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FLUIDTURBINE SYSTEMS 

RELATED APPLICATIONS 

0001 Related applications are identified in an application 
data sheet (ADS) filed with this application. 

INCORPORATION BY REFERENCE 

0002 The entireties of all applications listed in the ADS 
filed herewith are hereby expressly incorporated by reference 
herein and made a part of the present disclosure. 

BACKGROUND OF THE INVENTIONS 

0003 1. Field of the Invention 
0004. This application relates to fluid turbines, and more 
particularly relates to vertical axis fluid turbines. Description 
of the Related Art 
0005 Turbines have been used to generate power from 
moving fluids, such as water or air. However, known units and 
various components thereofhave various well known limita 
tions and disadvantages. 
0006 2. Summary of the Inventions 
0007 Example embodiments described herein have sev 
eral features, no single one of which is indispensible or solely 
responsible for their desirable attributes. Without limiting the 
Scope of the claims, some of the advantageous features will 
now be Summarized. 
0008. In some embodiments, a fluid turbine system com 
prises a turbine, a concentrator, and a variable concentrator. 
The turbine comprises a blade assembly, the blade assembly 
comprising a plurality of blades rotatable about an axis. One 
or more of the blades defines an open section positioned Such 
that a portion of the open section is closer to the axis than an 
outside edge of the blade. The turbine also comprises a push 
half and a return half for a given direction of an overall flow 
of a fluid that defines an upstream direction and a downstream 
direction. The concentrator is positionable in a concentrator 
position directly upstream of at least a portion of the return 
half of the turbine. In the concentrator position, the concen 
trator defines a convex surface facing upstream and a concave 
Surface facing downstream. The convex surface is position 
able to deflect at least some fluid toward the push half of the 
turbine and the concave surface is positionable to redirect at 
least some fluid flowing generally upstream from the return 
half of the turbine to flow generally downstream. The variable 
concentrator is positionable upstream of the turbine and 
closer to the push half than the return half. The variable 
concentrator comprises a deflection Surface operable to 
deflect fluid, and the deflection surface is positionable to 
extend generally parallel to the axis along a Substantial por 
tion of a height of the turbine. The variable concentrator is 
moveable between a first position and a second position, and 
the variable concentrator is configured to deflect more fluid 
toward the blade assembly in the first position than in the 
second position. 
0009. In some embodiments, a fluid turbine system com 
prises a turbine and a concentrator. The turbine comprises 
blades rotatable about an axis, and the blades define a window 
along a substantial portion of a height of the blades. A first 
plane parallel with and intersecting the axis divides the space 
Surrounding the turbine into a return side and a push side 
opposite the returnside, and the turbine is configured to rotate 
generally in an upstream direction on the return side and 
generally in a downstream direction on the push side relative 
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to a fluid flowing nominally parallel to the plane. The con 
centrator is positionable upstream of at least a portion of the 
turbine and at least partially or completely on the return side. 
The concentrator comprises a first curved Surface portion 
configured to extend from a first position upstream of the 
turbine to a second position further upstream of the turbine 
and further into the return side. The first curved surface por 
tion is configured to be convex facing an upstream direction 
of the fluid flow and is positionable to deflect at least some 
fluid toward the push side. The concentrator is also position 
able to create a relative vacuum to draw at least some fluid 
away from the window of the blades. 
0010. In some embodiments, a fluid turbine system com 
prises a turbine and a concentrator. The turbine is rotatable 
about an axis, and a plane parallel with and intersecting the 
axis divides the space Surrounding the turbine into a return 
side and a push side opposite the return side. The turbine is 
configured to rotate generally in an upstream direction on the 
return side and generally in a downstream direction on the 
push side relative to a fluid flowing nominally parallel to the 
plane. The turbine has a return outer edge furthest away from 
the push side. The concentrator is positionable upstream of at 
least a portion of the turbine and at least partially or com 
pletely on the return side. The concentrator comprises agen 
erally u-shaped section, and the generally u-shaped section 
comprises an upstream Surface portion positionable to be 
convex facing upstream and a downstream Surface portion 
positionable to be concave facing downstream. The upstream 
surface portion is positionable to direct a push portion of fluid 
toward the push side and to direct a return portion of fluid 
downstream away from the turbine. The downstream surface 
portion forms a partially enclosed area shaped and position 
able to receive a drag portion of fluid from the turbine and 
redirect the drag portion of fluid downstream into the return 
portion of fluid. The concentrator has a return end configured 
to be furthest away from the push side. The return end is 
positionable such that the closest distance between the return 
end of the concentrator and the plane is at least 1.2 times 
greater than the closest distance between the return outer edge 
of the turbine and the plane. 
0011. In some embodiments, a fluid turbine system com 
prises a turbine and a variable concentrator. The turbine is 
rotatable about an axis. A first plane parallel with and inter 
secting the axis divides the space Surrounding the turbine into 
a return side and a push side opposite the return side. The 
turbine is configured to rotate generally in an upstream direc 
tion on the return side and generally in a downstream direc 
tion on the push side relative to a fluid flowing nominally 
parallel to the plane. The turbine also defines a sweep path. 
The variable concentrator is positionable on the push side and 
upstream of the entire sweep path of the turbine. The variable 
concentrator comprises a deflection Surface positionable to 
extend generally parallel to the axis along a Substantial por 
tion of a height of the turbine. The deflection surface is 
adapted to deflect at least some fluid. The variable concentra 
tor is moveable between a first position and a second position, 
and the deflection surface is configured to deflect less fluid 
toward the turbine in the second position than in the first 
position. 
0012. In some embodiments, a fluid turbine comprises a 
plurality of blades rotatable about an axis. One or more of the 
blades defines an open section positioned such that a portion 
of the open section is closer to the axis than an outside edge of 
the blade. The turbine comprises a push half and a return half 
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for a given direction of an overall flow of a fluid that defines 
an upstream direction and a downstream direction. One or 
more of the plurality of blades is a push blade, the push blade 
defining the open section and comprising a tip. The push 
blade is positionable in a push position in which the tip of the 
push blade is located on the push half. The push blade further 
comprises a push Surface portion facing generally upstream 
when the push blade is in the push position. One or more of 
the plurality of blades is a catch blade, the catch blade com 
prising a tip. The catch blade is positionable in a catch posi 
tion in which the tip of the catch blade is located generally 
downstream of the axis. The catch blade further comprises a 
catch Surface portion facing generally upstream when the 
catchblade is in the catch position. The turbine is positionable 
in a torque position wherein an upstream blade is a pushblade 
in the push position and a downstream blade is a catchblade 
in the catch position. The torque position is defined by the 
downstream blade being located generally downstream of the 
upstream blade and the catch surface portion of the down 
stream blade being located directly downstream from the 
open section of the upstream blade. 
0013 The disclosure also includes methods of using and 
methods of manufacture of the systems and/or various com 
ponents or combinations of components described above or 
elsewhere herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014. The patent or application filed contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawings will be provided 
by the Office upon request and payment of the necessary fee. 
0015 These and other features, aspects and advantages of 
the inventions will be better understood with reference to 
embodiments illustrated in the accompanying drawings. The 
illustrated embodiments are not intended to define the limits 
or scope of the inventions. 
0016 FIG. 1 is a schematic illustrating an embodiment of 
a fluid turbine system. 
0017 FIG. 2 is a top view of the fluid turbine system of 
FIG. 1 illustrating various possible flow paths of a fluid. 
0018 FIG. 3 is a top view of the fluid turbine system of 
FIG. 1 illustrating various possible velocity Zones. 
0019 FIG. 4 is a top view of the fluid turbine system of 
FIG. 1 showing various possible pressure Zones. 
0020 FIG. 5 is a top view of the fluid turbine system of 
FIG. 1 with a variable concentrator showing possible fluid 
flow paths at low speed. 
0021 FIG. 6 is a top view of another embodiment of a fluid 
turbine system without a variable concentrator illustrating 
various possible Velocity Zones. 
0022 FIG. 7 is a perspective view of components of an 
embodiment of a fluid turbine system with a blade assembly, 
a concentrator, and a variable concentrator. 
0023 FIG. 8 is a side view of a fluid turbine system includ 
ing the components of FIG. 7 and also illustrating a tail fin. 
0024 FIG. 9 is a perspective view of a blade assembly of 
the fluid turbine system of FIG.8. 
0025 FIG. 10 is a front view of the blade assembly shown 
in FIG. 9. 
0026 FIG. 11 is a perspective view of the concentrator of 
the fluid turbine system of FIG.8. 
0027 FIG. 12 is a perspective view of the variable con 
centrator of the fluid turbine system of FIG. 8. 
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0028 FIG. 13 is a perspective view of another embodi 
ment of a blade assembly. 
0029) 
FIG. 13. 

