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(57) Abstract: A mechanical device system that draws
power from the wind by means of near-vertical blades
pivotally mounted on a platform rotor that is flush with
the ground and rotatable about a vertical axis, Wind
forces are generated on the blades causing the platform
rotor to turn thereby generating shaft power. An electric-
al generator coupled to the platform rotor converts the
shaft power to electrical power, which is then distrib-
uted through conventional transmission means. The
power output is maximized for a given wind speed by
cyclically controlling each blade rotation to intercept the
relative wind vector so as to create maximum blade
forces over the periodic cycle. The blade axes are canted
to match the rotational speed to the normal speed gradi-
ent of the prevailing wind to maintain constant
(pi*h*D)/Vw at all levels. The turbine is mounted atop
an earth mound tailored to accelerate the flow near the
ground to produce an optimum wind speed profile.
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WIND-POWERED CYCLO-TURBINE
Priorivy CLam

{0081] This application claims priority to U.S. Provisional Patent Application Serial
No. 62/307371 filed March 11, 2016, the contents of which 15 hercby incorporated by
reference as if fully set forth berein.

BACKGROUND OF THE INVENTION

j0002] As the demand for clean, renewable power continues to escalate throughout
the world, the use of wind power 18 becoming increasingly attractive. Combined with
advances in other techuoologies it 1s also becoming economically competitive with older, more
traditional sources of power. This trend 1s expecied to accelerate until environmental issues,
demand for efficient use of space, scarcity of favorable siting and system economics place
significant limits on the exploitation of wind power.

{0003] Throughout centuries of exploitation of the wind for producing power, there
has been a plethora of approaches to the design of machines for this purpose. Although a
technical assessment of these various concepts might be interesting and ¢ven instructive,
historical ¢vidence shows that fow if any are adaptable for efficient and economical

exploitation of available sources of wind power in today’s environment.
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{0004] Judging by the prevalence today of systems comprising multiple units whose
design is based on fan-type configurations sach as shown m Figure 1, one may conclade that
this approach has many advantages which would be difficult to overcome by any other
system. However, it would nonetheless be beneficial to find soch a system.

BriEr DESCRIPTION OF THE DRAWINGS

{0005] Preferred and alternative examples of the present invention are described in
detail below with reference to the following drawings:

{0006] FIG.1 illustrates wind turbines m the ficld at Altamont Pass, Califorma.

[0007] FIG 2 dlustrates a wind cyclo-turbine high on a windy hill.

{0008] FIG3 is an underside view of the rotor systent,

{0009] FIG 4 presents kinematic relationships between the blades and the rotor
platform as functions of wind speed, rotor speed and blade orentation.

{0016¢] FIG.5 lustrates a cross section of blade wake traces.

{0011 FIG.6 illustrates one embodiment of the cvclo-turbing mstallation,

{0012] FIG.7 shows a comparison chart of system characteristics.

{0013] FIGS 8-9 are charts tlustrating oycle-turbine advantages.

{0014] FIG.10 iflustrates conclusions based on one embodiment of the invention.

{0015] FIG 11 ilustrates an embodiment of the invention.

{0016] FIG 12 idlustrates one embodiment of the cyclo-turbine configuration.

{0017] FIG.13 dlustrates acrodynamic issucs.

{0018 FIG. 14 1llustrates encrgy storage.

{0019] FIG.15 iilustrates charts relating to an embodiment of the mvention.

{0026] FIG. 16 iilustrates bearing post fixed to rotor plod form.

{6021] FIG.17 lustrates a gencral arrangement of one embodiment of the invention.

[0022] FIG 18 dlustrates a sub-grade configuration of one embodiment of the
mvention.

{0023] FIG 19 itlustrates one embodiment of the mvention.

{0024] FIG .20 illustrates an embodiment of the invention.

o
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{0025] FIG.21 illustrates vet another embodiment of the invention,

{0026] FIG.22A illustrates another embodiment of the mvention.

