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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  in a direction that is substantially parallel 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
modetately 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 control 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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noderately strong to strong winds and, as such, are unable to extract power
fromw nd Page | energy when it is at its greatest energy producing |evel.

I n ef f ectwoaséeal71fsBow wi nd turbines are designed for usecirnshéghicst®
noderate wi nds. Further, axial-flow w nd turbines are very dangerous to
birds. Birds are frequently killed by the inability of these avians to
sense the presence of the rapidly noving blades of the axial-flow w nd
turbines. Cross-flow wind turbines constitute a different class of w nd
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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. In 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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flow of air across the surface of an airfoil stator that is positioned to
forma predeterm ned gap between the rotor blade and the air foil stator
during a wowedss/mir3eke of the rotor blade; using a bl ockipog/usteasoieco
substantially block wind from npedi ng novenent of the rotor blade during a
return cycle of the rotor blade and directing the substantially bl ocked
wind to a trailing face of the rotor during the power stroke of the rotor
bl ade so as to create a pressure differential between the |eading face and

the rotor blade and the trajling ce of the rotor bl ade ing the power
stroke that ‘wpglinggaoveniegt ofshe rpigr bﬁ%ﬁ’g\“&g at‘ﬁ%‘"i%?‘[cger‘)fgtl‘earﬂ@rgﬁd% ef ficient

manner. The §eaiRNhe JuBy@xmailg BloORaA viikldl toetiailihEd ERherotor desng thepowdrnd
turbine systemthat is capable of capturing wi nd energy with high

ef ficiency otrake of the rator bladeso asto Greal a%@ﬁ@%ﬁﬁ??@ﬁﬁ%@&”#ﬁf‘% havi ng two
sem ci rcul arg, 3hapefd LRk %dé)&mﬁé&aiﬂﬂ% fakd §fQhd rofok 8la@E difipithd fUwRe sttdkecapt ur e
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airfoil surface trhalSruies S SiHprise AlcfRs S wiihdREbiRdsydtemeadi ng
face of the rot o?ﬂgﬁ’%g%néﬁlggﬁgﬁe E?%%‘or bci%g%lese Casg b‘;y t he ai rfsoy?tle surface
during a powhat istapgiesf captiriag Winslednengy wathdighreficiency oyeradvide rapgnel antial | y
‘bl ock wind frominpeding upo [ i&rllar RS ed Rk@bidakadgs during a
return cycl eV,V‘Q{‘nFFla"th%% pf)ogi Fé ?Joh%?ﬂg%g%%g‘rﬁ stra(gke?’eand direct wind that is
bl ocked by tdidoibitaiokposisiostdath captamtand acctleritd Wingd a¢ragsengfriailrarfagstadthen| ades
during the po stroke such t . | £ i LSy Ghfat ed

bet ween e "I“ﬁ%&?“ﬁt&r %ngé’éovtl) eat%ag%%‘(’)l? thgeﬁg%%gn%n%{eﬁg%ﬁyelr?tﬁb %gege of the
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{he. dr awi ngsh® ESe] R e EBReent s S eEr Pl b FIEL "7 e

i nvention. FingdbickBgRtatt ipostoriey o abbtantiaity hbclowimnddfom epedmgadoment  of

Figure 1A Figure 2 is a sc tic illystrat,i of angt he di ment of
the inventi &ﬁ?dllﬁfﬁﬁﬁ‘gt@ﬁo?rgﬁg%f‘h“é‘%ﬁe GYEHAateS Od)gf’srl{ﬁ?? E\hﬁ%gggri ci enci es of
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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 in 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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conput ational fluid dynamcs. Figure 4B is an efficiency graph of the
enbodi nent of Figure 4A. Figure 5 is a wnd velocity and directional flow
di agr am ofot2o&/@nredi nent of Figure 4A Figure 6A is an ipclrustendtoiesns of
pressure gradients that are produced by the enbodi nent of Figure 6A as

cal cul ated from conputer simnulations using conputational fluid dynam cs.
Figure 6B is an efficiency graph of the enbodi nent of Figure 6A. Figure 7
is awnd velocity and directional flow diagramof the enbodi ment of Figure

6A. Figure 8A is an illustration of. pressure. gradients that e produced by
t he embodi nent ofﬁﬁrﬁh‘%’ésaé‘,&ﬁ‘é aﬁ%%&]ﬁ%ﬁ%ﬁ%ﬁ‘&%ﬁs%t ¥ éordugeladn}%ﬁg?i ons usi ng
conput at i onaémiddiuhéht 8fFigire 64.as Ealgulated BBmicsmpmeadfihulaii@sayingr aph of t he

enbodi ment of Figure igure 9 is a wind velocity and directional flow
di agr am of t‘P?é“Pé‘?i‘B‘B’Eﬂl%@r‘iltfyﬁgmﬁf'gure 8A. Figure 10A is an illustration of

pressure gradi entlgird 8B isdnerfdiardy grgh bytht babedibestiof®ipuredA.Fi gure 10A as
cal cul ated from conputer sinulatlons using .c tational flui.d dynam cs.
Figure 138 is an FéWFEF%‘E‘}‘ddFlﬁﬁWWdFﬁ‘émgﬂﬁﬁgF ‘me? &'Pieﬁ‘k]?‘bmf’ﬁ%} Fi gure
11 is a W ndrygle@alty and directional flow diagramof the enbodinent in
Figure 10A. Figure 12A is an illustration of_ pressure gradients that are

produced by the dfigseBiisan ipstption plepressyre gradients that age@PdurkRYBHput er

Simul at | ons st GROPHEALANA kbt ohiRabaS: siFlEksR AR 1S an ef i ci ency
graph of the enbodi nent of Figure 12A. Figure 13 is a wind velocity and

directional ¢dmmwtadions) faié dypamisd enbodi nent of Figure 12A. Figure 14A is an
'F: lustrajg on of FHERS 4B & agmﬁéié‘ﬂ?:k%m%ﬁ%hh,%ﬁb@diﬂl@ﬁ&%?@igﬁve gAie enbodi ment  of
gure 14A as calculated from conputer sinulations using conputational
fluid dynam cs. Figure 9 is a wind velocity and directional flow diagram of the embodiment 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 Figure 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 embodiment
of Figure 12A.
25 Figure 14A is an illustration of pressure gradients that are produced by the
embodiment of Figure 14A 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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Figure 14B is an efficiency graph of the device of Figure 14A. Figure 15 is
a wind velocity and directional flow diagramof the enbodi nent of Figure
14A. Figuwe 206f7iesan illustration of pressure gradi ent ectrhatoodngseps oduced
by the enbodi ment of Figure 16A as cal cul ated from conputer sinulations

usi ng conputational fluid dynam cs. Figure 16B is an efficiency graph of

t he enbodi nent of Figure 16A. Figure 17 is a wind velocity and directional

fl ow di agram of the device of Figure 16A. Figure 18A is an illustration of

pressure gradi en%%[\%%ehf?tis BLAdVRAle St Bikchdi AGDARLARIS @ acficgur e 18A as
calculated fromc uter sinulations using conputational fluid dynam cs.
Figure 18B iKgaanl@&i.ficiency graph of the enbodinent illustrated in Figure

18A. Figure 19 |?} gg}fe\é\fcg}‘:jiﬁv El&gg%ﬂgg?m%%%&%%%&m% HLiicR@bRReof the

enbodi ment il lus igure I's an illustration of
pressure gr agitetinsent dfRigure €84 aocrobteddion erenputds siiulasions efingei gure 20A as
calculated from corgé)]r@e,r si mul ations using conputational fluid dynam cs.
Figure 288 icempntabienal (g JRATUES o of the embodinent illustrated in Figure
20A. Figure 2 1 ipsguge VIBYM an effioientyygrapicofdhe entodowmeat ilfubtoateddn Figuead &% t he
enbodi ment illustrated in Figure. 20A _Figure 22A. | i jpon of
pressure gradi entf&@¥htis3Man Yedoriy &ad %’\}ecﬁ i3 g%?&?lg??enﬁ&tg%é Eﬂ‘%‘*‘zm as
cal cul at ed finaeaMPEAfk I3AMUl ations using conputational fluid dynam cs.
Figure 22B is an efficiency graph of the enboadingnt of Fi 2A. Figure
23 is a wind vel &égurs2%ht aBi"?‘@E'F‘?"G‘r?&P“’F?“BW lﬁﬁ?@ﬁ% Bf pﬁoﬁ%&gﬁgé}%i ment of
Figure 2gA.  Ghibdifenfdf Figurd 264 Aefmduldied frdml Sémpiteraimditidnbesinganner in whi ch
t he enmbodi nent of g;?gure | A can be constructed. Figure 25 is an isonetric

vi ew of the compwatioph{lugidypamiGle | AL Figure 26 is an isometric view of the
embodi ment of Fi gifge bl 1iaRWBRidnE PFRaph 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 a schematic illustration that shows one manner of coupling the
shaft of the rotor to a generator.