FIG. 14 is a front view of a blade assembly shown in 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0030 Although certain preferred embodiments and 
examples are disclosed below, inventive subject matter 
extends beyond the specifically disclosed embodiments to 
other alternative embodiments and/or uses and to modifica 
tions and equivalents thereof. Thus, the scope of the claims 
appended hereto is not limited by any of the particular 
embodiments described below. For example, in any method 
or process disclosed herein, the acts or operations of the 
method or process may be performed in any Suitable sequence 
and are not necessarily limited to any particular disclosed 
sequence. Various operations may be described as multiple 
discrete operations in turn, in a manner that may be helpful in 
understanding certain embodiments; however, the order of 
description should not be construed to imply that these opera 
tions are order dependent. Additionally, the structures, sys 
tems, and/or devices described herein may be embodied as 
integrated components or as separate components. For pur 
poses of comparing various embodiments, certain aspects and 
advantages of these embodiments are described. Not neces 
sarily all Such aspects or advantages are achieved by any 
particular embodiment. Thus, for example, various embodi 
ments may be carried out in a manner that achieves or opti 
mizes one advantage or group of advantages as taught herein 
without necessarily achieving other aspects or advantages as 
may also be taught or suggested herein. 
0031 FIG. 1 is a schematic view illustrating an embodi 
ment of a fluid turbine system 100. The turbine system 100 
can include a blade assembly 140, a concentrator 120, a 
variable concentrator 110, a guide motor 102, a tail fin 104, a 
gearbox 106, and a generator 108. In the embodiment illus 
trated in FIG. 1, the blade assembly 140, concentrator 120, 
and variable concentrator 110, are positioned according to 
one possible configuration of the turbine system. A hypotheti 
cal overall fluid flow from the top of FIG. 1 to the bottom of 
FIG. 1 defines an “upstream” and a "downstream direction. 
The concentrator 120 and variable concentrator 110 are 
located upstream of the blade assembly 140 as shown in FIG. 
1. The overall fluid flow direction is for ease of description 
and aids in defining the structure of the turbine system. One of 
skill in the art recognizes that an actual fluid may not flow 
consistently and uniformly in a single direction. 
0032. The blade assembly 140 can comprise a plurality of 
blades. As illustrated in FIG.1, four blades 142,144, 146,148 
are rotatable about an axis Y corresponding to a center axis of 
a central shaft 190. The overall fluid flow direction also 
defines a blade rotation direction. The blade assembly 140 
shown in FIG. 1 will tend to rotate counterclockwise in 
response to a fluid flowing in the overall fluid flow direction. 
As illustrated in the top view of the blade assembly 140 shown 
in FIG. 1, each of the four blades can have an identical 
cross-section. Each blade has a tip 150, 152, 154, 156. The 
blade tips 150, 152, 154,156 define a radius that the blade tip 
is located from the axis Y, which can be called the blade tip 
radius. Each blade 142, 144, 146, 148 has a front side and a 
back side, on either side of tip 150, 152, 154,156. Most of the 
frontside of blades 142,144, 146, 148 will face away from the 
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blade rotation direction, and most of the back side will face 
toward the blade rotation direction. 

0033. The cross section of each blade shown in FIG. 1 has 
a substantially straight section 158, 160, 162, 164 extending 
along a tangent of the central shaft 190. The straight sections 
158, 160, 162, 164 of the blades can include an open section 
or windows extending along a height of the blades (shown in 
broken lines in FIG. 1, see also FIG. 9). In some embodi 
ments, the open sections of the blades extends along a Sub 
stantial portion of a height of the blades. The blades need not 
include Substantially straight sections. Especially in embodi 
ments where the Substantially straight section of a cross 
section of the blade corresponds to the open section of the 
blade, the geometry of the blade support may have little effect 
on the movement of fluid around the blade. However, for ease 
of manufacturing and conservation of material, the blade 
Supports along an open section can be substantially straight. 
The open sections can be continuous or discontinuous along 
the height of the blades. In some embodiments, each blade has 
an open section. The open section can be positioned Such that 
a portion of the open section is closer to the axis Y than an 
outside edge of the blade. In some embodiments, approxi 
mately an inner radial half of the blade assembly is substan 
tially open such that the blades have little or no surface area 
exposed to fluid within approximately an inner radial half of 
the blade assembly. The open area may be smaller or larger 
depending on desired torque and drag characteristics. Open 
sections closer to the axis than an outside edge of the blades 
can allow fluid to impart an impulse on the portion of the 
blade that provides the most torque (i.e., further from the axis) 
and reduce drag created by fluid located near the axis of 
rotation. 

0034) For purposes of discussion, a plane X is shown in 
FIG. 1 as a line. Plane X is parallel with and intersecting the 
axis Yabout which the blades are rotatable, and parallel with 
the overall fluid flow. Plane X divides the space surrounding 
the turbine assembly generally into two halves: the push side 
and the return side. Blade 144 is on the push side because a 
fluid flowing in the direction of overall fluid flow as defined 
above tends to rotate the blade assembly such that blade 144 
is pushed by fluid and rotates in a downstream direction from 
the position shown in FIG. 1. Blade 148 is on the return side 
because blade 148 will tend to rotate upstream to return back 
to the push side in response to a hypothetical overall fluid flow 
defined above for FIG.1. The turbine itself can also have two 
halves: a push half and a return half. For a given direction of 
an overall flow of a fluid that defines an upstream direction 
and a downstream direction, the push half of the turbinetends 
to rotate upstream and the return half of the turbine tends to 
rotate downstream. 

0035. With further reference to FIG. 1, a number of blade 
positions can be defined in order to facilitate description of 
the geometry of blades 142, 144, 146, 148 as well as their 
operation. Blade 142 can be considered to be in a lift position. 
The lift position is characterized by a blade positioned such 
that a tip of the blade is located generally upstream of the axis 
Y and a curved surface portion of the blade is convex facing 
away from the return side. The tip 150 of blade 142 as illus 
trated in FIG. 1 is located upstream of the axis Yand a curved 
Surface portion 166 is convex facing away from the return 
side. Blade 144 can be considered to be in a push position. The 
push position can be characterized by a blade position Such 
that the tip of the blade is located on the push side and a push 
surface portion of the blade faces generally upstream. Blade 
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144 has a tip 152 on the push side and a push surface portion 
172 facing generally upstream. Blade 146 can be considered 
to be in a catch position. The catch position can be character 
ized by a blade positioned such that the tip of the blade is 
located generally downstream of the axis Y and a catch Sur 
face portion of the blade faces generally upstream. A tip 154 
of blade 146 is located generally downstream of the axis Y 
and a catch surface portion 182 of blade 146 is facing gener 
ally upstream as illustrated in FIG. 1. Blade 148 can be 
considered to be in a return position. The return position can 
be characterized by a tip located on the returnside and a return 
Surface portion of the blade facing generally upstream. As 
illustrated in FIG. 1, blade 148 has a tip 156 located on the 
return side and a return Surface portion 184 facing generally 
upstream. 
0036 Based on the position of the blades as illustrated in 
FIG. 1, blade 142 can be called a lift blade, blade 144 can be 
a called pushblade, blade 146 can be called a catchblade, and 
blade 148 can be called a return blade. As the blade assembly 
140 tends to rotate in a counterclockwise direction, blade 142 
will transition into a push position, blade 144 will transition 
into a catch position, blade 146 will transition into a return 
position, and blade 148 will transition into a lift position. 
These positions are used for description purposes, and each 
blade can be considered to be in more than one position at any 
given point in the rotation of a given blade assembly. Each 
blade can also exhibit characteristics of one or more of a lift 
blade, a push blade, a catchblade, or a return blade at one or 
more points in its rotation about the axis Y, including simul 
taneously exhibiting two or more characteristics of Such 
blades. 