10027] FIG.22B dlustrates vet another embodiment of the invention.

[0028] FIG 23 illustrates Section B-B of the rotor pedestal.

10029] FIG 24 illustrates V-G options and control surface foree mbd.

{0036¢] FIG 23A illustrates the off-shore system embodiment of the invention.

{0031 FIG.258 illustrates the counter rotation pair.

{0032] FIG.25C illustrates the off-shore systems.

{0033] FI1G.26 illustrates vet another embodiment of the mvention.

{0034] FIG.27 illustrates vet another embodiment of the invention,

{0035] FIG 28 illustrates the subcritical ratio of the nvention.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENT

{0036] In onc cmbodiment of the invention, the Wind Cyclo-Turbine is a mechanical
device system that draws power from the wind by means of near-vertical blades pivotally
mounted on a platform rotor that is flush with the ground and rotatable about a vertical axis.
Wind forces are gencrated on the blades causing the platform rotor to turn thereby generating
shaft power. An electrical generator coupled to the platform rotor converts the shaft power to
clectrical power, which is then distnbuted through conventional transmission means. The
power output is maximized for a given wind speed by cvclically controlling each blade
rotation to mtercept the relative wind vector so as to create maximum blade forces over the
periodic cycle. The blade axes are canted to match the rotational speed to the normal speed
gradient of the prevailing wind to maintain constant (n*h*Dy/Vw at all levels. The turbine is
mounted atop an earth mound tatlored to accelerate the flow near the ground to produce an
optimum wind speed profile. The rotor speed i1s controlled to match the wind speed within
narrow hmits for maximum efficiency and power output.

{0037] The cyclo-turbine gencrates less noise than the usual tower-mounted fan
turbine. Furthermore, the cyclo-turbine incorporates tip devices to minimize noise and

merease acrodynamic efficiency. In an embodiment, this device 18 a Spiroid, which

3.
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redistributes blade tip vorticity mto a continuous sheet emanating from the blade trailing
edge. Thus, interaction due to a blade crossing a preceding wake will produce minimum
noise.

{3038] Contributing to cfficiency and high power extraction is the programming of
angle-of-attack of each blade through a coordination mechanism that may be slaved to the
platform rotor. The control systern comprisces a coordination rotor that rotates about a center
offset from the main rotor axis and appropriate linkages. The coordinating rotor is hinked to
cach blade through a concentric dual lever system that is driven by the coordimation rotor.
Blade motion amplitude s adjustable by means of a proportional actuator mounted on the
coordination rofor.

{0039 The blade coordination system includes the following three functions:

{00463 1. Blade Feathering whereby the blades can be directed simultaneously into
the prevailing wind, as sensed by a system of an embodiment, under static conditions.

{0041] 2. Coordinated System OCrigntation whereby the collective blade motion can be
referenced to the provailmg wind, as sensed by a system of an embodiment, for best
performance and for starting operation.

{0042] 3. Cyclic Amplitude Control whereby the amplitude of collective blade motion
and rotor speed can be adjusted for optimum performance depending on wind speed and
direction sensed by a system of an embodiment.

{0043] Advantages of the Cyclo-turbine over other types of tarbines, especially the
ubiguitous tower-mounted fan turbine, inchude the following:

{0044] Much or all of the heavy equipment s located at or below ground level. This
makes for ease of construction, ease of mamtenance and reduced overall costs.

{0045] The power generation cvele 18 more efficient acrodvnamically and
operationally. Combined with structural advantages, this translates into 4 to 5 times more
power generated per vanit wind capture arca and speed.

{0046] The structural configuration s more adaptable to large unit size which will

favorably affect unit costs and the economics of large systems.
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{0047] The flexability of configuration charactenistics will allow a wider range of unit
sizes and applications. Site placement versatility can enhance the effectiveness of existing
power distribution systems and reduce infrastructure limitations.