Figure 29 is a schematic illustration that shows another manner of coupling the

30  shaft to the generator.
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different orientation. Figure 27 is an isonmetric view of the rotor of the
enbodi nent of Figure IA Figure 28 is a schematic illustration that shows
one mannewoQbosoupki ng the shaft of the rotor to a generararso0Biogene 29 i s
a schematic illustration that shows another manner of coupling the shaft to
the generator.Detail ed Description of the Invention Figure A is an
illustration of one enbodi nent of a cross-flow wi nd turbine 100. The
cross-flow wind turbine includes an air foil stator 102 that is fixed,

stator 104 that is fixed and stator 106.that jis also fixed. The rotor 108
rotates in response to for a‘%?é%t‘?gb"qﬁ’f)o\%ﬁheaﬂ“ﬂg}lo& 108 i ncl udes rotor

bl ade 110, rotor blade 112 and a rotating shaft 114. The cross-fl ow w nd
turbine 100, ill uﬁsgu&am@k dnmlﬁugwrﬁ)floﬁe emsodﬁﬁsmgnedmﬁsaﬂomdmmf ficiency

for wind flowing in a |re ion 116 ned with the
prevailing vﬁoﬁd%a? CIgQsss grelistes angir fo cséﬁt‘?rcm ¥l}%§ﬁé€‘8¢ %taf‘ﬁe Cross
wind flow turohlmxslf%d@h@ﬂa@f muﬁﬁ% dMogtkeaf Th@ioﬁﬁqogﬁotzftéﬁ’m\ﬂésﬁdfseid owi ng
from ot her directions, described in nore detail below with respect to

Figure 3. AS OE?P%@E’%‘%%WWH Rtgnd @8 inpludsgsgatonbladn HO, ioteblade A2 d & he stators

are shown W&&ﬁg&ﬁﬁqtmt@hé&@ssmm&n cbing 16d, AsHhc @ GiFiQGe 1A6is The
cross-flow wind turbine 100 that is ill ustrated in Figure | A shows each of

the el ement sdegignesk far mgxipym afiigiency dorarind Bowsing op primpr|dirgstioad 1wilithr espect to
each other. %Ieﬁetsthgﬁ d V@‘ﬂ?@xegﬁ@&hﬁé@lddréga &fecf‘f Q%e&ér&ﬁ@é‘al R¥Witdhnd turbine 100

wi Il not chan relative proportional sizes t he various el enents or
t heir | otat i ewenker, thercaesp sind flaw alite H0tdso. PrQQuC‘FSshlﬁmfﬁ@PWé'@F windt as the

fl | d b
crassiiow gn@égwslﬁgﬁ%%e}ﬁg e ckignsS G8leS itk @id 26:3Beta % ‘fltmsa'é’awo s nunbers

I'ow characteristics on larger sca result in
hi gher effi ckigweBes as corrpared to wind tunnel testing of the cross-flow

shaft 114 so t hat as t & ates are nove y the wi nd, shaft
114 rot ates. wiﬂotespeculoahhquﬂamwnﬁﬂmw dm:cucbri List Tht epss-flowiwgngd tarbigk, 10ﬁave

e X B4 MR e R elA e S A R A Do,
circular ar Cprsﬂitﬁﬁ@laoixzdsohthrreiplead@&ch other. des believeh ilghsstingdfithedressey .
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 1A,
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 trailing 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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The air foil stator 102 that is shown in Figure | A has a canbered profile
that acts like an airplane wing so that air flow ng across surface 118 of
air foil woavewo7i38 i s accel erated. The accel erated fl owcefusans/oaauoss
surface 118 creates a | ow pressure region on the | eading face 120 of rotor
bl ade 110 which helps to pull the rotor blade 110 through its power stroke.
Because the wind flowng in the primary wind flow direction 116 is pushing
on the trailing face 122 of rotor blade 110, a |l arge pressure differenti al

exi sts between th . face th d| n rotor .
bl ade 110. T‘H’ugtefc 1 lsf)fl Pgro&n%%‘gls&l%&l al %he r|%s ens regecﬁ?r%de 110 in
novi ng i n acdisuidsed ﬁﬂ:ﬁ@k%tﬁﬂndﬁgﬁeMAorStMrd@Mk }idsmoﬁdfiﬂbtbloﬂbﬂvmd'[ fewimgessur e
gradients cr atﬁj& are dlsd-fqo&,\‘f re detail in Fi re ?A Stator 104 is
posi tioned t&BIEPKTRHOHY" ‘ﬁ’@“‘f 91??1‘8"6?‘?‘%?3‘71’% 8P88 87 Pect i on 116,
frominpi ng'tﬁ@rd@ﬂﬂhd%@&xdx@&ﬁk RErk &ek, Ghich heilluataen thlRdesitdubf thg rdéthe et urn
cycle, which is |IIustrated by the posi.t rotor blade 112 in

Figure | A ladedi2 iphigps! Aomtgron] dgaetonty h’ﬁnlf ‘Hﬁﬁaﬁf’{"tql?f@g thsdotprhladesp) ades

during the r@&iritg heG¥@hfoycRibut alss Redireét theea&xﬁd fieinpirosh difeditdnnd 6t om di recti on
116 to inpinge upon the traili ng?face of the rotor blade 110. Stator

106 of Fi guri@wpingefpeiethe gading facg %j‘éf‘{’%@t%{lblladf"llb% on the downwi nd side of
the rotor 108 awasyataf)rmorbfgufem@ﬁmtzﬁ&lww\gmmyalbﬂaeo&%dms@e% al so

provides a third le a tripod structure to add structural rigidity to

the system @tbmrorg@%a\a%@m@&w oess-lopriviagd Rebing 100, alater kogedseipryades W nd 1 ow
studies {or Ry JER | @ tuteqS &dd m&urmsldng RVthé S teflAt RathNA aldde
prevailing wn ows froma predom nant direction during the w ndy season,
whi ch may, fa@n pesfenmpither velabip funstionse Xéio flaw stdivy fojaeray gpearendicaki t es. Duri ng
t he opposite W‘@H ically cones
froma subst‘é’%??’g%}%%%b%??za |aFgI(§ ?%ﬁmﬁilt ouvﬁ%dr%ga eggmf %ﬁp(w in the

of f - season ndirectien dming the Windyg scasm, thhh@yyﬁon@(ammﬁr\m%mmt*rempﬂtmyy season,
it still may i g I 0 sone
degree of ef%ﬁlggrlaggca?g%%d%g)g% gh%toi’?(ﬁswS&ﬁégﬁgﬁ%eésgﬁfgﬁcﬁg Ejy E‘gwé%eﬂ be seen
fromFi guf e Wwiad tﬁncaﬂgrcorﬁélﬁrma swtssansallm appostd idiredtionn @ lthpugh thewind flowor bl ade

112 when the. rom.a on primary
wind flow di ’P\M&e[ﬁg%neai%nay (%Wa? r e gar éé,% wmﬁo‘ﬁf)%%%éh%iﬁlts%gg‘f]g in sone
enbodi nent s dtidl xmydxeladeam@ehwtotaptmbmesifﬁmamnlﬂﬁd wnhsdnm degreemfeat es an air
foil, in a the air flow stato e eprlrrary
pur pose of t °1§?cé’ta851°‘fﬁ'€rtlltstoP{S:Clbarnbc\?l d&et ?\Uc?fm{’ 7eerr1|fr8| 3 4 §eiAcfttE{ao assi st

the flow 106 can assist in redirecting wind into rotor blade 112 when the wind is from a

