Tur bi ne Enhancenent System Field of the invention This

invention relates to a turbine enhancenent system and
wa@20eetibssed f or enhanci ng or inproving the powerPCUEP2D9/001275

and/ or efficiency of a wind turbine, and in particul ar

to a system and nmet hod which are designed to condition

the wind flowing p ur bi r to reduce the
t ur bul ence and/ or ol eith (QEWhpS i dlg and/ or

vel ocity of the w nd. Background of the |nvent|on In
today' s environnent of global warm ng and

envi ronnent al awareness, renewabl e energy is becom ng
FidRIrof tiigdvemibe | mportant, with wind turbines, both on
and of fshore, being the nost well-established form of
renewabl e energy. Wile w nd turbines have proven a
Tk BRERIRRELRE tdf AurtEe @hadeMentQY f&h hh€h héthad f&tdﬁﬁincmg or
forms of energy, they do have their limtations.
inggfrovingathaiP et asidnys andipriahficipnsy of adfarines and lﬁﬂi’éﬁ’é‘H’éh@rﬁ system
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a w nd bi ne's performance.” This results

reflnerthauprnéssamsl/aringeae thopeessireandderorelogity phide wirdi ne

in which the air directly behind the blades is at

sub- at nospheric pressure and the air directly in front
of the blades is at greater than atnospheric pressure.

BThiso ele%/ttede ressure in front of the turbine
—%%??@8@%—§%H%L§¥l%he wi nd or upstreamair around the
turbine, thus putting a Iinit on the anmount of work
whi ch can be exg cted b t ur bi ne.. However
IS SpITnt PG SERbe G Y BB G e il snerey

istheEdhine forehn@ nidde frhpostantaivith &vidd togbines) Kot & a8, offl\&Hoﬁd‘l béifig the
anot her drawback when usi ng w nd turbi nes, W

mQg sl esipblisha Srmd repearlf easey. While timgt eyl h?WéorﬁYm@rVIable

oIRN g6 3R aftly MEAGLityWr GthE§§>nh§oﬂ &e@?%a 89 haveadr lihitdions.
obvi ously creates issues when supplying electricit

Onegef thomsirnpsupoith wénddurbings jsta nh@nqrgenﬁa Khep s thecBes ﬁ?ﬂgﬁ

whieh ab&ids! &P{e Iﬁﬁilﬁﬁﬁn ﬁrﬁ‘@oisd &ﬁd%rh%*s%rfﬂnﬁh@cé Uf}ﬁ!; H:@l?lts froma
are l[ocate 005|n%>5|tes I n areas having highe

presseeairdp arrgowthmrome PHdE turbige inawkiciaths eirglimettyaehipd the blades is at

sub-atmospheric pressure and the air directly in front of the blades is at greater than

atmospheric pressure. This elevated pressure in front of the turbine deflects some of the
wind or upstream air around the turbine, thus putting a limit on the amount of work which

can be extracted by the turbine.

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 a result 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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choosing sites of noderate elevation. It is also
preferable to have the bl ades of the turbine | ocated

w@eooa/1e364 ai n hei ght off the ground, as w nd VRCDEP1099/001275
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is generally higher at altitude as aresult of the dragl1

eX?ﬁ@lﬁ |0éﬁ1@éiaaga@p<pgre@mﬁopt eopad leyploand fhe Ipyaieyiscopiscefshe yir gfteight.
I'k%é ‘; saéf tﬂeellle%ﬂth g‘lm?ﬁ’éw QII ts@l?d ﬁﬁl‘)&%ﬁcm\/{@r‘ﬁﬁfe blades,

Pow over® sof jodi es_such as turbine blad es,

t mmrbulllemoeresm)nwWQnmmtyh@dﬁmg and beas frgesderd (Thys mrﬁdcfhmwatlons

t ! ansr{ tﬁls cas-gh»\tlji%d %lﬁbl%gsc Bme%p ?h%t Pr‘ép%n?emléé zg 61{11%\2n<§3’6ﬁ0%vmg over

orthe Madbd, thef lemfﬁgerﬂ\l]&rtrztnbkr bf @d@,frmhéle Ivesdtoghd fuchimnblades.

the transfer of energy fromthe wind to the turbine

bl ades. German patent application DE4323 132 di scl oses

a (j@ﬁ)(ldrt ya@@t %ﬁli@atﬁdﬁrmﬂim3 (Mécldybé £fet %esmtdf'terhﬁwth awm) which uses
(tota am stagnation) pressure of the
yher@gﬁ@wdfotaénmt RSO 51188 of (R PN brrEcgy m@?{ﬁl@lﬂf (ring)

| Rofk1&l (Whidh @fe PaARA i 9%&51@@331@1% up&faiQif@e rotoh, iR GERF totdcelerate

