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- 1 - Fluid Grculation SystemField of the Invention
The present invention relates to the field of fluid

wore@hami2és and nore particularly to the circul B€T/a02004/001388

within a body of fluid. More particularly, this
i nvention seeks to provide an inproved system of
circulation within a body of fl4id. Background Art
There are nany applications wherein it is desirable to
cause circulation within a body of fluid. Conmon
Fhid Sdreulation Siysteni ng circul ation are for nixing, to
prevent stratification and to aerate a body of |iquid.
Exanpl es of these will be discussed later within this
Figld of the InvesrtionA | ar ge nunber of net hods have been
devised to cause the desired circulation. n one
exanple, in the case of liquids, it is comon to hold
Theeresantinyeptiay relatasitn the @yldl cpfd’hud: alechanics lzadi mgre particularly to

RSB AI YR BB o T - bt BB B8, S t
pmvm@ dzrerrnmbvwsyéwmaofrmtarauomlroéIbea geamg. have been ‘

devi sed to cause the body of |iquid to rot at e. _
Neverthel ess, these techniques require the expenditure

BaékgicgnidAftant energy and often give rise to
associ ated problens. Many of these inefficiencies and

probl ens arise because such systens have not been

Therel grethang asplisatidritewhbrdinl it 3 B6sirdbls W alag8e idirculation within a
co agce wth the nat¥ral fl ow tendencies found in
?Fg)t ﬂ GamaQn reasans fon RRviding-gicatation arg fonmidngnto prevent

stPJtlfMQfléﬂl %ﬂh toAaéfoet §>bddgr1§fl uﬁsﬁg@ﬁ%gwdés@ Wifi'be discussed

rath an s
latﬁfdvlﬁwmm@quatmeynol ds once stated, in reference to
ring vortices, that "Nature prefers to roll rather
than glide". t is this feature that greatly
A daseermunibessofiroethods have beenefevissiddnmause 2he desired circulation. In

one example, in the case of liquids, it is common to hold the liquid body within a
cylindrical tank having its central axis oriented vertically and to cause the liquid to be
moved within the tank by the action of an impeller driven by a motor. Many other
means have been devised to cause the body of liquid to rotate. Nevertheless, these
techniques require the expenditure of significant energy and often give rise to
associated problems. Many of these inefficiencies and problems arise because
such systems have not been designed to cause the fluid to be circulated in

accordance with the natural flow tendencies found in nature.

In nature, fluid flow is essentially turbulent or vortical. A vortex ring cross-
seétionally rolls, much like a wheel, rather than slides. Famed hydrodynamisist,
Reynolds once stated, in reference to ring vortices, that "Nature prefers to roll rather

than glide".

It is this feature that greatly contributes fo ring vortex efficiency.
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Di scl osure of the Invention This invention is
specifically designed to cause circulation of fluid

wowaokioss2ss f | uid body in the formof vortices aPdI/AU2004/001388

preferably, single or nmultiple vortex rings.
Accordingly, the invention resides in a fluid

circul ation systemwherein ci4cul ation is caused
within a body of fluid by establishing and mai ntaining
DsAI6% lirofthieThvefifien f | ui d. According to a preferred
feature of the invention the fluid circulation is in
the formof a singular or multiple ring vortices

THistiRidhtioRas Epetificaljei@igheddotcause irefilatioe df flidtwitten affluid body

_the invention, the circulation is ca,u?ed by neans of
inthe fersn af vertices and Prefp@biye sincliak BYIt¥e WOREX IS | ui d.

According to a preferred feature of the invention, the

] |ler . is.desjgned.i C a ' , o
ASBEIGH. nS BRI Pg ALARRG e byoRls BFleE circuiation s
chgiduivithial a thaelyi afvend ibynestibkishimg aht enaintaidiegi vedex within the

substantially I n accordance with the

I den- Section-like centre or parts of a volute or
ot her seashell. According to a preferred feature of

the jnv, i i [ !
APSREY b e dhe RRLERIN RidSIRLERBRE tho form of
a\sfridulari drymuitiplbirimgtveetidesrwithin e faddt ral section of the
ring vortex. According to a preferred feature of the ‘
invention, the inpeller is provided with an active
Agmrﬂmgetoreapﬁerﬁ@’r@%tﬂrﬁgﬁﬁm inyentemdha sircalptign is caused by means

f | ; ' : arjd [mc curve of the '
Oﬁg'lréc{é%éﬂ (E}g)tfitag]nI k@ﬁ%‘ﬁgﬁt&aﬁéﬂhggﬁee@@r ed enbodi nent,
the active surface substantially conforns to the

ACEhRy B8 ippsietlcantbdiive &f aké SinGsntInpnBiet intpellepXs sdadigned in
al ong the Z-axis. According to a preferred enbodi nent,

agersdanes with $ip BaldenseeionstriPhi opowsiYorns to- 3 - the
Gol den Section along two of the X and Y and Z axes.

Aégc():r lrnogl;l § taopl"'iefgrrrg(f:! efe'ra‘t?u(]lre of the invention, the impeller is designed

substantially in accordance with the Golden-Section-like centre or parts of a volute

or other seashell.

According to a preferred feature of the invention, the form of the impeller
corresponds with the flow lines, streamlines, or lines of vorticity within the funnel or

central section of the ring vortex.

According to a preferred feature of the invention, the impeller is provided with an
active surface having a configuration substantially conforming to at least one

logarithmic curve of the Golden Section

According to a preferred embodiment, the active surface substantially conforms to
the Golden Section along the X-axis or along the Y-axis or along the Z-axis.

According to a preferred embodiment, the active surface substantially conforms to
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enbodi nent, the active surface substantially conforns

to the Golden Section along the X, Y and Z axes.
waemondi2eg) to a preferred enbodi nent, the fl ui BPCTYAU004/001388

conprises a body of liquid in a substantially

cylindrical tank oriented with its central axis

di sposed upwardly, wherein th® 4 npeller is positioned

within the liquid to rotate about an axis of rotation

tHeuBsidRAt Sadtions dlon@v@bf theaKizgaed andthakde Aecdrdirg texd preferred
of the tank. According to a further as cgq, éh .
embpdinednthe.agtiyesuriacg §t%§a®y§9r§ﬁﬁm§fo & 8@6&360’“0” along
tHd ﬁu'y%nﬁcz}é)@ésned within a tank, the system conprising

~an inpeller of the type described above wherein the

impel ler is positioned within the liquid to cause
AELORHE) el g ey el
sulpstantialiyc aylinsnidalb tandn tasigniga: with dtsc eantrall axigi disposed upwardly,