20  direction 130 that is opposite to the primary wind flow direction 116. In that regard, it
may also 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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of wind in exiting the turbine w thout creating back pressure that would

i npede the performance of the cross-flow wind turbine 100. O course, to
provi de swowossurraiszsri gidity, stator 106 coul d be repl acedTwistévspissspsy a
structural nenber. Depending on the wind studies of a particular area,

repl acenent of stator 106 with a structural nenber may nake sense if the
wind flow direction is al nost exclusively fromdirection 116. Wnd fl ow
fromdirection 132 would allow stator 106 to function in a manner simlar
to stator 104, i.e., stator, 106 woul d bl ock wi nd fromdirection 132 during
the return cycl e CoHeaisfeY 896‘?9’8%‘8’39 Stéfa’ﬁs ?tcgc}i”igggiaj"l"%'eok%eﬂ%fa?hdca?ﬁ% trailing
face of the Haot Howh! iR 8 Sl UsrzOPertdiagh QWD 96%/ 0 ifdre) l0€ thevind Eontifsfiroeason wi nd

cones fromdirection 132, as shown in Figure |A stator 1Q6 provi de
advant ageoushpsagisauadrant as ge proyailing gdnd 4:11389\9%%5%581‘1&5%‘@""1%@. S%YY'P ected wi nd

data from wing \ahdidiufse e off-dei¥od Gred RNy fiom BE opRRIE quidiatks midiceed have shown
that a very large percentgﬁgtﬁ (up to 90% or_ nore) of the w nd cones fromthe
¢

same quadr arbows Fonexagmls Primawy vndjflova dirgespn Wé%%‘f’ﬁ‘@f%‘g’dhav_e al so
shown t hat a‘éﬂi&g@mddﬁhh% thelllfdyNehsoRORBa R pidafly UsWakbi dire@ibnt1ne demROsE t
i

guadr ant , Icated above. For exanple, if the primary wind flow
di rection 116f seasonhas mmst gaeesaphicalditesi Hovevesnthe affiseason wéndsearayondeason, wi nd

typically fl ' ' %k 4ih8s Rfde REASP Rind¥lowDST

geogr aphi calﬁzgwlﬁ?%éﬂ%ﬁé@g%tq%%éﬁ%#-éeason W ndse carry _6nnl y0 a fraction of
the energy tdimttidnsinancsi geabiaphital sitest eneg, fdsystem phi&gye il Ads gptiizet for ow
directiop in nost r i ' ﬂﬁ%ew' howre A is
optim ze fo“r"rﬁgmc%ragg%mﬁtggﬂ‘?a%m? hfetﬁ?qargg@a lél?lgt@%lgmﬁpre gﬁﬁr};g Wi nd such

t hat the pridimeyorf 116us alighet with the pi@ailing sfindgfiinrddivictipn when the erpssi-flowg wi nd
flow direction n the ss-f.] o . N r bi .S site. As
di scussed | nw%%&ﬁféfsaﬂl ﬁuﬁi\’ﬂgtaﬁa Sfllee's\g(es\(lg\ll chsos‘g%flglhér?gd%@ %VEIZ}S Asct? g’m r%wn in
Figure | A is3,a s9smain-shwentHignal A systamiviregioniiagstap whivhdesiopinfikei enci es
for a primary.wnd flow direction 116 and. redyc f fok Gl ' en the
wind flows f%ﬁﬂf‘éﬁ“ﬁif?’r@cﬁ'}’%"ﬁy 81}‘}?3?0 eﬁg?lhg%parn :drrr%?l f/eec‘vﬁf%%élﬁ%gvk\‘/’% glll wegcti on 116.
Agai n, hprevigind flofve floar gdifttiav@lialthanafid primay eyndafto direetitrebts. Agaim n on

eI e heRl PRSBSOS RLAH, L o
Fi gure | A hagptifiggivs 6ta §Remthghaptures ivirndoran the peevailing hindulirettinwsfoenbodi ment s
di scl osed herein for w nd tunnel testing. Conputer sinulations
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 illustrates 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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usi ng conputational fluid dynam cs have shown that the enbodi mrent of Figure
2 provides the highest efficiencies. Enpirical data collected fromlive
testing ovofwedo7sal e systens will provide the best dat acaast@swingeas

enbodi nent provides the highest efficiencies. Figure IB provides a |ist of
di nrensions for both a 10 kilowatt cross-flow wi nd turbine having a total

hei ght of 33 feet and 1000 kil owatt turbine having a total height of 230
feet for the enbodi nent of Figure IA Again, it is believed that the

di rensi ons of these devices scale linearly with size. Figure 2 illustrates
anot her enbodi¢ shafitdugicegtaingoctions of the oyelenivhigh tansts deventiip ef babadi ment of

Figure 2 uti]l tati t ationary
as the rotor‘lagﬁlge e@@%@orggg&yd@ggthc r%g'l%rng-g?% ﬂkﬁxl%“tia]%lﬁ%&gd can {’)e seen
from Fi gure tBe gatZﬂSiis)diwcgedwwa‘rds 1202 blhds2(6 tpamsmtbﬂndwo@mmm causes a
dhart and tHE<ER B aumsoe: TR brislrstund et ocfio i SRR IR bet ween
the inside eqgtued byhie uraihnyfaeemitzh;etl&haﬁ)t bldder 20ads diescted ithroyxhrthé mgoef t he
Guri ng-the. pORMPYSEPBIE T G Opn e ot ORie 105 ffue B et 208 1 o
directed tOV‘&ftﬂstrﬁlﬁﬁg)fac&)tmje 206 to assist rotor blade 206 in noving

wor do wi nd capt BB by AP NPt B £ ISR op ot SERaOi0200 (5
directed t hr@ugillufiesdian FRRR B0Gefshons dpéttion bMRint fidivl iNRGak BERer10 of the
rotor bl ade 206 to create p05|t|ve pressure aon the trajiling face 210.

Fi gure 319 s fomyFigyre 3, theughestieffiriensies prejobiained &rogywipg Bowmg foom | o\ wi nd

turbi ne 100 &1%ﬁods%fh¢ﬂr&§ﬁlﬁt@ltde fo3354, qwm%sé direct{&{sséiﬁc&rhﬁ‘es@fﬁ@%ttd) on of wind
flow. As can be seen fromFiqure 3, the highest efficiencies are obtained

from wi nd f Y #g asheeddWhee thegriad ewnfsprmn dhg digeetéqny of appraximasly 2% tohese

directions, gbieficci-Smnps A %540 §5f% @Jﬁidﬁﬁ)ﬁ' &Xs%ﬂablé/\!}ﬁ&eﬁé‘& whed flows
fromthe d| rections of approximately 210 to 240, ficiencies range from

35%to 37% hﬁal@aﬂdntheawgeroé&%ﬁa%ﬂ%wéﬁn fhe mapcflaves f&(ﬁ“ﬁé‘“@%@alofi@@f tPn the
range Of 527%200 ﬁ%‘ %@&oﬁﬁgﬁmﬁ tﬁrbﬁa\éﬁocf 1&%&&&113:@?&5 isQBm&fna?0 to 120.

Hence, e Cross oW W n Ine 100 1| ustrate in Figure 3 i s somewhat
omi - di rect | ontdiregsipnale busglepsly aabirves/the highest pifigisagies affor¢redOfmksiteseenof over 40%

bet ween 10 aw;i al,’;&’:?jso_

Figure 4A illustrates pressure gradients calculated by computer simulations
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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Figure 4A illustrates pressure gradients cal cul ated by conputer sinulations
using conputational fluid dynamcs for cross-flow wi nd turbine 100. The
scal e 10Avehovs7prsi tive pressures as |ighter shades angcmagasoso®seps essur es
as darker shades. As can be seen from Figure 4A |arge negative pressures
are created on the | eading face 120 of rotor blade 110 as rotor blade 110
passes by air foil stator 102 during the power stroke. The |arge negative
pressures created on the | eading face 120 of rotor blade 110 result from

t he accel era i : i j o102. These
negat i v pr onoi ok st ARRQSErk{ai MICAER o9 Rl ey ERALE e

count er cl ockaids®%li Theqiiotdn4 srtbemestantineosheaioulatddetiidi¢ney foprtisslsading facedi cat ed by
| i ghter shad i a on .t alli. > 122 qgf the rotor blade 110.
The | arge di e(%f\egr%tﬁgl ée?ﬂOr())?teh§rs%§1rb5e)&%reré{dpgsgja%gt%\lf\%léﬁreﬁﬁ\e trailing face 122
and the | eadi ng fEeeffidéthcygraphs suchtaograph 48 erekhlBulated dfoascompuatigeal anount  of
force on rotgQr..blade 110 to cause the rqtqgr blade.110 t.g rotate in a

count ercl %c kaflggyléﬁn?l‘ésc?xflglﬁu%ﬂsc?ﬂﬁ&o’i’lﬁ‘étersﬁﬁﬁ}e CfTﬁymWagﬂTlgﬁm%unt- of force
creat ed duri sigulabiensptialades doalpteted fulllietatidnDssryf decid WMTRE djraflid 108ds1A0 resul ts
in higher efficjencies. Figure 4B is an i tratjon of jnstantaneous
efficiency awagkg%sraéﬁé‘o f‘ffg%qnsr‘?&\?f%fﬂ“&f’%i‘%5@8998?%?’"’89%{& O‘Y/se??]s‘?f %inme for
the enbodi nmegfcliedl fdrtgpttternt As thépattedid ras@RNThE askthh g edvB1uhiba with@eaver age
efficiency i Iustraltg%fagby pl ot. 402 ranges between 28% and 32% The plot 404
is the instalfsien PEisretedd Noprdimpisiong! Rressure Reetiicienit #g meareedBo of
rotor bl ggle dabf ik step@s BeBREEIBRke thicuptSihisHaBdyd18 ThpteRuriedn i 1 Ci ency