accel erate the incident wn direct it _at a

c dhesipeifent dreyl @dalred 1t He cpptBY apgluems thsyoenbladsidytngesing the

i n&dl&%{]@vm\ﬂﬂgf {htoﬁgl &e%ﬂ%“%otzﬂ_@s.ar ray of nozzles. WK

pat ent application (B2297358 di scl oses a turbine

system for the generation of electricity fromthe ram

ef[fl@é%t rﬁfa icatlcg‘f Gﬁ@iﬁ%ﬁ hl@%&galn{}fnge gﬁ‘?en?f’ogtﬂ?e:g ngxgﬁeon of

ram effec orces air into an in Sco0 d casl ng

3 eleﬂnmtﬁ frpmtthemnf dftepsofiamtaw “@pqu@swmgsmottber syalerroﬂénqirarg sifect forces
a1r 1rﬁt9 %}1 ?n fl:'{ (%Oﬁ’e aél:arcasls%n ﬂl? ékﬁel%\tloa(ﬁ)gg%eggséatogal openings of

ofa ghfeemtt lSPralnd reo wiieed gLﬁde/\lhane Iumlt @t\x&mcﬁsguades)tig aw Sh’m)ogﬂi)t mto the vane

unit 9 s eyed to S.
P BT frhinE SR GBS oTE T e Bl B e o keved o
balid sBhft @S POWerdE ptRragied R ta@buplédgdpataents vig dad @hargebAtBries or drive
2230565 di scl oses an axial flow wi nd turbine conprises
'ng (a), stator blades (c), rotor blades (d) and

el ectric generator casing (e). An annular disc portion
(g) generates a | ow pressure downstream of the device
as/Kapates upplicafioraGB 225 Hgclostssindeiat fiew easl mghind onipsises a casing

??)e%gjﬁta liﬂ%(g fs éct Igli%teor%] bga?]i {_nl’ dv e ec#rxc gen%ra}dg\rc}z%x &dﬁ}] A annular disc
efpbttron e@)cgenﬁﬁteﬁa meieismekﬂomstrm cﬁhhe devicelaab iraselt yf air flowing

nglde the ca Jlgduce and

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.



operate, and which is preferably adapted to be fitted
to new wind turbines but also to be retrofittable to
W@2009110356¢ Wi nd tur bi nes. Sunmary of the inventiBCI/EP2009/001275
According to a first aspect of the present invention
there is provided a turbine enhancenent system
C GRfha?y Bfthathvemtigact or for injecting a first fluid
into an upstream second fluid flow of a turbine in a
manner whi ch conditions the second fluid flow ng past
bl I
B M R bl e B SO 5 O Rl b gancemen
5t sesterh p@nprlmgérgnﬂbﬂoyforumg:tlgg hdingt Arisinttosmsipetnaam second fluid flow of
c I i1, f1ui h
I%qglrg n%ef& gﬁgﬁ';e% whb{h C%Hglﬁo% tHQSﬁCQI?d rrtftl,\lg% zl%\év%n a?trbellahdege F g turbine.
supply the first f|UId to the injector froma Iocatlon
msecon fluid flow.of .the
Faraly BF Lol HabEE RHFEE Fay it GEERAANLpupom.
W|th whi ch the supply neans is in fluid comuni cation
and an Ietfromv\hlchtheflrstfIU|d|S|n ecte
107 HrSeiphg. tﬂ}ﬁgthaeaf‘rwe@é%yat?al FOPF ISeS PR OPF%HP@F%F‘V ﬁritlﬂé“d to the
|n,1,e(gtnor i s shaped and di mensioned to accelerate the
fi rst fluid flow ng therethrough. Preferably, the
injector is adapted to provide a designed velocity
PpadtiraBly e etay%lyamte% IRL £An SHRE BuplPle Blst HRL B k@ﬁﬁctet from a
t he tur%ll ne referably, I njector conprises at
| deggtionpisgole fraty thefuppienzm SéSOHdFﬂﬂé* Bovabf the turh@ej nj ect or
1sconprises a first array of nozzles |locatable a first
di stance fromthe turbine, and a second array of
n&reféreblyl the afjehircompsses om dlled mgthaviueh the supptsheedng idinrflid
Secongﬁ‘?%)t}ldn glﬁean Verlltjtlgtgf%o%g é:lrlﬁle t r(gjtefgu\}\cﬁe 5 1n3§c?cea1tnl(t)otrk]1F Eﬁlgset\ream second
bifladieovPr ef erabl y, at | east some of the nozzl es
conprise air induction nozzles. Preferably, the supply
means conprises a fan and notor. Preferably, the
20 s Bpbéryblppae ijeany shagsl aid dimdhgioged © RcdeRgatt tRMrktRid Adwing

t %leget rouéﬂ ector.

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.



