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rotation of a shaft. The disks are separated by peripheral
spacers, each peripheral spacer having the shape of an
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of the disk. The peripheral spacers are located only in
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WIND TURBINE FOR GENERATION OF ELECTRIC POWER

BACKGROUND OF THE INVENTION

The present invention relates to the field of wind energy, and
provides a turbine which efficiently converts wind energy into mechanical
power. The turbine can also be driven by fluids other than wind.

The invention is an improvement to a Tesla turbine. Tesla turbines
were first patented by Nikola Tesla in 1913, as exemplified by U.S. Patent
Nos. 1,061,142 and 1,061,206, the disclosures of which are incorporated by
reference herein. In brief, a Tesla turbine includes a plurality of
spaced-apart disks, where a fluid flows in the spaces between the disks, in
a generally spiral path.

An improvement to the Tesla turbine was disclosed in U.S. Patent
Application Publication No. US 2003/0053909, the disclosure of which is
also incorporated by reference. The cited publication discloses a modified
Tesla turbine in which the disks are separated by airfoil-shaped members
disposed between the disks. The turbine in the cited publication 1s
intended for use in a turbine engine, such as in an aircraft.

The present invention provides a further improvement over the basic
concept of a Tesla turbine. The turbine of the present invention is
particularly useful as a wind turbine or the 1ike, and provides maximum
efficiency in converting wind energy to mechanical power. It can also be
used in geothermal applications, in which a refrigerant fluid, flowing in a

closed loop, is used to drive the turbine.
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SUMMARY OF THE INVENTION

The turbine of the present invention is a Tesla turbine, defined by a
stack of substantially parallel disks. The stack is arranged to receive
fluid, such as air, from an inlet conduit, and to discharge fluid through
an outlet conduit. The disks are connected to spokes which provide a means
for connection of the disks to a shaft disposed along the axis of the
stack, wherein rotation of the disks causes rotation of the shaft. The
spokes also serve as central spacers located near the hub of each disk.

The disks of the stack are held in a spaced-apart arrangement by a set
of peripheral spacers, each of the peripheral spacers extending from one
disk to the next. Each peripheral spacer has an enlarged, continuously
curved leading edge, and a relatively thin trailing edge. Thus, each
peripheral spacer has the shape of an airfoil. The airfoil defines a chord
which extends radially inward, towards the axis of rotation of the disk.
The airfoil shaped peripheral spacers are located only 1in the vicinity of
the periphery of the disks. In the preferred embodiment, the peripheral
spacers are positioned such that the distance between the innermost portion
of any of the peripheral spacers and the center of the disk is at least
about 0.95 times the radius of the disk.

The number of peripheral spacers is preferably at Teast three. 1In
the most preferred embodiments, the peripheral spacers are separated from
each other by approximately one-half the radius of the disk.

In a preferred arrangement, the peripheral spacers are aligned so as
to define columns of such peripheral spacers extending through the entire

turbine. But it is also possible to arrange the peripheral spacers in

other patterns, or randomly, without any particular alignment.

Air entering the turbine flows over the airfoil shaped peripheral
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spacers, and the 1ift produced thereby enhances the efficiency of the
turbine. As a result of air flowing over these airfoil shaped peripheral
spacers, the turbine generates more mechanical power, for a given flow of
air, than would be produced by a prior art turbine. The turbine of the
present invention is especially suitable for use 1in wind or geothermal
power plants, but it can also be used in other applications.

For the case in which the turbine is used in wind-driven power plants,
the turbine can be mounted within a housing having an elongated, outlet
channel having at least one flat surface. The elongated outlet channel
thus comprises a weather vane, so as to align the apparatus automatically
relative to the wind.

The turbine of the present invention can be housed within a container
having vanes or louvers for regulating the flow of fluid into the turbine.

The present invention therefore has the primary object of providing a
turbine having improved efficiency.

The invention has the further object of employing aerodynamic
principles to enhance the efficiency of a wind turbine.

The invention has the further object of making it more practical to
produce electricity using wind or geothermal power.

The 1invention has the further object of providing a Tesla turbine
having improved operation.

The 1invention has the further object of providing a turbine which
operates efficiently over a wide range of fluid flow rates, and which
therefore is suitable for use where the incoming fluid flow varies
randomly.

The reader skilled in the art will recognize other objects and
advantages of the present invention, from a reading of the following brief

description of the drawings, the detailed description of the invention, and
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the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 provides a perspective view, partly in ellipsis, showing the
stack of disks defining the essential component of the turbine of the
present invention.

