Tur bi ne Enhancenent System Field of the invention This invention relates to

a turbi ne enhancenent system and a nethod for enhancing or inproving the
power output and/or efficiency of a wind turbine, and in particular to a

system and Wigbdneso¥ky ch are designed to condition the wahdhi@whA%k past a

turbine in order to reduce the turbul ence and/or increase the pressure

and/or velocity of the wind. Background of the invention In today's

envi ronnment of gl obal warning and enV|ronnentaI awar eness, renewabl e energy
i s beconming more and nore i npokirhise Enjipncgment r bi nes, both on and

of fshore, being the nost wel | -establ i shed form of renewabl e energy. Wile

w nd turbines have proven a viable option for generating electricity or

ot her forms of energy, they do have their limtations. One of the main

i ssues W t hrmdad tHeUsiBhd®ds 1S a phenonenon known as the "Betz Iimt" which

determnes the maximum/limt of a wind turbine's performance. This results

froma pressure drop across the rotor of the turbine in which the air

gi rec: : y beh;lc'll'dw%lh@? b%lﬁsb&g laihgbiﬂ& erﬁxﬂrﬁt;:ﬁ\éﬂ‘t@ﬁtbhﬁd’n%lﬁ nmmawreﬁhmdg the air
irectly in fron e bl ades is_a at er an at nos Ic pressure.

This el evat éB"B‘f‘%%‘gﬁP‘é”‘ifH“‘P}“d‘ﬂé/"b“fff"?‘ﬂﬁgf’ﬁar Wi 4rRiae patin el ﬁ%“%f‘ X8 wi nd or

upstream ai Emcﬁrﬁéithtﬂid;vl{l&lﬁré alerstginaem cbrtm&mmwwmmgomt pdst 4 tufnetiherdaneunt of wor k
whi ch can be ext

acte e. turbi ne. this . Betz limt |srarely
eached in st CEmHpaRR g areﬁsaﬂﬁ.pﬁeé%'wﬁf r %OWSEPB“ﬁa’f’}dng wi nd
velocities, which is another drawback when using w nd turbines. Wnd
vel ocity cannot be guaranteed, and therefore the power generated by w nd
turbines is inconsistent, and this obviously creates issues when supplying
el ectri city Bagdpronadsudinv@fion AS a result it is normally necessary to
carefully select the site at which wnd turbines are | ocated, choosing
sites in areas having higher prevailing wind velocities, and al so generally
choosi ng si Exemdayfs mﬂmmhmf@l@vla&drng ahd envBorabeanl pradressalehevibie chaye t he
bl ades of th at a ce tal of round, . as w nd
vel ot ty. i s gErin Poeng e nport SR B dubEeLPRE Praad TEHIR 0D
2009/ 103564963?/@&@@5“3!3%%ofIeﬂ;dﬂable(aflergméVhiteagnémﬂBmﬂsémanbvanaglrablnd | evel
and the | ower.. cosi t

h hei gh
however, in ogt ?r &,%neéf\ilt}eﬁ esec rwﬁy %‘0316?%01’1113%@9& ,,ltﬁle?%r ﬁlw%%ﬁelraes an el ght

such a ne b Ur bul ence i's
responsi bl e Cheof hemeipdsed vdthagindtuditee &ta themnsharknoWhesthe ABezilihit”

appl i cati o n,whxcﬁggterfnf}nets I&le%m&%ﬁtﬁn Eﬁlp ﬁf 5 %‘ nla '(tjuﬂﬁﬁe f %Qﬁ)lnggn%gt 1tegﬁts g‘ﬂd{rﬁm ence of

the air OW ng over I cle
transfer of pesn@regyoﬁmwthheotw of thetterbinh én whishizhever ditegdielbehindalreridadepiaent

appli cati on’ %ﬁ%@%ﬂéé pgés§lﬁ'la Qxﬁﬁﬁe {?}r th‘e%tg‘ %91%511"}41‘ B Q@gréaﬁ]\(\ﬁ?an"m' ch uses

the dynam c t1on ressure of- the wnd by neans
of annul ar (amomgh)ermmZ$m@s Thmlecﬁeth}téss‘ap mefrogeef thetugbingidetedisssomppéthe upst r eam

of the rot Orwm(1 gsrn%ﬁ {I;Qroaﬁc?ﬁ!e ﬁ% ?th%?g&tﬂ%alﬂﬁl é}ﬁﬂ aAfod dhicfct 11 at

a constant angle onto the rotor des assi ng t e incident wnd itself
t hough the & bpexigfotaddy thedyrbine.

However, this Betz limit is rarely reached in most commercial wind turbines, due to
fluctuating wind velocities, which is another drawback when using wind turbines. Wind
velocity cannot be guaranteed, and therefore the power generated by wind turbines is
inconsistent, and this obviously creates issues when supplying electricity for consumption.
As aresult it is normally necessary to carefully select the site at which wind turbines are
located, choosing sites in areas having higher prevailing wind velocities, and also generally
choosing sites of moderate elevation. It is also preferable to have the blades of the turbine

located at a certain height off the ground, as wind velocity is generally higher at altitude as a
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UK patent application GB2297358 di scl oses a turbine systemfor the
‘generation of electricity fromthe rameffect of air or water flowng into
the system The rameffect forces 15 air into an inlet scoop 2 and casing

3. The air bemofibays i nto opposed sectorial openings of-prshgietit 9 and
into a fixed guide vane unit 7 which guides the air snmobothly 1nto the vane

passages of t hesultwf the Iﬁ&g\m;emlenoﬁd wWrohd lotlahéte aﬂvan g1s¢wmmofgm air aflhéight9 si nc e
gener at or

t hey are keye he t ener t

whi ch can cha?% 'iggefst‘git?e gB&“dvre Ve‘“&“ﬂ%‘?%ﬁ S%R B%FS ht %f’p‘br 1|“f‘§glta Sh GB
2230565 di scl osgalead mapes[ﬁ:hsdﬁ}bmmmea@hdtchﬂghnmbeacmmmer SEws & soelsapplicaties, st at or
bl ades (c), ro | ades C er at casi. An_annul ar
di sc portion (ad’? 'b@ﬁe?sﬁt é‘é“d‘é""l“ﬁévtﬁr%%ﬂi }gt'%g{f]\/ﬁ‘?P P Ptli‘ma'{)?r t“ﬂm( 3%’\%'“ eVds a
result of aiy thé biwdengholaisefiibéent fae tre@sir nfienerzf fibin theswind toaath¢ @diinedfladehe present
invention to provide an alternative system and nethod for inproving the

efficiency of a wnd turbine, which is relatively sinple to produce and
operat e, and wh¢rolhn ba&enpa@ﬂianiaiﬁDﬁ4mﬁam diskldses dyet tipetwiedtuttone(@WTHhwvhidh haes bi nes

but also to be r tl‘ ofd otta?ti"uot famag %néiloxg%re\ém%lpedof }%Jervl?llné] g mean? 1 a%H%I},{%)OT St he

i nvention Accor di nam{ccg resent X Weht on
provi ded a turtmzzles, Uhﬂnamenmdﬁnmulemlmnmmem nftharvtarnip ecleoto afaferate

| eoting auf | hShelbitihd B AealUPRLL AN AAEARML LA LAY Gl ot Dine 10

a manner which con ions t he
t ur bi ne. Pr ef eincitkny winghieelf thpwpbtiorariag obkagtsed to i ssue at | east one jet of
the first fluid therefrom 10 Preferably, the enhancenent system conprises

means for supplying the first fluid to the injector.
UK patent application GB2297358 discloses a turbine system for the generation of

electricity from the ram effect of air or water flowing into the system. The ram effect forces
15 air into an inlet scoop 2 and casing 3. The air then flows into opposed sectorial openings of
a gate unit 9 and into a fixed guide vane unit 7 which guides the air smoothly into the vane
passages of the turbine wheel 6 which rotates along with gate unit 9 since they are keyed to
the shaft 8. Power is generated in a coupled generator 5 which can charge batteries or drive

a motor.

