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COMBINATION COMPRESSED-FLUID EJECTOR AND PROPELLER
PROPULSION SYSTEM

COPYRIGHT NOTICE

[0001] This disclosure is protected under United States and International Copyright
Laws. © 2019 Jetoptera. All rights reserved. A portion of the disclosure of this patent
document contains material which is subject to copyright protection. The copyright owner
has no objection to the facsimile reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office patent file or records, but

otherwise reserves all copyrights whatsoever.
PRIORITY CLAIM

[0002] This patent application claims priority from U.S. Provisional Patent
Application No. 62/673,094 filed May 17, 2018, the contents of which are hereby

incorporated by reference as if fully set forth herein.
BACKGROUND

[0003] For VTOL and STOL aircraft, what is needed are levels of performance with
better footprint, lower VTOL noise, more compact landing-space requirements, better

reliability and operating costs.
BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0004] FIG. 1 illustrates a top view of an embodiment of the present invention;
[0005] FIG. 2 is a rear view of the embodiment of the present invention shown in

FIG. 1;
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[0006] FIG. 3 is a front view of the embodiment of the present invention shown in
FIG. 1;

[0007] FIG. 4. illustrates an embodiment of the present invention in rear perspective
view; and

[0008] FIG. 5 illustrates a propulsion system according to an embodiment the present

invention in top perspective view.
DETAILED DESCRIPTION

[0009] This patent application is intended to describe one or more embodiments of
the present invention. It is to be understood that the use of absolute terms, such as “must,”
“will,” and the like, as well as specific quantities, is to be construed as being applicable to
one or more of such embodiments, but not necessarily to all such embodiments. As such,
embodiments of the invention may omit, or include a modification of, one or more features or
functionalities described in the context of such absolute terms.

[0010] One or more embodiments provide architecture allowing a switch from an FPS
thruster to a turboprop and vice versa, the features of blocking a turbine to feed gases to a
fluidic thruster and vice versa, the modus operandum of the aircraft VTOL and STOL
procedures, fuel savings for a VTOL aircraft, simplicity compared to complicated swiveling
turboprops, compactness and integration including weight savings of such system compared
to tilt rotors, aircraft dynamics advantages by segregating the VTOL system from the
horizontal flight by simple closing and opening of valves. This system may allow the aircraft
unprecedented levels of performance with better footprint, lower VTOL noise and more
compact landing-space requirements, better reliability and operating costs because of simpler
mechanisms.

[0011] An embodiment includes a gas generator connected fluidically with at least
one thruster having a variable faceplate that can close completely, thereby forcing the flow of
the gas produced by the gas generator over a turbine. The gas generator may be connected to
a turbine in the center of the aircraft, which has a nozzle to accelerate and expand the hot,
pressurized gas from the gas generator into a turbine, after which exhaust gases are expelled
out of the system via exhaust ports 540.

[0012] At one extreme a valve entirely blocks the passage to the turbine forcing the
gas to be directed towards the fluidic thruster and generating vertical force using

augmentation ratios exceeding, for example, 2:1. In this instance (VTOL phase), the flow to
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the turbine may be blocked by a closed valve, or plugs, so the turbine is not rotating and
therefore the propeller is likewise not rotating. As the aircraft ascends using the FPS
thrusters, the faceplates on said thrusters are beginning to close, forcing the gas to accelerate
over the Coanda surface and increase thrust to a point at which the airplane is airborne and
high enough to begin the transition. Transition is marked by unblocking the flow over the
turbine via slowly opening the valve to the turbine and/or slowly removing the
plugs/obstructions on the exhaust ports 540 from the turbine and pulling the brake off the
turbine- the turbine accelerates and starts driving the propeller. The turbine and propeller may
be connected to each other mechanically via a gear mechanism to drive the correct RPM
(reduction gear) from a high RPM of the turbine to the low RPM of the large propeller. While
the faceplates continue to close, the thrusters produce the same thrust to keep the aircraft
airborne, the plane becomes lighter due to the burn of fuel and the propeller starts moving the
airplane forward so the airframe starts producing lift.

[0013] At a range of between 30-60 knots, for example, the plane is producing
enough lift to stay airborne and the propeller can switch to cruise condition via throttling
back the gas generator (less gas sent to the turbine) and the fluidic thrusters are completely
shut by faceplates being fully shut. Any passage of hot gas is thus forced to go through the
turbine. The converse is used for landing vertically, if desired; the turbine valve starts closing
while the faceplates of the thrusters open up allowing hot gas to be injected through the slots
formed in the thrusters between faceplates and Coanda surface. The aircraft forward speed
slows down while the thrusters start generating enough thrust for vertical landing, with the
propeller/shaft/gear/shaft/turbine fully blocked at landing. Fully opened thrusters produce via
FPS enough thrust for slow descent and landing.

