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TURBINE BLADES, SYSTEMS AND 
METHODS 

CROSS-REFERENCE 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. No. 61/442,761, ?led on Feb. 14, 
2011, and US. Provisional Patent Application Ser. No. 
61/453,941, ?led on Mar. 17, 201 1, Which are entirely incor 
porated herein by reference. 

STATEMENT AS TO FEDERALLY SPONSORED 
RESEARCH 

[0002] This invention Was made With Government support 
under DE-00000022 awarded by the United States Depart 
ment of Energy. The Government has certain rights in the 
invention. 

BACKGROUND OF THE INVENTION 

[0003] An airfoil (or aerofoil) is the cross-sectional shape 
of a Wing or blade or sail. An airfoil-shaped body that is 
moved through a ?uid may produce an aerodynamic force. 
The component of this force perpendicular to the direction of 
motion may be called lift. The component of this force par 
allel to the direction of motion may be called drag. 
[0004] A turbine is a rotary engine that may extract energy 
from a ?uid ?oW and convert it into Work. Turbines may have 
one or more moving parts, including a rotary assembly, Which 
is a shaft or drum With blades. 

[0005] A Wind turbine (or Wind generator) is a device that 
may convert kinetic energy from Wind or other moving ?uid 
into mechanical energy, Which may subsequently be used to 
generate electricity. 

SUMMARY OF THE INVENTION 

[0006] In embodiments, blades (e.g., turbine blades) are 
provided that are mechanically simple, highly e?icient, struc 
turally strong, cost effective, and controllable for effectively 
extracting energy from ambient Winds. In some cases, this is 
accomplished by augmenting or controlling the aerodynam 
ics of turbine blades With the use of pneumatic bloWing out of 
the blades, Which may generate forces and extract energy 
even at substantially loW Wind velocities. Concurrently, 
bloWn blade airfoils are structurally strong and the lift, drag 
and torque produced by such blades may be made relatively 
independent of the local relative Wind angle, thus eliminating 
the complex problems of blade pitch and pitch control mecha 
nisms. Devices provided herein may achieve, among other 
things, substantially high lift on specialiZed bloWn blades; 
drag increase (braking) or reduction (e?iciency) as required; 
control of the aerodynamic moments on these blades; preven 
tion of ?oW separation on these blades (except When ?oW 
separation Would be desirable, such as for braking); and the 
ability to perform all of these capabilities Without any physi 
cal change in the local blade angle of attack to the oncoming 
?oW. These capabilities alloW energy extraction from the 
ambient Wind over a Wider range of Wind speeds and local 
Wind stream angles of attack on the blades. This Will be 
achieved, for example, With one bloWing slot or a plurality of 
tangential bloWing slots located on either end of the indi 
vidual blade airfoil (leading edge or training edge), and on 
either side of the airfoil (pressure or suction side). In addition 
to very high lift and reduced drag, thus high aerodynamic 
lift/drag ratios and e?iciency, these characteristics may be 
varied by the adjustment of only the blade bloWing rates or 
bloWing pressures at these slots. 
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[0007] Blades, systems and methods provided herein 
reduce, if not eliminate, the need for blade tWist; blade chord 
change or local planform area variation (taper); blade camber; 
and blade variable airfoil geometry, all of Which Would typi 
cally change along the blade span to account for different 
local Wind speeds and Wind angles at the various blade radial 
locations. In some situations, variations in the types of bloWn 
airfoils are provided to account for various local conditions. 

[0008] In an aspect of the invention, pneumatic blades con 
?gured to generate aerodynamic lift independent of mechani 
cal angle of attack change are described. In some cases, 
blades are con?gured for use With Wind turbines. In other 
cases, blades are con?gured for use With helicopters, air 
planes, automobiles and other devices or structures Where 
aerodynamic lift is required. These pneumatic blades may 
also be used to generate negative lift (i.e., doWnWard lift from 
the pressure side of the blade section) so as to produce aero 
dynamic braking. In some embodiments, pneumatics change 
the aerodynamics of the blade section characteristics Without 
mechanical blade pitch change, Which enables variations of 
turbine blade aerodynamic characteristics similar to pitch 
change along the rotor blade Without any mechanical blade 
pitch change. 
[0009] In an embodiment, a turbine blade for use in a Wind 
turbine comprises a pressure side and suction side meeting at 
a trailing edge and leading edge, the pressure side having a 
pressure side surface and the suction side having a suction 
side surface, the pressure side surface and suction side surface 
for providing lift to the turbine blade upon the ?oW of air from 
the leading edge to the trailing edge and over the pressure side 
and suction side surfaces, the pressure side and suction side 
extending from a root portion to a tip portion of the turbine 
blade. The root portion may be operating in a region of inef 
fective aerodynamic ?oW, such as a region of ?oW separation. 
In some situations, the root portion is substantially non-aero 
dynamic. The aerodynamics of blades With substantially non 
aerodynamic root portions is improved With the aid or bloWn 
passages. 

[0010] In another embodiment, a blade for use in a Wind 
turbine comprises a pressure side and suction side meeting at 
a trailing edge and leading edge, the pressure side having a 
pressure side surface and the suction side having a suction 
side surface, the pressure side surface and suction side surface 
for providing lift to the blade upon the ?oW of air from the 
leading edge to the trailing edge and over the pressure side 
and suction side surfaces. A span section of the leading edge 
is parallel to the trailing edge. 
[0011] In another embodiment, a blade con?gured to be 
used in a Wind turbine comprises a pressure side and suction 
side meeting at a trailing edge and leading edge, the pressure 
side having a pressure side surface and the suction side having 
a suction side surface, the pressure side surface and suction 
side surface for providing lift to the blade upon the ?oW of air 
from the leading edge to the trailing edge and over the pres 
sure side and suction side surfaces, the pressure side and 
suction side at a root portion of the blade being substantially 
non-aerodynamic or less aerodynamic in relation to current or 
convention blades. Such non-aerodynamic or less aerody 
namic root portion operates in a region of ineffective ?oW, 
such as ?oW separation or stalled ?oW. The blade further 
comprises one or more openings at one of the pressure side 
and the suction side, the one or more openings for providing 
aerodynamic shaping to the blade of the Wind turbine. The 
one or more openings may improve the aerodynamic shaping 
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of the blade by providing a pressurized ?uid to the suction 
side and/or the pressure side, Which reduces or eliminates 
?oW separation over the blade, including the non-aerody 
namic or less aerodynamic root portion of the blade. 