Preferably, the ducting conprises a support for the
injector. Preferably, the enhancenent system conprises

w@2@onmssyg adapted to enabl e the injector to PEI/EP2009/001275
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nounted to a turbine. Preferably, the coupling is
aBigfrredly.1ableasi some of the np37jes COBPTIEFITIRBSHYHIFZLED acenent
relative to the turbine in a manner which allows the
injector to track a set of blades of the turbine.
PPrefesatan|the supply neqappegmprsessfaneed mgwpt ed t o be powered
by the turbine. Preferably, the enhancenment system
conprises a wnd turbine with which the injector is in
opefaitily,eheaspplyinaanoemmPises dictid xtendimg feawh thedamterthe injector.
system conprises a first guide which is shaped and

di mensi oned to funnel the upstream second fluid flow

t Prossstgy, tiieeductifidEstpriseresupppre fdr aite ibjettog arranged to
inject the first fluid into the upstream second fluid
floww thin the first guide. Preferably, the

e PRANSTBIY endi)ifde RBN G SBhicEMPrides & e6uplidlg gdtiptkal talehabite the injector to
cooperates with the first guide to focus the upstream
sBeHAmted QidduIMSw ont o a sel ected portion of the sweep
area of the blades of the turbine. Preferably, the

I njector conprising an array of nozzles di sposed about .
t Resfarably tthegeupling is edapind tg gnable thpjnggeior hpgdergoplisplacement relative to

d{hm&ng f}Pa %ﬁfangeg l@/?féhtraﬁgwgﬂlg /irﬁgct&_qg fadk DL g@blm oPfhe turbine.

varied. Prefera I rst guide conprises a
truncated conical cow .Preferably, the second guide

. : . hin th
ORGSO TR LSRG IRV bV HBPE?. Cnne
between the cowl and the cone Preferably, the

CPRPEGET YR SR GPRR SO Bl ) e Ao
dowsmaive aaorigiicte of t he bl ades back to the upstream

side of the blades. Preferably, the supply neans

utilise mechanical induction to supply the first fluid

t Pretdpgbly, Mheeh@icement 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
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.
Preferably, the dimensions of the first and/or second guide may be varied.

Preferably, the first guide comprises a truncated conical cowl.



According to a second aspect of the present invention
there is provided a nethod for enhancing the
w@erbaoasence of a turbine, the nmethod conpri siPQI/EP2009/001275
injecting a first fluid into an upstream second fluid
flow of the turbine in a manner which conditions the
S | ¢ i ol pri | fhohted BhctidFi&iP&vithin the cowl such
P?ge?ée}glg%’ltgé, &tcﬁﬁecp%?g%od cgﬁ%r(?gis the step of ?ssui ng
ats logizEne psubsiantiallyfanniier dhapnst betyegngthe eavd anf ghes98¢ r eam
second fluid flow Preferably, the nmethod conprises
the step of supplying the first fluid for injection .
5f Pedferably gbatihoncenenbtystefircomptibes megss foe snsirrataingl atflpast gportion of
flow of .the turbine. Preferabl '
¢ Sefhng B Sl e TG e b B B CRRRE R B of he
duradey i njection into the upstream airfl ow
Preferably, the nmethod conprises the step of injecting
the first fluid into the upstream second fluid flow
f pesFRabll | the buppBCaédnd DiiliRmelcRiradal shdudtha teripphdhe first fluid to the
conprises the step of injecting the first fluid into
10t jged@eond fluid flow froma second | ocation renote
fromthe first location. Preferably, the nethod
conprises the step extracting power fromthe turbine
i dcoprdimg to @ segpRdaspeqtof the pIRsFRF imfentionethere psproyided ymethpd for
! Q#}%%E 'ng %eﬁ’}%rfﬂﬁ%cﬂ@f £hufbind BR i@k cohtpliSiff iff&tink 8 first fluid into an
intended to nean the 1 ntroduction of an additi onal ,
s upgptegmotcond il fSave hf ths tuabine jnra wanmer whick epnsdifioas the sggpnd fluid
i order t | airflow, as opposed to sinply
15pglé’gvimrggpafthbgadég?{t&%térﬁrg?l ow t hrough a nozzle or cow to
nodi fy the direction/velocity/pressure of the airflow

h in, .the t " iLf g L
SRS RS ) B v s o

g@p&afeahl sycdadtflubfiovexcl usi vel y in the form of w nd,
whi ch noves past a wind turbine and from which the
turbine extracts energy through the rotation of the

20 blpagteabi9f tht hRthod chinpesch thelsep RO AgP Iy thb Eirgp dsslageinfzktion from a
the wi nd. As used herein, tqqe tcﬁ{]m g ndi {)j ons" is
i AeceHereMels frsm et Mg A d L BY PERE &0 %fid/ or

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.



i ncreasing the velocity, and/or adjusting or
controlling the pressure of fluid flow, in particular

wowed/10¥sbow ng t owar ds and past a turbine. BriBET/EP2009/001275
description of the drawings Figure 1 illustrates a
perspective schematic illustration of part of a 1st
eK‘Q O%:Idrﬁ%ﬂegn Afe &t Hﬁ'@&tﬂ%” %H@H&‘e%'{@ mealf'bh%lhﬁfﬁdﬁ@t%rdf laRg@dditional
t o the present nvent | n, Figure 2 illustrates a_plan
v uplyodf fluitbsusly a¢ @imintd dnuexisting aidflgw inmrderite mpdifihg airfloy, as opposed
i]lustrates further [ i ire
L TG S R PEERAER atpatbRbuRlo bOGLCRE