[0014] FIGS. 1-3 illustrate a vehicle 100 according to an embodiment of the invention
from different perspective views. In FIGS. 1-4, the vehicle 100 has a jet augmenting
propulsive system with particular emphasis on VTOL capabilities. More specifically, vehicle
100 includes a main body 101 having a fore portion 102 and a tail portion 103. Main body
101 may include a cockpit portion (not shown) configured to enable manned operation of the
vehicle 100. As with all flying/sailing craft, vehicle 100 has a starboard side and a port side.
A fluid generator 104 is coupled to the main body 101 and produces a fluid stream. In an
embodiment, the fluid generator 104 is disposed in the main body 101. At least one fore
conduit (111 in FIG. 3) and at least one tail conduit 112 are fluidly coupled to the generator
104.
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[0015] First and second fore ejectors 105, 106 are fluidly coupled to the at least one
fore conduit 111, coupled to the fore portion 102 and respectively coupled to the starboard
side and port side. The fore ejectors 105, 106 respectively include outlet structure 107, 108
out of which fluid from the at least one fore conduit 111 flows at a predetermined adjustable
velocity. Additionally, the entirety of each of the fore ejectors 105, 106 is rotatable about an
axis oriented parallel to the leading edges of the fore ejectors (i.e., transverse axis) to provide
thrust orientation with both forward and upward components, for example, allowing the
vehicle 100 to take off and continue climbing at much steeper angles of attack and hence
reducing the runway length needed. At the end of the climb or during the climb, the fore
gjectors 105, 106 can be realigned to the main direction of flight or shut off completely by
turning off the bleed valves of the engine/gas generator 104 and adapting the speed and
operation of the gas generator accordingly, driving the rear propulsion system (e.g., tail
gjectors 109, 110). After landing, the fore ejectors 105, 106 can be swiveled 180 degrees to
provide a thrust reverse against the direction of the landing, shortening the landing length. In
an embodiment, the entirety of each of the fore gjectors 105, 106 is rotatable about an axis
oriented perpendicular to the leading edges of the fore ejectors.

[0016] First and second tail ejectors 109, 110 is fluidly coupled to the at least one tail
conduit 112 and coupled to the tail portion 103. The tail ejectors 109, 110 include outlet
structure 113, 114 out of which fluid from the at least one tail conduit 112 flows at a
predetermined adjustable velocity. Additionally, the entirety of each of the tail ejectors 109,
110 is rotatable about an axis oriented parallel to the leading edges of the tail ejectors (i.e.,
transverse axis). In an embodiment, the entirety of each of the tail ejectors 109, 110 is
rotatable about an axis oriented perpendicular to the leading edges of the tail ejectors.

[0017] In an embodiment, the fluid generator 104 includes a first region in which the
fluid stream is at a low temperature and a second region in which the fluid stream is at a high
temperature. The at least one fore conduit 111 provides fluid from the first region to the fore
gjectors 105, 106, and the at least one tail conduit 112 provides fluid from the second region
to the tail ejectors 109, 110.

[0018] A primary airfoil element 115 is coupled to the tail portion 103. Element 115
is located directly downstream of the fore ejectors 105, 106 such that the fluid from the fore
gjectors flows over at least one aerodynamic surface of the primary airfoil element. In an
embodiment, the primary airfoil element 115 is a closed wing having a leading edge 121 and
a trailing edge 122, the leading and trailing edges of the closed wing defining an interior

region 123. Tail ejectors 109, 110 are at least partially disposed within the interior region 123

4-
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(i.e., between leading edge 121 and trailing edge 122) and are controllably movable (e.g.,
advancement, retraction, etc.) within the interior region relative to the airfoil element 115. As
such, a shroud is formed by primary airfoil element 115 around the tail ejectors 109, 110,
thereby forming a macro-ejector.

[0019] The vehicle 100 further includes first and second canard wings 117, 118
coupled to the fore portion 102 and respectively coupled to the starboard side and port side.
The canard wings 117, 118 are configured to develop boundary layers of ambient air flowing
over the canard wings when the vehicle 100 is in motion. The canard wings 117, 118 are
respectively located directly upstream of the fore ejectors 105, 106 such that the fore ejectors
are fluidly coupled to the boundary layers. The fore ejectors 105, 106 respectively include
inlet portions (i.e., leading edges) 119, 120, and the fore ejectors are positioned such that the
boundary layers are ingested by the inlet portions.