Figure 2 provides a cross-sectional view of the complete turbine of
the present invention, including the inlet ducts and outlet ducts for
carrying fluid towards and away from the turbine.

Figure 3 provides a cross-sectional view of the turbine of the present
invention, taken along the 1line 3-3 of Figure 2.

Figure 4 provides a perspective view of an alternative embodiment of
the turbine of the present invention, wherein the outlet conduit of the
turbine is elongated to define a weather vane, and wherein the turbine is
disposed in a housing having Touvers for controlling the flow of fluid into
the turbine.

Figure 5 provides a cross-sectional view, taken along the Tine 5-5 of

Figure 4.

DETAILED DESCRIPTION OF THE INVENTION

The essential component of the turbine of the present invention
comprises a plurality of spaced-apart disks. Figure 1 shows a stack of
such disks, the figure being drawn in ellipsis, to show part of the
assembled stack, and also showing one disk 1 in isolation.

The disks are held in a spaced-apart arrangement by peripheral spacers
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3, disposed along the periphery of the disks, and also by spokes 5. The
spokes comprise central spacers because they provide support for the stack
near its hub, near the centers of the disks. The spokes 5 span vent
openings 6, the vent openings providing a path for fluid to exit the
turbine. The spokes also comprise means for connecting the disks to a
shaft, the shaft being symbolized by, and coincident with, central axis 7
in Figure 1. Movement of the spokes, under the influence of pressure from
incoming fluid, causes the disks to rotate, and to impart motion to the
shaft. The shaft can be connected to appropriate means (not shown) for
performing mechanical work, such as operating an electric generator.

The spokes and peripheral spacers extend, respectively, the entire
distance from one disk to the next. The stack is delimited by end disks 2
and 4, shown 1in Figure 3, and no spacers are needed on the outsides of
these end disks.

Figure 2 shows one of the disks installed in a complete turbine, and
Figure 3 provides a cross-sectional view taken along the 1line 3-3 of Figure
2. Figure 2 shows disk 1, with peripheral spacers 3 and spokes 5, held
within housing 9. The housing defines an inlet channel 11 and is connected
to outlet channel 13. The cross-sectional view of Figure 3 shows the
positions of the various disks 1 separated by the peripheral spacers 3.

As shown in Figures 1 and 2, each of the peripheral spacers 3 has the
shape of an airfoil. That is, as can be seen clearly from Figure 1, for
example, each peripheral spacer 3 has an enlarged leading edge 15, and a
thin trailing edge 17. The exact shape of the peripheral spacer can be
varied, but in the preferred embodiment, the leading edge is wider than the
trailing edge, as illustrated. Also, each peripheral spacer is

continuously curved, from the leading edge to the trailing edge. The
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leading edge itself is generally smooth and continuous, as shown. Thus,
each peripheral spacer comprises an airfoil, similar to a wing of an
aircraft.

Each airfoil shaped peripheral spacer defines a chord which comprises
a line drawn from its leading edge to the trailing edge. As is shown in
Figures 1 and 2, the chord of each airfoil shaped peripheral spacer is
angled slightly inward, towards the axis of rotation of the turbine.

In the preferred embodiment, the peripheral spacers 3 are Tocated only
along, or in the vicinity of, the periphery of the disks, and do not occupy
the majority of the area of the disk. More specifically, if the radius of
the disk is denoted by R, it is preferred that the innermost portion of the
trailing edge of the spacer be positioned at a distance which is at least
about 0.95R from the center of the disk. That is, the distance between any
point on one of the peripheral spacers, and the center of the disk, is
greater than or equal to about 0.95R. While the latter feature is the
preferred construction, it should not be deemed to 1imit the invention. It
is still possible to provide peripheral spacers which are somewhat closer
to the center of the disk than 0.95R.

Also, the peripheral spacers are preferably spaced from each other
such that the distance between adjacent peripheral spacers is approximately
one-half the radius of the disk. This spacing can be varied somewhat,
according to the number of peripheral spacers used.

The minimum number of peripheral spacers, in the preferred embodiment,
is three, but there is no maximum number, subject to Timitations of space,
and subject to the spacing recommendation given above.

The purpose of the peripheral spacers is to impart inward momentum to
the fluid, such as air, entering the turbine. Through the development of

1ift, from fluid flow along the peripheral spacers, and through development
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of concomitant induced drag, the incoming fluid more efficiently imparts
motion to the disks. The use of the described airfoil-shaped peripheral
spacers minimizes turbulence and profile drag, while retaining the boundary
layer effect of the closely-spaced adjacent disks. The present arrangement
therefore differs from structures of the prior art, insofar as it does not
employ large airfoil sections, occupying substantially the entire radius of
the disks, and thus allows the surface area of the disks to continue to be
used for boundary layer effects.