[0012] In another embodiment, a blade comprises a pres 
sure side and suction side meeting at a trailing edge and 
leading edge, the pressure side having a pressure side surface 
and the suction side having a suction side surface, the pressure 
side surface and suction side surface for providing lift to the 
blade upon the ?oW of air from the leading edge to the trailing 
edge and over the pressure side and suction side surfaces. The 
blade further comprises a ?rst opening on the pressure side 
surface, the ?rst opening for providing pressurized air to the 
pressure side, and a second opening on the suction side sur 
face, the second opening for providing pressurized air to the 
suction side. The blade may include a ?rst opening on the 
pressure side, a second opening on the suction side, or tWo or 
more openings on opposite sides of the blade for pressurized 
air ?oW. 

[0013] In another aspect of the invention, turbines are pro 
vided. In some situations, turbines are con?gured for use in 
Wind turbines. In an embodiment, a Wind turbine comprises a 
blade having one or more airfoils, the blade having a pressure 
side and suction side meeting at a trailing edge and leading 
edge, the pressure side having a pressure side surface and the 
suction side having a suction side surface, the pressure side 
surface and suction side surface for providing lift to the blade 
upon the ?oW of air from the leading edge to the trailing edge 
and over the pressure side and suction side surfaces. The Wind 
turbine further comprises a pneumatic control system in ?uid 
communication With the blade, Wherein the pneumatic con 
trol system adjusts an effective aerodynamic pitch of the one 
or more airfoils of the blade. Such a Wind turbine may employ 
the capabilities of bloWn airfoils on the rotor to pneumatically 
vary all aerodynamic forces and moments (primarily lift, 
drag, and pitch but also side force, roll, and yaW if and When 
needed) Without the need for variations in blade pitch change 
(angle of attack) or variations in blade tWist, chord (also 
“cor ” herein) length, area, or airfoil geometry With variation 
in local rotor blade location. This may account for all changes 
in local ?oW ?eld characteristics due to blade rotation, blade 
spanWise location, local in?oW angles, local Wind-speed or 
Wind over-speeds. 
[0014] In another embodiment, a turbine comprises a 
poWer generator; a rotor operatively coupled to the poWer 
generator, the poWer generator con?gured to generate elec 
tricity upon rotation of the rotor; and a plurality of blades 
extending radially outWard from the rotor, each individual 
blade of the plurality of blades comprising a pressure side and 
suction side meeting at a trailing edge and leading edge, the 
pressure side having a pressure side surface and the suction 
side having a suction side surface, the pressure side surface 
and suction side surface for providing lift to said individual 
blade upon the ?oW of air from the leading edge to the trailing 
edge and over the pressure side and suction side surfaces. At 
least one of the plurality of blades includes a ?rst opening on 
the pressure side surface, the ?rst opening to provide pres sur 
ized air to the pressure side, and a second opening on the 
suction side surface, the second opening to provide pressur 
ized air to the suction side. These tWo separate openings may 
be bloWn individually or in concert (i.e., simultaneously) With 
one another, either at equal pres sure and mass ?oW rate, or at 
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different pressures and mass ?oW rates, depending on the 
aerodynamic effect (e.g., improved aerodynamics or braking) 
desired by the control system. 

[0015] In another aspect of the invention, systems for gen 
erating poWer are described. In some situations, such systems 
include Wind turbines for generating poWer from Wind. 

[0016] In an embodiment, a system for generating poWer 
from Wind comprises a blade having a pressure side and 
suction side meeting at a trailing edge and leading edge, the 
pressure side having a pressure side surface and the suction 
side having a suction side surface, the pressure side surface 
and suction side surface for providing lift to the blade upon 
the ?oW of air from the leading edge to the trailing edge and 
over the pressure side and suction side surfaces, the blade 
having a substantially non-aerodynamic root portion. The 
system further comprises a control system con?gured to pro 
vide effective aerodynamic shaping (also “aerodynamic 
shaping” herein) to the blade. In some situations, this effec 
tive aerodynamic shaping of the blade alloWs an increase or 
decrease of the blade’s lift, drag, and moment, as required, 
and a concomitant increase or decrease in output torque and 
poWer Without angle of attack or blade pitch changes. 

[0017] In another embodiment, a system comprises a blade 
having a pressure side and suction side meeting at a trailing 
edge and leading edge, the pressure side having a pressure 
side surface and the suction side having a suction side surface, 
the pressure side surface and suction side surface for provid 
ing lift to the blade upon the ?oW of air from the leading edge 
to the trailing edge and over the pressure side and suction side 
surfaces. The system further comprises a pneumatic control 
system in ?uid communication With the blade, Wherein the 
pneumatic control system adjusts a virtual pitch of the blade. 
[0018] In another embodiment, a system comprises a blade 
having a pressure side and suction side meeting at a trailing 
edge and leading edge, the pressure side having a pressure 
side surface and the suction side having a suction side surface, 
the pressure side surface and suction side surface for provid 
ing lift to the blade upon the ?oW of air from the leading edge 
to the trailing edge and over the pressure side and suction side 
surfaces. The system further comprises a pneumatic control 
system in ?uid communication With the blade, Wherein the 
pneumatic control system adjusts a virtual shape of one or 
more airfoils of the blade. 

[0019] In another embodiment, a system for use With a 
Wind turbine comprises a blade having a pressure side and 
suction side meeting at a trailing edge and leading edge, the 
pressure side having a pressure side surface and the suction 
side having a suction side surface, the pressure side surface 
and suction side surface for providing lift to the blade upon 
the ?oW of air from the leading edge to the trailing edge and 
over the pressure side and suction side surfaces. The system 
further comprises a pneumatic control system in ?uid com 
munication With the blade, Wherein the pneumatic control 
system adjusts a poWer or torque output of the blade. 

[0020] In another embodiment, a system for providing 
aerodynamic shaping to a blade having one or more airfoils 
comprises a pneumatic control system having a channel in 
?uid communication With one or more openings in a suction 
side of the blade having a non-aerodynamic root portion, the 
pneumatic control system for providing pressurized air to the 
one or more openings. The system further comprises a con 
troller operatively coupled to the pneumatic control system, 
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the controller having computer-executable commands that 
regulate the ?oW rate of pressurized air to the one or more 
openings. 
[0021] In another embodiment, a system for providing 
aerodynamic shaping to a blade comprises a pneumatic con 
trol system having a channel in ?uid communication With one 
or more openings in a pressure side or suction side of a blade, 
the blade having one or more airfoils, the one or more open 
ings disposed outboard betWeen about 50% and 100% of a 
span of the blade as measured from a root portion of the blade. 
The system further comprises a controller communicatively 
coupled to the pneumatic control system, the controller hav 
ing computer-executable commands that regulate the ?oW 
rate of pressurized air to the one or more openings. 