5 ageatidh/ngotiy/irbsupré genirflownvent i on; Figure 4

illustrates the area over which the enhancenent system
is effective, superinposed on a view of the sweep area
ofs stk Hekeel @tfe tefm Aupsirddsh dirfldoi ree “aiFflqyutie irferided testheamtthelow of air,
a front perspective view of enbodi n%h%&

d .
t BPISrahly buhrel SEEWRYRLY gl}}gq @ﬁ@g@gﬁ%ﬂ&h&ovg%%as 2 wind 1 Pr%me and from

| QRRALHOR iR &Y erefeyf thEh e rétatidif Fehdbladte ofithedurbine in
turbine;Figure 6 illustrates a rear view of the
10 erdspense trethe papgagedhilielvipdt rated in Figure 5; Figure 7
illustrates a side view of the enhancenent system
illustrated in Figures 5 and 6; and Figure 8
i Alsustd etes tie towe tlopdidiansyinimtopiled o grean Fluging dirduipalsnce, and/or
system il ) ustr ' ' i id flow. in
U1 b e Bl b B5pcnrbind g3y 0 o fuia flow,
i patiover wing, fievifigtoventsendpasha wirbidet ur bi ne. Det ai | ed
15description of the drawi ngs Referring now to Figures
1lto 4 of the acconpanying drawi ngs, there is
illustrated a first enbodi nent of a turbine

enhancenent Sy tem .generally indicated as 10, which

iéiﬁﬁéﬁﬂﬁé@ﬂ8j¥?$4¥¢kﬁitted to, or formed integrally

with, a turbine such as a wind turbine T. The

enhancenent system 10 al.sq be desi.gned. as. a ,st.and

e LHIopates BRI PORBAIE U FSRR L PSR k) Gyohent of a
20 WielFint BhiRh A8nchD8lstef RV Hing a6 tHe pRA&R Ghveatidiei ng directly

nounted to the turbine. The enhancenent system 10 of

the present invention is operable according to
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;



the nmethod of the present invention, and as descri bed
herei nafter, to enhance the performance or power

woeopae3sef the turbine T. For conventional w nRCT/EP2009/001275
turbi nes, the power generated by the wind is hi th
ddeseie Hiusiasern remevicw Bths ewﬁfemqnysyam illystepgrddp %I
by the follow ng equation; Power ="'/2 (p x A x V3)
Wiere p is the density of air Ais the area of the
bIFagles7 Wussatespesidly view Wéthe ehhapcementt sistenuidlystrpsediadigugs 5 and 6; and
potential to extract a portion of this power, which as
nmentioned above, is limted by the Betz lawto 59% It

5 c diiguad 8 dlubeatssresectionednptah eieabafitie mmmqmm&mrﬂlmdnated in Figures 5

t he, power ted varies

vé? Z)gultpgi? agﬁgoq ﬁ%m%ongilt pé(mlc\i\%d tlg?rg(gxstg %l rﬁxeé in r%ve th Wlpergor%lance ofa

velipCtutbingan have a significant increase in pomer

generated by aturbine. The enhancenent system 10 of

the present invention is designed to maintain the w nd

velocity past the turbine T at el evated velocities,

dependi ng on the prevalllng wi nd conditions, and

10 hgtaalsq description of e drgwings r ease t he power generated by

t he Tur bi ne T for arelatively small energy input

required to erate the system 10. The system 10

c n@@ovaw igjrect tr4 ofithe srsompanyingrdrgpvings, greres iliptrated a first

a%ﬂlb@dlﬁl%ﬁto ) t%[ré%nﬂa%c%er& %Zszéfn‘? %eﬂegallgvmﬂlg%lecﬁﬁselo Wthh is adapted to

positioned in use, upstrea he furbine

T be Teteofitted tol, esfofrfedintsgadlp ptithds tuagnenjuch ape witwitorbigeld Thre
Qatnc?r{l]eenr g)lls?e?% Er(? 1@% alg {)és ge%?gnct,]# gsha s\(a d%?%%%g tg%gesﬁ) 1t%ned

a u‘pjﬁfeeml dfym axistirignviad mrbme {riod shqmtn) cis oppmsdd tol len chhetly mounted to

airfl bot h reduci ng t cont r ol :
© il e g o T nhe B GeBLFor G R rigblgigieoraine o
f lthd flethdDsf tﬁé(p'lﬁ’ﬁﬂn&nabrftlohmnﬂhe désotibaddferamafids, tdérdandeghe
past. t he bl ades B. efore be appr eci at ed,
i rPerﬁ%IF‘laP%%‘Prd’PwFrr%‘HP‘{tﬁg\%&“P BWi‘'ng description of the
2ooperation of the enhancenent system 10, that a single

array of the nozzles 16 could be enployed in order to
2GR SveniqBalaag B e fsmagrex srewIeg Ry Y Yyind ishighfydepegent upon

t hig WiAR&LIRATaRES H8BmRhed R ZEBE R¥lowing equation;