graphs, such as graph 4B are cal cul ated from conputational fluid dynam cs
si mul ati ons 6@ fnctighpfithe pressure qopflicieatynditha elrpace Aowibepddy nami cs si mul ati ons,
the bl ades conplete a full rotation every second. The dynam c | oads on the
bl ades are shown for one half revolution. A half second wi ndow shows all of
the cyclical force patterns as the patterns repeat over the next half

revol uti pn wpihe the f Qh&eS,.08 HehereRhad@sy haY¥er sed. Non-di nensional pressure
coefficients aré neasured at each tine step as the blades rotate through

this half cygle ;0@ BT Ghenr e onpt;%;rg%ﬁg@es is a function of the pressure
e

coefficient and the reference fgow RiGi 6 mid WhshSiff ef is the
reference flow head. qgref = I/2prfo mmﬁegflet%leésugelr% édng&?;l% ?{ef=

upstreamy el ?ﬁ:é Ihé{mgiﬁé&yéa@g bﬂ&e f&:g W’hpcth%'ét tla %b%ﬁ&e 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 inFigure 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 formulas:

Power Available in the Wind:

30
P, =Y 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, m/s

Turbine Power:

40 P, = Rotor Torque (Nm) x Rotational Velocity (rad/sec) [Watts]
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The nonents on each bl ade face, which act to produce energy when they are
positive, are then summed and plotted as the overall efficiency. The graphs
only il l usbrase7arssi ngl e bl ade. Hence, the average effi ecensyomslondesst02 is
generated fromthe addition of efficiencies calculated for both bl ades. 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 in Figure 4B, as
wel |l as the other efficiency graphs illustrated herein. The efficiency of
the turbine in thﬁubl ggﬁicyennel and full scale is calculated fromthe
foIIovm ng for mul as > Power- Avai l able in the Wnd : Pw = V2 pPAS 3 [Watts] Pw

= power avallabIe;, the W ir density, kg/m3 = 1.225 kg/m3 @sea
| evel A = rotor \R/éE;rSlfti (B'zprB 1P@tor hei ght x rotor dianeter S = w nd

speed, nm's Turbi Rot or , Tor Nm, .X Rotatio Vel ocity
(rad/ sec)g[V\atts] E’i‘ bﬁ’fefsieéﬁ‘é?f’c? isd /erﬂfq‘lﬁg tf‘eeﬂ% LPAVET FRY qoxb ®100 Once the
turbine's effici et er ni ned, the tur bi ne power can al so be

cal cul ated by: P, = ficienc pAS3 x eff Figure 5is a wnd
velocity and di re%t‘l GME’I‘CF‘T“GW_&? é‘ﬁd‘rﬁff hat illustrates the direction of
flow of the wind and its intensity. As is illustrated in Figure 5 the w nd
accelerates in the gap. between the air foil stator 102 and rotor blade 110

as a rest®t of t I'Fég‘HF ig 3 wipd vRleeiReand dirs¢tional flaw dingramy;thatdliysirates the or 102 t hat

causes the WipgiibPoBHdwebahél MmdAnd IiBitensity aCsis AkBrrAbd RiFigRE b, B Rln@r 102. The
length of the arrows in Figure 5 illustrate the nagnitude of the speed of

the wind. Asacsplemtss imthepapupedvern thegipfoilsaipg 102 pspotor blade } W0 aspgesut@fal ong t he

| eadi ng faceth@fautﬂlaa cﬁx%&én@x'c@gﬁhégxpfomk&& 198 hatllduS&liRwing b Agelbfeit | 1 NG Tace
of rotor 112. The e velocities along the surface of the | eading face of

the rotor bl @m@emfﬁce Eaefeirdoihgaer 10de The eagthioé thehmows imidgwie Adllystrpiengi ng
upon theqs

the magnitude of the speed of the wind. As shown in Figure 5, large wind velocities
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 illustrates 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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trailing face of rotor 112 create a positive pressure. In addition, stator
104 directs the wind so that it inpinges upon the trailing face of rotor
bl ade 110woRbgur7e738A illustrates pressure gradi ents cal eglraiseshshbysseonput er
simul ati ons using conmputational fluid dynam cs for the cross-flow w nd
turbine 200 that is illustrated in Figure 2. Scale 602 shows positive
pressures as |ighter shades and negative pressures as darker shades. In a
manner simlar to Figure 4A, |arge negative pressures are created on the

| eadi ng face_of rotor blade 204 as the rotor blade 204 passes by the air
foil stator %@84“‘”0‘819%5 thes thegppalingsfagepfaotorrblade 206 g dhisdglps foiacrpase dheur es

created on tpRsdurash thotdiBkeraod offx{atonblaEé 206and AtnifBatthd %ffféc%@afnge accel erat ed

air flow across the surface of air foil stator 214. These negative
pressures f uRERHYPrESSULSE P the frailing fase opfoiidlade 206 during dhamatuen cysleaditwi se
direction argusdiddee shaft 202. Positive pressure indicated by Iighter
shades is created on the trailing face of the rotor blade 204. The | arge
di fferent?al preddgie 6Brivan llusttatiomelthe inslentarnsads efficitpaysndaversgee trail i ng

face of the EfﬁEﬁﬁcthf%@ﬁlrgﬁ:QétoFB]Igg%\ge??g Eh%rfgﬂh?gﬁ?%mggt oi‘ Pi[r%ﬁr% 2O rAst he rotor

bl ade 204 to cause the rotor to rotate In a cotnter- I8tk se
direction arbhsedn frpm Figvas 6B A@average offitianayalhastrated by plot 6@ rasges betsead duri ng

t he power st h of I i nd twbine O, results in higher
ef 11 oi enci 65" }ff ‘é‘pigséf‘c’j BigESRS e iftlnlloShs LB o e e ‘?‘P%h’ Sotihiarost ¢ he
rotor bl ade blades ofithe dmbedimiontchf Fguvee2, wWihiila ghlot bosdlustiutes wighinétheargap?208 an

i mpi nges;Mponetne. tral l.ing face.af rotor blade 206.. This. hel to increase
the pr eslsdjur e&g%lQI?WeOf{ﬂ}eat%alﬁlglﬁgé aocggheorf’ tof gltailﬁs Og J& %‘g’e%%ﬁql’ﬁ“ﬁ i ze the

ef fect of any nediigire 2 igw emd welosityoandtdivectional flavngjagrag ehab filus@iteythdl ade 206

during the return cycle the rotor blades, Figure 6B_is an i|lustration
of the inst a‘g egﬁ%no%fgffogf ?tﬁ%? %Wgﬂngﬁﬁmﬁ?@%’a%éthéF?‘gﬁ‘iilﬁlﬁ’&‘)f’fgfguéf’ L%yl e rotor

bl ade vers uaillum‘medfim Figh?:el erebadd B&blﬁllera@efs ifrthg gﬁ;ﬁb&wiaeﬁawﬂﬂfolﬂ%ta&ﬁ@m% from
Figure 6B the aver iciency. illustrated by plot 602 ranges between 33%
and 35% Pl o‘lndgltﬁmﬁ’g%{aﬁ%%ﬁaﬁt%fﬁ%’“gﬁ’é&‘fs&o@f thageisHities gf the pis f‘rlbﬁfg?rn?d“f ace of

t he rot or5 bl isleauseithd Wiad endoekm®rn B surfa@diéfRhair MlistaforRl £t TIRABndrh | USt T at es

t he i nstantanepus effi ?i ency. of tegﬁ trailing face of the rotor Dblades of
the enbodi meHtPHATORSIRFiguEs 7 ilpgiatethe magnitydg pthe spepdef thg windd Agiaksect i onal

f1 ow di agr arshbWalin Fighrd T fate@find PQodHiids@ed dr€dledlorgl tRMeRMing fae ¥ thdrofpd 1 ts
intensity faor (%he enbodi ment of Figure 2. As illustrated in Figure 7, the

wi nd accel er 4Lt et pre dﬁ&ﬁﬂedo‘@tt%’etéagh‘tgrﬁcz%ﬂfrr otppplpdesdOft & additipn, 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
simulations 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 Figure 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.

