WO 2006/0%17 38863 77/44S2005/046645 CROSS-FLOW WIND TURBINE gresssRatarence to Related
Applications This application is a continuation-in-part of United States Patent Application 5 serial
number 10/831,515 entitled "Wind Turbine Having Airfoils for Blocking and Directing Wind and Rotors
With or Without a Central Gap" by Ronald Taylor and Scott Taylor, filed April 23, 2004, which claims
the benefit of and priority to United States Provisional Patent Application serial number 60/467,773
entitled "Wind Turbine" by Ronald T&R&6HSnBLEEBt Yo HIRBIARi 30, 2003. The present patent 10
application further claims the benefit of U.S. Provisional Patent Application Serial No. 60/639,448,
filed on December 23, 2004, entitled "Cross-Flow Wind Turbine." The_ entire contents of the above

mentioned applications are hereby spetHit RS Poratlf AR B Perence for all they disclose
and teach. 15 Backgrauithpflibeibmvientiont audtieldmpihe fiiventddtiiide presénplasntion pertains
generally to,wind turbines a e particulaty to-cross-flow wind turhiness 20.b, Description of the
Backgroun(f Wiﬁ??&%ﬁﬁegrggvég%%\%a%{éﬁ g%vél%gﬁle sou?ce o%egltelrnaltive energg.g%onstant

T

improvements ilPtrighaYbireangdterpes Ratebddmavaas e Harp astenn!d darsrrmsst of the wind

turbine systemsSi(gbﬁlqefis;gg’amgg@\ﬁx@gﬂm@%@m&mg e veibersisedknme as prepeller systems. In
axial-flow wind turbine systems i

air travels 25 in a djrection th stantially. parallel to the rotating
axis of the winds(fi‘FEﬁﬁé‘?“l‘ﬂ%ﬂi}ﬁ?éée’btréBBh‘é?“SFéffé@ié} r?\r/égr@ é@s’tﬁ? WIS g(x)rj'gfgtional speed that
creates tip speeaushifethiey PlagediTaykanndAgetffaploapiroximatély; 800lo hinatiwesitenspeed of the
wind. Tip spEece, of QS ENRIPLIMASIRCL ISR AR ARG ARNEY RAJR.MAPSIALPY Strong fo
strong winds whHIEh Wil cause axial-low wind turbines to break 30 apart. Hence, expensive braking

systems and syblerd/ 89 fdsiidehentesmyer &} (HRObrMElsinGEesFlsMatombiiehe speed of

axial-flow wind tegbingsRomesis Gialy astenadaisicangmatmnéd saresuitsgidciiow wind turbines are
inefficient in maderately strong t str%g? Wi%:lg ﬁgﬁ sijch, aret unable to extract power from wind
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cach, .
Wwhen itis at its greatest energy producing
level. In effect, axial-flow wind

15 Background of the Invention

a. Field of the Invention
The present invention pertains generally to wind turbines and more
particularly to cross-flow wind turbines.
20 b, Description of the Background
Wind turbines have provided a valuable source of alternative energy.
Constant improvements in wind turbine systems have been made over the past few
years. Most of the wind turbine systems in use today are axial-flow systems that are
otherwise known as propeller systems. In axial-flow wind turbine systems, air travels
25  inadirection that is substantiaily parzallel to the rotating axis of the wind turbine. The
large propeller blades are driven by the wind at a rotational speed that creates tip
speeds of the blade that can range from approximately six to nine times the speed of
the wind. Tip speeds of over several hundred miles an hour can be achieved in
moderately strong to strong winds which will cause axial-flow wind turbines to break
30  apart. Hence, expensive braking systems and systems for feathering the angle of the
blades must be used to contro! the speed of axial-flow wind turbines in moderately
strong to strong winds. As a result, axial-flow wind turbines are inefficient in

moderately strong to strong winds and, as such, are unable to extract power from wind
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turbines are designed-fotaise in light to moderate winds. Further, axial-flow W&%MW%’&&%? very
dangerous to birds. Birds are frequently killed by the inability of these avians to sense the presence of

the rapidly 5 moving blades of the axial-flow wind turbines. Cross-flow wind turbines constitute a
different class of wind turbines. See United States Patent Application 10/831,515, entitled "Wind
Turbine Having Airfoils for Blocking and Directing Wind and Rotors With or Without a Central Gap,"

fled Apri 23, 208gnhiiledSlale RaienOL5 AR eatied: Wind Tubing; sied 10 January

18, 2000, the entire contents of which is hereby incorporated herein by reference for all it discloses
and teaches. In ¢FEUBHIGTT AAnanarErnEse USRI REHE SIS the rotors in a direction that is
substantially normal to Enetaxisdfithie woldtih girshafta€ ress fhagewinddwlaise s havacertain advantages

over axial-flow wind tur irﬂﬁ%d uttﬁaveg reyiously.been seriously considered as a,source of
alternative 15 enerfr:alf/ l‘Bjc§l:ause of t g%%rﬁ?;%(é?tﬁ/ﬁ)&/ ?p\l/?/%sf ef I%%?’l%}g %ﬁfﬁcr%gfstggtr?glﬂf% axial-flow
wind turbine$. Amgupariages of theasissEdtowivdmetidsine is that the tip speed of the rotors of the

cross-flow wind turbineg meve AtAmax.spaaetdhat ifrab: slighilygreaier.thar dhe speed of the
wind. As such, cross-flow turbines can operate e(i%ar}llgy as well in both low and high wind conditions. In
b

addition, the crosHe SFRiatethRLcEigadiEd SBivad reCadityhined aviah HeRils. Cross-flow
wind turbines aréalHocking andletertithay e sadiAbftowwithdtWhines aprimesilphecause the
cross-flow wind tyrbi ot move ata high rat and dp.not create. a ,substantial amount
of turbulence, 25R§lrj{r;1%is§éyb gf%%@rﬁ%%%%#?%%?e@éﬁ%ﬁ%lﬁ f(l)neé)v%&r?lc%érr?é%tgtlﬁee’ dllsssélat\gllantages and

limitations dfthe J8HeyaE.APYtohripg e evessifiolmpariisidite thenrharsigidatisinioreased efficiencies.

The present invegfiorpay:hereiag.sompisaadoethoc of fantuiinving3 henerdyidsing a
cross-flow wind turbine in an efficient manner co%risin,g the steps of generating a low pressure area

on a leading facéBPH P BIALRAS aRi At PRt omPal drole wits afiFRedeiyin airfoil stator
that is positionedtieffofross-fisedeiatmirtéc:ghp betwae ndheroierdladeanddhesaid foil stator during a

onesie SUURBC o e ek s ampnal e fanpase 2,
the rotor bldde afiefrey because of the comparatively lower efficiencies with respect to the axial-flow

wind turbines. An advantage of the cross-flow wind turbine 1is that the tip speed of

the rotors of the cross-flow wind turbines move at a maximum speed that is only

slightly greater than the speed of the wind. As such, cross-flow turbines can operate

equally as well in both low and high wind conditions. 1n addition, the cross-flow

20 wind turbine is easily seen by birds resulting in no avian deaths. Cross-flow wind
turbines are also much quieter than the axial-flow wind turbines, primarily because
the cross-flow wind turbines do not move at a high rate of speed and do not create a

substantial amount of turbulence.

25 Summary of the Invention

The present invention overcomes the disadvantages and limitations of the prior
art by providing a cross-flow wind turbine that has greatly increased efficiencies.
The present invention may therefore comprise a method of capturing wind
30 energy using a cross-flow wind turbine in an efficient manner comprising the steps of:
generating a low pressure area on a leading face of a rotor blade by accelerating the
flow of air across the surface of an airfoil stator that is positioned to form a
predetermined gap between the rotor blade and the air foil stator during a power

stroke of the rotor blade; using a blocking stator to substantially block wind from
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directing thezsybsiantially blocked wind to a trailing face of the rotor during she paWRESloke of the
rotor blade so as to create a pressure differential between the leading face and the rotor blade and the

trailing face of the rotor blade during the power stroke 5 that creates a force that rotates the rotor
blade in an efficient manner. The present invention may further comprise a cross-flow wind turbine
system that is capable of capturing wind energy with high efficiency over a wide range of wind

speeds Compfi%mge&ﬁg%@&\émm seodisiianlaishapadrigciades Amairiall stator positioned to

capture and accelerate wind across an airfoil surface of the 10 airfoil stator and provide a-gap having a
predetermined §i5eF BRtRSeHRFRRFSGr BReed vand 'tha BHSE SRRt e soRat W et Sfessure area
is formed on a |gadingifasenb: hedmionbladesas thessotodiffadesapaas/bynthe Risfdilbsurface during a
power stroke; and a hlgcking stator pasitioned to substantially block wind from impeding upon a
leading face of ﬁ(éer"(iantog’ﬁlfafJ e%gal%r%%at&?{éﬁirg %%/czfg? that ?g%ﬁ&%%{é%%‘%% er i%qr s?tg%ke, and
direct wind that is:biositeth fyrthebbtackitey thtatetp Dbisiaitrallipigfse ofnher rotor blades during the

power stroke such thap Rressite differemtiolis aeeatach-Retnesn el eading dase QLihe rotor blades
and the trailing face of the rotor blades during the power stroke that creates a force that rotates the
rotor blade in arbatitr8RtDIRARFSSBeETET BRESEY SHENERFEBPAR AgE I8 Brsifigs, Figure IA is a
top schematic vigndehaids ompedimentabiihavhyganionmi2idugrsbalBpremidsisdypical dimensions of
the embodiment of figue IA flgure, 215 & sehematie llusiiaion ol anaiher embedimgnt of the
invention. Figure 3'is an eftiCiency grapn I usflraﬁng efficiencies of the embodiment of Figure 1

Abased onlvincfedlctiztar Bidprevddy iszan Muiteatipisdstopranst rizg hatiasnstisapardlsigeluced by the
30 embodiment gfi higutgdA @sesalcyiatied flomicopteust stnulatieRs dsinpeamputatignal fluid

dynamics. Figure 4B is an efficiency graph of the embodiment of Figure 4A. Figure 5 is a wind velocity
and directional flSWitaglades af the SbBAARRAsSPIERAAETAASBEGE BB REIF PS8

PCT/US2005/04664% ocking stator positioned to substantially block wind from impeding upon a
leading face of the rotor blades during a return cycle, that is opposite to the power
15  stroke, and direct wind that is blocked by the blocking stator onto a trailing face of the
rotor blades during the power stroke such that a pressure differential is created
between the leading face of the rotor blades and the trailing face of the rotor blades

during the power stroke that creates a force that rotates the rotor blade m an efficient

manner.
20
Brief Description of the Drawings
In the drawings,
Figure 1A is a top schematic view of one’ embodiment of the invention.
25 Figure 1B provides typical dimensions of the embodiment of Figure 1A.