0037. As discussed above, blade 142 is in the lift position. 
Blade 142 is positioned and shaped to provide lift whenacted 
on by a fluid, thereby providing torque to rotate the blade 
assembly 140. The curved surface portion 168 of blade 142 as 
illustrated in FIG. 1 extends from a first end 166 near the tip 
150 of blade 142 to a second end 170 near the generally 
straight section 158 or open section of blade 142. 
0038 Blade 144 is in the push position, with push surface 
portion 172 facing generally upstream. As illustrated in FIG. 
1, push Surface portion 172 can be generally straight and 
located on a front surface of blade 144. The front surface of 
blade 144 can also include a curved portion 174 located 
further from the central shaft 190 radially from the push 
surface portion 172. As illustrated in the position of blade 144 
shown in FIG. 1, the curved portion 174 is located further 
upstream than the push surface portion 172 when the push 
Surface portion 172 is generally perpendicular to plane X. 
Blade 144 also includes a back surface portion 178 located 
opposite the curved portion 174 and the push surface portion 
172. The back surface portion 178 extends from a first end 
176 near the tip 152 ofblade 144 to a second end 180 near the 
generally straight section 160 of blade 144. As illustrated in 
FIG.1, blade 144 is in a horizontal position. The back surface 
portion 178 of blade 144 is convex facing downstream. The 
back Surface portion is also shaped and configured such that 
a middle portion of the back surface portion 178 extends 
further downstream than the first end 176 and the second end 
180 of the back surface portion 178 when blade 144 is in the 
horizontal position. Because the back Surface portion is 
located on approximately an outer radial half of blade 144 in 
the embodiment illustrated in FIG. 1, the middle portion of 
the back surface portion 178 is also located outside of an inner 
radial half of blade 144. The middle surface portion of the 
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back surface portion 178 can reduce drag and provide lift in 
various positions of the blade, and these features can be 
enhanced by the location of the middle surface portion near 
the tip of a blade. Additional, features of the blades 142,144, 
146, 148 of the blade assembly 140 are described below. 
0039. As illustrated in the schematic of FIG. 1, the blade 
assembly 140 can be connected to a gearbox 106 and/or a 
generator 108. In some embodiments, the gearbox 106 is used 
to convert the speed of rotation of the blade assembly 140. 
The generator 108 can be connected to the gearbox 106 or to 
the blade assembly 140 to convert rotational energy of the 
turbine system 100 into electrical power. The fluid turbine 
system 100 can be used without a gearbox 106 or a generator 
108 to perform other functions or produce other forms of 
energy Such as mechanical energy for use in driving a 
mechanical device. 

0040. The concentrator 120 illustrated in FIG. 1 will now 
be described. The concentrator 120 includes an upstream 
Surface and a downstream surface. The concentrator can also 
include a push end 134 located closest to the push side or 
furthest from the return side and a return end 128 located 
furthest into the return side or furthest from the push side. In 
the embodiment shown in FIG. 1, the concentrator is shaped 
substantially as a front section of an airflow with a hollow or 
open downstream side. The upstream surface can include a 
first curved surfaceportion 122 extending from a first position 
upstream of at least a portion of the turbine to a second 
position further upstream and further into the returnside. The 
first curved surface portion 122 of the upstream surface can be 
shaped to be convex facing generally upstream and position 
able to deflect at least some fluid toward the push side of the 
turbine system. 
0041. In the embodiment illustrated in FIG. 1, the push 
end 134 of the concentrator 120 is located on the return side 
of plane X. In FIG. 1, the push end 134 is an end of the 
concentrator 120 closest to the push side but a gap remains 
between push end 134 and plane X. A gap between the push 
end 134 and plane X can increase efficiency, power, or mini 
mum startup fluid speed of the system. For example, fluid 
flowing in a direction toward the push side from the concen 
trator 120 (e.g., from first curved surface portion 122) can 
begin to “push blade 142 in the proper direction sooner than 
if the push end 134 of the concentrator were positioned closer 
to the push side or if no concentrator 120 were present. As 
blade 142 rotates counterclockwise from the position shown 
in FIG. 1, fluid flowing downstream and/or toward the push 
side from the concentrator 120 can impinge upon the front 
side of blade 142 sooner than the front side of blade 142 
would otherwise be exposed to fluid approaching blade 142 in 
the direction of the overall fluid flow. In some embodiments, 
the gap or a shortest distance between the push end 134 of the 
concentrator 120 and plane X is greater than about one per 
cent (1%) of the blade tip radius, greater than about three 
percent (3%) of the blade tip radius, or greater than about five 
percent (5%) of the blade tip radius. In some embodiments, 
the gap is between about six and seven percent of the blade tip 
radius. However, the push end 134 of concentrator 120 need 
not be located on the return side of plane X. 
0042. In some embodiments, the concentrator 120 is posi 
tioned such that at least a portion of the concentrator 120 is on 
the push side of the turbine system 100. The concentrator 120 
can also intersect plane X when in this position. A gap can 
also exist between the push end 134 of the concentrator 120 
and plane X such that the concentrator 120 at least partially 
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blocks the blade assembly 140 on the push side. It can be 
desirable to position the concentrator 120 to at least partially 
block the blade assembly 140 on the push side in order to slow 
rotation of the blade assembly 140, stop rotation of the blade 
assembly 140, or protect the turbine system 100 from damage 
by fluid flowing at high speeds. In some embodiments, when 
the push end 134 of the concentrator 120 is on the push side, 
a blocking gap exists between the push end 134 and plane X. 
The blocking gap can be greater than about one percent (1%) 
of the blade tip radius, greater than about three percent (3%) 
of the blade tip radius, or greater than about five percent (5%) 
of the blade tip radius. The blocking gap can be between about 
twenty-five percent and about fifty percent of the blade tip 
radius. In some embodiments the blocking gap is greater than 
about fifty percent of the blade tip radius. In some embodi 
ments the blocking gap can be about 100 percent of the blade 
tip radius. In some embodiments, a center of the concentrator 
120 is positionable to approximately intersect plane X. 
0043. In some embodiments, the concentrator 120 is 
moveable between a first position and a second position. The 
second position can correspond to a position in which the 
turbine system 100 is configured to extract less energy from 
the fluid or expose less of the blade assembly 140 to fluid 
approaching the turbine system 100 than in the first position. 
In some embodiments, when the concentrator 120 is in the 
first position, the push end 134 and the return end 128 of the 
concentrator 120 are on the return side of the turbine system 
100. In some embodiments, when the concentrator 120 is in 
the second position, the push end 134 is on the push side and 
the return end 128 is on the return side. The concentrator 120 
can also be positionable to fully block the blade assembly 140 
from Substantially any direct exposure to fluid approaching 
the turbine system 100. In some embodiments, the concen 
trator 120 is moveable along a track between the first and the 
second positions. A motor can be used to adjust the position of 
the concentrator 120. A sensor mounted on or near the fluid 
turbine system 100 can be used to sense a direction or speed 
of the fluid. Information from the sensor can be used to 
manually or automatically adjust the position of the concen 
trator 120. For example, a sensor mounted on the concentrator 
120 can send a signal to a computer indicating a high fluid or 
wind speed. The computer can determine that the concentra 
tor 120 should be moved to reduce the rotational speed of the 
blade assembly 140 or to protect the blade assembly 140 from 
damage. As wind speed decreases, the concentrator 120 can 
be automatically moved back toward the first position. The 
concentrator 120 can be a governor, which governs the rota 
tional speed of the blade assembly 140. Movement of the 
concentrator 120 can be instead of in addition to, or com 
bined with adjustment of the concentrator with respect to an 
overall fluid flow direction as described elsewhere herein. 