[0048] An embodiment of the mmvention includes a mechanical system comprising a
circular rotor-platform rotatable about a vertical axis that incorporates several near-vertically
oriented blades that may be wing-like in structure and design. These blades are mounted in
receptacles on the rotor-platform and free to rotate independently about their axes. The rotor-
platform is flush with the ground surtace, which is contoured to increase this wind speed near
the ground. The platform is caused to temn by the wind forces on ecach blade thereby
generating power that is converted through an clectrical generator coupled to the rotor-
platform. These comprise all the heavy machinery mchuding the rotor-platform, supporting
struchure and bearing units. The electrical generator shown is based on linear generator/motor
cchnology and magnetic components arranged 1o circular form. This approach allows a
substantial range of trequency control through switching strategies emploved as a function of
wind speed, rotor speed and power output. The elimination of large gear box units improves
reliability and provides more flexibility in frequency control and better matching with power
distribution systems.

{0049] The blade onentation 18 controlled by a coordination rotor that rotates in
syinchrony with the rotor-platform. This arrangement is shown in Figure 3 which is a view
from the uvnderside of the rotor-platform, which describes the essential elements of the blade
angle-of-attack coordination system. The rotor that is pivotally attached to each blade also
modulates the blade angle-of-attack to produce blade forces that maximize the power output
for each cycle as approprate for wind speed, direction and operating condition.

{00383] The operating condition is defined by the ratio of rotor speed to wimd speed
and the blade pitch index. The blade pitch index 15 position setting of the coordination
mechanism, which controls blade pitch amplitude and cvclic variation. The speed ratio for
best efficiency 15 near unity and the corresponding pitch index is sef independently for

maxiumum power output. As wind speed increases bevond a structurally detemmined operating
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himit, power output may continue to increase as efficiency decreases. This trend can continue
to the pont where other factors such as blade loading are exceeded. The diagram below
tHustrates the essential character of the operating envelope.

[0051] The noise generated by a fan-turbine particularly when operated in an
cnsemble of many units, 1s a significant environmental issue, and the cyclo-turbine can in fact
create similar objectionable characteristics. This is due to the effect of blades crossing the
wakes of preceding blades. A tip device 19 installed on cach blade to prevent significant
mteractions and also increase acrodynamic efficiency of the system by diffusing the normal
wing tip vortex. These devices can take the form of winglet or Spiroid which are more
effective since the profile is a closed loop.

{0052] Figure 1 shows a 3 blade arrangement comprising vertically oriented blades
rotatable about their spanwise axis mournded on a rotor platform. Figure 2 shows cach blade 1
1s placed in a bearing receptacie, 2 which allows free rotation about its spanwise axis. The
rotor platform 3 is rotatable about a vertical axis and constrained in its orbit by means of
bearing systems at the periphery of the platform 4 and the ceniral post 5 providing vertical
and radial support o the platform.

{0033] Wind forces on the blades cause the platform to rotate about its axis at a rate
constrained by the torque of the coupled eclectrical generating svstem. Power output i
proportional to torque multiplied by RPM of the rotor. The generator is an adaptation of
limear motor/gencrator technology whereby a circular stator 6 concentric with the rotor 3
comprises appropriatc magnetic and electrical power and control circuitry enables the
clectrical power output of the system. A concentric circular array of magnetic poles, 7 either
permanent or electromagnetic, is fixed to the rotor platform o complete the elements of the
generator system.

{3054] The drniving torque is provided by the blades 1, which are controlled m pitch
about their axes in a manner that aligns with the relative wind fo create an optimum
distribution of blade forces through the cycle thereby maximizing the power cutput. Figure 3

is an underside view of the rotor system which includes a coordinating rotor that controls
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blade pitch throughout. In this arrangement, the coordinating rotor 8§ rotates about a separate
axis 9 and s coupled to each blade receptacle through lever 10 which remains paralle] to the
wind direction throughout the cycle. The coordinating rotor 8 is also coupled to each blade
through a second lever 11 whose motion is cyclically controlled by means of an adjustable
pin 12 offsct from each coordinating rotor bearing 13. The amplitude of the blade angle is
proportional to the pin offsct dumension which is adjustable by means of a controliing
proportional actuator {clectrical}.

