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(57) Abrege(suite)/Abstract(continued):

mechanism that holds each of the airfoils in a high lift / high drag position when the airfoll moves In a direction of air flow. The wind
turbine may optionally include a rotational stop to prevent rotation of the airfoll from a high drag position to a low drag position when
the airfoll Is moving In the direction of the wind flow.




008/002542 A3 MUV} V0 Y0001 R AR O L A R

NI‘O

WO

CA 02655657 2008-12-16

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
3 January 2008 (03.01.2008)

(51) International Patent Classification:
HO02J 1712 (2006.01)

(21) International Application Number:
PCT/US2007/014755

(22) International Filing Date: 25 June 2007 (25.06.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
11/475,459
11/805,389

US
US

277 June 2006 (27.06.2006)
23 May 2007 (23.05.2007)

(71) Applicant and
(72) Inventor: JONSSON, Stanley, C [US/US]; 442 Hillcrest
Road, San Mateo, California 94402 (US).

(74) Agents: HECKADON, David, R et al.; GORDON &
REES LLP, 101 West Broadway, Suite 1600, San Diego,
California 92101 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(10) International Publication Number

WO 2008/002542 A3

AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EL, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, B, CFE, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
28 August 2008

(54) Title: WIND TURBINE HAVING VARIABLE PITCH AIRFOILS

D
1

» q\ ®
. L
(' TYTY L) !m.-.

L
L L LR L g 1 L)

Y
:
[ )

FIG. 1

(57) Abstract: A wind turbine, having: a rotatable frame; a plurality of airfoils mounted to the rotatable frame, wherein the airfoils
extend parallel to an axis of rotation of the rotatable frame, and wherein the airfoils are individually pivotable with respect to the

tatable frame; and a mechanism that holds each of the airfoils in a high lift / high drag position when the airfoil moves in a direction

of air flow. The wind turbine may optionally include a rotational stop to prevent rotation of the airfoil from a high drag position to
a low drag position when the airfoil is moving in the direction of the wind flow.



10

15

20

25

CA 02655657 2008-12-16

WO 2008/002542 PCT/US2007/0147335

WIND TURBINE HAVING VARIABLE PITCH AIRFOILS

TECHNICAL FIELD:

The present invention relates generally to electricity producing wind turbines,

and in particular to wind turbines having airfoils.

BACKGROUND OF THE INVENTION:

Many conventional wind turbine designs already exist for producing electricity.
Most commonly, such designs involve a single large propeller mounted at the top end of a
vertical mast. Air flow across the propeller causes the propeller to turn, which in turn rotates

a generator to produce electricity.

Such conventional wind turbines suffer numerous disadvantages. First, they
involve large propellers that must are mounted a considerable distance above the ground.
Thus, they require a tall and sturdy mast to which the propeller is mounted. A second
disadvantage of large rotating propeller biade systems is that they tend to kill a large
number of birds. A third disadvantage of such designs is that the generator is typically
positioned at the center of the rotating blades. Thus, the generator is mounted at the top of
the mast along with the propeller. This requires the mast to be sufficiently strong to support
both the propeller and the generator. As a result, it is difficult to access the turbine for
repairs and servicing. A fourth disadvantage of conventional propellers is that the blades
rotate in a direction perpendicular to the wind direction. As a result, propeller blade velocity

thfough the air increases with the distance from the center of rotation of the propeller. This

unfortunately requires a variable and complex blade section geometry.

SUMMARY OF THE INVENTION:

The present invention provides a wind turbine, with: a rotatable frame; a
plurality of airfoils mounted to the rotatable frame, the wherein the airfoils extend parallel
to an axis of rotation of the rotatable frame, and wherein the airfoils are individually
pivotable with respect to the rotatable frame; and a mechanism that holds each of the airfoils

in a high lift / high drag position when the airfoil moves in the direction of air flow.
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In accordance with the present invention, spaces between the airfoils open when the
airfoils are moving in the direction of the airflow, but close when the airfoils are moving in
a direction opposite to the direction of the airflow. In one embodiment, the leading and
trailing edges of successive airfoils are in contact with one another when the airfoils move

in a direction opposite to the direction of air flow.

