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(7) ABSTRACT

An internal combustion rotary engine that employs resilient,
flexible vanes attached to a rotor that spins within an oval
cavity in a housing. The vanes, which are long enough to
extend slightly radially from the rotor by a distance beyond
the interior surface of the cavity, bend in response to the
cyclical variation between the rotor and the oval cavity in
order to define four chambers and form a sliding seal with
the interior surface. As the vanes revolve with the rotating
rotor, the volumes of these four chambers vary cyclically
and enable the four phases of an approximate Otto Cycle.
The engine is more efficient than a conventional, recipro-
cating engine because the expansion force of the combustion
gas acts directly on the rotating element with a minimum of
moving parts.
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1
FLEXIBLE VANE ROTARY ENGINE

CROSS REFERENCE TO RELATED
APPLICATIONS

Not Applicable

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable. REFERENCE TO A SEQUENCE
LISTING, A TABLE, OR A COMPUTER PROGRAM
LISTING COMPACT DISK APPENDIX

Not Applicable.
FIELD OF THE INVENTION

The present invention relates generally to internal com-
bustion engines using thermodynamic cycles such as the
Otto Cycle or Diesel Cycle, and, in particular, to rotary
engines.

BACKGROUND OF THE INVENTION

The internal combustion engine releases the potential
energy stored in fuel, such as gasoline, by burning the fuel
and providing a means to convert the gases released by
combustion, which expand according to the Otto Cycle or
the Diesel Cycle, into mechanical energy.

In the last century, the means by which the gas expansion
force has been converted into mechanical energy has been
the focus of much development and refinement. Traditional
engine designs have concentrated on the reciprocating
engine that allows the expanding gas to act on the rotating
element such as a shaft indirectly through a piston and rod.
As the gas expands, pressure is exerted on a piston in a
cylinder and the piston is forced downward. A rod attached
to the piston transmits the downward force to a crankshaft.
The force acts tangential to the rotation of the shaft and
creates a torque on the shaft. In response to the torque
applied to the shaft, the shaft begins to turn. While this
arrangement is a venerable one, it has shortcomings due to
large mass to low power ratio, high friction due to many
moving parts, low relative speed, and high cost due to
complexity of the assembly.

These shortcomings have pushed inventors toward devel-
oping rotary engines where the expanding gas is applied
directly to the rotating element that produces mechanical
energy instead of through pistons, rods, and crankshafts. A
rotary engine typically has a rotor that turns inside a
housing, and is either directly connected to a shaft, which is
analogous to the crankshaft in a reciprocating engine, or is
connected to a shaft through a planetary gear system. Many
practical rotary designs have used a specially-shaped cavity
inside a housing and a gear system to allow the rotor to
follow the contours of the cavity to achieve the expansion
and compression phases of the Otto Cycle. The planetary
gear rotary engine is also proven and refined, but it has
several limitations such as epitrochoidal housing shapes
requiring complicated machining and rotor seals.

Simpler rotary engine geometries exist including engines
employing oval-shaped interior housing cavities. The oval
cavity shape allows direct attachment of the rotor to the
shaft, thereby eliminating the planetary gears and increasing
the efficiency. The rotors are smaller and use thin vanes that
respond to the oval cavity and allow for the dimensional
changes of the control volume. Until now, such arrange-
ments have relied on rotors with special slots where the
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vanes retract mechanically into the rotor. This system is
complicated and requires additional moving parts, such as
bearings, and machining steps.

Therefore, the need exists for an engine that offers (1)
direct conversion of chemical energy to rotational mechani-
cal energy (2) direct connection of the rotor to the shaft and
(3) a minimum of moving and machined parts.

SUMMARY OF THE INVENTION

The present invention is a rotary engine that uses plural,
resilient, flexible, equally distributed vanes fixed to a central
hub, or rotor. The invention is also a vehicle with the
improved rotary engine and a rotor assembly. In one
application, the vehicle is a drone airplane, however, other
applications such as helicopters, boats, and land-based
vehicles are possible where a drive train, with a transmission
and wheels, is used instead of a propeller. The essential
elements of the vehicle are a frame to which the engine is
mounted, a means for controlling the engine such as a servo
or cable control connected to a throttling valve, and an
output means such as a propeller or drive train to convert the
engine output shaft work into vehicle propulsion.