{0038] Figure 4 presents kincmatic relationships between the blades and the rotor
platform as functions of wind speed, rotor speed and blade onentation. The system

performance is shown to depend on the following parameters:

Vo

{357] Wind Speed and Gradient VodVy
dh

{0038] Blade Angle Schedule (5 versus 6)

{0059] Cant Angle

{0066G] Wake Characteristic

{0061] Unit Size

{0062] For typical range of these parameters and operating conditions, the power
output is expressed as:

Bowar ¢

{0063] -Power Qutput =1 | Megawatts

L P - e
N )
Size x U7

{0064] Size = 7D = Wind Capture Area
{0065] The output can be compared to a similarly sized tower-mouanted fan turbine

which is usually given as:

4
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{0068] = Wind Capture Area

{0069] This provisional patent application 1s intended to describe one or more
embodiments of the present mvention. It is to be understood that the use of absclote terms,
such as “must,” “will,” and the hike, as well as specific quantities, is to be constriued as being
applicable to one or more of such embodiments, but not necessarily to all such embodiments.
As such, embodiments of the mvention may omit, or include a modification of, one or more
features or functionalities described in the context of such absolute terms.

{0070] Emobodiments of the mvention may be deseribed in the general context of
computer-executable instructions, such as program modules, being executed by a processing
device having specialized functionality and/or by computer-readable media on which such
mstructions or modules can be stored. Generally, program modules include routines,
programs, objects, components, data structures, etc. that perform particular tasks or
mmplement particular abstract data types. The invention may also be practiced in distributed
computing environments where tasks are performed by remote processing devices that are
linked through a commumications network. In a distributed computing environment, program
modules may be located 1n both local and remote computer storage media including memory
storage devices.

{0071] Embodiments of the invention may include or be implemented in a vanety of
computer readable media. Computer readable media can be any available media that can be
accessed by a computer and includes both volatile and nonvolatile media, removable and
non-removable media. By way of example, and not limitation, computer readable media may
comprise compuier siorage media and communication media. Computer storage media
melude volatile and nonvolatile, removable and non-removable media implemented m any
method or technology for storage of information such as computer readable mstractions, data
structures, program modules or other data. Computer storage media includes, but 18 not
hmited to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM,
digital versatile disks (BVD) or other optical disk storage, magnetic cagsettes, magnetic tape,

magnetic disk storage or other magnetic storage devices, or any other medium which can be
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used to store the desired information and which can accessed by computer. Commumication
media typically embodies computer readable mstructions, data structures, program modules
or other data in a modulated data signal such as a carrier wave or other transport mechanism
and inchudes any information delivery media. The term “modulated data signal” means a
signal that has onc or more of its characteristics sct or changed in such a manner as to encode
mformation in the signal. By way of cxample, and not limitation, communication media
melades wired media such as a wired network or direct-wired connection, and wireless media
such as acoustic, RF, infrared and other wireless media. Combinations of the any of the above
should also be included within the scope of computer readable media,

{0072] According to one or more embodiments, the combination of software or
computer-executable mstructions with a computer-readable medium results in the creation of
a machine or apparatus. Stmilarly, the execution of software or computer-cxecutable
mstructions by a processing device results o the creation of a machine or apparatus, which
may be distinguishable from the processing device, itself, according to an crobodiment.

{0073] Correspondingly, it is to be understood that a compuier-readable medivm is
transformed by storimg software or computer-executable mstructions thercon. Likewise, a
processing device is transformed in the course of exccuting software or computer-execuotable
mstructions. Addinionally, i is to be understood that a first set of data input {0 a processing
device during, or otherwise in association with, the execution of software or computer-
exccutable mstructions by the processing device is transformed into a second set of data as a
consequence of such execution. This second data set may subsequently be stored, displayed,
or otherwise communicated. Such transformation, alluded to m cach of the above examples,
may be a consequence of, or otherwise mvolve, the physical alteration of portions of a
computer-readable medium. Such transformation, alluded to in each of the above examples,
may also be a consequence of, or otherwise nvolve, the physical alteration of,) for example,
the states of registers and/or counters associated with a processing device during execution of

software or computer-executable mstructions by the processing device.
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{0074] As used herein, a process that is performed “automatically”™ may mean that the
process is performed as a result of machme-executed mstructions and does not, other than the
cstablishment of user preferences, require manual effort.

