfer mechanical power between) the geart-
rain output shaft 80 (or the low speed shaft 66; e.g., see FI1G.
4) and the transmission output shaft 82. During the first
mode of operation, for example, the transmission 74 may be
configured to decouple the geartrain output shaft 80 (or the
low speed shaft 66; e.g., see FIG. 4) from the transmission
output shaft 82, thereby decoupling the low speed rotating
structure 68 form the second propulsor rotor 24. During the
second mode of operation (and the third mode of operation),
the transmission 74 may be configured to couple the geart-
rain output shaft 80 (or the low speed shaft 66; e.g., see FI1G.
4) with the transmission output shaft 82, thereby coupling
the low speed rotating structure 68 with the second propul-
sor rotor 24. The transmission 74 may be configured as a
clutched transmission or a clutchless transmission.

[0041] An output of the gearing 76 is connected to the
second propulsor rotor 24 through the second propulsor
shaft 84. This gearing 76 provides a coupling between the
transmission output shaft 82 rotating about the axis 28, 40
and the second propulsor shaft 84 rotating about the second
rotor axis 32. The gearing 76 may also provide a speed
change mechanism between the transmission output shaft 82
and the second propulsor shaft 84. The gearing 76, however,
may alternatively provide a 1:1 rotational coupling between
the transmission output shaft 82 and the second propulsor
shaft 84 such that these shafts 82 and 84 rotate at a common
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(e.g., the same) speed. Furthermore, in some embodiments,
the gearing 76 and the transmission output shaft 82 may be
omitted where the functionality of the gearing 76 is inte-
grated into the transmission 74. In still other embodiments,
the transmission 74 may be omitted where decoupling of the
second propulsor rotor 24 is not required.

[0042] During operation of the aircraft propulsion system
20, air enters the engine core 26 through the airflow inlet 42.
This air is directed into a core flowpath 92 which extends
sequentially through the compressor section 46, the com-
bustor section 47, the HPT section 48A and the LPT section
48B to the core exhaust nozzle 44. The air within this core
flowpath 92 may be referred to as core air.

[0043] The core air is compressed by the compressor rotor
58 (or the compressor rotors 58' and 58 of FIG. 4) and
directed into a (e.g., annular) combustion chamber 94 of a
(e.g., annular) combustor in the combustor section 47. Fuel
is injected into the combustion chamber 94 through one or
more fuel injectors 96 (one visible in FIG. 1) and mixed with
the compressed core air to provide a fuel-air mixture. This
fuel-air mixture is ignited and combustion products thereof
flow through and sequentially cause the HPT rotor 59 and
the LPT rotor 60 to rotate. The rotation of the HPT rotor 59
drives rotation of the high speed rotating structure 64 and its
compressor rotor 58. The rotation of the LPT rotor 60 drives
rotation of the low speed rotating structure 68. The rotation
of the low speed rotating structure 68 drives rotation of the
first propulsor rotor 22 through the geartrain 72 during a
select mode or modes of operation; e.g., the first and the
third modes of operation. The rotation of the low speed
rotating structure 68 drives rotation of the second propulsor
rotor 24 through the geartrain 72 during a select mode or
modes of operation; e.g., the second and the third modes of
operation. During the first mode of operation, the transmis-
sion 74 may decouple the low speed rotating structure 68
from the second propulsor rotor 24 such that the low speed
rotating structure 68 does not drive rotation of the second
propulsor rotor 24. The second propulsor rotor 24 may
thereby be stationary (or windmill) during the first mode of
operation.