' d. | 1d ey YN ' , .
R BHRRLH Ao PRihd RRL g 8T B8 e of rtatr
sabstantizly do-atialyraigned iitht the ceatrbratis ekire tahk.t he tank

to cause the circulation of the liquid to be in the

formof a ring vortex. According to a preferred

Actbittigriond furtHee aisppet| trey inventidreresiiastie c aixirg systéralforya body of
horizontally. _ﬁccor ding.,to a Fr ef erred enbodi nen t]h

ighid cORTARE Wil A (0kT o AYSIeT CRTRIEINA L TIPRIET 6 dhe type

dRE&HR %Qommﬁhe tiﬁﬁeh’é\sﬁs PoskibRed YIitRAT teliqlidMe cause

I's a spherical section. According to a preferred )
ceodatiimehthe liddd véifin they tank. oherardingdn & prefaided earbodiment, the

Agcording & f / ' L,0N.: '
RGBT PGS A7 B0 I, LB D558 ovary
aff theinepeller eonerted te rotaidi atidub anxdie efimotativprsubstaptially co-axially
o R i e e B Pt G R EARE B it e
t5d fopl &t @y Hridshe water in the formof a ring

vortex.- A According to a preferred feature of the
invention, the axis of rotation of the inpeller

According to a preferred embodiment, the impeller may be mounted substantially

horizontally.
According to a preferred embodiment, the base of the cylindrical tank is curved.

According to a preferred embodiment, the base of the cylindrical tank is a spherical

section.
According to a preferred embodiment, the tank may be other than cylindrical.

According to a further aspect, the invention resides in a water remediation system
adapted for a reservoir of water; the water remediation system comprising an
impeller of the type previously described adapted to rotate within the water to

thereby establish circulation of the water in the form of a ring vortex.



I's upwardly di sposed. According to a preferred
enbodi nent, the axis of rotation of the inpeller is
wasvanss al |y vertical. According to a preferP@dAU2004/001388
enbodi nent, the reservoir of water is a water tower
associated with a reticul ated supply and the
circulation of water is adaptédto disrupt or prevent
the formation of stratification within the water body.
AdeERNIY tt0a pPefaret géatuFe df EHEdRdEmEM, thd Brisiof $etaVioh lof Bhe impeller
water 1s a pond and the circulation of water is
IspeRwarElY disPeieshot e aeration of the whol e body of
wat er. According to a preferred enbodi nent, the body

of fluidis a Thelnventlonwllgem)re ul
Asraeting dedai we? eeq jeyAleodimenhethes EKisuioh Jotrtiony pbtth@nlmpe"er is

NS rﬁ(%c' fic enbodi nents. Brief Description of
Stgh?et%ﬁ)r a\Xia\)ngs

he description is made with reference to
t he acconpanyi ng draw ngs, of which: Figure 1 is a

5 ANBRIRIMBLA GrofRpes @H‘Fb%ﬁirﬁéhtOfthé‘ rééf?%h‘oéﬁ Wéter':isg?lr\ﬁ’/ater tower

2a 1S an isonmetric view of i cal
ashosiatedswih i an rehmil@hedosmmeamd t-hegmr@ulahpn safawatiedés adapted to

t t wn in
gt SRy SR o0 R sitEtcRSh KRk Peier B
Figure 3 is a diagrammatic representation of the
[ d [ Qn ' . Fi . '
AL 0 oRleh B BB e, e HUERIZR Heldh 2 £3Bha and tre
ciolilatibrirehivater iSadagted to proinote agratichgsfahemihote Bodyoiater.
tank of liquid being circulated by the inpeller of
- Firgure 2a in accordance wth the first~enbodi-nment ;" -
10 Accotdigy o a prefertedigniboairhérntt, thedvodyf of dluibiser gasawer bei ng
circulated by the inpeller of Figure 2a in accordance
with the second enbodi nent; Figure 6 is a diagranmtic
T‘hieewerftlopcwitﬂ befmdrecfullyluhéeénstpodi in ¢ Hgletcbflie fdllewing description of

se\r}gra‘ specn‘lc embodiments.

Brief Description of the Drawings

The description is made with reference to the accompanying drawings, of which:
15  Figure 1 is a diagrammatic representation of a ring vortex;

Figure 2a is an isometric view of an impeller, typical of those used in the

embodiments;

Figure 2b is a side elevation of an alternative impeller to that shown in Figure 2a

typical of those used in the embodiments;

20 Figure 3 is a diagrammatic representation of the interaction of the impeller of

Figure 2a with a body of fluid as it rotates, in accordance with the embodiments;
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Figure 2a in accordance with the third enbodi nent.
Det ai | ed Description of Specific Enbodi nents The

wappbieast has previously disclosed rotors desP@nau2iom001338

accordance with the principles of nature in

i nternational applications PCT/ A6/ 00427 (WO

97/ 03291) which has nmatured-t® -US 934, 877 and ot hers |,

PCT / AUOO 0~ 438 (WD 1 /38697) and PCT/ AUO3/ 00002 (WD

gﬁfr@ﬁ@dﬁgﬁlag@hﬁnétﬂi\ﬂé\ﬁ o¥fa taak bf Rjuit beirgydiedizied by the impeller of
es

cribed in those speC|f|cat|ons are general ly
Fiobiee gadi apeprdance with éhe Hrst smbeodipental |y i n accor dance
with the CGol den Section or the Col den-Section-1like

centre or parts of a volute or ot her seashe] |

FIONER 5ris Aeclipgranymalic, HanHel & Wedar ewst beRg FeH atenﬂby the impeller of
r fluid pat hnay

FRAERG faif dbco EE@%? @Eﬁfﬁéﬁé@@%%%@ﬁe@% and whi ch

conforns at Ieast generally to the characteristics of

Fldfe 53 g0 pRrkn vt ofpdrid SARUTYLRARCUBIG! bl i impeller of

Figuire abllmsac:@mdamewmhﬂmmd arobedimest. fans, propellers

and the like, it has been discovered that where at

| east certain enbodinents are permtted to rotate at a -

Detaitedl Desecttiption oh SpebifityEmtbodimiedfs t he fluid i s caused

to circulate and that after a short period of tine,

ThBeasdlicaH! Abs %Tev\robélxt dikelot&e rBRfr§ndQ=fS|g?1eU' ﬁﬂa&@érﬁﬁ?ﬁce "Wlth the
ring vortex is a mec

anismwith interestin 7p
peneiples afaataieein; nternalipnahapplieatiang I?@T(MQ%@&:{Z hWO 97/03291)
wﬁlo‘iﬁ“ﬁe?s En tlted th'l Wéﬁ‘gﬁﬁ'@hérg‘* *rﬂQJd(S’/bg%‘s ?@fo 81/38697)

oughnu a e WI a centra unne re
an@rRCéWNUO@ﬂH)OD& AVOcOP 056 3P va Imratasrprcﬁ&&aablnofoh‘hetdsmbodlments

it fiied SR SRR R ST hebess, Ristantay
irdadrngariRakith tHelebldehi Sebtioft orTRE @dldé}gSle{étl&Flll@é@M@or parts of
of a ring vortex. Once established, a ring vort

areeluier 85 atber sepshele.angd theéﬁf@r@yt usumtchafaqﬁ@na’ﬁlpaph gach of the

el'ﬂ%glﬁ éﬁ%tg eﬂh)ét tﬁ? 8110?& B?cf\/ (f%sf ! OW plém ﬁét era{ %noilg splralllng

oW I'sS s e ou peri
ctrfitanstorotnd twhnplemmhfc&ms auldast aj;ene:atllyotnailhef d:lmwaciehsilcs of the