{0075] One or more embodiments of the invention may include wing-like blades
{rotatablc) that may include tip winglets. Blades may be substantially straight or may be
curved along their lengths. One or more embodiments of the invention may include a base
rotor (with bearing receptacles) that is rotatable and may be situated below terrestrial ground
surface, but only the rotor, and not the blades, is below-ground. One or more embodiments of
the invention may mchude a control mechanism configured for cyvelic control of the blades.
One or more embodiments of the imvention may include an electric power gengrating system,

[0076] More specifically, one or more embodiments of the invention may mclude the
following features:

{00771 Blade Design

{0078] Rotatable blades mounted on a rotating platform supported by low-friction
bearings from a fixed base.

{0079] Cyclic blade rotation to maximize torque (controlled angle-of-attack (FAOA™)
variation).

[0088] Cyclic blade rotation to nunimize fatigue stress. Matched to following options:

{0081] two reversals: symmetnic airfoil/vortex generators

{82] one reversal: double airfoil symmetry, maximam hft coefficient (“CLmax}
devices

{0083 zero roversal: double airfoil symmetry, hinged surfaces, vortex gencrators
{cvclic AGA drive schemes for each)

{0084] Cvcling controlled with a mechamism to adapt to wind conditions {speed and
direction}. Mechanism provides externally controlled AOA variation to:

{0085] maximize efficiency

[0086] Limit blade loads and fatigue stress

{0087] minimize noise

-10-
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{0088] maximize power extraction

{0089] Blades nilted at angle to accommodate wind gradients for:
{0093 max efficiency

{0091] power oulput

{8092] optimum control

{0093] Configuration options using wing tip Winglet or Spiroid for:
{0094] max efficiency and power output

{0095] nunimize noise

{0096] adapt to lugh wind speeds

{0097] nunimize danger to wildlife

[0098] maximum use of land available

{0099] Vortex generators to maximize torgue and power output, avoid buffet

{00100 Blade platform and thicknoess tailored for max efficiency

{00101} System Design

{00102] Linear electrical gencrator technology emploved to:

{00103] avoid or exclude gear box use

{00104 minimize wear

[00165] optimize frequency control

{00186] Blade feathering system adjustable for:

{00167] low-speed start

{00108] shut-down at high wind speeds

{00109] adapt to wind speed variations and direction

{00110] Minimize friction using magnetic bearing technology on some or all
bearings.

00111 Wing tip devices to reduce noise and increase efficiency.

{00112] Not dangerous to wild Life:

[00113] low blade velocity

{00114} horizontal motion vs, rotation

-11-
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[00115] Minimize “visible poliution.”

{00116} Wind speed multipbier mound (1.¢. Install above ground/fill-n at
completion).

[00117] Adaptable to off-shore site selection.

{00118} Starting at low wind speed is assured by automatic blade AQA

schedule to adapt to wind conditions.

{00119} An embodiment, which may be referred to herein as a Wind Cyclo-
Turbine, represents a new concept in wind power generation. The Wind Cyclo-Turbine
system comprises a rotating circular platform (the rotor) from which several wing-tyvpe blades
are mounted vertically and are rotationally independent about each blade was. The rotor may
be flush with the ground and as it tums, cach blade may be continually controlied and
manipulated to optimally intercept the resultant wind vector so as to provide the maximum
available torque throughout the cvele. The rotor is coupled to an clectrical generator below
ground level to complete the system.