The effect of the structure described above is to impart energy, more
efficiently, than is possible with prior art turbines. This feature is
especially important where the disks are rotating under the influence of
wind power, and are not rotated by an artificially generated gas stream
such as the stream in a turbine engine.

In the stack of disks shown in Figure 1, the peripheral spacers are
aligned throughout the stack. The peripheral spacers thus define a column
which extends through substantially the entire stack of disks. Such
alignment 1is not absolutely necessary, but it 1is desirable because the
alignment helps maintain the structural integrity of the entire stack.

Figures 4 and 5 illustrate additional variations which can be included
in the turbine of the present invention. As shown in Figure 4, the turbine
is contained in a housing which defines inlet channel 11. The outlet
channel 13, also defined by the housing, is elongated, as compared with
what is shown in Figure 2. The outlet channel thus functions as a tail
that aerodynamically and automatically aligns the inlet into the relative
wind. Such alignment maximizes the efficiency of the turbine. The entire
turbine thus rotates under the influence of the wind, as indicated by arrow

21. The manner of connection of the disks of the turbine and the drive
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shaft 23, not visible in the view of Figure 4, is the same as shown in the
above-described embodiment.

When the outlet channel is used as a tail or weather vane, it is
preferred that the channel have at least one generally flat surface, to
enhance its performance as a weather vane. In the embodiment shown in
Figure 4 and 5, the channel has a generally triangular cross-section, as
indicated in Figure 5. Thus, in the arrangement shown, the outlet channel
has three generally flat sides. This cross-section can be varied; instead
of a triangle, one could use various modified rectangular structures, or
other shapes. It is preferred that the outlet channel have at Teast one
generally flat side.

Figure 4 also shows a plurality of vanes or louvers 25, which comprise
means for controliling the flow of air into the turbine. The incoming air
flows in the direction indicated by arrow 27. The setting of the vanes or
Touvers 25 thus controls the speed of the turbine, by varying the effective
size of the inlet opening, and thus controlling the mass flow of fluid
through the turbine. In particular, since the voltage produced by a
generator will be related to the speed of rotation of the shaft, the
setting of the Tlouvers effectively controls the voltage produced by the
turbine.

When the turbine of the present invention is used to generate power
from wind, the turbine can be mounted on a pole or tower sufficiently high
to clear any local obstacles to the natural wind flow. However, when the
embodiment of Figure 4 1is used, the tower can typically be shorter than
that used by conventional horizontal axis wind turbines because the turbine
blades are all contained within a housing. Thus, there are no external
blades that require additional ground clearance. The present invention

therefore has the additional benefit of providing a completely enclosed
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turbine which can be screened to prevent injury to birds, and to prevent
interference with nearby defense surveillance radar facilities. Proper
construction materials and techniques will enable this turbine to achieve
near transparency to radar microwave emissions.

The turbine of the present invention can also be used in geothermal
applications. In a geothermal power generation system, the temperature
differential between a geothermal source and ambient air is used to heat
and cool a fluid medium, such as a refrigerant fluid, in a closed loop. At
one stage in the process, the fluid medium 1is made to pass through a
turbine to produce power. The present invention is particularly useful
where the geothermal source does not have enough heat to produce the
superheated steam needed to drive a conventional steam turbine. In other
words, the efficiency of the present turbine enables it to work even where
the geothermal source is relatively cool.

The turbine of the present invention has the advantage that it is
efficient over a wider range of fluid flow rates, as compared with turbines
of the prior art, due to the airfoil-shaped spacers. This feature makes
the present turbine especially useful for generating power from wind, which
is inherently random and variable. It also makes the turbine useful for
generating power from relatively low-temperature geothermal sources, as
mentioned above.

The features illustrated in Figure 4, namely the use of the extended
outlet as a weather vane, and the use of Touvers to control air flow into
the turbine, can be provided together or separately. That is, it s
possible to provide the turbine of the present invention with inlet
Touvers, but without an elongated outlet, or with an elongated outlet and

without the inlet Touvers. Thus, either or both or neither of these
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features can be provided in the turbine of the present invention.

The invention can be modified in various ways. The exact shape of the
peripheral spacers, and their positions can be varied, as has been
explained above. The vanes or Touvers, used to control the flow of fluid
into the turbine, could be replaced by equivalent structures. Such
modifications, and others which will be apparent to those skilled in the
art, should be considered within the spirit and scope of the following

claims.
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What is claimed is:

1. In a turbine having a plurality of substantially parallel disks,
the disks being held in spaced-apart relation by a plurality of peripheral
spacers having an airfoil shape, the turbine including an inlet for
directing fluid towards the disks and an outlet for directing fluid away
from the disks, the disks being connected to means for engaging a shaft,

the improvement wherein the peripheral spacers are disposed only in a
vicinity of a periphery of the disks.

