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General instructions for this question:

Only the prior art that is referred to is to be taken into account in
your answer. You must not take into account any prior art that
you are separately aware of.

This exam has only one question with two parts for a total mark
of 100 for the paper.

An additional set of drawings is provided at the end of this
question that you may use in your answer.

Your client Nicola is an ocean energy engineer. She has developed a new type of
device to generate electricity from ocean waves. She wants you to protect her
device with a New Zealand patent and she asks you for assistance.

Nicola’s invention will harness the energy of waves using a device that converts
a wave's energy into airflow that causes a propeller to rotate. The propeller in
turn drives a generator to generate electricity.

She explains that the closest prior art to her device is known as the Waterfall
Turbine™, currently in use off the coast of Maui in Hawaii.

She shows you a drawing of the Waterfall Turbine™ (Figure 1). The Waterfall
Turbine™ is a device that floats on the surface of the ocean and is anchored to
the ocean floor, or may be secured on top of a concrete pillar that sits on the
ocean floor. The Waterfall Turbine™ has a trough into which waves can spill. The
trough can drain to the ocean through a pipe that has a propeller in it. Each time
a wave spills into the trough, the water level in the trough rises. But because the
trough is connected to the surrounding ocean via the pipe, the water level in the
trough will drop to move to an equilibrium position by draining from the trough
through the pipe. The draining water causes a water flow through the pipe that
causes the propeller to rotate. The propeller is mounted on a shaft of an
electricity generator. When the propeller rotates, the generator is caused to
rotate. The generator consequently generates electricity that is then transmitted
via a power cable to the shore where it is fed into Maui’s electricity grid.

The problem with the Waterfall Turbine™ is that all of the device is in contact
with the ocean. Whilst Maui is known for big waves, the big wave season lasts
only for the winter months. This means that the Waterfall Turbine™ sits on the
ocean idle for quite a few months of the year. Further, sitting idle for long
periods of time causes a build-up of foul such as barnacles and seaweed that
attach to the various components of the device. This fouling of the device can
cause damage and can prevent the propeller from operating. The Waterfall
Turbine™ therefore requires a lot of maintenance. There are also issues with
sealing of the generator to prevent seawater entering it.

Other than the Waterfall Turbine™ all other research and development and
commercialisation of technology in the wave energy sector has been about
turning the motion of waves into movement of articulated pontoons and
extracting energy from the relative movement of adjacent pontoons. Nicola
shows you a US patent (attached as US 4,686,377) to help explain what she
means.



Nicola shows you a few drawings of her invention (Figures 2-5). Her device also
uses a propeller and an electricity generator like the Waterfall Turbine™ but
these components are not exposed to seawater. This means that they require a
lot less maintenance.

Nicola’s invention can work in both the open ocean and as a shoreline mounted
version.

Nicola explains the basic form of her shoreline mounted version with reference to
Figure 2. Her invention has a chamber that is partially located in the ocean and
is ideally secured to land. The chamber is exposed to the ocean so that when a
wave rolls in, the level of the water in the chamber rises. The chamber has air in
it that can only exhaust to the outside air via a chimney. Forcing air out through
a chimney by incoming water is a phenomenon that can be seen in nature at
rock formations along the coast line where there is a blow-hole in the rocks.

Inside the chimney is a propeller and a generator. The propeller is like an aircraft
propeller. Nicola has found that a 4-bladed propeller works best. Due to the
shape of the chamber, and that the propeller and generator are located well up
the chimney, the water in the chamber is highly unlikely to reach the propeller
and the generator. In fact in one version of her invention the generator is
located outside the chamber and chimney and is connected by a chain and
sprocket connection to the propeller in the chimney.

The airflow out of the chimney causes the propeller and the generator to turn in
one rotational direction to generate electricity. When the wave retreats, air is
sucked back into the chamber via the chimney. This causes the propeller to
reverse rotational direction and again electricity is generated. The generator is
connected by a power cable so that the electricity can be transmitted to a power
grid or to another electrical device.

Figure 3 shows the open ocean version of Nicola’s invention. The chamber may
be mounted on a concrete pillar secured to the ocean floor or may float at the
ocean surface while anchored to the ocean floor. The main difference between
the shoreline mounted version and the open ocean version is that the waves
hitting the open ocean device are typically not breaking like they are for the
shoreline mounted version. So, when a wave peak enters the chamber of the
open ocean version, the water level rises inside the chamber. This causes air to
be pushed out of the chamber via the chimney. The airflow in the chimney
causes the propeller and the generator to turn thereby generating electricity.
When the water level drops in the chamber, such as when the trough of the
wave enters the chamber, air is sucked back into the chamber. This causes the
propeller to turn in the opposite direction and again the generator generates
electricity. A power cable is connected to the generator so that electricity can be
transmitted to, for example, a power grid or to an electrical device.

Nicola explains that the diameter of the chamber cannot be too big because
otherwise both a trough and peak of a wave may be inside the chamber at any
one time. This would cancel out the effect and very little airflow would be
generated.

Nicola has made some improvements to the basic form of her device. She has
realised that the generator and propeller take quite a bit of time to slow down
and change directions when the airflow changes direction in the single chimney.



This means that some energy is lost. So she has created two versions of a dual
chimney variation. Each chimney has its own propeller and generator connected
by a cable to the electricity grid.

In one version, as seen in Figures 4A and 4B, there is a plate that can selectively
close off a chimney to the chamber. This is done by a pneumatic cylinder that is
actuated for movement by an airflow sensor. In Figure 4A, the left chimney is
closed to the chamber. Air is sucked into the chamber via the right chimney
when a wave peak exits the chamber. In Figure 4B, the plate has moved across
to close the right chimney and open the left chimney to the chamber. When a
wave peak enters the chamber air is forced out of the chamber via the left
chimney. Nicola’s alternative version has a plate for each chimney as seen in
Figure 5.