UK patent application GB 2230565 discloses an axial flow wind turbine comprises a casing
(a), stator blades (c), rotor blades (d) and electric generator casing (e). An annular disc
portion (g) generates a low pressure downstream of the device as a result of air flowing

outside the casing.

20
It is an object of the present invention to provide an alternative system and method for
improving the efficiency of a wind turbine, which is relatively simple to produce and
operate, and which is preferably adapted to be fitted to new wind turbines but also to be
retrofittable to existing wind turbines.
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Preferably, the supply neans are arranged to supply the first fluid to the
injector froma |ocation renote fromthe upstreamsecond fluid flow of the
turbine. 15 Preferably, the injector conprises an inlet with which the
supply meangoi2809k183s64 ui d communi cati on, and an outl et fpePEMIbd1d7e first
fluid is injected into the upstreamsecond fluid flow 20 Preferably, the
injector is shaped and di nensioned to accelerate the first fluid fl ow ng

t heret hrough. &refelabhyinkdgni Ni €ctor is adapted to provide a designed
velocity profiTe across a targeted sweep area of the blades of the turbine.
Preferably, the injector conprises at |east one array of nozzles.
Preferably, thgedomiGoh Aird QPREIPAE pfsdnt InSdntiah MEY ifroi@AZ ESBint ORBhAMH 2
first distance fromthe turbine, and a second array of nozzles |ocatable a
second di st ahc¥sEmEAMPHEng afripreier forppisetiag atiirsy fluidinto pmynstreagt sepand dgidflosdoft o
ccondi tion the s@AAMMnbhidhit: Whl iRlondink HooiRl Rl AWRRPpAT HRIObs hdnfades.
Preferably, at |east sonme of the nozzles conprise aif 1 nduction nozzles.
Preferably, the supply nmeans conprises a fan and notor. 5 Preferably, the
suppl y means CoeRFbELHe H&hdr ihdsitE0 Wshilht {5 0hd B rhtRMiritmidBerdfRinECt OF -
Preferably, the ducting conprises a support for the injector.

Preferably, the enhancenent system conprises a coupling adapted to enable
the inj ectorg t BefRiblethEentih&thehQystorh YsRirR& mBhEhEERBN e theTRstERIRD 1Y 1S
adapted to enable the injector t0 undergo displacenent relative to the
turbine in a nB¥A8F which allows the injector to track a set of blades of
t he turbine.

Preferably, the supply means are arranged to supply the first fluid to the injector from a
location remote from the upstream second fluid flow of the turbine.
15
Preferably, the injector comprises an inlet with which the supply means is in fluid
communication, and an outlet from which the first fluid is injected into the upstream second
fluid flow.

20 Preferably, the injector is shaped and dimensioned to accelerate the first fluid flowing

therethrough.

Preferably, the injector is adapted to provide a designed velocity profile across a targeted
sweep area of the blades of the turbine.
25

Preferably, the injector comprises at least one array of nozzles,

Preferably, the injector comprises a first array of nozzles locatable a first distance from the
turbine, and a second array of nozzles locatable a second distance from the turbine.

30
Preferably, the injector is adapted to condition the second fluid flow over a targeted sweep

area of the blades.



15 Preferably, the supply neans are adapted to be powered by the turbine.
Preferably, the enhancenent system conprises a wind turbine with which the
injector is in operative association. 20 Preferably, the enhancenent system
conprises ayhhishodi de which is shaped and di nensi onedpdQpdb3RE1274 he
upstream second fluid flow towards the turbine, the injector being arranged
to i nject thePfdfarady, bl ledstsanetod tHelmezag stm@aenis mdwatidn hivaziesd f| ow within t he
first guide. Preferably, the enhancenent system conprises a second gui de
whi ch cooperates with the 25 first guide to focus the upstream second fluid
flow onto a s@ledaibdd ttpenpnlpmens comgrisssveaparalmedorof t he bl ades of the
turbine. Preferably, the injector conprising an array of nozzles di sposed
about the first and/or second guide. 30 Preferably, the dinensions of the
first and/ of Pedwaidy,theisdeplymyans eompriseedictifRreafeadinghfrgm thelfan tithesnjeger de
conprises a truncated conical cow. WD 2009/ 103564PCT/ EP2009/ 001275
Preferably, the second guide conprises a cone nounted concentrically within
t he cowl such Paderstdy, defducttgaomptisss amppart foythamieskar channel bet ween the cowl
and the cone 5 Preferably, the enhancenent system conprises neans for
re-circulating at |least a portion of the second fluid exiting a downstream
si de of the blPsdasblidclienbancerhmt syststorcomprisst aeouplingtddeptes] tagrable the injefioetoer abl vy,
t he supply L. hani cal induction to supply the first fluid to
the 10 inj elg‘tag?ﬁm%c%d()dr)a?\ﬁgﬁ%o a second aspect of the present invention
there is provided a nethod for enhancing the performance of a turbine, the
nmet hod conpri $i ] j L £l tah G d : id
low of the. t ufir Al ERehiBeR dhiipd o el 00 ek SR ML

fl owi ng past [hederbine infa minmen wirigh sllows thedfiectog bl tpack g s ofpledrs @f beptinses t he
step of issuing at |least one jet of the first fluid into the upstream

second fluid flow _
15 Preferably, the supply means are adapted to be powered by the turbine.

Preferably, the enhancement system comprises a wind turbine with which the injector is in

operative association,

20 Preferably, the enhancement system comprises a first guide which is shaped and
dimensioned to funnel the upstream second fluid flow towards the turbine, the injector being

arranged to inject the first fluid into the upstream second fluid flow within the first guide.

Preferably, the enhancement system comprises a second guide which cooperates with the
25 first guide to focus the upstream second fluid flow onto a selected portion of the sweep area

of the blades of the turbine.

Preferably, the injector comprising an array of nozzles disposed about the first and/or second
guide.
30

Preferably, the dimensions of the first and/or second guide may be varied.

Preferably, the first guide comprises a truncated conical cowl.



20 Preferably, the nmethod conprises the step of supplying the first fluid
for injection froma location renbote fromthe upstream second fluid flow of
the turbine. Preferably, the method conprises the step of accelerating the

first flui dyvdhbewhssgsduri ng injection into the upstream@imdpheiondss
Preferably, the nethod conprises the step of injecting the first fluid into

the upstream second fluid flow froma first |ocation. Preferably, the

met hod conpri t € Nj J j LGl DA d
i d 30 1 owt g (R byt LA AT, Rl g borbptighly Dl RO e
Preferably, thetorefircdubsmislismeulphdanebpeivees hacewligd p6wete from t he turbine
in order to affect the supply of the first fluid for injection. WO

2009/ 103564PCT/ Ep2009/ 001275 As used herein, the term"injecting" is

i nt ended t o5niPseferttiy thermhanderotrk eystenfcomnrises Bieans i ag-cisulspngtdpstRpaitynefich as

air into an exlsSkifg aialelinwe #"P”‘%gf‘{ si&egcﬁ"i'fla%%ilafciys HabetoRhe fphifdin sRR oPPROSEd tO

sinpl'y passing the entire arrflow throu nozzle or cow to nodify the 5
di rection/vel ®desy/ pressure of the airflow. As used herein, the term
"upstreamairflow' or "airflow' is intended to nean the flow of air,
general ly but not exclusively in the formof w nd, which poves past a w nd
turbi ne and f Rosferably.che supy mapisiutiseanachenicplsindigiongy sympbdhegfrst frad {z’d?%ti on of
the bl ades gf i{qp&orj{urbi ne in 10 response to the passage of the wind. As
used herein, the term"conditions"” is intended to nmean reducing the

turbul ence, and/or increasing the velocity, and/or adjusting or controlling

the pressure %c{;ﬂd@g ¢  deOMd abgtcRitiitd prasb @ invitR thefd iOWotiged DM@RstSIoANd past a
turbine. 15 Brief description of the draw ngs L L
enhancing the performance of a turbine, the method comprising injecting a first fluid into an
upstream second fluid flow of the turbine in a manner which conditions the second fluid

15 flowing past blades of the turbine.

Preferably, the method comprises the step of issuing at least one jet of the first fluid into the

upstream second fluid flow.