Page 12



and the rotor blade 204 as a result of the flow characteristics of the air
foil stator 214 that cause the wind to accelerate on the surface of the air
foil statwo8d#717B8e | ength of the arrows in Figure 7 ilpcuaispasmsdche
magni t ude of the speed of the wind. As also shown in Figure 7, |arge w nd
velocities are created along the | eading face of the rotor blade 204 that
are directed to the trailing face of rotor blade 206. In addition, w nd
flow ng through the gap 208 also inpinges on the trailing face of rotor

o]

bl ade 206. Figure,7 vides a good.visual i ession of the.w nd flow
characteristics g:f‘g‘ir‘gégésﬁﬂd@‘fsﬁéﬁn fnsgn ?oélsgﬁ{cﬁnﬁm RRAPY Tefﬁglf’?cé't es the
pressure gr asiagitgke ok Bll@vass Biynedornte tmbodiment ilaistrates inBguig8aomput at i onal
fluid dynam cs for the enbodi rr@nt of t .croslﬁléflo%gywi ndg(g&/urbi ne that is
i 11 ustrated 528 besgpafronpiigure§B. BrpwErerEiiciry Hinstatehueplet 39% %0eRY t ur bi ne
illustrated papwden@99Ean8A39%6S PYRBYO Blubfrdié@thd @sthktencondEiBmylof thellétdingat ed in
Figure 2, with the exception that the stationary shaft i

| haft 802 i s sonmewhat
| arger, therfassoidhemiar Rigdes of shegapbogupentiofrhigige 8ar vhile P&l e ilbeatesthe he cycl e

of rotati 0”-m&%&@gﬁééfﬁ&enc?'f&?th%%ﬂﬁ@ £2k Of b rGBH BI¥deS BOIE Bibodime@dn be seen
fromFigure 8A, the wnd flow patterns create a vortex 804 on the trailing

face of rot afigwreAade 806 during the return cycle. This vortex is not

created in the emhadi 9R WAk vEbGH Rd dire@Rnd TRW UiddRad L IGsBAs S @ result,
the efficienci esrﬁg %gg e‘ﬁ@oc‘i’?rreﬁ{ of Hf:i gure 8A1agr?ae not thJi tes as high as

the effici endiregtiorodf flomeofdheviail ardiits infensitydar the pmbedimentiofiExgpeet8d wi t h nore
specificigy i LS i j i i 1 aneous

ef fici en%:({/ ai;llgu ‘533?‘%38@5?‘? i Cl eegéls@g%cﬁé iﬂr%%tg% f})g%%)drr%g%gh%%@gﬁ}g time for

t he enmbodi neletding facsofithe wtbr brdFagamesnlgr therascelemtep air flewronitheaiy Poilgur e 8B, t he

Sre Tor Lot LSRNl ELHE thafifer B} Phic B VoRBOS TSl HREIWAA HoA0R 53 P o

810 illustrate&s the ins neous errticlenc Ing Tace of the
rotor bl adesbevieenhtie giploadsedrby the oécessed)pordoBef thewtiafte80p bt the itoribllddesasr at es t he
i nst ant aneous fsfthm egl%?éteaf irtupFro”ﬂ?éalir'fgﬁ, face of the rotor blades of the

embodi ment o “FHgUf &° igur 8°8 B3 Wi nd vel ocity and directional flow

di agram that il | WEgural@s illukeatel pressire grad@htsichlowlatod by bemmiterdinanations s
intensity for.the en%)di nt of F1'c re 8A _gi qur.e, 9 o leleliln fhates the manner
i n which | ar G&&EFRY \}%“agﬁ‘éééiﬁ?aé‘é %@é & FOSTEO™ AT PSSO P hce of the
rotor bl ade masteatddds BlgureOf0AL Mihe @b editknattibdstrated if Figuve d0A tiheméarmto tiei | .
embodiment of Figure 8A but includes a stationary shaft 1002 that is larger than the
stationary shaft 802 of Figure 8A. As a result, 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 fluid dynamics for the embodiment of the cross-flow wind
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Figure 9 also illustrates the manner in which the vortex is forned from
wi nd fl ow ng between the gap caused by the recessed portion of the shaft
802 and twe wen738l ade, as well as the accel erated w necrnsmdshescas r foil .

Figure 10A illustrates pressure gradients cal cul ated by conputer
simul ations using conputational fluid dynamcs for the cross-flow w nd
turbi ne enbodinent illustrated in Figure 10A. The enbodinent illustrated in

Figure 10A is simlar to the enbodi nent of Figure 8A but includes a

stationary shaft 1002 that .is_larger than th t.af i aft 802 of
Fi gure 8A. Awb H‘er“@étﬂlp"St‘é‘eﬂ&fB‘E‘l"egz‘b %ﬁﬁﬁnﬁ‘%%ﬁf}l % 2?%9@%2 “Phe rotor
bl ades in ”lﬁap%ﬁ@fah Shaft ek Forrh® @ Barghlifab AGrigeEcr@inpoRdht thﬂSro@Eftlohﬁle cycl e of

rotation. A vortex 1006 is al so created %@%he errbodl grf Fﬂ re 10A
Fi gure 10B igclanf the refet ladep aeusst the FAHQIEY; ﬂl%ozef‘ﬁ‘ﬁcéf‘ &‘i‘f“ alog dg‘gFage

efficiency quAaa%Alﬁpiaﬁ‘geﬁ%9fesgk@aﬁteyesrféﬂ§eatdnrme frfifind fag sRo@iopent of Figure
10A. As can be’seen from Figure 10B, the average efficiency illustrated by

pl ot 1008 rahgestlige@tmi@bfclw% and 33% Plot 1010 illustrates the
| nst ant aneous ef fg Lﬁ?ﬁ'@@}s ok rlh@@atioﬁ%ﬁﬁl@%staﬁfhﬁe&fs effitRnbPidlavblagdes of the

enbodi nent of Fi | ustrates the instantaneous
ef fici ency (}:ffﬁctlheytot" abingln gotbrtdaleybrsahiéme fr die apibadiment iNygraieddn Bigpfeci enci es

are cal cul at & I%caﬁ%e DA Iﬁglfrgrlkﬁeiﬂe m&\égefffkgbyﬁat]x;ﬂlu&r@ed’ﬂynd velocity

and dlrectlona ow di agram lTustrates t direction of flow of the
wi nd and it plotri2eisintss bfe(ween R&Y@nth3efionEhe ingthntmiegus effigiepey ofithgleadingl provi des

L o AR R Bl e

Figure 1 essure |ents ca
conput er si nfbdxlaig'f@mﬂﬁsam@rbladqssuﬁ ﬁhstmmbyfﬂlmllaltdyﬁwmvvsgdqfﬁcwm enbodi nent

of the cross-flow t ne .t |IIu gure 12A. Stationary
shaft 1202 .*E“%{faféd%é’g’ Eé(g 1sng% %Ed]élt aﬁl%nﬁgéée%élﬁo%fltag?‘%at fornms a | arge gap
during certain pGﬁgur@msls(afwmdleeldm@aﬁdldmhom}rﬁbwdm‘granhéahdtxmatebkmdes around
the stationary shaft As cap. be seen. from ur irly |arge

| ow pressur edl%%??ne‘?f floy/ qulP%‘ﬂdB?lgitsrtheP?%’r}Prl th‘ée?’ %‘gmolﬁ il Aate@ é[r %jurl ng the
return cysl e A THéldRagadBof Big@s 13 illussdtésahé manmet int wisich thslvanuaxalﬂébws efficiency
and average efficiency of a single rotor blade versus tine for the

enbodi nent ifor&trated in Figure 12A. As can be seen from Figure 12B, the

average effici en@®gfrdMA ilfsirdtésyséseat @ehdieits 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 is 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 instantaneoﬁs 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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pl ot 1206 ranges between 28% and 30% The instantaneous efficiency of the
| eading face of the rotor blades is illustrated by plot 1208. The

i nst ant angousoeaf7iizgi ency of the trailing face of the rotoruUshadessciss
illustrated by plot 1210. The average efficiency illustrated by plot 1206
is calculated in the manner described above. Figure 13 is a wind velocity
and directional flow diagramthat illustrates the direction of flow of the
wind and its intensity for the enbodinent illustrated in Figure 12A. The

di agram of Figuregl3 illustrates the mapner in which the vortex 1202 is
formed. Figure 141Rg}lﬁellgétlﬁ‘éﬁ“§‘:‘?s Presste gl iaiuted by comppist dapulsiionsonput er

si mul ati ons usihgpmmnqishatfiuval@nathlcs td afl ¥mBsdimSnFh ctREASHRALH ARRLe Of 2
cross-flow w nﬂ llurbi n&jllél ustrated in Figure 14A. The enbodi ment of Figure