Nicola also explains a variation to the dual chimney examples of Figures 4A and
4B and 5. She explains that the cost of the dual chimney set up is quite high. So
she has designed a propeller that has propeller blades that can reverse their
pitch. This avoids the need for two chimneys. Figure 6 shows a sequence of
propeller configurations for a 4-bladed propeller (taken from Figure 5). Each
blade is mounted on the propeller hub by an axle. The axle can be rotated by a
mechanism inside the hub. When the airflow in the chimney changes direction,
the propeller blades reverse their pitch, meaning that the propeller and hence
the generator keep rotating in the same rotational direction.

The propeller configuration shown on the left side of Figure 6 shows the blades
rotated in one direction. Airflow going out the chimney causes the generator to
turn anti-clockwise. The propeller configuration shown on the right side of Figure
6 shows the blades rotated in the opposite direction. Airflow going into the
chimney causes the generator to also turn anti-clockwise. The propeller
configuration in the middle of Figure 6 shows the blades in a neutral position in
transition. This addresses the same inefficiency problem that Nicola has
described above in relation to Figures 2 and 3 because the propeller and hence
the generator can keep rotating in the same rotational direction.

Nicola tells you that variable pitch propeller mechanisms have been in use for
many years, for example in boat propellers. She says that whilst old, the
mechanism will work just fine for her invention. An airflow sensor inside the
single chimney will detect the airflow direction in the chimney. It is connected to
a controller to control an hydraulic pump that can cause the pitch of the
propeller blades to change and reverse as required. The airflow sensor,
hydraulics and control system can be purchased off the shelf and are simple to
set up.

At the end of the meeting, Nicola mentions that she has a friend who is a world
expert and a design engineer in the windfarm technology space. Her friend told
Nicola about a US patent (attached as US 7,315,093) on which he is named as
inventor. Nicola tells you that she was very surprised to see that companies are
making improvements to wind turbines by channelling the wind flow over the
blades.

1. Prepare a complete specification for filing at the Intellectual Property
Office of New Zealand.

(90 marks out of 100) [Part 2 of question over page]



2. Briefly explain to Nicola, in a series of short statements or bullet points,
the purpose of each of the different parts of a complete specification, and
outline your reasoning or approach to the claims including an explanation
of how the claims you drafted protect Nicola’s invention.

(10 marks out of 100)

END OF QUESTION
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United States Patent o

‘n11]  Patent Number: 4,686,377

Gargos - 457 Date of Patent:  Aug. 11, 1987
[54] SYSTEM FOR GENERATING POWER FROM 4,289,455 9/1981 Comyns-Carr et al e 417/332
WAVES Primary Examiner—William M. Shoop, Jr.
[76) Inventor: Gary Gargos, 355 W. Windsor Rd., Assistant Examiner—W. E. Duncanson, Jr.
Glendale, Calif. 31204 Atrtorney, Agent, or Firm—Lyon & Lyon
[21] Appl No.: 849,417 [57] ABSTRACT
[22] Filed: - Apr. 8, 1986 A float mechanism for generating energy from waves.
Floats are coupled together such that they can pivot
Related U.S. Application Data about a horizontal axis relative to one another. Hydrau-
NPT lic cylinders on either side of the attachment points
[63] Continuation-in-part of Ser. No. 818,091, Jan. 10, 1986. compress and extend with the wave motion. Check
[51] Inf. CL¥ oooocccimnnnremsnnssssmssessssnsissiesee FO3B 13/12  valves control flow to and from the cylinders. The
71 R 053 o) R 290/53; 290/42;  floats are pivotally tied to a floating structure such that
(52] ; 290/42;
417/332 they can pivot about the structure on the surface of the
[58] Field of Search .....cowcerimscmmsnissisnssins 290/42, 53; water as may be required for maximum efficiency.
417/330-332, 338-341 Water compressed from the cylinders feeds a turbine
\ which in turn feeds a generator for the generation of
[56] References Cited electrical power. In the second embodiment, floats are

U.S. PATENT DOCUMENTS

1,078,323 11/1913 Trull ... ceeereeesisarare s rretres 417/332
3,603,804 9/1971 Casey ... . 290/53 X
4,210,821 7/1980 Cockerell .... . 4177332 X
4,281,257 7/1981 Testa et al. wvvminciniiens 290/53 X

coupled together by means of compound bell cranks
and hydraulic cylinders are coupled between alternate
bell cranks at the lateral arms thereof.

5 Claims, 7 Drawing Figures
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SYSTEM FOR GENERATING POWER FROM
WAVES

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of U.S. pa-
tent application Ser. No. 818,091, filed Jan. 10, 1986,
and entitled POWER PLANT DRIVEN BY WAVES.

BACKGROUND OF THE INVENTION

The field of the present invention is means for gener-
ating power from waves.

Increasingly, energy in various forms is being em-
ployed as potential sources for the generation of useful
power. Among these sources is wave energy on large
bodies of water. An unlimited supply of energy is avail-
able from this source if it can be economically har-
nessed. One such mechanism useful for boat propulsion
employing the engery in waves is illustrated in my U.S.
Pat. No. 4,481,002, BOAT POWERED BY SEA
WAVES, the disclosure of which is incorporated
herein by reference.

SUMMARY OF THE INVENTION

The present invention is directed to a power genera-
tion system using waves on a body of water. A series of
floats are coupled together and employ bell cranks asso-
ciated with hydraulic cylinders between adjacent floats.
The floats experience relative motion due to wave ac-
tion and the hydraulic cylinders are expanded and con-
tracted thereby. The cylinder actuation then may drive
a turbine which in turn powers a generator or may drive
a propulsion system if the floats are part of a multihull
boat.

Accordingly, it is an object of the present invention
to provide an improved power generation system using
waves. Other and further objects and advantages will
appear hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a schematic illustration of the power genera-
tion system of the present invention.

FIG. 2 is a cross-sectional view taken along line 2—2
of FIG. 1.

FIG. 3 is a schematic illustration of a hydraulic sys-
tem of the present invention.

FIG. 4 is a side view of a second embodiment of the
present invention.

FIG. 5 is a plan view of the second embodiment of
the present invention.

FIG. 6 is a cross-sectional view of a float of the sec-
ond embodiment.

