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wingd fow,  HAWTs sre difficalt o operste i near ground, Rurbulent wing

Furthenmors, o buddwag on the nacelle and the bisdes can cause power

reduction and safely ksues, Tall HAWTs may affect abrport radar. Thelr haighl
afen makes tham oblrusively visible sooss lemge sesas and thus oreating
ohiastivnable appesrance of the bndscaps.  Additionally, downwind variants

suffer from faligue and structural faflure caused by twbulenos
IGDES]  Thereforg, # has been desirad to reduce gng or more of the above

s

notad diffficulties and 1o modify the mass angd size of wind twrbinss,

BRIEF DESCRIPTION

{08081 The present dischysure ralatss o wind turbines having, I pat, reduced

mass and size. i particular, the wind wrbines include 8 turbing shyoud andior an
sjector styoud having @ skeletorrand-skin structure. Such wind turbines am
fighter and aliow for less substantial supponts in the tuebine bady. The exterior
skin may also add strength, water resistance, uitra violet (L) stability, and other
functionadity,

IGDOT]  Disclosed it several axemplary versions o embodiments s a wind
furbing having a turbing shroud, the turbdne shroud comprising a first rigid

structural member, 2 second rigid structural membsr, 8 plurality of first inlemat

g

s connesting the first rigld structural member 1o e sevord Ngid shructural
mernbar, and o skin covering at least the plurslity of ribs, Thea skin may comprise
a fabwic or 3 film such as g polymer, or may be a combination of fabric and fim.
[0008] The wind twhine may further include an sjecter shroud and ong or
more frusses connecting the gisctor shroud o the wbine shroud. The sjector
shroud may comprise an slector shroud Tirst righd structural membse, an ejector
shroud secord dgid struslursl member, a phaality of sscond intemnal ribs
senmacting the sisclor shroud first rigid structural mermber o the gjector shroud
sacond ;“;i‘gi{i structural membear, and an gjecior skin covering at lsast the plurality
of second internal ribs. Tha gjector skin may comprise o fabtle or g flm swch as
a podyrner,

0481 In some embodiments, the turbine shroud Hest righd structural mambsr
and the ejector shroud first rigid structursl member sach have a substantially

citowiar shape,  The turbine shroud second rigid shructural member and the

{ail'é

2
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siecter shroud second  rigid sthuclural membBer may sach have & oboudar
crevafiated chrournferanes that forms g plursiily of mixing lobas,

0101 Leading and hadling edges of the turbine shroud may optionally be
covarad by the turbine skin, Leading and tralfing sdges of the ejector shrowd may
alsy be optionally coversd by the sactor skin,

{011l The wind trbine includes an impebar, wherein the wirine shrowd
dispoged about the impelis

00121 The twbine skin may comprise a skin formed of polywrethane-polvurea
copolymer matarial, The turbine skin may be reinforced with a highly orystaliing
pofysthviene. The twubing skin may also be reinforced with para-avarmid fhers or
a polyaramele,

IDG13] The lurbine shmwd second slructural member may have 3 croglar
cranediated ocumference, Leading and tratling edges of the lurbine shroud may

oompriss a rghd materdal. The rigid msterial may be sslected from the group

ey

oonsiating of polymers, metals, and mixiures thersol. The rigid material may ba g
alass reinforead polymaer

[8014]  The turbine skin may compriss a plurality of layers.

[op18]  Disclossd in other ambodiments is 3 wind turbine comprising a turkin
shrowed, an sjector shroud, and ong of more usses comnacting the turbine
shroud 0 the ejestor shroud. The fwbine shroud comprises a first rigid structural

N

mamber dafining 2 lsading sdge of the wrbine shroud, 8 second dgd structural
mamber defining 2 tating adge of the turbing shroud, a plurality of first internal
ribs oonnecting the first igid structural member o the second ighd structural
meamber, and a turbine shmwd skin covering 3t least the plurality of first irdemsl
ribs and comprising 2 fabvic or 8 pobemner Bim. The sisctor shroud comprises an
siectar shroud first dgid structural mamber defining a lsading sdge of the ajsclor
shroud, an sjector shroud second rigid structural member defining a trailing sdge
of the eipctor shroud, 8 plurality of second intemal dbs connecting the ejsctor
shroud st rigid structural member o the sjector shroud sesand rigid structural
mamber, and an apclor shroud skin covering at least the plurality of second
internal by and comprising a falwic or g polymer i, The first rigid structural
rnamber and the siectur shroud Bret rigid structural mamber may sach have a

substantially circudar shaps. The sscond dgid structural mamber and the gjector

.
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shwoud secord ngdd structiral mamber may oach have a wnular grenellated
sdroumiarsnog,

O1e]  Disclosed in smbodimants is 2 wind turbine including 8 twbine shroud,
the hwinne shrowd comprising @ lwrbine shroud first dghl struntural membern, a
wabine shrowd second agid structural mambern & pluralily of inlemal tibs
gormsching the first righd struchurs! mamber o the second ngd structural mamber,
and s tebine skin covaring at least a portion of the plurality of ribs, wherain the

ki fs formed of ong of 3 fabris or a polymaer B, Miking lobes are ormed on 8

’J‘:

trafling edge of the furline shrowd, or in other words aroured an oullet end of the
turbine shrowud.