. L :
14A uses a kitghisyhustrated ip Kgue il 6 a Fiputer] s simplor torthe embpdiment pEFigure t he
ki dney shaped2afetéppiat Figoldabh uledQkidey bbs sthadia Sﬁaft':liggg{h%t {2A, but

stati onar sraft 1402 is positioned so that a gap is Torne uring a

di f f er ent > pot¥§BHagstatippery e el Figye 12 Tesdprger shaf} deduess thetdet dfs f or med
near the tr atdeiro@r f1ads afd gﬂbbﬁa_esr DhafYer BIpBeER Al HelsHLh LGNS RidHbihaby Sl*eh%- Figure

14B is a illustration of the instantaneous efficiency and avera
ef fici ency ofesWt Sjadgee vortsxdpOhthairaeatasadaree negative presstuiearaarvndist trashirig

i1lustrated tie BT @blFdorkifies ARing A BRSRERH | , the average
efficiency illustrat e%lr byeToI ot %1406 rangésJ{)tg{igv\IE&eaﬁgé@&gé%d 32% Pl ot 1408

i llustrates the ifigwraneB meniBuseptioncdfanstaptapeousieffidieray amtpvemgeeffitiehdye r ot or

bl ades ofjot hgr £40R0IHEMad0 ekl A, 0.1 ]lLustrat the

i nst ant aneous eﬁgl?ci encyat o%el{ts:*fg}fée?fgilﬁifﬁgg{?%g&éﬁustﬁﬁégd% lg?reﬁ?‘édg‘é. Fi gure
15 is a wi ndeapdiegedn fjona Rigurti 16B¢ the eveadgefelfmiendy,aiusamtet! baplot | 6065 tahgdses t he
direction of b i | Lntensity for the enbadi nent of

Fi gure 14A. %%tggérﬂeﬁf%&r{a%éggé '?? ?ittal e@gg {Hh%traftﬁsél\% %%ﬁ%?eﬂgs %fﬁﬁ'e‘?cﬁtogﬂ?i ties that

al l ows a vi slgading faceofthetotdribbadesdf theenbrodinmer ilmbtraabin Figuen1 6. plbe cross-fl ow

wi nd turbi neydql: iy igure..14A Figure 16A. 11| ustrat pressure
gradi ents caf(%:ltl(} Ilg{fs%é@%{;lgéng%p?@P egoru > ggﬁl ef’%’t?fgﬁ%ﬁﬂé‘?gﬁac ‘guﬁE%‘iog’tr ﬁ%ﬁ%ﬂ fluid
dynami csl¥ or an diipoeil Trisntwiod veodityass dirtaivhalifiod: diaprdrh bRt Alatatdsshd | | ust r at ed
in Figure 16 ! 16A is. simlar ta the enbodjnment of Figure 12A
except that |eﬁgérlgwf@x{ %eswgaﬁ%ﬁ%‘?teﬁﬂﬁ'ﬁggﬁﬁﬁ‘@go ghtiitesptyd Entigyre 1602 t hat
is larger thbaA. stigire 07 proyidshagsod 203l inferprét@ivnef tdAperhhién bahger shaf t
reduces the si,ze.of 't rotl(())lgr bl ades and provides a | arger gap between the
~Th

shaft and t hRa~g°giment Bl Hgus e

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 illustrated in Figure 18A. The rotor blades illustrated in Figure 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 insténtaneous efficiency and average
efficiency of a single rotor blade versus time for the embodiment illustrated in Figure
18A. 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 and 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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result is a large vortex 1604 that creates a | arge negative pressure area
on the trailing face of the rotor blades during the return portion of the
rot ati onavoQyed/@1738i gure 16B is an illustration of instaorase@msssssifi ci ency
and average efficiency of a single rotor blade versus tine for the

enbodi nent illustrated in Figure 16A. As can be seen from Figure 16B, the
average efficiency, illustrated by plot 1606, ranges between 24% and 26%
Plot 1608 illustrates the instantaneous efficiency of the |eading face of
the rotor bl ades_of the enpodinent illustrated in Figure 16A. Plot 1610

i|lustrates TigWednPatatsng eeed VigyabiigPTRUQMRS the eeration of hee of the rot or
bl ades. Fi guéfibckifméf ofithélcRds-HEW Ghd drndineiaRatih PRgle ifighow di agram t hat
illustrates the direction of flow of the wind and its intensity for the
enbodi ment i | | ustigired0d dlysirgfay eressais gradiggipcaleyipted by gpupatersigulotonsi sual

i nter pret at i @4ingdontplioRe Hald dBarkis Fof theARBEIIRINE (oI Find BfbinfT GUr € 18A

illTustrates pressure gradients cal culated by conputer sinmulations using
conput at i dnathafip Jlugtratgdhiadiiguse 2% Anhshosmtin HigtreerR0Ag thegotor bladesfateow wi nd _
Lur bine tNat adhgld inisbiclealibofh fitiBn 16 oy T if Rilea BLAEGSAL it rated in
Figure 18A have a Jshaped pattern rat her tha the sem-crrcular 120 arc
pat t er n usedblpgesoThie sinaidsiodishasvt the chieativine$ e doitaxr 2007 thabisdddatell®@Re i s a
rotating sh ' - r s of . t enmbadi nent

1 st rat ed Tpiin b paRRREEL Gt Gl biadeChitlog MARER Boie. dhe FENe

i nst ant aneougressfifeiacdac’04 feameld beteeangbe widribiide and/the hir foibdurmkehapiver bl ade
versus tji ient. illustrated in Figure 18A. As can be seen
from Fi ghdrf Jfg)%e }St lgﬁgglgﬁéggm%anet % f‘tivr?(,l)ﬁesls‘luf:ﬁrseflsr lgt%grlfr 5?%‘1%?“%804_ ranges
bet ween 27% disdosgdi bereirl ot 1806 il lustrates the instantaneous effici encyI of
t he | eading face of t r ot | ades..of the e diment of Figure 18A. Pl ot
1808 il | us'? rates P’?%lée ?@%{Sfﬁt?liﬁggtffém ﬂsfagiagﬁ%?e focy %“d&?(FrEE‘I’ '¥8"Por t he
trailing facefaningldvetor blade vérhisdias fosthe gmboiimemtilotated asEipirdeoaadgve. Figure

19 is a wind velocit nd di.rectional flow diggramifhat 1]lustrates the
direction ofcaP%SWGBffyoPﬁélgUﬁeﬁaﬁatﬁ?aaYetr%geieﬁfcé?‘i‘ﬂ ﬁg‘s?%?‘{?moﬁ%ﬁ&nﬁ@nt _

i |lustrated Edﬁwé%hgﬂf/@haéﬁ;/rogimQeoﬂ@lu?f&éitﬁkﬁﬁst%tﬂﬁ@ﬁk éfﬁ_&é&ge&tom{g?r pretation
of the operatipon of the e i.ment, of the cross-flow win ur bi ne
i|lustr a? eda]f’?fﬁ‘ﬁ tgﬁﬁ‘éthtﬁ%rﬂ.tor gfaﬂﬁﬁ%t%@qop}’%@f plfigye gPAs Bl &01r adi ent s

cal cul at ed bijust@rp HeahstitdRbteffisncy SF e naliRp tca bl @B dtof Biatiesl AyRam cs for

t he enmbodi nent of a cross-flow wi nd turbine
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 illustrate 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 calculated by computer simulations

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 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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that is illustrated in Figure 20A. As shown in Figure 20A, the rotor bl ades
are arranged in a reverse offset configuration so that a gap is forned
bet ween twe 2@yoi738l ades. This sinulation shows the cregtirws@/0266¥0r t €X
2002 that is located nore centrally on the trailing face of the rotor

bl ades during the return cycle. The negative pressure area 2004 forned
between the rotor blade and the air foil during the power stroke is nuch
smal l er than the negative pressure areas in other enbodi nents di scl osed
herein. Figure 2 is.an il lL(IiSt[OaIi orétﬂof i, nst ant aneous_efficiency and
aver age effici enc{'8BF %4 1§ HYIderetogttnpndgiigeitongltiosy diagramhat dustrafes Berbodi ment
i|lustrated iditedtiodf Row Ofthe Asnd i i nt&REAY for R BnitoBisieRt SfTRuurk BEA aVer age
ef ficiency ib:l ustrated by plot 2006 ranges between 25% and 26% Pl ot 2008

i |lustrates CHYGTRAAIIE00d viseal interarejion pf the manres of prpratiquef & t he r ot or

bl ades of themgmgﬁtmtra@aiﬁuigl%gzgm. Pl ot 2010 illustrates the
i nst ant aneous efficiency of the trailing face of the rotor blades. As is

appar ent Prom Fi gligure2dms a schematieei|lnsarptionegfabd menngr gdichethaembodiueitng t he
power St 1 oke of fighleli daf bEUSRI QUL AT 63100 B b Yol Vﬁ?@%@%@ of Figure