Optionally, the wind turbine may also comprise a rotational stop connected to each
of the airfoils to limit pivoting of the airtoils with respect to the rotatable frame to prevent
rotation of the air foil from a high drag position to a low drag position when the airfoil is
moving in the direction of the air flow. Specifically, the rotational stop limits pivoting of
the airfoils with respect to the rotatable frame to prevent rotation of the air foil from a high

lift / high drag position to a low drag position when the airfoil is moving in the direction of

the air flow.

Optionally as well, the wind turbine may also comprise a channel extending
around a portion of the rotatable frame; and a guide on each of the plurality of airfoils, the
guide being dimensioned to pass through the channel, wherein the guide prevents rotation of
the airfoil with respect to the rotatable frame as the airfoil moves in a direction opposite to
the direction of air flow. Specifically, the guide moving in the channel positions the airfoil

at the low drag position as the airfoil moves in a direction opposite to the direction of air

flow.

Airflow perpendicular to the axis of rotation of the rotatable frame causes the
rotatable frame to rotate. The wind turbine is preferably positioned horizontally such that it

rotates about a vertical axis. Alternatively, however, the wind turbine may be positioned

vertically such that it rotates about a horizontal axis.

A first advantage of the present invention is that, by using airfoils, both "lift"
and "drag" may be used to turn the rotatable frame. Specifically, lift caused by air flow over
the airfoil causes the rotatable frame to rotate when the airfoils are oriented such that their
leading and trailing edges are aligned with the direction of the wind when the airfo1l is
positioned furthest into the direction of the wind. In addition, drag caused by air flow over

the airfoil causes the rotatable frame to rotate when the leading and trailing edges of the
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airfoil are perpendicular to the direction of the wind when the airfoil is moving in the

direction of the wind.

In one embodiment of the invention where spaces between the airfoils close when
the airfoils are moving in a direction opposite to the direction of the airflow. This is
particularly advantageous in that it would eliminate airflow between successive airfoils,
thereby reducing drag on the rotating turbine. This can be achieved by having the leading
and trailing edges of successive airfoils contact with one another when the airfoils move in a

direction opposite to the direction of air flow.

A second advantage of using airfoils is that the same airfoil cross section can be
used across the entire width of the airfoil. Therefore, power output of the wind turbine can
be increased simply by increasing the width of the airfoils. In contrast, with conventional
propeller systems, it is necessary to increase the diameter of the propellers to increase

system power output.

A third advantage of the present invention is that a generator drive wheel may be
positioned to contact the outer perimeter of the rotatable frame of the device. In contrast,
existing wind turbines operate with their generator drive in contact with a rotating
mechanism that is disposed at the center of a rotating propeller. As a result, the present
system offers gearing advantages due to the comparatively large sized circular frame in
contact with the comparatively small sized drive wheel. As a result, power is efficiently
generated by the wind turbine due to minimal friction losses translating power into

generator rotation.

A fourth advantage is that the present invention has a low center of gravity.
Therefore, the present wind turbine is very stable. Moreover, the present system does not

require a strong, heavy mast to support a propeller and turbine some distance above the

- ground. This considerably reduces the weight and size limitations of the present system,

resulting in cost savings as compared to traditional designs. Furthermore, having the
generator drive wheel (and the turbine itself) positioned close to the ground permits easy

access for turbine / drive system repairs and servicing.
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A fifth advantage of the present airfoil design is that each of the airfoils
experience the same wind velocity along the entire length of their leading edge. Equal wind
velocity at all points along the leading edge of the airfoil allows a single simplified airfoil
cross section along the entire airfoil length. Thus, the wind turbine horizontal width and not
its vertical diameter determines power generation. Moreover, having the airfoils disposed at
the perimeter of the device results in the longest possible torque lever arm. This results in

the most torque per unit of airfoil force generation.

BRIEF DESCRIPTION OF THE FIGURES:

Fig. 1 is a top plan view of the wind turbine.
Fig. 2 is a top perspective view of the wind turbine.

Fig. 3 1s a sectional side elevation view of one of the airfoils 20 mounted onto

rotatable frame 12 taken along line 3-3 in Fig. 1.

Fig. 4 is a sectional side elevation view of another of the airfoils 20 mounted

onto rotatable frame 12 taken along line 4-4 in Fig. 1.

Fig. 5 is a top plan view of a second embodiment of the wind turbine.

DETAILED DESCRIPTION OF THE FIGURES:

Figs. 1 and 2 are top plan and perspective views of the present invention, the

operation of which can be understood, as follows.