[0022] In another embodiment, a system for providing 
aerodynamic shaping to a blade comprises a ?rst channel in 
?uid communication With a ?rst opening in a pressure side or 
suction of the blade, the blade having a substantially constant 
chord toWard a root portion of the blade, and a second channel 
in ?uid communication With a second opening in the pres sure 
side or suction side of the blade. The system further comprises 
a ?uid control system in ?uid communication With the ?rst 
and second channels, Wherein the ?uid control system inde 
pendently provides a pressurized ?uid to the ?rst and second 
channels, and Wherein the ?oW rate of the pressurized ?uid to 
each of the ?rst and second openings is independently 
selected to control the aerodynamic lift of the blade. 
[0023] In another embodiment, a system for controlling the 
pitch of a blade comprises a ?rst passageway in ?uid com 
munication With a ?rst opening in a pressure side or suction 
side of the blade, the ?rst opening at an outboard portion of 
the blade, and a second passageWay in ?uid communication 
With a second opening in a suction side of the blade, the 
second opening at an inboardportion of the blade. The system 
further comprises an air control system in ?uid communica 
tion With the ?rst and second passageWays, Wherein the air 
control system provides pressurized air to the ?rst and second 
passageWays to control an effective aerodynamic shape of the 
blade. In some cases, the ?rst opening is at a leading edge of 
the blade and the second opening at a trailing edge of the 
blade. The differential pressure or mass ?oW betWeen open 
ings provides positive or negative pitching moment Without 
any blade mechanical pitch change. This effect may be 
increased if the openings are also on the opposite sides (pres 
sure side or suction side) of the blade. The system in some 
cases includes combined leading edge and trailing edge bloW 
ing on the same airfoil. Variable leading edge and trailing 
edge bloWing parameters may alloW adjustment (increase or 
decrease, as desired) of aerodynamic pitching moment on the 
blade. 

[0024] In another aspect of the invention, methods for 
forming blades are provided. In an embodiment, a method for 
forming a blade comprises extruding a composite material 
through a blade die to form a blade having a pressure side and 
suction side meeting at a leading edge and trailing edge and 
extending from a root portion to a tip portion of the blade, the 
root portion being substantially non-aerodynamic. 
[0025] Additional aspects and advantages of the present 
disclosure Will become readily apparent to those skilled in 
this art from the folloWing detailed description, Wherein only 
illustrative embodiments of the present disclosure are shoWn 
and described. As Will be realized, the present disclosure is 
capable of other and different embodiments, and its several 
details are capable of modi?cations in various obvious 

Jan. 26, 2012 

respects, all Without departing from the disclosure. Accord 
ingly, the draWings and description are to be regarded as 
illustrative in nature, and not as restrictive. 

INCORPORATION BY REFERENCE 

[0026] All publications, patents, and patent applications 
mentioned in this speci?cation are herein incorporated by 
reference to the same extent as if each individual publication, 
patent, or patent application Was speci?cally and individually 
indicated to be incorporated by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The novel features of the invention are set forth With 
particularity in the appended claims. A better understanding 
of the features and advantages of the present invention Will be 
obtained by reference to the folloWing detailed description 
that sets forth illustrative embodiments, in Which the prin 
ciples of the invention are utilized, and the accompanying 
draWings of Which: 
[0028] FIG. 1 schematically illustrates a blade airfoil sec 
tion; 
[0029] FIG. 2 shoWs a typical blade planform vieW; 
[0030] FIG. 3 illustrates a blade planform, in accordance 
With an embodiment of the invention; 
[0031] FIG. 4 schematically illustrates a blade having a 
plurality of airfoil sections, in accordance With an embodi 
ment of the invention; 
[0032] FIG. 5A schematically illustrates a blade, in accor 
dance With an embodiment of the invention. FIG. 5B sche 
matically illustrates a blade, in accordance With an embodi 
ment of the invention; 
[0033] FIG. 6 schematically illustrates a blade having a 
plurality of bloWn passages, in accordance With an embodi 
ment of the invention; 
[0034] FIG. 7 schematically illustrates a blade airfoil sec 
tion having a plurality of potential airfoils and a plurality of 
bloWing slots, in accordance With an embodiment of the 
invention; 
[0035] FIG. 8 schematically illustrates a slotted and bloWn 
blade con?gured for use With a Wind turbine; 
[0036] FIG. 9 schematically illustrates a Wind turbine hav 
ing a plurality of blades, With and Without bloWing slots, in 
accordance With an embodiment of the invention; 
[0037] FIG. 10 schematically illustrates a turbine system, 
in accordance With an embodiment of the invention; and 
[0038] FIG. 11 shoWs an example of a 40-meter blade hav 
ing a span-Wise thickness pro?le. The x-axis designates span 
position along the blade and the y-axis designates the thick 
ness (or chord) of the blade at a particular span position. 

DETAILED DESCRIPTION OF THE INVENTION 

[0039] While various embodiments of the invention have 
been shoWn and described herein, it Will be obvious to those 
skilled in the art that such embodiments are provided by Way 
of example only. Numerous variations, changes, and substi 
tutions may occur to those skilled in the art Without departing 
from the invention. It should be understood that various alter 
natives to the embodiments of the invention described herein 
may be employed in practicing the invention. 
[0040] The term “?uid,” as used herein, refers to a gas or 
liquid. In some embodiments, a ?uid is a gas or liquid having 
loW or substantially loW viscosity. A ?uid may include, for 
example, air, oxygen, hydrogen, Water vapor, an inorganic 
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liquid, or an organic liquid, such as liquid Water, an alcohol, 
an aldehyde, or a ketone. A ?uid has various ?uid properties, 
such as heat capacity, viscosity, temperature, pressure and 
?oW rate. 

[0041] The term “lift,” as used herein, refers to aerody 
namic or hydrodynamic lift. Lift is the component of aerody 
namic force perpendicular to the direction of motion of the 
airfoil or blade section. “Ineffective lift” means that the ?uid 
?oW around the airfoil or blade is operating in a separated 
?oW or stalled-?oW region. Blades and systems provided 
herein improve upon such ineffective lift by re-attaching the 
?oW ?eld or causing the blade section to perform in a more 
e?icient aerodynamic manner. In some situations, this is 
achieved by using pneumatics and bloWn passages to re 
attach separated or stalled ?oW, or by use pneumatics to 
effectively eliminate the need for mechanical blade angle of 
attack change (pitch). 
[0042] The term “non-aerodynamic,” as used herein, refers 
to a blade or blade section that is structurally less aerody 
namic than a comparable blade With structurally features that 
effect improved aerodynamics. In an example, a non-aerody 
namic blade has a root section (e.g., 40% or 50% of the span, 
as measured from the root) Which has a chord that varies by at 
most about 5%. Such a blade operates in a region of ineffec 
tive aerodynamic ?oW, Which includes ?oW separation and/ or 
stalled ?oW. The aerodynamics of such a blade, including the 
effective (or virtual shape) of the blade, is adjusted (e.g., 
increased lift or decreased lift) With the aid of one or more 
pneumatic bloWing slots in the blade. The aerodynamics of 
such non-aerodynamic blades may thus be improved With the 
aid of pneumatic bloWing. 
[0043] The term “drag,” as used herein, refers to the com 
ponent of aerodynamic or hydrodynamic force parallel to the 
direction of motion of the airfoil or blade section. 
[0044] The term “blade,” as used herein, refers to an object 
that is con?gured to generate lift upon the ?oW of a ?uid over 
surfaces of the blade. A blade may have a pressure side, 
suction side, leading edge and trailing edge. The pressure side 
and suction side are for generating lift With the ?oW of ?uid 
(e. g., air) over the blade. In some instances, a blade is used to 
provide mechanic motion to a turbine generator. In such con 
text, the blade may be referred to as a “turbine blade”. 