.20 Preferably, the method comprises the step of supplying the first fluid for injection from a

location remote from the upstream second fluid flow of the turbine.

Preferably, the method comprises the step of accelerating the first fluid flowing during
injection into the upstream airflow.

25
Preferably, the method comprises the step of injecting the first fluid into the upstream

second fluid flow from a first location.

Preferably, the method comprises the step of injecting the first fluid into the second fluid

30 flow from a second location remote from the first location.

Preferably, the method comprises the step extracting power from the turbine in order to

affect the supply of the first fluid for injection.



Figure 1 illustrates a perspective schematic illustration of part of a 1st
enbodi nent of a 20 turbine enhancenent system according to the present
invention; Figure 2 illustrates a plan view of the systemillustrated in

Figure 1; woa004/84%g 3 1llustrates a further perspecti e kpSiemfizishe entire
1st enbodi nent o?) the turbine 25 enhancenent system ac\é)gré?ng IIE.HO t he

present invention; Figure 4 illustrates the area over which the enhancenent
systemis effective, superinposed on.a view of the s .t he bl ades
of a wind tur®¥ ped hespnghgigrn ‘@"i’tlnﬁu@t"%%{’td&gwé"efa? %‘ﬁt‘“*‘ﬁ’\§§°§§%c- aﬁ\%g(%{;?l{ea\?v of a
second enbodi §ppk oPfiluid siciabhinmtenhaiig wilowsyatiane aodibr e mglawo at dppogsd esent

i nvention, nmounted in _fr@nt of . thhee bl adel V\,icn(‘jwlgur(p&if?%c Figure 6

i lustrates aforSERyy RASEHE ?e?tﬁ%alg}?ﬁ‘at BRI SO I TUSY Pt ed in Figure 5:

Figure 7 il$ ugitdadPRiRitipdsuriofwealifibhe enhancement systemillustrated in
Figures Sand 6; and 5 Figure 8 illustrates a sectioned plan view of the
enhancenent systemillustrated in Figures 5 to 7 with an additional
conponent pr oxi ged hébia] RORh Cupsticaaiflowpr ‘@irBow’ hie inpaudédio meac the 86w af #if,nd

turbine. 10 Detai| ed description of.the.draw.n Ref erti fl,gur es
lto 4 of the &%@h’bg‘l‘*ﬁ’tﬁ‘ﬁdﬂg&w g ?f°%8§%1“€¥ lﬁlﬁgﬁﬂosv? Jr‘g‘af\'t(raadvpigd |_rs%éﬁgmgodi ment
of a turbine @RhRMREIBIAE e energygteghahé sotatimdofabd Waleaof thOlurwiviith i s

adapted to é)e retrofitted to,..or ifé)rmad integrally with, a turbine such as
a wi nd tur by nieseenserfthepassaer i feafitdic system 10 may al so be designed as a
stand al one unit to be positioned upstream of an existing w nd turbine (not

shown), as opposed,to. bei directly.nmun ; i lenk6
enhancenent sgéflg heiing, epaﬁg %’r“g@'%fh% b "ﬁt\?ré(%??Oo%&flg&fggégglgide?&a%ncdrHciy(r)lrg to the
met hod of t heirpreesigthe valavitptandior adintingys cdssding et réseyre pifiid Bew. i1 0 enhance

t he perfor mnc?e{g%?%gﬁéo‘gﬁt%go%xﬁzaﬂ%gﬁ%ﬁ;bme_ne T. 20 For conventional w nd

turbi nes, theP ra iI's highly dependent upon the
wind s velaogity and is determ ned by the followi ng equation; Power = 1/2 (p
x A x V3)

Brief description of the drawings

Figure 1 illustrates a perspective schematic illustration of part of a 1* embodiment of a

20 turbine enhancement system according to the present invention;
Figure 2 illustrates a plan view of the system illustrated in Figure 1;

Figure 3 illustrates a further perspective view of the entire 1% embodiment of the turbine

25 enhancement system according to the present invention;

Figure 4 illustrates the area over which the enhancement system is effective, superimposed

on a view of the sweep area of the blades of a wind turbine;

30 Figure 5 illustrates a front perspective view of a second embodiment of a turbine
enhancement system according to the present invention, mounted in front of a three blade

wind turbine;



25 Were p is the density of air Ais the area of the blades Vis the Wnd
Vel ocity 30 A wind turbine has the potential to extract a portion of this
power, which as menti oned above, is limted by the Betz lawto 59% It can
al so be se ?,%3% d)e above power equation that the powgri. genshabad varies
with the cube o e wnd s velocity, and thus a slight 1 ncrease 1 n average
wi nd vel oci ty Reafe difv@rates 8 k@niibw @OME edhafideMas @ysidh jllosated greFgurated by a- WO
2009/ 103564PCT/ E1' 2009/ 001275 turbi ne. The enhancenent system 10 of the
present invention is designed to maintain the wind velocity past the
turbine T at dligveat @dstaek @ecidt view of the patadicigniapstdnh Blugpraedan Figmgs Humids; and
conditions, and thereby significantly increase the power generated by the
Turbine T, for a relatively small energy input required to operate the
system 10. § ‘m@res&ﬁltxamew S0 B ipfe@ Ve bf ithe] el camen s ybtlre iltustra‘rcdih Figufdsi5st
array 12 and a Lra 14 of no are Slt oned use,
" upst f éam of blt?iz&’ét écf’ﬁp‘meﬂté’“ﬁ“‘!leﬁl}fra%Eoﬁ‘%tlgerl r?i‘fe rtlofma ve (lz’ifga will
be descri bed |wtndiﬁtbanel herel nafter, to issue high velocity jets of a first
fluid, for exanple air, towards the blades B, at a velocity and in a

di rection which conditions 10 the airflow by both reducing the turbul ence,
controlling the pressure and increasing the velocity of a second fluid, for
exanpl e alr hleformof whn bIovvlng past the blades B. It wll
therefore b& ¥l ar fromthe follow ng description of
t he operation of the enhancenent system 10, that a single array of the
nozzles 16 co be e ed i.n el .9 ch o) i d
functionali tylﬂe?mma%fld) ttf)g}l ufeﬁelton%nﬁt 7 25N paa %m 61??#%%21 flu "{g&dfgﬂrgrtay be
vari ed as requambedimentof parbincerhancement s;ustetm, gehxeraﬂy distted asg, tvlhieh Isladapesd 6.

| ndeed, the n C d V. r pabl e of
injecting ai r%%%n%% t?ltqﬁto OWJc)fg"upgttér’ggaglkt%@ tle}Mr{a g@laﬁg%tﬁﬁg’%ﬁg es 16 coul d
al so i nj ectl5a erhankenat sygas 10k alst hadesigned as alstahdalgie unhiitesbe positiered  desi r abl e.
20 Each of th Vi ich
forms a part g‘toagcﬁ%ﬁ)?a}%ésg% W a{a!tdglg%& Q-E)wﬂf' &?Q%gh%lﬁ@g%%yggou%%d%” ng
use. It will Hosebse. Bbe athpmcemmatswm Hbef thermaesent irypriionds opeupblsfacegeding tes 16
coul d be pr OV'tﬁ@rqet%J'J} t}?eg%esgﬁthﬁrrentﬁw 1rARL SRR BL bingtlet, lt'&&ﬂlﬁﬁt%e%i:apt ed to hold
the nozzles 16 1n e correct position ané orientation relative to the

bl ades B of t tusrfounanterns pqwerQuipht of thouipedl- struct ure need not double as the
ducting to sgupply air to the 25 nozzles 16, which nay be provided as a
separate conponent. Referring to Figure 3 it can be seen that in the

embodi ment i | 1595 eonyentianal dnd ugbinge. diroiewsr asnerafed by the wig i BB depepdsplran c omon

boom 20 whi ch kS ShibeiB] MBIl YniMRHEY REloliGiflg GRktg C or_other support
structure (not shown) i ne via a coupling 22. The coupling 22

Power =% (p x A x V7)
25
Where p is the density of air
A is the area of the blades
V is the Wind Velocity