{00120] Fundamental analvsis of key issues and perdformance characteristics
shows that the Cyclo-Turbine can produce four to five fimes the power of a conventional tan-
type turbine generator combmation mounted on a tower for the same wind conditions. This
comparison applics to two machines that intercept the same wind flow cross-section arca.
Other advantages include a greater economy of sizing which allows higher power output per
umnit, siting flexibility, easier access and maintenance, lower environmental impact and more.

{00121} An ¢lectrical power generating systern based on the Wmd Cyclo-
Turbine 1s proposed as a viable aliemative to the conventional tower-mounted fan-type power

generating system currently in wide use throughout the world.

{00122} The Wind Cyclo-Turbine Concept According To An Embodiment
H00123] The Wind Cyclo-Turbine power system represents a departure from

the predominant fan-type turbine and clectrical generator combination, which is virtually the

only means used today for wind power generation throughout the world, The configuration
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shown in Figure 2 above may be a large unit, which may be part of an array in a field of such
systems.

{00124] The Wind Cyclo-Turbine power system represents a departure from
the predominant fan-tvpe turbine and electrical generator combination, which is virtually the
only means used today for wind power generation throughout the world. The configuration

shown mn Figure 2 above may be a large unit, which may be part of an array in a ficld of such

53
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{001 25] It is apparent that cach blade crosses the wakes of the blades ahead of
it in the ¢vcle. The interaction can be expected fo produce force “perturbations” and some
sound associated with them. For the most part, however, these wake crossings mvolve a
gracdual penctration because of the blade cant angle. Furthermore, the wake vorticity is quite
weak resulting in minimal distirbances. However, near the blade tip, the vorticity may be
large, so some significant flow disturbance and sound could result. Special attention to the
blade tip design can mininuze this effect. Finally, the vortex wake produces induced tlow

angles at each blade that are considered i cyele optimization.

{00126] Structural Issues
{00127} Because of changing blade loads throughout the cycle, the question of

fatigue may be of some concern. Although the rotational frequency may be quite low {e.g., 10
RPM); the direction of load on the blade reverses twice during each cycle. This corresponds
to about 5 x 10° reversals per year for near continuous operation. The use of composites for
blade structure and low design stress levels may be employved to accommodate this situation.
While the use of lower design stresses may adversely affect the structural weight, the
configuration of the system and the concentration of the massive parts at ground level may

tend to mmimize the effects of component weight on performance.

[00128] System Economics
{00129] The issue of economics of the system relative to other alternatives

witimately plays a major role in determining s competitive advantage. A serious
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consideration of the advantages of the Wind Cyclo-Turbine can indicate the likelv outcome

of such an assessment which 1s listed below.

{00130
[00131]
[00132]

[00133]

001 34]
1001 35]
[00136]
[00137]
{00138
[00139]
{00140}
[00141]
100142]
[00143]
[00144]
[00145]
{00146}
{00147}
(00148}
1001 49]

Advantages

Economics

High Aerodynamic Efficiency
Hogan

o} rnaE [ d el

High Energy Density, 2

Megawatts Output ]
Intercept Area x {Wind Speed)”

Heavy components at or below ground

Ease of maintenance

Lincar generator design (no gear box required)
Multiple installation compatibility

Lower investment per Megawatt

Sizing flexibility

Site Adaptabiliy

Matched to Wind Gradient (Blade cant angle)
Adaptability to site topography

Wind Speed Amplification with ground contourmg
Adaptability to wind speed and direction

Environmentally Acceptable

Noise controlled (blade design)
Low visual impact {acceptable for multiple arrays)
Reduced system “footpunt”

These advantages tend to overshadow those for a wind fan-type turbine

mstallation. Their importance may vary in relation to the specific configuration of wind

power system selected for comparison. However the overall conclusiong are expected to have

general validity.