0044) The upstream surface of the concentrator 120 can 
also include a second surface portion 126 positionable further 
into the return side relative to the first curved surface portion 
122. The second surface portion can extend from a third 
position to a fourth position that is further into the return side 
and further downstream than the third position. The concen 
trator can have a deflection point 124 at which fluid is either 
deflected toward the push side or away from the push side. 
The concentrator 120 can be symmetrical as shown in the 
embodiment illustrated in FIG.1, in which case the deflection 
point 124 can be the midpoint of the upstream Surface. As 
shown in FIG. 1, the upstream surface portions on either side 
of the deflection point 124 can be convex facing upstream 
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Such that the entire upstream Surface is a generally U-shaped 
Surface that is convex facing upstream. The upstream Surface 
can have a generally parabolic shape, which may or may not 
conform mathematically to a parabolic equation. The 
upstream Surface as a whole can also be generally shaped as 
the leading end of an airfoil, which may or may not techni 
cally conform to a strict mathematical definition of an airfoil. 
As used throughout, the terms “parabola' and “airfoil are 
broad terms, and the shaped surfaces these terms describe 
need not conform strictly to a mathematical definition of a 
“parabola' or “airfoil shape. 
0045. The downstream surface of the concentrator 120 can 
be shaped and positioned to be concave facing downstream. 
In the embodiment illustrated in FIG. 1, the downstream 
surface of concentrator 120 includes an upstreamflow surface 
132, an intermediate surface 136, and a downstream flow 
surface 130. As will be discussed with reference to FIG. 2, the 
upstream flow surface 132 can be configured to receive fluid 
flowing upstream from the blade assembly 140 and direct the 
fluid toward the intermediate surface 136. The intermediate 
surface 136 can be configured to redirect at least some fluid 
from the upstream flow surface 132 to the downstream flow 
surface 130. The downstream flow surface 130 is shaped and 
configured to direct fluid downstream into the overall flow of 
fluid to eventually flow away from the blade assembly 140. As 
illustrated in the embodiment shown in FIG. 1, the down 
stream surface of the concentrator 120 can be substantially 
equidistant from the upstream surface of the concentrator 
120, forming a concentrator 120 of substantially constant 
thickness. In some embodiments, the concentrator 120 as a 
whole can be shaped generally as a parabola, shaped gener 
ally as the leading end section of a Substantially hollow air 
foil, or be generally U-shaped. The concentrator 120 can also 
extenda distance Z past an outer end of a path of the blades on 
the return side, as shown in FIG. 1 and further described 
below. 

0046. The variable concentrator 110 illustrated in FIG. 1 
will now be described. The variable concentrator 110 can be 
shaped generally as an airfoil. As illustrated in FIG. 1, a 
variable concentrator 110 has a leading edge 112, a trailing 
edge 118, and two side surfaces 114, 116. The variable con 
centrator 110 is located on the push side of the turbine system 
and upstream of the blade assembly 140. Side surface 114 can 
be a deflection surface that extends generally parallel to the 
axis Y along a substantial portion of a height of the blade 
assembly 140. 
0047. The variable concentrator 110 can be movable 
between a first position and a second position, and the Vari 
able concentrator 110 can be configured to deflect more fluid 
toward the blade assembly in the first position than in the 
second position. In some embodiments, the variable concen 
trator 110 is biased towards the first position by a biasing 
mechanism. The biasing mechanism may be active (e.g., a 
motor) or passive (e.g., a spring). As a speed of a fluid flowing 
past the variable concentrator 110 increases, the variable 
concentrator can move towards the second position in which 
less fluid or substantially no fluid is deflected toward the blade 
assembly 140. In some embodiments, the fluid flowing across 
the variable concentrator 110 causes the variable concentrator 
110 to move. In some embodiments, a motor or other posi 
tioner can be used to position the variable concentrator 110 
instead of or in addition to movement caused by the fluid 
flowing past the variable concentrator 110. The turbine sys 
tem 100 can be configured to position the variable concentra 
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tor in the first position in low fluid speed environments and in 
the second position in high fluid speed environments. The 
variable concentrator can deflect fluid toward the blade 
assembly in low fluid speed environments and prevent high 
fluid speeds from damaging the turbine. Accordingly, the 
variable concentrator can also be called a governor. 
0048. The schematic shown in FIG. 1 includes a guide 
motor 102 and a tail fin 104 as part of the fluid turbine system 
100. The guide motor 102 and the tail fin 104 can be used 
alone or in combination to maintain a relative position of one 
or more of the concentrator 120 and variable concentrator 110 
generally upstream of the blade assembly 140. In some 
embodiments, the concentrator 120 is shaped and configured 
Such that it automatically maintains a position upstream of 
blade assembly 140 and rotates around the outer perimeter of 
blade assembly 140 to maintain its upstream position. For 
example, as shown in FIG.1, the curved symmetrical shape of 
the concentrator 120 can allow it to tend to face upstream into 
a fluid flow. In embodiments where one or more of the con 
centrator 120 or variable concentrator 110 are shaped and 
configured to face upstream in a given fluid flow, another of 
the variable concentrator 110, concentrator 120, or other 
components of the fluid turbine system can be coupled to the 
moveable component to also maintain a specified position in 
relation to the upstream direction. In some embodiments, the 
turbine system can be deployed in areas with a generally 
constant fluid (e.g., wind) direction and the concentrator 120 
and variable concentrator 110 can have a relatively fixed 
position in relation to the blade assembly 140. 
0049 FIG. 2 is an example embodiment of a turbine sys 
tem that includes a blade assembly 140, a concentrator 120, 
and a variable concentrator 110. The general direction of 
overall fluid flow is shown by arrows 200. FIG. 2 shows 
generally various possible fluid flow paths around the turbine 
system in response to an overall fluid flow approaching the 
turbine system as shown by arrows 200. For example, arrow 
204 shows that some fluid can be directed toward the push 
sideas shown in FIG.2. Arrow 206 indicates that at least some 
fluid can be directed away from the push side and continue 
downstream eventually to flow away from the turbine system. 
Arrow 208 indicates that at least some fluid can flow across a 
back surface portion 250 of blade 142. As fluid flows across 
the back surface portion 250 of blade 142, the fluid velocity 
can increase. An increase in Velocity of the fluid flowing along 
the path shown by arrow 208 can provide lift to blade 142, 
thereby providing torque that tends to rotate the blade assem 
bly 140. Fluid flowing along the concentrator 120 (e.g., along 
paths indicated by arrows 204, 206) also tends to increase in 
Velocity and compress. The compressed, concentrated fluid 
sped up by the concentrator 120 along the path indicated by 
arrow 204 flows into the push side, thereby providing more 
torque to rotate the blade assembly 140. 
0050. An outer perimeter of a sweep path of the blade 
assembly 140 is shown by broken line 202. As shown by 
arrows 214, 216, 218, 220 in FIG. 2, fluid within the sweep 
path of the blade assembly 140 can flow in a counterclock 
wise direction. Fluid flowing along the path indicated by 
arrow 214 can provide an impulse to the push surface 260 of 
blade 144. Fluid flowing along the path indicated by arrow 
216 can provide an impulse to the catch surface 270 of blade 
146. Concentrator 120 can be shaped, configured, and/or 
positioned such that the overall fluid flow will not act upon a 
drag surface 280 of blade 148. In the embodiment illustrated 
in FIG. 2, the portion of the concentrator located furthest into 
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the return side extends beyond the sweep path in a direction 
perpendicular to plane X and away from the push side. Fluid 
flowing past the concentrator 120 along a path indicated by 
arrow 206 thus tends to flow downstream past the blade 
assembly 140 without impinging upon the drag surface 280 of 
blade 148, thereby increasing efficiency of the turbine sys 
tem. 

0051. As indicated by arrows 224, 226, 228, 230, 232, the 
shape and position of the concentrator 120 can also cause 
fluid flowing upstream out of the sweep path of the blade 
assembly 140 to be redirected by concentrator 120 to flow 
downstream and eventually away from the blade assembly 
140. In particular, fluid can flow along a path indicated by 
arrow 228 along an upstream flow surface 132 of the concen 
trator 120 and be redirected to flow downstream along a path 
indicated by arrow 230 along a downstream flow surface 130 
of concentrator 120. Concentrator 120 can thereby provide a 
fluid escape path which continuously draws fluid away from 
the blade assembly 140. This continuous draw of fluid can 
create or contribute to a relative vacuum effect which tends to 
remove fluid from the sweep path of the blade assembly after 
the fluid has imparted an impulse to the blades. 
0.052 As described above, an end of concentrator 120 can 
extend beyond a sweep path of the blades in a direction 
perpendicular to plane X and away from the push side, as 
shown by distance Z in FIG. 1. The positioning of the con 
centrator can thus create a blocking effect which not only 
prevents fluid flowing downstream from contacting blade 
148, but can provide enough space for fluid to be drawn up 
into the concentrator without flowing against the overall fluid 
flow (e.g., along a path indicated by arrow 224). AS fluid 
leaves the downstream flow surface 130 of the concentrator 
120 (e.g., along a path indicated by arrow 232) it can join or 
flow alongside fluid which has been deflected from an 
upstream Surface of the concentrator 120 (e.g., along a path 
indicated by arrow 206). In some embodiments, the concen 
trator 120 extends in a direction further into the return side at 
least to an outer edge of the turbine such that the concentrator 
at least intersects a second plane tangent to an outermost edge 
of the turbine and parallel to plane X. The second plane can be 
separated from plane Xby a blade tip radius, and the concen 
trator can extend past the second plane by an extension dis 
tance measured in a direction perpendicular to plane X and 
away from the push side. In some embodiments, the extension 
distance can be at least five, at least ten, at least twenty, at least 
twenty-five, or at least thirty percent of the blade tip radius. In 
Some embodiments, the extension distance is between about 
ten and about twenty percent of the blade tip radius. Prefer 
ably, the extension distance is between about twenty and 
thirty percent of the blade tip radius, between about twenty 
three and twenty-seven percent of the blade tip radius, or 
about twenty-five percent of the blade tip radius. In some 
embodiments, the turbine has a return outer edge furthest 
away from the push side and the concentrator has a return end 
furthest away from the push side. In some embodiments, the 
closest distance between the return end of the concentrator 
and plane X is at least 1.1, at least 1.2, at least 1.3, at least 1.4. 
or at least 1.5 times greater than the closest distance between 
the return outer edge of the turbine and plane X. Preferably, 
the closest distance between the return end of the concentra 
tor and plane X is between about 1.1 and 1.4, between about 
1.2 and 1.3, or about 1.2 times greater than the closest dis 
tance between the return outer edge of the turbine and plane 
X. 
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0053. The relative vacuum effect that can be created by the 
concentrator 120 can also cause a center of rotation of fluid 
near the blade assembly 140 to shift toward the return side or 
further into the return side. The general direction of fluid 
flowing in the open sections or windows of the blades is 
shown by arrows 234, 236,238,240. This fluid can be drawn 
out away from the blade assembly by the concentrator 120 as 
shown in part by arrows 242, 244. Arrows 221 and 222 indi 
cate that at least some fluid can escape the Sweep path of the 
blade assembly 140 and flow generally downstream away 
from the turbine system without being drawn fully toward the 
downstream Surface of the concentrator and redirected away 
from the concentrator. 