FIG. 7 is a schematic illustration of a hydraulic sys-
tem of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Turning in detail to the drawings, a power generation
system is illustrated associated with a body of water.
The body of water 10 having a bottom 12 supports an
anchoring structure 14. The anchoring structure 14 may
take any convenient form capable of holding the mecha-
nism in place. A floating structure 16 is maintained in a
slightly submerged state with anchoring chains 18 ex-
tending from the anchor structure 14 under tension.
Thus, a stable structure is established which does not
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significantly move in the wave action of the body of
water.

Positioned atop the floating structure 16 is a platform
20. The floating structure 16 includes a pivot member
22 about which the platform 20 is pivotally supported.
Rollers 24 or other low friction members may be em-
ployed to facilitate pivotal motion of the platform 20
relative to the floating structure 16. Supported atop the
platform 20 are a generator 26 and a turbine 28. The
generator 26 and turbine 28 are coupled together such
that the turbine 28 is capable of driving the generator 26
through a coupling mechanism 30. Suitable weather
protection may be afforded by covering the generator
26 and turbine 28 on the platform 20 where desired.

Coupled to the platform 20 is a mouring structure 32.
The mouring structure 32 extends downwardly to near
the water line where it couples with a plurality of floats
34. Any practical number of floats 34 may be employed
arranged in seriatim and coupled by means of hinges 36
to one another, end to end. The floats are to remain
bouyant such that they ride on the water. Their longitu-
dinal dimension must be such that they will preferably
pitch relative to one another in the waves. The hinges
36 may be of conventicnal design designed for sufficient
strength to maintain the floats together even in rough
seas. The leading and trailing sides of the floats 34 are
beveled such that they can accommodate substantial
pivotal movement of one float relative to the adjacent
float.

Coupled between adjacent floats 34 are hydraulic
cylinders 38. It is possible to mount a plurality of such
hydraulic cylinders between adjacent floats, two on
each side of a pair of floats, or two cylinders capable of
accommodating twice the load may be employed. In
this embodiment, one cylinder is employed. The hy-
draulic cylinders 38 are pinned at each end to adjacent
floats 34 to accommodate the relative pivotal motion
between floats 3¢ and to shorten and lengthen as the
floats are influenced by the passing waves.

The hydraulic cylinders 38 each include a piston 42
and cylinder 44. An outlet 46 receives fluid pressure
from the compressing hydraulic cylinder while an in-
take 48 receives additional charge during expansion of
the hydraulic cylinder 38. A check valve 50 is inter-
posed in the outlet 46 to allow one way flow away from
the cylinder. A check valve 52 is also employed with
the intake 48 to allow one way flow to the hydraulic
cylinder during charging. The intake to the outermost
hydraulic cylinder may be from the body of water. This
intake opening is preferably well below the water line
to insure that air is not sucked up into the cylinder
during operation. A variable volume closed reservoir 54
is associated with each outlet 46. Each reservoir gener-
ally includes a cylinder 56 having spring loaded pistons
58 and 60. The reservoirs 54 receive water from the
preceeding outlet 46 through the check valve 50. Pres-
surized water is supply water to the adjacent intake 48
through the check valve 52. In effect, the hydraulic
cylinders 38 and variable volume reservoirs 54 are ar-
ranged in series alternating between the two devices to
the turbine 28 at an intake 62. Once the pressure flow is
employed by the turbine, the water is exhausted
through the outlet 64 to return to the body of water.

To provide additional input, a last cylinder 38 may be
coupled to the first float 34 and to the adjacent platform
20 at the mouring structure 32. This arrangement is best
illustrated in FIG. 1.
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Turning to the embodiment illustrated in FIGS. 4, §
and 6, a body of water 66 supports a plurality of float-
able vessels 68. The vessels 68 are illustrated to be tri-
angular in side view and constructed with a prow at
each end as can be seen in plan. This arrangement re-
duces the amount of drag on the chain of floats by pass-
ing waves. Ballast 70 is placed at the bottom of the
floatable vessel 68 to retain the vessels in an upright
position.

A series of links are arranged to either side of the line
of floatable vessels 68 to both retain the vessels together
and establish lever mechanisms for the actuation of
hydraulic cylinders. Extending between each adjacent
floatable vessel 68 is a compound bell crank 72. Each
bell crank 72 is pinned to two floatable vessels 68 by
means of pivot shafts 74. Each of the compound bell
cranks 72 is free to pivot relative to the adjacent com-
pound bell crank 72 and relative to the floatable vessel
68 to which it is tied by means of the pivot shaft 74.
Each compound ball crank 72 includes a central arm 76.
Each of the central arms 76 is pinned at its ends to the
pivot shafts 74. Extending outwardly in opposite direc-
tions from each end of the central arms 76 are lateral
arms 78. The lateral arms 78 thus act as bell cranks with
the center arm 76 about the pivot shafts 74. As can be
seen from the plan view illustrated in FIG. 5, the com-
pound bell cranks 76 pinned to the pivot shafts 74 are
arranged in a symmeftrical manner to either side of the
floatable vessels 68.

Coupled between the ends of the lateral arms 78 on
alternate compound bell cranks 72 are hydraulic cylin-
ders 80. As can be seen from FIG. 4, each set of hydrau-
lic cylinders 80 between any two adjacent floatable
vessels 68 are not attached to the compound bell crank
72 which extends between the same two floatable ves-
sels 68. Instead, the hydraulic cylinders 80 extend be-
tween alternate bell cranks extending in each direction
away from the pair of floatable vessels 68. By having
the lateral arms 78 of the compound bell crank 78 ex-
tend in opposite directions, two cylinders 80 can be
positioned between any two floatable vessels 68 on one
side thereof. The upper cylinder 80 is pinned to the
upper extending lateral arm 78 while the lower cylinder
80 is pinned to the lower extending lateral arms 78 from
either side of the pivot shaft 74.

The train illustrated in either embodiment can be
employed as either = stationary power station as more
specifically illustrated in FIG. 1 or as an articulated
multihull boat as illustrated in my U.S. Pat. No.
4,481,002 referred to above and incorporated herein by
reference.