30 A wind turbine has the potential to extract a portion of this power, which as mentioned
above, is limited by the Betz law to 59%. It can also be seen from the above power equation
that the power generated varies with the cube of the wind’s velocity, and thus a slight

increase in average wind velocity can have a significant increase in power generated by a



30 includes a support (not shown) that carries a fan 24 and a notor 26
which drives the fan 24, both of which thus formpart of the supply means
adapt edbto feed air to the nozzles 16. The fan 24 and notor 26 coul d of
course be repbaced.yi th any other neans capable of sup t he
nozzl es 16. (% /r?an 24 supplies pressurised air into tﬁJC ﬂgjgo%afg(gﬁso
ducting 18 V@A) nbeahaddniet! @B%@@bﬂﬁ&ﬂr@ﬁnﬂ@veﬂﬁ@ss designedip plaintair tssur i sed

air to the nozzles 16. The nozzles 16 thu ONMpris Wwhich the
ducting 18 i s “&Wriloeiepst (e roine "gﬁtei%&te‘}c}fefoé@fsggepte i (H'sth? #{g‘;afl gbl ne T from
‘é\'h' ch atl ﬁ] Of:c]zrﬂlti’oné ﬁﬁwm&ebyﬁlguﬁd%ﬁtlyjﬁ&ba’seaﬁpai/ﬁrfghmted"ﬂyehqu@hln‘eﬁrfmaa rfl ow
oes no erefore p Q t he nozzl ch are closed to the
upstream airf F‘?ﬁ%vegsﬂ“ﬁlgerfe% 'Epg’t TeQuiAG L 2%1 e sf &% lgd in a position rempote
fromtthe upstream airfl ow and t hus suppl i es air to the nozzles 16 fromsaid
‘remote position. In t t he. 0 flow is
an additional T@BWF@@@“E‘P?%E%‘&JW@ '8 %-%flﬁq mﬂ# Etern ggﬁ’l&él IH Ok
opposed t 0 CORgizles Q6 wigehiye mﬁ;shemgn w&eupspatrrdahiﬁal}} qSﬂthnNuIbtrsél ffhbyozg?é@sm ng

it through a nozzle 10 o the e n th
preferred enbdgia‘i?‘é‘ tigd ?ﬁ)‘é‘ﬁ%ﬁf‘?&“be{i I‘trédeﬁ%lﬁ" fremﬁ%er g is§ ueqlmghe‘:'f%fp %{S?ﬁérﬁ 6{5n ©
pr ef er abl y i n fluliefdl examplf aiclodatds ltl:felblayles ]genaevea:tceyjmmymaldeemm whigkeconditions wj | |

however ppreci.ated that. an ex e sed for

t he not or § HSBS’ﬁletﬂéed??n%ﬁ'l E‘ﬂé‘ﬂ & ¢ r}?ogmg%é’? %gﬁé inji%@ré%s@?%ht\ée such as
to track the hkBessofB sadond flﬁdtﬂnré)mnﬂale':ﬁrwﬂhmfofmbf\mm;l{!pmhkpaﬁi thelblagga . It
R e e S e s i
and be e (rjrpl oy itk enfldneeraamtiplstengl 02Batccingt ah‘a;eoﬁhmoezlbeeltﬁmwlﬂtbe gmplpyedan pidged

ead wind tur is als SR m 10
coul d be pr ov??i%c 165%8‘3 ‘t%%"gr‘%}f“ “g(ri]glﬂutéﬂ%?l gﬁglntaﬁ‘ﬁgor%tﬁg%pengge}ﬁ? QEE& Oi%%%l&
turbine T, 1and6|ntay$:e|eisnea as fetuised] inpantedardo wuhecﬂmmetgroét}w@bd%ﬁ; Iéfie&é»rthq 0
allow the arrays lag. Aldgere la %&;1&1%? LML chpddfe dflinidcBh@diERtdiRe WRWNt 1 nto
the prevailing Whn =0 AW nd Veln and associated controls coul d
be used tohensxpstezammathemhbmsTsffbmozﬂe!alrﬁﬁould|ﬁl§¢ W@Ctla fluid ot g8 pHEhaNan t o

maxi m se the e 2iling wind. 25 In use, once the turbine T
i s generating itﬁﬁléﬁthq{lﬁm?de%&;{% is turned on in order to power the fan
24, which gzay be_ of any suitable design. The fan 24 therefore punps
pressurised,aid. 4 Dif, pp 0 N eTek Ghich Sortab 8 bRf FsBppl
supplied to bo % ?’i{ e%rnl? d%ge%oﬁ%%rﬂg se%gotm%m wnozzl egﬂm Sﬁppnyt he
preferred emboukanesaptid lodsetdraatt@alem@leﬁ &% éur@s ugeg Tyl hewever be appreciated that

the arrays 12, 14 of nozzles 16 could be provided with any other suitable support structure

adapted to hold the nozzles 16 in the correct position and orientation relative to the blades B
of the turbine T. Such a support structure need not double as the ducting to supply air to the

25 nozzles 16, which may be provided as a separate component.

Referring to Figure 3 it can be seen that in the embodiment illustrated the two branches of
ducting 18 connect into a common boom 20 which is itself pivotally mounted to a column C
or other support structure (not shown) of the turbine T via a coupling 22. The coupling 22
30 includes a support (not shown) that carries a fan 24 and a motor 26 which drives the fan 24,
both of which thus form part of the supply means adapted to feed air to the nozzles 16. The
fan 24 and motor 26 could of course be replaced with any other means capable of supplying

air to the nozzles 16. The fan 24 supplies pressurised ait into the boom 20 and ducting 18



30 the induction type, and thus issue jets of accelerated air towards the
sweep area, or a targeted portion of the sweep area, of the blades B. The
initially turbulent wind flows past the first array 12 and the jets of air

i Ssui ng frqg?rzébﬁ“&g@pecti ve nozzles 16 condition the aily(p?élpg?@@wgwg t he

t ur bul ence e wnd, while also increasing the vel oci w nd and
VO 2009/ 103564Rdek Fliuptl) BcaidedBirdb fne abizhg 16. tTHe 0w 36 tHe commingh iatet my 14,

It is envisaged that 1n order to ximse this redirectio e di,r.ection
in which the Phgh Wdlu‘élﬂgrléisz‘loé%“?g'ﬂ %6?%?”\‘?%‘5“383[ W&Pﬁdéﬁ’e%g‘é‘%{r ’“’?‘h"‘é’ma1 3
prevailing w Rdoanshuts it She pbtraRQiitiew A TEoupbgeatn il s oddot thatfotd@smunber
and arrangenent of the nozzles i th i d second arrays 12, 14

les in botg ef}rst.
may be si gni f fEeush iy ngzalesdds wineh 1 PlAgsd SyTPRIRP ‘B@?‘@@m red to be varied to
suit local gonditions and/or the size/design of the turbine T. Thus, as the
wi nd reaches the second array 14, the turbul ence has been.signifhcantly
reduced, whi 1'dn¢ fa8 24 | Recferably fosated, maposifip) fé‘&%‘&@’."mfﬁeeupég%%had‘ ggggé,lhﬁ of
nozzl es 16 agghgpliéssfis ie@bszldall6 HOmhbghead msitivy. itiis why thi ais éxjected tindo ther t her

reduce the turbul ence_of the wind, but are intended primarily. celerate
the wind vel odpgisgam airipvgisan pdfitigogl sayrge ﬁfa‘ﬁrélé?drq%ao'gﬁm{] red’gfet Y m)ég}\}&e{?’gdge acr oss

the sweep of Ghsshl 89awItBnRGY HiNdmg ERXpean alrfiay peifby passing ithieoughl sgpizrle cal
or otherw se, obtai natF)A,e fromthe turbine T. The sweep of the bl ades B,
with the cdfePhtf! oF BRlikhas KEIMYLL B yper i nposed therein, is illustrated