[0044] During at least the first mode of operation, the
rotation of the first propulsor rotor 22 propels bypass air
(separate from the core air) through the aircraft propulsion
system 20 and its bypass flowpath 56 to provide the first
direction propulsion; e.g., the forward, horizontal thrust.
During at least the second mode of operation, the rotation of
the second propulsor rotor 24 propels additional air (separate
from the core air and the bypass air) to provide the second
direction propulsion; e.g., vertical lift. The aircraft may
thereby takeoff, land and/or otherwise hover during the
second mode of operation, and the aircraft may fly forward
or otherwise move during the first mode of operation.
[0045] During each mode of operation, the low speed
rotating structure 68 is coupled to the first propulsor rotor 22
through the geartrain 72 (or the low speed shaft 66; e.g., see
FIG. 4). Rotation of the first propulsor rotor 22 at or above
a certain rotational speed may generate horizontal thrust
during the first mode of operation to propel the aircraft
horizontally forward. Generating horizontal thrust (or sig-
nificant amounts of horizontal thrust) may hinder and/or be
less advantageous for certain aircraft takeoff, landing and/or
hovering maneuvers during the second mode of operation.
Furthermore, producing horizontal thrust with the first pro-
pulsor rotor 22 during the second mode of operation may



US 2023/0383695 Al

also take away engine core power that could otherwise be
provided to the second propulsor rotor 24 for vertical aircraft
lift. The aircraft propulsion system 20 of FIG. 1 is therefore
provided with a thrust control system 98. This thrust control
system 98 is configured to reduce (or ideally eliminate) the
horizontal thrust generated by the first propulsor rotor 22
during the second mode of operation.

[0046] The thrust control system 98 of FIG. 1 includes the
engine core 26 and an engine controller 100. The engine
controller 100 may be implemented with a combination of
hardware and software. The hardware may include at least
one processing device 102 and memory 104. The processing
device 102 may include one or more single-core and/or
multi-core processors. The hardware may also or alterna-
tively include analog and/or digital circuitry other than that
described above.

[0047] The memory 104 is configured to store software
(e.g., program instructions) for execution by the processing
device 102, which software execution may control and/or
facilitate performance of one or more operations such as
those described below. The memory 104 may be a non-
transitory computer readable medium. For example, the
memory 104 may be configured as or include a volatile
memory and/or a nonvolatile memory. Examples of a vola-
tile memory may include a random access memory (RAM)
such as a dynamic random access memory (DRAM), a static
random access memory (SRAM), a synchronous dynamic
random access memory (SDRAM), a video random access
memory (VRAM), etc. Examples of a nonvolatile memory
may include a read only memory (ROM), an electrically
erasable programmable read-only memory (EEPROM), a
computer hard drive, etc.

[0048] The engine controller 100 is configured to selec-
tively control operation of the engine core 26. The engine
controller 100, for example, may signal a fuel flow device
106 (e.g., a fuel pump, a fuel valve, etc.) to regulate (e.g.,
maintain, increase or decrease) fuel delivery to the injectors
96. The engine controller 100 may signal an actuator 108
coupled to a variable vane array within one of the engine
sections 46, 48 to regulate (e.g., maintain, increase or
decrease) gas flow through the variable vane array. The
engine controller 100, of course, may also or alternatively
signal one or more other devices within the aircraft propul-
sion system to influence operation of the engine core 26.
[0049] During the first mode of operation, the engine core
26 is operated by the engine controller 100 to rotate the low
speed rotating structure 68 at a relatively fast first rotational
speed (X) about the axis 28, 40. During the second mode of
operation, the engine core 26 is operated by the engine
controller 100 to rotate the low speed rotating structure 68
at a relatively slow second rotational speed (Y) about the
axis 28, 40. The second rotational speed is selected to be less
than the first rotational speed. The second rotational speed,
for example, may be equal to or less than eighty percent
(80%) of the first rotational speed. More particularly, the
second rotational speed may be between fifty-five percent
(55%) and seventy-five percent (75%) of the first rotational
speed.