Figure 2 is a schematic illustration of another embodiment of the invention.
Figure 3 is an efficiency graph illustrating efficiencies of the embodiment of
Figure 1A based on wind direction.
Figure 4A is an illustration of pressure gradients that are produced by the
30 embodiment of Figure 1A as calculated from computer simulations using
computational fluid dynamics.
Figure 4B is an efficiency graph of the embodiment of Figure 4A.
Figure 5 is a wind velocity and directional flow diagram of the embodiment of

Figure 4A.
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Figure 6A is srDillostretiors of pressure gradients that are produced by the eppeoditaantakEigure 6A as
calculated from computer simulations using computational fluid dynamics. Figure 6B is an efficiency
graph of the embodiment of Figure 6A. 5 Figure 7 is a wind velocity and directional flow diagram of the
embodiment of Figure 6A. Figure 8A is an illustration of pressure gradients that are produced by the
embodiment of Figure 8A as calculated from computer simulations using computational fluid
dynamics. 10 Figure 8Figianefficientygraph of haenhpsiraestiol higyred8idiigure 9 is a wind
velocity and direcfignal %gﬁgrén f the embodiment of Figure 8A. Figure IOA is an illustration of
pressure gradien(%s thatl%lgré\{gﬁo ceg%f}st %%@%%go%?rfnnecrﬁm uligléﬁ%uiaa%gaisménﬁculated from computer
simulations usingaBRGHipRAERiEHdyiisriddynamics. Figure 10B is an efficiency graph of the

embodiment of Figure ¥QArRiBusasldisiawineyrlocit andiractions! fow giagram of the
embodiment _in Figure | OA. Figure 12A is an illustration of Eressure gradients that are produced by

the 20 embodiment of Figiife’ AL LHG A SHHBrR-EBRIpHEYY diftatmrSiEs iy dkBmbiftational fluid
dynamics. FigureFig2B:is4an efficiency graph of the embodiment of Figure 12A. Figure 13 is a wind

velocity and directional laaram of E mbodiment of Figure 12A. 25 Figuyre 14A is an illustration
of pressure gradients tﬁé%%%?g uclg%E Sg/uineopr{%% i é%@%ayﬁ%%{rzgelwdg%%gaﬁu Sted from
computer simulafighedigieny o€ bigpatddicn aritulatel fam ksnRigurintdBipsavseficiency graph of the
device of Figure ddApdrigbre) Baiis@windsvelocity and directional flow diagram of the embodiment 30
of Figure 14A. Figure 16A is 3% illustr éio,n of pressure gradients that are produced by the

embodiment of Figure 18R&S BAIGRSIEGHSHErmmplites erhotimsrebSigireddinputational fluid
dynamics. Figure 16B iBigmreffisieniylgraptitphieligeboditiem ohpigure ffeAmbodiment of

Figure 8A.
Figure 10A is an illustration of pressure gradients that are produced by the
embodiment of Figure 10A as calculated from computer simulations using

15  computational fluid dynamics.

Figure 10B is an efficiency graph of the embodiment of Figuré 10A.

Figure 11 is a wind velocity and directional flow diagram of the embodiment
in Figure 10A.

Figure 12A is an illustration of pressure gradients that are produced by the

20 embodiment of Figure 12A as calculated from computer simulations using
computational fluid dynamics.

Figure 12B is an efficiency graph of the embodiment of Figure 12A.
Figure 13 is a wind velocity and directional flow diagram of the embadiment
of Figure 12A.

25 Figure 14A is an illustration of pressure gradients that are produced by the
embodiment of Figure [4A as calculated from computer simulations using
computational fluid dynamics.

Figure 14B is an efficiency graph of the device of Figure 14A.
Figure 15 is a wind velocity and directional flow diagram of the embodiment

30 of Figure 14A.

Figure 16A is an illustration of pressure gradients that are produced by the
embodiment of Figure 16A as calculated from computer simulations using
computational fluid dynamics.

Figure 16B is an efficiency graph of the embodiment of Figure 16A.
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Page 4 WO 2006/071738 PCT/US2005/046645 Figure 17 is a wind velocit¥caﬂggqmg_%io)g@ flow
diagram of the device of Figure 16A. Figure 18A is an illustration of pressure gradients Lt‘ﬁat are

produced by the embodiment of Figure 18A as calculated from computer simulations using 5
computational fluid dynamics. Figure 18B is an efficiency graph of the embodiment illustrated in Figure
18A. Figure 19 is a wind velocity and directional flow diagram of the embodiment illustrated in Figure

18A. Figure 20A is an fllysitation o pressutaosadigrisihal am pragusedrime e kb embodiment of
Figure 20A as calculated from computer simulations using computational fluid dynamics. Figure 20B

is an efficiency 5#55‘?? b%4he embodiment illustrated in Figure 20A. Figure 21 is a wind velocity and
directional flow diagramigafrthies erebadiftentidlustpateoin Frigimes2BA atbpRigural 22 Atis an illustration of

pressure gradients et ate HIBCCEH B e SBPRITIPCL 1 FISNIR 226 A Galeulated from computer
ul

simulations using corﬁ]f)% ation dynamics. Figure 22B is an efficiency graph of the embodiment
of Figure 22A. Figume8asah iddxeawedty and directional flow diagram of the embodiment 20 of

Figure 22A. Figure 24 js.a schermaticdiustiation.oh theimanssainmich-the.emipodirens. of Figure 1A
can be constructed. Figure 25 is an isometric view of the elinéjlocg)diment of Figure A .Fi%utre 26 is an

isometric view of the eiBY8iMdh? SERJHCIR HEJEEHERM HIFEFR 8 SRS Elgure 27 is an
isometric view ofitingriaid irofitesdibodiment of Figure 1A. Figure 28 is a schematic illustration that

shows one manner of coupling the. shaft of the 1102 genetatal. FIguLs #4813 schematic
illustration that shows g%Pﬁgg %gnar?elr% coagl?n thse 30 shatft to the g.ébrrlerator.%age 5WO
2006/071738 PCIY8R00s afteys 20A as calculated from computer simulations using

computational fluid dynamics:
Figure 20B is an efficiency graph of the embodiment illustrated in Figure 20A.
Figure 21 is a wind velocity and directional flow diagram of the embodiment
illustrated in Figure 20A.

15 Figure 22A is an illustration of pressure gradients that are produced by the
embodiment of Figure 22A as calculated from computer simulations using
computational fluid dynamics.

Figure 22B is an efficiency graph of the embodiment of Figure 22A.
Figure 23 is a wind velocity and directional flow diagram of the embodiment

20 of Figure 22A.

Figure 24 is a schematic illustration of the manner in which the embodiment
of Figure 1A can be constructed.

Figure 25 is an isometric view of the embodiment of Figure 1A.

Figure 26 is an isometric view of the embodiment of Figure 1A viewed from a

25  different orientation.

Figure 27 is an isometric view of the rotor of the embodiment of Figure 1A.

Figure 28 is 2 schematic illustration that shows one manner of coupling the
shaft of the rotor to a generator.

Figure 29 1s a schematic-illustration that shows another manner of coupling the

30 shaft to the generator.
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Detailed Deggsipfinof-the Invention Figure IA is an illustration of one embg@m&*&l% /514%9%55-ﬂow
wind turbine 100. The cross-flow wind turbine includes an air foil stator 102 that is fixed, stator 5 104

that is fixed and stator 106 that is also fixed. The rotor 108 rotates in response to forces created by
wind. Rotor 108 includes rotor blade 110, rotor blade 112 and a rotating shaft 114. The cross-flow
wind turbine 100, illustrated in Figure IA, is designed for maximum efficiency for wind flowing in a

primary direction 116 which may beﬂ)%@zﬂfk%%‘é’é@imﬁi&EWBHiﬂQ;MHQnat a specific geographical

location. 10 However, the cross wind flow turbine 100 also produces high efficiencies for winds
flowing from other directions, as described in more detail below with resEQect to Figure 3. As also

shown in Figure 1A, thE'8H§UiArHESHITHEBrHY QE-[ReHIERRlA STt TeEpEHAG th&Drimary wind
flow direction 11160Tma«csass-flow winthitihing s kb dhetis sthustrare chin iFigue dwshows each of the

elements generaly jp theltelative ronrtional sizesuith rsnecttpgach other. lLis befleved that
scaling of the cross- tlow wind turbine will not change the refative propor lona sizes of the various
elements or the#oloeationisditty ivgde Rotordd8hnsthées roisramitigate dothabladethélomds- flow wind

turbine 100 is sq@!ﬁglécg}l@fgpf@zg& %@gm@@m@q@;g@ﬂﬂ(@&qﬂ%@@mﬁpw characteristics

on larger scales will result in higher efficiencies as compared to wind tunnel testing of the cross-flow
wind turbine 1088t e Toandstisy Bated {5 uies diaeranwo Herdaat f1%é that as the
rotor blades 11Gnayitk atigmedved dhy jhealing wshbft 3 bfcofptes Rptdediladesor10, 112, as illustrated

in Figure 1A, h sha that are cirgular arcs 20. Empirical data.gathered. from both wind 25
el 15115 At S e e T TS i a2 PR R Ih ' S of rotor
blades providesftb#ipgfiestashficiérejiomnesalestaibsdammeodttt bslomowthirefignite | A has a
cambered profilgig@g sacts like an airplane wing so that air flowing across surface 118 of air foil stator
102 is accelerated. The accelerated flow of air across surface 118 creates a low pressure 30 region

on the leading face 120°G$8& Biale B AR TABYAHRIaIT IR FoikT BRRFS 218 Mdugh its power
stroke. Becausentiterasinat iftowhngrimineviridniaory dirediitaw 1 diréttorndlfois pushindian the trailing face