[0020] FIG. 4 illustrates the vehicle 100 in rear perspective view. Vehicle 100
includes a turbo-propeller propulsive system with particular emphasis on short take-off and
landing (STOL) capabilities. Vehicle 100 includes a propeller 510 driven by a turbine 511,
which is in turn powered by fluid generator 104. An embodiment can include a support
assembly 520, such as legs or other appropriate device, that provide support to vehicle 500
such that there is enough space and/or offset between the propeller 510 and a landing/takeoff
surface when the vehicle 500 is at rest. Support assembly 520 preferably extends from the tail
portion 103 and is substantially parallel to the main body 101.

[0021] One or more embodiments primarily use a fluidic propulsive ejector/thruster
system (FPS) for VTOL or STOL maneuvers. Exemplary FPS systems are described in U.S.
Patent Application Nos. 15/456,450, 15/221,389 and 15/256,178, for example, which are
hereby incorporated by reference as if fully set forth herein. As best shown in FIG. 5, hot
gases from gas generator 104 can be redirected from FPS thrusters 109, 110 to flow over the
free turbine 511 that is mechanically connected to a gear 512 and the propeller 510. Such a
system includes one or more plugs 513 or other blocking elements that block flow from the
generator 104 to the turbine/propeller 511, 510 at takeoff so that the aircraft 100 gains
altitude during liftoff using only the FPS thrusters 109, 110, which receive the compressed
fluid from the generator 104 via conduit 112 and are directed vertically to ground to enable
vertical flight and may be able to swivel between vertical and horizontal positions. During a
transition period after vehicle liftoff, generator gases are allowed to flow into both the FPS
thrusters 109, 110 and the turbine 511, the latter of which is consequently accelerated. The
faceplates 530 on the FPS system thrusters 109, 110 (or other obstructive device/system

-5-
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serving a similar purpose) may begin slowly closing, and at a predetermined altitude the
aircraft 100 will have directed all generator gas flow into the turbine 511, driving the
propeller 510 and moving the aircraft forward at increasing speeds. By the time the FPS
thrusters 109, 110 are completely shut via, for example, faceplates 530 closing all passages
feeding the Coanda surfaces of the thrusters, the entire mass flow rate from the gas generator
104 is directed over the turbine 511 driving the propeller 510. To the exclusion of the
thrusters109, 110, the aircraft 100 has a speed to support lift itself (e.g., 40-50 knots) without
the use of the FPS thrusters, and the throttle can be dialed back for economic advantage, with
the propeller 510 at cruise condition and the entire system acting as a turboprop. The fuel
economy may be half that of the FPS in level flight.

[0022] Although the foregoing text sets forth a detailed description of numerous
different embodiments, it should be understood that the scope of protection is defined by the
words of the claims to follow. The detailed description is to be construed as exemplary only
and does not describe every possible embodiment because describing every possible
embodiment would be impractical, if not impossible. Numerous alternative embodiments
could be implemented, using either current technology or technology developed after the

filing date of this patent, which would still fall within the scope of the claims.

[0023] Thus, many modifications and variations may be made in the techniques and
structures described and illustrated herein without departing from the spirit and scope of the
present claims. Accordingly, it should be understood that the methods and apparatus

described herein are illustrative only and are not limiting upon the scope of the claims.
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What is claimed is:

1. A propulsion system, comprising:

a source of compressed fluid;

at least one thruster in fluid communication with the source;

at least one turbine in fluid communication with the source and coupled to a propeller;
and

an apparatus for selectively providing the compressed fluid to one or both of the at

least one thruster and the at least one turbine.

2. The propulsion system of claim 1, wherein the apparatus comprises at least
one exhaust port and at least one plugging device that is controllably operable to open and

close the at least one exhaust port.

3. The propulsion system of claim 1, wherein the apparatus comprises at least
one obstructive device coupled to the at least one thruster that is controllably operable to

enable and disable fluid flow from the source to the at least one thruster.

4, An aircraft, comprising:

a source of compressed fluid;

at least one thruster in fluid communication with the source;

at least one turbine in fluid communication with the source and coupled to a propeller;
and

an apparatus for selectively providing the compressed fluid to one or both of the at

least one thruster and the at least one turbine.

5. The aircraft of claim 4, wherein the apparatus comprises at least one exhaust
port and at least one plugging device that is controllably operable to open and close the at

least one exhaust port.
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6. The aircraft of claim 4, wherein the apparatus comprises at least one
obstructive device coupled to the at least one thruster that is controllably operable to enable

and disable fluid flow from the source to the at least one thruster.
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