DAY o st further smbodiments, @ wingd turbine s provided that comprises a

'

s
“,
$%

&,

furbine shroud, an ejector shroud, and at Izast one russ connecting the bl

a2
i

i

A
shroud o the elector shroud; whersin the furbine shroud compeises: a first ngid
structursd member defining 8 leading sdge of the hrbine shroud;) a second rigid
structural mamber defining & talling edge of the Wwbine shroud; & plurality of first
intemad b connecting the fisst rigid structural member fo the second dgd
structural memben and a8 turbing ghrowd skin covering 3t least a portion of the
plurality of first infernal ribs and comprising ong of a fabric and & polymern
whersin the ejector shroud comprises: an ejector shiowd first righd structural
mber defining 8 hading adge of the gisctor shrowd an ejector shroud sacornd

gid structural member defining a *::‘e:%iiin;{; adge of the ejecior shroud; & pluralty of
second ntemal dbs connecting the siector shroud Tirst rigid structurl membaer fo
the gjactor shroud second rigid structural mamber, and an siector shroud skin
covenng at least & podtion of the plursiity of second ifemal ribs and comprising
ong of & fabric and a polymern whersin the first rigld structural mamber and the
giector shroud first rgid structurg! member sach have 3 substantially clircudar
shape; and wherain the second rigid structural mamber and the ejector shroud

second rgld structural mamber each have a cihcular cransliated circumfersnce,

g

This resulty in the formation of mixing lobes on the cutlel ends of Doth the twrbine

St

shroud snd the sipctor shroud,
[G018] A method of making @ wind fwrhine is also disclozed.  Tha mathod

comprizes) {a) providing an impallen () forming & skelelon gbucture and

coviring at least a portion of the skeleton structure with a skin selecled from one
of 3 fabric and a polymer Sim and forming a turbing shiowd; angd, {©) disposing the

4
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shrousd about the impatler.
[0018]  Thase and other noneliiting features or characiarislics of the prasent

disclosurs will be further describad bhalow,

BRIEF DESCRIPTION OF THE DRAWINGS

002081 The folowing 8 a boel descrption of the drawings, which am

presentad for the purposes of Hustrating the disclosure set farth harpin and not
for the pumposss of fmiting the sams.

G021 FIGU 1 i a porgpective vinw of 3 first sxempdary ambodiment of 8 wind
turbing of the prasant disclosure,

[GO23]  FIGS, 2A2C0 am perspective views showing the progressive stages of
the construction provess of an additional sxemplary ambodiment of the wind
turhing of the present disclosuwrs.

00231 PG 2D s g view simdlar to FIG. 28 of another embadiment of the
shroud skaleton.

0G24]  FIGS. 34-3C are side views of various sxemplary iternal rib membars
amploved it the wingd turbing of the presant digclosurs,

{00251 FIGSE. 30-3E show allermnate embodiments of wind Wwrbines amploying
intarnal nh mambers such as thoss shoawr in FIGE, 3434,

(002381 FIG. 4 is a perspactive viaw of the partially complated sub-skelstong of
& turbine shroud and sisctor shroud of an sxemplany wind fwrbine of the pressnt
disclosure,

[GO2TY FIG. § is a porspective visw of the trbine shroud subeskelston of FIG.

4.

[G028] FIG. 8 Is a perspective view of the ajecior shroud sub-skadston of FIG,
&

G028 FIG. 7 is 3 perspective view of the oompleted sub-skelslons of the
turbing shrowd and ejector shroud of FIG, 4,

00301 FE3 8 s 3 perspactive view of the sub-skeletons of FIG. 7, flustrating
portion of the skins allachad to the extarks of the frbine shroud sub-skeleton
and the jector shroud sub-skelston,

00311 FIG. 8 is 3 perspestive view of another soermplary embodiment of 8
wind twrbine of the prasent disclosure having 8 pair of wing-tabs for wing

aligriment,

537
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{00331 FIG. 10 s a porspective view of another embodiment of the wind
turbing of the present disglosurs smploving 8 rofoefsiator assamdly i
costihination with & wbine shrowd and gjector shroud.

{B8331 PG, 11 v a crose-sactional view of the wind turbing of FIG. 1

0034]  FIG 12 15 a smslier view of FIG, 11

(BO3S] FIGE, 12A and 138 e enlargad views of pordions of FiG. 1

dHustrating the detalls of the mibdng lobes on the ejectormixer shrowl

DETAWLED DESCRIPTION
B38BT A mors complste undersianding of the compunendy, procassas, and

apparatuses disclosed hareln can be oblaingd by reference 1 the scoompanying
figurss,  These fgwes are merely schematic representations basad on
convanience arndd the sase of demonstrating the prasent development and am
therafore, not inlended o indicats the relative size and dimengions of the devices
or semponents thareo! andior o define or Bt the scope of the sxamplany
smbuadiments.
Q0371 Although specilic terms are used in the folowing desoription for the
saks of clardly, these ferms ars intendad 10 velfer only 1o the padicular structre of
the embodiments selected ko dustation in the drawings and are nat intendad o
dafing or Emit the scope of the disclosure.  In the drawings and the following

description below, # 15 {0 be understood that like numeric designations refer o
components of like function,

{00381 The mndifier aboul” used i connectionh with a quaniity is inclustve of

p22

the stated value and has the meaning dictaterd by the context {for exampls
oiudss al least the degree of amor associated with the measurement of the
particilar quantity). When used i the context of a rangs, the modifiar "about”
shouid ales be considerad as disclosing the range defined by the absoluls values
of the two andpoints, For exampds, the rangs "from aboul 2 o about 47 akso
disclosss the range "rom 2o 47

00381 FiG, 1 is a perspective visw of one smbodimsnt of & wind turbing of the
presant disclosurs, in a form also known as a miker-ejacior wind trbing (MEWTL

The MEWT s 2 new type of wind turbine that usss a shroudad impeller, prop, or

gy
£
o
(9]
3
fe
lete
o3

tator o improve the efficiency of a wind furbine sueh that muore power may
for 3 tuwrline having the same arga than other curent types of wind