GEB&EL%@E&? | Whils" V\(/eafsf Ie%'v?sgtgeg t that “the r(}tgres dlls%llods'ed in these
specifications would be suitable for.use in pumps, turbines, fans, propellers and the
like, it has been discovered that where at least certain embodiments are permitted
to rotate at a fixed location in a body of fluid, the fluid is caused to circulate and that

after a short period of time, the circulation will take the form of a ring vortex.

A ring vortex is a mechanism with interesting properties and an example is

diagrammatically illustrated in Figure 1. In a free environment, the ring vortex 11
has a doughnut shape with a central funnel region 12. The vortex lines 13 attempt
to give an impression of the fluid flow within the ring vortex although it must be
appreciated that this is impossible via a two dimensional illustration. A smoke ring

is an example of a ring vortex. Once established, a ring vortex requires very little
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taken of these properties in the enbodi nents descri bed
below. t can al so reach a resonance point and

w@ewamia2st e energy which thereby, over tinme, nBYT/AB2Nee01388

the energy input required to maintain the ring vortex.
Each of the enbodi nents of the present invention
conprises a systemfor induci®g within a body of fluid
a circulation that follows the path of a ring vortex.

er‘?erPWerl)’cCtbtrﬁéQn‘ia‘?’n RatdEmmitslyPrIebRbIRE a ABwsteRAIRWhereBtthe fluid
efficient manner of circulatory flowof a fluid. t is

flewniscelawesirat Hae quiempgrimptest  iThirdi kasayse «f i tagculiar, multi-
r ern . : u .
SR ABEP AL 1Rh LRE R SRR igF A R0 Avarage
takeardf itteedecmropedies i #gr ehbgdiprants désaribedfdlaw devi ce”
conprising the liquid flow field and inpeller with all
sharing the sane geonetry of novenent that is

ltezseakbalelaygh aa restinahcé aointaand hoourpakabe enMbidyewhichi thereby, over
.possible to jnduce a. bo to circul.ate as a rin
s ey rerice HHa e oginnur faditefl  fdR R o

feature of the enbodi nents that they are caused to

circulate nea an i | ler.designed in . .
EGER5 i SEEVR TP T E19 RiesBrCCVarEdt ediiegs fisystem for inducing
withipl 4 Ba&Y of fluifliaSciRURNDA WSt RdWS Biid (uth ofle riRNdrexe A ring vortex

_above, having surfaces designed in accordance with thﬁ
ISCRAHE s SERfeMTar, mosi sommATkBeserTicien manner b oigyiatory flow of 2
i: e r : [
P It I8 miekBaneB v g BoH R Ont QEpACLWET ot paliems of flow
ahthhes sévenahadardhgdanusmropérnties sadateadistudsbd abowé.or ns
with the characteristics of the "Golden Section" and
any variation in cross-sectional area also conforns
Oswbdoand,i itd Inerfizo bebemes imtagtadly ipsrli okthef “flonedetes”deamprising the

S5 R BT BP S PR EBEE Rt ot s
etdfplly bhrhial BRGharelow pattlesi gned in the formof a

whor| and conprises an inpeller 21 having twi n vanes
22 which have a helical configuration- 7 - with active

VWahilef 26 ossibiNtd Rdusslsbedy t@lclryulatenberanting voeek ata nfimber of

the "CGol den Section" and which is adapted to b
diffepprirways, ifgs %pra@wﬂrf&ﬁt%m? ﬁh%rrmﬁﬁae@ﬁtb%ﬁ{f%ey are caused to

circulate by means of an impeller designed in accordance with the principles
disclosed by the applicant in his previous applications as mentioned above, having
surfaces designed in accordance with the Golden Section. It is a characteristic of
such an impeller that the curvatures of the surfaces, which form the impeller, take a
two-dimensional or three-dimensional form which substantially conforms with the
characteristics of the “Golden Section” and any variation in cross-sectional area also

conforms substantially to the characteristics of the “Golden Section”.

Examples of impeller that has been found to be particularly suitable shown in
Figure 2a and 2b. In these, this impeller is designed in the form of a whorl and

comprises an impeller 21 having twin vanes 22 which have a helical configuration
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by a notor. The configuration of the vanes of these
inpellers correspond to the lines of vorticity of the

w@emwsna2sor "funnel " portion of a ring vortex BCMADU200HS01388

this fact that nmakes such an inpeller effective in
producing a ring vortex. t should be noted that

al ternative configurations of 7the inpeller may al so be
used, such as an inpeller with a single vane, or

witH! éét%esﬁ(ﬁé&% PBtAhROUi vgbstanitiaig esorferfinguoethat of the “Golden
substanti al | in accordance with the Gol den Secti on.

Seriere anst whishdeerlapted treip surpariediyran § cesiialoinalt2p fonle driven
oG B THEL AR Horiirta i ALBigh ik Btpbha o e
limes ef vodicithef ¥e Menfmioer‘flm(@Js potien of ieermgrweﬁeeends't is this fact
first causdtoééitat a, bo

tatateiss Borre el et b ordaed aftpoyik. 1t Shouid be noted

tHeRlaftbhtieb cohfgurationg btheYimpehér mapeldehe 0ssdistehas an impeller
hi gh degree of turbul ence as the body of flujdis

withia siagiyvanea or BHAIRJC VRBeR VR achye sHYasemeTigred substantially in
aeééraﬁﬁé’? LAt RS %cﬁdéﬁ”s&tubg Rebé (';E%twé hsquféc'é‘sdmiag substantially
cause i c

o circula as In at ed rammat i cal
cénfgrmedo 3he Baalders Settien alopgltheX-asis d:esalcglgatlhet ﬁ-axmrcalnng the Z-