22 ot rotof I A aAISs RiEIH R HIRIEDA! SR REMESLIBRHANDR PG40 and The
eading face 120 of rotor blade 110. This large pressure ditterential assists the rotor blade 110 in
moving in a Pageagortional sizes with respect to each other. It is believed that scaling of the cross-
flow wind turbine 100 will not change the relative proportional sizes of the various
elements or their location with respect to each other. It is anticipated that as the cross-
flow wind turbine 100 is scaled to larger sizes that Reynolds numbers and differences
20 in flow characteristics on larger scales will result in higher efficiencies as compared to
wind tunnel testing of the cross-flow wind turbine 100. Rotor blade 110 and rotor
blade 112 are attached to the shaft 114 so that as the rotor blades 110, 112 are moved
by the wind, shaft 114 rotates. Rotor blades 110, 112, as illustrated in Figure 14,
have shapes that are circular arcs of 120°, Empirical data gathered from both wind
25  tunnel testing and computational fluid dynamics indicate that the 120° circular arc
shape of rotor blades provides the highest efficiency.
The air foil stator 102 that is shown in Figure 1A has a cambered profile that
acts like an airplane wing so that air flowing across surface 118 of air foil stator 102 is
accelerated. The accelerated flow of air across surface 118 creates a low pressure
30 region on the leading face 120 of rotor blade 110 which helps to pull the rotor blade
110 through its power stroke. Because the wind flowing in the primary wind flow
direction 116 is pushing on the tratling face 122 of rotor blade 110, a large pressure
differential exists between the trailing face 122 and the leading face 120 of rotor blade

110. This large pressure differential assists the rotor blade 110 in moving in a
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WO 2006/0%4y 3£ &13dS2005/046645 counterclockwise direction aroung the shaft 44,3 he
pressure gradients created are disclosed in more detail in Figure 4A. Stator 104 is positioned to block
wind, flowing from the primary wind flow direction 116, from impinging upon the leading face of the
rotor blades during the return cycle, which is illustrated by the position of the rotor 5 blade 112 in
Figure IA. Stator 104 not only blocks wind from hitting the rotor blades during the return cycle, but also

redirects the winguflwiRgitare dirgeetianhliRdtt.IRRingRiuaeR Hhediailingdase d24«Qf dhe rotor blade
110. Stator 106 of Figure IA functions to guide, the air flow on the downwind side . of the rotor 108 away
G 05 S5 pih |

from the cross-fioWw Wind hRETREH 1k SOOIV TOR A RS S8 &tructure to

SOp
add structural rifidityhtopiiva:systend. fBtatbiretO6ndlsa camperforzmpihen vialtlebladfnstiohs. Wind flow

studies for many geagraaneal, lasaiions iave aucyided daia bat i prexalling wiod flgu from a

predominant direction during t y seasdn, which may, for exam e Winter season at many

geographicdl sifé3dOurRE Fiauesphbsitésed 8o nqotrkdaesy rautfram Stimeribe reer 2Bdeind typically
comes from a sybstantiaipreRROsIEC N ectioniAlRNGR tnewind Sl evmimihe affrseason may be only a
fraction of the wind.flow from the rim?%s%%s rh it stiIH%%/ Fe advantageous to capture the
off-season wind”\’)}ﬁfﬂgg&%@'g&éﬁ’g% 8¢ ‘affich S%t fEPEBRIATE it Y3 mechanical energy. As can be seen
from Figure 1 A, statoftd06160&re ABRistan Addirgctingovgmddnbe sotinbladed d2wwiveni théewind is from a
20 direction 13,1 f5,QPRASIG.P R RIIDAN WINAw dSEUIRL 0. IBBLIRIRI:dk,may also be

desirable in some embodiments fo provide camber to the stator 106 so that it creates an air foil, in a

manner sirfllar to'H8 5 dfonératorropreied rstgabrigdiny ks cxeeIiesatop 258 is to provide

structural rigidityanddeassintiheriion bvined inexiingdhaduhine withoudheraating back pressure
that would impede the 25 erfoméan%e of the cross-fiow wing ﬁ{}rbirﬁ? 100. %Igcourse, to provide

structural rigiditf/?cft%%sr § ¥Gu cge ?&%ﬁ%%g&e\%ﬁ‘fm |"ﬁ$p uctdrat A g}l.nﬁlépending on the
wind studies of dipatitioulenar ¢z wegdlasemenvbicBtator, (Gt Stelbiural ssembenmay make sense

if the wind flow gcé'w%%&m?s@@_%%gu%'\s%yoﬁ%g%%%?ﬂs%;s@n Mind, low frarm, digction 132 30

would allow stator to function in a manner similar to stator 104 i.e., stator 106 would block wind

from direction 1858 Gt e Pater e Bl peds T drtioe aftkbetrl Hamind 8¥ trailing face
of the rotor bladgsiduing-ibenpaweresiroke fridences theti-saasen windicamesdremsditsetion 132, as

shown in Flgurest}lfa‘niasj} %Eeoz{dvantageous to capture the off-season wind with some degree of

efficiency and convert it to mechanical energy., As can be seen from Figure 1 A, stator
106 can assist in redirecting wind into rotor blade 112 when the wind is from a

20 direction 130 that is opposite to the primiary wind flow direction 116. In that regard, it
may aiso be desirable in some embodiments to provide camber to the stator 106 so
that it creates an air foil, in a manner similar to the air flow stator 102. However, the
primary purpose of the stator 106 is to provide structural rigidity and to assist the flow
of wind in exiting the turbine without creating back pressure that would impede the

25  performance of the cross-flow wind turbine 100.

Of course, to provide structural rigidity, stator 106 could be replaced with
simply a structural member. Depending on the wind studies of a particular area,
replacement of stator 106 with a structural member may make sense if the wind flow
direction is almost exclusively from direction 116, Wind flow from direction 132

30 would allow stator 106 to function in a manner similar to stator 104, i.e., stator 106
would block wind from direction 132 during the return cycle of the rotor blades and
redirect the wind to the trailing face of the rotor blades during the power stroke.
Hence, if off-season wind comes from direction 132, as shown in Figure 1A, stator

106 may provide advantageous properties for the cross-flow wind turbine 100.
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106 may providezaglvantageous properties for the cross-flow wind turbine 100-~Pags & W, <
2006/071738 PCT/US2005/046645 Collected wind data from wind studies at a large majority of
geographical sites have shown that a very large percentage (up to 90% or more) of the wind comes
from the same quadrant as the prevailing wind direction. These studies have also shown that winds
during the off-season are usually from the opposite quadrant, as indicated 5 above. For example, if the

primary wind flow directina issheaas.wiadsdiaction uting e, Wby sepsen aiad vpically
flows from direction 1%0 during the off season, at most geographical sites. However, the off-season
winds carry only VG SE0ER BrIA SRS BRI AHROR SIS Ul 4% W SPmRsyaRind flow

direction in mostiheegiaphidedsiteshHaped]ihovsystncabiiothedAngepimizegofarcta wind coming

from the quadraqltlo(f th%sogg}l/%g%%})?ﬁgs%a%%gg th%utalﬂe Pg% Y (f)l}g)vg& irecti N %llag S alige ed with the

. . k) g.m _1; ?c:ﬁla '%mh% . .
prevailing wind flow direction the cross-flow wind turbine’is installed at a site. As discussed in
more detail With pspecteo FRigeirte, 5, tsersysenyisddlor ihiEigarel 164sishanorani-dirsctional system

which has optimigestqeffigiengias fora nrimany widflavnediraction:dhtanditedysed efficiencies when
the 15 wind flows from a direction other than the primary wind flow direction 116. Again, however, the
largest overall efﬁéé??éi}naﬁﬁrtﬂﬁ prerrBlinH irndiQtEm REMIES TR YOI BIBHYGH a system that
captures wind frdmcthe pfeveshagwind dinestishiefGombstvgedgiaphieahsitevitbasmbodiment of

Figure IA has pr%grléged the hisqhest eff'ciepscl'%%ss. the 20 various E%Jbo%irpfnts qiscloa]e%drherein for

A . O} H1 M0 SOgrannica. ence ¢ sysie 1 IS Optimized 10
wind tunnel testing. 8omputer Simalations using computat onal Wamics have Shdwn that the

embodimentfof Figideonprite fereuden of Efirenuiins Findiichltbeittieptivewdlfrom live testing of
full scale systemgryeibRroNGeailgbesidata peJaimbich.embediment provides. heshighest

efficiencies. 25 Figure I%_ rovides a |ist of,dimenéions for both a 10 kilowatt cross-flow wind turbine

having a total helgRt S35 $LPSRATTS Ritbwat it Famnty dathribitseesto SeEmet for the
embodiment of HgtuesjAteAgainitiisighievied ithat divaidimension syefdhedddaicesisaatd linearly with

size. Figure 2 illusitaias;anpiher ambodiment 299,04 2,c1a88:{lewaind tubine, 30, The embodiment of

Figure 2 utilizes a stationary shaft 202. The shaft 202 remains  stationary as the rotor blades 204, 206
rotate arourd the"8ihfiopesronsacdiFegfion edir than the primary wind flow direction 116. Again,

 however, the largest overall efficiency and the best return on investment comes from
optimization of a system that captures wind from the prevailing wind direction for
most geographical sites. '
The embodiment of Figure 1A has produced the highest efficiencies of the

20 various embodiments disclosed herein for wind tunnel testing. Computer simulations
using computational fluid dynamics have shown that the embodiment of Figure 2
provides the highest efficiencies. Empirical data collected from live testing of full
scale systems will provide the best data as to which embodiment provides the highest
efficiencies.

25 Figure 1B provides a list of dimensions for both a 10 kilowatt cross-flow wind
turbine having a total height of 33 feet and 1000 kilowatt turbine having a total height
of 230 feet for the embodiment of Figure 1A. Again, it is believed that the
dimensions of these devices scale linearly with size.