An alternate hydraulic mechanism is schematically
illustrated in FIG. 7. The hydraulic cylinders 80 are
shown to be coupled with hydraulic lines 82. A check
valve 84 prevents reverse flow through the hydraulic
lines 82. Inlet lines 86 feed the hydraulic cylinders 80
and also have check valves 88 to prevent reverse flow
through the inlet lines 86. In this arrangement, the hy-

—

0

—

5

20

25

30

35

40

45

50

60

65

4
draulic lines are coupled in parallel between the hydrau-
lic cylinders 80 and an output line 90 which may be
directed to a turbine or other means for generating the
requisite form of power.

Thus, a power generation system using the energy in
waves within a body of water is disclosed. While em-
bodiments and applications of this invention have been
shown and described, it would be apparent to those
skilled in the art that many more modifications are pos-
sible without departing from the inventive concepts
herein. The invention, therefore is not to be restricted
except in the spirit of the appended claims.

What is claimed is:

1. A system for generating power from waves in a
body of water, comprising

a plurality of floatable vessels;

a plurality of compound bell cranks having a central
arm pinned at each end to adjacent said vessels and
lateral arms extending outwardly in two opposed
directions from each end of said central arm; and

hydraulic cylinders pinned to alternate said com-
pound bell cranks at the ends of said lateral arms.

2. The system of claim 1 wherein each said vessel
includes a prow.

3. The system of claim 1 wherein there are compound
bell cranks pinned to each side of said plurality of ves-
sels.

4. The system of claim 1 further comprising hydraulic
lines and an output line, said hydraulic lines being cou-
pled in parallel from said hydraulic cylinders to said
output line.

5. A system for generating power from waves in a
body of water, comprising

at least four floatable vessels including a first said
vessel, a second said vessel, a third said vessel and
a fourth said vessel arranged in seriatim;

a first bell crank having a first central arm pinned at
a first end to said first floatable vessel and pinned at
a second end to said second floatable vessel and
frst lateral arms extending outwardly in two oOp-
posed directions from said second end of said first
central arm;

a second bell crank having a second central arm
pinned at a first end to said fourth floatable vessel
and pinned at a second end to said third floatable
vessel and second lateral arms extending outwardly
in two opposed directions from said second end of
said second central arm;

a third central arm pinned at a first end fo said second
floatable vessel and pinned at a second end to said
third floatable vessel; and

a plurality of hydraulic cylinders each pinned at a
first end to said first bell crank at the ends of said
first lateral arms and pinned at a second end to said
second bell crank at the ends of said second lateral

arms.
x % k k¥
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Systems and methods for capturing the energy of wind
currents by placing wind-driven turbines at one or more
edges of a building’s roof, where the wind currents are
concentrated by deflection of the wind off the horizontal
faces of the building. In one embodiment, a cylindrical wind
turbine is placed at the edge of a building’s rooftop. The
turbine structure drives an clectrical generator. The axis of
rotation of the turbine is parallel to the ground and to the
edhe of the building. A concentrator may be used to direct
rising winds into the turbine. Turbines can be installed on
muluple sides of the building to optimize the system for
variations in wind direction with changes in seasons or
weather conditions.

6 Claims, 5 Drawing Sheets
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1
WIND TURBINE SYSTEM FOR BUILDINGS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 60/763,615 by John F. Graham,
filed Jan. 31. 2006, which is hereby incorporated by refer-
ence as if set forth herein in its entirety.

BACKGROUND

1. Field of the Invention

The invention relates generally to wind turbines, and
more particularly to systems and metheds for positioning
wind turbines at the edges of building roofs in order to
utilize concentrated wind flow at the edge of the roof for
purposes such as electricity gencration.

2. Related Art

Wind turbines of many types have been used to generate
electricity in a variety of ways. The prior art describes
turbines in a variety of locations including natural ridgel-
ines, open fields, mesas and on ships. Recent design con-
cepts for rebuilding the World Trade Center showed plans to
incorporate wind turbines in that structure to harness the
electrical generating power of passing winds. These turbines
for generating electricity take many forms including the
following:

[lorizontal Axis Turbines (traditional-looking windmills)
operate with fan-like rotors that look like airplane propellers
that face into or away from the wind. The Horizontal Axis
Turbine is the most common turbine configuration used
today.

The Darrieus Turbine which looks roughly cylindrical,
with wind-catching blades that span the length of the cyl-
inder often described as looking like an egg beater. This
vertical axis turbine has vertical blades that rotate into and
out of the wind, the blades are placed roughly parallel in an
arc to the axis. Guy cables are usually used to keep the

turbine erect. In addition to keeping the turbine erect, the

cables impose a large thrust loading on the main turbine
bearings, causing increased wear on the bearings. With this
type of turbine, replacing main bearings requires that the
turbine be taken down. The Darrieus was invented in the
1920’s and is not widely used today.

The Darrieus Turbine is also related to machines with
straight vertical axis blades called Giromills or cycloturbines
which use a wind vane to mechanically orient a blade pitch
change mechanism. They were designed to be mounted on

a tower or other device. The cylcoturbine was marketed <

commercially for several vears, but never progressed
beyond the research stage.

The Savonius Turbine is S-shaped if viewed from above.
The turbine turns relatively slowly, but yields high torque. It
has been proven useful for pumping water and other tasks,
but its slow rotational speeds have not been proven to
generate electricity cost effectively from wind power.

The present types of turbines in commercial use are
generally deployed in open fields or mesas, as far from
wind-slowing obstructions as possible to allow wind to
strike their airfoils or blades at maximum speed. They are
raised above the ground as much as possible to bring the
airfoils away from wind-slowing ground effects.

Augmentors or concentrators have also been developed to
try to concentrate wind onto the turbines, but they have not
been proven (o be economically successful in commercial
use.
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SUMMARY OF THE INVENTION

This disclosure is directed to systems and methods for
using wind turbines that solve one or more of the problems
discussed above. One embodiment comprises a system for
capturing the energy of wind currents by placing wind-
driven turbines at one or more edges of a building’s roof,
where the wind currents are concentrated by deflection of
the wind off the vertical faces of the building.