KRy HEPoRPR bt Kt Y endPyieenptoly Heg. Todhd Pbes,

|nparted to the fluid as kinetic energy rather t han

VPRG35 i 5 bt ROBB AR R, Al bl ebdlboth an

~akial fibw footH® ﬂundaaﬂia"@grdt’éﬂdrﬁk flo@ncHitidlly, theagmpeldredrebtes a high

established sufficiently, the inpeller shows little or
dgrecepliiibylenee @suthe B o flhishisopiially SiptpdaRan Glowgver, as the

iRPaleRts %o%@@%sopf%afesf rs 'nﬁlecmﬂéf e fit i3 caused to carculate as

conventi onal i nmpe ere he oper atron at a
irmlicated | disgreshaticly| leingurep3 dl ﬁebem the lnmalleatl$ afesigned to

fi t 1 .h { . ' .
R RS S sag b, ARG R el YBRALBReBRon of encroy
irfRPbyties wﬁg@ﬂﬁ){s phpdrteiifoctthd flultehsl kinetia eﬁwgyﬂdthamlhan turbulence
tank 32 e tank 32 being ariented vvlthlts central

agothe flyid bpéwpcosipratesanfdhe Srid sherahyr ipdiced i fiewdn dfs natural
V\%&b\ﬁﬁfbﬁ' 8! iR ﬁ‘i‘ét et %aﬁhé‘gloﬁﬁx' nBRkL etﬁeﬁ‘frrq yaﬁeﬁ% @stablished

e not or an I mpel bel ng subst ant
saffickextlpl the iadpetiershavg httle loe noetendancyaid causie ¢avifatiemkver a wide
32. Tfhe rm%or e . .
range of operating speeds. This is in contrast to a conventional impeller where the

operation at a speed above its designed level rapidly leads to cavitation.

In the first embodiment of the present invention as diagrammatically represented in
Figures 4 there is depicted a body of liquid 31 held in a cylindrical tank 32, the tank
32 being oriented with its central axis vertical. Within the tank 32, there is mounted
a submersible motor 33 having an impeller 34, the axle of the motor and impeller
being substantially co-axially aligned with the central axis of the tank 32. The motor
33 may be conveniently mounted to the base of the tank 35. As mentioned above,

the impeller 34 is designed so that its active surfaces conform to the Golden Section
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33 may be conveniently nounted to the base of the tank

35. As nentioned above, the inpeller 34 is designed so
W@ b@bt/04288 acti ve surfaces conformto the Gol dePCT/AU2004/001388

-Section- 8 - as shown in Figure 2a or Figure 2b.

Operation of the inpeller 34 causes the fluid to

circulate as a ring vortex an8 indicated by the flow

lines 36, as discussed above. f the liquid 31 is a
agiskownsn Mg 2aieit anarmb@eapbmmgmfemshyellearmamés ke fluid to

Is achieved effjcient]ly, The advant aﬁ; gf t he resent
cigalatenasalndovoriss: and Ingmfe&%tf&jﬂw I5eg ghpas ﬂsS&HSW gbove. If

eay i

e IH0°34 1020 i O MR nikdl bincBihBAaBEBion ming s
acbieyed éfficiéntly. an i npel | er. However, the inpeller of

such a systemis designed to cause the body of |iquid

to rotate about the central a>gis of the tanlg. Thi s _
Tihesadvantageseofrihetreserit gystssh avils berbetiet lappregiatedhy a h:empanson

BRES ool kb b Rl k5785 L SFEfl Sstm agan

udss a dylindfidal tasinbaveg abrhetoe deEvigy arﬁmﬂr)eﬂeﬂd Eldwawer, ttike lmpeller of
frictional | osses i n noving

. t I atjve
San |2 systerdneaesigned ntoacallfSﬁgth@gﬁ?QJevxgfu %éet?t %Out the central
a&iscﬂf'tﬁ’e fén‘kw Tﬁ’is ?ésdlt%ffn R er aF pr?er%“ meter, that
Is, at the tank , so that frictional Iosses are
mnlmsed Al so asaresult of rotating flow in

Iﬁ%[]&ﬁ'ét é)%?é}h NS EFERY of GuNBTRY ist @"é@?estt%t tﬁé 'ﬂéﬁrﬂé@er of the fluid

he wal | the perineter as a result of

bfodyé,nﬁhat fa,r@élthe waH@é thentank: M\sracreﬁulbwqwdenab{e cﬁmemml@eexpended‘ ‘

G350 g PRBBcRSEL o DN U SR B i v

val‘texl,rtﬂetslp@eddg‘elmulld ﬂd)\fv i$ at heéMstctttthatr?erWétére that iﬁ,oaththe tank
cas Wate evel is reduc t the centre,. the, _

w58 o SIREES! a965S G TanFBESSi Ak e, 1esuk i ptpigg flow in
cBH@@rﬁmﬁHﬁéysté%s' #rShafel t&dseﬂoa*cln’ﬁ%' Op"tABIall 2R khe BBﬁrﬁeter as a

the ring vortex iIs established and excessive power

resybiuef the “centpBigalbioece: oVhenalid dawais v eacorgnog ndth a rlng vortex

S EAAE LB U Ao A Eorsar,
avoerelr ﬂteoedgémt I ts fosbhé mdn@d ittt o guil@ € ttd’alatcaBESi thet Water level is
re l}/ceedt erl]t ’[ther gén Feeshe rh?ud dynamlcs involved is very different. It should be
‘noted that, at least in a relatively small tank, once the ring vortex is established and
excessive power is input it is possible to establish a rotating wave which circulates
around the surface of the liquid. The fluid dynamics of this wave motion are not yet
fully understoo“d but it is to be recognized that it is the wave that rotates, not the
liquid itself. [n addition, mixing is inefficient in a conventional system. In such a
system, once rotational motion is established, the liquid tends to rotate as a fixed
mass like a wheel with little relative movement within the liquid. This is known as
solid body rotation. Mixing must be continued for a relatively long time. In contrast,

relative fluid movement is inherent within a ring vortex and mixing time is minimised.
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liquid itself. n addition, mxing is inefficient in a
conventional system n such a system once rotational

wWOorRasos25% est abl i shed, the liquid tends to roOPGI/aU284/801388

fixed mass like a wheel with little relative novenent
within the liquid. This is known as solid body
rotation. Mxing nust be contPnued for a relatively
long tine. n contrast, relative fluid novenent is