in Figure 4. Again, the nozzles 16 15 of the second array 14 may be

i ndividually adjustable both for,direction essure i | n order
to optinmise t H%*%BW%W&BWF?%"W UjuRZatesp &'8 oL G ‘r%é""t”?{%dr %@gg[&éﬁg}eﬁa&# fgned
above, on fl owidtgrmpetdectrioy, Rladasl 1B thdwarbivierit It willtholvevee be appesciatsil that amd
direction should be such.as to int esir area
of the turbi n@*rmaGoRes pincyet soutdhs U‘ls?“lih% tg%‘?%“’ﬁﬁ.j& g%g&@ggg %ﬁog«ﬂ%@gﬁ to a
turbi ne T tige 1gnhias egarenich aywitack thdbhdes B of tretabing Todlen ilawing therwind.dary t o

ensure, as far_as, possihle, a designed velQc r Of S, 2 targeted
sweep area of leﬁ?eﬁﬁse‘gbgh Yagkng %I‘g?“ cgo%fgl?erﬁgéslvgﬁl? g(e"}"lg% F gg{f&gfg the first
and second ar reayspdminglisplacéménsofitbeespling2? oo tiRSolyms (G haorbetenplpyed el at i vel y

short di stance UpsLbealmPhebRfe R Al B a 4 b8 WA

20 It is also envisaged that the enhancement system 10 could be provided as a stand alone unit
mounted independently of the turbine T, and in such a situation means could be provided in
order to allow the arrays 12, 14 to track the turbine T as it rotates to point into the prevailing
wind. For example, a wind vein and associated controls could be used to ensure that the
system 10 and turbine T rotate together to maximise the effect of the prevailing wind.

25
In use, once the turbine T is generating power, the motor 26 is turned on in order to power
the fan 24, which may be of any suitable design. The fan 24 therefore pumps pressurised air
into the boom 20 and ducting 18, which is therefore supplied to both the first and second
arrays 12, 14 of nozzles 16. In the preferred embodiment illustrated the nozzles 16 are of

30 the induction type, and thus issue jets of accelerated air towards the sweep area, or a targeted
portion of the sweep area, of the blades B. The initially turbulent wind flows past the first
array 12 and the jets of air issuing from the respective nozzles 16 condition the air by

reducing the turbulence of the wind, while also increasing the velocity of the wind and



enbodinent illustrated the first array 12 is positioned a first distance
fromthe blades B while the second array 14 is positioned a second di stance
fromthe blades B, although it will of course be appreciated that this

di stance ngy, @Mﬁ%i L£d as required in order to naxim S%&Hgﬁz@@foéﬂ ﬂance of

t he enhancene system 10. 30 Referring now to Figures

acconmpanyi ng Gfr@éﬁh@ﬁ&;watrda@l{e%eéo‘ﬁdbﬂr:lwm rlﬁlts adnsageﬂel&@mdardwmdamm thisf a

t ur bi ne enhancenent system accordbg% (g g(%r eslgt mvegtl ondt% ner, rall

i ndi cat ed as 1eHectigp, theliregtionga which fig indivjdyafnqzales ko nopy ppy o tBr rred
integrally w bRwaifing Wini SordditioRs. N sifould 416b Hehihdersi@d ot the Arinalokic lamhztrrahgdmbnt
conponents have been accordg |I|§_'$ r ef ren?nia gmer ndt u\pang t herw se
stated, perfoPhhgnezziesindgiidhs first angserond arasi 4 m&%ﬁ%ﬁné dcantbrvarigdand or i n
the form of 5 irfdeéCiye rafuirdy to bt Jafd 10 pAZIbAScohdifionsandibi thdisizvdesigost the oned i n
use, upstream of, bl ades B' of the turbine T'. The nozzles 116 are adapted,

as WTT B& ded¥PiPHEd in detail hereinafter, to issue jets of high velocity
air towards the blades B, at a velocity and in a direction which

L ARG Bl 2 1 R P B
t1 fllg %ades E‘ whilk uwcrfldcnpeasaﬁafﬁatag@drﬁeh?dona Emynambmzzlamtﬁglage;mgm Jtzfs olﬂofzz |t ﬁs
may he varied as require i particul ar lth & ufird 8y O e
bl ades B'. 1pn&‘%ﬂg‘d’ elopifyeain gy s&%""ﬂ%‘“@?ﬂ? © t@ ullegg 3 %A neans
capalbl e (i)fl 6| n]pﬁ?fgﬂl@lgo sicElerad it Wiké valbaitgt xmprﬁérn@afnﬁoéaild;medqxrtd)gem@hcﬁ;erag‘ﬁﬂet o
nozzl es cou SO in er oug is
is |ess desirdBest el%ve?%%ﬂtﬁ%l?lﬁ(%ﬁpfaf%ﬂ‘élﬁ@é %’Jesf% A EhT @e%egelgcﬁ[ﬁ&e%bodl ment of
the invention otnevikd)ebthinabéd franthe dirbimaT. dhsmwﬂoddhdﬁ@aem witlt theccp'mae si on of
osi 1 oned | fomeore B [8 Sy ungse AN e PN iy Y 4 Rl g Red S
turbine T 15Th€t}$yabﬁdrarﬂa&04ﬁna|yﬂohmdlvmcbuam a@a&blabgth(fwrddegmndfe%ﬁwe@mb f or m of
a cone 32 whlchsts c cal l i.llustrated, and
I1,lngor c?&)m'% gh bn 1&{}#&#‘ 1ﬁcpﬂwiw1§£q;@1%pérs

agai n al nmost aB\fff”f’ e cow 30 and
cone 32 are positioned to be upstream of the blades B with respect to the

direct ion in Wil b g 00,00 %R OUENG. b IRERGRY: BN E s and 00t her

define an annular chann tmeen whi ¢ annel 34 § tse f defines
an outl et for drectiohlsipmidiy sivhtas ta grin hoviksirghcoverngt anhasweehaspmedthegyrbing T

therefore aﬂ{)'h gan gglstr’clt&l it %%ureql' rﬁﬁ% laymétg\la{:{)ﬁgta tbind ?%e%ﬂﬁﬁt@erﬁern%}s@ﬁa 1ohe

bl ades B'. I'mensions and rel’ative position o e channel 34 may be
vari ed i n or deweftrablg calibrated Igp@alttepﬂsme ﬁﬁslsﬂéPosélbbuh@e%ﬂec’cw@cﬁmﬁleéﬁ@&g of

t he bl ades B'. HrgetEJ‘%]\&efﬁgabﬁth%lﬁ aéyg know that there is a particular

portion of t he' ngt each of a wind turbine which is responsible
for generating the najority of the power avail able. The annul ar channel 34

It ?\et Q%ggogfegﬁgﬁc@f ﬁ%a&nﬁ%ﬂ tﬁ@%?t Ak fﬂbt@ﬁ@&'&:&ﬂe‘ﬂaﬁsq 20ME ftligmebd¥katy RO ti on of
25 position these a relatively short dlstancc upstream of the blades B. In the preferred
embodiment illustrated the first array 12 is positioned a first distance from the blades B
while the second array 14 is positioned a second distance from the blades B, although it will
of course be appreciated that this distance may be varied as required in order to maximise
the performance of the enhancement system 10.
30
Referring now to Figures 5 to 7 of the accompanying drawings, there is illustrated a second
embodiment of a turbine enhancement system according to the present invention, generally

indicated as 110, which is again adapted to be retrofitted to, or formed integrally with, a
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The cowl 30 therefore serves to capture a |arger anount of the upstream
airflow and channel it onto the blades B in order to extract a greater
anount of power fromthe turbine T'. The cowl 30 may al so serves to focus

the upstreanp siovfidssgy onto the nost efficient area of ther/Bddosoo1z7s
2009/ 103564PCT/ EP2009/ 001275 bl ades B' for the purposes of power
generation. | wimddbink fb”h I ftids seomid eBDodickes liks campougupdratre Heer adcordedtlikecul ar

array 112 of nqzzles ated are nounted
to the interi6ro gur “‘Eeéa fa\/\41 nger}?:gtﬂ rmésg sgg’?g)q%hﬂe gzr"gbl y direct their