-~

i
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turhines and particularly wind lwrbines empdoving free or open bladse impsilers,
The MEWT aconmplishas this é}y drawing air from g Brger areg than the mosd
comnon typs ol wined fuebing, the hotzontabaxis wind twbine (HAWTY
{00407 A wind furbine can heorstivally capturs al most B8.3% of the potential
anargy of the wing passing through #, a2 maximum known as the Bele imit,. The
amount of snergy caplired by a wind turbing can also be redorrad o as the
afficenay of the twhbing, The MEWT can exoend the Baly Brodl. Generally, the

wirgd furbine of the presant disclosure includes a shroud that has a skeletoreands

i

sty structure, This structure provides 3 wind furbine whinh has a lower overal
mrass comparad 1o g MAWT.
{0041] Helorrng 1o FIG. 1, the trbine 10 comprisas an impelisr 28 ocated &t

an inlake sngd 32 of & turbing sheoud 38, The imped vally be any

‘:9
~
m
o
20
f‘a?*
4

assembly in which blades are attached to & shall 3nd able o rolate, albbwing for

the generation of powsr Of snergy from the force of wind solating the blades.

si‘
o
ek

gy impadlers includs & blade propelier arrangement or 8 rofor-and-stator
oormbination. As Hlustraled v FHE. 4, the impeller 20 I8 a rotur/stalor assembly,
The stator 23 engayss the tubine shroud 38, and the ooy disposed axially
adiacent {not shown) angages 8 motorgenerator {not shewn) The stator 32 has
a plurality of non-rotating blades 34 which redivect or furm the alr hefore #

reachas the rator. The blades of the rofor ams thus caused

&4
fond
C‘e
J)‘:“Y
%
poon
17
o
p3X
@
o
(81)
possd
o
o]
[og
%

shown) connacled o the generatorn, gensraling power i tha ge

i
&y
i
i
5P
ok
40
poso)
i
pes

ay

00421  The shrowd 38 comprises g ringsd abfod 34 which & generally
oyiindrical, with the airfoll configursd I generate relatively lower pressurs within
the turbine shroud {Le. the infenor of the shroud) and miatively higher prossura
ouiside the lurbine shrowd (e the exierior of the shroud). I the prassni
pragtice, the ringed airfoll i cambered, or has a cross-section shaped like an

swnraft wing arfl, as can he seen in F{;@i s 4, 718, T, and 18 of LIS,
Patert Puldivation No. 20080087308, the entire disclosure of whinh s hareby
incorporated by reference in ds antirety. The impailer 20 and the motorigenerator
ars contained within the rbine shroud 30, The twrbine shroud 30 may also have
ke fobas 40 around an outlel or sxhaust end of the shroud, The miker lohes
ars generglly untformily distribuded around the cimumferance of the sxhaust end

or lovatsd along the tralling adge 38 of the shroud, The mixer lohes gensrally

.?.
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caune the swhaust and 38 of the hurbing shroud, where air axils, fo have a
ganerally convoluted or peak-and-valley shape aboul s droumferance
00431 Tho hrbine 10 also comprisss an ejectar shroud 58, which is angagsd

with the tubine shroud.  The ejeclor shroud cumprises a ringed airfell 84

configured W be generally ovdindrical and also having 2 cross-sectional avfolt
shapa, The camber of the giecior shroud s such that the awer prassure side of

the airfoll v on thy inside of the ejecior shrcad and the higher pressure side s on
tha ouiside of the electur shroud, thus drawing higher ensigy air into the twrbine

o ok with the e snsrgy 8l that bas passed through the wnpeller 280 The
cambar of the elesior shroud 58 is generally graater than the camber of the
furbing shroud 30, The sieactor shrowd may als0 have muker lobas 88, The mber

fobes gonerally cause the exhaust and of the sjector 8§, where alr exilg, io have

a generally peak-andwalley o convoduted shape about g oirdwnderence. The
ik lnbes are thus lncatad along the raling edgs 88 of the efector shroud 54

0441 The siector shroud B8 has & 5&@;@{ dametar than the wrbing ghroud
30, The babine shroud 38 sngages the ejector stroud 84 In the smbodiment
shoawry in FIG. 1, the exhaust end 38 of the trbing shroud fils within the witake
and indicated 83 of the wjuctor shroud, or the intake end §2 of the gjector shroud

g
¥
H

surrounds the exhaust end 38 of the turbing shroud. The wrbing shroud 30 and
siesty shroud 50 are sived so that air can How through the annular spacs
behwsen them. Put another way, the gjecior shimwd 88 Is concentrinally disposed
about the turbine shroud 30 and is downstream of the shrsud 33 The impeller
24, turbing shroud 38, angd siector shronad 58 ol share a cormmorn 8xis, Le, am
coaxial o gach other,
{00451 The mixer obes 48, 88 provide improver! How mixing and cantral. The
furbine shroud and ejector shroud in the MEWT flow path provide high-snemy air
into the ejsctor shroud.  The turbine shrowd provides low-ansrgy gl inle the
sigctor shrowd, and the highrenergy alr cutwardly surrounds, pumps, and mixes
with the low-snsrgy air,
8481 A molorfgeneratnr (ot shown), tpleally smployved 1o generats
siecticlty when the wind is driving the rotor, may also be used as a motor fo diivs
the impelisr 20, and thus draw air info and trough the fwrbing 10, whan the wind

g insuficient to drive the rofor
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{B04T]  Raferring sgain o FIG 1, the bobine shmud 38 comprizes a skin 78, a
first rigid structursl member 72, and & second dgld structurst member 74, The
first nigid membsr 72 defines the nading edgs 78 of the shrouwd 30, The ssocond
rigid member T4 definues the tralling odge 38 with a plurality of lobes 40 around
the croumferancs of the baling adge. The first rigid structursel mamber 72 ig
ganevally coircudar, when viewed from the front along the central axis. The st
rigid structural member T2 provides 2 strushre (0 support the impalier 20 ang
alze 3cts as a funnel to chamnet @l through the impeller. The rigid members 72,
T4 are considered rigid” relative to the skin 70