[0045] The term “airfoil” (or “aerofoil” or “airfoil sec 
tion”), as used herein, refers to the cross-sectional shape of a 
blade. A blade may have one or more airfoils. In an example, 
a blade has a cross-section that is constant along a span of the 
blade, and the blade has one airfoil. In another example, a 
blade has a cross-section that varies along a span of the blade, 
and the blade has a plurality of airfoils. 
[0046] The term “planform,” as used herein, refers to the 
shape of the blade vieWed from a top-doWn standpoint 
de?ned by airfoil positions and chord lengths. 
[0047] The term “passageway,” as used herein, refers to a 
conduit, channel or other structure con?gured to direct a ?uid 
from one point to another. A ?uid ?oWs through a pas sageWay 
in various ?oW con?gurations, such as, e.g., turbulent or 
laminar ?oW. A passageWay is generally in ?uid communica 
tion With one or more other passageWays or ori?ces. 

[0048] The term “ori?ce,” as used herein, refers to a hole or 
opening con?gured to direct a ?uid from a chamber or a 
passageWay to an external environment or another chamber or 

passageWay. An ori?ce may have various shapes, sizes and 
con?gurations. In an example, an ori?ce is circular, oval, 
elliptical, triangular, square, rectangular, pentagonal, hex 
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agonal, heptagonal, nonagonal, decagonal, or partial seg 
ments (e. g., semi-circular, semi-rectangular) of these shapes. 
In another example, an ori?ce is a slit. An “ori?ce” may also 
be referred to as a “slot.” 

[0049] The term “bloWing,” as used herein, refers to the 
application of a pressurized ?uid, such as pressurized air, 
through one or more ori?ces or openings in ?uid communi 
cation With a pressure side and/or suction side of a blade. 
BloWing in some cases refers to the act or process of provid 
ing a pressurized and/or moving ?uid, such as a pressurized 
gas or liquid, through an ori?ce. In an example, bloWn air 
includes pressurized air. 
[0050] The term “span,” as used herein, refers to the radial 
distance from a root portion of a blade toWards a tip portion of 
the blade. 
[0051] The term “chor ,” as used herein, refers to the dis 
tance from a leading edge of a blade airfoil section to a trailing 
edge of the blade airfoil section. Blades provided herein may 
have constant chords as measured along a span of the blade. 
[0052] The term “suction side,” as used herein, refers to 
suction side of a blade. The term “pressure side”, as used 
herein, refers to the pressure side of a blade. Upon the ?oW of 
air or other ?uid over the blade, the ?uid pressure at the 
pressure side may be generally greater than the ?uid pres sure 
at the suction side. 
[0053] The term “leading edge,” as used herein, refers to a 
portion of a blade that faces the direction of ?oW of a ?uid. 
[0054] The term “trailing edge,” as used herein, refers to a 
section of a blade that faces (or is oriented) downstream in 
relation to the direction of ?oW of a ?uid over the blade. 

[0055] The term “turbine,” as used herein, refers to a 
machine, device or system that generates poWer When a Wheel 
or rotor ?tted With vanes or blades is made to revolve Within 
the ?oW of a ?uid. A turbine con?gured to generate poWer 
from Wind is referred to as a “Wind turbine” herein. In some 
cases, a turbine includes an induction generator for convert 
ing mechanical energy to electricity. 
[0056] The term “pitch,” as used herein, refers to the blade 
airfoil section angle of attack relative to the local Wind-stream 
direction. On some conventional Wind turbines, it is varied 
either mechanically by a pitch change mechanism or by blade 
tWist, both of Which may be used to change the blade airfoil 
section’s local aerodynamic characteristics to make the blade 
operate more e?iciently aerodynamically. In some embodi 
ments, this required change in local blade section aerodynam 
ics is achieved pneumatically by ori?ce bloWing Without any 
mechanical pitch mechanism or blade tWist to achieve the 
same or better aerodynamic e?iciency as the conventional 
Wind turbine. 
[0057] Current Wind turbines experience a number of spe 
cial problem areas Which can limit their range of operational 
Wind speeds; make the mechanisms complex, heavy and 
costly; and limit the amount of electrical poWer that they can 
realistically capture. Pneumatic aerodynamic blades pro 
vided herein may address performance, mechanical, and 
structural issues, and help solve most, if not all problems 
associated With current Wind turbines Without the use of 
pitching and varying-geometry blades. 
[0058] Embodiments of the invention describe blades for 
generating aerodynamic or hydrodynamic lift, Which in some 
cases is used to provide mechanical motion to a turbine. In 
some situations, blades are adapted to become more aerody 
namic by employing the ?oW of air through one or more 
passageWays (or channels) and out of one or more ori?ces in 
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the blades. In some implementation, blades provided herein 
are used for generating electricity, such as by employing the 
generation of lift to turbine blades operatively coupled to a 
turbine generator. In other implementation, blades provided 
herein are used With other devices for generating lift (or 
reducing drag), such as helicopters, airplanes, automobiles, 
cars, truck trailers and other devices or structures in Which 
aerodynamic lift is desired. In some embodiments, turbine 
blades and systems employ the capabilities of pneumatic or 
hydrodynamic bloWn airfoils on the rotor to pneumatically 
vary all aerodynamic or hydrodynamic forces and moments 
(primarily lift, drag, and pitch, but also side force, roll, and 
yaW if and When needed) Without the need for variations in 
blade pitch change (angle of attack) or variations in blade 
tWist, chord length, area, or airfoil geometry With variation in 
local rotorblade location. This may account for all changes in 
local ?oW ?eld characteristics due to blade rotation, blade 
spanWise location, local in?oW angles, local Wind-speed or 
Wind over-speeds. 
[0059] Recognized herein are various limitations associ 
ated With current blades for use With Wind turbines. FIG. 1 
shoWs a cross-section of a blade having a leading edge, trail 
ing edge, suction side (top) and pressure side (bottom), as is 
found in at least some blades currently available. The blade 
has a chord length (also “chor ” herein) and a span, Which is 
measured from a root portion to a tip portion of the blade, as 
measured along an axis orthogonal to the plane of the page. 
FIG. 2 shoWs a blade planform that is representative of the 
planform of at least some current blades. The position along 
the blade from a root of the blade to a tip of the blade is 
measured along the spanWise or radial (horiZontal) axis (“Sta 
tion”). The leading edge is at the top of the planform and the 
trailing edge is at the bottom of the planform. In some cases, 
a chord of the blade is measured along the horizontal axis With 
reference to the vertical axis (“Position”). For example, at 
about 24 meters (“m”) from the root of the blade, the blade has 
a chord of about 3 m. The blade has a length that is about 50 
m. The tip of the blade is slightly trimmed off; that is, at the tip 
of the blade the leading edge and the trailing edge do not 
converge. The ?oW of a ?uidisuch as, e.g., airifrom the 
leading edge (FIG. 2, top) to the trailing edge (FIG. 2, bottom) 
generates aerodynamic lift on the blade. The chord of the 
blade of FIG. 2 at the root portion of the blade is about 3 m. 

