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FLUID ENERGY CONVERTER
RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application no.
60/710,225, filed August 22, 2005, U.S. Provisional Application No. 60/710,339, filed
August 22, 2005, and U.S. Provisional Application No. 60/760,251, filed January 19, 2006.

Each of the above-identified applications is hereby incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

[OOOZj The field of the invention relates generally to fluid energy converters, and
more particularly the invention relates to windmills and wind turbines.
Description of the Related Art

[0003] Fluid energy converters typically use blades, propellers, or impellers to
convert kinetic energy of a moving fluid into mechanical energy, or to convert mechanical
energy into kinetic energy of a moving fluid stream. For example, windmills and
waterwheels convert kinetic energy from the wind or water into rotating mechanical energy,
and wind turbines and water turbines further employ a generator to convert the rotating
mechanical energy into electrical energy. In the reverse process, fans, propellers,
compressors, and pumps can be configured to impart kinetic energy, from rotating
mechanical energy, to a fluid.

[0004] Energy conversion, from kinetic to mechanical, for gases can be
inefficient, especially with windmills and wind turbines. It is generally accepted that the
highest efficiency possible for devices converting kinetic energy from the wind is about
59.3%. However, this number neglects losses which occur from drag and turbulence, for
example. Some utility class three blade wind turbines can achieve peak efficiencies from
40-50%, while windmills are significantly lower. Therefore, there exists a need for a more
efficient fluid energy converter for wind applications. ,

[0005] While some fluid energy converters for use with liquid fluids can achieve
high efficiencies, these machines are expensive. For example, although Francis water

turbines can achieve efficiencies of over 90%, they are extremely expensive. Applications
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exist where cost is a more important factor than efficiency maximization, and thus there
exists a need for a lower cost fluid energy converter for liquid flows, that still maintains a

desirable efficiency.

SUMMARY OF THE INVENTION

[0006] The systems and methods illustrated and described herein have several
features, no single one of which is solely responsible for its desirable attributes. Without
limiting the scope as expressed by the description that follows, its more prominent features
will now be discussed briefly. After considering this discussion, and particularly after
reading the section entitled “Detailed Description of the Preferred Embodiments” one will
understand how the features of the system and methods provide several advantages over
traditional systems and methods.

[0007] In one aspect, the invention relates to a tube for a fluid energy converter.
The tube can have a generally cylindrical and hollow body that has an interior surface, an
exterior surface, and a longitudinal axis. The tube can be provided with a plurality of helical
grooves for capturing kinetic energy of a fluid stream as the fluid stream rotates the tube
about the longitudinal axis.

[0008] In another aspect, the invention concerns a fluid energy converter having a
longitudinal axis and a rotatable tube coaxial about the longitudinal axis. The rotatable tube
can have helical grooves formed into both its exterior surface and interior surface for
converting rotating mechanical energy into kinetic energy in a fluid.

| [0009] In yet another aspect, the invention relates to a tube for a fluid energy
converter. The tube can include a generally cylindrical and hollow body having an interior
surface, an exterior surface, and a longitudinal axis. The tube can also be provided with a
plurality of helical grooves formed into the exterior surface and the interior surface. The
helical grooves are adapted to capture fluid on a first side of a helical groove on the exterior
surface, and the helical grooves are adapted to capture fluid on a second side of the helical
groove on the interior surface. In one embodiment, the invention concerns a rotor for a
fluid energy converter. The rotor has a longitudinal axis and a rotatable tube coaxial about
the longitudinal axis. The tube can include an interior surface and an exterior surface. A

plurality of helical grooves can be formed in the exterior surface and the interior surface,
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each helical groove having at least.two helical groove walls that are substantially opposite
each other. The helical groove walls on the exterior surface form an angle between 0-100
degrees, and the helical grooves are configured to convert rotating mechanical energy into
kinetic energy in a fluid, or convert kinetic energy in a fluid into rotating mechanical energy.

[0010] In another embodiment, the invention concerns a fluid energy converter
having a longitudinal axis and a rotatable tube coaxial about the longitudinal axis. The
rotatable tube has a plurality of helical grooves formed into an exterior surface and an
interior surface of the rotatable tube. The energy converter can additionally include a set of
front blades distributed radially around the longitudinal axis, the set of front blades coupled
to the rotatable tube. A set of back blades, distributed radially around the longitudinal axis,
can be coupled to the rotatable tube. The fluid energy converter can also include a shaft
coincident with the longitudinal axis and operationally coupled to the rotatable tube. In some
configurations, the rotatable tube converts kinetic energy in a fluid into rotating mechanical
energy, or converts rotating mechanical energy into kinetic energy in a fluid.

[0011] Another embodiment includes a rotor for a windmill. The rotor may
include a generally cylindrical and hollow tube having an interior surface and an exterior
surface and a plurality of walls along a perimeter of the tube, the walls forming a plurality of
helical vanes configured to receive kinetic energy from a wind.

[0012] Another embodiment includes a tube section for a rotor. The tube section
may include an arcuate, substantially rectangular, panel, a first tube section edge protruding
from the edge of the panel, and a tube section cut formed in the panel. The tube section cut
may be configured to receive a second tube section edge.

[0013] Another embodiment includes a method of operating a windmill. The
method may include providing a tubular rotor, mounting the rotor such that a longitudinal
axis of the rotor is substantially parallel to a fluid stream, and pitching and/or yawing the
rotor between 1 and 30 degrees of pitch and/or yaw relative to the flow direction of the fluid
stream.

[0014]  These and other improvements will become apparent to those skilled in

the art as they read the following detailed description and view the enclosed figures.

Brief Description of the Drawings
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[0015] Figure 1 is a perspective view of a fluid energy converter.

[0016] Figure 2 is a partial section view of the fluid energy converter of Figure 1.

[0017] Figure 3 is another partial section view of the fluid energy converter of
Figure 1.

[0018] Figure 4 is a perspective view of a tube that can be used with the fluid
energy converter of Figure 1.

[0019] Figure 5A is a perspective view of one section of the tube of Figure 4.

[0020] Figure 5B is a perspective view of two sections of the tube of Figure 4.

[0021] Figure 6 is a schematic of certain fluid dynamics believed to be associated
with the fluid energy converter of Figure 1.

[0022] Figure 7 is a schematic of a rotor, of the fluid energy converter of Figure
I, pitched down.

[0023] Figure 8 is a schematic of a rotor, of the fluid energy converter of Figure
1, pitched up.

[0024] Figure 9 is a front view of the fluid energy converter of Figure 1 having a
rotor yawed in a first direction.

[0025] Figure 10 is a front view of the fluid energy converter of Figure 1 having a
rotor yawed in a second direction.

[0026] Figure 11 is a perspective view of a rotor, of the fluid energy converter of
Figure 1, pitched and yawed.

[0027] Figure 12 is a side view of a rotor,'of the fluid energy converter of Figure
1, pitched down.

[0028] Figure 13 is a side view of a rotor, of the fluid energy converter of Figure
1, pitched down.

[0029] Figure 14 1s a top view of a rotor, of the fluid energy converter of Figure
1, yawed in a first direction.

[0030] Figure 15 is a top view of a rotor, of the fluid energy converter of Figure
1, yawed in a second direction.

[0031]  Figure 16A is a front partial view of a nacelle, of the fluid energy
converter of Figure 1, showing the effect of the nacelle on the fluid that enters the fluid

energy converter.
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[0032] Figure 16B is a perspective partial view of the nacelle of Figure 16A and
the effect of the nacelle on that enters the fluid energy converter of Figure 1.

[0033] Figure 17A is a schematic of typical boundary layers across a typical tube.

[0034] Figure 17b is a schematic view of boundary layers that form on the
surfaces of a tube used with the fluid energy converter of Figure 1.

[0035] Figure 18 is a perspective view of an alternative mounting method for the
rotor of the fluid energy converter of Figure 1.

[0036] Figure 19 is a perspective view of an alternative position of the nacelle of
the fluid energy converter of Figure 1.

[0037] Figure 20 is a section view the fluid energy converter of Figure 1 having a
continuously variable variator unit.

[0038] Figure 21 is a section view of an alternative nacelle for the fluid energy
converter of Figure 1.

[0039] Figure 22A is an exploded view of an alternative manufacturing method
for the tube of the fluid energy converter of Figure 1.

[0040] Figure 22B is an exploded view of an alternative manufacturing method
for the tube of the fluid energy converter of Figure 1.

[0041] Figure 23 is a side view of an alternative embodiment of the fluid energy
converter of Figure 1.

[0042] Figure 24 is a side view of an alternative embodiment of the fluid energy
converter of Figure 1.

[0043] Figure 25 is a perspective view of an alternative embodiment of a wind
turbine system.

[0044] Figure 26A is a cross-sectional view of the system of Figure 25.

[0045] Figure 26B is a partial end view of the system of Figure 25.

[0046] Figure 27 is a perspective view of a section of a rotor that can be used with
the system of Figure 25.

[0047] Figure 28 is a perspective view of a modular piece of the rotor section of
Figure 27.

[0048] Figure 29 is a perspective view of a central body that can be used with the
system of Figure 25.
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[0049] Figure 30 is a schematic of one embodiment of the central body of Figure
29.

[0050] Figure 31 is a cross-sectional view of an alternative embodiment of the
central body of Figure 29.

[0051] Figure 32 is a side elevational view of an alternative embodiment of a
wind turbine system.

10052} Figure 33 is a top elevational view of the system of Figure 32.

[0053] Figure 34 is a front elevational view of the system of Figure 32.

[0054] Figure 35 is a perspective view of a swivel mount that can be used with
the system of Figure 32. -

[0055] Figure 36 is a bottom view of the swivel mount of Figure 35.

[0056]  Figure 37 is a perspective view of a set of front blades that can be used
with the system of Figure 32.

[0057] Figure 38 is a perspective view of a set of back blades that can bé used
with the system of Figure 32.

Detailed Description of Certain Inventive Embodiments

[0058] Embodiments of the invention will now be described with reference to the
accompanying figures, wherein like numerals refer to like elements throughout. The
terminology used in the description presented herein is not intended to be interpreted in any
limited or restrictive manner simply because it is being utilized in conjunction with a detailed
description of certain specific embodiments of the invention. Furthermore, embodiments of
the invention may include several novel features, no single one of which is solely responsible
for its desirable attributes or which is essential to practicing the inventions herein described.

[0059] In a first aspect, a fluid turbine can have a ducted rotor and a stand or
tower. The ducted rotor includes a longitudinal axis, a rotatable tube concentric with the
longitudinal axis, a rotatable set of front blades concentric with the longitudinal axis, a
nacelle concentric with the longitudinal axis, a set of rotatable back blades concentric with
the longitudinal axis, and a shaft concentric with the longitudinal axis. In one embodiment,

the tube incorporates multiple helical grooves which begin at the front edge of the tube and
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continue to the back edge of the tube, forming indentations on the outside diameter of the
tube surface and protrusions on the inside diameter of the tube surface.

{0060] The front and back blades rigidly attach to and rotate with the tube. In
some embodiments, the front and back blades rotate over the shaft, and bearings are
incorporated between the shaft and the blades to minimize friction. The nacelle can be
rigidly attached to the shaft and can have multiple helical vanes on its outer surface. The
shaft can be a rigid rod or hollow tube and attaches to the tower supporting the ducted rotor.
In one embodiment, the nacelle houses a drivetrain, which can include a speed increaser and
a generator to produce electricity. In some embodiments, a tail is positioned behind and
attached to the ducted rotor, which tail is directed by the fluid stream to point the ducted rotor
into the fluid stream. The tail can have both vertical plane and horizontal plane components,
which serve to position the ducted rotor both in pitch and yaw.

[0061] In some embodiments, areas of high and low pressure are created when a
compressible fluid passes through the ducted rotor. The fluid inside of the tube rotates in the
same direction as the ducted rotor and is, thereby, projected radially away from the
longitudinal axis and compressed against the inside walls of the tube, creating an area of
high pressure relative to the surrounding fluid pressure. An area of low pressure forms near
and around the longitudinal axis, and consequently, draws the fluid into the tube. In this
manner, the area of low pressure accelerates the fluid across and through the tube.
Additionally, fluid tangent to the fluid entering the ducted rotor is directed against the outside
surface of the tube, thereby creating an area of high pressure on both the inside and outside
surfaces of the tube.