In one embodiment, a power-generating wind turbine
structure is placed at (on or near) the edge of a building’s
rooftop. The device may employ a variety of different
turbine styles. including straight-wing or cylindrical types
(as will be described in more detail below:,) propeller-style,
or any other type. The axis of rotation is parallel to the
around and parallel to the edge of the building. The place-
ment of the turbine structure near the edge of the building
allows it to use the building wall as a passive concentrator
to funnel wind up the face of the building and into the
turbine structure. A concentrator may be used to help catch
and direct rising winds info the turbine. lurbines cun be
installed on multiple sides of the building to optimize the
system for variations in wind direction with changes in
seasons or weather conditions.

In one embodiment, the wind turbine has a cylindrical
turbine structure, and the turbine is oriented with its axis
parallel to the edge of the roof. The wind turbine may be
positioned adjacent to a parapet wall, so that the parapet wall
screens at least a portion of the negative wind flow from the
turbine as the blades rotate. A deflector may be altached to
the parapet wall or the turbine itself to redirect the concen-
trated wind flow toward a desired portion of the wind turbine
1o increase efliciency. In one embodiment, the wind turbine
is coupled to a generator which generates electricity when
driven by the wind turbine. The system may include a
concentrator to redirect wind flow over the edge of the roof
{0 a desired portion of the wind turbine. The concentrator
may be adjustably positioned to enhance or spoil wind flow
to the wind turbine. The system may also include solar cells
mounted on the concentrator und configured to generate
electricity from sun light contacting them. The system may
further include a deflector positioned on the side of the wind
turbine opposite the edge of the roof to redirect wind flow
originating opposite the edge of the roof to a desired portion
of the wind turbine enabling the turbine to utilize the wind
from multiple directions.

Yet another embodiment comprises a method including
providing a wind turbine, mounting the turbine on a roof of
a building, and positioning the turbine at the edge of the roof
within wind flow which is passively concentrated by the
vertical face of the building and flows up and over the edge
of the roof. The method may further include concentrating or
spoiling the flow of wind onto the wind turbine, driving a
generator with the wind turbine to generate electricity, and
coupling the wind turbine to a set of solar cells to generate
electricily in the absence of wind, among other things.

Numerous other embodiments are also possible.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention may
become apparent upon reading the following detailed
description and upon reference to the accompanying draw-
ings.

FIGS. 1A and 1B are diagrams illustrating wind flow over
a building.
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FIG. 2 is a diagram illustrating the positioning of the wind
turbine at the edge of a building to take advantage of the
concentrated wind flow in accordance with one embodi-
ment.

F1G. 3 is a detailed diagram illustrating the structure of a
wind turbine system in accordance with one embodiment.

FIG. 4 is a diagram illustrating a reverse-wind-flow
deflector as used in one embodiment.

While the invention is subject to various modifications
and alternative forms, specific embodiments thercof are
shown by way of example in the drawings and the accom-
panying detailed description. It should be understood, how-
ever, that the drawings and detailed description are not
intended to limit the invention to the particular embodiment
which is described. This disclosure is instead intended to
cover all modifications, equivalents and alteratives falling
within the scope of the present invention as defined by the
appended claims.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

One or more embodiments of the invention are described
below. 1t should be noted that these and any other embodi-
ments described below are exemplary and are intended to be
illustrative of the invention rather than limiting.

As described herein, various embodiments of the inven-
tion comprise systems and methods for capturing the energy
of wind currents by placing wind-driven turbines at one or

more edges or the perimeter of a building’s roof, where the 3¢

wind currents are concentrated by deflection of the wind off
the vertical faces of the building.

In one embodiment, an energy generation system makes
use of a cylindrical turbine having multiple blades that are
paralle]l to the axis (axis of rotation) of the turbine. The
turbine is positioned on the roof of a building, near the edge
of the roof on its perimeter. The wrbine is oriented horizon-
tally, with its axis parallel to the edge of the roof. In this
embodiment, a parapet wall extends upward from the edge
of the roof. The turbine is positioned behind the parapet,
with the axis of the turbine at roughly the same height as the
top of the parapet, so that the wind coming over the parapet
hits the upper portion of the turbine and pushes the turbine
blades away from the edge of the roof. The lower portion of
the turbine is shielded from the wind so that the wind (air
eddies) does not push against the turbine blades as they
rotate back toward the edge of the roof.

As the wind pushes the blades of the turbine, the blades
rotate on a shaft that is on the axis of the turbine. In this
embodiment, a pulley (or gear) is attached to the turbine
shaft so that it rotates with the shaft. The pulley drives a belt
or chain that in turn drives a generator or alternator. The
generator produces electrical current that can be used to
power electrical circuits in the building and/or to recharge
batterics that can store the energy for later use. This embodi-
ment also includes a wind concentrator that redirects addi-
tional airflow into the turbine. The concentrator may be
designed to act as a spoiler when the wind speed at the
turbine is too high, to redirect the flow of wind currents
approaching the turbine from the roof (rather than the side
of the building,) or to employ solar cells to generate addi-
tional electricity.

Referring to FIG. 1A, a diagram illustrating wind flow
over a building is shown. In this figure, the wind is blowing
from the right side of the figure to the left side of the figure.
The wind is represented by the lines with the arrowheads. It
can be seen that the wind is blowing generally from the right
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side of the figure to the left side of the figure (as indicated
by the direction of the arrowheads. As the wind enters the
right side of the figure, there are no obstructions above the
ground (100,) so the wind direction is essentially horizontal.
As the wind approaches building 110 and parapet wall (120)
if present, it is deflected, since it cannot flow through the
building. The wind can only flow upward and over the
building, or around the building. FIG. 1A shows that the
wind which is blocked by the building turns upward. The
wind which is not blocked by the building continues to tlow
essentially horizontally. This essentially funnels the wind
through a relatively narrow space at the edge of the roof.
This effectively concentrates the wind currents at the edge of
the roof and causes the wind speed to be higher at this point
than at an open and unobstructed point on the ground.