Thehwheshtioddl Mixing protgssvi@iqurEs 800stamtialngwern® det it started. This
mnimsed.- 9 - The conventional nixi ngdgrocess

reQuefgsr dBals et aRPioRl Reowdired o agerrdinghst dit &@rtaim ghemical - and
pﬁgﬁﬁ'écfe‘iﬁic%lhﬂxiﬁq"'ﬁgdr%%g s,h?isshér?é%séﬁﬁﬁf mimlr%e Hatches of material

certaln chem ca arnmaceuti cal™ m Xl ng processes,
over 4 pralengsskpenod, ¢ theolder g& obatadrdb. df hambesn fdundvibat in some

et T B RGeS Blowostlobdedbe Eprtiat@MHIRRL: rdr iince due to

p&ivepfHldrd) &f ischddmefoandirhpbssittle @b restant figs plfoeess bataumeeof limiting
due to power failure, it has been found ] npossible to
staskyR inertisy eTB$ natesisHit Rewertyk enqugh tor Qs?ﬂaffq the whole batch

nURe bk s%ra@g%. mi’qurotli\ér ﬂfammhf%ﬁc%lng,u%%tfﬁ d l%t?%éf%otor in the
so that the whol e batch nust be scralo ed. The other
fiest tdaceat i Qlviowslyt this casulis, in somgidérablea ecangmic lassor Ini gontrast,

gl Phosts” BE S e SE R rvehithd AR hOP i, cpgess pover for
stRis The ting vorexeastani aneegy redervthe SAS @iner@isi ddleelx {tes stored in

power for starti . The ring vortex is an energy . .
theo ¥t M1Pg- eéﬁ@?@yaﬁ starigo gnoray saddest gPragragsively, until the

riﬁﬁ%ﬁéx td RehctiomRg iy E%vela%u&t bt {H!Qen@r@?_rcﬂé/sfiﬂ)aieéﬁlﬁiﬁgses in the
I'h progressively, until the ring vortex is functioning
syaterm is sirallardo e energy ieingeinpulyy di ssi pated in | osses

in the systemis simlar to the energy being input.

Clearly, in any real systemsone |osses will exist. n
Cieatlymin @nyxigapisgsiem shmeclasses mahtexisihelneatsimpteagkample of the

; dr h it . hat o o
Bbofiihort thER 17 AR sl sirRal SEES. (B nsTBIE HRE 3B tosses
oeang tidmeugalolf thé agmm%bﬂgegetv_b@in mﬂ‘odrcaaﬁﬁmeawell. Ithis believed
reduce providjng.a tank, wwth a curved base, suc
8 SHoB AR tecliCPR by PIRVIRG PrigRk avih & cued bass, 'such as a
spliRiE] NRLASS rANEN thah & FefndRed Névditeldsdl d@hKin @Nstandard
effective ring vortex can be established wth hi %h
cyindricaletanyt, an effective ring vortex can be established with high efficiency.
Indeed, it is quite possible to establish fluid flow in the form of a ring vortex even in

a tank which is non-cylindrical, even of very irregular shape.

It is a peculiar characteristic of the system that a ring vortex will be established
whether the liquid is made to rise at the centre or whether it is made to fall, with only
the direction of internal flow of the ring vortex being reversed. It is believed that
there may be some applications where flow in a particular of the two directions may

be slightly advantageous.
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Indeed, it is quite possible to establish fluid flow
inthe formof a ring vortex even in a tank which is

wmorvsoyd2ssdri cal, even of very irregul ar shapePCT/AU%008/001388

pecul i ar characteristic of the systemthat a ring
vortex will be established whether the liquid is made
torise at the centre or whet®er it is nade to fall,
with only the direction of internal flow of the ring

ItMerdisxbbiRived thatvibesedre bpplicaliohs, gyaticuldndy int Mt&em%ﬁheblew tanks
onme applications vvhere flowin a particul ar, of the
dhe eRersRENRRYWHe 8| inpreysd R 2 gpeieREate pgsitioping of the

lméelPér%%ltvg%d m\éecﬂasbf&ﬁd m@q§s§ﬁéﬁ&epl i cati ons,

particu in relativel ow t anks vvhere t he
performance will be inproved by an appropriate

IrPOaS'é g%ﬂﬂngm%dfrﬁ@wt' HQeélllcﬁ/l’/n Qﬁtlm%‘iﬁet@etl%}éelsarﬂ)‘?o\h@@d a water

IQUI surtface. n a second enbodi'nent as shown in
retngdiation systaey for aswateo towrrcbfdhedyrs uwimfdwatar oeticsyatiosnsystems

oL. a. r r us i ter "
Bl FpbBIET WRater dBwklih e pifors s8R L waigy pthorttes as a
mieaner t prcﬁnd/é @el ade@ﬂiekeupw of vaatbhaitt ithe edeshedapreem® during
n ad q ate suppl of vva er t the deswed
pEF’%‘E%B ke ?fﬁang ig ngn- %d? ,pH@ped Yy @ pumping
sfé‘ﬁBnP\%Ik aﬁ:ﬁfrﬂldﬁjéf theahQEr fn%eﬂH&Pr?éjd@rY\aﬁd RHAT B&‘tlon being pumped

stati on, &ortlon of the water rreetlng

lrtﬂ@maw@emtad azvqj@lr Veat. deuning p@ﬁipgelr@d& whan the elemaed exceeds the

CHFAG0 AU b B ML MR PA FRR e ter v
ltds! nr)l'mall desigt witmsdch tciW@rts Her watee to be\mﬂut andiwithidrawh through the
SR Pa g R reCHE SLAeher b a8 i MBiAresipges However,
tH?§ Iéb%%rtoté‘ §rcfHIé7rﬁr mroagﬁ nYRdHebF ﬁfeo)@g e’the"W@M@"of Mtbﬁ added to

| eads to a problem Through nmuch of the year,
thﬂ)ﬂa@h@ndeW‘/mr@wn donethe @ hﬁeonla@sraatlj pmndﬁmraaﬁthertotal capacity.

A TS5yt PR B SBREH B, 5 15, B¢\ pove e

témpemﬂlre iof the Wwatendemgcbrabided biytthe tsapplgr 3V atee wifich iBeadded to the
B D PRESTRARCSS bR hesred thE taBkee Aot s sagler than the
g8heraBobRYE wABH in 38e ithnk, Swill 0Rhin tRftchb 8o the base of the tank.
When water is removed from the tank it is the cool water at the base of the tank
which is removed first. As a result, stratification of the water body occurs and the
water in the upper levels of the tank is not circulated, nor withdrawn and replaced by
fresh water, as is the case for the lower water. This stagnation results in the upper
water fouling. To prevent such fouling, supply authorities have found it necessary to
add chemicals, which is relatively expensive and also undesirable from the
perspective of water quality. Alternatively pumps or paddle agitators can be used
but are far less efficient than this invention as they create turbulent flow instead of a

primary ring vortex.
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general body of water in the tank, will remain
adj acent to the base of the tank. Wen water is

wo etwewets§ romthe tank it is the cool water atPCTiaUbmse01338
of the tank which is renoved first. As a result,
stratification of the water body occurs and the water
in the upper levels of the tddk-is not circul ated, nor
wi t hdrawn and replaced by fresh water, as is the case