[0062] In some conditions the ducted rotor can be pitched (that is, oriented up or
down in a vertical plane) and/or yawed (that is, rotated from side to side on a horizontal
plane) to take advantage of beneficial effects which increase power production. The nacelle
can incorporate helical vanes which direct the fluid to rotate in the same direction as the
rotation of the ducted rotor, creating a vortex and increasing power production. In another
aspect, the nacelle is adapted to rotate in the opposite direction of the ducted rotor to create a
large speed differential at the generator, thus increasing power production. In still another
aspect, the tube is flared at the front opening, or bell mouthed, to maximize the amount of

fluid entering the tube.
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[0063] In another aspect, the drivetrain of the ducted rotor incorporates a
continnously variable transmission (CVT) to maintain a substantially constant speed into the
generator as the velocity of the fluid, such as air or water, varies. The CVT is positioned
between the speed increaser and the generator and can provide the additional benefit of
cushioning the generator from torque spikes due to sudden increases in fluid flow, such as
wind gusts. The input of the CVT is connected to the output of the speed increaser and the
output of the CVT is attached to the input of the generator. In some embodiments, the speed
increaser can be of the type described in Patent Cooperation Treaty patent application
publication WO 2006/014617.

[006‘4] In some embodiments where a CVT is incorporated into the drivetrain, the
CVT and generator are integrated. This can be accomplished by using a ball type CVT,
which can be CVT embodiments disclosed in United States Patents 6,241,636; 6,419,608;
and 6,689,012, which are all hereby incorporated herein by reference in their entireties. The
stator of the generator, which is usually stationary, can be attached to the sun (or idler, or
support member) of the CVT. The generator rotor can be attached to the output ring of the
CVT and rotates in the opposite direction of the sun. This creates a large speed differential
between the stator and the rotor, which rotate in oppésite directions, and increases generator
power density. Alternatively, the integral CVT/generator can eliminate one or more stages of
the speed increaser. The integral CVT/generator eliminates the shaft and couplers that
connect the CVT to the generator, two or more bearings, and one of the cases surrounding the
CVT and generator. Also, in a permanent magnet generator, the magnets can be attached to
the same steel that forms the output ring of the CVT. '

[0065]) In yet another aspect, if a ball type CVT is used that is also functionally a
planetary gear set, the CVT can also function as a generator, eliminating the generator. In
such an embodiment, the balls (or power rollers) in the CVT can be made from magnetic
material, such as hard ferrite ceramic or neodymium boron iron. As the input ring of the
CVT rotates the multiple balls, the magnetic poles of the balls pass by copper, aluminum, or
silver wires attached to the structure holding the balls in place, and electricity is produced.
Additionally, a large speed increase is achieved due to the smaller diameter balls being
rotated by the larger input ring. This speed increase can eliminate one or more stages of the

speed increaser.
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[0066] In some embodiments, the fluid energy converter is configured so that the
- front blades extract only a small amount of energy from the fluid entering the ducted rotor.
In this manner, the swirl behind the front blades is minimized, which rotates in a direction
opposite the ducted rotor. The nacelle can be adapted to redirect the fluid in a beneficial
direction, and the back blades extract a larger portion of energy from the fluid, which also
straightens the fluid exiting the tube and reentering the fluid stream. This minimizes
turbulence created from surrounding fluid mixing with fluid that has passed through or
adjacent to the ducted rotor. In some embodiments, the nacelle is moved forward toward the
front of the ducted rotor, to minimize the time the swirl rotates in a power reducing direction.
In still other embodiments, the nacelle and drivetrain are moved toward the back of the
ducted rotor to minimize the cantilever load on the shaft.

[0067] In yet another aspect, the shaft supporting the ducted rotof can be attached
at both ends rather than only at the back of the ducted rotor. The ducted rotor can be
positioned above and substantially over the stand from which it is supported, and a U-shaped
arm provides support to both the front and back of the shaft. The ducted rotor can be yawedA
and in some embodiments pitched to maximize power production.

[0068] In still another aspect, the tail can be offset from the longitudinal axis to
set the optimal pitch and yaw relative to the fluid stream. Thus, the tail axis need not be
parallel with the longitudinal axis. In some embodiments, changing fluid velocity increases
or decreases pressure on the tail, causing changes in pitch and yaw with varying fluid speeds.

[0069] In another embodiment, the nacelle is positioned behind the ducted rotor
to maximize fluid flow through the tube. The shaft extends behind the stand and the nacelle
is mounted over the shaft. The helical vanes of the nacelle can be eliminated and the nacelle
can be positioned to counterbalaﬁce the weight of the ducted rotor, which minimizes or
eliminates the cantilever load on the shaft.

[007 0] Referring now to Figures 1, 2, and 3, one embodiment of a fluid energy
converter 100 is shown. The fluid energy converter 100 includes a rotor 1, a power train 80,
a tail 60, and a tower 70. In one embodiment, the rotor 1 can have a tube 10, a front set of
blades 30, a back set of blades 40, a nacelle 50, and a shaft 28. In some embodiments, the
tube 10 can be generally cylindrically with helical grooves 11 running the length of the tube
10. Depending on the size and the desired strength to weight ratio, the tube 10 can be
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produced from materials such as sheet metal, composites, including carbon fiber or fiberglass
and polyester resin, plastic, or any other suitable material.

[0071) In some embodiments, the length to diameter ratio of the tube 10 is about
1:1, although this ratio can vary according to the application, and can range from about 1:10
to about 10:1. In embodiments where the fluid energy converter 100 produces energy, the
helical grooves 11 are preferably configured to capture kinetic energy of a moving fluid, such
as air or water, and convert the captured kinetic energy into rotating mechanical energy. In
embodiments where the fluid energy converter 100 moves a fluid, such as in a compressor or
pump, the grooves 11 are preferably adapted to direct the fluid in a desired direction. In
some embodiments, the grooves ‘11 can be configured to compress, and/or accelerate the
movement of, the fluid. As used here, when referring to the interaction between a fluid or
fluid stream and the helical grooves 11 (or the tube 10), the term “capture” refers to a
resistance provided by the helical grooves 11 or tube 10 that, among other things, increases
the volume of fluid entering the tube 10 and/or increases the transfer of kinetic energy from
the fluid to fhe tube 10.

[0072] Still referring to Figures 1, 2, and 3, the grooves 11 formed into the
surface of the tube 10 are adapted to capture or direct fluid both on the exterior and interior
surfaces of the tube 10. Each exterior groove 12 has two exterior walls 13, and depending on
whether the helical grooves 11 are right hand or left hand, one of the exterior walls 13
pelifonns more energy capture or fluid movement than the other exterior wall 13. Similarly,
each interior groove 16 has two interior walls 17, and depending on whether the helical
grooves 11 are right hand or left hand, one of the interior walls 17 performs more energy
capture or fluid movement than the other interior wall 17. In some embodiments there are
six helical grooves 11 formed into a tube 10, while in other embodiments 1, 2,3 4, 5,6, 7, 8
9, 12, 18, 24, 27, 30, 36, or more helical grooves are formed into the tube 10. In some
embodiments the pitch of the helical grooves 11 is about four times the length of the tube 10,
but depending on the diameter and desired rotational speed of the tube 10, the pitch can be
less than the length of the tube in some high speed applications, and can be more than 30
times the length of the tube 10 in low speed applications.

[0073] Still referring to Figures 1, 2, and 3, in some embodiments the depth of

each helical groove 11 is about 13% of the diameter of the tube 10. In other applications, the
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depth of the helical grooves 11 may be a smaller or larger percentage of the diameter of the
tube 10. Deeper grooves 11 produce more stress on the tube 10, but also capture or direct
more fluid. Depending on the rotational speed, diameter, and length of the tube 10, as well
as the fluid, the depth of the helical grooves 11 can‘vary from about 1-40% of the diameter
of the tube 10.

[0074] Still referring to Figures 1, 2, and 3, in some embodiments the angle
between two exterior walls 13 forming each helical groove 11 is about 30 degrees. If this
angle is decreased, the tube 10 will have a larger exterior tip surface area 14, and the helical
grooves 11 will more effectively capture or direct fluid, but more stress will be produced at
the surfaces of the tube 10. Depending on the application, the angle between two opposing
exterior walls 13 can range from about 0-70 degrees. In some embodiments, the ratio of
exterior tip surface area 14 to helical groove 11 areas is about 1.25:1. In other embodiments,
the exterior tip surface area 14 comprises about 10-90% of the exterior surface area of the
tube 10.

[0075] Still referring to Figures 1, 2, and 3, in some embodiments a radius is
formed into the surface of the helical grooves 11 where the exterior walls 13 transition into
the exterior tip surface 14 and the exterior root surface 15, to relieve the stress risers that
occur at these corners. In some embodiments, the radius at these corners is 2% of the
diameter of the tube 10. Increasing this radius decreases the stress on the tube 10 but also
decreases the size of the fluid capturing or directing capability of the exterior walls 13 and
the interior walls 17. Depending on the application, the radii at these corners can vary from
0% to more than 10% of the diameter of the tube 10. It should be noted that the radii at the
exterior tip surfaces 14, can be different from the radii at the exterior roof surfaces 15.

[0076] Still referring to Figures 1, 2, and 3, the front blades 30 and the back
blades 40 are described. In some embodiments, the number of blades 30 and the number of
blades 40 each equals the number of helical grooves 11, although more or fewer front blades
30 and back blades 40 can be used. In some embodiments, the front blades 30 and back
blades 40 are attached to the interior root surface 19. The blades 30, 40 can be attached to
the tube 10 with fasteners which are inserted through fastening holes 20 located in the
exterior root surface 15. The fastening holes 20 in some embodiments are countersunk so

that flat head screws will lie flush with the exterior root surface 15. The blades 30, 40 in
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some embodiments have blind tapped holes formed into their tips and which extend radially
toward the front hub 34 and back hub 44, respectively. In other embodiments, the blades 30,
40 are fastened to the interior root surface 19 by welding or with adhesive. In still other
embodiments, either or both of the blades 30, 40 are formed integrally with the tube 10. In
some embodiments, the blades 30, 40 are attached to the ipterior tip surface 18 using the
above described methods to maximize the length of each blade 30, 40. The increased length
of the blades 30, 40 increases their ability to produce power. In other embodiments, the front
blades 30 attach to the interior root surface 19 while the back blades 40 attach to the interior
tip surface 18. In still other embodiments, the front blades 30 attach to the interior tip surface
18 while the back blades 40 attach to the interior root surface 19. In still other embodiments,
the blades 30, 40 attach to the interior wall 17 that does not capture power or direct fluid,
while in other applications the blades 30, 40 attach to the interior wall 17 that extracts power
or directs fluid. In embodiments where the number of front blades 30 or back blades 40
exceeds the number of helical grooves 11, alternating front blades 30 and/or back blades 40
can be attached to the interior tip surface 18 and the interior root surface 19 or the interior
wall 17.

[0077] Still referring to Figures 1, 2, and 3, in some embodiments the blades 30,
40 are made from material that has a high strength to weight ratio, such as carbon fiber or
fiberglass and polyester or epoxy resin. In some applications, such as a slow rotating
application, the blades 30, 40 can be made from sheet metal and welded together. A simple
curved airfoil, hydrofoil, or other fluid foil can be formed onté) the sheet metal front blades
30 and the back blades 40, which is sufficient for many low speed applications. In other
embodiments,v the blades 30, 40 can be molded from plastic or other moldable material.

