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- 1 WND ENERGY SYSTEM Field of the Invention 5 The
present invention relates to a wind energy system
particul arly, though not exclusively, for building.
Background of the Invention 10 Wnd turbines are
currently available for nmounting on the roof of a
building to drive a generator for generating
electricity to at Ieasgw?artially neet the electrica
power needs of the bUVENR FENEBGH SYSTEMhas previously
15 devi sed an energy conversion systemfor a building

cQ risin% on% or mare wind turbines that are di sposed
5&5&&_QELL&§9_£EE£E&£EChed roof. The system al so
conprises a cover supported by the pitched roof where
e ver . h i;tch h he .pi
B EcREa Pt L0 S e svar and the raof ehrckurd >t
ogétiard agcilaat ¢ hpugbngiott gmedlustigl vdi feet $udilsd
flow through the wind turbines. Further details of
Applicant's abovenentioned systemare 25 provided in
Si ngapore patent application No. 200716868-5. The
BReefoundy &F itoR ihvantdsw t of further research and
devel opnent 1n the area of wind energy systens. 30
Sunmary of the Invention According to one aspect of
tihedprteseinesn\venrt icorr tendrley iagra igreddied € ra moiund: igrgerqgy the
?%%%e@fc %W%rdisi'ogglg 32 i o wanel module, hayigating
irst ‘and secon peni ngs at opposite ends, “and an
iedtesitrddiidtve teort dreasic aeed 1 et Hd S v lsictanFal
%7 R RES .t RAGNIARBMINY MPYINGant? has previously
Substantially the same craoss section are ,.th wi nd
EFTASIE Edu S 8T GRY G570 Y SE&& i%%ala }rué'al om

eRelbrising one or more wind turbines that are disposed

along a ridge of a pitched roof. The system also
comprises a cover supported by the pitched roof where the
cover has a pitch less than the pitch of the pitched roof.
The cover and the roof structure together create a wind
tunnel that directs wind to flow through the wind

turbines.

Further details of Applicant’s abovementioned system are

provided in Singapore patent application No. 200716868-5.

The present invention is a result of further research and

development in the area of wind energy systems.

Summary of the Invention

According to one aspect of the present invention there 1is

provided a wind energy system comprising:

a wind tunnel module having first and second openings
at opposite ends, and an intermediate portion located

between the first and second openings, each opening having
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opening in a direction toward the internediate

portion, wherein the internediate portion has a
substantially 5 constant cross sectional area; one or
nore wi nd turbines supported in or adjacent the
internediate portion; and 1Q 3t |east one electric
generator driven by at |east one of the w nd

turbi nes., Each opening may be configured to receive

WURE tieRdi iddity e SRS SFEHETEd dedreed TS omnd
eiinken siode ltherenicinkp ithe oy rsmdiiatra Iperid0rf ray each

be in the form.of flexible r ot.herw se,.bendabl e .
5 ™ e i RIS A e PR e S 1o
fuihregte iandthe2 0 reecored] itadren gloyidran dess, 2o ekt sgdciR lend
of . the rgr%sr%(:cg ?%Lt%o%%rl“ qn,..the first tunnel portion
A wouth “de *he ¥

I
aving a u I'ning t irst opening and the
second tunnel portion having a nouth defining the

secong RPN Rohr 25 ithe M ddinelpgmdde i d WdHlent
gﬁanlse a first turbhine housing located adjacent one

ditareedists M /pdMd on and a second turbine

housi ng | ocated adjacent an opposite end of the

i nternedi.ate portion. 30 .The w nd _energy. syst
conpr?%é:Q%%§Q&%%?t%JFH%ﬁ%%? g%ﬁ?ﬁﬁ%&ﬁ:F%%“%%héﬁg%%$¥%%ﬁ?t
e eprodv itdhed wiord éactpiwiesd turbine. 35 In an alternate
enbodi ment, a single generator may be provided which

i s driven by both of the wind turbines. This = |
&rsddioRsmi ey Bearqdrdil e (sefiAcaiven WHingh difddent at
3n SARg o4 b ey igoERMee PUrdns didthdd Mited ditersdich

an environnment. At |east one of the generators may be
nmounted in a hub of a turbine. It is envisaged in
aneodinRit®disher eddie o nchyener gyn Y8t dnmonyf iseSlexible

Eﬂpch%k@d¥§% ggkgable tube.

The wind tunnel module may further comprise first and
second tunnel portions, one at each end of the
intermediate portion, the first tunnel portion having a
mouth defining the first opening and the second tunnel

portion having a mouth defining the second opening.

The wind tunnel module may further comprise a first
turbine housing located adjacent one end of the
intermediate portion and a second turbine housing located

adjacent an opposite end of the intermediate portion.
The wind energy system may comprise two wind turbines.

An electric generator may be provided for each wind

turbine.

In an alternate embodiment, a single generator may be
provided which is driven by both of the wind turbines.