'li
20A. Figure 2 1is a wnd velocity and directiona m t hat
il lustrate th&).df? aed 14drio pieuide soygtehl supporiniAbracaddrantesvorint4dan by f or t he

enbodi ment oty Rkt el ' [ . visual . i ndi cation of
t he operati ono of t.heee%%edﬁr%%lﬁ{?% o I g%eg%i{?ﬁﬁg%g@gyz ﬁ?slkﬂ {l}gto at es
pressure gr atheastfeil stator 112:qae de fymed frpmtsheet sietal, loatnyornker dssired namemplit at i onal
fluid dypgm ﬁgp ' cross-f | i nd turbine that is

i |lustrated ?’%JEPFSS?%% At?’qme %ﬁ{%{%e&gﬂ oSPsl |r§g)r‘\{e§\fffg«mﬁt§ V&8split rotor
bl ade and a twekingssesoifd# igaugeoh 46 Baugh;sgelr & @@&Binicar fandeird, batsier eatpl@yed 6f

versus. i me. provide L GRS, BUEE RIRRL Sty Wohs® afin B diiebt om i qure
22B, the avelhagetesf Singilalycytatod 104shs bd foenél/byppipds 138@ad [2ngigssthbigeen 23% and
2 Pt 2 R 05D AR SO ST 0 e
i | lustrat®s pipes I5Ast5d formcusruetifal fle@bein €Rlsenb aiatkkr hodestMRAbBSE! | Ng face
of the rotorgh %dle(\ﬁ. 1 fficiencies are calculated in the manner described
above. Fi gur e tﬂ’é) s a (%’ L%Sc’%’f ag%oietlefoﬁﬁﬂ‘cﬁfi %QE’tHr‘E) & CeEsl farmy PEGASt Rat
il lustrates pla& 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 thaf 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 leadihg 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,
aluminum, 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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direction of flow of the wind and its intensity for the enbodi nent of
Figure 22A. Figure 23 provides a good visual interpretation of the manner
of oper atwonoefo7ise enbodi nent illustrated in Figure 22AcTRisgesm4iddsi s a
schematic illustration of the manner in which the enbodi mrent of Figure IA
can be constructed. Air foil stator 102 can be fornmed by using pipes 140,
142 and 144 to provide structural support. A braced framework 146 can be
formed between pipe 142 and 144 to add further structural rigidity. The
skin 148 of the air foil stator 102 can be fornmed fromsheet netal, or any
ot her desi r digura2& niratatisgwhatt 3Nl e cormseted wptrighbangdiegaebex 2792shape shown in
Fi gure 24. i | . . e, such as
used in car ogaﬁ} Ielgge],ijgj %t}a‘l\;aé‘ﬁgﬁ%r%*%gg?‘%‘%’gfi g%/clt#e11 t(?tlﬁlgggeagl{ersé%d%%&a%e. Q her
mat eri al s cadnxaBéh Generasa d8GLtbbn genetaieg hlecteal ghd¢rgy &omnibt mechastali | arl y,

stator 104 can befélg\ryggag)&eb%e%é%gﬁé%?g?gnd 152 with standard braced

framewor k t IFAE™&Y'§ metal skin. Stator 106 can i ncl ude
pi pes 154, 156 t Figues 10 itlusiates CHeltiznerin whésh thegenbratos a8 canbeesnnagedlescr i bed

above. Stators 102,  104.. 106 so,be constructed from pre-cast concrete
forns, or céﬁ“i“t%yntoﬁli‘eﬁ@hﬁ%%@ﬁg? Zz'?tﬁ‘%‘fecb?onﬁwoﬁf‘hﬂméc&ﬁ??&ﬁﬁti on techni que
klnf)wn in tgﬁbliﬁﬁﬁateslﬁlﬁﬂirﬁcaﬂﬁsdes reamtihgiaﬁam}tmd m*ghvhl.@w @ar bdxe2sephadiihaent ]
illustrated in Figure 24 without a top |jd. ow base nenber 2502 may be
provi ded t o ‘@rpRle Epeg E%BOW"%STP%'E"&“‘E‘%&“M%&&Y?EPE’C Aty SeWerEhber i s

not a requi riged dgtRABN gddbraton eTRF B&HigiRbn Elichingtks Alyatkchihidal Bedes frdlm and can
be replaced wth si frtr)pl Y a flat base plate. Figure 26 is an isonetric view
yE

of the etPbodhsressibogty eligitngte gepshox;altoggthsfeYaropy flecirieal fachiges directi on.

Agai n, the q&h@ﬂkﬁrﬁem@anﬁé (4400 gRiefafe SEVONR1MnROHAL can bOEppREReRe Fi gure 27

is an isonetric view of the manner in which the rotor blades can be

const ruct ed.clesgicahgiih in Figure 27, ribs 2702, 2704, 2706 and 2708 provide

structural rigi difhy ;R0 IREntIR Mer@BrePRARRs AkraR@Bbw Wind Rfbikhasis bl ades. A
braced framework (not shown) can be provided between each of the ribs

2702-2708. Sikpabloafpghipeng high cliisisneiecandds eneeablaipfovctevel midlsvelaaded framewor k

to formishe Hi%@fé(xé]%ﬁd‘&nﬂfti%%ii alsB6PRe Bloh R idnOiOhatlAESchidRl At i Ng shaft
2712 is connetted to each of the ribs 275 - 2708 and to the skin 2710. The

skin 2710 neyebewislomange ot wad speedsntireeqvarall 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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al um num conposites, or any other material known in the art. Figure 28 is
a schematic illustration of one enbodi nent of a power generation plant that
can be uswddih1a8y of the enbodi nents di scl osed herei pcTAS26080¥6845 NFi gur e
28, a rotating shaft 2712 is connected to a right-angle gear box 2702.
Rotational energy is transferred in a horizontal direction to the variable
speed gear box 2804. Cenerator 2806 then generates electrical energy from
t he nechani cal energy of the variable speed gear box 2804. Figure 29
illustrates the manner in which the %er,ler ator 2806 can be connected
directly to the rotating shaft 2712. M8 direct connection in a vertical
manner elim nates nechanical |osses resulting fromthe right angle gear box
2802 and the vari abl e speed gearbox 2804. The rotating shaft 2712 may al so
be directl|y Waatisedaimgd o a direct drive generator. This configuration
elimnates gny ' RERER; n OEAbRANoWOVinGlthBind @t ding t he

gear box altgget Egﬁg a‘f@&aé el ecltn§=éca techni ques, known in the art, can be
used to dgener at eeficdt mymieecosipginiak thetstaPs €n be applied to the el ectrical
grid. The present inv "%}a&%& ﬁ.@fg;ﬁgs%?r?_a%%'a%ain% 5de @8 8 rdtbBMaddibyd t ur bi ne
that is capable of achievi [ efficiencies and is operable in

| ow | evel , ni d- | esceleraing theiflph- df@irakropi thelsurfanelpt dnairdoil gterthatds of t he hi gh
efficiencies that can hi : ' : i s, the
overal | effici engﬁsué@egﬁoe%%nnﬁ%}c%ﬁ%gﬁ%g&ﬁ g%@%@%%&éﬁ%laﬁ ggqsﬁggfgnt ially
great er than t he favestad duriag b ipowersoblesofshidastonblade ow wi nd t ur bi nes. The

foregoing description of the.i.nventi . r ba9mbQindour poses of
i |lustra® on and desc?ﬁ’?ﬁa}@ﬂ?hrfgts(a}q%”ﬁg b@lﬁattlﬁéﬁ/%ﬂodﬁt\@ﬁ%g eglﬁgué?glove or to
limt the invent ip@ementiohiPproaaibide fiaing ademot gsdf szid dotottiede apddi fi cat i ons

and vari ations be passi.bl e.i i ght of, t 5 j . The

enbodi ment was c §Céﬁgéﬂ§ S‘&’éJé’B?qlgé’hlocgﬁ&%lrngéorQ %lﬁgéis{at%e éﬁ%ﬁg{oﬁgg r<lan-gp;ri nci pl es
of the invention sgd@owtstPkasttshidabtosifple soat toomedtoa plessueblifferntil e ot her s
skilled in the art to best utilize the invention i.n Vari di ments and
various nodifi catPByen %f‘éflé?‘?[jn% F‘f%‘iﬂ‘sf“g r?tﬂéﬁﬁéfr%l Stif e ‘Gég&%é’ﬁ edr)rpl ated. It
is intenged that fbepiaRRRAAEchi€paiersirble thabshres e brtethatrotates saidtdter
alternative enbodi nents of the invention except insofar as limted by the
prior art.C ai s bigdgin gaetfigicht magngrs .