jets of high pressure air in a direction substantlally parallel to the wall

of the cow 30, and. L5 pugh, DS, ADULAY o8 GharREkeAduRRl T bhLALES B . The

nozzl es 116 per?%’rm th € Nnozz In the
first enmbods nwhichatepestionsdimalsy, vpomaintof blm'ien@ oﬁtbe 1arbrmeli“y Thempzlengl 16aee

e 2N Ble EHFRNIRIEES KN AbinkaeDlo LOE @] it eiolibynOfaes 110

are al'so prefer a su at the
jets of air ftlmrbiadeh Bicgntvelociyzind & ﬂm&cmnevﬂl@posdlilfglhtﬂewrﬁpw hy redudieg theinul ar

el iy 1 aBbAEEe L BB AR NP AN Rl Alndodtiglanti 2 1y ol

of the air rovmng hrou eeding 't 116 is
suppl y means blompgipeit tig béﬂdeaa&’ndﬂ \mﬂlbs@gnrﬁmheddhatd@@tlmb@ and @sigh pEnpzelps 118 s

second embq TEDbe l,a%m{if!?gé{e%ﬁgd SR PS5 @it d?aaféte&)wm@m%aé BOf mhig, tﬁ@Wl 30,

and is fed a sul iven or’ any ot her
suitabl e rreansozziﬁh ¢161®uld be riplagedivigh 4ny o¢11eomeqns eﬁpalzlhef len@mauagﬂrm the indt an 124

and 15, L aPped e BHADRbRIT PO 14:0051 @ NG kB ONBAD ot heERBAKAn e bow

connect or Itse asses through a correspon i ngly positioned
aperture (not a@ma%ﬂnsuweQSNeSl@bw 30, with a nozzle 116 then bei ng nounted
to the end of each of the el bow sections 36. The fan 124 and notor 126 can
therefore supply pressurised air. via the ducting 118 to the circular array
of nozzl es 1118he mpingiffeygingq betweeen fyiy sseqngentiodinent O?them&?m‘ah@@@%ﬁms hown nmay be
varied, in paghhGdithé désbt@oeh@h(&k”ls Rf pl_l%hﬁox‘ijblﬂ%tﬂrﬂ%uﬂiéﬁrthm%%f Strhdchte@Chi evi ng

t he above mentioned functionality di nensi ons and/ or orient at| on of
both the cow c@ucaheryvlSA@hich iusgss Hﬁ’ﬁf}m}fé i ghose FEKEnifyrio-GPAERSIER” Yalhy lafes

effect the cow oﬁtﬂeﬁlﬂgneoanhg%sQ@WQOQf}thE%n@h{eﬁB@é@o i ilihe €@ a Q0 t he
25 blades B', and this my be ally or automatically inplenented. For

exanpl e, the é%c}’lhlé"fb S‘égfc"{“‘éﬁ‘élﬁalbfw‘fhﬁeth‘é TERIS Hagratsd. a&‘%Pga@Halm?ﬁﬁ g ons
of the openpeBRIQB e aRNhe BO THEEHH B8 Yond d2 a,egsstmdnaetotua RpitRen 5F themy be
varied, and simlarly the dinensions an%/cg or| en t| on ?1 t@g %(Ece 32 may
be varied and Iaﬂeé?edwshtr%spf%gq 1b¢ Greoian A PHich fig e @f%? BECW/ P PRUCONThi
may then enabhkg tégaﬁerd!emlaﬁlﬂﬁar%anhéleﬂm&akmﬁ hannelandd 34 asdRleN@k agd, for
outlet for air flowing into the cowl 30, and which channet 34 is therefore aligned, in use,
directly in front of the sweep area of the blades B’. The dimensions and relative position of
25 the channel 34 may be varied in order to cover a greater or lesser amount of the sweep area
of the blades B’. To this end it is well know that there is a particular portion of the length of
each blade of a wind turbine which is responsible for generating the majority of the power
available. The annular channel 34 is therefore preferably arranged and dimensioned to
overly this portion of the sweep area of the blades B’.
30
The cowl 30 therefore serves to capture a larger amount of the upstream airflow and channel
it onto the blades B’ in order to extract a greater amount of power from the turbine T°. The

cowl 30 may also serves to focus the upstream airflow onto the most efficient area of the
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30 exanple to better suit current wind conditions or provi de better
coverage of the optinmum portion of the sweep area of the blades B' In the
enbodi nent illustrated the cow 30 and cone 32 are nounted to a frane 38,

al t hough t Rggp sRbh@dsqused to nount the cow 30 and/ or congyEedRyizRe vari ed
as required. For exanple, the cone 32 could be nounted to the hub WO

2009/ 103564 PCBYaEd@ZD@&/tWesm‘f pbwe generdviomelnBddition the chevl 30 acts stagiypport for
therewith. The cow, 32 cp L d Lo th ] shown)
. le cnrculebrrarr%)g/ % oq” ngﬁzf‘?m?%' 61} tleqe eI osd n?&?xtllhstz%%ld H%&B@& to

of a wind turbi'ne
appr eci at ed t Hatintenor ad€hce nﬂhad:o“dﬂo,saadwhubh anefee@bly(mmt:t thehqm))f thh presguie@s nay

be 8 provi ded oGS ABrni00 y TR fe HBIUHSAM et S aiipy 112 or

di anetri cal | y T hwar arra narray NOZ?2 shown)
coul d al so be clranmiﬂédntbcmetbﬂmlem‘t élhe smzzfcactrﬁ m:ffotnmée samef‘umlon ﬂsﬁeequzlnglﬁt 0

Figure 8 ther Bes crlbed i HE %’ﬁs‘? dtlnli]e% a o%é %a ucrn%ﬁlm?i'ﬁ-h E’fggglbg?%gg%ﬁ'lb onal and

10 optional feature a recrr i-on chis
posi ti oned suthbémct znd(nr nrmmmng thbeelodm of tht eirflaw. gBheabzAldsd 1 hhradiespBferabhnd i s

annul ar in sh f ades B'.
Theubaf f : e ZO%Hgﬂtedsyn% of gﬁuﬁ' ?wlﬁ [nggéror ?ﬂ %aﬁﬂ%ﬂ@f? ﬁf ZIIPEOI‘% 5%% Iefcﬁﬁlo%g;% lgg sses

t hrough the bleabp lehtly wahmhbe apoulkr cB@meba«idn pdente exsureadéquete conditipniok o&r ound
to the f roqét g‘%bé&n‘% lglaﬁggﬁ? ﬁr ﬂB\%l ”fhrg ttﬂ%ﬁmﬁ@isﬁ t hrough the bl ades B . The

baffle 40 e ovvnstream side of the blades B and
curves back around the outer edge of the sweep area of the bl ades before

termnating a e tshy in front
or upstream o?l: %ﬁng%ﬁ s ﬁe ‘E%ml"ﬁ@%%ﬁmg’g‘?r an gnmﬁ%ecng% Oiﬁyg["@%rlégl ate the
ai r .back i nt o vhih nttlmse@@d prbodigndnt ismapuhted caneengriica by angtoatwandly of the epnit 80t he

outer st por O rfltedf1esRAAC R 190HIn bl 5500154 SHang Qtﬁercégf(a%feq'&%n@fThfehe cowl

30. The baffle 4 e m)unte , be secured i n place
by any ot hdf @lmtmatbl is glosgdt thBynmﬂﬂghetfhrel@rﬁnéwdmmw asyglb@mfwltlomao of the

present i nventj,ghihe idAGth WheRbbs B*‘Erpélﬂﬁv J—onn&tor B@%ﬁ:ﬂ%&ll‘;ﬂ%@g%rﬁﬁpgum Ion.
Al t hough in the enbodinents illustrated he not or I's draw ng

energy from t Kerrespengingly ppsitiqned apasfuze (paf shegt in e lBP it Wp7Anbl6 Ry ease i n
25 perf or mancg.igeRehAlAg uknd mammcm&ﬁ@ MkGan H4Gnd Jnsto;s m@slblaﬁi al so

be noted that as the turbine T; T is prod ucm%ﬁrmre energ %@ of the
sweep area, H@re&ramlywressms%w Yethe dinsip 1S A s cxpler ey DHo2HE ldﬁt Rat
which the bb aQ@ﬁ beBippBciated that the arrangement shown may be varied, in particular the layout of the

ducting 118, while still achieving the above-mentioned functionality.

