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BLADE FLOW DEFLECTOR

BACKGROUND

{0001} This application claims the benefit of US Provisional Application No. 61/909,733,

filed November 27, 2014, the contents of which are incorporated herein by reference.

Statement of the Technical Field
(0002} The present disclosure relates 1o blades, More specifically, the present disclosure

refates to blades having tncorporated flow dellectors.

Description of the Related Art

{6003} Wind turbines produce power proportional to the swept area of thewr blades, and the
amount of arr flow passing over the blades at any given time. Various design choices such as
rotor diameter. blade length and load limitations are considered during design and fabrication of
a wind turbing. Longer blades provide for more energy production i low wmds, However,
tonger blades requure more materigls, higher manufacture and transportation costs, larger and
more robust rotor design o support the added weight of the longer blades, and fatlsafe systems
for preventing potential damage o the turbines 1 high wind situations as the longer blades may
produce damagimg levels of torque at hugh wind speeds.

{6004} Conversely, using shorter blades has its own set of drawbacks. For example, mlow
winds shorter blades may not have envugh surface area to produce enough torque to move the
rotor, thereby producing no power.

{6003} Regardless of size, all wind turbine blades are Hmited w overall efficiency due o
various resulting properties of the air low. Due to the rotational movement of the blades doring

operation, at least a portion of the air flow impacting the blade is converted to a radial
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component moving about the length of the blade from the root toward the tip of the blade. Fig. 1
itlustrates g standard wind turbine 10 with g mast 12 supporting a hub 14 from which a plurality
of blades 16 are supported. The mass of air affected by the turbine forms a stream tube gs the
wind must stow down dae to energy extracted by the turbine. Wind W directed at the turbines
will have an initial area as indicated by the circle 18, As the wind W reaches the blades 16, the
air flow has two components, namely an axial fHow Wa and g radial flow Wy, with the srea of the
wind flow expanding radially as indicated by circle 20 due to the conservation of mass flow rate
alony the stream tube. The flow continues to expand radially downstream, as indicated by the
mereased area at circle 22, since the pressure i the wake niust retumn to the aunospheric pressure
after g pressure drop experienced by passing though the rotor dise. Based on the conservation of
momentum, this radial flow Wy reduces the efficiency of the tarbine since it creates g radial
force from the available total force from the wind. This vadial force is not contributing to any
torque or power produced by the rotor.

6006} The present disclosure addresses these and other similar problems resulting from
conventional blade design. It allows the blade to convert part of that radial force into a tangential
force by redivecting the radial flow Wy, thereby increasing the torque and power extracted by the

torbine.

SUMMARY

{007} in at least one entbodinient, the present disclosure describes an airfoil blade assenmbly
including a blade extending in a radial divection from a root towards a tip. The blade includes a
1t generating section with a first profiled body defined between a pressure surface and a suction
surface. The first profiled body extends from a lirst leading edge {o a first trathing edge with a

first chord extending form the first leading edge to the first trailing edge and being perpendicular

2
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to the radial direction. At least one flow deflector extends along either the pressure surface or
the suction surface within the lift generating section of the blade. The at least one flow deflector
defines a second profiled body extending between a second leading edge and a second trailing
edge with a second chord extending between the second leading edge and the second trailing
edge. The second profiled body defines an outer surface facing away from respective pressure
surface or suction surface along which the flow deflector extends.

[0008]  In at least one embodiment, the present disclosure describes a wind turbine assembly
mclading a hub configured to rotate in a direction of rotation and a plarality of blade assemblies
attached to the hub assembly and including flow deflectors attached to the blades. The flow
deflectors are configured so as to alter the incident airflow so that an additional force is produced
1 the direction of rotation and an additional power is generated. The deflectors are not hmited
to wind turbines but may be positioned on biades used n varions applications, for example,

helicopters, hyvdro turbines, airplane wings. engines, propellers, and industrial turbines.

BRIEF DESCRIPTION OF THE DRAWINGS

0009}  Embodiments will be described with reference 1o the following drawing figures, in
which like numerals represent like ttems through the figures, and i which:

j00E0]  Fig. | is a perspective view of an example prior art wind torbine and the
corresponding typical air flow thereabowt.

{00111 Fig 2 is a perspective view of an example of a wind turbine having blades
incorporating flow deflectors in accordance with an embodiment of the present disclosure.
{6012} Fig. 3 is a perspective view of an exawple blade incorporating How deflectors in
accordance with an embodiment of the present disclosure.

j0013] Fig. 4 is a cross-sectional view along the line 4-4 in Fig. 3.

3
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{014} Fig. $is a cross-sectional view along the line 53-8 in Fig. 3
0015} Fig. 613 a top plan view of g portion of the blade of Fig. 3.

{6016} Fig. 7 is atop plan view of a blade incorporating a flow deflector in accordance with
an embodiment of the disclosure and illustrating the resultant forces thereon.
8017} Frg. 8 is a top plan view of another blade incorporating a flow deflector i accordance

with an embodiment of the disclosure and Hlustrating the resultant forces thereon.