The engine output shaft is connected to the rotating
element of the rotary engine. In the preferred embodiment,
the rotating element is a rotor, which directly turns the
output shaft centered in the engine housing having an
oval-shaped interior cavity surface and four equally spaced
vanes. However, a stationary rotor in a rotating housing is
also possible as was shown by some of the earliest inven-
tions of Dr. Felix Wankel.

In the preferred embodiment, the oval housing cavity
shape causes the distance between the interior surface of the
housing cavity and the shaft center at the nearest point to
vary cyclically as the shaft and rotor turn. The resilience and
flexibility of the vanes allows for bending of the vanes as the
shaft rotates while the vanes resiliently adapt to the cyclical
variation in the radial distance between the interior surface
of the housing cavity and shaft center. The vanes bend away
from the direction of rotation. Contoured recesses in the
rotor receive the vanes, anchoring them so they do not
separate from the rotor and allowing the vanes to flex in
cooperation with the housing. The cooperation between the
vanes and the housing is such that the vanes form a movable
seal with the housing interior surfaces and define a number
of chambers equal to the number of vanes. The cyclical
variation in distance changes the volume of each chamber
cyclically to accomplish the four-phase internal combustion
cycle approximating the Otto Cycle.

The four phases of engine operation are:

(1) Intake—rotating vanes sweep an expanding fluid, such
as an air-fuel vapor mixture, into the engine through an
intake port in the housing. The air-fuel vapor mixture is
delivered through carburetors or various fuel injection
arrangements typical of combustion engines.

(2) Compression—the expanding fluid is compressed.
The vanes move the expanding fluid in orbit around the hub
so that the chamber volume decreases, the vanes bending in
reaction to a decreasing radial distance between the rotor
and the interior surface of the housing cavity.

(3) Combustion/Expansion—at maximum compression,
an expansion-initiating means such as a spark plug, glow
plug, or compression ignition ignites the air/fuel mixture.
The expansion initiating means can be simply a threaded
hole or an entire pre-combustion chamber with multiple
spark plugs. The resulting combustion causes the com-
pressed mixture to combust which in turn causes the prod-
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ucts of combustion, namely gases, to expand, causing a force
to be applied to the vanes. The applied force creates a torque
on the rotor and shaft. Power is transmitted through the shaft
to perform work.

(4) Exhaust—the expanding fluid has fully expanded and
combustion has been fully accomplished. Residual gases are
swept along by the vanes to an exhaust port and are vented
to the atmosphere.

In the preferred embodiment, gasoline will be used as a
fuel and a spark plug will be used as the expansion initiating
means. However, any number of conventional fuels may be
used including hydrogen, methane, alcohol, propane, and
diesel fuel. It is foreseeable that such other fuels may require
changes to the expansion initiating means as well, including
a pre-combustion chamber to obtain a more complete com-
bustion of leaner fuel mixtures.

Housings and rotors made of other materials besides
metal, such as thermoplastics, are also possible, as are parts
coated with friction reducing compounds. Lightweight
materials would complement the rotary engine’s benefits of
high power to weight ratio and simplicity. The low friction
components would also complement the rotary engine’s
efficiency.

It is also conceived that the engine could operate using
other thermodynamic cycles such as the Diesel Cycle, or as
a pump as the expansion initiating means could be a tube
that would supply high-pressure fluid to the expansion
chamber.

These and other features and their advantages will be
clear to those skilled in the art of rotary engine design and
fabrication from a careful reading of the Detailed Descrip-
tion of the Preferred Embodiments, accompanied by the
following drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a small, drone airplane to
illustrate an application of an engine, according to a pre-
ferred embodiment of the present invention.

FIG. 2a—d shows front views of an engine during the four
phases of the Otto Cycle, according to a preferred embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, FIG. 1 shows the present
engine mounted in a small, drone airplane. The engine
housing 8 is fixed to the airframe 3. Housing 8 also carries
the intake and exhaust ports that are shown as intake pipe 7
and exhaust pipe 5. Servos meter the air and fuel delivery to
control the engine. The servos are controlled remotely by
radio frequency or other common remote control system.
The housing contains a rotor 18 that converts the air-fuel
mixture to mechanical energy by combustion and expansion
of the combustion gases against the vanes. Rotor 18 is
connected to the output shaft 4 that carries the power created
in the engine to the output means 6. In the case of the drone
airplane such output means is a propeller.