The dimensions and/or orientation of both the cowl 30 and the cone 32 may be variable in
order to vary the effect the cowl 30 and cone 32 have on the airflow being directed onto the

25 blades B’, and this may be manually or automatically implemented. For example, the
degree of taper of the cowl 30 may be varied, the dimensions of the open end of the cowl 30
immediately adjacent the turbine T’ may be varied, and similarly the dimensions and/or
orientation of the cone 32 may be varied and indeed its position within the cowl 30 may be
varied. This may then enable the dimensions of the annular channel 34 to be varied, for

30 example to better suit current wind conditions or provide better coverage of the optimum
portion of the sweep area of the blades B’ In the embodiment illustrated the cowl 30 and
cone 32 are mounted to a frame 38, although the method used to mount the cowl 30 and/or

cone 32 may be varied as required. For example, the cone 32 could be mounted fo the hub
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are positioned, can also be reduced, thereby reducing the initial cost of
the turbine T and 30 increasing the nunber of sites at which w nd turbines
can be deployed. Cenerally wind turbines require a site at a significant

el evati on aigl2deanize@ consistently high wind speeds, thugtaipsbbsgent!|y
limted the nunber of suitable |ocations. The enhancenent system 10; WO
2009/ 103564 PCHf Be20bi8¢ D0Ih 2¥dsT tblr@tatpftheméthp Theem 32 eopdd-tieingovnigil kd thebupport wi nd

turbines to be, {u% oqgm%)gf%ﬂ;ngﬁ) IE\E EYO@‘&"@’E{)S%Q“’%% woul d ot herw se be

considered unsuita I ments the enhancenent
system coul d be nounted at the turbine, 5 for exanple, in the locality of

the exhaust ofy \QLII aRb Bt ?Pé)%c}/ate!dQﬁaggn §&ﬁﬂloﬁal\6?£&$r|daa§‘rh§)(h0§s¥x ﬁ‘ﬂig ?{% JS%?WQ) for

exanple as used In au round car park or or _the
| i ke. Thus batpievided hbmlt thaswlrﬂ@ foh@taeméwgyrearn of lhea@amd@gt digmeifigally mtwa@diml d be

used to power kUi 1. ANl bigaALnBlblg SIARARTRRLBYARERLGO: 110, in.

order to generate p mer e system e present 1nvention
t her ef or e pr oshufess ofthepanel3g. yet highly affective nmeans and net hod of

i mproving the performance of a wind turbine. The system 10; 110 invol ves
very few moving parts, which is beneficial for reliability while also

m ni m zi ng codeferrfgdo Vigoredithere isribostrated the afsterhld 0 sqrmprising 2o 2dditieakaag be

menuf act ur o Top ARl 8 Bty OFR &lbiion Bie IS 6K ABLMG MRl oONt vel gt
mat eri al such as p astic, a cogﬁosme or ot her mat er1 al

1. A turbine eHpanseabraheousrdipe b@ﬁﬁkﬁghﬁgiﬁﬁmﬂﬁ¥éﬁ$ﬁW> bmﬂﬂﬁﬁﬁﬂﬂﬁg a|r as
a first f1uid hatonipdthie 1 BecmRfadlh ub shrie Baflined foHioR oo bihwiTaNner
whi ch conditions the second fluid 6 flow ng past blades of the turbine.

has passed through the blades B’ via the cow! 3 and to re-circulate it back around to the

front of the blades B’ for a further pass through the blades B’. The baffle 40 extends from

15 the rear or downstream side of the blades B’ and curves back around the outer edge of the

sweep area of the blades before terminating adjacent the exterior surface of the cowl 30,

directly in front or upstream of the blades B’. Thus the baffle 40 will not re-circulate the air

back into the cowl] 30 but will rather re-circulate the air onto the outermost portion of the

blades which lies outside the coverage of the cowl 30. The baffle 40 may be mounted to the

20 cowl, or may be secured in place by any other suitable means.

By using the enhancement system 10; 110 of the present invention, the wind turbine T; T’
increase energy production. Although in the embodiments illustrated, the motor 26; 126 is
drawing energy from the turbine T; T°, this is more than offset by the increase in

25 performance generated by the enhancement system 10; 110.

It should also be noted that as the turbine T; T’ is producing more energy per m” of the
sweep area, the blades B; B’ can be reduced in size, and the height at which the blades B; B’
are positioned, can also be reduced, thereby reducing the initial cost of the turbine T and

30 increasing the number of sites at which wind turbines can be deployed. Generally wind
turbines require a site at a significant elevation and having consistently high wind speeds,

thus significantly limited the number of suitable locations. The enhancement system 10;
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2. A turbine enhancenent system according to claiml in which the injector
is adapted to issue at |least one jet of the first fluid therefrom 10 3. A
t urbi ne enhancenent system according to any precedi ng claimconprising
means for sygRbwhb@ed he first fluid to the injector. PAEEPOS N DR e
enhancenment system according to claim3 in which the supply neans are
arranged to suppbfthe presehii insntidd willchllvw wildtuibinesotbe lochtedahadarkonuttienel sitesot e
fromthe upstrea on i he turbine. 5. A turbine
enhancenent syg}geﬁlrrvgroglclzdzogﬁe lsegﬁ&ngﬁgrw'yy@g%}’f% in which the injector
conprises an inlet with whi ch the supply means is in fluid comunication,
and an outl et | %&H‘o{é‘@% gl%vg glgli)gdl e?&s tflé %c‘erﬁeﬂt EPS?&E‘I(:%QM bghﬁuﬂt@&atﬂféﬁﬁ%ﬁgm
second fluid f |ne ancene t system according to any
precedi ng cl5aifon axamplhiic thetdrality of e b:d1aust of sidhbady larm sehiemenislatinneystenn (not
accelerate th

enhancement s%lsi{“hﬂﬁéce%g r‘ggasfllsg%g%ga% %ﬁ%gm ﬁ}égg?r mﬁ? Jfﬁce\ﬁ?}&lﬁ{]%ﬂ@e |mr{1‘¢]'r ect or
25 i s adapted 'Ifhos pitoviherewsstioe b greegl meﬂmh@ye@m}iilcp@lda@u&?é@ pewens Weltiea
sweep area of &1&%@%@9&%81%;1#0@5&&9 J?%FO 11 d%dér%%!n&%te B@é‘ncemnt system
according to any preceding clarmi i I ¢h't e I nj ector orrprl ses at | east
one array of nozzles 30 9. A turbine enhancerrent system accordi ng to any
precedi ng cfyai t. Ridok § SR Vet oi0¥ 2fAQEA €S

| ocat abl e gwf ingtsﬁéé@%(gnéée&?héoﬁ%%lmenﬁ‘g{m&éﬁ% d z esecoﬁ%%r r%y‘ﬁa nozzl es
| ocatabl e a seventandinsthed ofinforayngtheparfortyinprof a vzu@d tugbjne. Ahe sstsrnld; 110
enhancement Syﬁ\; g% ﬁm@ﬂné&ﬂ@ é&I is Gl f&r&ﬁbﬂ-@ Wi1eWo Glinitzidgeast

sone of the nozz es Cc rrse alr uction nozzl es.
cost. The various components of the system 10; 110 may be manufactured from any suitable

material, but preferably from a lightweight material such as plastic, a composite, or other

15 material.