Figure 2 itlustrates another embodiment 200 of a cross-flow wind turbine. |

30 The embodiment of Figure 2 utilizes a stationary shaft 202. The shaft 202 remains
stationary as the rotor blades 204, 206 rotate around the shaft 202. As can be seen
from Figure 2, stationary shaft 202 has a recessed portion which causes a gap 208 to
form between the end of the rotor blade 206 adjacent to the shaft and the recessed

portion of the shaft. Hence, a gap opens up between the inside end of the rotor and
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from Figure R;cstatigmaryshaft 202 has a recessed portion which causes a gap/20849fegns between
the end of the rotor blade 206 adjacent to the shaft and the recessed portion of the shaft. Hence, a
gap opens up between the inside end of the rotor and Page 8 WO 2006/071738
PCT/1JS2005/046645 the shaft during certain portions of the cycle which causes deventing of the
wind captured by the rotor blades during the power stroke. The wind that is vented through the gap

208 is directed tqwards rptor blade 206 to assist rotar blade 206 in.movin ough the return cycle.
This is disclosed(a%% more detai bg?g\ﬁ?ﬁtﬁgg%r?er%\/%%ﬂf W%I(F §a€§%st3?§%u8§%ﬁ§t%r%}ﬁ‘ﬁé face 212 of the

rotor blade 204 iggivectéy tiretighbladegdprpashapriMisiiebntd thevirdiliy facmed thofutle rotor blade

206 to create POgjtiveRIeS LIRS iraliRgfagei2 10s Ridwe: 3/ A akarhdlustialing efficiencies of
the cross-flow wind turbine 100 that is illustrated in Figure 1A, versus the direction of wind flow. As can

be seen 10 from EGiHLE ERGHSst Chicie ACRLe] B eA P H BRPWint ABRRY TS HY Efrections of
approximately 10#miBabbintihesi¢igjfactans céfficienaidhod 2004 ird b taraugicktie gesl 20When the wind
flows from the directions of roximatel ta 240, efficiengies range from.35% to 37%. In addition,
reasonable efficfaennctfllfegg %gﬁt%%@eo a'tlalflrﬁe%%ﬁ t %eor%altr%ewg rgz}:% oetgbgg%lﬁ%mﬁew\?v nd Hows from the
direction of 90 to’1 54 @il fse 2He cross-flow wind turbine 100 illustrated in Figure 3 is somewhat

omni-directional, but clegth achieyesihadighestalicencies akyvas40% helvasind thand 335. Figure
4A illustrates pressure gradients calculated by computer simulations using computational fluid

dynamics for croS8 ALIWRIRE S PdirRsEddh TRE SR FE S B PERAMIS B YsiivE T ¥ESFBs as lighter
shades and hegétiveHigesstrds higtdarkéfichatasuAshtanch éramenidiono gy feAA, large negative

pressures are C%@é@&%‘&%ﬁ&ﬁme&?% 129598 rejor Rlagie. 110, a5 gotor 3!3%@1? Q) passes by air foil
el : ’ &

stator 102 during the power stroke, THe large negative pressures created on the leading face 120 of

rotor blade 110 f@&uttFashicte-atdute taterind ook ferds diediniact wpeirioitgnidf102. 25 These
negative pressuresfnsienciesRaibiefrtorbiaded 1 dHnRceHNacRpise.direstion ground the
shaft. Positive pr ssur ‘in(tgcgted b iglj}terzsél g{gés IS create%]on e trailing face 122 of the rotor
blade 110. The I%%ﬁ’é 8%‘? r ﬁﬁ%ﬂ%ﬁ% séUfe r% F BEKESAME tram iy A5 the leading
face 120 oflthe rtot. bimdee 1(h6 oreatdsaviadgeramroliit ibiiorcedon Figtor BladeddOhto cause the rotor
blade 110 to rOt%trﬁr{{](ﬁrectional, but clearly achieves the highest efficiencies of over 40% between
10° and 335°.
Figure 4A illustrates pressure gradients calculated by computer simnulations
using computational fluid dynamics for cross-flow wind turbine 100. The scale 102
20 shows positive pressures as lighter shades and negative pressures as darker shades.
As can be seen from Figure 4A, large negative pressures are created on the leading
face 120 of rotor blade 110 as rotor blade 110 passes by air foil stator 102 during the
power stroke. The large negative pressures created on the leading face 120 of rotor
blade 110 result from the accelerated air flow across the surface of air foil stator 102.
25  These negative pressures function to pull the rotor blade 110 in a counterclockwise
direction around the shaft. Positive pressure indicated by lighter shades is created on
the trailing face 122 of the rotor blade 110. The large differential in pressure created
between the trailing face 122 and the leading face 120 of the rotor blade 110 creates a
large amount of force on rotor blade 110 to caﬁse the rotor blade 110 to rotate in a
30 counterclockwise direction around the shaft 114, This large amount of force created
during the power stroke of the cross-flow wind turbine 100 results in higher
efficiencies.
Figure 4B is an illustration of instantaneous efficiency and average efficiency

of a single rotor blade versus time for the embodiment of Figure 1A. As can be seen
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30 counterclaglimigg giregiion around the shaft 114. This large amount of forﬁ:(?:r calel 4%%£Lng the
power stroke of the cross-flow wind turbine 100 results in higher efficiencies. Figure 4B 1S an
illustration of instantaneous efficiency and average efficiency of a single rotor blade versus time for
the embodiment of Figure I.A. As can be seen Page 9 WO 2006/071738 PCT/US20051046645 from
Figure 4B, the average efficiency illustrated by plot 402 ranges between 28% and 32%. The plot 404 is

the instantaneousioalcujatedBfticiancy fokheudsadingfacs AR atutorhiadg 110 ofdhe embodiment
illustrated in Figu%%{i%z%herggfi(ﬁ%xgr&ghs, such as %raph 4B agre calculated from computational 5
: ) s

fluid dynamics simulatiofis o & compiiter 1R AsRpERAtGHEd Athaiersardmithe lspdinmfons, the blades

complete a full rot&@fion wierylsEcbiideTheandmienoiidsardtherblagessare shown for one half
revolution. A half Secon@'h‘é’i&ﬁ&‘é’nﬁ?%ﬂﬁh@!' Sggihrg géépq{iggl g%rgg @ﬁ eeé_ so asc‘t)he atterns repeat over
ade on- I

the next half revolution with the forces on'the reversed. Non-dimens tﬁtr‘%@ure coefficients
are measured at TS SerHse Sruatiennen S8 Yorath througipetitidnalffbyidiéyiBEhacpressure on the

blades is a functiamadiibes pressuescogificientrandothe reference flow IR S 4,0 75 where
= air density Uref= upstream velocity

g,ef is the referenge.flow head. gref = 1/2p(U"f)2 where
measured at midr-}rﬁoet%lra #é’ig etglﬁ)&lf' & ﬂ?gzlﬁ%lﬁf VBH"é‘gbh‘%@&%‘%@@’; WG atets pHoefube energy when
they are positive,cxsléethmcs patteras s plotteds asp thecovetal efficignes.oIhegwaphgonly illustrate a

single blade. Hengg,the, avesade.eliciency plgt 4225 generated from.the addition of efficiencies
calculated for both blades. The p?actical result is thani anothier set o ‘E%%enttﬁgfea%afgﬁ%ﬁtt of phase

with the plots shdfit drecatries tor ladsroriatsdhmns s Honkn D oo FifireraBumsnbl bisdhe other

efficiency graphsisllutratied hexteipreihiecaifigipnen ahdhrtiRivg neihe yuind tunnel and full scale is
calculated from the following formulas: Power Available in the Wind: 30 Pw = V2 pAS3 [Watts] Pw =

power available in the wind p = air density, kg/m3 = 1.225 kg/m3 @ sea level

15 P=CyX qur ; Where s is the reference flow head.

Gret = 1/2p(Urer)* where p = atr density
Uler= upstream velocity measured at mid-rotor height

20 The moments on each blade face, which act to produce energy when they are positive,

are then summed and plotted as the overall efficiency. The graphs only illustrate a

single blade. Hence, the average efficiency plot 402 is generated from the addition of

efficiencies calculated for both blades. The practical result is that another set of plots

that are 180° out of phase with the plots shown are added to the plots that are shown
25 in Figure 4B, as well as the other efficiency graphs illustrated herein.

The efficiency of the turbine in the wind tunnel and full scale is calculated
from the following formuias:

Power Available in the Wind:

30

P, =% pAS® [Watts] P, = power available in the wind
p = air density, kg/m’
= 1.225 kg/m’ @ sea level
A = rotor swept area, m°
35 = rotor height x rotor diameter
S = wind speed, nv/s

Turbine Power:

40 Py = Rotor Torque (Nm) x Rotational Velocity (rad/sec) [Watts]
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A = rotor sweht a§6as 1335 = rotor height x rotor diameter S = wind speed, M/ dyEbing fower: 40 Pt
= Rotor Torque (Nm) x Rotational Velocity (rad/sec) [Watts] Page 10 WO 2006/071738

PCT/1JS2005/046645 Turbine Efficiency: Efficiency = (Pi/P,) x 100 5 Once the turbine's efficiency is
determined, the turbine power can also be calculated by: P, = P. x efficiency = V2 pAS3 x eff 10
Figure 5 is a wind velocity and directional flow diagram that illustrates the direction of flow of the wind
and its intensity. As is ittugiraiedipi&igure 5, the wind accelerates in the gap between the air foil stator
102 and rotor blade 110 as a result of the air flow characteristics of the air foil stator 102 that causes
the wind to accelerate %rettieisurfac® H3 ot @irfoil stator 102. The length of the arrows in Figure 5
illustrate 15 the magnitude of the speed of the wind. As shown in Figure 5, large wind velocities are
created along the leadifgcfate tiftire rotdiciHacield @gemhictl atte dirbote dawdhentsaiting face of rotor
112. The large velocitieslaidigdthe surface of the leading face of the rotor blade 110 create a negative
pressure while the wind impinging upon the trajling face of rotor 112 create a positive pressure. In
addition, stator 104 diréetsine SHUHY SoaRASItTfinges upon the trailing face of rotor blade 110.
Figure 6A illustrates pressure gradients calculated by computer simulations using computational fluid
dynamics fqr, the cross;flow wind turbine 200 that is_illustrated in Figure 2. Scale 602 shows positive
pressures gé) lighter shgﬁégegﬁéar%a%ﬁslé’%%%%a?z%f B a?r cé\?’swa%@?.ql SRR Kimilar to Figure
4A, large negativire8ipreddlnesidie eiodted on itHenkeading fnidmofatoton bigde 20dasitlde rotor blade
204 passes by the girfal M@dggpléeméag@mwﬂ%@-J@%L@{%&!@g?d%ea SHRYfes created
a

on the leading face of rotor blade 204 result from the accelerated air flow across the surtace of air foil
stator 214. Thes&hagdnvechrasieisictidortdutrire! $oibrinamsssba wind Kasse¥ockwise
direction around dhehshaffa2021 Pesitiva 3t pressuretindisptedtyelighies shagesis traatad on the

o ohe! MEHRE RS AR L0 oR A ALIE R BRSSPSR i oacting foce

are created along the leading face of the rotor blade 120 which are directed to the

trailing face of rotor 112. The large velocities along the surface of the leading face of

the rotor blade 110 create a negative pressure while the wind impinging upon the

trailing face of rotor 112 create a positive pressure. In addition, stator 104 directs the
20 wind so that it impinges upon the trailing face of rotor blade 110.