DETAILED DESCRIFTION

{6018} This disclosure is not hmited to the particular systems, devices and methods
described, as these can vary., The terminology used in the description is for the purpose of
describing the particular versions or embodiments only, and is not intended to limit the scope.

g

FOEY] As used in this document, the singular forms 2,7 “an,” and “the”™ mchude pharal
references unless the context clearly dictates otherwise. Unless defined otherwise, all techmcal
and scientific terms used herein have the same meanings as commonly understood by one of
ovdinary skill in the art. Ax used m this docoment, the term “comprising” means “including, but
not limited to.”

[6020]  The present disclosure relates to deflectors positioned on either the pressure surface
or suction surface of a blade. The blades will be described herein in conjfunction with a wind
turbime, however, the disclosore s not limited to such and the deflectors may be positioned on
blades used in various applications, for example, helicopters, bydro turbines, airplane wings,
eagines, propeliers, and industrial turbines.

{6021} Referring to Figs. 2-6, blades 30 incorporating flow deflectors 30 in accordance with
an embodiment of the disclosure will be descobed. The blades 30 are tllustrated posiioned on

the hub 14 of a wind turbine 10 with the hub 14 supported by a mast 12, The hub 14 and blades
4
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30 rotate about an axis of rotation AR, Each blade 30 extends radially along a radial axis RA
from a root 40 to a tip 42.  Each blade 30 penerally includes three sections, namely a root
section 32, & transition section 36 and a htt generating section 34, The root section 32 connects
the blade 30 to the hub 14, The Lift generating segment 34 iy furthest from the hub 14 and
includes a profiled body 37 extending between a pressure surface 39 and a suction surface 38,
The profiled body 37 exiends between a leading edge 31 and a tratling edge 33, A chord 3515
defined from the leading edge 31 to the trathing edge 33 and 1s perpendicalar to the radial axis
RA. The chord 35 has a length L and the profile body 37 has a height H.

{00221 One or more flow deflectors 30, 507 are provided along the pressure surface 39, the
suction surface 38 or both surfaces within the it generating section 34, The flow deflectors 5,
SO may be posttioned proximate the leading edge 31, the trailing edge 33 or anywhere m
between. In the illustrated embodiment, a pair of flow deflectors 50 are positioned along the
suction surface 38 of each blade 30 and a single flow deflector 507 is positionad along the
pressure surface 39 of each blade 30. The number and position of the deflectors 50, 507 are not
limited to the illustrated embodiment and can be selected depending on the configoration of the
blade 30 and the operating environment. The deflectors 30, S0 may be formed mtegral with
blade 30 or may be formed separately and attached thereto. For example, the deflactors 50, 3¢7
may be attached to the blade 30 wilizing acrospace double-sided tape with g thickness on the
order of micrometers or utilizing small flat bead nvets to mintnnze drag. Various other
attachment mechanisms may be utithzed. Additionally, the deflectors 30, 587 may be provided
along the surfaces during original manufacture of the blades 30 or may be attached to existing

blades 30 in a retro-fit fashion. Furthermore, the deflectors 50, 507 may be adjustably positioned
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such that the position and orientation may be adjusted to correspond to current operating
condition (e.g. more or less wind).

6023} Each flow deflector 50, 307 has a profile body 52 extending from a leading edge 51 to
a trathing edge 83, A chord 35 15 defined from the leading edge 51 to the trating edge 53 and is
perpendicular to the radial axis RA or at angle o thereto as described hereinafter. The chord 53
has a length | and the profile body 52 has a height b and a width w. Each profile body 52 has an
outer surface 54 and a contact surface 56, 567 and defines a streamline body, such as a flat plate
or a thin airfoil.  The deflectors 50, 5307 generally extend such that they extend beyond the
boundary laver flow over the blade 30.

{0024}  The flow deflectors 50, 507 mav be sized proportional to the blade 30, For example,
the flow deflectors mayv have a chord length Dwhich is between 1/8 {o 1 that of the blade chord
length L. and more preferably between 174 to 172 of the length L. Also, the Hflow deflectors may
have a height h which 1s between 1710 o 1 that of the blade height H, and more preferably
between 1/8 to 1/2 of the height H. Also, the width w of the flow deflections may also be
proportional to the chord length L of the blade 30, with a width w between about 1-10% of the
blade chord length L. 1t1s understood that if more than one deflector 50, 347 is positioned on the
blade 30, the deflectors 50, 30" may have different configurations. For example, the suction
surface deflectors 30 may be sized ditferently than the pressure side deflectors 507, however, it is
also possible that there may be differences i configuration between multiple suction surface
deflectors 30 or multiple suction pressure deflectors 507

0025} Referring to Fig. 6, each of the deflectors 50, 507 may be positioned at an angle o
relative to the blade 30. More specifically, the chord 55 of each deflector mayv be at an angle o

relative to the chord 33 of the blade 30, The angle ¢ may be between about -5° and 45 © and
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more preferably between about 0% and 153°, [fmultiple deflectors 30, 307 are positioned along
pither surface 38, 39, they may be at different angles & The deflectors 50, 507 are spaced from
one another m the direction of the radial axis RA by a distance D, The distance I may vary
between defleciors S0, 30 on a given surface and between surfaces. As one example, the
distance D may be equal to the chord length L.