Wind turbine 10 includes a rotatable frame 12 having a plurality of airfoils 20
attached thereto. Airfoils 20 are mounted to pivot with respect to rotatable frame 12, as will
be fully explained. Rotatable frame 12 may be a circular ring as shown. Rotatable frame 12
may be supported by a plurality of wheels 14 and 16, as shown. In one embodiment shown
in Fig. 2, rotatable frame 12 may have a recessed groove 13 in which wheels 14 are received.

Wheels 16 support underneath rotatable frame 12, as also shown.

As will be explained, wind moving in direction W acts upon the various
pivotable airfoils 20 to cause rotatable frame 12 to move in a counterclockwise direction,
thus rotating in direction R around vertical axis of rotation A. As such, rotatable frame 12

circles around axis A while the individual airfoils 20 pivot to point in different directions
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with respect to rotatable frame 12, as will be fully explained. An optional generator drive
wheel 15 (or wheel 14 or 16) in contact with moving rotatable frame 12 may be used for
power generation. Alternatively, rotatable frame 12 may itself comprise a rotor of an

electric generator.

As can be seen, airfoils 20 are mounted to rotatable frame 12 such that they
extend parallel to the axis of rotation A of rotatable frame. An optional rotational stop 24 is
provided that holds each of airfoils 20 in a high drag position when the airfoil 20 moves in
the direction of air flow (i.e.: in direction W). As will be shown, rotational stop 24
selectively prevents rotation of airfoil 20 with respect to rotatable frame 12 at various
locations when airfoil 20 rotates around axis A. At some locations, rotational stop 24 orients

airfoil 20 at a position such that lift caused by air flow over airfoil 20 causes rotatable frame

- 12 to rotate. At other locations, rotational stop 24 orients airfoils 20 at a position such that

drag caused by air flow over airfoil 20 causes rotatable frame 12 to rotate. As will be
explained, rotational stops 24 limits pivoting of airfoils 20 with respect to rotatable frame 12
to prevent rotation of the individual airfoils 20 from a high drag position to a low drag

position when the airfoil is moving in the direction of the air flow W.

Wind turbine 10 also optionally comprises a channel 30 extending around a
portion of the rotatable frame 12. Channel 30 is seen as a gap between rotatable frame 12
and member 31. A gﬁide 26 may also be provided on each of individual airfoils 20. As seen
in Fig. 1, guides 26 are dimensioned to pass along through channel 30 when rotatable frame
12 rotates in direction R. Guides 26 prevent rotation of airfoils 20 with respect to rotatable

frame 12 as airfoils 20 move along through channel 30 (i.e. in a direction opposite to the

~ direction of air flow W). Thus, guides 26 position airfoils 20 at low drag positions as the

airfoils 20 move in a direction opposite to the direction of air flow W.

The operation of wind turbine 10 is best understood by viewing the orientation

of the various airfoils 20 at locations around rotatable frame 12, as follows.

Airfoil 20A is positioned furthest into the direction of the wind. Airfoil 20A is
free to rotate about its pivot. When wind W passes over airfoil 20A, airfoil 20A will rotate
such that its leading edge 21 and its trailing edge 22 are aligned with the direction of the
wind W. As a result of wind W passing over airfoil 20A, lift i1s produced as shown by arrow

L. As such, lift L urges rotatable frame 12 to rotate in direction R.
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Individual airfoils 20 are preferably set to rotate about an axis 25 that is
positioned closer to their leading edge 21 than to their trailing edge 23. Accordingly, when
the airfoil reaches position illustrated as 20B, wind W will tend to cause airfoil 20B to rotate
about its own axis of rotation 25 in a counterclockwise direction. However, rotational stop
24 will prevent such rotation, causing airfoil 20B to increase its angle of attack against the

wind."

By the time airfoil 20 reaches the position illustrated by airfoil 20C, the airfoil is
positioned perpendicular to wind flow W. Thus, airfoil 20C provides considerable drag,

further urging rotatable frame 12 to rotate in direction R.

As frame 12 rotates, the airfoil will eventually reach the position illustrated by
airfoil 20D. At such time, wind W pushing on the trailing edge 22 of the airfoil will cause
the airfoil to "flip over” to the position shown by airfoil 20E.