Figure 6A ilustrates pressure gradients calculated by computer simulations
using computational fluid dynamics for the cross-flow wind turbine 200 that is -
illustrated in Figure 2. Scale 602 shows positive pressures as lighter shades and
negative pressures as darker shades. In a manner similar to Figure 4A, large negative

25 pressures are created on the leading face of rotor blade 204 as the rotor blade 204
passes by the air foil stator 214 during the power stroke. The large negative pressures
created on the leading face of rotor blade 204 result from the accelerated air flow
across the surface of air foil stator 214. These negative pressures function to pull the
rotor blade 204 in a counter-clockwise direction around the shaft 202. Positive

30 pressure indicated by lighter shades is created on the trailing face of the rotor blade
204. The large differential pressure created between the leading face and the trailing
face of the rotor blade 204 creates a large amount of force on the rotor blade 204 to
cause the rotor blade 204 to rotate in a counter-clockwise direction around the shaft
202, This large amount of force created during the power stroke of the cross-flow

35 wind turbine 200 results in higher efficiencies. The gap 208 functions to devent the
trailing face of the rotor blade 204, as described above, Wind flows through the gap
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face of the rotop blacle72f% creates a large amount of force on the rotor blade 2044, sausathe rotor
blade 204 to rotate in a counter-clockwise direction around the shaft 202. This large amount of force
created during the power stroke of the cross-flow 35 wind turbine 200 results in higher efficiencies.
The gap 208 functions to devent the trailing face of the rotor blade 204, as described above. Wind
flows through the gap Page 11 WO 2006/071738 PCT/US2005/046645 208 an impinges upon the
trailing face of rotendlade e thishhelRs i INEeasedne viessie NS t]ga%i(l)irﬂ%face tgf rotor blade

206 and minimize _the effect of a%¥ negative pressures on the trailing face rotor biade 206 during the

return cycle of th& FtGF BAGES" f& BEglonMacParn Binimizn Santistofmeffiiciency and
average efficiencysitasimglareton adeiverFustimefor Hﬁ@e@@@@@ﬂ?ﬂk%ﬁlﬁ%@n@ﬁ&aﬂ be seen
from Figure 6B the average efficiency illustrated by plot 602 ranges between 33% and 35%. Plot 604
is the instantaneous efficiency of the leading face of the rotor blades of the embodiment of Figure 2,
while plot 608 illustrated thigrdridtantanbetstia efiibiencyraheeutrailigfagaref sheuetor blades of the
embodiment of FigHte:2.y bidiaeina vindyRiRcbuardireiasalow, dparam that fiystrates the
direction of flow of the wind and its intensity for the embodiment of Figure 2. RS fustrat® in Figure 7,
the wind accelerate&’ #ﬁ?b%‘ﬁ"ﬁ‘éﬁﬁé@ﬁ Y¥REagf fHMcatats i Bmaied Yoo mieate IR04eas a result of
the flow characte}®tics:dBtite dlolaibstatos 2bdadbihalcarseihonMmndiigaceelaratendie surface of
the air foil stator g fth ows in Figure 7.l te the magnitude of the speed of the
wind. As also sh%%v%?n%%%%%%&%ﬁ%%&gm #(%gc #8%%%&?&%%%@?@3&%%% of the rotor
blade 204 tH4t argfifienteattbeiwilingifigerat bofaormr blaslef 286G:mhaiiditions Winds iowing through the

gap 208 also impinges hestrailip o iU r \(liS es a good visual
Piad tiRes.efaier Hlage %9@1&95%6&?3 des o

impression of the IV}’éQd f|0\g gfhar cteristics of the embodiment of FIg igure flustrates the
pressure gradien[ils A AT omipntand it iarsitx freithg eshodimstbabFituke dyramics for the
embodiment of théustressl floftiguwing turbing thatlisdtusiiateddp figks 84 Lheiembgdiment of the

cross-flow wind 23 furbine.ilksiased io Fi Isvery similar.to the. embodiment illustrated in Figure
2, with the exception that the stationaryashgéilg%%@lesﬂé)grﬁg\?v AFTSRGE P SRR {PEaERG 4 larger gap

during certdin poftROGEISF the Wwpdie areeieasisnr hadeifion ofiibersitdrsl argor 214. The length
of the arrows in Figure 7 illustrate the magnitude of the speed of the wind. As also

shown in Figure 7, large wind velocities are created along the leading face of the rotor
blade 204 that are directed to the trailing face of rotor blade 206. In addition, wind
flowing through the gap 208 also impinges on the trailing face of rotor blade 206.

20 Figure 7 provides a good visual impression of the wind flow characteristics of the
embodiment of Figure 2.

Figure 8A illustrates the pressure gradients calculated by computer
simuiations using computational fluid dynamics for the embodiment of the cross-flow
wind turbine that is illustrated in Figure 8A. The embodiment of the cross-flow wind

25 turbine illustrated in Figure 8A is very similar to the embodiment illustrated in Figure
2, with the exception that the stationary shaft 802 is somewhat larger, thereby creating
a larger gap during certain portions of the cycle of rotation. In addition, the rotors are
slightly shorter. As can be seen from F igure 8A, the wind flow patterns create a
vortex 804 on the trailing face of rotator blade 806 during the return cycle. This

30 vortex is not created in the embodiment of Figure 2, as shown in Figure 6A. Asa
result, the efficiencies of the embodiment of Figure 8A are not quite as high as the

efficiencies of the embodiment of Figure 2, as illustrated with more specificity in

Figure 8B.
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slightly shortgr, AgGa-Re seen from Figure 8A, the wind flow patterns cregfge.a¥oftex 804 on the
trailing face of rotator blade 806 during the return cycle. This 30 vortex is not created in the

embodiment of Figure 2, as shown in Figure 6A. As a result, the efficiencies of the embodiment of
Figure SA are not quite as high as the efficiencies of the embodiment of Figure 2, as illustrated with
more specificity in Figure 8B. Page 12 WO 2006/071738 PCT/US2005/046645 Figure 8B is an

ilustration of instantangous. efficienay andiAxerags sifisisncy.ef. Aingls totor blagle yersus time for the

embodiment illustrated in Figure 8A. As can be seen from Figure 813, the average efficiency

illustrated by ploPBo8nginger Bledraenty fapedaninonboirerolinsentades Hemsantheous efficiency

of the leading 5 ff?ﬁ%ﬁgaﬁffﬁ&pf?ﬂgllaggggqﬁél&&f}eﬁg@@ﬂiﬂiﬁﬂgﬁﬁ%@ Bf%wgutg @AQQF&B illustrates the
instantaneous efficiency. of the trailing face e rotor, blades of the embodiment of, Figure 8A. Figure
0 15 a wind velod5P AT A1 BCHE Mo A AN AT L e B ETBI o7 bty SHULE wind and i

intensity for fhe émbeﬁﬁme«stbnﬁlétgsmé BAcORigune & Migshatds wiglamdwiris 2 inlwehichs ltage negative
pressures are creaied. o, the deading fage ol the raioshiade a5 dirsyi At the.aaselrajed air flow on

the air foil. Figure 9 also |IIustratesg%ﬁ0e manner in which the vortex is formed from wind flowing
between the gap 88it’s8¢-by the recessed portion of the shaft 802 and the rotor blade, as well as the

accelerated wind from the:ainfRik I digwerQa ilitstiaies HERssIe g adienisealeidaied by computer

simulations using compu iona%fuid dynamics for the cross-flow wind turhine empodiment illustrated
in Figure 10A. Tf?geg?lﬁé)é)éi ant il %Wﬁééﬁ%%ié‘ﬁ%ﬁ@ s Simitar %{(}),n}ﬁrg Oe%%l%réigeht of Figure SA but
includes a $fatioRanrshdft4603 thamsnkzege rthiah lthge statoraryeshads 8GXwhRijordBA. As a result, a

larger gap 1004 i, farmedRetecn.2ithe 400t Rindea g statipRan, *Nathd82 during certain

portions of the c%(;le of rotation. A vortex 1006 is also created by the embodiment of Figure 10A.
Figure 0B is anIE¥EAH0T Sfupistin tih sBauca sty hadosvs s Jerarideme yiet Butitde rotor blade

versus time for thererahadimeniaiddigy . DAsRAS atidtosaesiaruEFigidredCRetbadyesage
efficiency iIIustrate(ﬁ QQ/tRIOt 1Q08 range f?()e&lw%gt%aq Zt%% 25 and 33%. Plot 1010 illustrates the
e, rot

instantaneous efﬁ&ency%?ct%eeefeag ing'tace o rcﬂor blades of the embodiment of Figure IOA. Plot

1012 illustrafes the instagtesn&bhglustrates pressure gradients calculated by computer simufations
using computational fluid dynamics for the cross-flow wind turbine embodiment
illustrated in Figure 10A. The embodiment illustrated in Figure 10A is similar to the
embodiment of Figure 8A but includes a stationary shaft 1002 that is larger than the
stationary shaft 802 of Figure 8A. Asaresult, a larger gap 1004 is formed between

20 the rotor blades in the stationary shaft 1002 during certain portions of the cycle of
rotation. A vortex 1006 is also created by the embodiment of Figure 10A.
Figure 10B is an illustration of instantaneous efficiency and average efficiency
of a single rotor blade versus time for the embodiment of Figure 10A. As can be seen
from Figure 10B, the average efficiency illustrated by plot 1008 ranges between 29%
25  and 33%. Plot 1010 illustrates the instantaneous efficiency of the leading face of the
rotor blades of the embodiment of Figure 10A, Plot 1012 illustrates the instantaneous
efficiency of the trailing face of the rotor blades. Average efficiencies are calculated
in the manner described above.
Figure 11 is a wind velocity and directional flow diagrém that illustrates the
30 direction of flow of the wind and its intensity for the embodiment of Figure 10A.
Figure 11 provides a good visual manner of disclosing the operation of the
embodiment of Figure 10A.
Figure 12A illustrates pressure gradients calculated by computer simulations

using computational flnid dynamics for the embodiment of the cross-flow wind
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efficiency ofihe.yailing-face of the rotor blades. Average efficiencies are ca{&q] q()gﬂﬁgg manner
described above. Figure 11 is a wind velocity and directional flow diagram that illustrates ﬂie 30

direction of flow of the wind and its intensity for the embodiment of Figure | OA. Figure I. | provides a
good visual manner of disclosing the operation of the embodiment of Figure 10A. Figure 12A
illustrates pressure gradients calculated by computer simulations using computational fluid dynamics

for the embodiment of the.cross-flow wind P 2006/971£38 PCT/US52005/046645 turbine
that is iIIustrate<§u|r r[% sﬁ?g%]?’gliﬁﬂ&? gﬁ%\gé%g}?éﬁg?ﬁ 112%%{\{% gr'gi%%gy%é%aﬁsgr%%nee Sg%g%qnary shaft that
forms a large gabagedisigtioarintpbriiohSofithdiratationiariey crtantberitots cbiheledasiesand the

stationary shaft 1202, A, GaR 09368 % Hom e ke Anadaitholafge laWdNassie ¥arex is formed on
the trailing face of the rotors 5 during the return cycle. Fi%ure 12B s an illustration of the instantaneous