0054. In the embodiment of the turbine system illustrated 
in FIG. 2, the variable concentrator 110 is positioned such that 
it deflects little or no fluid toward the blade assembly 140, or 
only a small amount of fluid, no more fluid, or slightly less 
fluid than would flow toward the blade assembly 140 due to 
the overall fluid flow defined by arrows 200 in the absence of 
the variable concentrator 110. In some embodiments, fluid 
flowing along the side surfaces of the variable concentrator 
(e.g., along paths indicated by arrows 210, 212) can increase 
in speed temporarily, but is not directed further toward the 
blade assembly 140 than the overall flow of fluid. In some 
embodiments, the variable concentrator 110 is shaped and 
positioned such that when it is not directing fluid toward the 
blade assembly 140 it provides a slight blocking effect to 
prevent high fluid speeds from damaging the blade assembly 
140. 

0055 With further reference to FIG. 2, the blade assembly 
140 in the position illustrated in FIG. 2 has a blade 142 in the 
lift position, a blade 144 in the push position, a blade 146 in 
the catch position, and a blade 148 in the return position. In 
Some embodiments, a blade assembly 140 has a torque posi 
tion in which at least one blade is in a lift position, at least one 
blade is in a push position, at least one blade is in a catch 
position, and at least one blade is in a return position. As the 
blade assembly 140 rotates, the blades can change positions. 
In some embodiments, the blade assembly 140 is always in a 
torque position as it rotates. Such that favorable torque char 
acteristics of the lift position, the push position, the catch 
position, and the return position are constantly exhibited as 
the turbine rotates in response to an input fluid. In some 
embodiments, each blade is primarily only in one of the lift 
position, push position, catch position, and return position. In 
some embodiments with four blades, for one or more rota 
tional positions of the blade assembly 140 there is only one 
lift blade, one push blade, one catch blade, and one return 
blade, the blades being categorized by their primary or domi 
nant position. 
0056 FIG. 3 is a top view of a turbine system similar to 
that shown in FIG. 2 and illustrates various Zones of relative 
velocity of fluid flowing along the paths illustrated in FIG. 2 
resulting from the described features. Zones A, B, C, D and E 
illustrate areas of a relatively medium fluid velocity. Zones F 
and G indicate Zones of relatively high fluid velocity. Zones 
H, I, J, K, L, and Millustrate Zones of relatively low velocity. 
0057 FIG.3 is an example velocity plot of an embodiment 
of a turbine system with an input velocity near 28 mph. FIG. 
3 illustrates that Zones A, B, C, D, and E have a fluid velocity 
near the input velocity. Zones F and G have fluid velocities 
greater than the input velocity, while Zones H, I, J, K, L, M 
have fluid velocities below the input velocity. As shown in 
FIG.3, an input velocity near 28 mph can create velocities of 
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at least 45 mph as shown in Zone F near the push side of the 
blade assembly. The velocity plot also includes velocity vec 
tors which can show a relative concentration of fluid. In 
particular, FIG. 3 illustrates an increase in concentration of 
fluid near the concentrator. 

0058 FIG. 4 is a top view of a turbine system showing 
various Zones of relative pressure of a fluid Surrounding the 
turbine system. Assuming a direction of overall fluid flow as 
shown in FIG. 2, the turbine system illustrated in FIG. 4 can 
have medium pressure Zones shown as Zones N, O, P, Q, R, 
and S in FIG. 4. The turbine system can have a high pressure 
Zone shown as Zone Tand a lower pressure Zone indicated as 
Zone U in FIG. 4. 

0059 FIG. 4 is a pressure plot of an example embodiment 
of a turbine system. A pressure of the input fluid flowing 
according to the illustrated velocity vectors in FIG. 4 is a 
medium pressure occupying Zone N. As in FIG. 4, other 
Zones of medium range pressure include Zones O, P, Q, R, and 
S. Again, as in FIG. 4, Zone T is a high pressure Zone and 
Zone U is a low pressure Zone relative to a pressure of the 
input fluid. 
0060 FIG. 5 illustrates another embodiment of a turbine 
system 100. In FIG. 5 the variable concentrator 110 is posi 
tioned to deflect fluid toward the blade assembly. In particu 
lar, at low fluid (e.g., wind) speeds, a variable concentrator 
positioned to deflect fluid toward the blade assembly can 
decrease a startup fluid speed of the turbine system and 
increase efficiency of the system at low fluid speeds. Fluid can 
flow around the variable concentrator 110 as indicated by 
arrows 510,520. The shape of the variable concentrator 110 
can cause the fluid to increase in Velocity and compress as it 
flows around the variable concentrator 110. The variable con 
centrator 110 can also be positioned such that fluid leaving the 
variable concentrator 110 can then flow along the path as 
indicated by arrow 550 toward the blade assembly. At least 
some of this fluid can act on one or more of the blades 142, 
144, 146, 148 of the blade assembly, and in particular on a 
push surface 260 of blade 144 in the blade position illustrated 
in FIG. 5. 