{0048]  The elector shroud 80 also comprises o shin 89, a first rigld structural

e

mamber 82, and & second rigid structral member 84, The firgt rigid membse 82

dafines the leading sdge 88 of the ejeclor 80 and the second rigid member 84
ga &

dotineg the bralling ed 8
groumferance of the tralling esdge. Again, the rgid members 82 84 are

with a plpality of lobes 88 formead sround the

*vta/

cormidered fgid relative (o the skins 88,
{00487 FIGS. 2820 show varous stages of the construction of othar

examplary embodiments of a shrowd andior elector usef for 3 wind twhine of

e
¥
H
3

the present discloswre. The impsller is not shown i these figures, In FIGS. 24,

<2

28 and 20, the combination shroudfsiactor 380 compriser 2 olroular member 400
and a plurally of shmud first db members 410 which together defing an intaka
end indivated generally af 402 and an exhaust end indicated generally st 404 for
the turbing shroud, The cireular mamber 480 and the plurality of shroud first ik
members 418 are thean covered by an exterior skin 488 of falyic or film matenal In
cotnplete the lrbine shroud. The exhaust end 404 of the turbine shroud may
have a grmaller area than the intake end 403,
{00801 The sjector shroud comprises a generally ciroular member 420 and &
plurality of ejentor first rib members 430 which togsther define an Intake end 4323
and an exhaust and 424 for the sjector shroud, The circular member 420 and the
plurality of sjactor first db m 3‘3&3&:‘3 430 are then coverad by an axterior skin 428
of fabric or lim materal 1o complate the siecior shroud.  The shrowd oircuiar
mamber 408 and gctor ciroular member 430 may aiso be connectad o sach
other by the shroud first ri members 418, In the present prantice, the ribs and

structural membaers are mads of differant masterials than the skin,

@

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908
051 In addiions! embodiments, the turbine shroud may includs @ plurslity of
shwoud second nb meambers 440, The shroud second 1b mambers 448 connent
the shroud oircular member 408 and sjector ciroulay mertder 420 fogethe

Togethey, the shrowd fisst rih members 418 and stroud second b membears 448

defing a pluraiity of mibser obes 442 3t the exbaust and 484 of the shroud, The
shrouwd first (b membears 410 and shroud second s mambers 480 may have

ditferarg shapes. Sindlardy, in additional ambodimeants, the sjscior shrowd may
inclade a pluralily of sjoctor second rib mambers 458, Together, the sjector first
nby embers 430 and efecior sscond b membars 480 when coverad with skin
426 defins 3 plursiity of mixer iobes 452 st the sxrhaust and indicalad ganarally at
434 of the sjector. Genersily, the sjectur st b members 430 and elechw
sasored b members 488 have different QM{»{:\?
[O08] As sean in FUS. 248, shrowd first b mamber 410 amd sjector first nb
meniber 430 connec! 0 ejector circuler member 428 &l the same loeation,
Sinilarly, shroud senond rib member 448 and ejecior second rily membsr 450 are
shown connecting o ssctor oiroular member 420 af the same ocation. NHowever,
conpacton al the zame ocalion on mamber 430 for the varous b members i
nof ragquirad.
[BO531 Allematively, as desoribed in FIG. 2D, the comblination shroudfalector
385 can be considerad as comprising a st oirsudar membsy 4080, a sesond
ciroular mamber 420, & plurality of first intemal ribs 468, and a plurglity of second
warnal rbs 478, The combinalicn of the bvo oircular members, first intermnal vibs,
and second inlemal ribs define the shape of the lurbine shrowd, obes on the
turbine shrowd, the gjector shmud, and lobes oo the gjector shroud, Tha furbine
shroud & defined by the area belween the two oircular members 400 and 43¢,
whils the gjactor shroud i lousled downstream of the second ciroular member
420, Here, first Intemal b 480 can be considerad 8 onsepiens combination of
shrawd first i member 410 and elector first rib member 438, whils second
internal b 478 can be conglderad a one-piscse combination of shroud seoond rib
amber 448 and slector sevond ab membesr 454,
{00841 FIGE. 3430 are side vews of various smbodiments of internal ribs
sutfabde for use in embodiments as shown i FIGE, 28230 In FIG, 34, the nib
500 comprises an arcuate member $10 and a ransverse meamber 820 integrally
formed logsther o forrm & one plece generally rigid b, The b members are
10
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redathvaly ightweight and can be considerad as beams 502 joined together by
siruts 584, I will be understuod that the arouste membsyr 310 dafines the shape
of the turbing shroud, whils the fransverse member 520 defines the shape of the
efenior shroud,
{D058] Reforing o FIG, 38, ths b 500 includes a stationary member 530 and
a movabie o acluated mamber 843, The siationgry mamber 830 defines the
shaps of the twrbine shroud, while the aclusted member 540 defines the shape of
the sjeotor shroud, The stationary member 530 and actuatsd membsy 540 are
feined fogather slong & boltum adge S08 by a pheot 888, which defines an angls
bebwenn tham. The stationary member 530 and actuated member 540 are joined
fogether slong 8 W sdge 508 by g slesve or linegr molion member 888, An
actuator §TQ engages both the slationary member 530 and atiuated mamber 840
sG as o changs the angle between tham, thus changing the shape of the shrowd
andior efector. The salid oudline iy FIG. 38 shows a shortened or near position,
while the dashed oulling shows a lengthenad or angled position.  This abiiity to
changs shape allows the overall skeleton of the turbine shrowd or elector shroud
to move { changs shaps as well,
{00588] Relaring 1o FIE. 30, the stationary member 838 and actuated mamber
548 ars joined fogsether st both the top and boltom edges S08, 508 by g sleevs or
Snear moton membsy 880 which, logether with the scluator 578, permils
movement for changing the length of the rib 8300¢. it will be understaod that b
S84 s shown in the exdended position in FIG. 30,
[O08T]  FiG. 30 shows another embodiment of 2 wind turbine S8¢ with huvhins
shroud 582 and sjectur shroud 884, Hare, the b members such a3 ribs $00 of
the gjector (hol shown are in thelr axially shoraned position. in FIG, 38 the rib
mambers of the ejector shroud 584 are in theb axially lengthened position
resulting i an eectyr of greater length and different air flow characteristios.
Thus, the moveable naturg of the b members in the wind twrbine enables
changes i configuration o accommodate different wind conditions,
{0058] In FIGE, &8, the skaleton 808 of the wind furbive is considersd o be
mada from o sub-skeletoms, 2 twbine shrowd sub-skeleton indicatad ganersliy
at 801 and an ejeclor shroud sub-skeleton indicated generaly at 883, FIG. 4