Power=% (px Ax V3)
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



16 may be varied as required, in particular to suit

the dianmeter of the blades B. Indeed, the nozzles 16
weowbdoises r epl aced with any ot her means CapablEC"UEP2009/001275

injecting air into the wind upstream of the tUI‘HI ne

Thiebing 2 Fhecesthargement|system 48 of i SEserd IYepiien i Aegeed ﬁ‘é‘ﬁ“am the

L0 \aellcg(_:éty %%sj BRUGRL & ele%atta@§§og§e%| dMRh@ng G pﬂfvaﬂlhg wind

arrays 1S supporte on respectlve UCtIn
vvhorcihtldn@,ramé tmr@arstgndtcastupxpmyawmv@a apreeried by Ped arbénerT fora

to, the noz ver be
eart'e“'(‘:alyaS eﬁ ﬁ % gtpﬂweg?%gﬁgaeé%é ih\gsg%teﬁg?gl es 16 could
Sbe provi ded wi th any ot her sui tabI e support structure

%ggt e %](]918%18% hi}end{q_li%gté} 1?1 orm o Fst g%w fzcz%nﬁlpa %&Jnd%ﬂay 14 of
t H()iﬂd@ﬂ 6Twh1&11 &l pasﬁbhmadﬂi ttsestlpfstreztml bébladase(B ofahe diohid € Ake nozzles

t he ductl u air e.n whi.ch
b0 5?6&9?!& aégllgb@geﬁé}tgflén éeéq.‘,{)lbeﬁ%ﬁe&tze% F&‘gfssé’fer 1%h vclflgcnyrmtg of a first
Fingdl for 3xdrhpl6 &R, B3 88 blddad B, 4f a /bIBcigNdyAdh Hﬁﬁéctlon which conditions
il ustratedpt he two branches of ducting 18 conn ct

101 decirsloB o deZOe fpaFcp contaling (N Py pyf creasing the

nQE'lB&%ﬂot{a%e@onﬁcfluW%rgx%plgtaﬁ"?r[ the YRS ftwihid rb‘lkﬁ’trﬂg Past fiRtblades B. 1t
shown)” of the turbine T via a coupling 22

c oulkb ther@oxg be pprgtainied impastigiis rony ﬁg{ol@wMesg%pn of the operation of
2% ﬁ%ﬁ@m%ﬂ\%% Afﬁ"m Ghid a ?R:ran%? o‘Ml‘l'e %Gzqué's' 1‘690%ufdhﬁ ehlbyed in order

thus m part the supply neans
adatheﬂe the abeeadnamon@cbfum@nmlaz z Ixegldm@n theeungheh amdesigg of nozzles

15 gggﬁréay € vg Ou as r?({ulr% l{? égl‘tlgﬁalj‘ t§ Ql%l%@ %aYHe{JI] {M bpatdgsel@ Indeed the

Ing air he noz z .
f anzz2h 18 Ld:pﬁ)lldlbe sepprrceﬁ wh iagedtheri meanm tapable@f bmmg @H aﬁ@ the wind

ndp1eat of e el DRl AR W BURRTRER AUl of Beplifran ic

Whitkdugh igs BuessidegraBB. i s connect ed, and an out | et
directed towards the turbine T from which a jet of air
Issues into the upstreamairflow. The upstream airfl ow

204¢@8h Hahe btk b Or48is Paspdriéd v clifeaiuofzy | &8hith formhiaghrt of supply
are closed to the upstreamairflow The ﬁﬁn 24

pIEPRY qﬂgptﬁd fnfeed afto the IéOZﬁ](gg L6 Agingushptt Vil PSSR ée appreciated that

URSE 4298 it ole QYY1 d 6 BMUE b8 PRRIde& SvitBiahy bet uablo ZddpeR structure
16 fromsaid renote gosnl on. In this way the

i nflantedeid hpldtthe navalen be iy BaraTEsCct RasHiRn jaad 8%e%tﬂ’tltri?16ﬁhvaﬂ to the blades B
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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 air into the boom 20 and ducting 18



or cowml or the like, as is known in the art. In the

preferred enbodinent illustrated, the notor 26 is
w@owenexdes rom energy, preferably in the for m OPCT/EP2009/001275

electricity, generated by the turbine T. Wi
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together to maxi mse the effect of the prevailing
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turbulent wind flows past the first array 12 and the

jets of air issuing fromthe respective nozzles 16
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af¥gngenen € noz2l es in the first and
25second arrays 12, 14 may be significantly varied and

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



i ndeed may be required to be varied to suit |oca

condi tions and/or the size/design of the turbine T.
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turbul ence has been significantly reduced, while its
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d
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the blades B. In the preferred enbodi ment illustrated
the first array 12 is positioned a first distance from

t he dnadesl aBovbh Boviig paaamislads Bayie d4hd terbpleatd, velneid ad

second dj stance fromthe blades B, alth t .
c GPSienistop iy SEh A P CEHPLCTeRARE Doy & PErbine T