0061. In some embodiments, various features of the fluid 
turbine system 100 can increase torque output of the system 
or decrease a speed of fluid needed to begin rotating the blade 
assembly. For example, when the blade assembly is stationary 
in the position illustrated in FIG. 5, a fluid can provide torque 
from at least blades 142, 144, and 146. In particular, fluid 
flowing across the curved surface portion 250 of blade 142 as 
indicated by arrow 560 can create a lift effect tending to rotate 
blade 142. At least some fluid can also flow through the open 
section of blade 144 located near the generally straight sec 
tion 160 of blade 144 and act on the catch surface 270 of blade 
146. When the catch surface 270 is located directly down 
stream from the open section of blade 144, fluid flowing 
directly downstream can flow through the open section of 
blade 144 and against the catch surface 270 of blade 146. In 
some embodiments, e.g., as shown in FIG. 5, fluid deflected 
by other surfaces of the turbine system 100 (e.g., surfaces on 
variable concentrator 110 or on curved surface portion 250 of 
blade 142) causes fluid to veer from the direction of the 
overall fluid flow and impinge against portions of blade 146 
not located directly downstream from the open section of 
blade 144. Fluid from the overall fluid flow or directed 
towards the blade assembly from the variable concentrator 
110 can also act on the push surface portion 260 of blade 144. 
Accordingly, a flow of fluid across the blade assembly sta 
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tionary in the position of FIG. 5 can provide torque from at 
least three of the blades illustrated in FIG. 5. Fluid flowing 
past a rotating blade assembly 140 can also provide torque 
from at least three of the blades simultaneously. 
0062. As discussed above with reference to FIG. 2, the 
concentrator 120 shown in FIG. 5 can also block the overall 
fluid flow from creating additional drag on the drag Surface 
280 of blade 148. The concentrator 120 can also increase the 
Velocity of and compress the fluid flowing along a path indi 
cated by arrow 540. Fluid flowing away from the push side 
along arrow 530 is also concentrated and compressed, which 
can aid in drawing fluid away from the blade assembly as 
described above with reference to FIG. 2. 
0063 FIG. 6 is a top view of a turbine system without a 
variable concentrator. FIG. 6 indicates various velocity Zones 
offluid flowing around the turbine system. The velocity of the 
input fluid is shown in Zone A'. The input fluid has a velocity 
in the medium range, along with the fluids in Zones C. D', and 
E. The fluid in Zones F" and G' flows at a higher velocity than 
the input fluid, and the fluid in Zones H', I', J, L', and M' flows 
at a lower velocity than the input fluid. 
0064 FIG. 6 is a velocity plot of an example embodiment 
of a turbine system similar to the embodiment shown in FIG. 
6. The input velocity is 28 mph with a maximum velocity of 
at least 45 mph as shown in Zone F. Medium range velocity 
Zones are designated as A, C", D', and E. High fluid velocity 
Zones include F" and G'. Low fluid velocity Zones include H', 
I', J, L', and M. Direction of fluid flow and relative concen 
tration of the fluid is indicated by the Velocity vectors in the 
velocity plot of FIG. 6. The darker-shaded area in Zone F 
indicates maximum speeds near this location on the push side. 
The maximum speed area in Zone F of FIG. 5 is larger than 
the maximum speed area in Zone F of FIG. 3, indicating that 
the variable concentrator and its position in FIG. 3 can reduce 
the amount of fluid flowing at maximum speeds, thereby 
preventing damage to the turbine in high fluid speeds. 
0065 FIG. 7 shows an embodiment of a fluid turbine sys 
tem 700. The fluid turbine system 700 comprises a blade 
assembly 740, a concentrator 720, and a variable concentrator 
710. The blade assembly 740, concentrator 720, and variable 
concentrator 710 can be similar to the blade assembly 140, 
concentrator 120, and variable concentrator 110 described 
herein. In the embodiment illustrated in FIG. 7, the concen 
trator 720 and variable concentrator 710 have a height that is 
substantially greater than a height of the blade assembly 740. 
In some embodiments, a height of the blade assembly 740, 
concentrator 720, and variable concentrator is substantially 
equal. In some embodiments, a height of one or more of the 
concentrator 720 or variable concentrator is at least a substan 
tial portion of a height of one or more blades of the blade 
assembly. 
0.066 FIG. 8 is a side view of an embodiment of a vertical 
axis fluid turbine system 800. For purposes of discussion, the 
fluid direction is shown by the arrow 810. Bearing cases 806, 
808 at the top and bottom of a central shaft 190 of a blade 
assembly 140 allow the blade assembly 140 to rotate. The 
bearing case 806 can be mounted to an upper bracket 802, and 
the bearing case 808 can be mounted to a lower bracket 804. 
In the embodiment illustrated in FIG. 8, the upper and lower 
brackets 802, 804 can rotate relative to a base 812 at the 
bottom of the turbine system 800. A tail fin 104 can extend 
between the upper and lower brackets 802, 804. The tail fin 
104 can orient the system such that a concentrator 120 and 
variable concentrator 110 will be upstream (e.g., upwind) of 
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the blade assembly 140 and face into an approaching fluid 
(e.g., wind). The variable concentrator 110 and the concen 
trator 120 extend between the upper and lower brackets 802. 
804 on the left of the blade assembly as shown in FIG.8. In 
some embodiments, the concentrator 120 is fixed in relation 
to the upper and lower brackets 802, 804 and the variable 
concentrator is rotatably fixed to the upper and lower brackets 
802,804. In some embodiments, a gearbox 106 can be used to 
convert the speed of the rotation of the blade assembly 140 to 
a speed optimal for converting rotational energy into electri 
cal power. The gearbox 106 can be located in the base 812 of 
the system. 
0067. A guide motor 102, which can be a servo motor, can 
also be used instead of or in addition to the tailfin 104 to orient 
the upper and lower brackets 802, 804 in relation to the base 
812. The guide motor 102 can be connected to a sensor, which 
in some embodiments can sense the direction of fluid flow 
(e.g., wind) and orient the turbine system 800 such that the 
concentrator 120 and variable concentrator 110 are upstream 
(e.g., upwind) of the blade assembly. The guide motor 102 
can be used to stabilize the system and prevent the tail fin 104 
from oscillating or turning in response to slight changes in 
fluid flow direction. In some embodiments, a damper (not 
shown) can be used instead of or in addition to the guide 
motor 102 to slow the response of the system to minute 
changes in fluid flow direction. A second guide motor (not 
shown) can be used to orient the variable concentrator 110. 
The second guide motor can be connected to a sensor which 
in some embodiments can sense fluid speed and orient the 
variable concentrator 110 away from the blade assembly 140 
when the system 800 is subjected to high fluid speeds (e.g., in 
high winds) to divert fluid away from the blade assembly 140. 
One or more of the guide motors can be located within the 
base 812. Other configurations of brackets or mounting mem 
bers for the blade assembly 140, concentrator 120, and vari 
able concentrator 110 can be used. These designs can also be 
optimized to promote efficient conversion of fluid energy. In 
some embodiments, one or more of the blade assembly 140, 
concentrator 120, or variable concentrator 110 are mounted 
separately and may be separately moveable in relation to one 
or more of the other components. The fluid turbine system 
800 can also include a starter. The starter can help to begin 
rotation of the blade assembly 140. In some embodiments, a 
starter is not necessary and the blade assembly 140 will self 
start in appropriate fluid conditions. 
0068 FIGS. 9-10 show a blade assembly 740 with four 
blades. Approximately an inner radial half of the blades is 
substantially open. A top blade support 902, middle blade 
supports 904, and a bottom blade support 906 extend from an 
axis of rotation to a substantially solid portion of the blade 
located further from the axis than the open sections. As seen 
in FIGS. 9 and 10, an open section or window can extend 
alonga Substantial portion of a height of the blades. The open 
sections can be continuous or discontinuous. For example, 
opening 1002 in FIG. 10 can be a viewed as a continuous 
opening 1002 or a small section of a single discontinuous 
opening extending along a height of the blade. 
0069 FIG. 11 is a perspective view of the concentrator 720 
shown in FIG. 7. The concentrator 720 comprises an 
upstream surface 1104 and a downstream surface 1106. A 
leading edge 1102 of the concentrator 720 is configured to 
divide fluid flowing toward the concentrator 720 into a push 
portion of fluid to flow toward a push half of the turbine and 
a return portion of fluid to flow away from the push half of the 
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turbine. Trailing edges 1110, 1108 can be positionable down 
stream of the leading edge 1102. Trailing edge 110 can cor 
respond to the push end 134 of the concentrator 120 shown in 
FIGS. 1 and 2. Trailing edge 112 can correspond to the return 
end 128 of the concentrator 120 shown in FIGS. 1 and 2. 
(0070 FIG. 12 is a perspective view of the variable con 
centrator 710 shown in FIG. 7. The variable concentrator 710 
can have a leading edge 1202, a trailing edge 1206, and a side 
deflection surface 1204. Trailing edge 1206 can be position 
able downstream of leading edge 1202. 
(0071 FIGS. 13-14 show an embodiment of a blade assem 
bly 1300 that can be configured for use in a fluid turbine 
system similar to those described above. The embodiment of 
a blade assembly 1300 shown in FIG. 13 can be similar to the 
embodiment depicted of the blade assembly 140 in FIG. 1, 
with the addition of horizontal plates mounted periodically 
along the length of the blade assembly. As shown in FIG. 13, 
the blade assembly 1300 can have seven sections, each with a 
horizontal plate at the top and bottom of the section. The 
blades can have an open section or windows, which can be 
located near the central portion of each blade section. FIG. 14 
shows a front view of the blade assembly 1300, with opening 
1402 near the central portion of the blade. 
0072. In some embodiments, the blade assembly 1300 can 
be modular. For example, each of the seven blade assembly 
sections can be a separate piece mounted separately to a 
central shaft 1308. A modular blade assembly can allow for 
ease of manipulation of the number of blade sections in a 
turbine system design based on user preferences or available 
space. One example method of assembling the blade assem 
bly 1300 can be as follows: (1) provide a central shaft 1308 
with a bottom plate 1306 fixed to the shaft; (2) provide a blade 
assembly section comprising a plate 1304 comprising blade 
sections projecting from the underside of the plate 1304, the 
blade sections comprising an opening toward the center of the 
plate 1304; (3) mounting the blade assembly section to the 
central shaft 1308; and (4) mounting additional blade assem 
bly sections to the central shaft 1308, with the final blade 
assembly section comprising top plate 1302. In some embodi 
ments, one or more blade assembly sections can comprise a 
plate 1304 at the bottom of the blade assembly section instead 
of the top. In some embodiments, the horizontal plates can be 
separate from the blades, or could be omitted altogether. 
0073. In some embodiments, one or more portions of the 
blade assembly can be offset radially from one or more of the 
other portions. For example, the blades in one section of a 
modular blade assembly may not align with the blades in the 
section above and/or below it, unlike the blade assembly 
depicted in FIG. 13 in which the blades of each section are 
aligned to effectively form a straight blade along the height of 
the blade assembly. Offsetting the blade sections can aid in 
creating a non-cyclic torque output. In some embodiments, 
each section of the blade assembly is offset from the others by 
ten degrees. In some embodiments, each section is offset by 
between about 1 and about 20, between about 5 and 15, or 
between about 8 and 12 degrees of a section below or above 
it. In some embodiments, an even offset can be calculated 
based on the number of blades in each section and/or the 
number of sections to evenly place blades around the central 
shaft in various patterns. In some embodiments, the offset is 
not even among the different sections. 
0074. In some embodiments, the offset of the different 
blade sections can create a helical shape or “virtual helix. For 
example, a blade 1322 at the bottom section of the blade 
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assembly 1300 can be mounted in a reference position of 0 
degrees relative to the central shaft 1308. Ablade 1320 in the 
next section can be mounted at 10 degrees, a blade 1318 in the 
next section can be mounted at 20 degrees, etc. through blade 
1310 at the top of the blade assembly 1300. For a given 
rotational orientation of blade assembly 1300, blades 1322. 
1320, 1318, 1316, 1314, 1312, 1310 will be located in differ 
ent positions relative to a flow of fluid and can capture an 
impulse from the fluid at different times. If each section has 
four blades evenly spaced from each other, four different 
helical patterns can be seen as the blade assembly 1300 
rOtates. 