shows both sub-sketetons in their parlially completed state, FIG. 8 shows only

11
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the turbing shyoud subeskeleton 881 iy & parlially completad stats, FHEGL. 8 shows

o

only the ajector shroud sub-skelelon 803 in 3 parlially completad state.

(00591 Refering now o FIG 8, the fwbing shyroud sub-skeleton 801 includes

17

a turbing shrowd front ning structure oo st rgid structural membsyr 882, a wrbine
rrdxing structure o sacord rigid structurad member 842, and a plurality o

firat irternal rdbs 818, A hwebine shroud ring 814, which may be formesd a8 a truss

0

may be included 10 further define the shape of the turbine shroud, as well as
provida a connecting point bebveen the turbine styoud sub-skeletorn 889 and the
asfector shroud  sub-skeleton 8030 Whernt proserd, the rng fruss 814 &
substantially paralis! {o the wrbing styoud front ring sbucture 8820 A plurality of
ssoond intemnal ribs BI8 may also be used o further define the shape of the
mixing lobas, The first rigid strctural mamber 882, dng tuss 814, and sscord
agld structural mamber 812 are all connected o each other through the first
internal ribs 818 and the seaand internal ribs 8§18 The finst rigid structurs!
mamber §02 and the second rigid structural member 812 are ganerally parallel o
gsach other and perpencliouiar to the wrbine axis.

{00881 The tubine shroud frand ring structure 802 defines 3 front or inlet end
808 of the turbing shroud sub-skedetan 801, and a front or inlet end of the overall
skalaton 888, The wrbing shroud mbing structure §12 delinas 8 rear end, oulint
ard, or exhaust end of the fwbine shroud sub-skelaton 881, The furbine shroud
front dng structure 802 defines g leading sdge of the twrbine shroud,

G081 The second rgid structural member 812 ks shapsd somawhat ke &
gear with a cireular crensliated or caslellated shaps. The second rigid structursl
member §42 can be corwsiderad  as belng formed Gom seversl hwer
civounrferantially spaced arcusle portions 702 which aach have the same radive
of curvalure, Those inner arcuate portions are preferably svenly spaced apart
oo each other. in those spaces bebween portions 702 are several ouler arouste
portions 784, which each hove the same radius of curvaturs, The rasliug of
curvature for the innsy arouate portions is different from the radius of curvalure for
the otter arcuate porlions 784, bt the inner grougle portions and outer arouste
gortions should share generglly the same center. The inper portons 702 and the
culer arouale portions T84 are then connected to each other by radially extending
portions 708, This resuits in 8 oircular crenelisted shape. The term “crenadiated”
o “nasteliated” are st used harein as requiring the ey arcuate portions, oulsy

12
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arcuate portiong, and radially extending portions to be straght ines, bt rather o

4

&

refay o the gensral ug-and-down or Brandoul shaps of the second #

&

structural member 812, The first infemal ribs 818 connagt o the second ngid
structural member 812 along the culsr armuats portions 784, while the sscond
intemat ribs 818 connact ¢ the seoungd gl structural member §12 alonyg the
nner arcuats porfions 7040 As will be explained fwrther herain, this structurs
forms two sels of mixing lobes, high energy mixing lobes and low saergy mixing
lobes, B should be noted thatl the greneliated shape may ho only part of the
sacongd gt structural member, and that the second ngld structural membar
could be shapaed differently further upstresam of the oreneliated shape.

00621 Refermring now o FiG 8, the sjoctor shroud sube-skedeton 803 ncludes
an electyr shroud front ring structure or Hrel rgid structural mamber 884, o

plurality of first internal rbs 8#38, and & second pgid structural member 888

,‘...;
::3
$a
5
et
f2
%
%
1)
28

Again, an siector shroud rray be formed 5% 8 bruss, may be

included W further dafing the ‘S§"€§§3€"§ of the ejpclor shroud, and provide a

conrecting point between the trbing shmouwd sub-skalaton 881 and the elector
shroud sub-skeleton 803, Whan pressnl, the ring truss 8§18 is subslantialy
patsiel o

o gjector shroud front rng struchae 804 and disposad nonmal to the
The first righd structural member 884, ring frugs §18, and second
rigid struciural member 808 are all connediad o each other through the pluralily
of first intermnal rihg 888, only ong of which is shown iy FIG. §. The first rigid
structural member 834 and the secome! rigd struchural member S808 ars ganarally
paraiiel lo sach other and normmal o he uwrbine axis
{6063]  The sjecior shiroud frond ving structure 804 defines g front or infet end
888 of the cieotor shroud sub-skelston 883 The apcior shroud rear ning
struchire 608 defines a rear end, cutlel end, or exhaust and 807 of the sjectur
shroud sub-skelston 883, The sxhaust end 887 of the eisclor shroud rear ring
structure 688 also defines a rear end, exit end, or axhaust and of the overall
skelsion 888, The slector shroud front ring struclure 804 defines 3 lsading adgs
of the elector shroud. Both the first gl structural mamber 804 and the sscond
rigid structural meamber §08 are substantially circular,
{G084] FIG. 7 shows both subeskalatongs 801, 803 In an assembled stade,

without the sking on either the turldne shroud or the ejeator shrowd

il
[ex
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IBO88]  FIG. 8 flustralns the sub-skeletons with the skin partially applied. A
lwrbine skin 830 parlially ocmnvers the turbine shroud subs-skalaton 6871, while an
siactor skiny 622 partially covers the gjuctor shroud sub-skelston 8083, The