There are many other applications for the present engine.
For example, almost any small engine including those in
lawn care equipment such as lawn mowers and trimmers,
small vehicles such as motor scooters and golf carts, and
industrial equipment such as pumps and compressors. With
suitable choices of materials, the present engine may be used
where greater power is required as well.

FIG. 2a shows a cutaway view of the engine through
housing 8 during the intake phase, which is the first phase of
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engine operation. During this phase, the position of two of
the four, 90°-separated vanes 14 coincide approximately
with the greatest radial distance 11 between the surface of
rotor 18 and the housing cavity inner surface.

If housing 8 has an oval interior cavity surface, it will
have a major dimension along the major axis and a minor
dimension along the minor axis of the oval. Vanes 14 will
sweep along the interior cavity surface as they are revolved
with rotating rotor 18.

The air-fuel mixture 10 (represented by arrows) is deliv-
ered through the intake pipe to the intake port 12 by low
pressure created as the plural resilient, flexible vanes 14
extending towards the radial distance 11 to engage the
surface of housing cavity 9 regardless of the orientation of
rotor 18 in housing 8, since vanes 14 are dimensioned to
exceed the maximum distance from rotor 18 to the interior
cavity surface.

The recesses 16 in the rotor 18 allow the vanes 14 to bend
while revolving inside the housing cavity 9. During each
revolution within housing 8, each vane 14 moves cyclically
through two minimum radial distances to the interior cavity
surface and two maximum distances, a maximum distance
followed by a minimum followed by another maximum. As
rotor 18 rotates, the volume defined between any two
adjacent vanes 14, alternates between a larger and a smaller
volume, allowing the fluids contained with the volume to be
compressed and then expanded. Rotor 18 also cooperates
with the output shaft 4 so that shaft 4 rotates when rotor 18
rotates with respect to housing 8.

FIG. 2b shows a cutaway view of the engine through
housing 8 during the compression phase. As vanes 14
revolve toward the minimum radial distance 21 between the
rotor surface and the housing cavity inner surface, vanes 14
bend resiliently and flexibly away from the direction of
rotation while compressing the air-fuel mixture 10. The
maximum compression point occurs approximately when
one vane 14 reaches the minor diameter axis of the oval
shaped cavity. At approximately this point, the expansion
initiating means 22 at expansion initiating port 24 is oper-
ated and the air-fuel mixture 10 is ignited.

FIG. 2¢ shows a cutaway view of the present engine
through housing 8 during the combustion/expansion phase.
After the compression phase, the expansion initiating means
causes the combustion of the air/fuel mixture 10. The
resulting combustion gases expand and apply a force to the
trailing surface 26 of vane 14. The force is transmitted to the
base of the vane 14, acting tangentially to rotor 18, causing
a rotational torque on output shaft 4.

FIG. 2d shows a cutaway view of the engine through
housing 8 during the exhaust phase. After the expansion
phase, vanes 14 sweep the spent combustion gases towards
exhaust port 28. Since exhaust port 28 roughly coincides
with the second point where the distance between rotor 18
and the interior cavity surface of housing 8 is at a minimum,
the decreasing volume occurring at this point forces the
exhaust gases out to the lower pressure atmosphere.

Housing 8 and rotor 18 are preferably made of metal or
metal alloy but may be made of a composite material
capable of withstanding the heat and pressure of the interior
of the present engine. Vanes 14 are preferably made of a
resilient, flexible material such as spring steel, Monel,
Inconel, Titanium, plastic, laminated metal, or a composite
using various fibers such as ceramic, zirconia, or metal.
Ideally, the leading surface of vanes 14 and the interior
cavity surface 30 carry low friction coatings.