[0078] Still referring to Figures 1, 2, and 3, the airfoils, hydrofoils, or other fluid
foils on the blades 30, 40 will vary depending upon the application. For many wind turbines,
SG6040, NACA 4412 or NACA 4415 are acceptable airfoils although many different designs
can be used. SD2030 is a good choice for small wind turbines. It should be noted that
different airfoils can be used on the same blades. For example, the front blades 30 can use
SG6040 near the blade tips and SD2030 near the front hub 34. NACA 4412 or another
airfoil can be used near the middle of the front blades 32, between the hub and tip. The back

blades 40 can use an entirely different airfoil or set of airfoils depending upon the
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application. For example, in some embodiments the front blades 30 extract little to no power
and are configured to move the wind from the center to the perimeter of the tube 10, while
the back blades 40 extract considerable power and also straighten the fluid as the fluid exits
the tube 10. In wind turbines and water turbines the back blades 40 can use a higher lift
airfoil than the front blades 30. The different functions that the front blades 30 and the back
blades 40 perform may call for different configurations of the fluid foils.

[0079] Still referring to Figures 1, 2, and 3, the pitch, chord twist, chord length,
and taper of the blades 30, 40 are discussed. In some embodiments, the pitch at the tip of the
front blades 30 is 30 degrees and the pitch of the back blades 40 is 20 degrees. In some
embodiments, the blades 30, 40 have a chord twist of 20 degrees from the tip of the blade 30,
40 to the hub 34, 44, respectively. For maximum aerodynamic or hydrodynamic efficiency
the optimal chord twist will vary with revolutions per minute (rpm), diameter of the tube 10,
fluid, fluid velocity, and whether the fluid energy converter 100 is driven by fluid energy or
moves fluid. The chord twist can be linear; however, small increases in power with wind
turbines and water turbines can often be obtained if the chord twist is non-linear and the rate
of twist increases toward the hub, or root, of the blades 30, 40.

[0080] In applications with high angular velocities, the pitch of the blades 30, 40
will generally be less, approaching zero degrees, and in some cases can be negative. For
example, in a wind turbine with a high angular velocity, the pitch of the front blades 30 can
be zero degrees and the pitch of the back blades 40 can be negative 10 degrees. In
embodiments with low angular velocities and/or different fluids, the pitch of the blades 30,
40 can be greater than 60 degrees. In some embodiments, the pitch of the blades 30, 40 is
equal, while in other applications the pitch of the back blades 40 is greater than the pitch of
the front blades 30.

[0081] In some embodiments, the chord length of the blades 30, 40 is about 9% of

the diameter of the tube 10. The optimal chord length will vary with changes in the
| Reynold’s number, diameter of the tube 10, velocity of the fluid, type of fluid, angular
velocity, and whether the fluid energy converter 100 converts kinetic energy to rotational
energy or moves a fluid. In some embodiments, the chord length will be shorter on the back
blades 40 than the front blades 30 while in other embodiments the chord length will be longer

on the Eack blades 40 than the front blades 30. In some embodiments, to reduce
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manufacturing costs for example, the front blades 30 and the back blades 40 are identical. In
some embodiments, the chord length of the blades 30, 40 decreases in length, or tapers 10
degrees, from the front and back hubs 34, 44 to the tips of the blades 30, 40. In other
embodiments, the chord length is longer at the hubs 34, 44 and follows a non-linear taper
toward the tips of the blades 30, 40. Generally, when a non-linear taper is used the chord
length increases gradually moving from the tip toward the middle of the blades 30, 40, and
increases rapidly from the middle of the blades 30, 40 to the hubs 34, 44, respectively.

[0082] In some embodiments, the fluid energy converter 100 suffers no tip loss
because the tips of the blades 30, 40 are connected to and are surrounded by the tube 10, and
some embodiments of the tube 10 take advantage of this phenomenon by utilizing a reverse
taper where the chord length is longest at the tips of the blades 30, 40 and decreases toward
the hubs 34, 44, respectively. Depending on the application, the front blades 30 and the back
blades 40 do not have the same taper, and the back blades 40 can have a taper while the front
blades 30 have a reverse taper. In embodiments where the blades 30, 40 taper in the same
direction, the optimal angle of the tapers can be different. In still other embodiments, neither
the front blades 30 nor the back blades 40 tapér the chord length. This can be for
manufacturing reasons, such as stresses on the blades 30, 40, rather than aerodynamic or
hydrodynamic efficiency. Cost can also be a factor, because in some applications it is
simpler to manufacture the blades 30, 40 without tapering the chord length.

[0083] Still referring to Figures 1, 2, and 3, the nacelle 50 will be described now.
The nacelle 50 can be a generally cylindrical, streamlined shape with a hollow interior that
bouses the power train 80, including the gearbox 82, the high speed shaft 86, and the
motor/generator 88. In embodiments where the fluid energy converter 100 captures power in
a moving fluid, such as a wind turbine or water turbine, the gearbox 82 can be a speed
increaser, which increases the rpm and decreases the torque of the tube 10 into the generator
88. If the fluid energy converter 100 is used to move, compress, or accelerate a fluid and
operate as a compressor or pump, the gearbox 82 can be a speed reducer, driven by the motor
88, that reduces rpm and increases torque to the tube 10. The gearbox 82 can achieve speed
increasing or speed decreasing capability by the use of multiple gears, traction rollers,

variable speed changers, or any other suitable method.
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[0084] In some embodiments, the nacelle 50 is a stationary component that is
rigidly connected to the shaft 28 by fasteners, welding, an interference fit, or any other
suitable method. The nacelle 50 can be built from any suitable materials, but generally
materials with a high strength to weight ratio are preferable. Carbon fiber, fiberglass and
polyester or epoxy resin, metal such as sheet aluminum, plastic and other materials can be
used to construct the nacelle 50. In some embodiments, the nacelle 50 incorporates multiple
helical vanes 52 to direct a fluid to flow in a desired direction. The helical vanes 52 are often
made of the same material as the nacelle 50 and in some embodiments are formed integrally
with the nacelle 50. For example, the nacelle 50 and the helical vanes 52 can be cast,
injection molded, or rapid prototyped as one part. In other embodiments, the helical vanes 52
are attached to the nacelle 50 using standard fasteners, adhesive, or by welding.

[0085] On a first end the nacelle 50 can be rigidly attached to a front coupler 85
using standard fasteners, by welding, or with an interference fit. The front coupler 85 can be
a tubular component with a flange on one end, and in some embodiments, the front coupler
85 has through holes so that fasteners can be used to attach the front coupler 85 to the nacelle
50. A front bearing 38, which in some embodiments is a needle roller bearing, is positioned
over the front coupler 85 and inside the front hub 34, to allow low friction rotation of the
front blades 30. At a second end, the nacelle 50 can be attached to the shaft 28, which can be
a hollow cylinder that supports the structure of the rotor 1 and also serves to route power
lines and other cables through its interior. The shaft 28 can be rigidly attached to the nacelle
50 with fasteners, welding, an interference fit, or any other method commonly known. A
back bearing 48, which in some embodiments is a needle roller bearing, can be positioned
over the shaft 28 and inside the back hub 44, to allow low friction rotation of the back blades
40.

[0086] Still referring to Figures 1, 2, and 3, a power flow of the fluid energy
converter 100 is described. In a wind turbine, windmill, water turbine, or other‘application
where the fluid energy converter 100 converts kinetic energy in a fluid stream to rotational
energy, torque and speed produced from the fluid contacting the helical grooves 11, the front
blades 30, and the back blades 40 is transferred, in some embodiments, to the nose cone 36.
The nose cone 36 can be cone-shaped and rigidly attaches to the front hub 34 using standard

fasteners. In one embodiment, the nose cone 36 includes a counter bore adapted to accept a
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low speed shaft 8K4. In some embodiments, the low speed shaft 84 and the counterbore of the
nose cone 36 are splined to provide torque transfer between the nose cone 36 and the low
speed shaft 84. In other embodiments, the nose cone 36 can have a square hole, be keyed,
welded, attached with fasteners, or any other suitable method, to the low speed shaft 84. The
low speed shaft 84 can be a generally cylindrical rod that engages and rotates the input of the
gearbox 82, and is fastened using fasteners or another suitable method.

[0087]  The gearbox 82 preferably increases speed and lowers the torque, and the
output of the gearbox 82 can be attached to the high speed shaft 86, which attaches at a first
end to the gearbox 82 with fasteners, splined, keyed, welded, pinnéd, or another method.
The high speed shaft 86 can be a generally cylindrical rod that in some embodiments has a .
diameter that is smaller than the diameter of the low speed shaft 84 because the high speed
shaft 86 transfers less torque. The high speed shaft 86 in some embodiments is flanged at a
second end, and the flange has holes to allow fastening the high speed shaft 86 to the
generator 88. The generator 88 can be an electromotive device commonly known which
converts rotating mechanical energy into electrical energy. In some embodiments, the
generator 88 is of the permanent magnet type, and the electricity the generator 88 produces is
routed with electrical wires or cables from the generator 88, through the hollow shaft 28,
through Ja radial slot of the hollow shaft 28, into the tail body 66, through a hinge aperture 69,
and through a hollow tower 70, where the electricity can be used. In embodiments where the
fluid energy converter 100 is a compressor or pump, power flow is reversed, and electricity
rotates the motor 88, while the gearbox 82 used is a speed reducer.

[0088] Still referring to Figures 1, 2, and 3, in some embodiments, such as a
wind turbine or windmill, the fluid energy converter 100 includes a tail 60 configured to keep
the rotor 1 pointed into the wind during changes in wind direction. In some embodiments,
the tail 60 has four tail vanes 62, while in other embodiments 1, 2, 3, 4, 5, or more tail vanes
62 can be used. A tail shaft 64, generally a cylindrical rod, connects the tail 60 to the tail
body 66. Preferably, a material with a high strength to weight ratio is used to construct the
tail 60 components; such a material can be aluminum, titanium, carbon fiber, fiberglass and
polyestet or epoxy resin, or plastic. In some embodiments the tail vanes 62, tail shaft 64, and

tail body 66 are cast, injection molded, rapid prototyped, or machined as one part.
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[0089] In some embodiments, the tail body 66 has at least two cavities, including
one to accept msertion of the shaft 28. The shaft 28 can be rigidly attached to the tail body
66 by using fasteners, welding, adhesive, an interference fit, or any other suitable method.
The tail body 66 also has hinge pin holes 68 (best seen in Figure 13) which have an axis that
is perpendicular to the shaft 28, and lie on a plane parallel with the surface upon which the
tower base 72 rests. The hinge pin holes 68 allow insertion of hinge pins (not shown) which
are pressed into the tail body 66 with an interference fit. A second cavity in the tail body 66
accepts insertion of a hinge 67, which can be an interface between the tail body 66 and the
tower 70; the hinge 67 allows the rotor 1 to be pitched and yawed.

[0090] The hinge 67 can be a strong, durable component that in some
embodiments is made from steel or aluminum. In some embodiments, where the fluid energy
converter 100 is small and/or the loads are light, the hinge 67 can be made from molded
plastic, such as glass filled nylon, or a composite. The hinge 67 includes a counterbore
which has an axis that is perpendicular to the longitudinal axis 8 (see Figures 17A, 17B) and
has an inside diameter slightly larger than the diameter of the tower 70 at its uppermost
portion. A tower bearing 78, which in some embodiments is a needle thrust bearing, has an
outside diameter that is approximately the same as the diameter of the uppermost portion of
the tower 70, and is positioned inside the counter bore of the hinge 67 between the tower 70
and the hinge 67. The tower bearing 78 provides low friction yawing of the rotor 1. In one
embodiment, the hinge 67 has two blind holes near its uppermost portion to allow insertion
of the hinge pins 65 which are inserted through the hinge pin holes 68. The hinge pin holes
68 are preferably of a diameter slightly larger than the hinge pins 65 to allow the hinge pins
65 to rotate freely. In some embodiments, the tail 60 is not used and, instéad, a commonly
known yaw drive is used to control the yaw of the rotor 1 and maintain a desired orientation
of the rotor 1 with respect to a fluid stream.

[0091] Referring now to Figures 4, SA, and5B, a manufacturing and assembly
method of the tube 10 is disclosed. In some applications, such as wind turbines and
windmills, certain components of the fluid energy converter 100 are relatively large.
Construction and shipping of the tube 10 can be difficult, and in some embodiments, it is
preferable to construct the tube 10 from multiple tube sections 22 that are assembled into the

tube 10 on site. Generally, a tube section 22 can include a portion of a helical groove 11,
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although in some embodiments a tube section 22 can incorporate portions of two or more
helical grooves 11.