This embodiment may be particularly useful in a high and
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5 the wind turbines may have the sanme or different
wind flow characteristics. In particular, in sone
enbodi ments, the turbines nay be provided with

di fferent nunbers of blades. In one enbodi nent, one
or nore of the wind turbines i,s_10 provided with a
plurality of radially extending blades and an outer
circunferential surface surroundln an outer radia

SGFONST WiRE FNYdESNIGHE o PYforE SO HeMitFd GUBIFeSn

RRY; i fridhirR@: .C QAPIicSS tAak ol Ml afete réigosernemd a{ounted
surface |nters ctln the];urblne blades at 15 a am

Focat i Ot & an zfx@lc}fsargtatlonmk%o Jten
mmrehieneh@ndflmhie ewmre;y (Hyt‘sd:lmf ercamptriigle ss dnfcadeir s, that

V%h%dw%%f VUL Wne 31 Sy | ise cﬁf%\ieerﬂtngund flow

over |I'yi'ng e 'w e covering nmay
chmpeicse riststcsand e @@yt isorlEitons 1t Wneareéﬂké?(ﬂ%% ry the

Gouplied <t aget by ARl &iad ustrRHedf RRRNMEH &f blades.

between thé portions along a line perpendicular to a
direction of extent of the internediate portion. 25 A

T Uher casRRGmeott ! hﬁldoro&sefmré m&ﬁﬁi@mlmmwlﬁeﬁr&s is
oy Ry ot e ooy Sy AR jpades and
m@nﬁm@mndiﬂnﬁdx@ntmalstsm sofr chvendaimgs et outer
A U R BRI B BALETE AR wind

arrange st de an a wat er proof 30 covering

GreRiiyiesg Malve THIFET (GPIEIT ien @redet@Faiiadfs,  t he

Qﬁ!%ﬁh&%ﬂ@ﬁﬂﬂ%l‘§H¥¥Hdé3ﬂdﬂé¥§é&HﬂH§1ﬂﬁ9%%ﬂﬂﬁﬂe blades at
extend to _at | east cover t |nt nedlate

P
dacirdfilnd Osidrigy syt %@é.&oe Yl of
am¢ tseedmed perd itnRs oarﬂazstcabdqumq@mﬂalogmﬂfacd.o
enabl e 35 adjustnent of an angle between the portions
along a line perpendicular to a direction of extent
dthet e ricntegraredi atyes t gpoma o rfsirthe A dammtiere &s pasieing

‘&¥%ﬂ¥§¥§a“tﬂé“w¥Hd‘%hdHé%”ﬂBth%)M'%%e covering may
comprise first and second portions that are adjustably
coupled together to enable adjustment of an angle between
the portions along a line perpendicular to a direction of

extent of the intermediate portion.

A further aspect of the present invention provides a wind
energy conversion system for a building comprising: a
plurality of wind energy systems in accordance with the
first aspect of the present invention wherein the wind
energy systems are arranged side by side and, a waterproof
covering overlying the plurality of wind energy systems,
the covering having opposite longitudinal edges that
extend to at least cover the intermediate portion of each
wind energy system. The cover may comprise first and
second portions adjustably coupled together to enable
adjustment of an angle between the portions along a line
perpendicular to a direction of extent of the intermediate

portions.
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tunnel nodul e conmprising first and second openi ngs at
opposite ends, and an internedi ate portion | ocated
between 5 the first and second openi ngs, each openi ng
having substantially the sane cross sectional area,
the wind tunnel nodul e reducing in cross sectional
area fromeach opening in a direction toward the

i nternedi ate portion of the wind tunnel nodul e,
wherein the internediate portion 10 has a

ubstramtcraldl W%ﬁ%é@ﬁ%%e&ﬂﬁ@rﬁz@tﬁﬁﬁ@roﬁlde% a wind

furthgr egtb i ment Qf the %2“94]#3“” g)spegll\é\’{&s at

@@@m&uﬁe @m@$ t@nmIaMNmmﬂaimamqarespqruﬂdﬂu&ocated between

peckion 35,%@{ @fe%t&*a the 44 M0 'e%qr}g@@ﬁ
one I ocat e nea eacC én(? an ectri
@elﬂv@rt@miadmyvetﬁleowatrrt@e cngissd Sta@mm@sl dnea/hitdre wind

enbediinepiadike MRty Bines Jiy e+ o %&d ﬂrQ)m each

provide a collective Betz limt of up to

BiRSER "B g6t igptH 1P T AThe TidW g Bttt rrmﬁasteoqu%on of
RMRSefthd RYeMd10msddlle Nadre idestrd hert erdiediy t@ypaftion

xampl e onl refere ce to t he acc
§¥¥RM %’HXWWH%AL SRS e l??%ﬁef%ﬁ%%tlve

VIeM/Of one enbodlnent of a Mﬁnd energy system

li_e )
\%I%FGEW O? sec %ﬁj{r@et%tg%sfg;eﬂem gplﬂcl%eplﬁ)\}&?ig%r e wind
.EnesrgyFusgmt@nB dognpy igve: & evigd dinviedw hefvigie open

%ﬁ%%lrf%mend%f 2 Wind wlmdwe;ot rp@tsgr% @ﬂmr@q@ﬁ%n
info a w nd ener%é ste e ﬁé{

BN &S it e W%%b r?élet P B o
INRGAT RRIGH eshd ;N atd) rth m&r@msysjeemrator driven by the
wind turbines. In this embodiment the wind turbines may be
configured to provide a collective Betz limit of up to
0.83.