14
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{00150} An attraction of an embodiment of the Wind Cyclo~Turbine stems
from certain unigue physical characteristics that contribute to the following advantages n

relation to other forms of wind power generation:

{00151} Higher efficiency (morg power for a given size and wind speed)

{00152} Less fixed investment per megawatt cutput {smaller size, better site
utilization)

{00153} Adaptable to any size and flow environment

{00154] Designed for rehiability and durability

{01 55] Ease of access and maintenance

{00156} Environmentally acceptable in multiple arrays (lower “footprint,” less

noise and visual impact).

15~
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Claims

I A wind turbine, comprising;

a rotor base coupled to a generally horizontal supporting surface and rotatable about a

rotor-base axis generally perpendicular to the supporting surface;

a plurality of blade clements extending from the rotor base and having blade base
portions coupled to the rotor base, cach blade elerent having a respective angle of attack,
cach blade base portion having a base-portion axis generally perpendicular to the rotor base,
cach blade element being rotatable about its respective base-portion axis thereby altering the

respective angle of attack of each respective blade element; and

a controller coupled to the blade elements and configured to rotate cach blade

clement.

2. The turbing of claim 1, further comprising an electrical-power generator

coupled to the rotor base.
3. The turbine of claim 2, wherein:
the supporting surface is formed within a recess of a terrestrial surface,
said rotor base is substantially flush with the torrestral surface; and

the entirety of the generator is disposed within the recess and below the terrestrial

surface.

4. The turbime of claim 1, wherein each blade element comprises a distal portion

coupled to an airfoil member,

-16-
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Wind turbines in the field at Altamont Pass, California.

Fig. 1
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Fig. 2
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SYSTEM CHARACTERISTICS COMPARISON

e — -

Cyclo-Turbine

Fan Turbine

UNIT HEIGHT 200 FT 250 FT
MIN. DIAMETER 75 FT 200 FT
BLADE CHORD 22FT I0FT
BLADE ASPECT RATIO 11 10
BLADE AREA (E BLADES) 15,000 4000
MAX. DIAMETER I50 FT 200 FT
ROTOR SPEED 15 RPM 10 RPM
MAX. VWIND 40 MPH + 30 MPH
POWER OUTPUT 10 MW 2 MW

Fig. 7
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CYCLE-TURBINE ADVANTAGES
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vV vV v v v v v
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HEAVY COMPONENTS BELOW GROUND

LINEAR GENERATOR DESIGN (NO GEAR BOX)

LOWER INVESTMENT PER MEGAWATT

SIZING / CONFIGURATION FLEXIBILITY

LOW MAINTENANCE COST

Fig. 8

CYCLE-TURBINE ADVANTAGES (cont.)

> SITE ADAPTABILITY

>
>
>
>

MATCH TO WIND GRADIENT (BLADE CAN’T ANGLE)
COMPATIBLE WITH SITE TOPOGRAPHY

WIND SPEED AUGMENTATION (GROUND CONTOUR)
ADAPTABLE TO HIGHER WIND SPEED AND DIRECTION

> ENVIRONMENTAL CONCERNS

v

vV v v

NOISE MITIGATION (BLADE TIP DESIGN)
LOW VISUAL IMPACT

REDUCED SYSTEM “FOOTPRINT”
MULTIPLE INSTALLATION COMPATIBILITY

Fig. 9
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CONCLUSIONS

> PRELIMINARY ANALYSES INDICATE LARGE PERFORMANCE
BENEFIT OF CYCLO-TURBINE SYSTEM RELATIVE TO FAN
TURBINE WITH SIMILAR FOOTPRINT

> POWER POTENTIAL UP TO FIVE TIMES FAN TURBINE OUTPUT.
CONCEPT APPLICATION NOT LIMITED BY TECHNICAL ISSUES

p CYCLO-TURBINE TECHNOLOGY ADAPTABLE TO A WIDE RANGE
OF UNIT SIZES (MEGA SYSTEMS VS. DOMESTIC)

Fig. 10
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P INDUCTION EFFECTS ON PERFORMANCE
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> OPTIMUM OPERATING CONDITIONS

Fig. 13
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