It should also be noted that, when there is a parapet wall,
the wind creates a vortex or circular motion at a certain
distance from the parapet wall depending on its height. The
higher the parapet wall, the further the circular motion
would be from the wall. Then the wind can begin to flow
naturally horizontally again. This effect is shown in FIG. 1B.
The positioning of the turbine structure may be positioned to
take advantage of the circular motion of the wind caused by
the parapet wall.

Referring to FIG. 2, a diagram illustrating the positioning
of the wind turbine at the edge of a building to take
advantage of the concentrated wind flow at this point is
shown. Again, the wind is shown flowing from the right side
of the figure to the left side of the figure, where it is deflected
by building 210, causing it to the concentrated at the edge
221 of the roof 220. Wind turbine structure 230 is placed at
the edge of the roof, where the concentrated wind flow can
drive the turbine.

In this embodiment, wind turbine 230 has a cylindrical
structure. (FIG. 2 shows the end of wind turbine 230—the
length of the wind turbine extends into the page.) The axis
of wind turbine 230 (around which the turbine blades are
driven by the wind) is parallel to edge 221 of roof 220. As
indicated in figure, the blades of wind trbine 230 are driven
in a counterclockwise direction by the flow of the wind,
which in this embodiment is stronger across the top of the
turbine structure. The length of the cylindrical structure of
wind turbine 230 will typically be determined by practical
design considerations, but one or more turbines may extend
along the edge of the roof. If more than a single wind turbine
is used, the turbines may be mechanically coupled to each
other, or they may operate independently.

Referring to FIG. 3, a more detailed diagram illustrating
the structure of a wind turbine system in accordance with
one embodiment is shown. In this figure, wind turbine
structure 330 is positioned at the edge of roof 320 of
building 310. It should be noted that references to the “edge™
of the roof should be broadly construed to include positions
which are not only at the junction of the horizontal roof 320
and vertical face 315 of building 310, but also positions
which are sufliciently close to this junction to place the
blades or paddles of the turbine structure at least partially
within the concentrated wind flow which comes over the
edge of the building.

In this embodiment, wind turbine structure 330 includes
a turbine portion 335 and a support structure 336. As
depicted in the FIG. 3, turbine portion 335 has a cylindrical
structure including a set of blades (e.g. 331) which are
supported by arms (e.g. 332) that are connected to a central
hub 333. Hub 333 rotates around an axle at the axis of the
cylindrical structure, thereby allowing the turbine blades to
rotate around this axis as well. The axle is held by support
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structure 336 which, in this embodiment, consists of a
simple “A”-shaped frame. Support structure 336 maintains
the positioning of turbine portion 335 with respect to the
wind flow over the edge of the building (as indicated by the
arrows.)

It should be noted that in one embodiment, turbine portion
335 includes two sets of blades that are offset from each
other, both along the axis of the turbine and angularly. For
instance, referring to FIG. 3. one embodiment employs a
turbine portion 335 which is cight feet long (into the page in
the figure.) A first set of three blades and supporting arms
{e.g., 331 and 332) are shown using solid lines. Each of these
blades is four feet long and therefore extends along half the
length of turbine portion 335. A second set of three blades
and supporting arms (e.g., 341 and 342) are shown using
dotted lines. Dach of these blades is also four feet long, but
they arc positioned on the other half of turbine portion 335.
Since the two sets of turbine blades are positioned on
different halves of turbine portion 335, the blades of the each

set do not block the wind to the blades of the other set. 2

Further, since the sets of blades are angularly offset (by 60
degrees in the figure.) the blades of one of the two sets will
be more optimally positioned to catch the wind and restart
the spinning of the turbine after it stops.

Support structure 336 also includes a cross-brace 337
which serves both to stiffen the support structure and to
provide a mounting point for a generator 340. Pulleys 334
and 338 are provided on the turbine portion 335 and gen-
erator 340, respectively. A belt 339 couples the two pulleys
so that when turbine portion 335 (including pulley 334)
rotates, this drives belt 339 which in turn rotates pulley 338,
thereby driving the generator and causing it to generate
clectricity.

Support struclure 336 also includes a cross-brace 337
which serves both to stiffen the support structure and to
provide a mounting point for a generator 340. Structure 337
may also have a component lo adjust (he entire turbine’s
position—this would enable the turbine to maximize the
winds continual change in direction. Pulleys 334 and 338 are
provided on the turbine portion 335 and generator 340,
respectively. A belt 339 cauples the two pulleys so that when
turbine portion 33% (including pulley 334) rotates, this
drives belt 339 which in tum rotates pulley 338, thereby
driving the generator and causing it to generate electricity.

Also shown in FIG. 3 is a concentrator 350. Concentrator
350 is mounted on a concentrator support 351 which can be
mounted to parapet wall 311. Concentrator 350 is used to
redirect and concentrate the wind flow toward turbine por-
tion 335. Concentrator 350 is an optional component of the

system which may be helpful when the normal wind flow 30

would otherwise be more vertical (so that it would miss
turbine portion 335.) Altematively, concentrator 350 may
allow the wind flow to be redirected so that turbine portion
335 can be positioned slightly farther only from the edge of
the roof, making the installation of the system less obvious
and more aesthetically pleasing.

As depicted in FIG. 3, concentrator 350 is adjustable. A
second position of concentrator 350 is shown by the dotted
lines in the figure. It may be desirable to adjust to the
position of concentrator 350 to optimize the wind flow
across turbine portion 335. Concentrator 350 may also be
used to spoil the wind flow if the wind speed becomes too
high. In other words, if the wind flow is sufficiently high that
the turbine structure may be damaged, concentrator 350 may
be positioned to block, or spoil, the excess wind flow. The
positien of concentrator 350 may be manually or automati-
cally adjustable. Another enhancement to concentrator 350
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is the placement of solar cells 360 on the upper surface of the
concentrator. Solar cells 360 may augment the electricity
generated by the turbine system, and may even provide the
only source of electricity if the wind flow across turbine
portion 335 is insufficient to drive the system.