efficiency and avefagdd ek GErRdy BPEEHG ISRt PENmEd ardlie Frlt PR SRl ent illustrated in
Figure 12A;5 Asaamparsasiriropadigure 12B, the average efficiency that is illustrated by plot 1206

ranges between 28% and 30%, The instantaneous efficiency of the leading .10 face of the rotor blades
is illustrated by plot 12%§9£Fﬁé‘i|3n§t%{g%s§oaégne %g}gﬁ%sy%%&tﬁgeouﬁg?ﬁﬁbe g?(/:ggg:f[at eerfﬁgtpr blades is
illustrated by pleffidedykiie siveramsoetiafericysusitistediadisyeplondired idwdieahbieHiiithe manner

described abovg,Kigute.43us Raindhy elecityandliraciional firwdingram thaldliuatsates the direction

of flow of the wind and its intensity for th§ embogiment illustrated in Figure 15 12A. The diagram of
Figure 13 illustr&I8514H FMBERACHY SHRh it 1RB SHex 108 SERRRIEY S Egtre AR ks pressure
gradients caiculaiedopyheompuiadsinuitionsd bgipgcatpuldianahiuiddynrdiniesciostbe embodiment
of a cross-flow wind tutbine .illustrated. in Figure 14 S&dhas imn&gff%gg@-% uses a kidney
shaped 20 static?r?é%gs%)gﬁtof BZT?%?% (gel?n‘l élff{%%t;aie k-:;cji]ﬁléjy shaped stationgary shla]%t 202 of the

embodiment of Eigsratahy, Mokt Eia6idrralyudtedin 4eomanpesitispeerd it a gap is formed during a

different portion of the rpiatianal e%eled A&ty anaiiesdAQAiswiarmpachnean the-tialing face of the

rotor blades during the return cycle. Figure 14B is ajlluistr tion cgt eins ntaneé)us efficiency and
average rection of flow 0f the wiiid and its intensity for the embodiment ilustrated in Figure

15 12A. The diagram of Figure 13 illustrates the manner in which the vortex 1202 is -
formed.

Figure 14A illustrates pressure gradients calculated by computer simulations
using computational fluid dynamics for the embodiment of a cross-flow wind turbine
illustrated in Figure 14A. The embodiment of Figure 14A uses a kidney shaped

20  stationary shaft 1402 that is similar to the kidney shaped stationary shaft 1202 of the
embodiment of Figure 12A, but stationary shaft 1402 1is positioned so that a gap is
formed during a different portion of the rotational cycle. Again, a vortex 1404 is
formed near the trailing face of the rotor blades during the return cycle.

Figure 14B is a illustration of the instantaneous efficiency and average

25  efficiency of a single rotor blade versus time for the embodiment illustrated in Figure
14A. As can be seen from Figure 14B, the average efficiency illustrated by plot 1406
ranges between 27% and 32%. Plot 1408 illustrates the instantaneous efficiency of
the leading face of the rotor blades of the embodiment of Figure 14A. Plot 1410
illustrates the instantaneoué efficiency of the trailing face of the rotor blades.

30 Figure 15 is a wind velocity and directional flow diagram that illustrates the
direction of flow of the wind and its intensity for the embodiment of Figure 14A.
Figure 15 illustrates the flow patterns and intensities that allows a visual interpretation

of the manner of operation of the cross-flow wind turbine illustrated in Figure 14A.
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25 efficiencyypfa sibgle-Lqtor blade versus time for the embodiment iIIustratggﬂ@%b% 4 6]539‘ As can
be seen from Figure 14B, the average efficiency illustrated by plot 1406 ranges bétween 7% and

32%. Plot 1408 illustrates the instantaneous efficiency of the leading face of the rotor blades of the
embodiment of Figure 14A. Plot 1410 illustrates the instantaneous efficiency of the trailing face of the
rotor blades. 30 Figure 15 is a wind velocity and directional flow diagram that illustrates the direction

offlow of the wind and itsJaietsibyr/ e, SRRRHIMENALFIgUIR 196, Figure 19 lystrates he flow

patterns and intensijties that allows a visual interpréetation of the man F%tﬁlé?ﬁ?i‘blﬁt’t?flfhe cross-flow

wind turbine illustSR RRRitRreh A bdmanies (D apCOE0d R8P € THIS ROOSIRABGATnEIgUre 16A
illustrates pressuteagraitieniagpiswiaied Mcqﬁgmetqséimgieﬁiﬁpﬁalﬂﬁé%%%‘i%‘éﬁ?“???' fluid dynamics

for an embodimens of agrqs%ﬁ-ﬂg.w wind furbine_that is illustrated in Figure 16A. lglgu%riGA IS similar

to the embodiment of Figure 12AS Bk PrHitSA~garS 1ER thepedstainneybai Ldbet stationary shaft
1602 that is 5 laréfeethiansttationanysshaift 20202 Bitfiglee 12A: Ehelargershaliyegdusas the size of the

oo s ard ey g6 R I ST P s T s

vortex 1604 that creates a large negative pressure area on the traili
the return portio BFhiE #dtsafovarey K84 gt re1em israntitestivatiorsafinstantanieousiefficiency and

average efficienciicd bfefiersingiaieionbladecersusims-far the smbadimen illustrated in Figure 16A.
As can be seen from Figure % the. vera%e efficiency, illustrated by plot 1606, ranges between
S

24% and 26%. Plot 16085 strates tha T&es B BtIeEReouR EPsrn edatsteacdisfate rotor blades

of the embd@metf dihirgiateih FdgurestSomplot tbtahlidsaasiheibsiananrouseffisiency of the

trailing face of thgyfosecladss, ] A ingvelocity. and directional flow diagram that
illustrates the di{ﬁection of flow of heégvt?rl?d%%? ﬁaéa\%lr‘%tgr%f@n%f @és%ardﬁ Eoga'iﬁ}ghmﬁﬁsf?a@ﬂ in Figure

16A. Figure 17 proViads 4 43584 HistaPintd Aofctbunsivies heinperatiometfficesmbbdienent of Figure

16A. Figure 18Alilusteaties presstie:gradientaalsalenayicompuies Spuatgrs Rq using
computational flqigllgyﬁg'?sf%%ssf[ﬁg 11:hS e Itl)eodimi(%nt of a Céoss-flow wind turbine that is illustrated in
Figure 18A. The rotor blades illustrated in Figurs T8A RaVE Falighise atiiheeraraines than the

semi-circuldf 120 arc phigein Iised wimthelostmbodidnentsisansdthfiane thaShafti8PRds a rotating
shaft that is conr@etedd@ 8w of the wind and its intensity for the embodiment illustrated in Figure

16A. Figure 17 provides a good visual interpretation of the operation of the
embodiment of Figure 16A.
Figure 18A illustrates pressure gradients calculated by computer simulations
20 using computational fluid dynamics for the embodiment of a cross-flow wind turbine
that is ilfustrated in Figure 18A. The rotor blades illustrated in F igure 18A have a J-
shaped pattern rather than the semi-circular 120° arc pattern used in other
embodiments disclosed herein. Shaft 1802 is a rotating shaft that is connected to the
rotor blades of the embodiment illustrated in Figure 18A.
25 Figure 18B is an illustration of the msténtaneous efficiency and average
efficiency of a single rotor blade versus time for the embodiment illustrated in Figure
I8A. As can be seen from Figure 18B, the average efficiency illustrated by plot 1804
ranges between 27% and 34%. Plot 1806 illustrates the instantaneous efficiency of
the leading face of the rotor blades of the embodiment of Figure 18A. Plot 1808
30 illustrates the instantaneous efficiency that is calculated for the trailing face of the
rotor blades using the methods described above,
Figure 19 is a wind velocity énd directional flow diagram that illustrates the

direction of flow of the wind and its intensity for the embodiment illustrated in Figure
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rotor blades @f{he embodiment illustrated in Figure 18A. 25 Figure 18B is @Ci{lﬁ?g%&i%] 6c>6f4t,he
instantaneous efficiency and average efficiency of a single rotor blade versus time of the embodiment

illustrated in Figure 18A. As can be seen from Figure 183, the average efficiency illustrated by plot
1804 ranges between 27% and 34%. Plot 1806 illustrates the instantaneous efficiency of the leading
face of the rotor blades of the embodiment of Figure 18A. Plot 1808 30 illustrates the instantaneous

efficiency that is calculated for the trailing face of the rotor blades using the methods described above,
Figure 19 is a Wir?lgk\]eﬁ%?{)? %H%}’r‘géﬁ&gﬁ %1&’66“8}&&?%{%%8%ﬁfjﬁsﬁ?ﬁ%&ﬂdﬁé’&ﬁon of flow of the

wind and its inte§8iBpdspencoé thp odiserdioillvistt atedrin iRiguree Padielf @, 2006/071738
PCTIUS2005/046645 &SNS A YES,A aneyISURLIISIRISTation of the aperation of the

embodiment of the cross-flow wind turbine illustrated in Figure 18A. iglfrlg YA EHaEs pressure

gradients calculdt8Bedy BRI d dhigadculnd e ombadiatranal Autasayivamicadfontie embodiment

of a cross-fldw wind itUthine: &l thatiisitustsated nduiduner20 75 shwhdngrigwe 20A, the rotor
blades are arran ednin B reverse é)ffﬁet cogpg_%rae%tion s%gat a gap is formed between the rotor
GreStETOF VAR BBH3 SRS IRt Wisrethe&rigaIly on the

blades. This simu éltlg% stﬁgws e creation o
trailing face of thelddsior Ditsdesdefinystives dha nraayioke o Theoneg Ati0e tpnesSeeedrear2004 formed

between the rotaipiady a0t airdolkdurng o Anwe: 10:siake Js much smaller inan he negative

. ) ) . YCIE, negative
pressure areas in other embodiments disclosed herein. Figure 20B Is an iNdstrafiontot istantaneous
efficiency and aJBrSyE&ffigiets farmsdhsgtesoibr muabiodesnd thnalférilseramodiment illustrated in

Figure 20AlAs carkbe seeh fradneriguieidQBgdhe average eificiangy.tlustaigskhy plot 2006 ranges 15
between 25% angl. 26%, épet m2008 illustrates the instantaneous efficiency of the leading face of the
rotor blades of the embodiment of Figure 20A. Plot 2010 llustrates the instantaneous efficiency of the
trailing face of the rotoFigide8BAs a8 iyrationtdf astFiguee BB dacsmallevoragatificigiessure area

during the IOOWGbﬁirﬁlﬁgierx%%&liﬁai@em%&'FM@'Eo‘?f&x%i@%@m&@%&@g@gi@?@u})ﬁ%rﬁ 20A. 20 Figure
|

21 is a wind velocit%and d&ectio_nal flow diagram that illustrate the direction“and flow of the wind and
its intensity for tR& SIMESHiIFERE SHETGHR T5R Vg riliepry iistased S5 @loisiabirigsstion of the
operation ofthe extvsodPaenaref 26%. Plot 2008 illustrates the instantaneous efficiency of the

leading face of the rotor blades of the emnbodiment of Figure 20A. Plot 2010
illustrates the instantaneous efficiency of the trailing face of the rotor blades. As is
apparent from Figure 20B, the smaller negative pressure area during the power stroke
results in much lower efficiencies in the embodiment of Figure 20A.