{6026} Referring to Figs. 7 and 8, an dlustranion of resultant mcreased efficiency from the Bow
deflectors 50, 507 will be described. Fig. 7 shows the moment, YW+Mp,, and force, Fr + Fp,,
generated by a blade 30 with a deflector 30. The additional force contribation by the deflector to the
turbine blade s /. This force generates an additional moment Mp; which contributes to the total
power generated by the turbine Fiz. 8 shows an in-plane curved wind turbine blade 307 with & flow
detlector 50, The configuration of the Lift generating section 367 13 distinet from that of the blade
3 m b 7 Ths configuration of blade with the How deflector S0 generates an additional torque

My, that contributes to the power generated and it is due to the noromal force £y created by the

deflector 50,
j0027]  Integrating the deflectors 50, 307 ontoe existing turbines, or incorporating their design

11to new turbines will increase the overall efficiency of the nwbmes. The deflectors may act as
passive flow controliers, not requiring any additional contrel or monitoring equipment, By
tntroducing the flow deflectors at several positions along the blade’s length, the radial
component of velocity of the incoming air flow may be redirected to produce an additional
amount of torque on the rotor, thereby increasing the overall power produced by the turbine.
[0028]  These and other advantages of the present mvention will be apparent to those skilled
m the art from the foregomg specification. Accordingly, #t will be recognized by those skilled in

the art that changes or modifications may be made to the above~-described embodiments without
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departing from the broad mventive concepts of the mvention. it should therefore be understood
that this vention is not linuted to the particular embodiments described heretn, but s intended
to inchude all changes and modifications that are within the scope and spirit of the wvention as

defined in the claims.
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CLAIMS
What we claimed i
i, An airfoi] blade assemibly comprising:

a blade extending i a radial divection from a root towards a tip, the blade including a Lft
cenerating section with a first profiled body defined berween a pressure surface and a suction
surface, the first profited body extending from a fivst leading edge 1o a fivst trailing edge with a
{irst chord extending form the first leading edge to the first trailing edge and being perpendicular

to the radial direction, and

at least one flow deflector extending along either the pressure surface or the suction
surface within the Hft generating section of the blade, the at least one flow deflector defining a
second profiled body extending between a second leading edge and a second tailing edge with a
second chord extending between the second leading edge and the second trailing edge, the

second profiled body defining an onter surface facing away from respective pressuare surface or

suction surface along which the flow detlector extends.

2. The atrfoil blade assembly according to ¢laim 1 wherein the second chord 18 at angle o of

between -5° and 43° relative to the st chord,

3 The airfoil blade assembly according to claim 1 wherein the second chord s at angle a of

beiween 0% and 1537 velative {0 the firsi chord.
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4, The amrfoil blade assembly according to claim | wherem a plurality of flow deflectors
extends along either the pressure surface or the suction surface within the Hft generating section

of the blade.

5. The airfoil blade assembly according to claim 4 wherein the How deflectors are separated

from one another by a given distance.

6. The airfoil blade asserably according to clamm 3 wheren the given distance is equal to a

length of the first chord.

7. The airfoil blade assembly according to claim 1 whergin at least one flow deflector
extends along the pressure surface within the hift generating section of the blade and at least one

How detlector extends along the suction surface within the 1t generating section of the blade.

8. The airfoil blade assembly according to claim 1 wherein the at feast one flow deflector is

positioned along the hlade between the fivst leading edge and the first trailing edge.

9. The antoil blade assembly according to claim 1 wherein the Hirst profile body has a first
beight and the second profile body has a second height and wherein the second height is between

o

1710 1o | that of the first height

164
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i, The awfoul blade assembly according to claim 1 wherein the first profile body has a first
height and the second profile body has a secend height and wheren the second height is between

148 to 172 that of the first height,

11, The airfoil blade assembly according to claim | wherein the second profile body has a

width which 15 equal to approximately 1-10% a length of the first chord.

12, The airfoi] blade assembly according to claim 1 wherein the at least one How deflector 13

formed integrally with the first profile body.

13, The airfoil blade assembly according to claim 1 wherein the at least one {low deflector is

formed separately from the first profile body and is attached thereto,

14, The atrfoil blade agsembly according to claim 1 wherein the at least one flow deflector is

attached to the first profile body utilizing acrospace double-sided tape.

15, The airfoil blade assembly according to claim | wherem the at least one flow deflector 1s

attached to the first profile body utilizing flat head rivets.

6. The airfoil blade assembly according to claim I wherein the at least one flow deflector 1

adjustably connected to the profile body.

11
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17, The airfoil blade assembly according to claim | wherein the blade has an in-plane curved

configuration.

18 A turbmne assembly comprising:
& hub configured to rotate in a direction of rotation;
a plurality of blade assemblies according t© ¢laim 1 attached to the hub gssembly,

wherein the flow deflectors are configured 30 as to alter the incident airflow so that an

additional force is produced in the direction of rotation and an additional power is generated.
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