0075. In some embodiments, the blade sections can be 
offset in a pattern such that the blade sections fan out in the 
same direction above and below a particular blade section. 
The pattern can be similar to the helical shape described 
above, except that it can consist of two discontinuous helical 
shapes. For example, a blade 1316 of a central section of the 
blade assembly 1300 can be mounted in a reference orienta 
tion at 0 degrees relative to the central shaft 1308. A blade 
1314 in the next higher section can be mounted at 10 degrees. 
A blade 1312 in the next higher section can be mounted at 20 
degrees. A blade 1310 in the next higher section can be 
mounted at 30 degrees. A blade 1318 in the section directly 
below blade 1316 can be mounted at 10 degrees. Ablade 1320 
in the next lower section can be mounted at 20 degrees. A 
blade 1322 in the next lower section can be mounted at 30 
degrees. Fewer or additional blade sections can be included, 
and the offset angles can vary. In some embodiments, a blade 
assembly 1300 can have blade sections with adjustable offset 
angles such that the offset pattern can be varied according to 
user preferences, fluid flow conditions, or other factors. The 
offset designs described above with reference to FIG. 13 can 
be used with the blade assembly 140 described with reference 
to FIG.1. The embodiments described in FIGS. 1-12 can also 
be modular and constructed in separate sections as described 
with reference to the embodiment shown in FIG. 13. 

0076. In some embodiments, fewer or additional concen 
trators or variable concentrators can be configured for use 
with the blade assembly. That is, a blade assembly can be used 
alone, or in combination with one or more of a concentrator or 
variable concentrator. When used in combination, the differ 
ent components can enhance the favorable characteristics 
exhibited by the other, sometimes synergistically. For 
example, the use of a concentrator with a blade assembly 
comprising openings or windows towards an inner radial 
portion of the blades can increase the effect of having a 
concentrator or having blade openings alone. The turbine 
system can also include additional blade assemblies, and one 
or more of the blade assemblies can include lesser or more 
than four blades. In some embodiments, parameters of the 
design can be optimized using computer simulation studies 
such as Cosmos Floworks and/or ADINA computer model 
ing. PIV fluid mechanics analysis can also be employed. 
These tools can be used to increase the efficiency of the design 
and confirm the desirability of modifications in the quantity, 
size, shape, and/or placement of the different components of 
the turbine system. A design similar to that illustrated in FIG. 
3B can be estimated to produce about 5 Kilowatts of power in 
an approximately 28 mile per hour wind. In some embodi 
ments, a theoretical efficiency of over 30 percent can be 
achieved. The higher the efficiency, the more available power 
from fluid flow is converted into useable energy, e.g., electri 
cal power. Some embodiments of the vertical-axis fluid tur 
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bine system can also be configured not to require uni-direc 
tional or laminar fluid flow. The system can also produce a 
low amount of noise, even at high fluid flow speeds. Birds are 
less likely to be injured by turbine systems described herein. 
Many characteristics of embodiments of the fluid turbine 
systems described herein can make the systems desirable for 
use as wind turbines in urban environments, where they can 
also be mounted on pre-existing structures. The systems 
described herein can therefore be used to exploit wind 
resources from niches unsuitable for other wind turbines 
while still producing Substantial amounts of power and reduc 
ing transmission line losses. 
0077 Although the turbine systems described above are 
described with reference to vertical axis turbines, such sys 
tems need not be mounted vertically. Some embodiments can 
be mounted horizontally or in other orientations with appro 
priate modifications. Moreover, certain individual features or 
combinations of features disclosed herein may be adapted for 
use in horizontal turbines or other types of turbines. In addi 
tion, other fluids can be used to rotate the turbines in the 
above-described systems, including water. 
0078 Reference throughout this specification to “some 
embodiments’ or “an embodiment’ means that a particular 
feature, structure or characteristic described in connection 
with the embodiment is included in at least some embodi 
ments. Thus, appearances of the phrases "in some embodi 
ments' or “in an embodiment in various places throughout 
this specification are not necessarily all referring to the same 
embodiment and may refer to one or more of the same or 
different embodiments. Furthermore, the particular features, 
structures or characteristics may be combined in any Suitable 
manner, as would be apparent to one of ordinary skill in the art 
from this disclosure, in one or more embodiments. 
0079. As used in this application, the terms “comprising.” 
“including.” “having.” and the like are synonymous and are 
used inclusively, in an open-ended fashion, and do not 
exclude additional elements, features, acts, operations, and so 
forth. Also, the term 'or' is used in its inclusive sense (and not 
in its exclusive sense) so that when used, for example, to 
connect a list of elements, the term 'or' means one, Some, or 
all of the elements in the list. 
0080. Similarly, it should be appreciated that in the above 
description of embodiments, various features are sometimes 
grouped together in a single embodiment, figure, or descrip 
tion thereof for the purpose of streamlining the disclosure and 
aiding in the understanding of one or more of the various 
inventive aspects. This method of disclosure, however, is not 
to be interpreted as reflecting an intention that any claim 
require more features than are expressly recited in that claim. 
Rather, inventive aspects lie in a combination offewer than all 
features of any single foregoing disclosed embodiment. 
I0081 Although described in the illustrative context of cer 
tain preferred embodiments and examples, it will be under 
stood by those skilled in the art that the disclosure extends 
beyond the specifically described embodiments to other alter 
native embodiments and/or uses and obvious modifications 
and equivalents. 
What is claimed is: 
1. A fluid turbine system, comprising: 
a turbine comprising blades rotatable about an axis, the 

blades defining a window along a Substantial portion of 
a height of the blades, wherein a first plane parallel with 
and intersecting the axis divides the space Surrounding 
the turbine into a returnside and a push side opposite the 
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return side, the turbine configured to rotate generally in 
an upstream direction on the return side and generally in 
a downstream direction on the push side relative to a 
fluid flowing nominally parallel to the plane; and 

a concentrator positionable upstream of at least a portion of 
the turbine and at least partially or completely on the 
return side, the concentrator comprising a first curved 
Surface portion configured to extend from a first position 
upstream of the turbine to a second position further 
upstream of the turbine and further into the return side, 
wherein the first curved surface portion is configured to 
be convex facing an upstream direction of the fluid flow, 
the first curved surface portion positionable to deflect at 
least some fluid toward the push side, the concentrator 
further positionable to create a relative vacuum to draw 
at least some fluid away from the window of the blades. 