20 Figure 21 is a wind velocity and directional flow diagram that iltustrate the
direction and flow of the wind and its intensity for the embodiment of Figure 20A.
Figure 21 provides a good visual indication of the operation of the embodiment of
Figure 20A,

Figure 22A illustrates pressure gradients calcﬁlated by computer simulations

25 using computational fluid dynamics for an embodiment of the cross-flow wind tarbine
that is illustrated in Figure 22A. The embodiment of Figure 22A uses a split rotor
blade and a small rotating shaft.

Figure 22B is an illustration of instantaneous efficiency and average efficiency
of a single rotor blade versus time for the embodiment of F igure 22A. As can be seen

36 from Figure 22B, the average efficiency illustrated by plot 2202 ranges between 23%
and 24%. Plot 2204 illustrates the calculated instantaneous efficiency of the leading
face of the rotor blades of the embodiment of Figure 22A. Plot 2206 illustrates the
instantaneous efficiency calculated for the trailing face of the rotor blades.

Efficiencies are calculated in the manner described above.
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Figure 20A. Rigur@@@A-itkustrates pressure gradients calculated by computersimations:25 using
computational fluid dynamics for an embodiment of the cross-flow wind turbine that is illustrated in

Figure 22A. The embodiment of Figure 22A uses a split rotor blade and a small rotating shaft. Figure
22B is an illustration of instantaneous efficiency and average efficiency of a single rotor blade versus
time for the embodiment of Figure 22A. As can be seen 30 from Figure 22B, the average efficiency

illustrated by plot 2202 mgges baiweeni 23 anad4ikRinh2204 Hustaies the galeulated

instantaneous effigiency of. tﬁ‘e Ie?glng},f ce of the rotor blades of the embodiment of Figure 22A. Plot
%/n OW O

2206 illustrates the: InSTARtaheols SHAAhES GRS 6F thecmhntigrateldiase idbr blades.

Efficiencies are céleutatscpin tidesrmannér deddrited-ah e Rage L6 JAMD FORGINTH 38

PCT/US2005/04664%, dEHgU Q123 isa Y?{i?g%&’r lggity and directional flow diagram that illustrates the
direction of flow of the wind and its intensity for the embodiment of Figure 22A. Figure 23 provides a

good visual interpretatidhedraRé iaprherstio phiitonmos tHe mmbedimertilteteatbdiimdrigure 22A. 5
Figure 24 is a schemiatie ilys4atenntthenannerin é@é*&i?hé@%a%rﬂpmﬂ%% 8&%%’"6 A can be
4

1PpeES
constructed. Air foi rl an be formed by using pipes 140, 142 and 144t fovide structural
support. A brace l#gﬁgve\%}?fi%@ &8N ‘§5 StotHEY %W&M&F%%W&Mﬁé gfcbfurther structural
rigidity. The skin fofgest beitwscair figit Stitond 024candderfatmadricomshgrimetab Qiame giher desired
material 10 and aap herlasehsride dhe desiisd shaps shown.in £igure 24 Sheet metal faving

end e

ee )
thicknesses of 14 gauge or 16 gauge, such as used In car efs, an Fﬁﬁ 6%18”[61 provide the

desired shape. CRL PR RIS EAl S8 sipiadstunsube e ingFieweRrht SevtinatehSimilarly, stator 104

can be formed byshifmastS0randiiGR wits siandard rhinced lramewiairdhatiscayarsdyih a sheet
metal skin. Stator lgg can pclu%s%gﬁpigggelm 156 to form a structural member in"'the same manner

as described abdve. Stators 10 ﬁ‘fg?}eﬁ%{? B8 AR st irdrs pighicagiebbnerete forms, or
cast in place condrataisfisyibaryngtastndpéonstrutttiorddshriigua Inawn M thearnkigure 25 is an

isometric view offae.emhnclBaN:M4SURIeHI AR 24 WIPOYE adop i\ low Base member 2502

may be proyjded to direct ground winds 20 into the device. This ow base memB&t&not a required
element of the el;?{g%%mélle 6 to form a structural member in the same manner as described above.

Stators 102, 104, 106 may also be constructed from pre-cast concrete forms, or cast in
place concrete forms, or any other construction technique known in the art,

Figure 25 is an isometric view of the embodiment illustrated in Figure 24
without a top lid. A low base member 2502 may be provided to direct ground winds

20 into the device. This low base member is not a required element of the embodiment
illustrated in Figure 25 and can be replaced with simply a flat base plate.

Figure 26 is an isometric view of the embodiment of Figure 25 tha-t is viewed
from a different direction. Again, the embodiment of Figure 26 is shown without a
top plate.

25 Figure 27 is an isometric view of the manner in which the rotor blades can be
constructed. As shown in Figure 27, ribs 2702, 2704, 2706 and 2708 provide
structural rigidity and the desired shape of each of the rotor blades. A braced
framework (not shown) can be provided between each of the ribs 2702-2708. Skin
2710 is then applied to the surface of the braced framework to form the leadiﬁg and

30 trailing faces of the rotor blades. Rotating shaft 2712 is connected to each of the ribs
2702 - 2708 and to the skin 2710. The skin 2710 may be constructed from metal,
alumnum, composites, or any other material known in the art,

Figure 28 is a schematic illustration of one embodiment of a power generation

plant that can be used with any of the embodiments disclosed herein. As shown in
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?ﬁ&d can be replaced with simply a flat base plate. Figure 26 is an isometric view

illustrated in,g@y{h(%f > an 1SQ
of the embodimént of Figure 25 that is viewed from a different direction. A éﬂf[{ﬁ@‘g’mbéga?ment of

Figure 26 is shown without a top plate. 25 Figure 27 is an isometric view of the manner in which the
rotor blades can be constructed. As shown in Figure 27, ribs 2702, 2704, 2706 and 2708 provide
structural rigidity and the desired shape of each of the rotor blades. A braced framework (not shown)
can be provided between each of the ribs 2702-2708. Skin 2710 is then applied to the surface of the
braced framewoFigtgsfefnt tréitimadhid ANtE 3ocraikaidde esiehithectowablaae’ ORotating shaft 2712 is

connected to eaghiafdha HRs?R0R12208:30 19 EBHIBiRZA0 The.SinATAQmayhe constructed

from metal, aluminum, composites, or any other material known in the art. Figure 28 is a schematic

illustration of onBSABGHiIHEEHP LS CWEF YRTRSTAIS SRt R BAR WR e drsiRichy of the
embodiments disalgsedf tereunizbis sheiveein bBragerd7 WO 2006/071738 PCT/US2005/046645 Figure
28, a rotating shaft 2712 is ¢ cted to,a right-angle box 2702. ational energy .is transferred
ina horizor?%l directio:rlL;%%1 rtﬁgé:/%%sa 353[})1531 gegzgrn9 t%@%%%%g%gﬁé%%%%%b&%ﬁn gegr%/grates

electrical energylfigsivtitethnscherichriehddy Gtk ¢r daplecspr étiageatidsdm@8e4. 5 Figure 29

ilustrates the mamRgthie:whigh-he areer atan 2808 £ambe ganngeted - disestyiaha.otating shaft
2712. This direct connection in a vertical manner elimjnates mechanical losses resuItFig%from the right

angle gear box J80P KRSHEEFANSDIE Shebledearpe a8 a4 | et oty Wrstt 2PieRed also be
directly connecteda threctititet ghivengenthatoonTibisatonfifjuraties liniacies anpaedhanical losses

from 10 the gea imi ﬂggg r I ther. Various electrical techniques, known in the
art, can be?l(ﬁsedﬁttfgo%eé%gg%%% 6 -c%?e%%ﬁ%%%%%ga%%gr'ap%rﬁ%uci %e%}%écag%?:%ffcqglearid. The present
invention theref&re Yirovithes, crods-aed Wizriernsinetearle sicapdhie wohdehipving thidh efficiencies
and is operable inéavdeyel. mid-level and 15 high-level wind conditions. Because of the high
efficiencies that can be&ﬁlchieved_over,a Wideafange of wind speeds, the overall efficiency of the

P .
embodiments disclosed™ BB HRY QHSLLRSTRARTF roXids i aIo TETU ST BRIERSHRRS of axial-flow wind

turbines. capable of achieving high efficiencies and is operable in low-level, mid-level and

15  high-level wind conditions. Because of the high efficiencies that can be achieved
over a wide range of wind speeds, the overall efficiency of the embodiments disclosed
herein are substantially greater than the overall efficiencies of axial-flow wind
turbines.