[0060] While in some cases the blades ofFIGS. 1 and 2 are 
con?gured to provide aerodynamic lift, in some situations, 
such blades are expensive to manufacture and maintain, lead 
ing to increased installation and/or maintenance costs. In 
addition, operating such blades may require complex braking 
and control systems to enable and disable the rotation of a 
turbine having a plurality of the blades, and to provide for 
optimum blade con?guration (e. g., pitch) for extracting 
energy from Wind. For instance, to reduce or stop the spinning 
of a turbine having the blades of FIGS. 1 and 2 may require a 
braking system, leading to system complexity that may in 
turn lead to increased costs. 

[0061] In addition, the blades of FIGS. 1 and 2, to achieve 
preferable e?iciencies, in some cases require structural fea 
tures that minimiZe ?oW separation over the suction sides of 
the blades. For example, the root portions of the blades 
include tWists to make the root sections aerodynamic. Such 
structural features, hoWever, are expensive to manufacture, 
leading to increased costs for installing such blades. The 
groWing chord lengths of the root portions of current blades as 
the span increases pushes the limits of the current manufac 
turing techniques for Wind turbine blades. 
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[0062] There is recogniZed herein a need for improved 
blades and turbines that provide for reduced cost and 
improved ef?ciency With respect to current blades and sys 
tems. 

[0063] Embodiments of the invention describe mechani 
cally simple, highly e?icient, structurally strong, cost effec 
tive, and controllable aerodynamic turbine blades to extract 
energy from a ?oW of a ?uid, such as Wind (e.g., air), over 
turbine blades. In some embodiments, this is accomplished 
by augmenting or controlling the aerodynamics of turbine 
blades With the aid of pneumatic bloWing (“bloWn blades”) 
through one or more ori?ces in the blades, Which generate 
forces and extracts energy even at moderate, loW or substan 
tially loW Wind velocities. BloWn blades provided herein are 
structurally strong; the lift, drag and torque produced by such 
blades are con?gured to be relatively independent of the local 
relative Wind angle, thus reducing, if not eliminating, prob 
lems of blade pitch and pitch control mechanisms. BloWn 
blades provided herein advantageously enable the economi 
cal, Widespread use of Wind turbines, Which is not possible 
With at least some blades and turbines currently available. 
This advantageously decreases a dependence on fossil fuels 
as a source of energy, Which in turn aids in reducing pollution 
(e.g., SOX, NOX, smog, particulate matter) and various issues 
associated With global Warming. 
[0064] Turbine blades and devices described in various 
embodiments of the invention achieve substantially high lift 
on specialiZed bloWn blades and drag adjustment, such as, 
e.g., increasing drag to effect braking or reducing drag to 
improve e?iciency. In addition, systems provided herein pro 
vide control over the aerodynamic moments on blades, pre 
vention of ?oW separation on blades (except When ?oW sepa 
ration is desirable, such as for braking), and the ability to 
perform all of these capabilities Without any physical change 
in the local blade angle of attack to the oncoming ?oW. These 
capabilities alloW energy extraction from a ?oWing ?uid over 
a Wide range of ?uid ?oW velocities and angles of attack on 
the blades. In some embodiments, this is achieved With the aid 
of one or more perpendicular bloWing slots, tangential bloW 
ing slots, or bloWing slots With exit angles betWeen vectors 
tangential and orthogonal to the blade surface. Such slots are 
located on either end of an individual blade (i.e., root or tip), 
on either end of the airfoil sections (i.e., leading edge or 
training edge), and on either side of the blade (i.e., pressure 
side or suction side). In addition to substantially high lift and 
drag reductionithus high aerodynamic lift-to-drag ratios 
and ef?cienciesithese characteristics, in some cases, are 
varied by adjusting only the blade bloWing rates or bloWing 
pressures through the one or more slots. This may advanta 
geously eliminate the need for blade tWist; blade chord 
change or local planform area variation (taper); blade camber; 
and blade variable airfoil geometry, some or all of Which, for 
traditional blades, may change all along the blade span to 
account for different local Wind speeds and Wind angles at the 
various blade radial locations. 

Blades 

[0065] In an aspect of the invention, a blade for use With a 
turbine, such as a Wind turbine, comprises a pressure side and 
suction side meeting at a trailing edge and leading edge, the 
pressure side having a pressure side surface and the suction 
side having a suction side surface, the pressure side surface 
and suction side surface con?gured to provide aerodynamic 
or hydrodynamic lift (“lift”) to the blade upon the ?oW of air 
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from the leading edge to the trailing edge and over the pres 
sure side and suction side surfaces. The pressure side and 
suction side extend from a root portion to a tip portion of the 
blade. 
[0066] In some embodiments, the root portion of the blade 
is substantially non-aerodynamic. That is, With the blade 
freely positioned in the path of a ?oWing ?uid (e.g., air), the 
root portion, in an embodiment, does not provide suf?cient 
aerodynamic lift. The substantially non-aerodynamic root 
portion in some cases manifests a separated ?oW of a gas over 
the root portion of the blade. In vieW of ?oW separation, 
aerodynamic lift is reduced, if not eliminated. Thus, such a 
blade, When placed in the path of a ?oWing ?uid, ordinarily 
does not generate aerodynamic lift that is su?icient to impart 
mechanical motion to a turbine. In some embodiments, the 
aerodynamic lift of the blade is improved (or augmented) 
With the aid of bloWn passages or ori?ces in the blade. That is, 
directing a ?uid through one or more openings or ori?ces in 
the blade improves the aerodynamics of the otherWise non 
aerodynamic blade. With these bloWn sections, the effective 
blade may extend to the root. 