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 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 differential is 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.
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1. A nethod of capturing wind energy using a cross-flow wind turbine in an
efficient manner conprising the steps of: generating a | ow pressure area on
a | eadi ngwbaoe/mi73s rotor bl ade by accel erating the fl owcefusaiosoaauoss the
surface of an airfoil stator that is positioned to forma predeterm ned gap
bet ween said rotor blade and said air foil stator during a power stroke of
said rotor blade; using a blocking stator to substantially block wind from
i npedi ng novenent of said rotor blade during a return cycle of said rotor

bl ade and diyecting said substantially blocked wind to a trailing face of
sai d rotor durind FarHolsat tughne ket gsheratss Peshapion! epergyfomoviad to create a
pressure differenbhglisipgt ween said | eading face and said rotor blade and
said trailing face of said rotor blade during said power stroke that
creates a force that mt@nh@smgaipanalrsmfromréhgesthatairpsezfmmik@ﬂy manner. 2. A
cross. f1 ow wi nd WiphleSroa®h R B rolc? bEARARLS SO in SARTHES s@%é%%gp gner gy

with high efficienCcy over a wde range o speeds conpri si a rotor
havi ng twWo semni cifersgt detwepmiseding estgoy oftshiddetor bladesand said rotetaatsdorippai t i oned

to capture and ag&gtl aeﬂo?trio%hélf’i ﬁ@qof?iﬁ&?c?ﬁaﬁr}otﬂ Blfa&)églaraﬁafs%g oSl d airfoil

stator and provide a gap having a predeterm ned size ween sai d rotor
bl ades and sai d ai rf o& Fotenspicederned it hatluae tagatsivept oot st ©toaabldes, s f or ned

on a | eading face,: g r .ades..as. sai.d rofo des pass,by said
airfoil surface gﬂgﬁoﬁgﬁggcﬁél\%é@g zs’tta lr'“é‘T( ";““gnn‘é‘ “2”%1 Sgg{(rf)%)émsa %Staé‘?glbvggib?’i oned to
substantial | y bl sait wandwwhdfarretnmi poptéocti in grhichaaidaotbebldden getiunce said disval d r ot or

bl ades ing a reLurn cycle, that is opposite to said power stroke, and
direct wind that PPS°Bl ocked by said blocking stator onto a trailing face of
sai d rotor bl ades duraplyradiai ¢l afréodls thas Hirerk @irRiLiad shidalkivepdties sidrdrect
differential is create et ween sai d.l eadin ce of said rotor blades and

d f.
said trailing fald® ot %MP%%‘EtOd:ﬂPﬁ%ﬁ@%§%tPﬁtoﬁWéPd 8B t hat

creates a force tdidinetiphithbmess) Qid Hif6ils velngPackdn@isyaichduGdaBphroimaner . 3. A
crossfl ow w nd tur.&i ne that.generates nechani cal energy fromw nd

conprising: a rotdf "HAVP Rﬁ’véilgﬁls psigniiplly lﬂgir‘?"é‘f”&f’rl crossilpastuibingt ar e

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

cross-section.

5. The crossflow turbine of claim 3 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 4 wherein said rotor blades are disposed in said
rotor so that said wind flows across said rotor blades in said drive portion,

25 through said 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

30 from said lower portion of said crossflow turbine.
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di sposed around a rotor, said rotor blades disposed in said rotor so that a
gap is fornmed between | eadi ng edges of said rotor blades and said rotor

axi s duriwg 20d6/d7emst a portion of the rotation of said potras2esadsss ar ound
said rotor axis; a rotor space forned in a volune that is swept out by said
rotor bl ades, said rotor space having a drive portion in which said rotor
bl ades. are driven by said wind and a return portion in which said rotor

bl ades return to said drive portion; a plurality of airfoils that direct
wind into said drive portion and direct wind away fromsaid return portion
to cause sai®l rotfomethod pfigemerating yechenigal @nesay fomewihdedreprisingner gy, sai d

airfoils being placed i . . . sai.d. ovi de a
substantially bidi recP%girgufgyag%stssg{?‘ﬁgjvl\ﬂltﬁ?{)l%ﬁ{ewmgglr%%%f%?i Iﬂ%\%v t ur bi ne of
cl ai m 3 wherei n sakepsiont orotaxpselsast ratonsmechavongl aadrive posion sstd feom 5. The
crossflow turbine of claim3 wherein said rotor blades are disposed in said
rotor so that sa’§"W'hd flows across said rotor blades in said drive

portion, through sai dsgapetriaally plaving agaumdlityef coter Yaies ingaidadtosthformvt or

space. 6.. The crossflow turbine of claim4 rein said rotor blades are

di sposed 3 n sai d %3P 8FtVEE 1[6?1 g%‘%F?jotj\ﬁf"ﬁld(’tf’f%gesﬁﬁ‘?%éo%or?éisdiupﬂq Yr bl ades in

said drive porti Qgast 4 prGetOdT therothtiga pf sakd rdtor BlaBeshadihd B4itl btor 4335 t i on of sai d

rotor space. 7. The cros.sflo&/ %ﬁrbi ne of cl.aim 3 er.‘gi n said rotor axis is
# ‘6;9?’??05 !

vertical and said airPBfipgsa 4s nen-gygunsgm Pl topgRidaas o t hat

sai d base and sais@bsintihi®} bidir&aphdl ERssHoRtudiRtg shstkialpoditcc@mssafl sai d
crossflow turbine and direct winds fromsaid |ower portion of said
crossfl ow t ur bi néisd info spid 4§ peftiogeh sdiataf §race s it wid wiad dr¥sp spidom wi nd

conpri sifig: provirghoPBlades ik Y5EdriveWorondarddwyRibeanhialyy Meckiig shivisd and a rotor
that sweeps out a rotor space, said rotor space having a drive portion and
a return porti on;frosyeateringisaidireympogtion o sad prtersargersy thf saidiofr blsdeddes i n sai d

rotor that form QeﬁﬁRoQﬁ&ﬁﬁ%‘pdr@&lﬂb%@n&QQ%dech%ﬁicQethl?Q.r bl ades and a
rotor axis during at least a portion of the rotation of said rotor blades

around said rotor axis; placing said airfoils non-symetrically around said
rotor to prayi de 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-circular 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 8 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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substantially bidirectional crossflow turbine by substantially directing
said wind into said drive portion of said rotor space so that said w nd
drives sawg206@i738l ades in said drive portion, and by. pglpaisasisioadelsy

bl ocking said wind fromentering said return portion of said rotor space so
that said rotor blades return to said drive portion to generate said
mechani cal energy. 9. The nethod of claim8 wherein said step of
symmetrically placing a plurality of rotor blades in said rotor further
conprises: placing said plurality of raotor blades in said rotor so that

sai d | eadi ng edgedclapue abpudpideils diregtvpd Tamdowegpartionseisaidisrossilp¥at | east a
portion of said rgfdlelifd sifl cRw Ribe. bl ades around said rotor axis as a
result of said rotor axis having a non-circular cross-section. 10. The

met hod of claim8 wherein said step of placing said airfoils around said
rotor furthefy ComyelpRsiowrhdihd & cBim |8%§}eh9%1ﬂétﬁéa3\lzlpldcﬁ §ai9§ﬁ1’r§lh}9n to

bl ock said wind fromentering said second portion enevér sald wnd flows
substantidl |y frovreier bledes in ssisrofor thdtfoan gigarduritigrag epstomortion@f plidici ng at

| east one ot her gifhQib¢d b - 6 . Sakd 'ﬁ& LA aid first
porti on whenever ‘:‘1-ts){aalil§j)’l J\?\Eshfg r?tg ?%J\?via%g“&s %(S{ogﬁ% ?‘3?%9?% salahgaalt | east one
predet er mi ned di rdastrigonid plurality hérotastbledes infsaid Iretbmio omhsaidegap so grabsaidli ng a

crossfl ow turbine,_. ' QY] - verd | T ihe; and,
ol acing sai d ai i o0 KSR K bl Gld dpo bR WA LR B I |
at | east parti al ligtosaitl estdrm@egionaf bad®tdrepdoer m an airfoil so that said
utiIityeﬂylosure and said airfoils direct wwnd from | ower portions of said
crossflow turbine into said crossflow turbine. 12. The crossflow turbine of
claim8 wherein symmetrically placing said plurality of rotor blades in
said rotor that forma gap during at |least a portion of said rotation of
said rotor blades around said rotor axis conprises symetrically placing
said plurality of rotor blades in said rotor to formsaid gap so that said
wi nd flows across said rotor blades in said drive portion, through said
gap, and into said return portion of said rotor space.

Page 22