2. The improvement of Claim 1, wherein each of the peripheral spacers
has an enlarged leading edge and a thin trailing edge.

3. The improvement of Claim 2, wherein each of the peripheral spacers
is continuously curved, from the leading edge to the trailing edge, the
leading edge being generally smooth and continuous.

4. The improvement of Claim 1, wherein each of the disks has a radius
denoted by R, and wherein the peripheral spacers are located a distance of
at least about 0.95R from a center of the disk.

5. The improvement of Claim 1, wherein the peripheral spacers are
spaced apart from each other by approximately one-half the radius of the
disk.

6. The improvement of Claim 1, wherein there are at least three
peripheral spacers.

7. The qimprovement of Claim 1, wherein each disk 1is connected to a
set of spokes, the spokes defining a central spacer located near a hub of
the disk.

8. The 1improvement of Claim 1, wherein the peripheral spacers are
aligned so as to define a column of peripheral spacers extending through

the turbine.
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9. The improvement of Claim 2, wherein the disks define an axis of
rotation, wherein each peripheral spacer has a chord extending from the
leading edge to the trailing edge, and wherein the chord of each peripheral
spacer is angled slightly inward, towards the axis of rotation.

10. The improvement of Claim 1, wherein the outlet comprises an
elongated structure having a generally flat surface.

11. The improvement of Claim 1, further comprising a plurality of
Touvers, disposed in a vicinity of the inlet, for controlling a flow of
fluid into the turbine.

12. A turbine for converting energy of a moving fluid into mechanical
power, comprising:

a) a stack of substantially parallel disks, the disks being held in
spaced-apart relation by a plurality of peripheral spacers, the disks being
connected to means for engaging a shaft,

b) an inlet conduit for conveying fluid towards the stack, and

¢) an outlet conduit for conveying fluid away from the stack,

d) wherein each of the peripheral spacers has a leading edge and a
trailing edge, the leading edge having a thickness greater than a thickness
of the trailing edge.

13. The turbine of Claim 12, wherein the disks define an axis of
rotation, wherein each peripheral spacer defines a chord extending from the
leading edge to the trailing edge, and wherein the chord of each peripheral
spacer is angled s1ightly inward, towards the axis of rotation.

14. The turbine of Claim 13, wherein the peripheral spacers are
located only 1in a vicinity of a periphery of the disks.

15. The turbine of Claim 12, wherein each of the peripheral spacers
is continuously curved, from the leading edge to the trailing edge, the

leading edge being generally smooth and continuous.
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16. The turbine of Claim 14, wherein each of the disks has a radius
denoted by R, and wherein the peripheral spacers are located a distance of
at least about 0.95R from a center of the disk.

17. The turbine of Claim 12, wherein the outlet conduit comprises an
elongated structure having a generally flat surface.

18. The turbine of Claim 12, further comprising a plurality of
louvers, disposed in a vicinity of the inlet conduit, for controlling a
flow of fluid into the turbine.

19. A turbine for converting energy of a moving fluid into mechanical
power, comprising:

a) a stack of substantially parallel disks, the disks being held in
spaced-apart relation by a plurality of peripheral spacers, the disks being
connected to means for engaging a shaft,

b) an inlet conduit for conveying fluid towards the stack, and

¢) an outlet conduit for conveying fluid away from the stack,

wherein:

d) each of the peripheral spacers has a leading edge and a trailing
edge, the leading edge having a thickness greater than a thickness of the
trailing edge,

e) the disks define an axis of rotation, wherein each peripheral
spacer defines a chord extending from the leading edge to the trailing
edge, and wherein the chord of each peripheral spacer is angled inward,
towards the axis of rotation, and

f) wherein the peripheral spacers are Tocated only in a vicinity of a
periphery of the disks.

20. The turbine of Claim 19, wherein each of the peripheral spacers

is continuously curved, from the leading edge to the trailing edge, the
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Teading edge being generally smooth and continuous.

21. The turbine of Claim 19, wherein each of the disks has a radius
denoted by R, and wherein the peripheral spacers are located at a distance
of at least about 0.95R from a center of the disk.

22. The turbine of Claim 19, wherein the outlet conduit comprises an
elongated structure having a generally flat surface.

23. The turbine of Claim 19, further comprising means for controlling

a flow of fluid into the turbine.
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