[0050] Referring to FIGS. 1 and 2, rotational speed of the
first propulsor rotor 22 may be directly related to the
propulsive thrust generated by the first propulsor rotor 22.
Therefore, since the low speed rotating structure 68 drives
rotation of the first propulsor rotor 22, decreasing the
rotational speed of the low speed rotating structure 68 may
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reduce the propulsive thrust generated by the first propulsor
rotor 22. The first propulsor rotor 22 may thereby generate
less propulsive thrust during the second mode of operation
where the low speed rotating structure 68 is rotating at the
relatively slow second rotational speed than during the first
mode of operation where the low speed rotating structure 68
is rotating at the relatively fast first rotational speed.

[0051] The blades 30 of the first propulsor rotor 22 of FIG.
1 may have blade profiles designed to provide relatively
high (e.g., maximum) efficiency and/or generate relatively
high (e.g., maximum) propulsive thrust while the low speed
rotating structure 68 is rotating at the first rotational speed.
These blade profiles may also be designed to generate
relatively low or de minimis thrust while the low speed
rotating structure 68 is rotating at the second rotational
speed. The propulsive thrust generated by the first propulsor
rotor 22 during the first mode (or the third mode) of
operation, for example, may be at least one and one-half
times (1.5x), two times (2x), five times (5x) or more
thrust/propulsive power generated by the first propulsor
rotor 22 (if any at all) during the second mode of operation.
Since the thrust generated by (e.g., work performed by) the
first propulsor rotor 22 is significantly reduced (or ideally
eliminated) during the second mode of operation, more
rotational power may be transmitted from the low speed
rotating structure 68 to the second propulsor rotor 24 during
the second mode of operation.

[0052] While the first propulsor rotor 22 may be optimized
for rotation of the low speed rotating structure 68 at the first
rotational speed, the second propulsor rotor 24 may be
optimized for rotation of the low speed rotating structure 68
at the second rotational speed. More particularly, the blades
38 of the second propulsor rotor 24 may have blade profiles
designed to provide relatively high (e.g., maximum) effi-
ciency and/or generate relatively high (e.g., maximum)
propulsive lift while the low speed rotating structure 68 is
rotating at the second rotational speed. Therefore, even
though the first propulsor rotor 22 is generating less thrust
during the second mode of operation, the second propulsor
rotor 24 may be operating to its full potential.

[0053] Reducing the rotational speed of the low speed
rotating structure 68 reduces compression performed by the
first propulsor rotor 22 (and the compressor rotor 58' of FIG.
5) and, thus, a pressure ratio across a section 45, which
includes the first propulsor rotor 22, and compressor section
46. However, the LPT section 48B may have a substantially
uniform pressure ratio across a range of rotational speeds
using, for example, the incident-tolerant aerodynamics.
Therefore, referring to FIG. 3, reducing the rotational speed
of the low speed rotating structure 68 may also reduce an
engine pressure ratio (EPR) of the aircraft propulsion system
20 and, thus, (e.g., horizontal) propulsive thrust generated
by the engine core 26. This engine pressure ratio may be
measured as a total gas pressure at the exhaust nozzle 44
divided by a total gas pressure at an airflow inlet 43 to the
propulsor section 45. For example, while the low speed
rotating structure 68 is rotating at the first rotational speed
during the first mode of operation, the aircraft propulsion
system 20 may have a first engine pressure ratio greater than
1.2; e.g., between 1.25 and 3.0. However, while the low
speed rotating structure 68 is rotating at the second rota-
tional speed during the second mode of operation, the
aircraft propulsion system 20 may have a second engine
pressure ratio less than 1.1; e.g., between 1.01 and 1.06.
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Decreasing the rotational speed of the low speed rotating
structure 68 may thereby reduce both horizontal thrust
generated by the first propulsor rotor 22 and the engine core
26.