Brief Description of the Drawings

Embodiments of the present invention will now be described
by way of example only with reference to the accompanying

drawings in which:

Figure 1 is a schematic perspective view of one
embodiment of a wind energy system applied to a roof of a

building;

Figure 2 is a view of section AA of the system

depicted in Figure 1;

Figure 3 is a front elevation view of one embodiment
of a wind turbine that may be incorporated into a wind

energy system;
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5 Figure 5 is a representation of another w nd energy
turbine that may be incorporated in the system and,
Figure 6 is a schematic plan view of wind coverage at
a broad end of a wind tunnel incorporated in the w nd
10 energy system Detailed Description of Preferred
Enbodi nent Referring to the acconpanyi ng draw ngs and
in particular 15 Figures 1 and 2 an enbodi nent of a
wi nd energy system 10 according to the present

I NvVents;Qf GONpPrises @)ﬁﬁéﬁi&ﬂ’d&ﬂl@n Jaul ey deh drawt gl

ogenln sg&ﬁa and 4b erei nafter ., referre toi

n
FRr Sit & &fidyt Shfrdy systems
openi ngs 14 have substantially the same cross 20

secti %ﬁ, A eﬁaé t hgg%} }4%% ClOS%, %ﬂ?tan%%larﬁ%@fenergy

t he d-tunn creases fromthe openings
Hirbing tdiatectavorba cwerak Rt atace rie dibt & Yo orf s
of the tunnel nodule 12. The internedi ate portion 16
has a substantially constant cross sectional, area. The
syst eBLIPFeIP ey TARBIEE Ghd e oy i ind it Fiegage at
EBarokdb «ord BT a (Wietkitafiar irefergacttal iim ganenalnd
as "turbines 18") as exenplified in Figures 3-5
FESPEet iVE 'y " The turbines 18 are nounted in the
system 10 in or adjacent the internedi ate portion 16.
%kéé%%@ﬂsﬂgﬁﬁﬁfﬁgf ﬁ’&%?E?éﬁéﬂfeéﬁ%ﬁﬁBH;ﬁéﬁwm) IS
arso provided—wirch—Ts drivenmr by at teast—one of the
wi nd turbines 18. In the enbodi nent depicted, the

Wl& IS AR ‘%Icc%mﬂgrﬂfﬁ{sdsto\’ré%ﬁdgdsergﬂd:@.n aHcenilar

stens I0 nounted sid

on itc ed r oof
Gswrteﬁ tlhéqdnt%%cﬁf%t@%qﬁ é# 6 %ﬁ:%o Hem 10
%%dbfrdlhﬁ_j rOft 20 .pre sebiy erﬁ&ri“lﬁltﬁd ngﬁnpllbﬁse&nda ZAwa.d tunnel

he r referred to ene hou5|n 4")
%rféj{ul ed Bt T SPedtinAg rio4pag|é)05|({e end%h jgc #
mﬁfesmmzdi a:toe iporgdrmralls.asTHepenings 14") at OppOSlte ends.
The openings 14 have substantially the same cross

sectional area although the cross sectional area of the
wind tunnel module 12 decreases from the openings 14 in a
direction toward an intermediate portion 16 of the tunnel
module 12. The intermediate portion 16 has a
substantially constant cross sectional area. The system
10 may comprise one or more wind turbines 18a, 18b or 18c
(hereinafter referred to in general as "turbines 18") as
exemplified in Figures 3-5 respectively. The turbines 18
are mounted in the system 10 in or adjacent the
intermediate portion 16. At least one electric generator
(not shown) is also provided which is driven by at least

one of the wind turbines 18.

In the embodiment depicted, the system 10 is one of a
plurality of identical adjacent systems 10 mounted side by
side on a pitched roof 20 with the intermediate portion 16
spanning a ridge 22 of the roof 20.
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housi ngs 24 have an inner dianmeter which is simlar to
5 that of the internediate portion 16. The housi ngs 24
also act as a coupling between the internediate
portion 16 and respective tunnel portions 26a and 26b
of the wind tunnel nodule 12, 10 Wth reference to
Figure 6, each opening 14 is configured to enable the
wi nd tunneI nmodul e 12 to receive wi.nd _incident at an

THEPA TR GRS 60 Aagreddtt 1RSI TGS KT G ha® 1P

@l@%@r@g @ehirelyuss reguiaval)enird @ o tanrglee a:espetdnaze
["on dlnal ax%igp of, t he op ning 14 and

nel
SEp! Sﬁ GurFL 9§ QIﬁﬂﬁﬁ%ﬂ dtre BSSS<iH é%ghaggmand
tonfsiigusatifomanfe sirde nmedd sli2megfert henitamnied sgoritliagn to

| r
R L
@tqte@t'o‘l en coupdang detineesy e dtnd grmadiet el pTtidre 16 and

%%lct%%ult%nk%l A Mhen e syst emplQ oy Wses ttWinel

turbines 18, éach turbine is nmounted in a
. ilfe housing 24. Wnd W entering one of the
openi ngs 14 flows through the adjacent tunnel portion

he | t er nedi_at port| t he other 23 4
gvglr a]rﬁf &t £ s F¥omt'he aocplxlpé?etn “Shent nlgS 1 r}leﬂl@sured
tthoe emramﬁs et iwdmad  tarmeee lofmadve eni likd ttmmm:lelmﬁjl}tleﬁdlz
(ﬁ% RRRCI 3l omilh%e o Winef pcfe;teoorafeg%@esd%&@%e&ﬂ&

irection e open| 14 toward t

|Sﬁtd@r ipeiditétee oRsEYiin(Wie,chy HeSr @Q@Vﬂ%ﬁc%aﬁwuwle o

'MQ%G%SQdd'Ql\Md&I‘?aQ \éf%il%{:"xt )bf lthd S)ﬂ@'iﬂ\Mﬂ; tlhiataﬁ&ﬁ:unnel
power Output nd tur i ne |S na
PR BB 8 110 oty 2 e e BT T S 1

\lﬁﬁirmlgtuy:a\lmﬂdn idfprsavie peMArs ZﬂJtcpththeSB:drtnels mmOn 26
naown t hat ener of t n
AR S0 gt TooR Ry S e, o the
lweiv de stuaniplei 1s resiutleatl 2 e amatiheu mcesorivesr §44onlrofa dlrection
toward an intermediate portion 16 of the tunnel module 12.

When the system 10 comprises two wind turbines 18, each
turbine is mounted in a respective housing 24. Wind W
entering one of the openings 14 flows through the adjacent
tunnel portion 26 the intermediate portion 16, the other
tunnel portion 26 and exits from the opposite opening 14.
As the cross sectional area of the wind tunnel module 12
(and specifically the tunnel portions 26) decreases in a
direction from the opening 14 toward the intermediate
portion 16, there is an accompanying increase in wind
velocity. It is known that the power output from a wind
turbine is proportional to the cube of wind velocity.
Therefore increasing wind velocity will improve power

output.

It is also known that the kinetic energy of the wind
cannot be harnessed with 100% efficiency. Specifically,

Betz law establishes that the maximum conversion of



10

15

20

25

30

35

-7- kinetic energy to nmechanical energy using a w nd
turbine is about 59% The nore kinetic energy a w nd
turbine extracts fromthe wind, the nore the wind is
slowed as it passes through the wind turbine. For a
wind turbine to be 5 100% efficient the w nd speed

woul d need to drop to zero as it |eaves the turbine.

However, if this speed were to rop to zero thep no
Finaidq Enesie tt%énec%%]ar?ﬂletrlﬂ}? USSR B rfergy it P e
he exdwactsd becais endre Vﬂlﬁfé‘dmﬂwjléﬁjyera wined thrds ines

10 So e Odl nts .of .t S sten1 atte t t .
Kssars gl Mo Sl LB SIRLAn g B Woved aa it
Qfafss@lsert@rdma}h bghe gnefa:t grurhiare -t h€CBetaz wWing ttydyirge to be

r hi f
i e i O PR %éﬂsﬁ.%%#ﬁ? AR o 2%
§t8rdrtg JwarVdiSemher W@ whkmwevesgy 1t ttﬁ@amsmfed were to
t@n{@%gpmg;@%ﬂo{ f%fgr?rrt% tathrl woddmltd le@'éa}e 1@{1418 I@lrlkﬁlnef 08 thus
[ a, a ten ade turbine 18a as 0

Fi% P& TP haP el 197 1311 6 HHENBITIHY WM&J‘S m%ii §Huker
hlrede triyikine 18b as depicted in Figure 4 nay be
installed 20 in the housing 24b. In this configuration

wi nd energy is harnessed by the ten blade turbine 18a
isvmdzﬂmgpdﬂmkntﬁnﬂﬁuphﬂnsxﬁﬂﬁmr&ﬁﬁﬁﬁ$Qmpﬁlﬁpsﬁﬁ@?ﬂdﬁkﬁ

28 BBy el wifl:d NS LN Ras, L& 46 conapted, Lo

nerator “or ternate via a gear, box (not “showvn)

fg@react@wmairhdthqwe%zsz v@nlﬁwerfé%rgf i g 1 one
R @imaMen £ e digh d&f i I twieinire gt e t];iHlﬁQLCLfML}G well

12 freé#nt: hgl ggenl n 14a and he rla%v%l% e\rl@éerﬁea(gesay’
oj‘hemwidudomddmmeesﬂqd eﬁ“ttdﬂ‘lie tfher stind urdnimel irsgdule 12
from the opening 1l4a, a ten blade turbine 18a as shown in
Figure 3 may be installed in the housing 24a and a six
blade turbine 18b as depicted in Figure 4 may be installed
in the housing 24b. In this configuration wind energy is
harnessed by the ten blade turbine 18a initially and
subsequently harnessed by the six blade turbine 18b. Each
of the turbines 18 i1s connected to a generator or
alternate via a gear box (not shown) for converting the

wind energy into electrical energy.

When the wind W first enters the tunnel module 12 from the
opening l4a and the raw wind power is 100% of the power

for harvesting.

The percentage of wind power harvested at the first

turbine is,

Percentage of Wind Power Harvested ot the 1si Turdine = Yoy

where nNiurpine 1S the efficiency of the turbine.
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35 where flturbine is the efficiency of the turbine. -

8 Disregarding the power |osses due to friction in

the wind tube, the wind power which passed through

the first turbine reaches the second turbine is, 5

The second turbine also has the efficiency of

1l turbi ne The conpounded efficiency of the dual

turbine npdule is, 10 15 Ideal efficiency of the Dual |,
T 9 S RE M BF De RSt 1R tETIFTEen Ry i wind
ideal, tuHdiwiesd adowdowai ficiwneydd yhislesl e ditatst
turtE:.Z TBetz - rf .2 Betz ﬁl?_OtAgD.i | lustrated above, the
HEDPS TN e i DK ngte  Hoduie for proj ect

sites with strong wind can increase the Betz Limt

from 0.59-4520¢ 88HG0E Pevtl welyng 25tiav @ ediwre Wi Nt
environnent, and with the wind W predom nantly

entering the tunnel nodule 12 fromthe opening 14a, a
ten bladed whine,d8a a5 wepialed i Hawe o MY, Re The
installed in the housing 24a, while a three ﬁ?é de ,

IR HRORSE i Riftted s 19 giteet 5~y e & £ et

in 30 the housing 24b. In this enbodi nent, a generator

or alternator maypbe,caoupked. +@.oplly-the it urbi ne 18a

in the housing 24a, with theuyrhine 18c not

connected to a gener ator'.“?"f‘?é“t'H'ree"f"Ei‘I”'z"‘aﬂe turbi ne 18c
pressur e Toapdasat:i-ng tur bi ne that

1 1.0

+ 1
7 CUTImmet Mnmouurlr © 142

for the turbine 183 Eo="4sTHBER alr=Flow. |n addition,

the turbine 18C nmay act as - 9 a suction punp to draw
nore air through the opening 14a. This action of the
tdtda Ines fif8icc inmmyc heo Hetherbumidenstoiote Bystem would be at

Betz Limit. (i.e. having ideal turbines at 59% efficiency)

Ideal N dual turb=2 1 Besz - 772Betz

As illustrated above, the use of two turbines in a single
module for project sites with strong wind can increase the
Betz Limit from 0.59 to 0.83 collectively.

In a medium wind environment, and with the wind W
predominantly entering the tunnel module 12 from the
opening l4a, a ten blade turbine 18a as depicted in Figure
3 may be installed in the housing 24a, while a three blade
turbine 18c as depicted in Figure 5 may be installed in
the housing 24b. In this embodiment, a generator or
alternator may be coupled to only the turbine 18a in the
housing 24a, with the turbine 18c not connected to a
generator. The three blade turbine 18c acts as a wind
pressure compensating turbine that stabilises back
pressure in the tunnel module 12 for the turbine 18a to

smooth air flow. In addition, the turbine 18c may act as
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consi dering strong and weak wind situations. In a
strong wind the turbine 18c will rotate at speed from
the air 5 passing through the upstreamturbine 18a.
When the wind strength decreases its speed decays

slowi ng due to the principle pf conservation of
nmonmentum and thus the turbine acts to draw nore air
into the tunnel fromthe end housing the turbine, 18a14&1

FO UFHIAD PURR (1 RAF MR ORIgT THOWs iR 19
IToW a1 NG T e dssb e 1S9es ey Ik rwa/ttta: pxrm/éﬁe@bod by

ngsew[]ﬁ#ﬁ] §i ngl,ge t ur bi n%bel ng |S(re{th:i‘1h ognsslg 4strong
iwistdaldhed Uurktihaa mﬂxsiwuglllﬁf@mtaw:umpﬁged h‘r'afom the air
%‘%%y g“acth%oql Gl on, ﬁtf&gﬂ% \Q#é S| g SUGhdNatnd tying

enters e tun ron1the openi ng
HaEeng it wasinRa ses st dness |C¥?Ctarizé'3 iy 24 to the

therRbys 11ee MV i dith i v 4 10 IS ingdradiedart raughhiddieche turbine
tunnel nmodul e 12. 20 To faci Iltate

asj er .
it fiohe o e Wi Sty S atodinggrousing
the: imtrerimedilste. portion 16 rray be made froma

flexible material or froma bendable structure. This

enabl es a system 10 to closely conformto the pitch 25
Higlyetosf 20 tdigth wdel ayistren ]l GChsermdisieratl & [fowation wind

l%rm%trﬁ!sy rﬂ Hed by |rﬁ%ﬂ,gtﬂé Hrdheadd axidl oniy a

portion 16 abou e ridge 2 The "t unnel portions

6
ariegly givgdring r%@q r%lrﬁhfeilglad Ifatdt i @lb st warbine 18a,
plaastd £ SHwn Mat aéu BEA TR NG ik e del Pl acethousing

over the nDduI . cave 30, may eed _ac

U AR D 0% GRS T L ST e o i Ls
arat ethatThec ammﬂ;n@rﬁ()aﬂ'msthe)ppnmdle nahgid udi ndtom the
e%lzgenln%z 1 | Ch I\M] ttlﬁ%lqleepl C§ elqlstalled in the housing 24b

thereby removing air flow resistance through the tunnel
module 12.

To facilitate easier installation of one or more systems
10 on a roof 20, the intermediate portion 16 may be made
from a flexible material or from a bendable structure.
This enables a system 10 to closely conform to the pitch
high roof 20 with the system 10 bending at a location
approximately midway of the length of the flexible portion
16 about the ridge 22. The tunnel portions 26 are
typically made from rigid material such as plastics or
metal.

A covering 30 may be placed over the module 10. The
covering 30 may indeed act as additional roof covering
providing a water proof barrier. The covering 30 has
opposite longitudinal edges 32 which in the depicted
embodiment extend marginally beyond an upper extremity of
each opening 14 of the tunnel portions 26. However, in

alternate embodiments, it is envisaged that the covering
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35 enbodi nent extend margi nally beyond an upper
extremty of each opening 14 of the tunnel portions
26. However, in alternate enbodinments, it is

envi saged that the covering - 10 30 be configured so
that its edges 32 at a mnipugnextend to at |east
cover the internediate portion 16. The covering 30

corrprlsest ortions aor panel 34t at 5 are
NEIBURGED dgither T GBS @ by? vy gp extend

hjm% 3.@5533; asoter eﬂeéahmttdmaduatﬁ mendt iafn a6 angl e

bet ween the portions 34. Form ng the covering 30 from
two portions or panels 34 10 connected by a hinge 36
ahr.da tdvercadiop® i dh @impr fdesxithie pamtiemrediateapors i oh that

ext r er@r&@lﬁgddﬁé’d x T Gl Eﬁﬁté&a&fﬂﬁ@%y a4ty of a

orm extrene weat

doidie i¥h$o asupiq rﬁjﬁé@ﬁ/\é@}? t%@q%ﬁ@%&%@ PF4S on

e @andd agRe@dme el . portions 26a and 26b of 15
the wi nd tunnel nodule 12 can be renoved, allow ng

strong wnd to escape vertically by Ilftlng t he
arnmﬂﬁg\uhernnvéﬁﬂngHBQxﬂuﬂmtqwo\thtjnﬂaiqﬁepaneﬂ&ﬂﬁﬂ
re d r-oo SPOS [
2166% ég\égl}g?aec?oﬁr?a% ur er?é{ e CO\Fddr CHP é fjf‘e%le
@nﬁarm@lc&ﬂaﬁe& aniday Jtéb afohagrs tcnellrﬁmwﬁley rﬁ)cﬁﬂ%ty

1Q. o (Referdd taql RgW&s 3rind thdir bimes; &8 &ftereme
depicted as 25 conprising a central hub 40, the

m%ﬁ%qr{ W%?dlrtald?rh?rl \F OB HIRRF R e U A N LT R A te
W dreudrerientdral ﬂ@éﬂecﬁﬁv‘é ninrfedl, gnek iagshd ru@r r@dﬂ MG of

ci.rcunferenti al ?) The o%i .44 is

Aol SHTE P S dhde TP SR ne e 3Skong
oufret ted ges aafpee acdr thl cediel ooy Thief t3ithg ntter nissl@ et ivang

Sp G%FﬁFt uthe hub 40 (and thus an axis of

g) fbnqb éiwﬁgglne) and the outer ring 44.
Intermsdl ate wall 46 connects with each of the
When multiple systems 10 are provided on a roof 20 and
disposed side by side as depicted in Figure 1 the covering
30 may similarly be extended to cover the multiple modules
10.

Referring to Figures 3-5, the turbines 18 are depicted as
comprising a central hub 40, the plurality of radially
extending blades 42, an outer circumferential wall or ring
44, and an intermediate circumferential wall or ring 46.
The outer ring 44 is connected with and surrounds or
covers the radial outer edge of each blade 46. The
intermediate ring 46 is spaced between the hub 40 (and
thus an axis of rotation of the turbine) and the outer
ring 44. Intermediate wall 46 connects with each of the
blades 42.

As is readily apparent, the substantive difference between
the turbines 18a, 18b and 18c resides in the number of
blades 42. The difference in the number of blades
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bl ades 42. 35 As is readily apparent, the substantive
di fference between the turbines 18a, 18b and 18c
resides in the nunber of blades 42. The difference in
the nunber of blades - 11 provides each of the
turbines 18 with different aif;fLow characteristics
and accordingly different wind to mechanical energy

conversion efficiency. However,_ the t
G iR DAt (Gt | 2 T Ty Sy 6 apipedis £low

aghirena s Mgy i g taftﬁ:dwﬁ'tglprdla‘]”@rearﬁf atridcto of
each bl.ade 42. Now that enb t s of the nvent i onCh
MR E ST e%%%eocor}ve]ifétoé} I rgﬁ] w1 Ye apopwaer‘een]i to "
tdioSee rskit legids il dvhecHiedr g eaviaatti r tand et £ Imimergusnay also
dif T at y rganq}e]
glg%p rdthlciﬁezgvl rr\?t hefg/(glaﬂQf‘cﬂ%\S;Cewnltn%ac\/etberconcepétl\llscgihOé)gtack of
@em%plmaqu?e enbodi ments that have been described
conprising one or two turbines 18, it is envisaged

that nore than two turb| nes be provided . in 15
VHPY G SRS O Fomee TS, 18 (17141 Rt dre cribed

mﬁy dettﬁuar aw deid 1atbd cu;ﬁiamhtsmsttamsaldmmm\mm the

t hr.ou the [ termsdlate orti 6., .Furth ile .
trﬁel V?;l er%rtﬁq:haarte enbelr&wngd aséllgfellcnatlons en ox\rrlgfalaeclons
piatyc freed e | witteyu thvede p doet Imou nitremn drhea Hasaitc rigofentive

mug%g#st | sl S&aggqe%a%ﬁl?@ dlptq e Sy SHEM HBYe B&een

on a vertil, to take advantage of
slagrerl gy EFRT IS Iaich Fase’d HERimes thifmett is

il Lkl Bl RN allah erd itald e ingnedis Mov1ded in
‘tunnel effect"” where bUI mlg%§ y cha qﬂﬁugw b

8V O Ui 10 W K11 S cal BH-Shé butt J'rfhe may
Wy cﬁrccmdz{:aﬂ Hieo o ticbrt Lsnated t arodicd 1elsy 1921 craey gﬂnmmjh ythe
horizont ned 4? di ti ggg%

VAT onlsa e é)ecilﬁtglr V\/I]t othf]el{frcgs}le ’ha Hﬁae It(c)fp% venesus
teorea degrisoredfa o irey ynekitdd |cmtah@1tched roof, they may
be mounted on a flat roof. 1Indeed it is also envisaged
that the systems may be mounted on a vertical wall to take
advantage of either up draft (in which case the wind
tunnel modules 12 are generally vertically aligned); or
“tunnel effect” where buildings may channel wind to flow
across the vertical walls of the buildings, in which case
the wind tunnel modules 12 are generally horizontally

aligned.

All such modifications and variations together with others
that would be obvious to a person of ordinary skill in the
art are deemed to be within the scope of the present

invention the nature of which is to be determined from the

above description and the appended claims.
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30 art are deenmed to be wthin the scope of the
present invention the nature of which is to be
determined fromthe above description and the
appended clains. - 12 - CLAIMS: 1. A wind energy
system conprising: 5 a w nd_tppnel nmodul e having first
and second openings at opposite ends, and an
i nternedi ate portion |located between the first and
‘openi ngs, each opening having substantially
the same cross sectional area, the wnd tunnel nodule
reduc n%égglcross sectional area f.rom each 10 openi ng

in a SREEard SHRE CTFE hEd"Sre porti on,

wherein the internediate portlon has a substantially

const ant,; ¢l 053,386t LR 2 %@u.%ﬁ%fﬂ?ﬂngﬂﬁ\@ég%nd openings

tur bi nes supported in or a ace he I nternedi ate

BT OPes 1ded cads eatd Give @t@d:meidclagt@qmtaorur%we@
etheast theneiafstt hgydMgeddnd Qip%@ﬁng%o %ac_l:h%p@rﬂdig having

energy systemaccording to claim1 rein QE}
SHPSTRBdiAtle YooMS GRS GG TG & ol 1% B
etuferl s drdatiandivke.in3.cris \Meraiileﬂﬁflg)alsgﬁsthTDm each

accor, to cl.aim.l or 2. 25 rther C t
é’ﬁt?n%él@o% d fu r}éﬁec% ) Giry aroneheatlnéca%h rl? thnrrtSion'
|wmﬁﬂammname1mmemmadlaﬂﬁaHQH@mHtwﬁwew thﬁh&ntﬂ&%hym
%o%%tqa%td%ffo@sn%é&%éﬂarlstar%%enI ng and the second

tunnel portion having a nouth defining the second
opening. 30 4. The wi nd energy system according to any

one Ofon@ AMeork WA fritiiele c YMYIcH R arf idStadjacent
turblne hous! 8 Iocated ad acent one end of the

ond turbine housing
Iocated adj acent an opp03|te end of the

at least one electric generator driven by at least

one of the wind turbines.

2. The wind energy system according to claim 1 wherein
the intermediate portion is in the form of a flexible or

otherwise bendable tube.

3. The wind energy system according to claim 1 or 2

further comprising first and second tunnel portions, one
at each end of the intermediate portion, the first tunnel
portion having a mouth defining the first opening and the
second tunnel portion having a mouth defining the second

opening.

4. The wind energy system according to any one of claims
1 to 3 further comprising a first turbine housing located
adjacent one end of the intermediate portion and a second
turbine housing located adjacent an opposite end of the

intermediate portion.
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35 internediate portion. - 13 5. The w nd energy
system according to any one of clains 1 to 4
conprising two wind turbines. 6. The wi nd energy
system according to claim5 wherein 5 the w nd

turbi nes have the same wi nd_f]ew characteristics. 7.
The wi nd energy system according to claim5 wherein

the wi nd turbines have different wind fl ow ,
Shar adter Waficc $NeFYY8 SYRYEMWarE o&idr gy T8y sfgmone of claims
aceor di RGnip? iGlidigNtiomane rurthieea.nd turbi nes have a
different nunber of radially extending blades. 15 9.

The wi nd energy system according to any one of clains

k.t 0o §heherieidn eoregyr systenofacdee diingd tourddiades 5 srtherein

REQVIded W3 Yl holtdially Sueralnadlades scs.
an an outér circunferential surface surroundi ng an
outer radial edge of the blades. 20 10. The w nd

gner gy ey 4o /¢ Y r@nt RN WL R R 10RE Plvherein
nore of the wind turbi nes conprises an internediate

&ihec Waner dnmRdinesuryCe GifterSEEt %t He Fur bi ne
bhadestatrisaitadi al | ocation internedi ate of an axis

of rotation of 25 the turbine and the outer
circunferential surface. 11. The wi nd energy system
dccor dihrg wimdamneony ofy stleai mecordimgl @ of urltdhigr 7 wherein

;SN [ overd:yd e W t :
oI g e e o e o
cidiemdinovdesias - t he covering conprises first and
second portions that are adjustably coupl ed together

to enabl e adjustnment of an angle etmggn the first

and sé@&h&ﬁ&ﬂqﬁﬂﬁ{Q%ﬂ%ﬁﬁ}%?|q rding to any one of claims

1 to 8 wherein one or more of the wind turbines is
provided with a plurality of radially extending blades and
an outer circumferential surface surrounding an outer
radial edge of the blades.

10. The wind energy system according to claim 9 wherein
one or more of the wind turbines comprises an intermediate
circumferential surface intersecting the turbine blades at
a radial location intermediate of an axis of rotation of

the turbine and the outer circumferential surface.

11. The wind energy system according to any one of claims
1 to 10 further comprising a covering overlying the wind

tunnel module.

12. The wind energy system according to claim 12 wherein
the covering comprises first and second portions that are
adjustably coupled together to enable adjustment of an
angle between the first and second portions along a line
perpendicular to a direction of extent of the intermediate

portion.
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internmediate portion. - 14 13. A wi nd energy
conversion systemfor a building conprising: a
plurality of wind energy systens accordingly to any
one of claims 1 to 10 wherein;fhe wi nd energy systens
are arranged side by side and, a materproof 5 covering

overl&hng the plurality of MAnd energy ns,.  the
A iSRG TR ST MGG VR TFH 2 inighang
& st:l_@l td %ﬁ.SiraClq_\tej’ dfheriindt ensdivatsy gremd eredfrdingly

EanaerhrB SR ad Giong & &I I3 UL E P

Gﬁm&ﬂEm&O@ﬂE!S£Erdngéd sarek &@ccmmﬂqxaﬁd,oms‘M&uﬁnpnqmﬁly

6%3’\%;%%% he po gigst aang aq1 Lﬁ?e%%mwj'q{ d?erc}llﬁ]{?l}g %Stems'
dihree stavEr 1659 é»@tvemg (Q‘PPtCr%lﬁentlém%dfl imgdoradasits . Lhes

L AR dunngls tmdiHls aominddigiedildtsd Rivk is9C W each
openi ngs at opposite ends, and an internmediate portion

IOt S SFEk P4 e first and second openings, each
openi ng having substantially the same cross sectiona

O ar ’ thedM r%?ergql%nggc vneDrdsl':lLo% s %Cln‘p% Jico[lq}cﬁs to claim

eCtl e opening-in a rec
tlaxvanfxdartehel tihet erovedi atcerporsesorfiofstt ked wawend portions

vgfaﬁu%'t%bt gﬁ cduff ﬁmﬁ%&orﬁa %AM% aao%qpasﬁn@ﬁﬂ ald Van

stant cross sectio ar ea . AW nd tunne

rvdidice Pedeeed fdia @%@%q@m é rallf{%@ql?ﬁeé%]a%re to a

RAALQN drs di d:hedtordn afhea ifflexintie e gdMersmse
bendabl e tube. 30 17. A wind tunnel nodul e according

to claim15 or 16 conprising first and second tunne
Aa.t i egnsyimene dinedactodule comprising: first and second

openings at opposite ends, and an intermediate portion
located between the first and second openings, each
opening having substantially the same cross sectional
area, the wind tunnel module reducing in cross sectional
area from each opening in a direction toward the
intermediate portion of the tunnel, wherein the
intermediate portion has a substantially constant cross

sectional area.

16. A wind tunnel module according to claim 15 wherein
the intermediate portion is in the form of a flexible or

otherwise bendable tube.

17. A wind tunnel module according to claim 15 or 16

comprising first and second tunnel portions, one at each
end of the intermediate portion, the first tunnel portion
having a mouth defining the first opening and the second

tunnel portion having a mouth defining the second opening.

18. A wind tunnel module according to any one of claims

15 to 17 comprising a first turbine housing located
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end of the internediate portion, the first tunne

portion having a nouth defining the first opening and

the second tunnel portion having a nouth defining the

second opening. 35 18. A wind tunnel nodul e according

to any one of claims 15 to_lysconprising a first

turbi ne housing located - 15 adjacent one end of the

i nternmedi ate portion and a second turbine housing

pogcsd tadigc & &f dfsodinte B st e W@rﬁ%ﬁ%ﬁ%@aﬁéﬂwnd

RRIJ iR h%ul;&ncﬁ W NI cers! em agpdditeg drol AT the

one of cl.ains 12 wherein the openings are

égﬁﬁr R()QQQE%Qvawnd at an angle of up to 60

degrees fromeither side thereof. 20. A wind energy

%.hq}nver S'w?.%ds %%te f%g@'t%wgic@o@dmn? e a:h Jcﬁe""@ﬁr 1% ims
€ openings are configured to receive w

drrgi2e wisle ngd-1t 6160 RIS far@ncaqﬂi@urﬁddétq We wind

al: A Wi %qet Winelp AW e AHAUD 13dP APhaneiQfe thereof.

cl ai s mhereln the openings are configured to

receive wind 15 at an angle of up to 60 degrees from

@iOt hen siigel el .condZ2rsAon R seRer gzyzcﬁytsilem claim 13 or

nprisin mnnd t.unnel__havin Qsi ,
q%ﬁﬁﬁ%rﬁ% PHAsS 9 %?%hefggﬁ regfloﬁ %%%qﬁﬂd at
tahne atngnirelof tugo tw i tdedriaves,f nome e:ltdvm el et thermia?r-
each end; and, an electric generator driven by the
wi nd turbines. 23. The wind energy system according to
Alai mP2 L taing e 12 51adhe- Snias @ HBIh &9 &Ny COYF iurdd+ms

116 -Rreovirde A L Ale dd B n Betazrd 9P ifurtdd 1y Gedbbive wind

at an angle of up to 60 degrees from either side thereof.

22. A wind energy system comprising: a wind tunnel having
open opposite ends to allow wind to pass in either
direction through the tunnel; two wind turbines, one
located at or near each end; and, an electric generator

driven by the wind turbines.

23. The wind energy system according to claim 22 wherein
the wind turbines are configured to provide a collective
Betz limit of up to 0.83.