AE@drdIn@etd ML EetBHE BMbORIngerft! @aBNMpalBr mesclﬂ e typet cﬂ‘&crlbed with
upper water fouling. To prevent such fouling, sup

respenbito tth@sflrﬁb\ﬁeanﬂjmnt endegevemry o stitrPle H@ﬁtq*fgﬁs positioned
I
oABAD T SN, BRI STHESHBRY (2 and motr
beingreigned padithly.aghe ampekberc&m‘xw bzspdsntmhechataa freIatN/@}s ow level
o S S8 o B G BSO8R SR tver s

o2 A Rvereriteh esbrRAbERIdEd ithih TRE! direlitd2offhet ﬁh@tdrYIbelsoIate the
described with respect to the first enbodi ment an

mgiterasiebiheawstar dewsl in ther water Sowest1 dEmediopdavs mqr«;by preventing
h
RBP4 21 e Pl s arest

of tmewaatmﬁoﬁﬁqe ibpefies42, aned vattea wile bates@ihyhebdawnthln the water

I thin th
Qg ST SBPURTb e e L p SR v the SaRBTPRR fary low power
cSMiUrstioh3leVElsPIDYE B ehigviclrbilBtic) %tﬁdtlﬁ@atidrf ¥f e Wwater wm elther be
nmotor to isolate the motor when the water level in th

praeslect anlpparses dipea fowil @I/Ihet@féfﬁ'@weﬁpévﬁﬁm%goﬁ%and in the

I [
TBAEF SPUPSEUBNIRNS 1. L0 g Ly SRl By Segton, i i
expaunded dhat42 matari ufgpuwet éx the Inanpe afsR@biatihéa W0t watis will be
t he .wat er

t,he t circulation o

APt Bh 4TS Pt terg: © TBP) SRS oRk PRSI D Motor is
cbI@erablyDe8s ttRaf hhé doist @ﬂla@m chérnicald td eshireinthef foulieg. The
water wll either be prevented or dispersed. As a

Pewelbge isrsainy thaf sUrRRIAISS 8N QORBOMIGIGPNARKt ex and i n
the inpeller designed substantially in accordance wth
the Golden Section, it is_expected that a notor of

Ipaiird embosimentrageskawn i figwre 6 dereds rervided,a watggremediation
aRYBANHIRehhe efiB5E5 phRYELth dd a5 HeEBERd H municipal parks. It
S Aot or - s

operating suc
is well known that such ponds suffer fouling due to lack of aeration which results in

the death of fish and aerobic plants and the build up of unpleasant mould, fungi,
botulism, and mosquito breeding. With a still pond, water stratifies with the cold
water remaining at the bottom and the warmer water at the top which accentuates
the problems. Attempts to reduce the fouling by aeration or other means have been
only partially effective because they do not fully circulate the water but rather rely on
diffusion of compressed air into the stagnant lower layers. Because of the

stratification, this diffusion is not very successful.

In the third embodiment, a pond 51 is provided with a small motor 52 driving an

impeller 53 of the type described for the first embodiment. The motor 52 is located
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consi derably | ess than the cost of adding chemcals to

control the fouling. The power use is so | ow that
w@oloan4ustver i s an econom c option. n a third PCT/AU2004/001388

enbodi ment as shown in Figure 6, there is provided a

wat er renedi ati on and/ or mai ntenance systemfor a

pond, such as may ‘be found tr2wni ci pal parks. t is

wel | known that such ponds suffer fouling due to |ack

approxfhatel\oin theichtreasuhé pohd F1heiti ﬁ@tdilﬁeﬁltéf‘ar@?ld\e impeller 53
aerobic plants and the build up of unpleasant nou

sebmgrgechsemevdial iantinenpendi watehr e ¥\atag cirgiiakon Igtqee,tqabhshed by
t |

rifti e hRforss Bhinsuct, |1 dclRg Se) Sefhomol s, flidAow adopts

thn: pa’thdsnmamfea ringevaptexb| As resuttetinet sond watehucircutdies and mixes the

Wil bafy o WAk 68 rBbe R o) Clialats emaay 8 stratifcation and

ré‘dl.ﬂtéuh ahe ééﬁ@teﬂﬁé&facbuéyéraﬁ&ﬁg doftibiusushd ndikets wgth 4If other water,
ressed air into the stagnant | ower |ayers. Because

eby eraviding eeration torthe tetabwatarfapslyonl heserrvapiagges displayed by
tﬁé@\ﬁ;ﬁ%ﬁ éHént %‘et tlé%hi%‘t? Q\ﬁ’thm f‘K/eryasﬂgpdre'i_’alnvbssze \Jgn testing,

nDor5 r|V|ngan| npell e
re;ﬂvertmlonwfea pergt havied af surfachearéa losﬁtapemwdaiwhnone ahr@ (1.7 million
52 I
OB % S, 8 PP B ARty B P 1

balfevdbiret @0en sowsMpaiet Willt be requitbdvy ﬁfalnt%t tfhe pond in a healthy
circulation is established by runnln%hthe not

st ifriDisuRewer in pieYided §8M meinsy suRphe the @éectrfq% pas’ffwwlﬂ be less

water cir es and m xes
tmatmentef Inreelditiomg vElle tideirculation atill effectcineweizole pond, due to the

Rl R EBIB 500 yoirkdne PrfRafe Bopded s pond i be
veReEsiehy aﬂdoihddedlgamﬁtﬁs%tlh"@@rdeptlbiéetd Qh@nak@tjeéyéwdﬂwus the fluid
These advant ages di spl ayed by the enbodi nent are

cirelplionwilviiat FaHserap Groden peatiiersapout theghed ed0es ze. n
testl ng, rejuvenation of a pond having a surface area

of @@om mately one acre (1.7 nillion gal] ons)
I edeaalye st mn@v@éﬁsaqs? 696%& d8#p.omiliohgalian weter supply

rSL it \é/as flilly' B8 lin 9@?% ubd\Rth ﬁﬁ%éﬁ‘ﬁ?tftoﬁower wll be

requir to mal ntain pond In a

' tr%lp @Obhgnﬂﬁ’él@ Frae;nﬁfcaﬁuy a8 aﬁa"@]h% \?ﬁéf gﬁﬁ@mwﬁ@chem.car

In one adaptation of the third embodiment, the motor and impeller assembly could
be mounted to a stand which also supports a photoelectric panel to provide the
power to drive the motor. This arrangement could be combined with a battery to
provide continuous flow. Alternatively, it is believed that the water will be
maintained at a satisfactory quality level in many environments by operation of the
impeller intermittently, only when there is sufficient sunlight to drive the motor. By
this arrangement, the need to provide mains electrical power supply to an