!

sirstehing of the fwrbine skin 820 over the sub-skaleton 01 forms the miking
fobas, The resulting hurbing shooed 630 has bwo sels of miing lobeas, high
ensrgy miking lobas 832 that sxtend wwards toward the cendral ads of the
rbine, and bw anetgy miking obes 834 that extend oulwards sway from the
central axis, Support membars 8§34 arg also shown that comnect the wbine
stroud subr-skelston 801 to the ejecior shroud sub-skeleton 8030 The support
mambers 834 are comnacted at their ends o the twbine shroud ring buss 813
{sea FIG, §) and the glactor shoud ting russ 818,

[O088] I desied, the slecior shrouwd may also include a plurality of sjector

shroud seoond internal 1ibs, which will aliow for the formation of mixing lobes on
the gisctor shoud as wadl Such a struclure is direclly analogous o the miking

iobes formed on the frbine stroud.

{00871 The skin 20, 822, respectively, of both the turbine shroud and the
siector shroud may be generally formed of any polvmerie Bilm or fabric material,
Exemplany maferdal  inchide  polyvingl chiordde  {(BVCY polvursthans,
polvflucropolymers, and multiMaver fiims of similar compaosition. Birelchabds
fabricy, such as spandex-ivpe fabrics or polvursthans-polvires  copolymer
containing fsbrics, may also be semployed.

{00681 Polyursthane films are lough and have good westherabiiity, Tha
polvester fype pobvursthans films tengd 16 be more sensitive o hydraphilic
dagradation than polystherdype polvurethane films,  Alphatio versions of these
polyurethane films are ganerally uitraviclet resistant as well,

{00881 Dxomplary pobvfiucropoiymers include polnvinyididene flunride (PVDF)
and pohyviny Huorids (PVF) Commercial versions ars svailable under the trade
names KYNARE and TEDLARE, Pobfluoropalymers generally have vary low

surface snargy, which aliow ther swrfane to remain somewhat free of dirt and

dabris, ag well as shad loe more readily a8 comparad o materisls having g highe
surface enenmy.

BO701  The skin may be reinfored with a reinforcing maleral,  Examples of
ginforaing malsrials nolude Bul are not limitad to highly orystaliing polyathylens
fibarg, paramid fibers, and polyaramides.
14
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[00T1]  The twrbine shrow! skin and ejector shroud skin may indepandently be
rrdti-lnyar, CoOmprising ong, fwo, thme, or more ayers, Mullidaver constructions
may  add strength, water resizlance, UV stability, and other functionality
Howsver, multi-aysy constructions may also be more expensive and add weight
10 the sverall wind turbin

(DAY The skin may cover all or part of the sub-skeleton; however, the skin is
e reguired 10 cover the entire subeskelelon, For example, the furbine shrowd
skin may ot cover the leading andior irslling sdges of the furbine shroud sub-
skeigton, The leading andior ralling edges of either shroud sub-skelston may be
comprised of ngid matenals, Rigid materigls indluds, but are not Simited o,
polymers, metals, and miklres thereofl  Other agid materialy such as glass
retrforcad polymers may alse be employan. Righd surface areas arounsd fluld
miais and oullets may impeove the serodynamic properting of the shrowds, The
rigidd surface argas may be in the form of panels or other constructions,

{0731 Fiowisteio composites arg also contermplatad along with a backing,

such ag foam.

BETS]  As shown in FIG, 8, another exemplary embodiment of a wing furbine

808 is shown with an sijeclor shroud 802 that has intemal ribs kin fins or shaped

o provids wing-labs 804, The wing-labs 804 are disposed downstrsam of the
vartical suppord BOS and pivol by crsale @ luming movemsnd o optimally align or
weather vang” the wind wrbing 800 with the ncoming wind fow {0 improve
energy of powsr production. The wind twline s shown mounted o a suppont
towar 805,

00751 FIGS. 10412 Hustrale ancther exemplary ambodiment of a shrouded
wind lurbine, The lurbine indicalad generally at 800 in FIG. 10 has a stator 808s
and rotor 810 configuration for power extraction. A turbing shroud 882 surrounds
the mior 818 and s supported by or connacted to the blades or spokes of the
stator 8083, The furbine shroud 802 has the cross-sactions! shaps of an airfol
with the suction side {La. low presswe side) on the interior of the shoud. An
ajecter shroud 328 is cosdal with the trbine shroud 802 and &8 supporied by
connector membars 388 exterding between the two shrouds, An annular ama is
thus formed belwean the two shrouds. The resr o downstream end of the
turbine shroud 802 is shaped o form two differsnt sets of mixing Iobes 848, 828

High energy mixing lobes 318 sdend inwardly fowards the central axis of the

ik
451
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rriiver shroud 802, and, low snsagy miking obes 320 extend outwardly away from
e central axis.