20 a%s RGeS FighrOh d€hust & iRRNIatTbB® o thdineer fhe eARIAcan@Ik system 10 is
he enhancenent sy stem 10. Referring now to Fig

t dreferalply pﬁ@rz&%@@%ﬁqw PRSI gsvgawg)os %raéieplgned VCYOClty pr50ﬁ1e across
AT %gtg(g;vgégpgreggfgg{gqﬂa%pgdl ment of a turbine

enhancement system according to the present invention,
general ly

In order to maximise the effect of the first and second arrays 12, 14, it is necessary to

25 position these a relatively short distance 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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i ndicated as 110, which is again adapted to be
retrofitted to, or forned integrally with, aw nd
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S yrﬁbcﬁﬂméﬁk Q@edcribéduhiove BN proeision oS & Gion Qulgcllndhe fommitolfie truncated
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bBaﬁlﬂﬁe Birbigd Tt. hﬁletslyft&hﬂﬂiO Turther &tﬁn;ﬁﬁw a s'i@orﬂrgiudbaﬁ ¢heI3rm of a cone
are gOSItI oned to ream

be . p e b
S BEE Sl R HESEP BT FANCR R A0 AT B guting the
ThRd&EBMof A2 t@ABtheCONEhSow1BOMA %nedﬁfdrﬁﬁosﬂ[bn@d‘fblﬁe&fpstream of the
channel 34 therebetween, which channel 34 itself

dblerlasd veith rewertde tectiregtion ip Mighiibe Windds blRwingo iihe ggwl 30 and cone

ag‘ﬁto‘%\h%eﬁﬂémﬁlnuﬁécﬂaﬁnél Re ek defvedh) \gﬁlﬁgchahﬁ‘el 43 @self defines an
directly in front of the sweep area of the blades B

Theletfarsirdiostng g evdOPVEdpBTh shomes 4 {Hbereies ignedn s,

nﬁl¥ecta? iy ?Bﬁt%‘? tﬂeréwgé ta dﬂh?&\éﬁers ]% g'g@ altn?etimgﬁs An%%él%ve osition of

amount o he sweep area | ades B'. this end

i theiCBanmel 34 mnolw aniad int drderdo tevena prepter oulbsser apmrtmt ofithefweep area

t h{e the gﬂgesrh 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’.
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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each bl ade of a wind turbine which is responsible for
generating the majority of the power avail able. The

wa@nvahedsechannel 34 is therefore preferably arpangrmod/ 001275
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ofyilP&SdpplcRifedah A A a‘iﬁﬁgdnﬁﬂﬁgm@wﬁlhﬁ{yﬂféfvaﬁé’d %ﬂpzﬁ‘h&ﬂzw the layout of the
connector 36 which itself passes thraoug

covqtiag pbhayhilg syl b‘&’éﬁqugdh%%boéfﬁ aentipnsd (fw&fw%%om) in the

cowm 30, with a nozzle 116 then being nounted to the

end of each of the el bow sections 36. The fan 124 and
mbhodimepgonsand/ohericatasion o§ bgsh e %wéé%end e gongi 32 mayzbetvigaable in
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ppreC|ate at the arrangenent S
Vhiediesd®, 4 thiatay e nanuallyer aigwaticaly 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
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 to the hub
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ducting 118, while still achieving the above-nentioned

functionality. The di nensions and/or orientation of
whoiob/1035¢4 cowl 30 and the cone 32 nmay be vari abCBEP2909/001275

order to vary the effect the cow 30 and cone 32 have
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20 SBAPE or HbE Be @Buk® irBflh@Uyi ¢ biheLaf@sIe nlchss. t i ps of the
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of the wind which has passed t hrough the blades B via
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aroun outer edge of t
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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sweep area of the blades before term nating adj acent
the exterior surface of the cowl 30, directly in front
wo@roogpsisseam of the bl ades B'. Thus the baffl| ePdDER00$/001275
not re-circulate the air back into the cow 30 but .
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¢ RS e usE g widekeref it S5 e Aok B ne e
| mahEater thin fi@s’tfn@ tiEene Ry de ireleaheted Wir  iheovtdbrured pepuiwer a turbine,
systen11g % I't should h%? @e noted that as the
t UrBilierierOf tpe ephangrnsat dystel! M KO- dh@HIGH 10 SERTHP PRY STt he
sweep area, the blades B, B can be reduced in size,
and the heiqht at which the bl ades B; B are
10 pdle evstsety; 1EQAT b Bseé qué%ﬂ%léBerefPFFéF%‘ﬁi?esrae%‘HElD’r}’ﬁt higly affective
' meﬁﬁsaind‘f&ﬁ{od%ff 11{1];}@“5&' 'EIQ' d@ﬁfo&uﬁ\@gof’ an@%}bﬁg tI"H‘,esystem 10; 110
unmber of sites at wi nd turbi nes can
derypb'y%vjery Genmeuing yanm (ljlotlus' lmnnﬁ@alrfen@hmhta V&lkélsaﬁmalmlzmg
S [ I ' i1Ag t
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'8d at a | ar ge number of sites which woul d
ot herwi se be considered unsuitable. In both of the
above enbodi nents the enhancenent system coul d be
mounted at the turbine, for exanple, in the locality
of the exhaust of a relatively large scale ventilation
system (not shown) for exanple as used in a
underground car park or large office building or the
i ke. Thus rather than wasting the energy in the
exhausted air, it could be used to power a turbine,
with the aid of the enhancenment system 10; 110, in
order to generate power. The system 10; 110 of the
present invention therefore provides a sinply yet
hi ghly affective means and net hod of inproving the
performance of a wind turbine. The system 10; 110
i nvol ves very few noving parts, which is beneficial
for reliability while also m nim zi ng
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cost. The various conponents of the system 10; 110 may
be manufactured fromany suitable material, but