installation in the centre of a large body of water is removed.
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state. f this power is provided from mains supply, the

el ectrical cost would be | ess than $50. 00, annually,
war@niizsant |y | ess and nore effective than appCH/AnZ04/001388

chem cal treatnments. n addition, while the circulation

will effect the whole pond, due to the nature of fluid

flowwithin the ring vortex, 18he flow at the perineter

of the pond will be very slow and indeed, al npst
In RER&RIdpRatfort 6f thBehirBkeboBieent Tihesmotdrinfdelleland photoelectric
circulation will not cause an erosion problem about

paned gpersuppaded by Bpatafior dgvice \and; Bsrwhele ansembly moored fo the
p(?\'gc{c’ ﬁOOrlgy 5%%?taﬂ%ﬁhyh%iﬁ%?@?iﬁ&%{?nﬁﬂ M@éﬁén@é@@étﬁw%?tbe suitable

rvolr’r “was ours wt
fomatrelativély deee muaptvhtiei was impeadtibalrtd sepbodithe assernbly from the

d i | 1 nb ld b ted t
pathRorat id Bpad reuBEaine e foveler Surr s orufodyy.
provi de the power to drive the notor. This arrangenent
I b ined with ft { [ t
1SRBHE bR papabmy ) e a3l g Bimbolfn S i Ffth s BBHSmance
cih bk rBedRUNb AashidleddwR@ td megaiey ispsriiidned esrttally melative to
many environments by operation of the inpe

I'1er
therpandher todhe vprticehaiis wih e tankas the walier towesrit hag ke frund that
0 : , . .
RO AHS SRR B SR REK RROSITR) poh B i vortex s
dispssed $ighifioantlynawiefromrthe eesdective aegwalfeayraf water is
renoved. - 13 - n another adaptation of the third
enbodi nent, the notor, inpeller and photoelectric

- Irpthieetasar ef theproiotis doitmys: af fHeothirdterobodimeint, ¢t willdbe necognized:- that

whol e ass |y nmogred .to,th ond fl.oor b i,t.abl
thETRRGY PRGCD Bote & Shgpen ik el e IFSGuAY gt A Bofhe cases,
tHel bbA®! ay Wondprisd! ald ! Mofts eRaiRopebls Winked by avaslatively narrow
impractical to support the assenbly fromthe ogd )
chargsl., It will ba racoasieed aii E1ese rCHEENCSS. w& e appropriate to
o{; r‘eéﬁ% g@g@mﬂ% Eﬁrg%}@?,l oggtfgn%\g\gglegta{%ﬁgﬁgg&g th&ibne VBrtex. It will
be émportamiric suchsitbaticmsie ©nedret thabtheatiiieaseeboplecatetwith each other
sitioned cent relative to the pond

i [ | [ [l
b{SEPq%é'OS {95"6@{%?? Javing,gorr e8?rqrtﬂg) ank or the water

tower, it has been found that the systens operate

@glfl cLl %@L%aﬁc\,’ﬁ %f"%ﬂ& r}hltrg eenﬁ%‘d?r%'enp i tlr"n cr’é]a%n ttcl;% 'filélqgfarm. The
relatively low water speed across most of the pond, except in the vicinity of the
funnel region while providing a high level of circulation and aeration make the
embodiment'an ideal environment for the farming of fish. Interestingly, it has been
observed that fish will even pass through the funnel portion of the ring vortex without

any noticeable distress.

The impeller expands logarithmically from inlet to outlet and thereby provides the
following unique benefits: it will not harm fish and other organisms and does not

easily foul from weeds or plastics as other conventional devices do.
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di sposed significantly away fromthe respective
central feature. n the case of the various forns of
wao b@spkazegl enbodi ment, it will be recogni zed tPEI/AUN®4/001388
many ponds have a shape in plan that is very
irregular. Indeed in sonme cases, the pond may conprise
two or nore nmain pools Ilnkea4by a relatlvely nar r ow
channel. t will be recognized that in these
THe tHOHERHPEFRBationt antR¥xRAcAPREBR6M Bf thel fluid betntas dammstrated in
than one inpellor, positioned to establish nDre th
thertairg embegdiment,alse rendar i Progess M ekl Qfa%%@fég? éfea’fment
e
EJRAL 5 e GobOARERSBRELE, Wik Bl h it iper
spfewsmecreamsl a vattex evatﬁuatlme tube nrdtfmﬂ@@mtrereﬁtha liquich movement. It

rel ati ntoafshf elatlv
wiiggy e odS e AT g™ flowo o % Tk o gty fgperso air
thRSughot ftHanRjuid aai an éﬂﬂbi’eﬂt Rinelv lhdma@eﬁebu:ghNé}eveTl'th |s a very
circul ati on and aerati on nmake the enbodi nent an id

inexvensiveravay foraenate fligbidsn@nds has sPRrICWRE MeSVRRgS y! 0" ﬁfewerage
tr$%’tn nelﬁl?%hof?ﬁﬁé gﬁ& nﬁ%@ﬂn&b&ﬁal‘%ddhc&ﬂ’ﬁﬁ pass through the

por vortex w thout any
noti ceabl e distress. The inpeller expands

It Ihgg%re 8@‘?{4% f\rtﬁg\/ia%@st eﬁwBogH{érﬁé déé@lﬂe'&leétﬁ)k?/é the height and

row owm ng uni que benefits: 1t wl
wkdam mffths hrirgndoriésh ean dvay @nintsofiedahy aji:[mﬁmotheeat@ggw faoglle of the
fr(])m weeds or plastics as other conventional devices
imRSIIer-14 -~ The thorough circul ation and excel | ent
-aeration-of the fluid body as denonstrated in the

hird enbad i t.ahl
1} B SEPRATRR 0S50 PBgPAASIESEERq Rl VA ot by
p&StShGEHY inpIsEtd fegste dbout Asubstaatiblrhorizont! akvsd ldeed, a ring
hi gher  spee it creates a wtex evacuati.on tub

VoK Gantbe BT UGN GhpgaR @mii MPelpT Prighisg) ahicther angles,
ln:tjémfeg%tea\}errtlédl%md Hﬁr‘ﬁbrﬁ& U rRe | APpREARIN WA d¥tedirl fleY optimum

rse air throughout the lquid in an efficient and
ahgim)geneous way. This is a very inexpensive way to
aerate liquids and has particular relevance to
sewerage treatnment, fish farnms and many i ndustri al
The pboeaeimbosliments |dent|fy but a few of the potential appllcatlons to which the

invention may be adapted. By making use of the ring vortex, the applications get the
benefits derived from using the natural flow pattern. It should be appreciated that
the scope of the present invention need not be limited to the particular scope of the

embodiments described above.