[0067] In some embodiments, the placement of one or more 
bloWn passages at a suction side of a blade at or near a root 
portion of the blade and one or more bloWn passages at a 
pressure or suction side of the blade at or near the tip portion 
of the blade provides su?icient aerodynamic control over a 
blade having a non-aerodynamic root portion. The combina 
tion of suction side and pressure side bloWn slots unexpect 
edly helps improve the aerodynamics of an otherWise non 
aerodynamic blade While enabling the need for a complex 
braking system, as is found in certain turbines. In some cases, 
for blades having aerodynamic root portions, such an 
arrangement of bloWn slots is redundant. 
[0068] An example of achieving a non-aerodynamic root 
portion includes having a leading edge that is parallel to a 
trailing edge at a portion of the blade at or toWard the root 
section of the blade, such as a portion of the blade from the 
root portion to a predetermined length from the root portion. 
At this portion of the blade there is no tWisting of the surfaces 
of the blade. In some situations, such blade geometry is pref 
erable from a manufacturing standpoint as a blade having 
such a non-aerodynamic root portion is relatively easier to 
manufacture. Any loss in aerodynamic e?iciency is miti 
gated, if not eliminated, With the aid of bloWing, as described 
herein. As such, While structural features of the root portion 
(or root section) of the blade make the root portion of the 
blade less aerodynamic or non-aerodynamic in relation to 
other blades (such as, e.g., blades With tWists), bloWing 
improves the aerodynamics of the root portion, thereby 
improving the effective aerodynamics of the blade. 
[0069] In another embodiment, a blade con?gured to be 
used in a Wind turbine comprises a pressure side and suction 
side meeting at a trailing edge and leading edge, the pressure 
side having a pressure side surface and the suction side having 
a suction side surface, the pressure side surface and suction 
side surface for providing lift to the blade upon the ?oW of air 
from the leading edge to the trailing edge and over the pres 
sure side and suction side surfaces, the pressure side and 
suction side at a root portion of the blade being substantially 
non-aerodynamic. The blade includes one or more airfoils 
located span-Wise along the blade. 
[0070] The blade further includes one or more openings at 
one of the pressure side and the suction side, the one or more 
openings for providing aerodynamic shaping to the blade. In 
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some cases, the blade further comprises one or more openings 
at the other of the pressure side and the suction side, the one 
or more openings for providing aerodynamic shaping to the 
blade. The one or more openings at the suction side are 
disposed at or near a leading edge and/or trailing edge of the 
blade. In an example, the blade includes an opening at the 
suction side adjacent the trailing edge of the blade. Addition 
ally, if the blade has one or more openings at the pressure side, 
the one or more openings are disposed at or near a leading 
edge and/or trailing edge of the blade. In an example, the 
blade includes an opening at the pressure side adjacent a 
trailing edge of the blade. 
[0071] Openings at the pressure side are disposed at a sur 
face of the pressure side or disposed at the leading edge or 
trailing edge of the blade and oriented such that a pressuriZed 
?uid is provided to the pressure side of the blade. Similarly, 
openings at the suction side are disposed at a surface of the 
suction side or disposed at the leading edge or trailing edge of 
the blade and oriented such that a pres suriZed ?uid is provided 
to the suction side of the blade. 

[0072] In some embodiments, bloWn passages are oriented 
span-Wise in relation to a blade. That is, a bloWn passage or a 
plurality of bloWn passages are oriented such that they run 
from a ?rst point on the blade toWard either a tip or root 
portion of the blade. In such cases, the bloWn passages are 
parallel to a leading and/or trailing edge of the blade, or 
angled With respect to the leading and/or trailing edge. In an 
example, a bloWn passage is an elongate slot running from a 
midpoint of the blade to a root of the blade. 

[0073] In some situations, the blade includes a suction side 
opening (e.g., elongated slot, slit) at the suction side of the 
blade and oriented parallel to a trailing edge of the blade, and 
a pressure side opening (e. g., elongated slot, slit) at the pres 
sure side and oriented parallel to the trailing edge of the blade. 
In other situations, the suction side and/ or pressure side open 
ings are not parallel to the trailing edge and the trailing edge, 
respectively. For example, the suction side opening is ori 
ented at an angle betWeen about 5° and 50°, or an angle of at 
least about 5°, 10°, 15°, 20°, 25°, 30°, 35°, 40°, 45°, or 50° 
With respect to the trailing edge of the blade. As another 
example, the pressure side opening is oriented at an angle 
betWeen about 5° and 50°, or an angle ofat least about 5°, 10°, 
15°, 20°, 25°, 30°, 35°, 40°, 45°, or 50° With respect to the 
trailing edge of the blade (see, e.g., FIGS. 5A and 5B). The 
suction side opening is disposed toWard or in the vicinity of 
the root section of the blade. The pressure side opening is 
disposed toWard or in the vicinity of the tip section of the 
blade. The suction side opening is for providing aerodynamic 
shaping to one or more airfoils toWard the root section of the 
blade. The pressure side opening is for providing negative 
blade lift, increased drag and aerodynamic braking, such as 
near the blade tip. In some situations, pressure side bloWing is 
precluded and aerodynamic control and braking is accom 
plished solely With the aid of suction side bloWing. 
[0074] In some situations, one or more openings are pro 
vided at a leading edge of the blade for minimiZing, if not 
eliminating, leading-edge ?oW separation, laminar leading 
edge bubbles, and/or blade stall at high local angles of attack. 
In an embodiment, the one or more openings are disposed at 
a suction side of the blade. In another embodiment, the one or 
more openings are disposed at a pressure side of the blade. In 
some situations, if the one or more openings include slits, the 
slits are generally oriented parallel to the leading edge of the 
blade, though in other situations the slits are angled betWeen 
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about 5° and 50°, or at least about 5°, 10°, 15°, 20°, 25°, 30°, 
35°, 40°, 45°, or 50° in relation to the trailing edge of the 
blade. These leading edge blowing slots may also provide 
control of the blade pitching moment. 
[0075] In some embodiments, suction side and/or pressure 
side bloWing is used to cause or effect ?oW separation. In an 
embodiment, bloWn slots or passages (e.g., slits) provide 
pressurized air (or other gas) to a suction side of a blade at an 
angle that is oriented at or betWeen a vector normal to a 
surface of the suction side of the blade and a vector parallel (or 
tangential) to the surface of the suction side of the blade and 
oriented toWard the leading edge of the blade. In an example, 
pressurized air is provided to the suction side at an angle that 
is betWeen about 1° and 90°, 5° and 85°, or at least about 5°, 
10°, 15°, 20°, 25°, 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 
75°, 80°, or 85° With respect to a vector parallel to a surface of 
the suction side and oriented toWard the trailing edgeiie, 
pressurized air is bloWn toWard the trailing edge. 
[0076] In some embodiments, blades described in various 
embodiments of the invention, in comparison to the blades of 
FIGS. 1 and 2, are less aerodynamic. HoWever, bloWn pas 
sages or ori?ces (that is, passages or openings to provide a 
pressurized ?uid, such as pressurized air) provide virtual 
shaping to the blades that provide for an effective shape of 
each of the blades that is improved from an aerodynamics 
standpoint. 
[0077] Blades provided herein have various advantages 
over certain current blades. In an example, blades provided 
herein are easier to manufacture and maintain, leading to 
decreased operating and maintenance costs. In addition, the 
application of pressurized air to improve the aerodynamics of 
such blades and enable braking precludes the need for 
mechanical components found in at least some turbines, such 
as, for example, braking systems. 
[0078] Blades provided herein include at least one passage 
in ?uid communication With one or more openings in the 
blade. The one or more openings have shapes selected from 
various geometric shapes, such as elongated or longitudinal 
(e. g., slits), circular, triangular, rectangular, pentagonal or 
hexagonal, or partial versions (e.g., semi-circular, semi-rect 
angular) of those geometric shapes. In some cases, the one or 
more openings are disposed at various locations of the blade, 
such as at the root portion, the tip portion and/or partial or full 
length slots at locations in-betWeen the root and tip portions. 
The application of air (or other ?uid) through the one or more 
openings provides virtual shaping to the blade, Which in at 
least some cases improves the aerodynamics of the blade. The 
virtual shaping decreases the separation of ?oW over the 
suction side of the blade, leading to improved aerodynamic 
lift and hence mechanical motion that in some cases is used to 
generate poWer. 
[0079] In some embodiments, a blade has a constant chord 
from a root portion (also “root” herein) to a predetermined 
location along the span of the blade. FIG. 3 shoWs an example 
of a blade planforrn having a root chord that is reduced With 
respect to the chord of the blade of FIG. 2, in accordance With 
an embodiment of the invention. FIG. 3 is a top-doWn plan 
form vieW of the blade. A leading edge of the blade is at the 
top of the ?gure, a trailing edge of the blade is at the bottom 
of the ?gure, a root of the blade is at 0 m along the horizontal 
axis (“Blade Station”) and a tip portion (also “tip” herein) is 
at about 50 m along the horizontal axis. The vertical axis 
designates position along the chord of the blade. The chord of 
the blade at the root is about 2.4-2.6 m. The planforrn of FIG. 
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3 has a span of about 50 m. In some embodiments, a blade has 
other spans, such as a span of betWeen about 0.5 m and 100 m, 
or betWeen about 10 m and 60 m. In other cases, a blade has 
a span up to and including about 1 m, or 2 m, or 3 m, or 4 m, 