wpe@baeamd y froma |ightweight material such aRCT/EP2009/001275
plastic, a conposite, or other material.Clains 1. A
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whi CRPHERE injector 1s adapted f8'SSue at Teast: one

5] dlowirfg fakieblddes sof thé huibide.t heref rom 3. A turbi ne
enhancenment system according to any preceding claim
conprising neans for supplying the first fluid to the
i nj ect Arturbthe eAhdrdérhé Sy Bdrh actoRIMItL cBYiE Il émvaihalicdinjtgtot & adapted
claim3 in which éhe suEpr n%ans are arranged to
spIPYF af Isastons kst ok the figst Hgidihzeli9ect or from a | ocation
renmote fromthe upstream second fluid flow of the
turbine. 5. A turbine enhancenent system according to

10cPBai m 3 taibing ephangpinert sy fhan pesprlingdp 2By RisFedingsclaim GoRpaising means
Wi L4 (SHRP is in fluid conmunication
aﬁ%ggﬁﬁ%ﬁ F%pﬁ?ron1$%P€ﬁ@?ﬁg first fluid is injected

into the upstream second fluid flow 6. A turbine

enhanc ' edi 1

oAl on g HEEE AT S Dol AR SR b ansar

aeoaiged at sipplyehd firssfluifl kaiihd irfi¢ctmwifrogn @ leatenhemofglironyythe Apstream

t ur bi an nt..system according to any preceding
lscls?ﬁoﬂﬁﬁ]ﬁﬁﬁ ch?ﬁﬁﬁté"quﬁ%ector is adapted to provide a
desi gned velocity profile across a targeted sweep area

of the blades of the turbine. 8. A turhine.enhapcenent
oyt entuBEaniRerBTL S BCaufingo clath P § SAPER CaBectr
| RbIAGHRE aC AIEY ith &chic thé QPpply B a&lif Ayidionanidatisn, alld arfoutlet
tur bi ne enh%ncemsn,t .System accor di ng to Il ecedi ng

eant secon id Tlow.

c feemwiiph theifieyt fuplys injécted into the upstr
20

6. 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
25 injector 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 claim 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 locatable a second distance from the turbine.
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injector conprises a first array of nozzles |ocatable

a first distance fromthe turbine, and a second array
wW@Roonoesbes | ocat abl e a second di stance from tPEI/EP2009/001275

turbi ne. 10. A turbine enhancenent system according to

any preceding claimin which the injector is adapted

t o,congdi.tj j : t; i

Silep RS chReARHERAL felrhidtl Brei A ARIE NI the

s yg¢cemisatepted tngpntivion the sefond [fwichifovBoves a1@g¢ted sweep lareatof the

I E@ts some of the nozzles conprise air induction

n fes. 12. A turbine enhancenent system according to
sany of clains 3 to 11 in which the 10 supply means

conprises a f and notor. 13.. A turbi .enbancenent.

SY5F entavegeantycreErE R asordbrtre T S I0FS Milkigat teos

C O6HR bIABRSnSWIRE botgprvs i Mgtiuogor ko2ples.he fan to the

injector. 15 14. A turbine enhancenent system

according to claim13 in which the ducting conprises a

SYPPOr & thi®ineleiBank&th&f ttem dcRordihglth aky HEc1EME3NE ENMBIWhich the
system according to any preceding claimconprising a

10 c ounplly mepns deippieyds & Sned 1ot he i nj ector to be nount ed
to a turbine. 0 16. A turbine enhancenent system
according to claim 15 in which the coupling is adapted
t #3.enablterbineenhancenind systam ansdesinggo @lagpll 3éeyriigh the supply means

relative,t h ' ' ich allows the
| SR odgog PedtiPhOR by RGO bne. 5
17. A turbine enhancenent system according to any of

| ai 3 16, in which th I . . .
5 U0 e S PR (RSP LR PIRRE compriscs

enRkagpoetenthe systeem accordi ng to any preceding claim
conprising a wnd turbine with which the injector is
in operative association. O

15. A turbine enhancement system according to any preceding claim comprising a

coupling adapted to enable the injector to be mounted to a turbine.