Referring to FIG. 4, a diagram illustrating a reverse-wind-
flow deflector as used in one embodiment is shown. In this
embodiment, wind turbine structure 430 is again shown
mounted at the edge of a building 410. In this figure,
however, the wind is depicted as flowing from left to right.
In other words, the wind is not blowing over the parapet wall
411 at the edge of the building. but is instead coming across
the rooftop. While the turbine portion of the wind turbine
structure is designed to rotate in the same direction {coun-

terclockwise in the figure,) regardless of the direction from

which the wind strikes it, a reverse-wind-flow deflector 440
is positioned to the left of wind turbine structure 430 and is
oriented so that wind hitting the deflector is directed (o the
lower half of the turhine portion. Deflector 440 thereby
concentrates the wind on the lower half, where it can push
the turbine blades, and reduces the wind hitting the upper
half, where it would resist the (counterclockwise) rotation of
the turbine blades.

The foregoing description corresponds to an exemplary
embodiment. It is contemplated that many variations of the
features described above, as well as others which are not
explicitly described, may be possible in altemative embodi-
ments. Some of these variations will be described briefly
below. These variations will be apparent to persons of
ordinary skill in the field of the invention upon reading the
present disclosure, and are believed to be within the scope
of the appended claims.

In the exemplary embodiment described above, the tur-
bine structure is placed near the edge of the building. The
structure does not require a parapet wall but if one exists, the
turbine structure may be mounted on the top of the parapet
or the inside or outside edge of the parapet wall or on the
roof of the building behind the parapet. As noted above, the
turbine structure can be mounted on the roof away from the
vertical face of the building to facilitate installation or to
reduce the aesthetic impact of the installation. The wind will
still be used to drive the turbine through proper placement of
the system and through the use of a concentrator or aug-
mentor. The position of the turbine structure can be adjusted
by meuns of various types of mounting brackets, the use of
various mounting holes in the brackets, and so on to allow
positioning that is optimal for the given site and prevailing
conditions. The mounting brackets may include vibration-
dampening supports to reduce the transmission of generated
noise into the building.

The structure may be built in modular sections (e.g.. from
4 10 20 feet in width and from 2 to 8 feet in diameter.) This
may aid installation and allow systems and/or components to
be easily and economically mass manufactured, shipped and
installed. The units can operate independently (e.g., each
independently generates electricity) or, if desired, the units
can be mechanically linked together. The mechanical link-
age between the units could provide a more cconomical
installation and could reduce the number of alternators/
generators, wiring or similar equipment used to produce
electricity. The number of modular sections, length or diam-
eter of the turbine(s) can be customized to utilize the full
perimeter of a particular building if desired. As pointed out
above, the system can be installed on multiple sides of the
building to optimize the variations of the seasons and
general wind direction.
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The exemplary turbine structure described above uses a
cylindrical turbine. The cylindrical design of the turbine and
horizontal orientation of the nurbine may be desirable to
make the most eflicient use of the concentration of wind
coming over the horizontal edge of the roof. It is not
necessary, however, to use this type of turbine design, and
other embodiments may use propeller-style or other types of
turbines, and the turbines may be oriented horizontally,
vertically, or otherwise. The diameter, size or other design
parameters of the turbines may vary, depending on such
factors as the height of the building, strength or variability
of the wind, typical weather conditions, the amount of
energy required, and so on.

Some of the advantages of the various embodiments of
the invention may include its low cost, efficiency and
maintainability in comparison to conventional windmills
and vertical straight-wing-type turbines. For example, cylin-
drical-type turbines cannot be effectively employed in
ground installations due to the reduced speed of wind next

to the ground. When cylindrical-type turbines are deployed 2

vertically (standing up,) they exert tremendous unbalanced
forces on their axle bearings. The present system allows the
use of cylindrical-type turbines with their axis of rotation
parallel to the ground, reducing the stress on the bearings
and allowing inexpensive long-life bearings to be employed.
Conventional vertical installations also typically require the
use of guy wires that anchor the turbine to the ground.
increasing the forces on the bearings, and increasing the
complexity of the installation. The present system reduces

the stress the system and the complexity and expense of the 3

installation. Compared to current methods, the present sys-
tem reduces the stress caused by vibration from the wind.,
which in turn reduces the maintenancce/expense and the
complexity of the installation. The present system is also
more efficient and quiet than typical conventional turbine
systems because of the use of deflectors and/or parapet walls
to reduce the flow of wind against the portion of the turbine
that is moving in the direction opposite the wind flow.

When wind blows against the face of a building, the air in
contact with the building lace is compressed by the [orce of
the moving air behind it. This force, combined with the
reflected force from the inertia of the impacting air, causes
the air at the building face to move around to either the sides
of the building or over the top of the building. Even allowing
for increased friction die to Jaminar flow resistance against
the building wall and at the cdge of the roof parapet, the air
moving over the edge of the parapet is greatly accelerated
aver the speed of the ambient air (the speed of the wind in
the absence of the vertical surfaces of the building or other
structure).

Because the wind turbine of the present system is posi-
tioned at the edge of the roof, this high-energy moving air
drives the turbine, extracting the wind's cnergy and gener-
ating electricity. Although it may be omitted or given a
variety of shapes, the concentrator (also called a baffle or
augmentor) is used in the preferred embodiment to funnel
moving air into the wind turbine. The concentrator allows
the device to compensate for placement issues that may
make it diflicult to place the wind turbine at the point of
greatest air flow. The device, its mounts and the concentrator
are configured to provide the most advantageous airflow to
the wind turbine. The concentrator alters the airflow contour
near the edge of the building to prevent moving air from
passing up and high over the building, beyond the reach of
the wind turbine’s blades.

As noted above, the concentrator may include solar-
electric panels on its upper surface in order to generate
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electricity independently of the turbine mechanism. The
concentrator may further include mechanical actuators to
adjust the position of the concentrator and to thereby
improve both the wind-gathering ability and the light-
gathering ability of the concentrator. Alternative embodi-
ments may also include an antobraking mechanism to pro-
tect the structure from overspeed winds. This mechanism
may be implemented using the concentrator, or a separate
spoiler which is positioned along the length of the turbine.
When overspeed operation is detected (clectrically or
mechanically) an actuator is activated or a catch is released
(electrically or mechanically,) allowing the spoiler to block
airflow to the turbine.