[0054] In some embodiments, the low speed rotating
structure 68 is coupled to the first propulsor rotor 22 and/or
the second propulsor rotor 24 through the geartrain 72. In
other embodiments, referring to FIG. 4, the low speed
rotating structure 68 may be coupled to the first propulsor
rotor 22 and/or the second propulsor rotor 24 without a
geartrain. The first propulsor rotor 22 of FIG. 4, for example,
is coupled to the low speed shaft 66 through a direct
connection such that the first propulsor rotor 22 rotates at a
common (e.g., the same) speed with the low speed rotating
structure 68.

[0055] In some embodiments, referring to FIGS. 1 and 4,
the low speed rotating structure 68 may be configured
without a compressor rotor. In other embodiments, referring
to FIG. 5, the low speed rotating structure 68 may include a
low pressure compressor (LPC) rotor 58' arranged within a
low pressure compressor (LPC) section 46A of the com-
pressor section 46. In such embodiments, the compressor
rotor 58 may be a high pressure compressor (HPC) rotor
within a high pressure compressor (HPC) section 46B of the
compressor section 46.

[0056] The engine core 26 may have various configura-
tions other than those described above. The engine core 26,
for example, may be configured with a single spool, with
two spools (e.g., see FIG. 1), or with more than two spools.
The engine core 26 may be configured with one or more
axial flow compressor sections, one or more radial flow
compressor sections, one or more axial flow turbine sections
and/or one or more radial flow turbine sections. The engine
core 26 may be configured with any type or configuration of
annular, tubular (e.g., CAN), axial flow and/or reverser flow
combustor. The present disclosure therefore is not limited to
any particular types or configurations of gas turbine engine
cores. Furthermore, it is contemplated the engine core 26 of
the present disclosure may drive more than the two propul-
sors 22 and 24. The aircraft propulsion system 20, for
example, may include two or more of the first propulsor
rotors 22 and/or two or more of the second propulsor rotors
24. For example, the aircraft propulsion system 20 of FIG.
6 includes multiple second propulsor rotors 24 rotatably
driven by the low speed rotating structure 68. These second
propulsor rotors 24 may rotate about a common axis. Alter-
natively, each second propulsor rotor 24 may rotate about a
discrete axis where, for example, the second propulsor rotors
24 are laterally spaced from one another and coupled to the
low speed rotating structure 68 through a power splitting
geartrain 110.

[0057] While various embodiments of the present disclo-
sure have been described, it will be apparent to those of
ordinary skill in the art that many more embodiments and
implementations are possible within the scope of the dis-
closure. For example, the present disclosure as described
herein includes several aspects and embodiments that
include particular features. Although these features may be
described individually, it is within the scope of the present
disclosure that some or all of these features may be com-
bined with any one of the aspects and remain within the
scope of the disclosure. Accordingly, the present disclosure
is not to be restricted except in light of the attached claims
and their equivalents.
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What is claimed is:

1. A propulsion system for an aircraft, comprising:

a first propulsor rotor configured to generate propulsive

thrust;

a second propulsor rotor configured to generate propul-

sive lift; and

a gas turbine engine core comprising a compressor sec-

tion, a combustor section, a turbine section and a
rotating structure, the rotating structure comprising a
turbine rotor within the turbine section;

the gas turbine engine core configured to rotate the

rotating structure at a first rotational speed during a first
mode to drive the first propulsor rotor to generate the
propulsive thrust; and

the gas turbine engine core configured to rotate the

rotating structure at a second rotational speed during a
second mode to drive the second propulsor rotor to
generate the propulsive lift, wherein the second rota-
tional speed is less than eighty percent of the first
rotational speed.

2. The propulsion system of claim 1, wherein the second
rotational speed is between fifty-five percent and seventy-
five percent of the first rotational speed.