0078 Fros
stator 808a has 1o energy oxtraciad by the rolor §180 High anergy s indicatad

h

s shgam air inglingted genarally by arrow 808 passing through the

by arrow 838 Dypasses the shrowd 308 and sfator 808a and fows over the
turhineg shrowd 8023 and directad inwanily by the hgh snergy miking lobes #18,
Tha low energy miking lohas 820 cause the bhw enargy ait oxiting downstraam
from the rotor 18 o be mized with the high energy o 838

00771 Neforing to FIG. 11, the conter nacelle 883 and the trailing sdges of
the iow snecgy mbing lobas 820 and the trailing adge of the high energy mixing
bes 918 gre shown in the axial cioss-sectinal view of the lurbine of FIG. 14
The siocky shroud 838 s usad o divect weardly or draw i the high snemy alr
428, Uptionally, nacalis 803 may be formed with a conbral axdal passage
therathrough o reduce the mass of the nacelle and to provide additional high
gy hirbine bypsss flow

[GOT8] In FIG. 124, 3 Wangent ine 882 is drawn along the intertor tratling

»A

(:3

adge
indingtad gensrally at 887 of the high enenyy miving lobe 818, A raar p?aﬁ% 851
aof the turbdne shroud 882 s prasend. A line 850 is formed normal o the rear
plane 831 and angent o the point wherg a low energy miking obe 830 and 8
high energy mixing lobhe 818 meet. An angle §; s formed by the interssation of
tangert ing 882 snd line 888, This angle @ is bebveen § and 85 degress. Pt
anothar way, & high energy mixing lobs 818 forms an angle € bohvaen § and 85
degrees ralative o the turhing shrowd 802,
{ﬁﬁ?‘%} in FIG 128, g langent line 854 is drawn along the sderior iraling edge
ndicatad generally at 885 of the jow enengy mixing obe 828 Anangle @ &

formad by the infersection of langant line 884 and line 380, This angle 8 &

gy

between & and 85 dagrees. Pul goother way, a8 low energy mizing lobe 820
forms an angle @ babween § and 85 degrees relative to tha frbine shroud 882,

Q0801 The wind hubines of the present disclosure, which have shrouds mads
using a skelston-and-skin corstruction, pawdde unique benefils over swisling
systema. The disdiosed wing turbing provides a more effective and afficiant wind

generating system, and sgnd xa:a*st;y inoreasss the maximum powear sxtracton

potentil. The wind Wwbing is quinter, cheaper, and murs durable than an open
taded fwbine of the comparable power generating capacity. The disclosed wind
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gower sysiam opavales more effectively iy s wind speeds and I8 mars
accepiable assthatically for both wban and subngban saflings. The disclosed
wind furbing reduces bird sirkes, the need for sxpangive nlemad gearing, andd the
need for turbine replacements caussd by high winds and wind gusts. As
compared o existing wind turbines, the design s more compast and struchurally
robiugl,  The disclosed furbing v less sensdlive to infel flow blockage and
afignment of the habing axis with the wind directtn and uses advanced
aemdynamios o avtomatioally align iself with the wind dirsction. Mixing of high

srsrgy alr angd low anergy alr inglde the disclozed wrbing ncreases sfficlanay

which raduces downstreany iwrbudenes,
(B081]  The preseni disclsure hag besn desoribed with reference {o

sxamplary ambodiments, Obvicusly, modifications and alterations will aoour

o
A

gthars upon reading and understanding the preceding delailled deseriplion, R is
intendad  thal the present discloswre be construed a3 wluding &l such

ifications and alteralions insofar as they come within the scops of the

appendad olaims or the equivalents thereol.

17
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CLAINME:

1. A wingd tubine innluding & turbing shroud, the lwbine shroud

A turbine shrowd fivst rigid structural mermber

& turbine shrowd gecomd righd sfructursl mamber;

g plurslity of first inlemad ribs conneuting the st niged structural
mambern and

3 turbine skin sovarng at fsast a portion of the plurality of first

wrarmal by, wherain the skin comprises a fabrio or & polymer,

]
ik,

he wind turbine of claim 1, fuwther comprising an elactor shroud
and at least ong tuss comnscting the ejector shroud o the turbine shroud;
wherein the ajactor shrowd comprises:

an gjector shyoud st rigid structural membsy

an epctor shroud second dgid strusturst membern

3 plurality of second intsnal dbs connecting the sjsctor shroud first
Aigid strustural member o the ejector shyoud second rigid structural member; and
1t ejoctor 8kin sovenng at feast a portion of the pluraliy of senong

internal ribs, the skin compelsing o Tabnie or & polymsr.

A The wingd twrbine of clalm 2, whereln the Bwbine shroud first sgid
structural member and the sjsctor shroud first rigid structural member each have

& substantially cirdudar shaps,

4, The wind turbine of claim 2, wheraly the sjeclor shroud second rigid
structural mamber has a crensllated shepe, and the pluralily of second intemal

ribs are shaped a6 as o form mixing lohes on the aector shrowd,

5, The wind wrbine of dalm 1, wherein 3 leading edge of the nrhing
shroud and a trading sdge of the turbine shmud arg not coverad by the twrbing
skin

18
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8. The wind turbine of claiey 4, further comprising an impsiten wherein
the tursne shroud s disposed about the wmpelisr,
7. The wind trbine of olaim 1, whergin the turbine gkin comprises 3

,.

fiim of pobrursthans-polyures copolymear material

8. The windg turbine of gaim 1, wherein the turbing zkin & reinforcad

with & highly orestalling polysthvlene, para-aramid fibses, or a pobaramide
gy }

maderisi

3

Q, The wind trbins of claim 1, whersan the lurbine shroud second Hgid
structural meamber has 2 crenaliated shaps, and the plurality of fist intarnat ribs

re shapard so as to m mixing iobes on the fwbine shrowd,

10, The wind turhing of ¢lsim 1, wherain 3 lsading edw i the tuching

shroud and a frailing edge of the turbine shroud are formed of a rigid matenst

11, The wind tabine of clalm 10, wherein the rigid malerial s selected

ity

o,
%
%

from the group cansisting of polymers, metals, and mbituras thareot.

53

1€, The wind turbineg of claim 10, wharein the rgid material i a glass

reinforced polymaer,

13, The wirgd turbine of claim 1, wherein the hwbine skin comprises 3

pluraiity of layvers.