Finally, those skilled at designing and building engines
will recognize that substitutions and modifications can be
made in the foregoing preferred embodiments without
departing from the spirit and scope of the present invention.
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What is claimed is:
1. A rotary engine, comprising:

(a) a housing with an interior cavity surface, an intake port
and an exhaust port;

(b) means for initiating expansion of a fuel, said expan-
sion initiating means carried by said housing;

(¢) a rotor positioned within said housing and adapted to
rotate relative to said housing;

(d) a shaft extending outside said housing and being in
operational connection with said housing and said rotor
so that when there is relative motion between said
housing and said rotor, said shaft rotates; and

(e) resilient, flexible vanes carried by said rotor and
extending from said rotor radially to engage said inte-
rior cavity surface of said housing so that, when said
rotor rotates with respect to said housing, said vanes
remain in engagement with said interior cavity surface,
wherein a minimum distance between said rotor and
said interior radial surface varies cyclically with rota-
tion of said housing relative to said rotor, and said
minimum distance occurs twice within each rotation of
said rotor with respect to said housing.

2. The rotary engine as recited in claim 1, where said

interior cavity surface is oval.

3. The rotary engine as recited in claim 1, wherein said
shaft is adapted to rotate with said rotor.

4. The rotary engine as recited in claim 1, wherein said
expansion initiating means is selected from the group con-
sisting of a spark plug, glow plug, and compression ignition.

5. The rotary engine as recited in claim 1, wherein said
interior cavity surface carries a low friction material.

6. The rotary engine as recited in claim 1, wherein said
vanes include four vanes.

7. The rotary engine as recited in claim 1, wherein said
vanes are evenly distributed about said rotor.

8. A rotor for a rotary engine having a housing with an
interior cavity surface rotary engine, comprising:

(a) a rotor having recesses formed therein; and

(b) resilient, flexible vanes received within said recesses,
said vanes extending outwardly from said rotor to said
interior cavity surface to define chambers when said
rotor is inserted within said housing, wherein a mini-
mum distance between said rotor and said interior
radial surface varies cyclically with rotation of said
housing relative to said rotor, and said minimum dis-
tance occurs twice within each rotation of said rotor
with respect to said housing.

9. The rotor as recited in claim 8, wherein said vanes have

a length that exceeds the maximum distance from said rotor
to said interior cavity surface.

10. The rotor as recited in claim 8, wherein said vanes
includes four vanes deployed at right angles with respect to
each other about said rotor.

11. A vehicle having a frame, an engine, an output shaft,
a means for controlling said engine, and output means in
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operational connection with said shaft, said output means
adapted to propel said frame, said output means responsive
to said control means, wherein the improvement comprises:

(a) an engine housing having an interior cavity surface;

(b) said engine housing having an intake port, an exhaust
port, and a means for initiating expansion of a fuel;

(¢) a rotor mounted within said housing and in operational
connection with said shaft; and

(d) flexible, resilient vanes carried by said rotor, said
vanes engaged with said interior cavity surface thus
defining chambers, wherein a minimum distance
between said rotor and said interior radial surface
varies cyclically with rotation of said housing relative
to said rotor, and said minimum distance occurs twice
within each rotation of said rotor with respect to said
housing.

12. The vehicle as recited in claim 11, wherein said

interior cavity surface is an oval.

13. The vehicle as recited in claim 11, wherein said vanes

include four vanes.

14. An engine, comprising:

(a) a housing having an oval interior cavity with an
interior surface, said housing having a hole, an intake
port and an exhaust port formed therein;

(b) an output shaft extending from said oval interior
cavity-through said housing and exterior to said hous-
ing;

(¢) a rotor rotatably mounted within said housing and in
operational connection with said output shaft so that, as
said rotor rotates, said output shaft rotates;

(d) flexible, resilient vanes carried by said rotor, said
vanes engaged with said interior surface as said rotor
rotates within said housing, thus defining chambers
therebetween, said chambers alternately increasing and
decreasing in size twice as said vanes rotate once
within said housing;

(e) means for receiving fuel within said chambers through
said intake port; and

(f) means for initiating expansion of said fuel when said
fuel is received within said chambers, said expanded
fuel venting through said exhaust port of said oval
housing.

15. The engine as recited in claim 14, wherein said
flexible, resilient vanes includes at least four vanes equally
spaced about said rotor.

16. The engine as recited in claim 14, wherein said
initiating means is selected from the group consisting of
spark plugs, glow plugs, and compression ignition.

17. The engine as recited in claim 14, wherein said
interior surface carries a low-friction material.

18. The engine as recited in claim 14, wherein said vanes
have a length that exceeds the maximum distance from said
rotor to said interior surface of said housing.