20
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.

25 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.

30
19. A turbine enhancement system according to any preceding claim comprising a first

guide which is shaped and dimensioned to funnel the upstream second fluid flow towards

16



19. A turbine enhancenent system according to any
preceding claimconprising a first guide which is
wabapeasend di nensi oned to funnel the upstreanPGEERIN001275

fluid flow towardsthe turbine, the |n{_lector bei n t?
athe anbied, thoinjesjos being prarfged &y infepttheififshiledine thegwsFeaghiecond fluid

Sﬁcowmtltﬂhﬂrsft oW W thin the first guide. 20. A
turbi'ne enhancenert system according to claim 19

conprl sing a second guide 5 which cooperates with the

St gi\gﬁl&% fngg et%t g n?z&%ﬁrdﬁ%% ofafn? WCcfrhﬁHs%gu £¥nd guide

weep area of
5 blwﬁdﬁﬁodﬁerdteh;emthxhb firse gu1ﬂé.t0 fécusuhdammewmmnmbﬂ@dtﬂow onto a selected

syst.em accordin 1 O|n whi ch the

|H‘]°ré‘8‘? B&%EB‘H‘iﬁplage@s"? bg?‘cg%opﬂo“? $192%1 es di sposed about

the first and/or second guide. 10 22. A turbi ne
enhancenent system according to an

121n whTeRineREhEF RIS I BEOIE 19 ¥‘P 12@@ et fiector
OUb G isIBh Reay\RhbSAbs d&Posed abbilt iR stMbAN sbRNLuidy St em
according to"any of claims 19 to 22 in which the first

1015 gui de conprises a truncated conical cow. 24. A

WZE bi ng t%&@%ﬁ%&ﬁeé st&e%%&@&lﬁ{g% By bfl&imai19e?B] infwhich the

h the second gui de conprises a cone nounted
c dimeopivns afahd t}rswrﬂmrﬁeqohég@léq\magb%harﬁé to define a
substantial ly annul ar channel between the cow and the
cone. 20 25. A turbine enhancenment system according t
any. of Aah:zbmmnﬁ@c:troer@&yswmmcplsimggo peaekclfigs 19 to 22 in ohich the first
ircul ati rtion of the second fluid

n
lseﬁP'ﬁF ﬁﬂmglsa%ﬁﬁgrtlcratggr%o%lfad COVQ the bl ades back to the
upstream si de of the bl ades 25 26. A turbine

h d |
e T AT TS T R

t @oxﬁfslrﬁ)d@b ¥ c&fé&ncfdnfeﬁltcoﬁdeutrdaM}Owtt]ilﬁ thenjoet swth.as ﬂ)?defme a substantially
met hod for enhanci ng rformance of a w nd
t RBlH ghannglbeugen Sy ‘if’b”ﬁ'ﬁ?‘? 8% njecting a first fluid
2ol nto an upstream second fluid flow of the turbine in a
manner whi ch
25. A turbine enhancement system according to any of claims 19 to 34 comprising
means for re-circulating at least a portion of the second fluid exiting a downstream side of

the blades back to the upstream side of the blades.

25 26. A turbine enhancement system according to any of claims 3 to 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 a first fluid into an upstream second fluid flow of the turbine in a manner which

30 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.

17



30 conditions the second fluid flow ng past bl ades of
the turbine. 28. A nmethod according to claim 27
W@ vpndxss g t he step of issuing at | east one jRCT/BP20DNEN1275
first fluid into the upstreamsecond fluid flow 29. A
nmet hod according to claim27 or 28 conprising the step

°§9 SUPR | e afcékﬁglﬁl% 'EoS&ﬁH i & HQom bﬂélﬁé:{hb@féf)fof @tfﬁfpﬂ/mg the first fluid

| ocation renote e upstream second f I'ow of
t Foe injention fiwm BOcatian merndto foactbonpitragm sesonth fluigiloy ¢fi thgturbine.
27 to 29 conprising the step of accelerating the first
fluid flowng during injection into the upstream
5 S@@ondA frhetticd afcbammg BdanyAfekihol @@9ceaprising theaiep oppccelerating the

| fluid
i B oySs ik BSR4 i S Bt poradd P, v

| ocation. 32. A nethod accordi ng to claim 31

conprising injecting the fj |d|ntothe ecan s
FRLY o ARpisHir g Qe 70 OGRBPETPE Bl g et fuid nt
ftﬂe%s&éaﬁ?s%b&ﬁ fluRBflovA IR N9t 1asmﬁd| ng to any of

clains 27 to 32 corrpr|3| ng the step of extracting

10power fromthe turbine in order to affect the supply
ok, t heafyidusdd dcbdthtle kPElait €& ntPRRing injecting the first fluid into the second

fluid 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

15 power from the turbine in order to affect the supply of the first fluid for injection.
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