[0092] Depending upon the size of the fluid energy converter 100, the number of
tube sections 22 can vary from two to thirty-six or more. In some embodiments, a tube
section 22 is a thin, arcuate, rectangular panel that includes a tube 'section edge 23 that
protrudes from the edge of the tube section 22 and forms a corner. The tube section edge 23
is approximately one half the wall thickness of the tube section 22. The tube section edge 23
can have multiple tapped edge holes 25 into which bolts or screws (not shown) are threaded.
Each tube section 22 can be provided with a tube section cut 24, which is an indentation in
the tube section 22 and which can be approximately half the wall thickness of the tube
section 22. The tube section cut 24 can be the same shape as the tube section edge 23 so that
the tube section edge 23 can be inserted into the space created by the tube section cut 24. In
one embodiment, the tube section cut 24 has multiple cut holes 26, which line up
concentrically with the edge holes 24 when two tube sections 22 are assembled. In some
embodiments, the cut holes 26 are countersunk so that flat head bolts or screws will lie flush
with the surface of the tube 10 when they are screwed into the tapped edge holes 25.

[0093] Theoretical descriptions of various modes of power extraction by the fluid
energy converter 100 follow. Actual performance of any given embodiment of the energy
converter 100 and/or tube 10 is governed by a multiplicity of factors; hence, the following
descriptions of operational principles are to be understood as generalized, theoretical, and/or
not limiting upon the inventive embodiments of the devices and their methods of use
described herein, unless otherwise specifically stated.

[0094] Referring now to Figures 1 and 6, a pressure differential effect through
the tube 10 is described. Figure 6 shows a schematic of the tube 10 in a flowing fluid 112,
where the direction of the flow of fluid 112 is denoted by arrows. As the fluid 112 enters the
tube 10 when the tube 10 is rotating, the fluid 112 starts rotating in the same direction of the
rotation of the tube 10 through viscous interaction with the helical grooves 11, the front
blades 30, and the back blades 40. In embodiments such as wind turbines and windmills, as
the fluid 112 begins rotating, the fluid 112 is affected by a centrifugal force and moves
radially away from the center of the tube 10. The effect of this phenomenon is that a high

pressure area 111 forms on the inside surfaces of the tube 10, and a low pressure area 110
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forms in the center of the tube 10. The low pressure area 110 causes the fluid 112 entering
the tube 10 to accelerate. When the fluid 112 is air, the available power increases by the
cube of the increase in wind velocity.

[0095] By way of example, when the rotor 1 turns (for example, in a 10 meter per
second wind), the low pressure area 110 causes the fluid 112 to accelerate through the tube
10. If the low pressure area 110 causes the rotor 1 to draw fluid 112 from an area
surrounding the tube 10 having a diameter that is 20% larger than the diameter of the tube 10,
the effective area of the tube 10 will increase by 44%. This causes the speed of the fluid 112
through the tube 10 to increase by 44%, and the amount of power available in the fluid 112
increases by about 3 times. This increase in available power causes the angular velocity of
the rotor 1 to increase, which increases centrifugal force. The low pressure area 110
increases in size as the increase in centrifugal force more strongly forces the fluid 112
radially away from the center of the tube 10. As the low pressure area 110 enlarges, the fluid
112 flowing through the tube 10 accelerates more rapidly, increasing available power. The
result is more efficient energy capture for the fluid energy converter 100 when used as a wind
turbine. It should be noted that this phenomenon can also occur in other applications of the
fluid energy converter 100, such as compressors, propellers, pumps, and water turbines.

[0096] Still referring to Figures 1 and 6, as fluid 112 is drawn from an’ effective
area greater than the area defined by the diameter of the tube 10, the fluid 112 adjacent to the
fluid 112 entering the tube 10 is affected through viscous interaction and follows a similar
path. The result is that the fluid 112 is compressed onto the outside surface of the tube 10,
creating a high pressure area 113 that surrounds the tube 10. The high pressure area 111 and
the high pressure area 113 on the tube 10 surfaces increase the density of the fluid 112 that
interacts with the power producing surfaces of the tube 10, resulting in further increases in
the amount of power that the fiuid energy converter 100 can extract. The result is a more
efficient energy capture for the fluid energy converter 100 when it is used as a wind turbine.
This phenomenon can also occur in other applications of the fluid energy converter 100, such
as compressors, propellers, pumps, and water turbines.

[0097] Still referring to Figures 1 and 6, as the fluid 112 inside the tube 10
begins rotating in the same direction as the rotation of the tube 10, a vortex develops which

increases the torque the tube 10 produces. In the case of a wind turbine, this increase in
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power can be used to turn a larger generator, or in the case of a windmill to increase the work
that the windmill can perform, such as pump more water. The result is more efficient energy
capture for the fluid energy converter 100 when it is used as a wind turbine. This
phenomenon can also occur in other applications of the fluid energy converter 100, such as
compressors, propellers, pumps, and water turbines.

[0098] Referring to Figures 6, 17A, and 17B, the effect of the acceleration of the
~ fluid 112 through the tube 10 on the boundary layer is described. Figure 17A depicts a
normal inside boundary layer 114 and a normal outside boundary layer 115 resulting from
fluid flow across the surfaces of a tube. Figure 17B depicts what is believed are the
boundary layers that arise during operation of the fluid energy converter 100. As centrifugal
force affects the fluid 112 and compresses the fluid 112 against the surfaces of the tube 10,
the high pressure area 111 and the high pressure area 113 affect the boundary layers 116,
118. As the fluid 112 moves across the tube 10, boundary layers 116, 118 develop that
would normally thicken from the front to the back of the tube 10, as shown in Figure 17A.
However, the fluid compression 119 of the fluid 112 against the tube 10 surfaces reduces or
prevents the thickening of both the inside and outside boundary layers 116, 118. The effect
is the same both on the interior and exterior surfaces of the tube 10.

[0099] Further, the high pressure areas 111, 113 strengthen and become larger
from the front to the back of the tube 10. This produces a steadily increasing fluid
compression 119, which is denoted with arrows (perpendicular to the longitudinal axis 8) in
Figure 17B. The increasing length of the arrows indicates increasing fluid compression 119.
The fluid compression 119 affects both boundary layers 116, 118, and hinders the boundary
layers 116, 118 from growing from the front to the back of the tube 10. In some
embodiments, the high pressure areas 111, 113 can cause the boundary layers 116, 118 to
become thinner as the fluid 112 moves from the frdnt to the back of the tube 10. Hence, in
some embodiments, the high pressure areas 111, 113 cause the boundary layers 116, 118 to
maintain laminar flow across the length of the tube 10, preventing and/or reducing turbulence
and separation from occurring. The result is more efficient energy capture for the fluid
energy converter 100 when used as a wind turbine. This phenomenon can also occur in other
applications of the fluid energy converter 100, such as compressors, propellers, pumps, and

water turbines.
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[0100] Referring to Figures 1, 6, 7, 8, 12, and 13, the effect of pitching the rotor
1 is explained. Pitching, or tilting the rotor 1 vertically, causes changes in pressure both
inside and outside of the tube 10. If the rotor 1 is pitched down as in Figures 7, 12, and 13,
an outside top high pressure area 120 forms on the top of the tube 10 on the outside surface
and an inside bottom high pressure area 126 forms on the bottom of the tube 10 on the inside
surface. In embodiments where the fluid energy converter 100 is used with compressible
fluids 112, the low pressure area 110 rises as it exits the back of the tube 10 because the
exiting fluid 112 is less dense than the surrounding exterior fluid. In this case, the fluid 112
in the outside top high pressure area 120 accelerates toward the low pressure area 110 and
increases the available energy that the fluid energy converter 100 can capture. An inside top
low pressure area 124 forms on the top inside surface of the tube 10 because some of the
fluid 112 that would normally flow to this area is diverted to create the outside top high
pressure area 120. Similarly, an outside bottom low pressure area 122 forms at the bottom of
the tube 10 on the outside because some of the fluid 112 that would normally flow to this
area is diverted to create the inside bottom high pressure area 126. In some embodiments,
the rotor 1 is pitched down 20 degrees, although depending on the application, a pitch of
between 1 and 30 degrees can be used during normal operation.

[0101] Referring to Figures 12 and 13, the effect of pitching the rotor 1 and the
effect of changing the orientation of the helical grooves 11 relative to the fluid 112 is
described. Figure 12 shows a side view of how the fluid 112 stream contacts the helical
grooves 11. The helical grooves 11 are nearly perpendicular to the fluid stream 112, and
move in a direction that is approximately from the front to the back of the tube 10. If the
fluid 112 moves faster than the helical grooves 11 move from the front to the back of the tube
10, the fluid 112 contacts and pushes the helical grooves 11, assisting rotation of the tube 10.
In this case, high pressure is produced because the fluid 112 gives up some of its energy to
the tube 10 and loses velocity. If the helical grooves 11 move from the front to the back of
the tube 10 faster than the velocity of the fluid 112, the fluid 112 does not give up energy to
rotate the tube 10, the fluid 112 is not slowed, a low pressure forms on the first side of the
tube 10, and the tube 10 is not assisted in its rotation.

[0102] Referring to Figure 13, a second side view of how the fluid 112 stream

contacts the helical grooves 11 is shown. The helical grooves 11 are nearly parallel to the
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fluid stream 112, and move in a direction that is approximately perpendicular to- the fluid
112. On the second side of the tube 10, the helical grooves 11 are oriented so that they
cannot capture much energy from the fluid 112. If the angular velocity of the tube 10 is
significantly greater than the velocity of the fluid 112, the fluid 112 acts on the helical
grooves 11 to slow rotation of the tube 10. If the angular velocity of the tube 10 is
significantly slower than the velocity of the fluid 112, the fluid 112 contacts and pushés the
helical grooves 11 and assists rotation of the tube 10. Various factors come into play when
setting the pitch of the rotor 1, including fluid velocity, helical groove 11 angle, type of fluid,
angular velocity of the tube 10, number of helical grooves 11, and shape of the blades 30, 40.

[0103} Referring to Figures 1, 6, 8 and 13 now, Figure 8 shows the rotor 1
pitched up about 20 degrees, which creates an outside top low pressure area 130 on the top
and outside of the tube 10. Similarly, an inside bottom low pressure area 136 forms on the
bottom and inside of the tube 10. These low pressure areas form because the fluid 112 is
diverted to create the inside top high pressure area 134, which forms on the inside and top of
the tube 10, and the outside bottom high pressure area 132, which forms on the outside and
bottom of the tube 10. The outside top low pressure area 130 and the outside bottom high
pressure area 132 produce lift, which is advantageous in some embodiments. For example,
in some embodiments it is preferable to make the rotor 1 as light as possible, and situations
can develop when the rotor 1 becomes weightless and floats as the rotor 1 is pitched up.
Although the rotor 1 is pitched up about 20 degrees, in other embodiments the pitch angle
can vary between 1 and 30 degrees during normal operation. In some embodiments, the tail
shaft 64 includes a tail bend 63 to maintain a desired pitch angle relative to the flow of the
fluid 112. In other embodiments a pitch drive is used, which is similar to a yaw drive, to
control the pitch angle of the rotor 1. '

[0104] Refem‘ng to Figures 1, 9, 10, 14, and 15, the effects of yawing the rotor 1
are explained. In Figures 9 and 14, the rotor 1 is yawed 16 degrees in a first direction so that
the fluid 112 flows in a direction substantially with the rotation direction 144. Because the
helical grooves 11 are positioned so that they are nearly perpendicular to the flow of the fluid
112, the helical grooves 11 move in a direction from the front to the back of the tube 10 as
the helical grooves 11 rotate. If the movement of the helical grooves 11 from the front to the

back of the tube 10 is at least as fast as the velocity of the fluid 112, a low pressure area 140
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on the top of the tube 10 forms. At this yaw orientation, the top low pressure area 140 on the
top of the tube 10 produces lift. Similarly, a bottom high pressure area 142 forms on the
bottom of the tube 10 due to the helical grooves 11 moving in a direction which is not in the
same direction as the fluid 112. This also produces lift which makes the rotor 1 lighter, and
in some embodiments, the rotor 1 can be made lighter than air by using this lift mechanism.
In some embodiments, the tail shaft 64 includes a tail bend 63 to maintain the yawing of the
rotor 1 at a desire orientation relative to the fluid 112. Although in this example the rotor 1 is
yawed 16 degrees in a first direction, in other embodiments the yaw angle can vary between
1 and 30 degrees during normal operation.