or5m,or6m,or7m,or8m,or9m,or10m, or20m,or30 
m, or40m, or 50m, or 60 m, or70m, or 80 m, or 90m, or 100 
m, or 200 m, or 300 m, or 400 m, or 500 m, or 600 m, or 700 

m, or 900 m, or 900 m, or 1000 m. 

[0080] The blade of FIG. 3 has a thickness-to-chord ratio 
(percentage) betWeen about 10% and 80%, or betWeen about 
30% and 70%, or betWeen about 55% and 60%. In an 
example, the thickness of the blade is about 20% of the chord 
of the blade. The chord of the blade is measured at any 
position along a horizontal axis having the span of the blade 
(i.e., an axis extending from a root of the blade to the tip of the 
blade). In some cases, the blade at the root section has a 
thickness-to-chord ratio of at least about 45%, or 46%, or 
47%, or 48%, or 49%, or 50%, or 51%, or 52%, or 53%, or 
54%, or 55%, or 56%, or 57%, or 58%, or 59%, or 60%, or 
61%, or 62%, or 63%, or 64%, or 65%. In an embodiment, the 
blade has a constant thickness-to-chord ratio for a predeter 
mined portion of the blade near the root of the blade. 
[0081] A chord of the blade as measured from the root of 
the blade (Blade Station:0) to about 20 meters (m) or 21 m (or 
about 40% span) from the root is substantially constant. That 
is, from the root to about 20 m or 21 m (or about 40% span) 
from the root, the chord varies by at most about 5%. In other 
situations, from the root to about 20 m or 21 m from the root, 
the chord varies by at most about 5%, 4%, or 3%, or 2%, or 
1%, or 0.5%, or 0.1%. In other cases, any predetermined 
portion of the blade, as measured from the root, has a sub 
stantially constant chord. 
[0082] In some embodiments, a chord of a blade as mea 
sured from the root ofthe blade to about 1%, 5%, 10%, 15%, 
20%, 25%, 30%, 35%, 40%, or 50% span, as measured from 
the root, is substantially constant. From the root to about 1%, 
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, or 50% span (as 
measured from the root), the chord varies by at most about 
5%, 4%, or 3%, or 2%, or 1%, or 0.5%, or 0.1%. In other 
situations, any predetermined portion of the blade, as mea 
sured from the root, has a substantially constant chord. 
[0083] In some cases, betWeen about 20% and 60% of the 
leading edge of the blade, as measured from the root of the 
blade, is parallel to the trailing edge. In other cases, up to and 
including about 40% of the leading edge is parallel to the 
trailing edge. For instance, 20%, or 21%, or 22%, or 23%, or 
24%, or 25% or 26%, or 27%, or 28%, or 29%, or 30%, or 
31%, or 32%, or 33%, or 34%, or 35%, or 36%, or 37%, or 
38%, or 39%, or 40% of the leading edge, as measured from 
the root of the blade, is parallel to the trailing edge. 
[0084] In some situations, the chord of the blade toWard a 
root ofthe blade varies by at most about0.1%, or 0.5%, or 1%, 
or 2%, or 3%, or 4%, or 5%, or 6%, or 7%, or 8%, or 9%, or 
10%. For instance, the chord of the blade of FIG. 3 toWard the 
root of the blade varies by at most about 1%. 
[0085] FIG. 4 shoWs a blade 400, in accordance With an 
embodiment of the invention. The blade 400 includes a plu 
rality of airfoils 401, 402, 403, 404, 405, 406, 407 and 408 
positioned betWeen a root 409 and tip 410 of the blade. The 
blade 400 includes a suction side 411 having a suction side 
surface 412, and a pressure side having a pressure side sur 
face, Which are disposed opposite from the suction side 411 
and suction side surface 412. The blade includes a leading 
edge 413 and trailing edge 414. The blade may include spar 
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caps (now shown) that provide structural support to the blade 
400. The blade 400 are mountable on a Wind turbine. In an 

example, a Wind turbine includes a plurality of blades similar 
or identical to the blade 400. In some situations, the Wind 
turbine includes 2, or 3, or 4, or 5, or 6, or 7, or 8, or 9, or 10 
blades. 

[0086] In an example, the blade 400 includes tWo spar caps 
(also “sparcaps” herein), a ?rst spar cap at the suction side 
surface 411 and a second spar cap at the pressure side surface. 
In other situations, the blade 400 includes 2 or more, or 3 or 
more, or 4 or more, or 5 or more, or 6 or more, or 8 or more, 

or 9 or more, or 10 or more, or 20 or more, or 30 or more, or 

40 or more, or 50 or more spar caps. In other situations, the 
blade 400 is formed of a single-piece material Without any 
spar caps. 