In the preferred embodiment, each section contains its
own electrical generating mechanism and electronic power
management circuitry. In some embodiments, some sections
may not have independent clectrical power gencrating capa-
bility. They may instead be mechanically coupled to other
sections to provide additional mechanical power to another
section that has clectricity gencrating equipment. Other
segments may incorporate a water pump instead of an
electrical generator, to help pump water through the build-
ing, or a fresh air system to reduce HVAC costs and force
fresh air into the building when the temperatures are correct.
In another embodiment a linkage to a ventilator system that
will augment electrically-powered air handling systems
when the wind is blowing. The mechanical power of the
turbines may be harnessed for other purposes as well.

The benefits and advantages which may be provided by
the present invention have been described above with regard
to specific embodiments. These benefits and advantages, and
any elements or limitations that may cause them to occur or
to become more pronounced are not to be construed as
critical, required, or essential features of any or all of the
claims. As used herein, the terms “comprises,” “compris-
ing,” or any other variations thereof, are intended to be
interpreted as non-exclusively including the elements or
limitations which follow those terms. Accordingly, a system,
method, or other embodiment that comprises a set of ele-
ments is not limited to only those elements, and may include
other elements not expressly listed or inherent to the claimed
embodiment.

While the present invention has been described with
reference to particular embodiments, it should be understood
that the embodiments are illustrative and that the scope of
the invention is not limited to these ecmbodiments. Many
variations, modifications, additions and improvements to the
embodiments described above are possible. It is contem-
plated that these variations, modifications, additions and
improvements fall within the scope of the invention as
detailed within the following claims.

What is claimed is:

1. A system comprising:

a wind turbine; and

a deflector:

wherein the wind turbine is mounted on a roof of a

building and positioned to enable the wind turbine to be
driven by wind flow which is passively concentrated by
a vertical face of the building and flows up and over the
edge of the roof;

wherein the wind turbine comprises a cylindrical turbine

structure having an axis about which a plurality of
turbine blades rotate, and wherein the wind turbine is
oriented with the axis parallel to the edge of the roof;

wherein the wind turbine is positioned adjacent to a

parapet wall extending vertically from the edge of the
roof, and wherein the wind turbine is positioned such
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that the parapet wall screens at least a portion of the
wind turbine from the concentrated wind flow, wherein
the screened portion of the wind turbine is counter-
rotating with respect to the concentrated wind flow

wherein the deflector is attached to the parapet wall and
configured to further screen the counter-rotating por-
tion of the wind turbine from the concentrated wind
flow while allowing the concentrated wind flow to
reach a portion of the wind turbine that rotates with the
concentrated wind flow.

2. A system comprising;

a wind turbine; and

a concentrator;

wherein the wind turbine is mounted on a roof of a
building and positioned to enable the wind turbine to be
driven by wind flow which is passively concentrated by
a vertical face of the building and flows up and over the
edge of the roof:

wherein the wind turbine comprises a cylindrical turbine

structure having an axis about which a plurality of

turbine blades rotate, and wherein the wind turbine is
oriented with the axis parallel to the edge of the roof;

wherein the wind turbine is positioned adjacent to a
parapet wall extending vertically from the edge of the
roof, and wherein the wind turbine is positioned such
that the parapet wall screens at least a portion of the
wind turbine from the concentrated wind flow, wherein
the screened portion of the wind turbine is counter-
rotating with respect to the concentrated wind flow

wherein the concentrator is positioned on a side of the
wind turbine closest to the edge of the roof, wherein the
concentrator is configured to be adjustably positioned
to redirect wind flow over the edge of the roof to a
desired portion of the wind turbine, and wherein the
concentrator is configured to be alternately adjustable
to at least a first position in which the concentrator
concenirates wind flow to the wind turbine and a
second position in which the concentrator blocks at
least a portion of the wind flow to the wind turbine.

3. A system comprising:

a wind turbine, wherein the wind turbine is mounted on a
roof of a building and positioned to enable the wind
turbine to be driven by wind flow which is passively
concentrated by a vertical face of the building and
flows up and over the edge of the roof: and

a deflector positioned on a side of the wind turbine
opposite the edge of the roof, wherein the deflector is
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configured to redirect wind flow originating opposite
the edge of the roof to a desired portion of the wind
turbine.

4. A system comprising:

Two or more wind turbines, wherein cach wind turbine is
mounted on a roof of a building and positioned to
enable the wind turbine to be driven by wind flow
which is passively concentrated by corresponding ver-
tical faces of the building and flows up and over
corresponding edges of the roof, wherein the wind
turbines are positioned at two or more different edges
of the roof, and wherein the cdges arc oricnted in
different directions.

5. A method comprising:

providing a cylindrical wind turbine having an axis about
which a plurality of turbinc blades rotate;

mounting the wind turbine on a roof of a building;

positioning the wind turbine at an edge of the roof within
wind flow which is passively concentrated by a vertical
face of the building and flows up and over the cdge of
the roof, wherein the wind turbine is positioned with
the axis parallel to the edge of the roof:

screening at least a portion of the wind turbine from the
concentrated wind flow behind a parapet wall; and

positioning a concentrator on a side of the wind turbine
closest to the edge of the roof to redirect wind flow over
the edge of the roof, wherein the concentrator is alter-
nately positioned in a first position in which the con-
centrator concentrates wind flow to the wind turbine or
a second position in which the concentrator blocks at
least a portion of the wind flow to the wind turbine.

6. A method comprising:

providing a wind turbine;

mounting the wind turbine on a roof of a building; and

positioning the wind turbine at an edge of the roof within
wind flow which is passively concentrated by a vertical
face of the building and flows up and over the edge of
the roofi and

positioning a deflector on a side of the wind turbine
opposite the edge of the roof o redirect wind fow
originating opposite the edge of the roof to a desired
portion of the wind turbine.
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