[0105] Still referring to Figuares 1, 9, 10, 14, and 15, in Figures 10 and 15 the
rotor 1 is yawed in the opposite, or a second, direction. At this yaw orientation, a top high
pressure area 150 forms on the top of the tube 10 and a bottom low pressure area 152 is
produced on the bottom of the tube 10 if the helical grooves 11 move from the front to the
back of the tube 10 more rapidly than the fluid 112 underneath (that is, the high and low
pressures reverse when the helical grooves 11 are moving from the front to the back of the
tube 10 more slowly than the velocity of the fluid 112). In this situation, the rotation
direction 154 causes a component of the helical grooves 11 to move against the fluid 112 at
the top of the tube 10, and substantially with the fluid 112 at the bottom of the tube 10. In
embodiments where the fluid energy converter 100 is used with a compressible fluid 112, the
low pressure area 110 rises as it exits the back of the tube 10 because‘the exiting fluid 112 is
less dense than the surrounding gas. In this case, the top high pressure area 150 causes
acceleration of the wind 112 toward the low pressure area 110, and increases the available
energy that the fluid energy converter 100 can capture. In some embodiments, the rotor 1 is
yawed 16 degrees in the second direction, while in other embodiments the rotor 1 is yawed
between 1 and 30 degrees.

[0106] Referring now to Figure 11, the rotor 1 is both pitched down 15 degrees
and yawed 14 degrees to maximize the pressure differences that can be produced.
Depending on the application, the pitch angle of the rotor 1 can vary between 1 and 30
degrees and the yaw angle can vary between 1 and 30 degrees. The combination of pitching
and yawing the rotor a yaw-pitch high pressure area 160 on the top of the tube 10 and a yaw-

pitch low pressure area 162 undemeath the tube 10. In one embodiment, the helical grooves
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11 are formed so that they are of a left hand orientation, and the rotation direction 164 of the
rotor 1 is clockwise when viewed from the front. The same pressure differences result when
the helical grooves 11 are right hand, the rotor 1 is pitched down, but the yaw is in the first
direction. With the helical grooves 11 in a left hand orientation and the rotor 1 pitched up
and the yaw in a first direction, the pressure differences on the top and bottom of the tube 10
reverse, and a low pressure results on the top, and a high pressure is produced underneath the
tube 10. Generally, when the rotor 1 is both pitched and yawed to maximize the pressure
differences that can be produced, the rotor 1 pitch angle will be less than if it were only
pitched and not also yawed, and the rotor 1 yaw angle will be less than if it were only yawed
and not also pitched.

[0107} In some embodiments such as wind turbines, because the structure of the
rotor 1 can be configured to be stronger than the structure of commonly used wind capturing
technologies, the rotor 1 can be used at higher wind speeds than current technologies. In
very high winds, the tube 10 can be yawed or pitched more than in normal operation to
reduce wind flow into the tube 10 so that the fluid energy converter 100 can still operate
without damage to the generator 88.

[0108] Referring now to Figures 1, 16A, and 16B, the flow of fluid 112 over and
around the nacelle 50 is described. In one embodiment, the nacelle 50 is configured to direct
fluid 112 in a selected direction by configuring the nacelle vanes 52 in a desired shape and
position. In some embodiments, the nacelle vanes 52 have a helix that is opposite to the
helix of the helical grooves 11. For examplé, if the helical grooves 11 are left hand, the
nacelle vanes 52 will be right hand so that the fluid 112 will be directed to flow and rotate in
the same direction as the rotation of the tube 10, as seen in Figure 16B. The nacelle vanes 52
can also be configured to direct fluid 112 radially away from the center of the tube 10 as seen
in Figure 16b, which increases the low pressure area 110 and increase the outside and inside
high pressure areas 111, 113. In some embodiments the pitch of the nacelle vanes 52 is less
than the pitch of the helical grooves 11, but depending upon the application, the pitch of the
nacelle vanes 52 can be equal to or higher than the pitch of the helical grooves 11. In some
embodiments, the number of nacelle vanes 52 equals the number of helical grooves 11, but

the number of nacelle vanes 52 can be more or less than the number of helical grooves 11.
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[0109] Referring to Figure 18, an alternative fluid energy converter 200 is
disclosed. For the purposes of simplicity, only the differences between the fluid energy
converter 200 and the fluid energy converter 100 are described. In one embodiment, the
fluid energy converter 200 does not have a tail 60 or tail shaft 64 but incorporates a yaw
drive (not shown) which is commonly known. Assembled to the top of the tower 70 is a U-
hinge 270, which provides for yawing and pitching of the rotor 1. The U-hinge 270 can have
a cylindrical bore which fits over the top of the tower bearing 78 and provides for low
friction yawing of the rotor 1. Yawing is accomplished with a yaw drive which is commonly
known. In one embodiment, the U-hinge 270 is a strong and rigid component that can be
made from a material such as aluminum, steel, carbon fiber, fiberglass with polyester or
epoxy resin, or any other suitable material. The U-hinge 270 incorporates a slot with two
through holes into which a U-pin 272 is inserted with an interference fit, for example. A U-
plate 274, which in some embodiments rigidly attaches to the center of the U-arm 276, has a
-through hole into which the U-pin 272 is inserted. The U-pin 272 provides for pitching of
th¢ rotor 1 with a pitch drive (not shown), which is similar to the yaw drives commonly
known. The U-arm 276 in some embodiments is generally U-shaped and tubular, and is
configured to support the rotor 1 and provide mounting to the front and back to eliminate the
cantilever loads which the rotor 1 produces. When used with wind turbines and windmills,
the U-arm 276 can raise the height of the rotor 1 where winds usually have higher velocities.
In other embodiments, the U-arm 276 is V-shaped or has the shape of a square wave. In one
embodiment, rigidly attached to the top of each end of the U-arm 276 is a U-shaft bracket
280, which in some embodiments is made from a strong material such as steel or aluminum,
can be U-shaped, and is configured to accept insertion of the U-shaft 278. A U-shaft clamp
282 rigidly attaches to each of the two U-shaft brackets 280 using standard fasteners, and
provides for simplified assembly of the U-shaft 278 and secures the U-shaft 278 in position.

[0110] Referring now to Figures 3 and 19, an alternative fluid energy converter
300 is described. The fluid energy converter 300 includes a nacelle 50 that is moved from
inside the tube 10 to behind the tower 70. The nacelle 50 in some embodiments is heavy
because the nacelle 50 houses the powertrain 80. The weight of the nacelle 50 can be
configured to counterbalance the cantilever load produced by the rotor 1. In some

embodiments, moving the nacelle 50 behind the tower 70 also helps the fluid 112 flow
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through the tube 10. The low speed shaft 84 is lengthened and runs from the nose cone 36
through the center of the hollow shaft 28, and through the tail body 66. The nacelle 50 is
integrated into the tail body 66 so that the low speed shaft 84 can attach to the gearbox 82.
Electrical cables (not shown) are routed from the generator 88 and then inside the nacelle 50
to the gearbox 82. In one embodiment, the diameter of the gearbox 82 is slightly smaller
than the inside diameter of the nacelle 50 so that the electrical cables can fit between the
outside diameter of the gearbox 82 and the inside diameter of the nacelle 50.

[0111] Referring to Figure 20, in one embodiment the nacelle 50 can include a
continuously variable transmission (CVT) 89, which can be placed in the powertrain 80
between the gearbox 82 and the generator 88. In some embodiments, the inside of the
nacelle 50 can be the case of the CVT 89. In other embodiments the case (not shown) of the
CVT 89 rigidly attaches to the nacelle 50. The input of the CVT 89 can be coupled to the
high speed shaft 86 using a spline, key, fasteners, pins, or any other suitable method. In one
embodiment, the output of the CVT 89 can be coupled to the generator 88 with fasteners
which are inserted through holes in a flange of the generator 88 and threaded into tapped
holes on the output of the CVT 89. The CVT 89 maintains a constant input speed into the
generator 88, even as the velocity of the fluid 112 varies, by increasing the input rotational
speed when the velocity of the fluid 112 is low and by reducing the input rotational speed
when the velocity of the fluid 112 is high. ‘

[0112] Referring to Figures 3 and 21, a contra-rotating nacelle 50 is disclosed.
The nacelle 50 can be rigidly attached to the shaft 28, and the outside diameter of the shaft 28
can be configured to fit into the first nacelle bearing 94 and the second nacelle bearing 96. In
some embodiments the nacelle bearings 94, 96 are located by an interference fit into the
inside diameter of the tail body 66, but the nacelle bearings 94, 96 can also be attached with
adhesive, a set screw, or any other suitable method. The nacelle bearings 94, 96 allow for
low friction relative rotational movement between the shaft 28 and the tail body 66. As the
fluid 112 enters the tube 10, the fluid 112 contacts the front blades 32, and after the front
blades 32 extract some of the kinetic energy of the fluid 112, the fluid 112 begins rotating in
a direction that is opposite to the rotation of the front blades 32. The fluid 112 then contacts
the helical vanes 52 and causes the nacelle 50 to rotate in a direction opposite to the direction

of rotation of the front blades 32 and the tube 10. In some embodiments, the stator (not
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shown) of the generator 88 can be attached to the inside diameter of the nacelle 50 so that the
stator rotates in a direction opposite to the direction of rotation of the rotor (not shown) of the
generator 88.The high speed shaft 86 turns the rotor of the generator 88. This configuration
causes a large speed differential between the stator and rotor of the generator 88 and, thereby,
increases the relative speed of the generator 88 as well as the power the generator 88
produces. A slip ring or rotating conductor (not shown) can be used between the rotating
electricity carrying wires exiting the generator 88 to the non-rotating electricity carrying
wires that enter the tower 70.

[0113] Referring now to Figures 1, 4, and 22A, an alternative manufacturing
method is disclosed for the tube 10. Figure 22A is an exploded view of a tube 10
manufactured from three substantially identical, full length,- arcuate pieces 180. In one
embodiment, an arcuate piece 180 has an arc of 120 degrees, or one third of a circle; hence,
the three arcuate.pieces 180 complete the full circumference and area of the tube 10, from the
front edge to the back edge. In some embodiments, the arcuate pieces 180 are manufactured
from the same materials as the tube 10 of Figure 4, although other materials can be used. .In
some embodiments more or fewer arcuate pieces 180 are used, which have arcs between 10
and 180 degrees. The arcuate pieces 180 contain multiple fastening holes 182, which in
some embodiments are designed to accommodate flat head screws (not shown) inserted
through the exterior root surface 15 of the arcuate pieces 180. Arcuate strips 184 can be used
to connect individual arcuate pieces 180 to one another. In some embodiments, the number
of arcuate strips 184 equals the number of helical grooves 11, although more or fewer arcuate
strips 184 can be used. The arcuate strips 184 can be attached to the interior root surfaces 19
of the arcuate pieces 180. In some embodiments, the profile of each arcuate strip 184 is T-
shaped but can be configured with a curve to capture the fluid 112. Eéch'arcuate strip 184
can be provided with at least one fastening hole 186, although in some embodiments 2, 3, 4,
5, 6, or more fastening holes 186 can be used. In some embodiments, each arcuate piece 180
has four fastening holes 182 and attaches to four arcuate strips 184; in other applications,
however, each arcuate piece 180 can be attached to more or fewer arcuate trips 184, and have
more or fewer fastening holes 182. In some embodiments, flat head screws are inserted
through the arcuate strip holes 186. Each arcuate strip 184 has at least one arcuate strip slot

188, to which a front set of blades 30, a back set of blades 40, or other component can be
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attached. In some embodiments, the fastening holes 186 protrude into the arcuate strip slots
188, and flat head screws are inserted through the arcuate pieces 180, through the fastening
holes 186, and screwed into tapped holes in the blades 30, 40. In some embodiments, there
are twice as many arcuate strips 184 as arcuate pieces 180, and each arcuate strip 184
attaches to two arcuate pieces 180. The arcuate strips 184 in some embodiments are made
from a rigid, inflexible material such as carbon fiber, fiberglass with epoxy or polyester resin,
or other composite. In other embodiments, the arcuate strips 184 are formed from aluminum,
steel, or titanium, although other materials, such as plastics, can be used.