The foregoing description of the invention has been presented for purposes of

20 illustration and description. It is not intended to be exhaustive or to limit the
invention to the precise form disclosed, and other modifications and variations may be
possible in light of the above teachings. The embodiment was chosen and described
in order to best explain the principles of the invention and its practical application to
thereby enable others skilled in the art to best utilize the invention in various

25  embodiments and various modifications as are suited to the particular use
contemplated. It Is intended that the appended claims be construed to include other

alternative embodiments of the invention except insofar as limited by the prior art,
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The foregoing gdesgription, of the invention has been presented for purposespet[ /%sz&#sf‘&ﬁ?&qn and
description. It is not intended to be exhaustive or to limit the invention to the precise torm cfisclosed,

and other modifications and variations may be possible in light of the above teachings. The
embodiment was chosen and described in order to best explain the principles of the invéHtiohi-&nd its
practical application to thereby enable others skilled in the art to best utilize the invention in various 25
embodiments and various modifications as are SL&'liegmtSo the particular use contemplated. It is intended
that the appended claims be construed to include other alternative embodiments of the invention
except insofar as limited by the prior art. Page 18 WO 2006/071738 PCT/US20051046645 MCSLLP
Claims What is glairned.js;.LqAymethod of capturing wind energy using a cross-flow wind turbine in an
5 efficient manner comprising the steps of., generating a low pressure area on a leading face of a rotor
blade by accelerating4h@atBe of ciPHERSIERA S KRS AT SRTONvs Rt BAENE HdRitioned to form a
predetermined gap bebaeessaichhieiernladeand saisk aft foil stator during a power stroke of said rotor
blade; 10 using a blocking stator tct),sub§tantiallq\/1 blgr%lé \(/)vir;1 Jgg@ iQ%ec{ngo ”}0%\%‘?@%“'[ of said rotor
blade during a return cycle of 5T 10+ Blalie and “direc ing said’subs antlaii?y ocked wind to a
trailing face of said rotercelenmigezshidlppwénistokes dhssidrotof Mladdosoutotdhetéate a pressure

differential between sgjgLleading face and Saickralar Hlade ans saitkiiailingdassiafsaig 15 rotor blade

during said power stroke that creates a force that rotates said rotor blade in an efficient manner. 2. A
cross-flow wind turbindody&aien draras eapabiEdE AsiidifgahkiifiEnergy with high efficiency over a
wide range of wind speeds comiprishtg:k2Q auotan babingdwity sékoirod doshiapgedirgtor blades; an

airfoil stator positioned tgv%%%r% and a Dg%lga%tg B\g’f!‘\%da%g{‘?‘%% an. gfrg‘i% %{gﬁg@g a?jﬁlq al_rf0|l stator
and provide a gap havilulg a predetermined size between said’rotor blades and said airfoil surface so
that a negative pressutiecatioa isidonbrsthinln ttaslindgriaceot Saibnofercn hefed wEosiPstor
said power stroke of said rotor blade so as to create a pressure differential
between said leading face and said rotor blade and said trailing face of said
15 rotor blade during said power stroke that creates a force that rotates said rotor

blade in an efficient manner.

2. A cross-flow wind turbine system that is capable of capturing wind energy
* with high efficiency over a wide range of wind speeds comprising:
20 a rotor having two semicircular shaped rotor blades;
an airfoil stator positioned to capture and accelerate wind across an
airfoil surface of said airfoil stator and provide a gap having a predetermined
size between said rotor blades and said airfoil surface so that a negative
pressure area is formed on a leading face of said rotor blades as said rotor
25 blades pass by said airfoil surface during a power stroke; and
a blocking stator positioned to substantially block wind from mmpeding
upon a leading face of said rotor blades during a return cycle, that is opposite
to said power stroke, and direct wind that is blocked by said blocking stator
onto a trailing face of said rotor blades during said power stroke such that a
30 pressure differential is created between said leading face of said rotor biades
and said trailing face of said rotor Blades during said power stroke that creates

a force that rotates said rotor blade in an efficient manner.
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25 blades pass by said airfoil surface during a power stroke; and a blocking stator positioned to
substantially block wind from impeding upon a leading face of said rotor blades during a return cycle,
that is opposite to said power stroke, and direct wind that is blocked by said blocking stator onto a
trailing face of said rotor blades during said power stroke such that a 30 pressure diff @gtiﬁgis created
between said leading face of said rotor blades and said trailing face of said rotor blades during said
power stroke that creates a force that rotates said rotor blade in an efficient manner. Page 19
MCSLLP 3. A crossflow wind turbine that generates mechanical energy from wind comprising: a rotor

having a plurality of foigrQlagdes il Amiaymmetcalidisrossd AiRek i pigr, said rotor blades

disposed around said rotor so that a gap is formed between leading edges of said rotor blades and a
rotor axis durfity’&t 1888t a portion of the rotation of said rotor blades around said rotor axis; a rotor

space formed in a valimg atis SWeRkBHL By SidyIatRE Miades saitiaivaspacehaviagadrive
portion in which said rotor blades are driven by said wind and a 10 return portion in which said rotor

blades return Y3 SHPHRE SoHabRIA 55 drnRYEramBAs A drbee MirlcRitE S BMIPpOYEdh and direct

wind away framisaicddelrarRaidionse Nauseandid retar doiiuriiapchgenaraigaaid presbanical energy,
said airfoils being.placed non-symmetrically around said rotor to provide a substantially bidirectional

crossflow turBifE 4B % SHIRids RFBIAS BILEA $XMerein said rotor axis has a non-circular

cross-section. 5. The ssassfiewvettvhing of sladidavhersinwead sotovbddestaredikposad ivteaid 20
rotor so that said wind.flows,across said rotor Iadas i[{} sljlbl% (ﬁrive portion, throu h.s§id nlﬁgap, and into
P! 858

5t h?vm F616F¢ Omeo.né.n The ¢ SESHRW 18 B é’iﬁ?‘é%‘é‘} i for blades

said return posllf%n of saifd rotor spac 0SS
are disptsed rotsaighortitor sovthathsaud wittet Hoviss acnossisaidd didrehtadésmin said drive portion,
through said 25 gap, and into said retur rtion of said rotar,space. 7..The crassflow turbine of claim
3 wherein said rotor%}s}gﬁél\%ﬁ%ﬁféﬁ} tsHé]?da 15'?%0%%)(1 é’ﬁc? aalffile%‘é? Bgr %ﬂya%c\{/%?rgcgz‘fsuéd’so that said
base and saidanyditsmapidneturn portion to cause said rotor to turn and generate said mechanical

energy, said airfoils being placed non-symmetrically around said rotor to provide a
substantially bidirectional crossflow turbine.

15
4. The crossflow turbine of claim 3 wherein said rotor axis has a non-circular

cross-section.

5. The crossflow turbine of claim 4 wherein said rotor blades are disposed in said
20 rotor so that said wind flows across said rotor blades in said drive portion, through said

gap, and into said return portion of said rotor space.

6. The crossflow turbine of claim 3 wherein said rotor blades are disposed in said
rotor so that said wind flows across said rotor blades in said drive portion, through said

25  gap, and into said return portion of said rotor space.

7. The crossflow turbine of claim 3 wherein said rotor axis is vertical and said
airfoils extend at least partially over a base so that said base and said airfoils capture
wind along lower portions of said crossflow turbine and direct winds from said lower

30 portion of said crossflow turbine.
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wind along lewesRekiens of said crossflow turbine and direct winds from said-Jower . 30,portion of said
crossflow turbine. Page 20 WO 2006/071738 PCTIUS2005/046645 MCSLLP 8. A method of
generating mechanical energy from wind comprising: providing a crossflow wind turbine havin? airfoils
and a rotor that sweeps out a rotor space, said rotor space having a drive portion and a FetThEP
portion; symmetrically placing a plurality of rotor blades in said rotor that form 5 a gap between

leading edges ofgsaid rotor %a(gz{s and a. rog%%%xis, dll::in at least a portion of the rotation of said rotor
blades around said rotor B HAGHY CaRE S S mniEWCE R PRI 8Rid rotor to provide a
substantially bidirectional cropsfiodutginsbinesiiy s wistantiatly bhrexgingfsaidinwing intthsaid drive portion
of said rotor space so that said,wing drives. said 19 ator.bladles,in said drive portion, and
by_substantially blocking said wind from entering said return portion o said rotor space so that said
rotor blades return to $8fW¥ive portion to generate said mechanical energy. 9. The method of claim 8

wherein said step of symmetggaly.piaaing R el Qffroter blages.iheaickstel: fiirther comprises:
placing said §)Iurality of roto[}blades in said fotor so that sagjﬁlﬁ?adin edges are spaced apart from
S

said rotor axis during at fARSER SEHISH BB SARTS Pft%% RPEF SHTE FO 10 B S Lol %4d rotor axis as a
result of said rotor axislehdwipgraonari-birculaioorobsiection: | 2@:4 Sothesaiethod siclaim 8 wherein
said step of placing said airfojils around said Il I’_;Mlimg Ises: ing at least one airfoil in a
position to block said wind fr%glm e%te_ring said sgt:ond péf%glnmsérl%ﬁnﬁgv%?igi%%ﬁﬁéoﬁé%sa substantially
from at 25 least one prabiBHHIESHHREhcrapiprmBifynst i ssbvrnsidindireged stid position to

direct said wind into saiddirsitpestiparmtipsiavs st wiRg paBovw g substantially dsamgsaid at least

one predetermined direction, 11. The.method of claim,8 wherein: 30 providing a crossflow turbine
comprises E{r)ovi ding a vé?ﬁggjdg’gozgs ?W&ve portion, and y_su%stannal?y%iockmg said wind
from entering said return portion of said rotor space so that said rotor blades

return to said drive portion to generate said mechanical energy,

9. The method of claim 8 wherein said step of symmetrically placing a plurality
15 of rotor blades in said rotor further comprises:-
placing said plurality of rotor blades in said rotor so that said leading
edges are spaced apart from said rotor axis during at least a portion of said
rotation of said rotor blades around said rotor axis as a result of said rotor axis
having a non-circula_r cross-section.
20
10.  The method of claim 8 wherein said step of placing said airfoils around said
rotor further comprises:
placing at least one airfoil in a position to block said wind from
entering said second portion whenever said wind flows substantially from at
25 least one predetermined direction, and placing at least one other airfoil in a
position to direct said wind into said first portion whenever said wind is

flowing substantially from said at least one predetermined direction.

11, The method of claim § wherein:
30 providing a crossflow turbine comprises providing a vertical crossflow
turbine; and,
placing said airfoils comprises placing said airfoils so that said airfoils

at least partially extend over a base to form an airfoil so that said utility
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turbine; andyplagcing, sgigk airfoils comprises placing said airfoils so that saidpeiggg%{p%lgﬁ%% partially
extend over a base to form an airfoil so that said utility Page 21 WO 2006/071 PC

/US2005/046645 MCSLLP enclosure and said airfoils direct wind from lower portions ofm:i r%ssflow
turbine into said crossflow turbine. 12. The crossflow turbine of claim 8 wherein symmetrical )}'Cb acing
said plurality 5 of rotor blades in said rotor that form a gap during at least a portion of said rotation of

said rotor blades aroung said.tot c{Saxis m 5ise§ symme rically placin id plurality of rotor blades
in said rotor to form said gap _soartlci)u'gtta lélaﬁl Owﬁldr ﬁ%v‘\?é[n acrroé]s%giéc{i %fag? %%)(Sﬁaé%“fﬁcrs?gfg[ %?’ive portion,
through said gap, and Hik¥8aidoreadrergssfeshtebesid rotor space. 10 Page 22

12, The crossflow turbine of claim 8 wherein symmetrically placing said plurality
5 of rotor blades in said rotor that form a gap during at least a portion of said
rotation of said rotor biades around said rotor axis comprises symmetrically
placing said plurality of rotor blades in said rotor to form said gap so that said
wind flows across said rotor blades in said drive portion, through said gap, and
into said return portion of said rotor space.
10

Page 22