2. The fluid turbine system of claim 1, wherein the concen 
trator comprises a second Surfaceportion positionable further 
into the return side relative to the first curved surface portion, 
the second Surface portion configured to extend from a third 
position to a fourth position that is further into the return side 
and further downstream than the third position. 

3. The fluid turbine system of claim 2, wherein the concen 
trator comprises a back Surface portion configured to be con 
cave facing downstream, the back Surfaceportion comprising 
an upstream flow surface portion, an intermediate Surface 
portion, and a downstream flow Surface portion, the upstream 
flow surface portion shaped and positionable to directat least 
some fluid flowing upstream from the turbine toward the 
intermediate surface portion, the intermediate surface portion 
shaped and positionable to redirect the at least some fluid 
flowing upstream to flow generally downstream toward the 
downstream flow surface portion, and the downstream flow 
Surface portion shaped and positionable to receive the at least 
some fluid from the intermediate surface portion and direct 
the at least some fluid generally downstream into the fluid 
flowing nominally parallel to the plane. 

4. The fluid turbine system of claim 2, wherein the concen 
trator is configured to extend in a direction further into the 
returnside at least to an outer edge of the turbine such that the 
concentrator at least intersects a second plane, the second 
plane being tangent to an outermost edge of the turbine and 
parallel to the first plane. 

5. The fluid turbine system of claim 4, wherein the second 
plane is separated from the first plane by a blade tip radius, 
and wherein the concentrator is configured to extend past the 
second plane at least twenty-five percent of the blade tip 
radius. 

6. A fluid turbine system, comprising: 
a turbine rotatable about an axis, wherein a plane parallel 

with and intersecting the axis divides the space Sur 
rounding the turbine into a return side and a push side 
opposite the return side, the turbine configured to rotate 
generally in an upstream direction on the return side and 
generally in a downstream direction on the push side 
relative to a fluid flowing nominally parallel to the plane, 
the turbine having a return outer edge furthest away from 
the push side; and 

a concentrator positionable upstream of at least a portion of 
the turbine and at least partially or completely on the 
return side, the concentrator comprising a generally 
u-shaped section, the generally u-shaped section com 
prising an upstream Surface portion positionable to be 
convex facing upstream and a downstream Surface por 
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tion positionable to be concave facing downstream, the 
upstream Surface portion positionable to direct a push 
portion of fluid toward the push side, the upstream sur 
face portion further positionable to direct a return por 
tion of fluid downstream away from the turbine, the 
downstream surface portion forming a partially 
enclosed area shaped and positionable to receive a drag 
portion of fluid from the turbine and redirect the drag 
portion of fluid downstream into the return portion of 
fluid, the concentrator having a return end configured to 
be furthest away from the push side, the return end 
positionable such that the closest distance between the 
return end of the concentrator and the plane is at least 1.2 
times greater than the closest distance between the 
return outer edge of the turbine and the plane. 

7. The fluid turbine system of claim 6, wherein the entire 
concentrator is positionable upstream of the entire turbine. 

8. The fluid turbine system of claim 7, wherein the concen 
trator is shaped substantially as a section of a hollow airfoil. 

9. A fluid turbine system, comprising: 
a turbine rotatable about an axis, wherein a first plane 

parallel with and intersecting the axis divides the space 
Surrounding the turbine into a returnside and a push side 
opposite the return side, the turbine configured to rotate 
generally in an upstream direction on the return side and 
generally in a downstream direction on the push side 
relative to a fluid flowing nominally parallel to the plane, 
the turbine defining a Sweep path; and 

a variable concentrator positionable on the push side, the 
variable concentrator further positionable upstream of 
the entire sweep path of the turbine, the variable concen 
trator comprising a deflection Surface positionable to 
extend generally parallel to the axis along a Substantial 
portion of a height of the turbine and adapted to deflect 
at least some fluid, the variable concentrator being 
moveable between a first position and a second position, 
the deflection surface being configured to deflect less 
fluid toward the turbine in the second position than in the 
first position. 

10. The fluid turbine system of claim 9, wherein the vari 
able concentrator is rotatable about a variable concentrator 
axis from the first position to the second position. 

11. The fluid turbine system of claim 10, wherein the 
variable concentrator is configured to be biased toward the 
first position. 

12. The fluid turbine system of claim 11, wherein the 
variable concentrator is configured such that fluid flow over 
the variable concentrator is operable to adjust the variable 
concentrator from the first position to the second position. 

13. The fluid turbine system of claim 12, wherein the 
variable concentrator is shaped generally as an airfoil and is 
adapted to deflect at least some fluid toward the turbine at a 
low fluid speed to increase torque output, the variable con 
centrator further adapted to deflect less fluid toward the tur 
bine or not to deflect fluid toward the turbine at a high fluid 
speed to prevent damage to the turbine. 

14. A fluid turbine, comprising: 
a plurality of blades rotatable about an axis, one or more of 

the blades defining an open section positioned such that 
a portion of the open section is closer to the axis than an 
outside edge of the blade, the turbine comprising a push 
half and a return half for a given direction of an overall 
flow of a fluid that defines an upstream direction and a 
downstream direction; 
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wherein one or more of the plurality of blades is a push 
blade, the push blade defining the open section and 
comprising a tip, the push blade positionable in a push 
position in which the tip of the push blade is located on 
the push half, the push blade further comprising a push 
Surfaceportion facing generally upstream when the push 
blade is in the push position; and 

wherein one or more of the plurality of blades is a catch 
blade, the catchblade comprising a tip, the catch blade 
positionable in a catch position in which the tip of the 
catchblade is located generally downstream of the axis, 
the catch blade further comprising a catch Surface por 
tion facing generally upstream when the catchblade is in 
the catch position; and 

wherein the turbine is positionable in a torque position 
wherein an upstream blade is a push blade in the push 
position and a downstream blade is a catchblade in the 
catch position, the torque position being defined by the 
downstream blade being located generally downstream 
of the upstream blade and the catch surfaceportion of the 
downstream blade being located directly downstream 
from the open section of the upstream blade. 

15. The fluid turbine of claim 14, wherein one or more of 
the plurality of blades is a lift blade, the lift blade comprising 
a tip, the lift blade positionable in a lift position in which the 
tip is located generally upstream of the axis, the lift blade 
further comprising a curved surface portion, the curved Sur 
face portion being convex facing away from the return half 
when the lift blade is in the lift position, the curved surface 
portion shaped and configured to deflect a lift portion of a 
fluid flowing generally downstream across the curved Surface 
away from the return half when the lift blade is in the lift 
position. 

16. The fluid turbine of claim 15, wherein the lift blade 
defines the open section, the open section of the lift blade 
operable to allow at least some of the lift portion of fluid to 
flow through the open section of the lift blade. 
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17. The fluid turbine of claim 15, wherein the plurality of 
blades comprises four blades extending from the axis and 
equally spaced from each other, and wherein each of the four 
blades is a lift blade, a push blade, and a catchblade, the four 
blades defining the open section Such that an inner radial half 
of the four blades is substantially open, the four blades com 
prising a front Surface portion and a back Surface portion, the 
front Surface portion and the back Surface portion being 
located at least substantially on an outer radial half of the 
blades: 

wherein the front Surface portion comprises a generally 
straight portion and a curved portion located radially 
outward from the generally straight portion, the four 
blades positionable in a horizontal position in which the 
generally straight portion is perpendicular to the plane 
and facing upstream, the curved portion being located 
further upstream than the generally straight portion 
when the blades are in the horizontal position; and 

wherein the back surface portion extends from a first end 
near the tip of the blades to a second end near the open 
section, the back Surface portion being Substantially 
curved and shaped to be convex facing downstream 
when the four blades are in the horizontal position, the 
back Surface portion shaped and configured such that a 
point on the back surface portion located furthest down 
stream when the four blades are in the horizontal posi 
tion is between the first end and the second end of the 
back Surface portion. 

18. The fluid turbine of claim 17, wherein the horizontal 
blade sections comprise at least two blades configured to be 
fixed in relation to an adjacent horizontal blade section and 
angularly offset from the adjacent horizontal blade section. 

19. The fluid turbine system of claim 18, wherein the array 
comprises at least three horizontal blade sections angularly 
offset to form a virtual helix adapted to reduce cycles in 
torque output. 