[0114]) Referring to Figures 1, 4, and 22B, another alternative method of
manufacturing the tube 10 is disclosed. Multiple helical pieces 190 which begin at the front
edge, and continue to the back edge, of the tube 10 are substantially identical and can be
connected to each other to form the tube 10. In some embodiments, the helical pieces 190 do
not traverse the full length of the tube 10 but, rather, form a distance %, 1/3, %, 1/5, 1/6 or
less of the length of the tube 10. The helical pieces 190 can have side edges 191 which are
formed along the exterior root surface 15 of the helical grooves 11. The side edges 191
contact each other to form the tube 10. In some embodiments the number of helical pieces
190 positioned radially around the tube 10 equals the number of helical grooves 11, while in
other embodiments the helical pieces 190 can contain portions of more than two helical
grooves 11. Multiple fastening holes 192 can be formed near the side edges 191. In some
embodiments fasteners, such as flat head screws are inserted through the exterior root surface
15 of the helical pieces 190. In some embodiments the fastening holes 192 are countersunk
so that if flat head screws are used the heads will lie flush with the surface of the helical
pieces 190. In some embodiments, multiple helical strips 194 can be used to join the helical
pieces 190 to each other. The helical strips 194 are similar, in some respects, to the arcuate
strips 184 and in some embodiments have a T-shaped profile, although other shapes, such as
an I-shaped or a flat profile can be used. The helical strips 194 in some embodiments are
made from a rigid, inflexible material such as carbon fiber, fiberglass with epoxy or polyester
resin, or other composite. In other embodiments, the helical strips 194 are formed from
aluminum, steel, or titanium, although other materials, such as plastics, can be used.
Multiple helical strip holes 196 can be formed into the helical strips 194. In some

embodiments, some of the helical strip holes 196 are tapped while others are clearance holes
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so that flat head screws can be inserted through the helical strips 194 and screwed into tapped
radial holes at the tips of the blades 30, 40. Other, shorter flat head screws are threaded into
the helical strip holes 196 that are tapped. In some embodiments the helical strips 194 run
the length of the tube 10, while in other embodiments the helical strips 194 can be 1/2 , 1/3,
%, or less of the length of the tube 10.

[0115] Referring now to Figure 23, an alternative fluid energy converter 350 is
disclosed. The fluid energy converter 350 can have a tube 360 with variable helical grooves
351. The variable helical grooves 351 in some embodiments begin with a shallower helix
angle which increases from the front to the back of the tube 360. In some embodiments, the
helix angle at the back of the tube 360 is about 185% of the helix angle at the front of the
tube 360, but depending on the application the helix angle at the back of the tube 360 can be
200%, 300%, or more, and less than 185% of the helix angle at the front of the tube 360.
This can optimize energy capture as the fluid 112 moves across the tube 360 in an application
such as a wind turbine, windmill, waterwheel, or water turbine. However, in other
applications, such as when the fluid energy converter 350 is used as a pump or compressor,
the variable helical grooves 351 can begin with a steeper helix angle which progressively
becomes shallower.

[0116] Referring now to Figure 24, yet another alternative fluid energy converter
390 is disclosed. The fluid energy converter 390 can have a tube 392 with a bell mouth
opening 394 to maximize the amount of ﬂﬁid 112 moving through the tube 392. In some
embodiments, increasing the amount of fluid 112 inside of the tube 392 increases the energy
densjty in the tube 10. The flared opening of the bell mouth 394 captures more fluid 112 In
some applications involving a compressible fluid 112, the additional fluid 112 can raise the
pressure in the high pressure area 111, which boosts efficiency of the fluid energy converter
390. The curve forming the bell mouth 394 in some embodiments has a radius that is about
40% of the radius of the tube 10; however, in other applications larger or smaller radii can be
~used. In some embodiments, the diameter of the bell mouth 394 is 5% greater than the
diameter of the remainder of the tube 392, although in other embodiments the diameter is
from 1-30% greater than the remainder of the tube 392.

[0117]  Referring now to Figure 25, an altemnative wind turbine system 2500 can

include a rotor 2510 that forms the outside case of the system 2500. The rotor 2510
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generally surrounds a central body 2520. The central body 2520 of this embodiment can be
configured to compress the flow of incoming wind to increase the wind speed in the turbine |
and thereby increase the overall wind capture of the system 2500. In some embodiments, the
central body 2520 is fixed. In the illustrated embodiment, the rotor 2510 connects via spokes
2530 to a drive shaft (not-shown) that couples the rotational energy of the rotor 2510 to a
power transmission device (for example, the continuously variable transmission 3020) for
efficiently coupling the rotational energy received by the rotor 2510 from the wind to an
electrical generator 3030, for example (see Figure 30). !

[0118] Referring now to Figures 25, 27 and 28, in some embodiments, the rotor
2510 is a solid, generally cylindrical tube. In some embodiments, one or more spiral
protrusions, or vanes 2540, extend longitudinally along the inner surface of the rotor 2510.
In some embodiments, such as is depicted in Figures 27 and 28, the rotor 2510 is formed of
identical pieces 2710 that are connected to form a section ring 2700, which are then attached
to one another in the proper angular alignment to form a hollow tubular rotor 2510 with the
repeated pattern of vanes 2540. Each piece 2710 includes a central protrusion 2720 that
forms the incremental vane portion for that piece 2710. Forming the rotor 2510 from
modular structures has several advantages. Namely, these modular pieces 2710 are easily
transported in comparison to the large tubular rotor 2510 because they can be stacked and
densely packed. Additionally, the use of these modular pteces 2710 also reduces
manufacturing and storage cost. The pieces can be fastened together by any method known
in the art, including mechanical fasteners, epoxies, glues interlocking structures or other
methods or structures. In other embodiments, the rotor 2510 may formed of a single,
integrated piece.

[0119] Referring now to Figure 25, 26A, 26B and 29, one embodiment of a body
2520 is illustrated that directs air that would otherwise have little effect on the vanes 2540 of
the rotor 2510 towards the internal surface of the rotor 2510, thereby increasing the relative
pressure in the vicinity of the rotor 2510. Therefore, as air enters the turbine system 2500 it
begins to increase in pressure as the same mass of air is forced into a smaller area. For a
given mass flow rate of air through the turbine 2500, the speed of the air passing through the
turbine system 2500 increases, thereby increasing the kinetic energy of the wind. - Because

the kinetic energy of the wind is imparted from the air to the rotor 2510, the increase in
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kinetic energy caused by the shape of the body 2520 leads to improved performance of the
turbine system 2500 as a whole. The illustrated embodiment shows a relatively linear
increase in the cross-sectional area of the body 2520 along the length of the body 2520
leading to a generally cone shaped body 2520. However, non-linear shapes can also be used
to achieve various compression and expansion profiles along the length of the body 2520.
For instance, from the front to the back of the body 2520, the cross-sectional area can
increase at a decreasing rate or at an increasing rate or at a varying rate.

[0120] Furthermore, in some embodiments, the turbine system 2500 can be
designed so that air enters from the other end of the rotor 2510, so that the body 2520 rapidly
compresses air at the input and as air passes over the decreasing diameter of the conical
shaped body 2520, the air pressure decreases, thereby improving overall airflow through the
turbine system 2500.

[0121] As is also illustrated in Figure 25, 26A, 26B and 29, the central body
2520 can include one or more spiral vanes 2550 along its outer surface to impart a rotational
component to the velocity of at least some of the air and thereby increase the efficiency with
which kinetic energy is transferred from the air to the rotor 2510. In some embodiments, the
angle at which a specific portion of the air strikes the respective area of a vane 2550 of the
rotor 2510 can have an effect on how much of the kinetic energy of the portion of air is
transferred to the rotor 2510. This angle is optimized in some embodiments to maximize the
transfer of energy to the rotor in conjunction with the evacuation of the spent air from the
turbine system 2500.

[0122] Referring now to Figure 30, in some embodiments, the central body 2520
houses one or more energy handling and transmission components. In the illustrated
embodiment, the components include a fixed ratio drive 3010, a continuously variable
transmission 3020 (CVT), a generator 3030 and power transmission lines 3040. The fixed
ratio drive 3010 can be a step up gear system or a rolling traction planetary. The CVT 3020
can be any type known in the art and is designed to vary the rotational speed of a
transmission shaft 3050 so that speed input to the generator 3030 can be controlled to
optimize and simplify the generation of electrical power. The CVT 3020 can be any
transmission capable of such rotational speed variance such as those described in the above-

incorporated patent applications.
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[0123] In some embodiments, the use of a CVT 3‘020 alleviates the need for
power electronics known in the wind powered electrical energy generation industry that
convert the power generated by the generator 3030 operating at various rotational speeds into
the desired output characteristics, such as a desired frequency. Some embodiments of the
body 2520 also include other transmission components or systems for coupling the varying
rotational energy to an electrical generator such as are known in the art. The CVT 3020 of
the illustrated embodiment can also be replaced by a typical automatic transmission or
removed completely in other embodiments. The CVT 3030 can be controlled by an
electrically controlled motor or in other embodiments can be controlled by the rotating speed
of the rotor 2510. For instance, weights can be placed inside the spokes 2530 and connected
by a tether to a control mechanism for the CVT 3020 so that a centripetal force is generated
by the weights that varies with rotational speed of the rotor 2510 and that increases or
decreases the CVT 3020 output speed in order to optimize the electrical power transmission
of the generator 3030. In some embodiments, all of the components inside of the body 2520
are located on the ground and shafts (not shown) transmit the rotational energy to the ground
via one or more gear systems such as bevel gears (not shown). While the illustrated
embodiment shows the power transmission lines 3040 exiting the body 2520 via the front, it
is understood that these power transmission lines 3040 can leave the body anywhere and can
be dynamic contacts as well.

[0124] Referring again to Figure 25 and 29, the front cone on the wind entry side
of the central body 2520 can also include a set of retractable flaps (not shown). At low
speed, the flaps remain substantially flush against the surface of the cone. As the wind speed
increases, and the CVT 3020, generator 3030 or other transmission component reaches a
particular transmission ratio setpoint, the flaps begin to rise from the surface to restrict the
flow of air through turbine system 2500. In some embodiments, these flaps can effectively
limit the airflow to allow electrical power generation during storms, when wind power is
greatest and when typical wind generators must be shut down. In some embodiments, the
flaps are controlled in conjunction with the CVT 3020 via the centrifugal force of the spokes
2530 or by the electronic controller. The flaps may be elastically held flat at low speed, such
as by springs or can be positively controlled via a direct control and positioning system as

such mechanisms are known to one of skill in the art. Various control and positioning
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systems are known in the art for achieving such functionality and can be used with such
embodiments.

[0125] Referring again to Figures 25 and 26A, the illustrated body includes a
generally vertical stand 2505 that supports the turbine system 2500 above the surface upon
which it is mounted, such as the ground in some embodiments, in order to achieve favorable
wind conditions. The stand 2505 that is illustrated is a vertical pipe; however, any type of
stand can be used. Furthermore, in the illustrated embodiment, the stand 2505 attaches to the
front of the body 2520 while in some embodiments, the stand 2505 attaches to the rear or tail
of the body to allow for reduced resistance to air entry into the turbine system 2500. The
turbine system 2500 of some embodiments is rotatably coupled to the base 2505 to allow the
system to rotate into the wind. In some such embodiments, the direction that the turbine
system 2500 faces is controlled by a positioning system as such systems are known in the art
and in other fields such as astronomy for example.