18

ot

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039908

WO 2011/031365
rowd, an sieckyr shroud, and

Sowind Wrbine comprising & wrbine sh

GRS

A

14
aisolor shroud;

anst one fruss o

zes
&ﬁt 3\«

neciing the turbing shroud to the

wharain the i
& leading adge of the

turbing shrowg
& second nghd strustural member defining a trailing edge of

s connacting the frst rgid

gmbarn and

the {urbine shroud;
a plurality
S atruntural m

& sacond rigy
skin oovaring 8t Isast a portion of the

struchgal mamberio th
Aty of firstintermnal ribs, and comprising 2 fabwin or g polymer;
sherain the siector shroud comprises
an gjector shroud fest orgid strugiy

wal membsr defining

ey

actor shroust
id wiural member defining 8

adge of the gje
3 sty

faae Cifiia} £
an siector shromed sscorgd rigi

of the electoy shroud;
urality of second internal ribs connecting the gjecty
to the ejector styoud second gkt strustural

frading edys

shroud first sl structural member

mermnbar and
an efector shroud skin covering of east a portion of the
pluradily of sscond internal ribs, and comprrising 8 fabiic or a polymsy
wmber and the ajscior shroud first

wharsin the first fighd structural w
¢ g substantially oircular shape; and
member and the gjector shroud

o strusturg] mesmbar each have

PR
whernain the sscond rigid structurst
sacond rgid struclural member each have a dircular crenelisted airoumfarenos,

claim 14, further comprising an bmpeler

Tha wind twrhine of

rhine shroud is disposed about the impslier.

i85 The wind turbing of olaim 14, wherein the trhing shroud skin and

the gjsctor shroud skin are Rwmad of a polyursthans-polvursa copolymer

28
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17, The wing turhing of claim 14, wherein the urbing shroud fabrie skin

and the siedlur shouwd fabrie skin are reinforced with g highly orysiatin

obvethyiens, parg-aramid fibers, or & polvaramids,

&, Ths wingd turhing of claim 14, whersin the twbine shrowd fabric skin

Pt

and the sjector shrowd fabrie skin ars reinforced with a polyvinyt ohiorides resin

149, The wind turbine of daim 14, wherein the bading adgs of the
turbing shrowd, tralling sdge of the wbine shroud, sading sdgs of the slectyr

ahroud, and ratling edlge of the slacior shroed as formed of 2 Agid matedal.

s X

28, & mathod of maling a wing twrbing comprising

{a}  providing an impellar

{by  forming & skelgton and covering &l least a portion of the
fabric

P

atorn with a skin {o form 2 lwrbine shroud, the skin comprising a
or a pulyrmer fim; and
{g}  disposing the shroud about the impaller

21, The methoad of claim 20, wherein the step of forming & skalsion
nchides providing & first rgid circular membsr and & second dgid circular
mambear, and sonreeting the frst and second annular membaers with a plurality of
spaced nbs,

22, The method of claim 1, wherein the step of connecting the anmnular
membars with spacad ribs includes Torming at least one high-energy mixing obe

and at east one ow-snsrgy mixing lohe,

23, The method of claim 21, whereln the sscond ngid oircular mamber
forms a orensiiated shaps on a downsiream adge of the turbing shrowd

24, The method of dalm 30, further comprising disposing an gjector

L%

shroud sbowd the furbine shroud, an outlel end of the turbine shrouwd extending

intean inlet end of the ajacter shroud.

Pus
s
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25 The mathod of olaim 34, wherein the sjector shroud i formed by

oviding an ejeclor shalslon ardd covering at lsast 8 porlion of the alsctor

skefeton with a skin, the skin comprising a fabde or a polymer film,

28, The mett

-~

od of claim 38, wherain the ejacior skadston is formed by
providivgg a first rgid groulss member and @ second rgid oiroular membey, and

sonnecting he fvst and sscond anmdar members with & plurality of spaced ribs.

27, The medhod of claim 28, whersin the step of spaced ribs of the

giector skedeton are axially extendabla,
28, The method of clalmy 35, whereln the ejector skeleton second rdgid

circuigr member forms a cranalialed shape on 8 downsirsam edge of the efpctor

shroud,

by

o

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

7

10
6 54 5

86 «‘%{} 50 3

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

2117

FIG. 2A

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

317

. 390

FIG. 28

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

417

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

5117

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039908

WO 2011/031365

6/17

520

R
R AR

SN

s

502

FIG. 3B

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

7

FIG. 3C

580

FIG. 3D

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

817

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039908

WO 2011/031365

917

S,
R o e ¥ PR

AT

Lh,

A

e

AR .J.\ .

i&?

sm,m

™800

4

-

G

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039908

WO 2011/031365

117

g,

ettt ziiese,

e

eI,
)

5

-

G

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039908

WO 2011/031365

117

"

o
S
g

P,

o
F
s

R

‘\*-\0\ T

A

G. 6

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039908

WO 2011/031365

S

.. &,
BN

=
‘:-
.

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

13/17

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/039908

WO 2011/031365

14/17

5
L
o0

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365

15/17

PCT/US2010/039908

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365 PCT/US2010/039908

16/17

SUBSTITUTE SHEET (RULE 26)



WO 2011/031365

PCT/US2010/039908

1717

N
o

QZO

\\\\\\.\\“
._..‘.\}.bo\\\

o
= Ny
o R
\\*“\ &
o““ R
o "\\ %,
NN
>.\ R
N &
QS &\ )
R

&
o

A

NN \\
NN
\‘2@\ g
A $
§
3 R
33 $
:i N, &
Q\ R
3 i«&
3 S
k3

AN

B o=t S
R / N,
o
o k
o
&

r.rut,,,_, v,

/”95@

SEEEEN

FIG. 12B ;{7/:/

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings

