WIND ENERGY SYSTEM Field of the Invention 5 The present invention
relates to a wind energy system, particularly, though not exclusively, for
building. Background of the Invention 10 Wind turbines are currently available
for mounting on the roof of a building to drive a generator for generating
electricity to at least partially meet the electrical power needs of the building.
Applicant has previously 15 devised an energy conversion system for a
building comprising one or morﬂﬁﬂdﬂf&ﬁim disposed along a
ridge of a pitched roof. The system also comprises a cover supported by the
pitched soaf where ¢the gover has a pitch less than the pitch of the pitched
roof. 20 The cover and the roof structure together create a wind tunnel that
directs wind to flow through the wind turbines.  Further details of
Rpplitafirs aBovEMmertionat §ystem afe>35 Prodidéd it SRGapdre pateht
appliéator Not 20071686851 The presentinvEntion i aresult bi fafher
research and development in the area of wind energy systems. 30 Summary
of the Invention According to one aspect of the present invention there is
proviggdka vrv(i)qld gngrfg%%st?m/ggrgl%insing: 35a wind tunnel module having
first i nds, and an intermediate portion

}Bcated between the first and second openings, each opening having
Wind turbines are currently available for mounting on the

roof of a building to drive a generator for generating
electricity to at least partially meet the electrical
power needs of the building. Applicant has previously

15 devised an energy conversion system for a building
comprising 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.

20 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

25 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.

30 Summary of the Invention

According to one aspect of the present invention there is

provided a wind energy system comprising:

35 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



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, wherein the intermediate portion has a substantially
5constant cross sectional area; one or more wind turbines supported in or
adjacent the intermediate portion; and 104t Ieast one electric generator
driven by at least one of the wind turbines. Each opening may be configured

to receivé Wina iAdidént A€ af HifylE Tt U 1560 Helides oM efthr Eide?
therebfint®s Theddtermedidtecporiommaydse irs thet forna of aflexibflewor each

othervwise, bendable tube: Idiei wind Bannel eadulenmaynfurther sopaprisefirst
and 20, second fynnel portigns,; ape a%@?&bg%“%ggt%e nigupediate portion,

th first tunnel portion having a mouth defining the first opening and the
secoﬁ&?ﬁﬁr?@l%&ﬁi%ﬁsna?ﬁﬁgJaor%%btﬁﬁ%ﬁhing the second opening. 25 The

wind tunnel module may further comprise a first turbine housing located
adjacent onenend of the intetmediate portien ancba seeandurbine dipusing

located adjagent.anyoppesite epdHf thejptermediate portion. 30 The wind
energy system may comprise two wind turbines.

10 at least one electric generator driven by at least

one of the wind turbines.

Each opening may be configured to receive wind incident at
an angle of up to 60 degrees from either side thereof.

15
The intermediate portion may be in the form of a flexible

or otherwise bendable tube.

The wind tunnel module may further comprise first and
20 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.

25 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.
30 The wind energy system may comprise two wind turbines.

An electric generator may be provided for each wind

turbine.

35 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



An electric generator may be provided for each wind turbine. 35 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 strong wind environment, but is not limited to such an environment.
At least one of the generators may be motinted in a hub of a turbine. It is
envisaged in embodiments where the wind energy system comprises two
turbirfes; tH4t 5 tRE viind taABiRES may’ Rave the Sante Bt different FHAd fldv
characteristicsidn tparficulaeaintsome embodimertsethe turbinesymay beunted
provided yvith.gifferent aumbeis of bladaes; laonesembhodiment e O Mere

of the, wind t%ﬁ?é”%}%l%@é?\g@egﬂl&fa‘ RIurality of radiglly extending blades

and an outer circumferential surface surrounding an outer radial ed%e_ of the
blades ORe bF niofe o the Witd tiBmes hayHirtheF cOmprigesaly "+nd ttow
intermdizteé ercunterential Surkatetihfaérsetting the aibine bigtiescat 5 athe
radiat locatioadntermediaterofan axisvat totatian of ¢he turbine anddheloutees .
circumferential surface. The wind energy system may further comprise a
coverjng gyerlyigg ihewind tunnel module. The covering may 20, comprise

first and seconglportlons that are .adﬁusta]f:)?y coupled together to enable
1Rdjustrient &F an"angle bt theYportiondHieng a e pRrpérdibRr s a2
direction of extentiofthefinternicdidtesportione 25Uk farther aspect ofither
presenidnventon provides & windienergyeenvarsiasrsysiem for a;bydding
comprising: a plurality-of wind eneray, systems in geordange with the first
aspect of thefpresent |nlvent|ofn Wher,e|1r:1 the ngd energy s stems are, .
arrangedSde By Sideand B WatErptof 36 Covihifg SVerlyiig the plrafi “oft
hwind @rietgy: 3y stetrs. tthercovermgiiavingopposite IBRgitudinal @BigestRact
exterchto atlgast eowerithenintenmediate portidie oé each windrenmergy system.
The cover may comprise first and second portions adjustably coupled

toget@gé to engbIGeHBS adjustmcee% of an ggg;:eﬂte)%tween th.esgogioggv%lgg ga

line perpeﬁé{éular 0a %i_raztslon of extent of the intermediate portions.

overlying the wind tunnel module. The covering may

20 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.

25 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

30 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

35 adjustment of an angle between the portions along a line
perpendicular to a direction of extent of the intermediate

portions.



A further aspect of the present invention provides a wind tunnel module
comprising first and second openings at opposite ends, and an intermediate
portion located between the first and second openings, each opening having

5 substantially the same cross sectional area, the wind tunnel module

reducing in cross sectional area from eefch40|6ening in a direction toward the
intermediate portion of the wind tunnel module, wherein the intermediate
portidh hB5'd'StbstaRfially eonStEntRr6SS BectioNa draa 1B et fifrtRer” - nd
embadinent ofithie lrsverriorn: provide s arwindeere rgysysie mecompasing: a
wind &pnelhaviag @peneppesite ands e allewewinsh-to pass sreither between
directign thraugh the tunnel, two,wind frbines, ane Jocated at,gr, 15 near

each end; and, an electric generator driven b% the wind turbines, In this

embddiftierit e Wind tafbin&  ay becontiguréd t6 providd’a tBfedtive'Betz
limit $fp €6 083 IG Brfef DestdiptionGithe Drnlingse ! BhbadimeRtseeich
the presentringventicn wilk aowibe deserbead tyyeway tof examplecomywithon of
refr?r%@%g inthe @8?9@9%‘6!@;[1?185 dﬁﬁ%’i’%@%ir‘c‘?@;c‘ﬂipeéﬁgﬂi@cé i%t@rtion
schematic perspective view of one embpdiment of a wind energy system
2ppli fo 5 roaf of & BUTAIG: 30~ Figure 2 1§ a view of Section AA of the
stem depicted in Figure 1; Figure 3 is a front elevation view of one

embodiment 35-6ha windtarbine thatrayhise incorporatedintova Wind energy

Systedfergy 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

15 near each end; and, an electric generator 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.

20

Brief Description of the Drawings

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

25 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;

30
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
35 o0f a wind turbine that may be incorporated into a wind

energy system;



Figure 4 is a representation of a further wind turbine that may be incorporated
in a wind energy system; Figure 5 is a representation of another wind
energy 5 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 wind energy system._lé Detailed Description of Preferred
Embodiment Referring to the accompanying drawings and in particular
Figures 1 ahd2'af emBEdim&ntsies Wind ehetgy Systehi 10™E5 atebrtling to
the presentriaveéntion temprisesra wind tarmsel modalerl2davireg openigsem;
14a and 14b (hereinafter referred to in general as "openings 14") at opposite

ends. The qpenings 44;have substantially (e sagie Gross sectional aea .,

although the cross sectional area of the 20 wind tunnel module 12 decreases
from té BpRRings T4 TR 4 difectibrioward & int8rmediate Porion 1876t the
tunnel module 12. The intermediate portion 16 has a substantially constant
cross sectionajareasThe systemch(hmiay eompriseconeor more winderage at
turbines,18a418h @r d8c25(heseinaftes referred 1o ingeneral as, turhines
18") as ee%<emplifisegeirr(l1 Figures 3-5 respectively. The turbines 18 are mounted
in the syst%ﬁw 16n or adjacent the intermediate portion 16. At least one
Bectric generator (not shown) is also provided which is driven by at least 30
one dfthevind toebinesdig dn thé enmbddinmemt depictédntng system 10 is
one of a plurality of identical adjacent systems 10 mounted side by side on a
pitchad fool 20 vith the, Dtermedials pertipn 16, A5Rpannino £/14ae 220 10e

roof 20.
Figures 1 and 2 an embodiment of a wind energy system 10

15 according to the present invention comprises a wind tunnel
module 12 having openings 1l4a and 14b (hereinafter
referred to in general as "openings 14") at opposite ends.
The openings 14 have substantially the same cross
sectional area although the cross sectional area of the

20 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

25 (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

30 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

35 spanning a ridge 22 of the roof 20.



Turbine housings 24a and 24b (hereinafter referred to in general as
"housings 24") are located at respective opposite ends of the intermediate
portion 16. The housings 24 have an inner diameter which is similar to 5 that
of the intermediate portion 16. The housings 24 also act as a coupling
between the intermediate portion 16 and respective tunnel portions 26a and
26b of the wind tunnel module 12. 10 With reference to Figure 6, each
openirtf P41§ cBARGurEtFto’ éRaBecthe \Wint el Afddile 15 for FEEive wirld
incidestatran angle' hofup 160 Hegrees frore €ither side-ebthecopering

(whichdseguivalentito ap angle anwishmalengitudinal exds, Y1ef.therepening 14
and tynpel 1526) Figurs.6 alsq jllusfratgs gpenposgible,shapeand ..

configuration_of side walls 25 of the tunnel portion 26 which provide the

decréats in"drosssettibhal ared of th tvind turifel modale L2 fropfthe ¢ 21s©
openitif 12 $n a ditedtio ovareias intehnedidte pirtion 1% ePtheltmned and
module k2 20 Whenithe=gystenm 10rcomprses:. twa avind turbines 18] eachne 1
turbing is;mounged 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 25 tunnel portion 26 and exits from the opposite opening
4. N&ithe o558 seRtiBnarafesldf thelwirfth fthrigt fiddidle 12 (ahd*Spécificafty’
the turnelportiens 26) decreasesinla diréetion frorhahe opening 14ntéward
the intermediate portian 46 therg ismngceampanying Ksteasein wind 30

velocity It is knoyn %ﬁ@%@ow&%{i‘%?%erH?;Mi{_‘QntH”EiQ?aiﬁ prggediopal

1o the cube of wind veloity Terefore increasing wind velocjty wil mprove

power ou}fput.JS%nl? i< B50 Rio WA that the kinatic e%ergy%f the Wind 'canhs

e harhess&d Wittt 10094 efficierdeis Sipecificale Bets taw establistfesitifat the

maxinwmt convetsion off side walls 25 of the tunnel portion 26
which provide the decrease in cross sectional area of the
wind tunnel module 12 from the opening 14 in a direction
toward an intermediate portion 16 of the tunnel module 12.

20
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

25 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

30 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.

35 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



kinetic energy to mechanical energy using a wind turbine is about 59%. The
more kinetic energy a wind turbine extracts from the wind, the more the wind
is slowed as it passes through the wind turbine. For a wind turbine to be 5
100% efficient the wind speed would need to drop to zero as it leaves the
turbine. However, if this speed were to drop to zero then no air would leave

the turbine and thus no energy would be extracted because no wind could
enterthB&bH5inB" $0Borme ERbBoaiMERts SRRy StEnE0 attéhist torovite

a composite systet wheredotal energy €fficienoy maay bevgredteruthantthe
Betz dmit-for asSinglenturbine, 1n onecembashiment. of the,gystens 16wuhichdanay
be p 'QH@'VQ@{?%&&SU&WQ to; high.or strong wind enyirgnments, where, ;o

he wind Eredomlna ﬂ%enters the wind tunnel module 12 from the

gpeniln D145 4 16n Biddd Hirbihe 18555 ShaWwH iR Figare 3 Ay BR ihdtaifet’
in thetRodiSinge24¢ anthe sixBladesurbileBas depicted in Fgae Aenagy to
be instatedt20 iethe hauvsing24b. dnithislconfigurationavindenergydsad thus

harnegsed,by fhe fen blade tubine 18adnifially, and subsequently harnessed

by thg SiX ]gla e turblne 18b. Each of the turbines 18 is connected to a
enerator or alternate via a gear box (not shown) for converting the 25 wind
ergy into electrical energy. When the wind W first enters the tunnel module
12 fromnthecoperingddasand thé sawywinepower is-£00% obtherpowee for
harvesiifngs 30- Ehe pereentageref wing-powee havested at dhe firsttyrhiae is,
PETARL ML thiEZ 151, 35where fityrbine i3 the efficiancy i the turbing, e
embodiment of the system 10 which may be particularly well
15 suited to high or strong wind environments, where, say,
the wind predominantly enters the wind tunnel module 12
from the opening 14a, 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
20 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 is connected to a generator or
alternate via a gear box (not shown) for converting the

25 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.

30
The percentage of wind power harvested at the first

turbine 1is,

Percentage of Wind Power Harvested at the 1st Turbine = .4

35 where nNiurpine 1S the efficiency of the turbine.



Disregarding the power losses due to friction in the wind tube, the wind power
which passed through the first turbine reaches the second turbine is,
I3nrtontage f W%nd Powenlin t, a? ",2.b;c2.% Tw. The second turbine also
has the efficiency of flturbine. The compounded efficiency of the dual turbine
module is, Mr?? - thiZ.Fj.1 15 Ideal eﬁ‘iEie%cS/ of the Dual Turbine System
would be at Betz Limit. (i.e. having ideal turbines at 59% efficiency) /deal
lldualtdrb=2 1 Eset29/ Betz ROYKS iIlisfrats aBBvE Cthie tsé bf wod tuibifed id
a singlebmodules foriproject site swiitls strongswmdctary indrease thie Betz Limit
from 9.5910.0.83 goliectively 25 hbadnedium wind gnvironment, and with the
wind W predominantly entering the tunnel module 12 from the opening 14a, a
ten blade turbine-k8a;as depictediin-igure:3 may-bainsialied in the,oysing
254a, while a three blade turbine 18c as depicted in Figure 5 may be installed
in 30 the housing 24b. In this embodiment, a generator or alternator may be
couplectosenlyrthe turhined 8al inctheshousing 24a; withthe tufbine,18¢ nothe
connegtgchiona generator. The fhrge bladesturhine 186 actsas awings,
pressure compensating turbine that stabilises back 35 pressure in the tunnel
module 12 for the turbine 18a to smaqih aig fjow, i addition, the turbine 18¢c
1r%ay act as a suction pump to draw more ir;rt rgugh the opening 14a. This
action of the turbine 18c may be bettertifiderstood B~ considering strong and
weak wind situations. In a strong = Tewre[2— Tewre]

>
—] _ =
Naua turk = &Meurs II:ur.b

15 Ideal efficiency of the Dual Turbine System would be at

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

Ideal 1 quai turb=2 M Betz — ﬂzBetz

20
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.

25 In a medium wind environment, and with the wind W
predominantly entering the tunnel module 12 from the
opening 1l4a, 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

30 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

35 pressure in the tunnel module 12 for the turbine 18a to

smooth air flow. In addition, the turbine 18c may act as



wind the turbine 18c will rotate at speed from the air 5 passing through the
upstream turbine 18a. When the wind strength decreases its speed decays
slowing due to the principle of conservation of momentum and thus the

turbine acts to draw more air into the tunnel from the end housing the turbine
18a. 10 In yet a further variation of the s_ys%er_n 10, for low wind environments,
the system 10 may be provided with only a single turbine being either a 10 or
6 blade fHine™ 831 4Bb as ShaWM NI Eigares 3 4'in&tafled5 the hotisihg
15 24& assaminig the predeminate direction ofahelwindetisrsusiiiat itcod by
mostly-enrtess the tunnel sngdulesl 2 &rom the @pening: 148nNo turbinedsrong

installg, In the.hoysing, 24h thereby remauing air floy regisiange through,the
tunnel module 12. 20 To facilitate easier installation 0f one or more systems

10 o 3T80F 90" tHe Hit8riadiats Portioh 164hay be mate 6 a Hakisié
matefiaF 6P b dbBEifiiste stiutties ThisleAablessa /Ystei A0°to closaly
confarmi ta-thel pitelt 25dnighroet 20:witht thesystenm 18ntending atreelocationne

approximately midwayof the, length of the dlexible portion 16-abouttheridge ny

22. T[‘}?etUQQ}?L grtiopga2.6 are typically made from rigid material such as

plastics or meta%. S0A covering 30 may be placed over the module 10. The

vering 30 may indeed act as additional roof covering providing a water

proofitrarvietr. Ehé covering 30 has oppositetiorgitydinahed§es B2rwhich inind

the depicted 3h-embpdimentextentl margingallybeyondianr appet extemitysof

each.opening 44, ofithe Wonel partions 26. Heweyveg, in)allemale i ne 184,

embold8|@eanés’slltlg)swgn\{lgagﬁgl}?gtsthf %%\éer}lnglnstalled in the housing

15 24a assuming the predominate direction of the wind W is
such that it mostly enters the tunnel module 12 from the
opening l4a. No turbine is installed in the housing 24Db
thereby removing air flow resistance through the tunnel
module 12.

20
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

25 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.

30
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

35 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



- 10 - 30 be configured so that its edges 32 at a minimum extend to at least
cover the intermediate portion 16. The covering 30 comprises two portions or
panels 34 that 5 are adjustably coupled together for example by way of a
hinge 36 so as to enable the adjustment of an angle between the portions 34.
Forming the covering 30 from two portlon% or panels 34 10 connected by a
hinge 36 and the adoption of a flexible intermediate portion 16 offers

collectively acSAtePidatGre>GndBAan Extretig $iind Stéim MG 8Rtré e
weather esnditiens, cowphng betwedr thve ditermediate portidh 16 and
respective tunnel portions 26a and 26b of 15 the wind tunnel module 12 can

be removed, allowing strong windito.escape verically by, lifing the r?ép%ﬁ%“ce

portion organel up. When multiple sgstems 10 are growded on a roof 20 an

250 digpGsEd SiE BY Side Sgpd]eep?cté i Fighre Ttha t8Rring 30 Hiay ©*
similariy:Be eX@er@ed to edver e multisleanodalese10. Réféfingt® Figures
3-5, thettuthines B are-depicted as 25 comprising a central hub 40, the
plurality of radially extending blades 42, an outer circumferential wall or ring
44, and an mter ediate circumf ial wall ar rn 46 The outer ring 44 js
conﬁgctedlwﬁh er?nd sarrounds ogr{f(;%ers t%e ra a?outer edge gfaeaﬁ b zillde

6. THR™® ﬁﬁ%ﬂn@éﬁaﬁe?ﬂn@g% i sﬁ&ée&lb%t\ﬁ/%ﬁttﬁ@h 46 (5&8%8&%
axis ofriotation! of the hrbinie)ranid thef bater ringl 44chitemediate Walk46
conneetstwith each-ef the klades42. 35nAs is readilyrapparent sthereme

SUbs%@éﬁlé’ﬁeqlff‘é%%ecﬁ%%w\éee%H!%MQ!%%@%%@#‘%Q%%%%E%%Q%%&% the
number of bladcf% 42 The difference in the nLljmber of blad

portion d respective tunnel portions 6a and 26b of
15 the wind tunnel module 12 can be removed, allowing strong
wind to escape vertically by lifting the respective

portion or panel up.

When multiple systems 10 are provided on a roof 20 and

20 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

25 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

30 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.

35 As 1is 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



provides each of the turbines 18 with different air flow characteristics and
accordingly different wind to mechanical energy conversion efficiency.
However, the different air flow characteristics and efficiency may also 5 be
achieved by varying the twist, or angle of attack of each blade 42. Now that
embodiments of the invention have beén éscribed in detail it will be

apparent to those skilled in the 10 relevant arts that numerous modifications
and WIRAfitHRSmayBe Made RithbtPdepartig font tHe basitshvertive f1ov

conceptst For exantples wiileé embodimentsythat havedreenvdescrilved
compfising One=ar twaeturbinesn18.4t issenwsageddhat,moredhandwp turkines

may fe proyided in,15 yahgus crcumstances. Forexample, a third tyrbine, ,

may be provided at location substantlallg mldwa through the mtermedlate

;?ortle%e %Cﬁbﬁ}ﬁ%? WHild e £)SterhS 10"3retdepittet'as heig AdiitedBn a
pitchéd ¢bokthey nfdy be mounted on a flat roof. Indeed it is also envisaged
20 that the systems may be mounted on a vertical wall to take advantage of

eithegyp q{ﬁﬁt(iré}ﬁm&%% éh%Wiﬂgéuﬁﬂ%%'ﬂ@g&'}?%%%@f%éﬁﬂe&@@ér1bed
vertlcally dallgnefi) .or tu%; effect" Where bcun ngs ma en%el wm%to flow

across the vertical walls of the bu]ﬂ@lngs in WQn case t e win tunnel

Roddigs 1%2ate ééﬁérat}l?/%ﬁ%i*ﬁéwal@ﬁgd fAF3hERModifidatiGhs angens

variatien's tegethee with-others deattwbdltbbé obvidusstdoa person of ordinary
skill indhe38-art aredeemedio be withinstherscopeiehthe presentdiventiom
the ”éMSﬂfﬁ’éG'C@dﬁéﬁ? P&‘E‘?I;teé%”%‘} from the, ahpye description and the

appended claims. -1
PP envgsaged that more than two turbines may be provided in

15 various circumstances. For example, a third turbine may
be provided at location substantially midway through the
intermediate portion 16. Further, while the systems 10
are depicted as being mounted on a pitched roof, they may
be mounted on a flat roof. 1Indeed it is also envisaged

20 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

25 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
30 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.



1. A wind energy system comprising: a wind tunnel module having first and
second openings 5 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 diréction toward the intermediate
portion, 10 wherein the intermediate portion has a substantially constant
cross-&édfibival area;  one or more wind turbines supported in or adjacent
the intermediate portion; at least one electric generator driven by at
least 115 one of they wind tyrpires;tand compheseithe intermediate portion is

in the form of a flexinle, orothensise bendable tube-2. The WA SNETOY. i ngs

system accordlgg to claim 1 further 20 comprising first and second tunnel

portidhs, SHE AL E&CHT BAT of thE iRterrBdiAtE hdrtion, 198 firttunRErpSition
havirRFa rReathtaeridihg the Fist G5ERing amfﬂ"ﬂélgéeoﬁ@ﬁﬁhr%ﬁﬁrﬂénhavmg
having.a mauthidefiningithe secondrepeningc25 G ihe aviad energysystem

according da claim.2 whesegin thefirst and,secand unnel postians areffeach
|dent|cal conflguratlon and sgmmetcrlcall¥ Cgl%%osed bout gf d%a of a roof 30

4.The Wind e er y Sy stem accordlng to'any one of c?alms fart ]ﬁelon’
IompHERG 2irs %Fu rbiHehBGSihgHBcRId-ddfRAcBAT oRe BHF 6PTHE 21 1Y
intermediate (portior andsa setond turbine housing located adjacent an
opposite enshef the interaediate pariOMmS5 sk3ported in or adjacent

the intermediate portion;
at least one electric generator driven by at least
15 one of the wind turbines; and
wherein the intermediate portion is in the form of a

flexible or otherwise bendable tube.

2. The wind energy system according to claim 1 further
20 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.

25 3. The wind energy system according to claim 2 wherein
the first and second tunnel portions are of identical
configuration and symmetrically disposed about a ridge of

a roof.

30 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.

35
5. The wind energy system according to any one of claims

1 to 4 comprising two wind turbines.



6. The wind energy system according to claim 5 wherein the wind turbines
have the same wind flow characteristics in either direction with respect to the
wind energy system. 5 7. The wind energy system according to claim 5
wherein the wind turbines have different wind flow characteristics. 10 8.The
wind energy system according to claim 7 Wherein the wind turbines have a

different number of radially extending blades. 9. The wind energy system
accofting td &ny"onel of BRIHE FI15%6™ fheréitisive bf ntore'sF the" Wik 1™
turbingsisvypnovided Wwithess phuratitytofeblades radially Extendimgrfzorrea centrab
axis afrotation of the-twbine, eachbladefraving & radially: gutesenddistant
the a&;sc&ferrgyation. 20 10. The wind energy system according to claim 9
wherein one or more of the wind turbines is provided with an outer
circumferential surface surrounding the radially outer ends of the blades. 25
11. The winthénergyCsyRterdaccordhiiitElanhcd BF 10wRe e onedreiore
of the wind turdines campsisesvan itermediate wircanferential surface
intersacting the turbing blades at a radial location intermediate of the axis of
rotation of the turbine and the radially outer 30ends. 12. The wind energy
system according to any one of claims 1 to 11 further comprising a covering

eﬂﬁngth@ﬂﬁﬁﬁﬁﬂﬁn%?ﬁﬂﬂﬁﬂéyggem according to claim 7 wherein

the wind turbines have a different number of radially

extending blades.

9. The wind energy system according to any one of claims 1
15 to 8 wherein one or more of the wind turbines is provided

with a plurality of blades radially extending from a

central axis of rotation of the turbine, each blade having

a radially outer end distant the axis of rotation.

20 10. The wind energy system according to claim 9 wherein
one or more of the wind turbines is provided with an outer
circumferential surface surrounding the radially outer
ends of the blades.

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

30 ends.

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

35
13. The wind energy system according to claim 12 wherein

the covering comprises first and second portions that are



- 14 - 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. 5 14. A wind energy conversion system for
a building comprising: a plurality of wind energy systems accordingly to any
one of claims 1 to 11 wherein the wind energy systems are arranged side by
side and, a waterproof 10 covering overlying the pluraligof wind energy

g

systethis, thetoveririg Raviflg ‘sistiositeongitGamal @dges tRafextendto®at
least voveée the intermediate portion of@achowimd erergyosystededd B5.1The
wind energy €0BVEESIOR Systern aseordingde claim A4 whereia the €oveediate
comr%g@jsle@ifggt and second portions adjustably coupled together to enable
adjustment of an angle between the portions along a line perpendicular to a
irection of extent of the intermediate portions. 20 16. A wind tunnel module
comptising Airét BAdSEomd GIPenings stbpposieierdds; ahddn istermediate
portiarvigeated hetween the dirsttand seeond openings,sacteapeninghaMdingly
substantially the sapre cigssyseational 26 aiea, dhe wind tynngl moduls,
reducin% in Cross sectional area fri%m %ach oggnianrg in a dgggteion t%vggrd the

interrﬁg }%te'[e porﬁgn %ﬁﬁé}?unnesl, W%eré/insthe mter?ﬁedalate poﬁﬁ)% has a

ubstamiatly constaitt crbss sekfioRalareaand i il tHe fdtRT oLy fRXBIE S/
30 otheawisevsenidabledubeg 1geHowirte turmmel imoddlesdccotdar tdrefaim 16
comprisirg dirstand seeond twirelpartiens nere at @aghendotthe, of each
intermgg@tgrp&gg n’s@&fgﬁt. tunnel portion having a 35 mouth defining the
first opening and the second tunnel portion having a mouth defining the

second opening. - 15 -
15 15. The wind energy conversion system according to claim

14 wherein the cover comprises 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.

20
16. A wind tunnel module 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

25 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 and is in the form of a flexible or

30 otherwise bendable tube.

17. A wind tunnel module according to claim 16 comprising
first and second tunnel portions, one at each end of the
intermediate portion, the first tunnel portion having a

35 mouth defining the first opening and the second tunnel

portion having a mouth defining the second opening.



18. A wind tunnel module according to claim 16 or 17 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 5
intermediate portion. 19. The wind tunnel module according to claim 18
wherein one or both of the wind turbines are provided with a plurality of
extending blades radially extendingfrom a 10 central axis of rotation of the

turbine, -and*e¥¢R Hldde has rathafy Bt ehd distanttheldxis bf totation.
20. Thenwindstummed modudé aoecording tbalaimd 9lwhetsin cnéjerckoth ofithe

wind durpings are providedwithan I outescirgwinferentialsurtacei ne
S“”OHQQQR%H‘%Eacdél%@é_o%eéae&%%ogweo%g?&ez%nﬂ“%\é"@%éunne' _
module according to claim 19 or 20 wherein one or both of the wind turbines

comprEe Al 20t int&mr&diate Bircumferential surface intersecting the turbine

blades at a radial location intermediate of the axis of rotation of the turbine
and the radiadlywduter endse 25223 d0he wdnc tunnel modulesaccaredingto-any:
one oflaiss 1640 Zlewhesein e _\%@P&%@Q%ﬂ@\@%&%@%@?ﬂkg fow
characteristics in either direction with respect to. the wind tunnel module.
e B e e R,

life wird tabinéS have différent Wikd Howr BRaratieristics. 2% £{fitd Bhargy
systelm aceording a4 anyoorte of elaimsi3s 4r13 Whereinithecdpeningsiare.
configured to receive wind at an angle of up to 60 degrees from either side

thereof, - 1sas ., 224 A Wi eNRIQY.canversion;sysfem, acearding glajm. 14 of

15 wherein the openings are configured to receive wind at 5 an angle of up to
one qor. both, o H%e wind,turbines are provided with an

60 degrees]?rom elther side thereof

15 outer circumferential surface surrounding the radially

outer ends of the blades.

21. The wind tunnel module according to claim 19 or 20
wherein one or both of the wind turbines comprise an

20 intermediate circumferential surface intersecting the
turbine blades at a radial location intermediate of the
axis of rotation of the turbine and the radially outer

ends.

25 22. The wind tunnel module according to any one of claims
16 to 21 wherein the wind turbines have the same wind flow
characteristics in either direction with respect to the

wind tunnel module.

30 23. The wind tunnel module according to any one of claims
16 to 21 wherein the wind turbines have different wind

flow characteristics.

24. A wind energy system according to any one of claims
35 1-13 wherein the openings are configured to receive wind

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



26. A wind tunnel module according to any one of claims 16-23 wherein the
openings are configured to receive wind at an angle of up to 60 degrees from
either side thereof. 10 27. A wind energy system comprising: a wind tunnel
having open opposite ends each end having the same configuration and

cross sectional area to allow wind to pass in either direction through the
tunnel; two wind turbines, one 15 located at or near each end; and, an
respective electric generators driven by each of the wind turbines.  28. The
wind energy system according to claim 27 wherein the wind turbines are
configared fo provide aecullective20Betzrlinsit of eip to:88d1120. Agind14 or
energy; sysien: comprisingea wind turreldnedula: havingdirst and-secontl at

epenings,at,appesite, gnds, apd @Qﬁ?&%@%@'éﬂ? potipn logated 2 hetween

the first an second openlngs each opening having substantially the same

cross sectional area, the wind tunnel module reducing in cross sectional area
from eaech dpéring i edifectisiftolfarCtheriniertédiafe’ Poftish, Whereii ffe
intermeédiate wostien asha substantialy Slconstentaross sectiorakdrea; @ind

first tyebing hausing located adjacentone.end of dhe intermediatepartionand
second turbine housing located adjacent an opposite end of the
intermediate portion; and, 35at least one electric generator driven by at least

one (?f7the \ﬁmxﬂlmb%%%rqylgﬁzstem comprising: a wind tunnel having
open opposite ends each end having the same configuration

and cross sectional area to allow wind to pass in either
direction through the tunnel; two wind turbines, one
15 located at or near each end; and, an respective electric

generators driven by each of the wind turbines.

28. The wind energy system according to claim 27 wherein
the wind turbines are configured to provide a collective
20 Betz limit of up to 0.83.

29. A wind energy system comprising:

a wind tunnel module having first and second openings

at opposite ends, and an intermediate portion located

25 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,
wherein the intermediate portion has a substantially

30 constant cross sectional area;

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; and,

35 at least one electric generator driven by at least

one of the wind turbines.



30. The wind energy system according to claim 29 further comprising first
and second tunnel portions, one at each 5 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. 31. The
wind energy system according to claim 29 or 30 10 wherein the wind turbines
have the same wind flow characteristics in.either direction with respect to the
wind energy system. 32. The wind energy system according to claim 29 or
30 15 wherein the wind turbines have different wind flow characteristics. 33.
The wihd eAérgywsystermaccording tetlaim 32 Whegeircthelwind &fbinesther
have @ differenthaumbes of sadially 2haxtending biagdes: -34., Thawind enargy

system gcgerding to any, gne of claims, 29 to 33 wherejn ane,or Rath of the;
wind turbjnes are provided with a plurality of extending blades radially 25
exteriing o amcgélr?t?alda‘?ﬁé%%? taltion of tha turbing; Bdch Badé haviig a”
radiafty difter &7d istant el adisoftordatioric351TRE Wikel éifsig)SysRaning -
according to claim 34 wherein 30 one or both of the wind turbines are
provided Wi’iﬁaénv%!{@f_SE@Q%QF@E@QUH@@%&Q{W%”QI@q'&ﬁ”)é puter ab
he blades, ;36..[he wang %”&Eg% gtem accopding to claim 34,91 85 35
wherein one or both pjfrtlhe wind turbines comprises an intermediate
circufitéretitiaf sufaceIntets&cting the'turbie Blades @t & FadisFiocatioh™®
intermédiatewfthe s¥5¢<maxis of rotation of the turbine and the radially outer
ends. 5

32. The wind energy system according to claim 29 or 30
15 wherein the wind turbines have different wind flow

characteristics.

33. The wind energy system according to claim 32 wherein
the wind turbines have a different number of radially

20 extending blades.

34. The wind energy system according to any one of claims
29 to 33 wherein one or both of the wind turbines are
provided with a plurality of extending blades radially

25 extending from a central axis of rotation of the turbine,
each blade having a radially outer end distant the axis of

rotation.

35. The wind energy system according to claim 34 wherein

30 one or both of the wind turbines are provided with an
outer circumferential surface surrounding radially outer
of the blades.

36. The wind energy system according to claim 34 or 35
35 wherein one or both of the wind turbines comprises an
intermediate circumferential surface intersecting the

turbine blades at a radial location intermediate of the



37. The wind energy system according to any one of claims 29 to 36 further
comprising a covering overlying the wind tunnel module. 10 38. The wind
energy system according to claim 37 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 th (i:nt_ermediate 15portion. 39. A
wind energy conversion system for a building comprising: a plurality of wind
energy systems accordingly to any one of claims 29 to 38 wherein the wind
energy26 systemsarecarrarfgad sideiby side and, alveaterprioo toverhgr
overlyingsthe plurality of wind energy systems, the covering having opposite
lgngitudinal edges that extend to at least cover the intermediate portion of
each wind eTrﬂlerg%isglstem. 25 40. The wind energy conversion sI%/stem

i 36

accortling td 2faifh 36 WHTeiY the 8508 85hprised firsCand SecBhd Portishs™s
adjustablycolfpléd 1bgether 16 hbble adfustaient bt ancairglébstweerrthel nd
portionshalehgradinégperpendicular to a 30 direction of extent of the
intermediate portions. 41. A wind energy system according to any one of

iGjaims;29-3,aheteln the openings aie. configyred 1o fecelve wind at gp.anglg
of up to 60 degrees from either side thereof. - = 42. Awind energX
a are

convérsior SYSte Gctofting WainT 35T 40 WHeten thePSpenings dre
configaredstorreeive wing at 5care Bhgle obupteBl=degreestiremteitieraside
thereefi A3 The wind enesgy system accoedingdo@y-ane of glaims 30 ta 38

whergin the first and,second tunnel pogions-ate, ot identical ganfigyration and .
135ymm%tr|tc:lat(ljlejlsposed 10 about a ridge of aroof. 44. A wind energy

syste?”n J:comprlsing:

39. A wind energy conversion system for a building
comprising: a plurality of wind energy systems accordingly
to any one of claims 29 to 38 wherein the wind energy

20 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.

25
40. The wind energy conversion system according to claim
39 wherein the cover comprises first and second portions
adjustably coupled together to enable adjustment of an
angle between the portions along a line perpendicular to a

30 direction of extent of the intermediate portions.

41. A wind energy system according to any one of claims

29-38 wherein the openings are configured to receive wind

at an angle of up to 60 degrees from either side thereof.
35



a wind tunnel module having first and second openings at opposite ends, and
an intermediate portion located 15 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, wherein the intermediate portion

has a substantially 20constant cross sectl al area; one or more wind
turbines supported in or adjacent the mtermedlate portion, at least one of the
wind turbines being provided with a plurality of radially extending blades and
an outer ciréeumfereriiad sarface2Esgrroundingtam outercratiialedge ofthd or
blades) anekrc iat lenst epe electsicgenerataridriveniby at feastione afithe at

wind furbines.. 4. IBet"éé'”Qoe%%@%’e%@t"f%?nc%ofgﬂ&tosﬁ@gnt%%%ﬁ’ﬁer 30

comprising fi st and second tunnel portions, one at each end of the
intermediate portion, the first tunnel portion having a mouth defining the first
openihty and tRe $eeBnEBAAE| pEtioRThavifg e Afbuth detimih@tife Sécordims
openiiy.tol5e -wonfiglnatior afdrsyimmedricalbodisposedabaut e ridge of ae

roof. 5= 47gdheiwind energysysien-according tonany one aficlains 449 46
erther corgprlsmgda first dfiurblne using located adjacent one end of the

mtermealate portion and a second turbine housing located adjacent an

opposite end of 10 the intermediate portion.
44, A wind energy system comprising:

a wind tunnel module having first and second openings
at opposite ends, and an intermediate portion located
15 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,
wherein the intermediate portion has a substantially
20 constant cross sectional area;
one or more wind turbines supported in or adjacent
the intermediate portion, at least one of the wind
turbines being provided with a plurality of radially
extending blades and an outer circumferential surface
25 surrounding an outer radial edge of the blades; and
at least one electric generator driven by at least

one of the wind turbines.

45. The wind energy system according to claim 44 further
30 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.

35 46. The wind energy system according to claim 45 wherein

the first and second tunnel portions are of identical



48. The wind energy system according to any one of claims 44 to 47
comprising two wind turbines. 15 49. The wind energy system according to
claim 48 wherein the wind turbines have the same wind flow characteristics in
either direction with respect to the wind energy system. 20 50. The wind
energy system according to claim 48 wherein the wind turbines have different
wind flow characteristics. 51. The wind energy system according to claim

50 wherein 25 the wind turbines have a dll erent number of radially extending
blades. 52. The wind energy system according to any one of claims 44 to 51
whereirméneg or aioreoftie windukirbines 3¢ conywisesdan itermediatége of
circumferential surface intersecting the turbine blades at a radial location
igtermediate of an axis of rotation of the turbine and the outer circumferential
surface. 35 53. The wind energy system according to any one of claims 44 to
53 further consprisifg aCsvet ngsééﬁﬁnﬁciﬁgﬁ/\%ﬁ GuhReffhodiis. ©15fi%4"s
The Wihd-eénéfyyfsystertacedreiia i6 6laim 53 WherginPtheeca\ting I
comprisestirst and=sscondopertions that are:5iadjustadiyi eaepledriogethento a

enable.adjustment of aniangle hetweentbe firstand secordpqitions aleng as
line p&genigliggllfar{etgi%ggecg%@%gxtent of the intermediate portion. 10 55.

he wind energy system agcordlng tfo any one of claims 44 to 54 wherein the
openings are configured to receive wind at an angle of up to 60 degrees from
eithert Side fhereofil®b 56.<The wiKd erergy systemaccording toranyéne bfims

claimga to 47 comprising two wind turbines.

15 49. The wind energy system according to claim 48 wherein
the wind turbines have the same wind flow characteristics
in either direction with respect to the wind energy

system.

20 50. The wind energy system according to claim 48 wherein
the wind turbines have different wind flow

characteristics.

51. The wind energy system according to claim 50 wherein
25 the wind turbines have a different number of radially

extending blades.

52. The wind energy system according to any one of claims
44 to 51 wherein one or more of the wind turbines

30 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.

35 53. The wind energy system according to any one of claims
44 to 53 further comprising a covering overlying the wind

tunnel module.



48 to 51 wherein the first and second wind turbines are configured to provide
a collective Betz limit of up to 0.83. 20 57. 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 substantially the same cross sectional area, the wind 25
tunnel module reducing in cross section ea from each opening in a
direction toward the intermediate portion, wherein the intermediate portion
has a substantially constant cross sectional area; a covering overlying the
wind f¥nnelThedule) 80oneraymare tvwindaarsings supporteteinnoroadjabent in

the inteemediate postiodnand se s at least aneselestrigepetatordevendy atre
least 9&;‘%%@&‘9"%@5%@% §<§e§%e@9c W'@%}S‘%%éyﬁ%&%%‘%n%o

claim 57 further comlgrlsm first and secon tunnel portjons, one at each end

of th& termBaiate Portion, the first fiithel porion fgdorh%v?ngoa%gutlhme
deﬁan@fﬂﬁ%nﬁ’rS%béﬁm@aﬁdCiﬁé%%‘ébﬁa tBAneKp6RIbrrRaviig a fiottpediate
definingrthieosecond opening. 5

10 55. The wind energy system according to any one of claims
44 to 54 wherein the openings are configured to receive
wind at an angle of up to 60 degrees from either side

thereof.

15 56. The wind energy system according to any one of claims
48 to 51 wherein the first and second wind turbines are
configured to provide a collective Betz limit of up to
0.83.

20 57. 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
substantially the same cross sectional area, the wind

25 tunnel module reducing in cross sectional area from each
opening in a direction toward the intermediate portion,
wherein the intermediate portion has a substantially
constant cross sectional area;

a covering overlying the wind tunnel module;

30 one or more wind turbines supported in or adjacent
the intermediate portion; and

at least one electric generator driven by at least

one of the wind turbines.

35 58. The wind energy system according to claim 57 further
comprising first and second tunnel portions, one at each

end of the intermediate portion, the first tunnel portion



59. The wind energy system according to claim 58 wherein the first and
second tunnel portions are of identical configuration and symmetrically
disposed about a ridge of a roof. 10 60. The wind energy system according
to any one of claims 57 to 59 further comprising a first turbine housing
located adjacent one end of the intermediate portion, a second turbine
housing located adjacent an opposite gn?gf 15 the intermediate portion and
a turbine in each turbine housing. 61. The wind energy system according to
claim 60 wherein the wind turbines have the same wind flow characteristics
20 infathierdirectiontwitileéspectdotthe Wihdseénergyrsystemnb 2. HEhe aird d
energy:system aceokding 4o clajm: 60 wvhereinr the, wind tudinesbave slifferent .
wind flow 25characteristics. 63. The wind energy system according to claim
62 wherein the wind turbines have a different number of radialll¥ exten%ing _
blades’ 30 B4 The \Nind'ehdrgy &yatefh A6ESTdg fo ARy ore of dlaifis &7t
63 whéreih bhetoradré oF the WinarariRes are prodidedatith aspltialiy of
extending biades: tadialy extendirg friom Bl gentialaxis of sbtationofrthége of
turbing,3%,and each blade has a radially outer end distant the axis of
1ré)tation. - 15h - 65. The wind energy system according to claim 64 wherein
one or more of the wind turbines are provided with an 5 outer circumferential

surfat8 surrdtinding th& radially DtérBnds of the brades, any one of claims

57 to 59 further comprising a first turbine housing

located adjacent one end of the intermediate portion, a

second turbine housing located adjacent an opposite end of
15 the intermediate portion and a turbine in each turbine

housing.

61. The wind energy system according to claim 60 wherein
the wind turbines have the same wind flow characteristics
20 in either direction with respect to the wind energy

system.

62. The wind energy system according to claim 60 wherein
the wind turbines have different wind flow

25 characteristics.

63. The wind energy system according to claim 62 wherein
the wind turbines have a different number of radially
extending blades.
30
64. The wind energy system according to any one of claims
57 to 63 wherein one or more of the wind turbines are
provided with a plurality of extending blades radially
extending from a central axis of rotation of the turbine,
35 and each blade has a radially outer end distant the axis

of rotation.



66. The wind energy system according to claim 64 or 65 wherein one or more
of the wind turbines comprise an 10 intermediate circumferential surface
intersecting the turbine blades at a radial location intermediate of the axis of
rotation of the turbine and the radially outer ends. 15 67. The wind energy
system according to claim any one of claims 57 to 66 wherein the covering
comprises first and second portions that adjustably coupled together to
enable adjustment of an angle between the first and second portions along a
line perpendicular to a direction of 20 extent of the intermediate portion. 68.
The Wind edérgywsystermaccording tecany oheroficlaims 601tei68 wherkarthen
first anrcbseeond wind turbires; are) configuradstaprovide aicrllectiverBetz limit

of UPJ0:290-83, &9 Adie-wind, ?”‘é‘@%%%te%??%%@%‘) A1 Qne ot ¢layms

59 to 68 Whereln the openln%s are configured to receive wind at an angle of
up to BT degreEs 8 &ltfiePsida30thereof. 70. A wind energy system
comprising: a wind tunnel module having first and second openings at
opposiie entse antran iterpediate porntien tecated B5-betwesmthiat first aitel

second openings,each %@@ingﬁw%\ﬂegmtacnﬁ%lyﬁ@@ SHREL1Q3S an
%ectlon%!aaareada dtconfl ured.to re elveiwmd 9t an a r%Ie of u é]tto 60 qugrees

from : e cil cumferen surface 1rrterse
turbine blades at a radial location intermediate of the
axis of rotation of the turbine and the radially outer

ends.

15 67. The wind energy system according to claim any one of
claims 57 to 66 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

20 extent of the intermediate portion.

68. The wind energy system according to any one of claims

60 to 63 wherein the first and second wind turbines are

configured to provide a collective Betz limit of up to
25 0.83.

69. The wind energy system according to any one of claims

59 to 68 wherein the openings are configured to receive

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

70. A wind energy system comprising:

a wind tunnel module having first and second openings

at opposite ends, and an intermediate portion located

35 between the first and second openings, each opening having
substantially the same cross sectional area and configured

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



either side thereof, the wind tunnel module reducing in cross sectional area
from each opening in a direction 5 toward the intermediate portion, wherein
the intermediate portion has a substantially constant cross sectional area,;
one or more wind turbines supported in or adjacent the intermediate portion;
and at least one electric generator driven by at least 10 one of the
wind turbines. 71. The wind energy system.. according to claim 70 further
comprising first and second tunnel portions, one at each end of the
intermediate portion, the first tunnel portion 15 having a mouth defining the
first opering andithetsecoraftunniet portion havinglamouthedefaringithe in
secord @pening:t 72nIheawind energy-systenaccardingtaclaimetk wherein
the fiet andsecond funnal aertions gug of Mentigal 20 coniLraton Afith o

symmetrlcallx disposed about a ridge of a roof. 73. The wind ener g\é s¥stem

accoftiifg 16°any oné of BRATME 70 to 73 fuﬁﬂg};%oﬁwp?ls?ﬁﬁ aTisti areds
housing 25 ¥6¢ated dtfjacertioie EREOMAS intEPRIEdi&R portion ,ﬁﬁ@ja&ent
second4¢urbine housing located adigcent@n opposite end of the intermediate

portion. 4. ﬂ%wi%@n@mﬁy&t@n@@ﬁgewﬁeg taanyene of glaims3Q
70 to 73 com r@n %q |nd turblnes 75. The wind energy system

accoroPng to c aim erein %he wind turbines have the same wind flow

characteristics in elther direction with respect to the wind energy 35system. -
15j-71. The wind energy system according to claim 70 further

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

tunnel portion having a mouth defining the second opening.

72. The wind energy system according to claim 71 wherein
the first and second tunnel portions are of identical
20 configuration and symmetrically disposed about a ridge of

a roof.

73. The wind energy system according to any one of claims
70 to 72 further comprising a first turbine housing

25 located adjacent one end of the intermediate portion ,and
a second turbine housing located adjacent an opposite end

of the intermediate portion.

74. The wind energy system according to any one of claims

30 70 to 73 comprising two wind turbines.

75. The wind energy system according to claim 74 wherein
the wind turbines have the same wind flow characteristics
in either direction with respect to the wind energy

35 system.



76. The wind energy system according to claim 74 wherein the wind turbines
have different wind flow 5characteristics. 77. The wind energy system
according to claim 76 wherein the wind turbines have a different number of
radially extending blades. 10 78. The wind energy system according to any
one of claims 70 to 77 wherein one or more of the wind turbines are provided
with a plurality of extending blades rad_ialﬁy extending from a central axis of
rotation of the turbine, 15 and each blade Ras a radially outer end distant the
axis of rotation. 79. The wind energy system according to claim 78 wherein
one otomoré of the wind herbinves are provided witmant20 odterm 74 wherein

circunerentiah sutfape seeroungding the sadially wuter ends of the blades. 80.
Ehe wind energy.system according to claim 78 or 79 wherein one or more of
the wind turbines comprise an 25 intermediate circumferential surface
intersecting the turbine blades at a radial location intermediate of the axis of
rotation of thBUIBIRE aRfPEEYratialieHuR? €S 39 $P. THE Wind erigrgyein
systemh aceording ielanyeené af €laamsifd to 80tfurthebeomprisiag Baddvering
overlyipgthe;windtimel module. 82. The wind energy system according to
aim 81 wherein 35 the covering comprises first and second portions that are
adjustably coupled together to enable adjustment of an angle between the

first aftt seddiid PoRiore'afoRg &YiREST18kEOrAng to any one of claims

70 to 77 wherein one or more of the wind turbines are

provided with a plurality of extending blades radially

extending from a central axis of rotation of the turbine,
15 and each blade has a radially outer end distant the axis

of rotation.

79. The wind energy system according to claim 78 wherein
one or more of the wind turbines are provided with an
20 outer circumferential surface surrounding the radially

outer ends of the blades.

80. The wind energy system according to claim 78 or 79
wherein one or more of the wind turbines comprise an

25 intermediate circumferential surface intersecting the
turbine blades at a radial location intermediate of the
axis of rotation of the turbine and the radially outer

ends.

30 81. The wind energy system according to any one of claims
70 to 80 further comprising a covering overlying the wind

tunnel module.

82. The wind energy system according to claim 81 wherein
35 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. 83. The
wind energy system according to any one of claims 74 to 77 wherein the wind
turbines are configured to provide a collective Betz limit of up to 0.83.
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perpendicular to a direction of extent of the intermediate
portion.

83. The wind energy system according to any one of claims

74 to 77 wherein the wind turbines are configured to

provide a collective Betz limit of up to 0.83.