14



12. A turbi ne enhancenent systemaccording to any of clains 3 to 11 in

whi ch the supply -- 5 neans conprises a fan and notor, 13. A turbine
enhancenent system according to claim 12 in which the supply neans
conprises ducting extending fromthe fan to the injector. 10 14. A turbine
enhancenment system according to claim13,in which the ducting conprises a
support for the injector. 15. A turbine enhancenent system according to
any preceding claimconprising a coupling adapted to enable the injector to
be nounted t @@#né urbine. 15 16. A turbine enhancenent system according to
claim15 in which the coupling is adapted to enable the injector to undergo
di spl acenent relative to the turbine in a manner which allows the injector
to track a sét of Adlrhidesnf@hcaniemt systeli qoapri@® ahinjgotardor lijesingearasadieatBuid syst em

accordi ng to;ahy, wstrgn@éé@n@fluﬁﬂlo%fb%rm i 8 nidhRerRALYnIB AN McBndilapt ed to

be powered_by tnhe rbine, 18 A turbine enhancement system according to
any preced?né’o‘ﬂ'f‘%P?ﬂt E'B@Pﬁrofg‘PH{jb'&ew nd turbine with which the injéctor is in
operati ve associ ation. 19. A turbine enhancenent system according to

any precedi nQ cl a'A%r%ﬂ?EﬁHa‘?nEQﬁen? s{el;‘r?écc 'h?ﬁuﬁgﬁ ?{hw \Mﬁchstﬁéaﬂ%aoﬂﬂgdatpted

di nensi oned to funnel m secon I 'ow t owar ur bi ne,

t he inject or WHiesygt lﬁﬁt&h@@HOfﬂ'@? firgijfleg hefgiemt i rst fluid into the upstream
second fluid flow w thin the f| rst guide. 20. A turbine enhancement system
according o cla a secon h the
frret gurd2’é folibrRemTRee v et et oA P I 4 G R B B e or 1 on
of the sweep ferrsgepiyfg thhféstﬁlluad@@edﬁectqfre turbine. 35 21. A turbine enhancenent
system according to claim19 or 20 in which the injector conprises an array

of nozzles di S POS& A tur%!%gléle%ha}nggmér{t gyssgemaanccci:{)ngkg Foec?a?lﬂq ir%"lll'l!i%ethe supply means are

arranged to supply the first fluid to the injecter from a location remote from the upstream
15 second fiuid flow of the turbine.

5. A turbine enhancement system according to claim 3 or 4 in which the injector
comprises an inlet with which the supply means is in fluid communication, and an outlet from
which the first fluid is injected into the upstream second fluid flow.

20
8. A turbine enhancement system according to any preceding claim in which the injector
is shaped and dimensioned to accelerate the first fluid flowing therethrough.
7. A turbine enhancement system according to any preceding claim in which the injector

25 is adapted to provide a designed velocity profile across a targeted sweep area of the blades
of the turbine.

8. A turbine enhancement system according to any preceding ¢laim in which the injector
comprises at least one array of nozzles.

30
9, A turbine enhancement system according to any preceding claim in which the injector
comprises a first array of nozzles locatable a first distance from the turbine, and a second
array of nozzles locatahle a second distance from the turbine.

35 10 A turbine enhancement systern according to any preceding claim in which the injector
is adapted to condition the second fluid flow over a targeted sweep area of the blades.



17 22. A turbine enhancenent system according to any of clainms 19 to 21 in
whi ch the dinensions of the first and/or second gui de may be vari ed.

23. A turbine enhancenent system according to any of clains 19 to 22 in
which the first 5 guide conprises a truncated conical cowm. 24. A turbine.
enhancenment system according to claim 23631 n whi ch the second gui de

conpri ses a cone nounted concentrically thin the cow such as to define a
substantially annul ar channel between the cow and the cone. 10 25. A

turbi ne enhangeneRt,Bins bR &FRl H5R8 doBordiRyto@hy &t cRiniEs t 90 intwridh £ RE8Y | Si ng
means for re-circul atin ortlzcrn of the second fluid exiting a

at | east
downst r eam sPYRE Ftthe 932! %PHE’ES%%'ER‘?‘{C Pt RéX st ream si de of the bl ades. 15

26. A turbi ne enhancenent system according to any of clains 3 to 25 in which

the supply ns Wt L ﬁal;\% i ' b 3 ¥ 14 RewdidniBd sl d tO
the inject o?% ngklh%gwegﬁ 0 H!‘%rg{eg{n%gﬁg'béng%mg c%erfo%{)rra}\ce Ioft aS vep,r%d

t ur bi'fie; "t fie MPBPHOMPERHF PRGN ecting air as a first fluid into an
upstream second fluid flow of the turbine in a manner which 20 conditions

the second flyid fl.ow f the t j .
accordi ng to1(5:|‘l ai %@ngﬁ%ﬁ?g&‘?eﬁg&l’g %ﬁ‘ a%fz %%'H%%D Cl*égng:ljél]ﬁév hgﬁ ﬁ]egﬁ@p{ff@%%gj et of
the first fl apraprisps ductingeextgnding Bemmthedamiedherinigster f | ow. 25 29. A net hod

according to claim27 or 28 conprising the step of supplying the first

; : g:Nd 0; O{ ﬂ@ njt1 g(r:}:): %gqr[)il;l(e) g%haancl:e?nce% éyg{;,mr aecggrgiiﬁg Iorc%% tl? % w"flmfg:ﬁ Ehree urr:rtlln%;ecgnolgrclise]; luid
a support for the injector,

15. A turbine enhancement system according to any preceding claim comprising a
coupling adapted to enable the injector to be mounted to a turbine.

156
16. A turbine enhancement system according to claim 15 in which the coupling is
adapted to enable the injector to undergo displacement relative to the turbine in a manner
which allows the injector to track a set of blades of the turbine.

20 17, A turbine enhancement system according to any of claims 3 to 16 in which the supply
means are adapted to be powered by the turbine.

18. A turbine enhancement system according to any preceding claim comprising a wind
turbine with which the injector is in operative association.

25
19. A turbine enhancement system according to any preceding claim comprising a first
guide which is shaped and dimensioned fo funnel the upstream second fiuid flow towards the
turbine, the injector being arranged to inject the first fluid into the upsiream second fluid flow
within the first guide.

30
20. A turbine enhancement system according to claim 19 comprising a second guide
which cooperates with the first guide to focus the upstream second fluid fiow onto a selected
portion of the sweep area of the blades of the turbine.

36 21 A turbine enhancement system according to claim 19 or 20 in which the injector
comprises an array of nozzles disposed about the first and/or second guide.



30. A nmet hod according to any of clainms 27 to 29 conprising the step of
accelerating the first fluid flowing during injection into the upstream
second fluid flow 30 31. A nethod according to any of clains 27 to 30
conprising injecting the first fluid into the upstream second fluid fl ow
froma first |ocation. 32. A nethod.pccording to claim31 conprising
injecting the first fluid into the secona fluid 35 flow froma second

| ocation remote fromthe first |ocation.

22. A turbine enhancement system according to any of claims 19 to 21 in which the
dimensions of the first and/or second guide may be varied.

23. A turbine enhancement system according to any of claims 19 to 22 in which the first
5 guide comprises a truncated conical cowl.

24, A turbine enhancement system according to claim 23 in which the second guide
comprises a cone mounted concentrically within the cowl such as to define a substantially
annular channel between the cowl and the cone.

10
25. A turbine enhancement system according to any of claims 19 to 24 comprising means
for re~circulating at least a portion of the second fiuid exiting a downstream side of the blades
back fo the upstream side of the blades.

5 26 A turbine enhancement system according to any of claims 3 fo 25 in which the supply
means utilise mechanical induction to supply the first fluid to the injector.

27. A method for enhancing the performance of a wind turbine, the method comprising
injecting air as a first fluid into an upstream second fluid flow of the turbine in a manner which
20 conditions the second fluid flowing past blades of the turbine.

28. A method according to claim 27 comprising the step of issuing at least one jet of the
first fluid into the upstream second fluid flow.

25 29, A method according to claim 27 or 28 comprising the step of supplying the first fluid
for injection from a location remote from the upstream second fluid flow of the turbine.

30. A method according to any of claims 27 to 29 comprising the step of accelerating the
first fluid flowing during injection into the upstream second fluid flow.

30
31. A method according to any of claims 27 to 30 comprising injecting the first fluid into

the upstream second fluid flow from a first location.

32. A method according to claim 31 comprising injecting the first fluid into the second fluid
35 flow from a second location remote from the first location.

33. A method according to any of claims 27 to 32 comprising the step of extracting power
from the turbine in order to affect the supply of the first fluid for injection.