Next, when the airfoil reaches the position shown by airfoil 20F, member 31 will
contact the end of guide 26, as shown. Member 31 defines a channel 30 next to a portion of
rotatable frame 12, as shown. Member 31 holds guide 26 such that airfoil 20 is not able to
rotate with respect to rotatable frame 12 as the airfoil moves from the position shown by

airfoil 20F to 20G to 20H. Thus, member 31 and guide 26 operate together to hold airfoil 20

is a "low drag" position as it moves opposite to the direction of wind W.

Finally, immediately after the airfoil leaves the position shown by airfoil 20H,
guide 26 will no longer contact member 31, and the airfoil will be free once again to pivot
with respect to rotatable frame 12. Therefore, as airfoil 20 leaves position 20H, the wind W
will act to push the trailing edge 23 of the airfoil to the position shown by airfoil 20A (i.e.:
with the leading end 21 and the trailing edge 23 aligned in the direction of wind W).

Although the present wind turbine is shown in a horizontal orientation (i.e.:
rotating about a vertical axis of rotation A), the present invention can also be constructed in

a vertical orientation (i.e.: rotating about a horizontal axis of rotation).

Figs. 3 and 4 show sectional views through the present invention. Fig. 3

illustrates airfoil 20C, and Fig. 4 illustrates airfoil 20G. In that attached Figs, like reference

numerals represent like elements.
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Fig. 5 1s an illustration of a second embodiment of the invention. Fig. 5 is similar to
Fig. 1, in that spaces between airfoils (20A, 20B, 20C, 20D and 20E) open when the airfoils
are moving in the direction of wind W. However, as seen in the embodiment of Fig. 5, these
spaces between successive airfoils (20E, 20F, 20G and 20H) close when the airfoils are
moving in the direction opposite to wind W. As a result, there is no airflow between
successive airfoils 20 when these airfoils are rotating into the wind (i.e.: moving from
position 20E to position 20H). This has the advantageous affect of reducing drag on the

turbine, thereby increasing its efficiency.

In one embodiment, the leading and trailing edges of successive airfoils 20 are
dimensioned to be in contact with one another when the airfoils move in the direction
opposite to the direction of air flow, as is seen in Fig. 5. It is to be understood that this same
eftect of closing the spaces between successive airfoils 20 (as the airfoils move from
position 20E to 20H) can either be achieved by varying the length and also by varying the or

spacing between the individual airfoils 20.
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WHAT IS CLAIMED IS:

1. A wind turbine, comprising:

a rotatable frame;:

a plurality of curved_airfoils mounted to the rotatable frame, wherein the
curved_airfoils extend parallel to an axis of rotation of the rotatable frame, and wherein the
curved_airfoils are individually pivotable with respect to the rotatable frame; and

a mechanism that holds each of the curved airfoils in a high lift / high drag

position when the airfoil moves in a direction of air flow.

2. The wind turbine of claim 1, wherein the mechanism comprises:
a rotational stop connected to each of the curved airfoils to limit pivoting of
the curved airfoils with respect to the rotatable frame to prevent rdtation of the curved
airfoil_from a high drag position to a low drag position when the curved airfoil is moving in

the direction of the air flow.

3. The wind turbine of claim 2, wherein the rotational stop orients the curved
airfoils at a position such that lift caused by air flow over the curved airfoil causes the

rotatable frame to rotate.

4. The wind turbine of claim 2, wherein the rotational stop orients the curved
airfoils at a position such that drag caused by air flow over the curved airfoil causes the

rotatable frame to rotate.

5. A wind turbine, comprising:

a rotatable frame;

a plurality of airfoils mounted to the rotatable frame, wherein the airfoils
extend parallel to an axis of rotation of the rotatable frame, and wherein the airfoils are
individually pivotable with respect to the rotatable frame;

a mechanism that holds each of the airfoils in a high lift / high drag position
when the airfoil moves in a direction of air flow;

a channel extending around a portion of the rotatable frame; and

a guide on each of the plurality of airfoils, the guide being dimensioned to
pass through the channel, wherein the guide prevents rotation of the airfoil with respect to

the rotatable frame as the airfoil moves in a direction opposite to the direction of flow.
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6. The wind turbine of claim 5, wherein the guide positions the airfoil at the

low drag position as the airfoil moves in a direction opposite to the direction of air flow.