10126] Referring now to Figure 31, in some embodiments, the turbine system
2500 includes a tail 3110 on the exiting side of the central body 2530. The tail 3110 of the
illustrated embodiment has a convergent shape to reduce the drag of air exiting the turbine
and thereby improve the overall airflow through the turbine system 2500. Additionally, the
illustrated tail 3110 includes a vertical portion 3120 for stabilization of the direction the
turbine system 2500 faces. In addition, the illustrated embodiment includes a rudder 3130
that can be used to direct the turbine system 2500. The rudder 3130 can be configured to
cause the wind turbine system 2500 to turn slightly out of parallel with the direction of the
wind so that some of the wind creates lift to allow the rotor 2510 to at least partially lift off
its bearings. As some component of the wind strikes the side of a cylinder spinning in the
wind such that the bottom spins against or into the wind and the top spins away from the
wind, the cylinder undergoes lift. That is, if the wind turbine system 2500 is rotated at least
partially in the correct direction out of parallel with the wind, a portion of the incident wind
power can be harnessed to reduce the load on the bearings and thereby increase efficiency by
reducing losses. This principle can be advantageously employed to more easily bring the
turbine rotor 2510 up to its steady state speed as the system is started. In addition, the
reduction in weight on the bearings tends to reduce wear. Some embodiments of the system

2500 that include such lift are tilted sufficiently out of parallel with the wind so as to
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generate lift while still be being sufficiently parallel with the wind so as to maintain efficient
coupling with the wind. In referring to both Figures 26A and 31, the rotor 2510 can be
extended in some embodiments to surround at least partially or completely the divergent
portion of the tail 3110.

[0127] Referring now to Figures 32, 33, and 34, another embodiment of a wind
turbine system 3200 is described. The rotor 2510 attaches to a rotor shaft 3260, a generally
tubular shaped component constructed of metal, carbon fiber, fiberglass, or other any other
material known in the art. The hollow core of the rotor shaft 3260 allows for the passage of
electrical lines and any other parts and materials required to generate electricity, pump water,
or other uses that may be employed for the wind turbine system 3200. The rotor shaft 3260
attaches at a first end to a front hub 3290 (see Figures 34, 37), located at the front central
portion of the rotor 2510. In one embodiment the rotor shaft 3260 is stationary and does not
rotate. At a second end the rotor shaft 3260 attaches to a swivel 3240. The swivel 3240,
constructed of a strong, rigid material such as steel, provides for vertical tilting of the rotor
2510 along an up and down vertical plane. The swivel 3240 is housed in a swivel mount
3250, which is constructed of a strong, rigid, and in one embodiment lightweight material,
such as carbon fiber or other composite. The swivel mount 3250 pivots on the stand 2505 to
allow for rotational movement of the wind turbine system 3200 on a horizontal plane in
response to changes in wind direction. Bearings (not shown) used in the art may be
employed between the swivel mount 3250 and the stand 2505 to minimize friction during
rotational movement on a horizontal plane. Also attached to the swivel 3240 is a tail shaft
3220, which can be any shape but in the illustrated embodiment is a generally cylindrical rod
or tube constructed from metal, composite, or any other material common in the art. The tail
shaft 3220 attaches to the swivel 3240 at a first end and at a second end attaches to the tail
3210 and in one embodiment does not rotate. The tail 3210 is designed to position the rotor
2510 both vertically and horizontally with respect to the wind. In one embodiment, the tail
3210 is constructed of four generally flat, planar sections that are strong and rigid. Two of
the four sections are positioned vertically on a vertical plane coincident with the tail shaft
3220 axis and serve to horizontally position the rotor 2510. Two other sections are
positioned horizontally on a horizontal plane coincident with the tail shaft 3220 axis and

serve to vertically position the rotor 2510.
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[0128] Referring to Figure 32, the wind turbine system 3200 is designed to
produce lift to the rotor 2510 by increasing the speed of the wind over the top of the rotor
2510. The rotor 2510 is tilted down vértically so that the front of the rotor 2510, which is the
portion of the rotor 2510 facing into the wind, is lower than the back of the rotor 2510. The
rotor 2510 is pointed down toward the foundation to which the stand 2505 is anchored. This
creates a situation where wind hits the top of the front of the rotor 2510 before hitting the
bottom front of the rotor 2510. Line A shows that the distance from the bottom front of the
rotor 2510 to the back of the rotor 2510 is shorter than line B, which is the distance from the
top front of the rotor 2510 to the back of the rotor 2510. Because the wind must flow farther
to reach the back of the rotor 2510, the wind will flow faster over the top of the rotor 2510,
~ creating an area of lower pressure and lift. This lift effectively reduces the weight of the
rotor 2510, increasing its rotational speed. Still referring to Figure 32, angle C, near the
center of Figure 32, is the angular distance on a vertical plane between the axis of the tail
shaft 3220, which is generally parallel with the wind flow, and the axis of the rotor shaft
3260. Angle C maximizes the lift produced by the lower pressure on the top of the rotor
2510 without sacrificing wind flow through the rotor 2510. If angle C is too large, wind will
be cut off from entering the rotor 2510 and the rotational speed of the rotor 2510 will
decrease. If angle C is too small, insufficient lift will be generated to optimize the rotor’s
2510 rotational speed. The optimum angle for angle C varies with the wind speed, the rpm
of the rotor 2510, the design of the rotor 2510, and the size of the wind turbine system 3200.
In one embodiment, angle C is 15 degrees, althdugh it can vary from 1-30 degrees depending
upon the application. '

[0129] Referring now to Figure 33, the wind turbine system 3200 is also
designed to produce lift to the rotor 2510 by increasing the speed of the wind over the top of
the rotor 2510. The rotor 2510 is tilted horizontally on a horizontal plane so that the wind
strikes the front of the rotor 2510 at an angle D, which is the angular distance on a horizontal
plane between the axis of the tail shaft 3220, which is generally parallel with the wind flow,
and the axis of the rotor shaft 3260. The rotor 2510 in wind turbine system 3200 is designed
to rotate counter-clockwise when viewed from the front. When the rotor 2510 rotates
counter-clockwise it will be tilted to the left when viewed from the front. Conversely, in

other embodiments where the rotor 2510 rotates clockwise, it will be tilted to the right when
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viewed from the front. Tilting the rotor 2510 horizontally causes the wind striking the
bottom of the rotor 2510 to some degree to move in the opposite direction as the rotation of
the rotor 2510, slowing wind speed under the bottom of the rotor 2510. At the same time
wind flowing over the top of the rotor 2510 moves to some degree in the same direction as
the rotation of the rotor 2510. This creates lower pressure above the rotor 2510, creating lift.
This lift effectively lightens the rotor 2510 enabling it to rotate faster. Making angle D too
large will decrease the amount of wind entering the rotor 2510, reducing rotational speed of
the rotor 2510. Making angle D to small will not take maximum advantage of the lift that
can be produced. Angle D in the wind turbine system 3200 is 15 degrees, although
depending on the application, it can vary between 1-30 degrees.

[0130] Referring now to Figures 34, 37, and 38, sets of front and rear blades
3265, 3270 attach the rotor 2510 to the front and rear hubs 3290, 3292, respectively. In one
embodiment the number of blades for each set of front and rear blades 3265, 3270 is six, but
this number can vary from 2-20 or more blades. Referring to Figure 37, in one embodiment
the front blades 3265 sweep forward as they move radially outward to strengthen the
structure of the rotor 2510, minimizing flex. Referring to Figure 38, the rear blades sweep
backward as they move radially outward, also to strengthen the structure of the rotor 2510
and to minimize flex. Both the front and rear blades 3265, 3270 are acrodynamically
designed to minimize wind resistance, produce energy, and maximize the flow of wind
through the rotor 2510. The front and rear blades 3265, 3270 can be further designed to
capture wind, and convert it to rotational energy, as is comumon in the art. In one
embodiment, the front and rear blades 3265, 3270 are designed to act as fans and push wind
through the center of the rotor 2510. This increase in speed of the wind through the center
creates a situation where wind is sucked into the rotor 2510 from an area greater than the
diameter of the rotor 2510. This increases wind capture, in effect creating a larger diameter
rotor 2510. Wind adjacent to the flow sucked to the inside of the rotor 2510 is also affected,
causing this wind to strike the outside of the rotor 2510, further increasing rotational speed of
the rotor 2510.

[0131] Referring to Figures 35 and 36, the swivel mount 3250 serves to position
the rotor 2510 at optimal vertical and horizontal angles. The swivel mount 3250 also

provides a balance point for the wind turbine system 3200. In one embodiment, weight is
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evenly distributed on both sides of the swivel mount 3250, reducing wear and minimizing the
size and cost of structural components. The swivel mount 3250 is hollow, allowing for the
passage of electrical lines and other equipment to pass through into the stand 2505. In one
embodiment, the swivel mount 3250 has an aerodynamic profile to minimize wind resistance.
At a first, lower end, the swivel mount 3250 contacts the top of the stand 2505. The swivel
mount 3250 can rotate on top of the stand 2505. This rotation can be facilitated by placing a
bearing between the stand 2505 and the swivel mount 3250. The swivel mount 3250 also has
an aperture into which the swivel 3240 is inserted. The swivel 3240, attached to both the
rotor shaft 3260 and the tail shaft 3220, provides for vertical tilting of the rotor 2510. A slot
at the front of the swivel mount 3250 provides for entry of the rotor shaft 3260, connection to
the swivel 3240, and provides space for vertical tilting of the rotor shaft 3260 without
contacting the swivel mount 3250. A similar slot at the rear of the swivel mount provides for
entry of the tail shaft 3220, connection to the swivel 3240, and provides space for vertical
tilting of the tail shaft 3240 without contacting the swivel mount 3250. Referring to Figure
36, a bottom view of the swivel mount 3250 shows that the slot 3252 into which the tail shaft
3220 is inserted is angularly offset by 15 degrees from the slot in the front of the swivel
mount 3250, which faces the wind. |

[0132} While the above detailed description has shown, described, and pointed
out novel features of the invention as applied to various embodiments, it will be understood
that various omissions, substitutions, and changes in the form and details of the device or
process illustrated may be made by those skilled in the art without departing from the spirit
of the invention. As will be recognized, the present invention may be embodied within a
form that does not provide all of the features and benefits set forth herein, as some features

may be used or practiced separately from others.
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WHAT IS CLAIMED IS:

1. A tube for a fluid energy converter, the tube comprising:

a generally cylindrical and hollow body having an interior surface, an exterior
surface, and a longitudinal axis; and

a first plurality of helical grooves formed on the exterior surface for capturing
kinetic energy of a fluid stream as the fluid stream rotates the tube about the
longitudinal axis.
2. The tube of Claim 1, further comprising a second plurality of helical grooves

formed on the interior surface.

3. The tube of Claim 1, wherein the first and second pluralities of helical grooves

form helical vanes that run from a first end to a second end of the tube.

4, The tube of Claim 3, wherein the tube has a substantially uniform wall
thickness.

5. The tube of Claim 2, wherein the tube is adapted to produce areas of high and
low pressure.

6. The tube of Claim 2, wherein the tube produces a low pressure area near the

longitudinal axis.

7. The tube of Claim 2, wherein the tube produces a high pressure area near the
interior surface of the rotatable tube. |

8. The tube of Claim 2, wherein the rotatable tube produces a high pressure area
near the exterior surface of the rotatable tube.

S. The tube of Claim 6, wherein the low pressure area begins near a first end of
the tube, and wherein the difference between the low pressure area and a surrounding
pressure increases toward a second end of the tube.

10.  The tube of Claim 7, wherein the high pressure area begins near a first end of
the tube, and wherein the difference between the high pressure area and a surrounding
pressure-increases toward a second end of the tube.