3. The propulsion system of claim 1, wherein

the propulsion system has a first engine pressure ratio

during the first mode; and

the propulsion system has a second engine pressure ratio

during the second mode that is less than the first engine
pressure ratio.
4. The propulsion system of claim 3, wherein the first
engine pressure ratio is greater than 1.2.
5. The propulsion system of claim 3, wherein the second
engine pressure ratio is less than 1.1.
6. The propulsion system of claim 3, wherein
the first engine pressure ratio is between 1.25 and 3.0; and
the second engine pressure ratio is between 1.01 and 1.06.
7. The propulsion system of claim 1, wherein
the gas turbine engine core is further configured to rotate
the first propulsor rotor during the second mode; and

the first propulsor rotor is configured to generate at least
one and one-half times more thrust during that first
mode than during the second mode.

8. The propulsion system of claim 1, further comprising
a transmission configured to

decouple the second propulsor rotor from the rotating

structure during the first mode; and

couple the second propulsor rotor to the rotating structure

during the second mode.

9. The propulsion system of claim 1, further comprising
a geartrain coupling the rotating structure to the first pro-
pulsor rotor and the second propulsor rotor.

10. The propulsion system of claim 1, wherein

the first propulsor rotor is rotatable about a first axis; and

the second propulsor rotor is rotatable about a second axis

that is angularly offset from the first axis.

11. The propulsion system of claim 1, wherein the first
propulsor rotor comprises a ducted rotor.

12. The propulsion system of claim 1, wherein the second
propulsor rotor comprises an open rotor.

13. The propulsion system of claim 1, wherein the second
propulsor rotor is one of a plurality of second propulsor
rotors rotatably driven by the rotating structure during the
second mode.
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14. The propulsion system of claim 1, wherein

the gas turbine engine core further includes a second
rotating structure;

the second rotating structure includes a compressor rotor
within the compressor section and a second turbine
rotor within the turbine section.

15. A propulsion system for an aircraft, comprising:

a first propulsor rotor configured to generate propulsive
thrust;

a second propulsor rotor configured to generate propul-
sive lift; and

a gas turbine engine core comprising a compressor sec-
tion, a combustor section, a turbine section and a
rotating structure, the rotating structure comprising a
turbine rotor within the turbine section;

the gas turbine engine core configured to rotate the
rotating structure during a first mode to drive the first
propulsor rotor to generate the propulsive thrust, and
the propulsion system having a first engine pressure
ratio during the first mode; and

the gas turbine engine core configured to rotate the
rotating structure during a second mode to drive the
second propulsor rotor to generate the propulsive lift,
and the propulsion system having a second engine
pressure ratio during the second mode, wherein the
second engine pressure ratio is less than the first engine
pressure ratio.

16. The propulsion system of claim 15, wherein the first

engine pressure ratio is between 1.25 and 3.0.
17. The propulsion system of claim 15, wherein the
second engine pressure ratio is between 1.01 and 1.06.
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18. The propulsion system of claim 15, wherein

the gas turbine engine core is configured to rotate the
rotating structure at a first rotational speed during the
first mode to drive the first propulsor rotor to generate
the propulsive thrust; and

the gas turbine engine core is configured to rotate the

rotating structure at a second rotational speed during
the second mode to drive the second propulsor rotor to
generate the propulsive lift, and the second rotational
speed is less than eighty percent of the first rotational
speed.

19. The propulsion system of claim 18, wherein the
second rotational speed is between fifty-five percent and
seventy-five percent of the first rotational speed.

20. An aircraft system, comprising:

a first output;

a second output; and

a gas turbine engine core comprising a compressor sec-

tion, a combustor section, a turbine section and a
rotating structure, the rotating structure comprising a
turbine rotor within the turbine section;

the gas turbine engine core configured to rotate the

rotating structure at a first rotational speed during a first
mode to rotatably drive the first output, and the pro-
pulsion system having a first engine pressure ratio
between 1.25 and 3.0 during the first mode; and

the gas turbine engine core configured to rotate the

rotating structure at a second rotational speed during a
second mode to rotatably drive the second output, the
second rotational speed between fifty-five percent and
seventy-five percent of the first rotational speed, and
the propulsion system having a second engine pressure
ratio between 1.01 and 1.06 during the second mode.
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