[0087] In an embodiment, the blade 400 is formed of one or 
more materials selected from the group consisting of a poly 
meric material, a foam-type material, one or more metals and 
one or more non-metals. In an example, the blade 400 is 
formed of glass ?ber material With a resin or carbon ?ber 
material With a resin. 

[0088] FIG. 5A schematically illustrates a blade 500, in 
accordance With an embodiment of the invention. The blade 
500 includes a leading edge 505, trailing edge 510, root 
portion 515 and tip portion 520. A suction side 525 of the 
blade 500 opposes a pressure side (not shoWn) of the blade. 
The blade 500 includes an opening 530 con?gured to provide 
an exit for a ?uid, such as air, over a suction side of the blade 
500. The opening 530, as illustrated, is a slot extending from 
about a midpoint of the blade 500 toWard the root 515. The 
leading edge 505 and trailing edge 510 at a span section (or 
portion) 535 of the blade 500, Which is a portion of the blade 
500 extending aWay from the root portion 515, are parallel to 
one another. 

[0089] In some cases, the blade 500 includes one or more 
openings at a pressure side of the blade. In an embodiment, 
the one or more openings are disposed toWard the tip 520 of 
the blade. In other cases, the opening 530 is disposed at the 
trailing edge 510 at or near the root 515. In some situations, 
the blade 500 includes one or more openings at the suction 
side 525 at or near the tip 520. 

[0090] FIG. 58 shoWs a blade 550, in accordance With an 
embodiment of the invention. The blade 550 includes a lead 
ing edge 555, trailing edge 560, root portion 565 and tip 
portion 570. A suction side 575 of the blade 550 opposes a 
pressure side (not shoWn) of the blade. The blade 550 includes 
an opening 580 extending from about a midpoint of the blade 
550 toWard the root 565. The leading edge 555 and trailing 
edge 560 at a span section (orportion) 580 of the blade 550 are 
parallel to one another. The blade 550 also includes a plurality 
of openings 585 and 590 for directing air (or other ?uid) to 
one or more openings of the blade 550 in ?uid communication 
With the suction side 575 and/or pressure side of the blade 
550, including the opening 580. In some situations, the open 
ing 580 runs the length of one or more of the openings 585 and 
590. 

[0091] In some cases, the blade 550 includes one or more 
openings at a pressure side of the blade. In an embodiment, 
the one or more openings are disposed toWard the tip 520 of 
the blade. In other cases, the opening 580 is disposed at the 
trailing edge 560 at or near the root 565. In some situations, 
the blade 550 includes one or more openings at the suction 
side 575 at or near the tip 570. 
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[0092] FIG. 6 schematically illustrates a blade 600, in 
accordance With an embodiment of the invention. In some 
situations, the blade 600 has features that are similar or iden 
tical to the blade 400 of FIG. 4. With blade 600 includes a 
plurality of spar caps 601, 602, 603, 604, 605, 606, 607 and 
608 for providing structural support (or structural rigidity) to 
the blade 600. 
[0093] In some cases the blade 600 is substantially non 
aerodynamic. That is, upon the ?oW of a ?uid from a leading 
edge to a trailing edge and over the suction and pressure sides 
of a blade shaped like the blade 600, the freestanding blade, 
by itself, is not con?gured to generate appreciable or su?i 
cient aerodynamic lift (e.g., lift necessary for generating 
poWer With the aid of a turbine). This is at least in part due to 
?oW separation. HoWever, the blade 600 includes one or more 
ori?ces for providing a ?uid (e.g., pressurized air, Which is 
also referred to as “bloWn air” herein) over the pressure side 
and/or the suction side of the blade, Which mitigates, if not 
eliminates, ?oW separation. This in turn eliminates any sepa 
ration that exists at the suction side of the blade. The blade 
600 includes a pressure side bloWing ori?ce 609 for directing 
a ?oWing ?uid, such as bloWn air, to the pressure side of the 
blade. In addition, the blade 600 includes suction side bloW 
ing ori?ces 610 for directing a ?oWing ?uid to the suction side 
of the blade. 
[0094] The pressure side bloWing ori?ce (also “bloWing 
slot” herein) 609 is disposed in proximity to a tip 611 of the 
blade 600. The bloWing ori?ces 610 are disposed in proximity 
to a root 612 of the blade 600. The slots 609 and 610 are 
oriented along a trailing edge 613 of the blade 600. The 
trailing edge 613 is opposite from a leading edge 614 of the 
blade 600. 
[0095] The suction side bloWing ori?ces 610 include a ?rst 
bloWing ori?ce disposed adjacent the trailing edge 613 and 
second bloWing ori?ce disposed adjacent a center line of the 
blade 600. 

[0096] In some situations, the blade 600 includes bloWing 
ori?ces at or near the leading edge 614 of the blade 600 (i.e., 
“leading edge bloWing ori?ces”). In an embodiment, the lead 
ing edge bloWing ori?ces are oriented generally parallel to the 
leading edge of the blade 600. In another embodiment, the 
blade 600 includes bloWing slots in a center line chord region 
at or near the tip 611 of the blade 600. 

[0097] In some embodiments, the pressure side bloWing 
ori?ce 609 are oriented such that a ?oWing ?uid (e.g., bloWn 
air) is provided to the pressure side (not shoWn) of the blade 
600 at an angle betWeen about 0° and 180°, or 250 and 135°, 
or 35° and 125° With respect to the surface of the pressure side 
adjacent the pressure side bloWing ori?ce 609. In some situ 
ations, bloWn air is provided through the pressure side bloW 
ing ori?ce 609 at an angle, With respect to an axis oriented 
from a centerline of the blade 600 toWard the leading edge 
614, ofbetWeen about 0° and 90°, or 0° and 25° With respect 
to the surface of the pressure side. In an example, bloWn air is 
provided through the pressure side bloWing ori?ce 609 at an 
angle, With respect to an axis oriented from a centerline of the 
blade 600 toWard the leading edge 614, of about 0°, or 1°, or 
2°, or 3°, or 4°, or 5°, or 6°, or 7°, or 8°, or 9°, or 10°, or 11°, 
or 12°, or 13°, or 14°, or 15°, or 16°, or 17°, or 18°, or 19°, or 
20°, or21°, or22°, or 23°, or24°, or 25°, or26°, or27°, or28°, 
or 29°, or 30°, or 31°, or 32°, or 33°, or 34°, or 35°, or 36°, or 
37°, or38°, or39°, or 40°, or41°, or 42°, or43°, or44°, or45°, 
or 46°, or 47°, or 48°, or 49°, or 50°, or 51°, or 52°, or 53°, or 
54°, or 55°, or 56°, or 57°, or 58°, or 59°, or 60°, or61°, or 62°, 




