11.  The tube of Claim 8, wherein the high pressure area begins near a first end of
the tube, and wherein the difference between the high pressure area and surrounding pressure

increases toward a second end of the tube.
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12.  The tube of Claim 2, wherein the tube creates a pressure gradient between an
area near the longitudinal axis and an area near where the fluid approaches the tube.
13.  The tube of Claim 2, wherein the tube is adapted to capture fluid from an
effective diameter that is larger than the nominal diameter of the tube.
14.  The tube of Claim 2, wherein the tube is adapted to capture fluid entering near
a perimeter of the tube, and wherein a fluid flow of the fluid is not parallel with the
longitudinal axis.
15.  The tube of Claim 14, wherein an angle of the fluid flow is between 1 and 45
degrees, and wherein one side of the angle is coincident with the longitudinal axis.
16.  The tube of Claim 15, wherein the vertex of the angle is behind the front of
the tube. |
17.  The tube of Claim 2, wherein the fluid is a gas and is compressed against the
interior surface of the tube.
18.  The tube of Claim 2, wherein the fluid is a gas and is compressed against the
exterior surface of the tube.
19.  The tube of Claim 2, wherein the fluid energy converter is a wind turbine.
20.  The tube of Claim 2, wherein the fluid energy converter is a windmill.
21.  The tube of Claim 2, wherein the fluid energy converter is a water turbine.
22.  The tube of Claim 2, wherein the fluid energy converter is a waterwheel.
23. A fluid energy converter, comprising:
a longitudinal axis; and
a rotatable tube coaxial about the longitudinal axis, wherein the rotatable tube
has helical grooves formed into both its exterior surface and interior surface for the
purpose of converting rotating mechanical energy into kinetic energy in a fluid.
24. A tube for a fluid energy converter, the tube comprising:
a generally cylindrical and hollow body having an interior surface, an exterior
surface, and a longitudinal axis; and
a plurality of helical grooves formed into the exterior surface and the interior

surface; and
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wherein the helical grooves are adapted to capture fluid on a first side of a
helical groove on the exterior surface, and wherein the helical grooves are adapted to
capture fluid on a second side of the helical groove on the interior surface.

25.  The tube of Claim 24, wherein the tube has apertures through a thickness of
the tube.

26.  The tube of Claim 24, wherein the tube comprises a plurality of tube sections,
wherein the tube sections are substantially identical and have a shape that is substantially a
curved rectangle.

27. The tube of Claim 24, wherein the tube comprises a plurality of full length
arcuate pieces, the full length arcuate pieces having apertures and a substantially arcuate
rectangular shape.

28.  The tube of Claim 27, further comprising a plurality of arcuate strips, the
arcuate strips having a long, thin, helical shape, and wherein the arcuate strips are adapted to
fasten the full length arcuate pieces together.

29.  The tube of Claim 24, wherein the tube comprises a plurality of helical pieces,
the helical pieces having apertures and a substantially helical shape with portions of one or
more helical grobves formed into each helical piece.

30.  The tube of Claim 29, further comprising a plurality of helical strips, the
helical strips having a long, thin, helical shape, and wherein the helical strips fasten the
helical pieces together.

31.  The tube of Claim 24, wherein the tube is adapted to create a centrifugal force
that affects fluid inside the tube, the centrifugal force causing the fluid to move radially away
from the longitudinal axis.

32.  The tube of Claim 24, wherein the tube is configured such that when the tube
is pitched down a high pressure area forms on the top of the tube. _

33.  The tube of Claim 32, wherein a low pressure area is produced on the bottom
of the tube.

34.  The tube of Claim 24, wherein the tube is configured such that when the tube
is pitched up a high pressure area forms on the bottom of the tube.

35.  The tube of Claim 34, wherein the tube is configured such that a low pressure

area forms on the top of the tube.
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36.  The tube of Claim 24, wherein the tube is configured such that yawing the
tube in a first direction causes a high pressure area to form on the bottom of the tube.

37.  The tube of Claim 36, wherein the tube is configured to produce a low
pressure area on the top of the tube.

_ 38.  The tube of Claim 24, wherein the tube is configured such that yawing the
tube produces a high pressure area on the top of the tube.

39.  The tube of Claim 38, wherein the tube is configured to produce a low
pressure area on the bottom of the tube.

40.  The tube of Claim 24, wherein (the tube is configured such that yawing, and
pitching down, the tube causes a high pressure area to form on the top of the tube.

41.  The tube of Claim 40, wherein the tube is configured to produce a low
pressure area on the bottom of the tube.

42.  The tube of Claim 24, wherein the tube is configured such that yawing, and
pitching up, the tube causes a high pressure area to form on the bottom of the tube.

43.  The tube of Claim 42, wherein the tube is configured a low pressure area is
produced on the bottom of the rotatable tube.

44.  The tube of Claim 30, wherein a boundary layer on the interior surface of the
tube is affected by the fluid acted upon by the centrifugal force.

45.  The tube of Claim 44, wherein the boundary layer produces less drag than the
drag produced by a corresponding boundary layer on a tube without helical grooves.

46.  The tube of Claim 24, wherein the tube is configured such that a high pressure
area forms on the exterior surface, and wherein the boundary layer on the exterior surface is
affected by the high pressure area.

47.  The tube of Claim 46, wherein the boundary layer produces less drag than the
drag produced by a corresponding boundary layer on a tube without helical grooves.

48. A fluid energy converter, comprising:

a longitudinal axis; and

a rotatable tube coaxial about the longitudinal axis, wherein the rotatable tube
has a plurality of helical grooves formed into its exterior surface and interior surface,
and wherein the helical grooves convert rotating mechanical energy into kinetic

energy in a fluid on a first side of the helical groove on the exterior surface, and
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convert rotating mechanical energy into kinetic energy in a fluid on a second side of
the helical groove on the interior surface.
49.  Arotor for a fluid energy converter, the rotor comprising:

a longitudinal axis; and

a rotatable tube coaxial about the longitudinal axis, the rotatable tube
comprising:

an interior surface and an exterior surface;

a plurality of helical grooves formed in the exterior surface and the
interior surface, each helical groove having at least two helical groove walls
that are substantially opposite each other;

wherein the helical groove walls on the exterior surface form an angle
between 0-100 degrees, and

wherein the helical grooves are configured to convert fotating
mechanical energy into kinetic energy in a fluid, or convert kinetic energy in a
fluid into rotating mechanical energy.

50.  The rotor of Claim 49, wherein the fluid inside the rotatable tube spins in the
same direction as the rotatable tube, thereby creating a vortex.

51.  The rotor of Claim 50, wherein the fluid is a gas, and wherein the fluid is
projected radially away from the longitudinal axis due to rotation of the rotatable tube.

52."  Therotor of Claim 51, wherein the density of the gas decreases near the center
of the rotatable tube.

53.  The rotor of Claim 51, wherein the density of the gas increases at the interior
surface of the rotatable tube. -

54.  The rotor of Claim 51, wherein the density of the gas increases at the exterior

surface of the rotatable tube.

55. A fluid energy converter, comprising:

a longitudinal axis;

a rotatable tube coaxial about the longitudinal axis, wherein the rotatable tube
has a plurality of helical grooves formed into a exterior surface and an interior surface

of the rotatable tube;
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a set of front blades distributed radially around the longitudinal axis, the set of
front blades coupled to the rotatable tube;

a set of back blades distributed radially around the longitudinal axis, the set
of back blades coupled to the rotatable tube;

a shaft coincident with the longitudinal axis and operationally coupled to the
rotatable tube; and

wherein the rotatable tube is configured to convert kinetic energy in a fluid
into rotating mechanical energy, or to convert rotating mechanical energy into kinetic
energy in a fluid.

56.  The fluid energy converter of Claim 55, wherein a tip of each blade on the set
of front blades rigidly attaches to the interior surface.

57.  The fluid energy converter of Claim 55, wherein a tip of each blade on the set
of back blades rigidly attaches to the interior surface.

58.  The fluid energy converter of Claim 55, wherein the set of front blades is
configured to convert kinetic energy in a fluid into rotating mechanical energy, or to convert
rotating mechanical energy into kinetic energy in a fluid.

59.  The fluid energy converter of Claim 55, wherein the set of back blades is
configured to convert kinetic energy in a fluid into rotating mechanical energy, or convert
rotating mechanical energy into kinetic energy in a fluid.

60.  The fluid energy converter of Claim 55, further comprising a nacelle
positioned coaxially about the longitudinal axis, wherein the nacelle is positioned inside the
rotatable tube. ‘

61. The fluid energy converter of Claim 60, wherein the nacelle houses a speed
changer and a motor/generator.

62.  The fluid energy converter of Claim 61, wherein if the fluid energy converter
converts rotating mechanical energy into kinetic energy in a fluid, the motor/generator is a
motor and the speed changer is a speed reducer.

63.  The fluid energy converter of Claim 61, wherein if the fluid energy converter
converts kinetic energy in a fluid into rotating mechanical energy, the motor/generator is a

generator and the speed changer is a speed increaser.
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64.  The fluid energy converter of Claim 60, further comprising helical vanes
attached to the nacelle.

65. The fluid energy converter of Claim 64, wherein the helical vanes are
configured to change the direction of the fluid.

66.  The fluid energy converter of Claim 64, wherein the fluid is directed to rotate
in the same direction as the rotatable tube.

67.  The fluid energy converter of Claim 64, wherein the nacelle rotates in the
opposite direction of the rotatable tube.

68.  The fluid energy converter of Claim 60, further comprising a tower configured
to support the rotatable tube, the shaft, the front set of blades, the back set of blades, and the
nacelle.

69.  The fluid energy converter of Claim 68, wherein the nacelle is located behind
the tower.

70.  The fluid energy converter of Claim 61, further comprising a continuously
variable transmission positioned between the speed changer and the motor/generator.

71.  The fluid energy converter of Claim 68, further comprising a tail positioned
behind the tower, the tail configured to maintain the rotatable tube in a position relative to the
fluid.

72.  The fluid energy converter of Claim 71, wherein the tail comprises a bend for
pitching and/or yawing the rotatable tube into the fluid at a desired angle.

73. A rotor for a windmill, the rotor comprising: ;

a generally cylindrical and hollow tube havingl an interior surface and an
exterior surface; and
a plurality of walls along a perimeter of the tube, the walls forming a plurality
of helical vanes configured to receive kinetic energy from a wind.
74, The rotor of Claim 73, wherein the walls form internal and exterior surfaces of
the tube.

75.  The rotor of Claim 73, further comprising a first plurality of blades that
operationally couple the rotor to a torque transmitting shaft of the windmill.

76.  The rotor of Claim 73, wherein the first plurality of blades couples to a first
hub of the windmill.
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77.  The rotor of Claim 75, further comprising a second plurality of blades that
couple the rotor to a second hub of the windmill.
78.  The rotor of Claim 73, wherein the rotor is configured for mounting coaxially
with a nacelle, and wherein the nacelle is located at least partly in the tube.
79. A tube section for a rotor, the tube section comprising:
an arcuate, substantially rectangular, panel;
a first tube section edge protruding from the edge of the panel; and
a tube section cut formed in the panel, the tube section cut configured to
receive a second tube section edge. ‘
80. The tube section of Claim 79, wherein the first tube section edge forms a
corner of the panel.
81.  The tube section of Claim 80, wherein the first tube section edge comprises a
thickness that is approximately one-half the thickness of the tube section.
82.  The tube section of Claim 79, wherein the tube section cut is substantially of
the same shape as the first tube section edge.
83. A method of operating a windmill, the method comprising:
providing a tubular rotor;
mounting the rotor such that a longitudinal axis of the rotor is substantially
parallel to a fluid stream; and
pitching and/or yawing the rotor between 1 and 30 degrees of pitch and/or
yaw relative to the flow direction of the fluid stream.
84.  The method of Claim 83, wherein the tubular rotor comprises helical vanes.
85.  Anacelle for a windmill, the nacelle comprising:
a hollow body having an interior and an exterior; and
a plurality of helical vanes coupled to the extertor.
86.  The nacelle of Claim 85, further configured to house in the interior a
continuously variable transmission (CVT) that couples to a gearbox and to a generator.

87.  The nacelle of Claim 86, wherein the CVT comprises a ball-type CVT.
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