7. The wind turbine of claim 1, wherein air flow perpendicular to the axis of

rotation of the rotatable frame causes the rotatable frame to rotate.

8. The wind turbine of claim 1, wherein the rotatable frame rotates about a

vertical axis.

9. The wind turbine of claim 1, wherein each curved airfoil pivots about an axis
positioned closer to the leading edge of the curved airfoil than to the trailing edge of the

curved arfoil.

10. The wind turbine of claim 1, further comprising:

a generator drive wheel in contact with the rotatable frame.
11. The wind turbine of claim 1, wherein the rotatable frame is a rotor of an

electric generator.
12. A wind turbine, comprising:

a rotatable frame;

a plurality of airfoils mounted to the rotatable frame, wherein the airfoils
extend parallel to an axis of rotation of the rotatable frame, wherein the airfoils are
individually pivotable with respect to the rotatable frame, and wherein the airfoils are

permitted to rotate with respect to the rotatable frame when moving in the direction of the

air flow; and
a mechanism that holds each of the airfoils in a high lift / high drag position

when the airfoil moves in a direction of air flow.

13. A wind turbine, comprising:
a rotatable frame;
a plurality of airfoils mounted to the rotatable frame, wherein the airfoils
extend parallel to an axis of rotation of the rotatable frame, wherein the airfoils are

individually pivotable with respect to the rotatable frame, and wherein the airfoils are not
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permitted to rotate with respect to the rotatable frame when moving against the direction of

the air flow; and

a mechanism that holds each of the airfoils in a high lift / high drag position

when the airfoil moves in a direction of air flow.

14. A wind turbine, comprising:

a rotatable frame;

a plurality of airfoils mounted to the rotatable frame, the wherein the airfoils extend

parallel to an axis of rotation of the rotatable frame, and wherein the airfoils are individually

pivotable with respect to the rotatable frame; and
a mechanism that holds each of the airfoils in a high lift / high drag position when

the airfoil moves in a direction of air flow, wherein the airfoils are dimensioned such that
leading and trailing edges of successive airfoils are in contact with one another when the

airfoils move in a direction opposite to the direction of air flow.

15. The wind turbine of claim 14, wherein the mechanism comprises:
a rotational stop connected to each of the airfoils to limit pivoting of the airfoils with
respect to the rotatable frame to prevent rotation of the air foil from a high drag positior{ to a

low drag position when the airfoil is moving in the direction of the air flow.

16. The wind turbine of claim 15, wherein the rotational stop orients the airfoils

at a position such that lift caused by air flow over the airfoil causes the rotatable frame to

rotate.

17. The wind turbine of claim 15, wherein the rotational stop orients the airfoils

at a position such that drag caused by air flow over the airfoil causes the rotatable frame to

rotate.

18. The wind turbine of claim 14, further comprising:

a channel extending around a portion of the rotatable frame; and
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a guide on each of the plurality of airfoils, the guide being dimensioned to pass
through the channel, wherein the guide prevents rotation of the airfoil with respect to the

rotatable frame as the airfoil moves in a direction opposite to the direction of air flow.

19. The wind turbine of claim 18, wherein the guide positions the airfoil at the

low drag position as the airfoill moves in a direction opposite to the direction of air flow.

20.  The wind turbine of claim 14, wherein air flow perpendicular to the axis of

rotation of the rotatable frame causes the rotatable frame to rotate.

21. The wind turbtne of claim 14, wherein the rotatable frame rotates about a

~ vertical axis.

22.  The wind turbine of claim 14, wherein each airfoil pivots about an axis

positioned closer to the leading edge of the airfoil than to the trailing edge of the airfoil.

23.  The wind turbine of claim 14, further comprising:

a generator drive wheel in contact with the rotatable frame.

24. The wind turbine of claim 14, wherein the rotatable frame is a rotor of an

electric generator.

25.  The wind turbine of claim 14, wherein the airfoils are permitted to rotate

with respect to the rotatable frame when moving in the direction of the air flow.

26.  The wind turbine of claim 14, wherein the airfoils are not permitted to rotate

with respect to the rotatable frame when moving against the direction of the air flow.
27. The wind turbine of claim14, wherein the airfotils are curved.

28. The wind turbine of claim27, wherein the airfoils are shaped to provide lift in a

direction perpendicular to the direction of airflow over the airfoil.
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