Throughout the specification, unless the context requires otherwise, the word
“comprise” or variations such as “comprises” or “comprising”, will be understood to
imply the inclusion of a stated integer or group of integers but not the exclusion of

any other integer or group of integers.
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t has been found that, in the various enbodi nents
descri bed above, the height and width of the ring
wo orosexs268n be controll ed by adjusting the stapgEAU2004/001388
angle of the inpeller. n certain applications, it has
been found desirable to produce the ring vortex by
positioning the inpeller to #dtate about a .
substantially horizontal axis. Indeed, a ring vortex
can be set up with the axis of the inpeller oriented
The claimerdedining the inventiopdargtas fadllowssal and hori zontal .
The application will determ ne the opti num angle. The
above enbodj nments jdentify but a. few of the.potenti.al .
1.apdh THSGTGHEUPE SYRPERWhRED RUHictias S ey Vb2 Baal gf fluid by
eﬂﬁéﬂlsﬂiﬁ &1 RkirltAging AEny 96kExXwithiR@hampid. cat i ons get
the benefits derived fromusing the natural flow
pattern. t should be appreciated that the scope of the
2.pr e diuld icireglatiomrsystsea asotlaneed iati ¢laith t1o whieeein the circulation is

articul ar scope of .the_enbodi ts described ve.

el ipaens HERe sBlatph SLanampelReSef AR FE AR

requires otherwi se, the word "conprise" or variations

suc "G 1.s€es,, ~CO S ng" i | i i is
3'und€r@%ocg'%t{5?t |Pﬁp%st§rﬁea|§nc m@on%oc%la%% sét g?f(;eéelinntﬂéegérppeller
desigrpdsybstdntially égaccordancenwith theeGeldenBgabian o Phhgeometry.

ot her integer or group of integers.- 15 - The clainms

defining the invention are as f IIons; ~Afluid . .
4ci 1 BuMERT GOSN BYSIRE! @on CRITER) 2t FBIm | 2 WaRIBly the impelier is
d&iéﬁ%d”s%é?%)éllgﬁn %b&%@ﬁﬁde ARth 3R ColddHISapsbrimeéaitil dbparts of

aTing vortex thm the fluid. 2. Afluid circulation
a sylstear afhecbedanetl. at claim 1 wherein the circulation

I's caused by neans of the rotation of an inpeller

T

foRRSdrARE Smp st RidsBbhds With A€ AbAAMES, Yrddmiines, Gplidedof vorticity
ection or Phi geonetry. 4. A fluid circulation system
wikindhafunng! at centegl sestiomer ethar paré of hsainayortex.

6. A fluid circulation system as claimed at any one of claims 2 to 5 wherein the
impeller is provided with an active surface having a configuration substantially

conforming to at least one logarithmic curve of the Golden Section.

7. A fluid circulation system as claimed at claim 6 wherein the active surface
substantially conforms to the Golden Section along the X-axis or along the Y-axis or

along the Z-axis.

8. A fluid circulation system as claimed at claim 7 wherein the active surface

substantially conforms to the Golden Section along two of the X and Y and Z axes.

9. A fluid circulation system as claimed at claim 6 wherein the active surface

substantially conforms to the Golden Section along the X, Y and Z axes.
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desi gned substantially in accordance with the
Gol den-Section-like centre or parts of a volute or

wordenssmshel | . 5. A fluid circul ati on syst enP@SAU2004/001388

claimed at any one of clains 2 to 4 wherein the form

of the inpeller corresponds with the flow lines,

streamlines, or lines of vort‘ia:rty Wi thin the funnel

or central section or other part of the ring vortex.

168. A fididicticalationsgstennas widimed &t aviyaomeedf albinasn? tor@ whkerein the

C{gﬁcﬁl éjégrgggggﬁ I gf I&ql?.ﬁq)h} galh[{kgr : 'IBﬁ ngq}glé/? gﬁgﬁ\gpf %Iyacrg/lindrical

ofieRfear Wit ds tcenethl éﬁgfdaspb@@d | @RIy e reih kS irRpelle?ds positioned
CGol den Section. 7. l'uid circulation system as

wéthin thealiauid de aptate amut enrexis of sefetior substeatially co-axially aligned
I to the Gol den Section al ong the
@H%é%hﬂg‘ 4X¥S mBEQéI$§aX| s or along the Z-axis. 8. A
fluid circulation systemas clainmed at claim?7 wherein

14 heAaid ‘Cﬁc@lblﬁé@%?st’éhbé& @Tﬁlﬂh@ﬂlé’t NSRS P cleimb Peto 10 wherein a
ol den Secti on al ongI two of the X and Y and Z axes. 9.

prality pfverices pra egablished within thg f&u@b@dm claimé6

wherein the active surface substantially confornms to

h I [ I he . X Y_and es.- 16 - 10. .

12 T Pty BB RGPS e iied eboffis wiiEy teCop peservorr, the
syétammraprﬁsan@ an/nmp@uér wikérefrl tednipetlyr e paRitioned vatHthe liquid to
of quid jn a tank which may be substantially

cewq mrq'r@waﬂermé thelinyg {hbe t%tf@é‘ﬁfm &F adindsvaneXposed

upwardly, wherein the inpeller is positioned within

e e B 5, B A Ppspry oo
sobstahigallyam bccordén(ﬁé with tied Goldent SedtiohiystRingasmetdgi ned

at any one of clains 2 to 10 wherein a plurality of
vortices are established within the fluid body. 12.

i xArgxingssystemaas elaiory abeitherel dlaiem diaretB whersin the form of

tfif/«a?feﬁjrfpé?l%r cﬁﬁgéﬁ’cﬂ{c{s with ﬂ'nes ﬁé\’\/%ﬁ‘eg o%’éérﬁbrﬁ& A Ilh@? ?)(ls lylgglmty within

osi t1oned
tHeofuonelse delmtrabsectmhatﬂt@nn@ vothex.l i quid to be in the
formof a ring vortex.

15. A mixing system as claimed at any one of claims 12 to 14 wherein the impeller
is provided with an active surface having a configuration substantially conforming to

at least one logarithmic curve of the Golden Section.

16. A mixing system as claimed at any one of claims 12 to 15 wherein the impeller

is mounted substantially horizontally.

17. A mixing system as claimed at any one of claims 121 to 16 wherein the tank or
reservoir comprises a substantially cylindrical tank oriented with its central axis
disposed upwardly to rotate about an axis of rotation substantially co-axially aligned

with the central axis of the tank.

18. A mixing system as claimed at claim 17 wherein the base of the tank is curved.
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13. A mxing systemas clainmed at claim12 wherein the
inpeller is designed substantially in accordance with

w0 b@soel28en Section or Phi geonetry. 14. A m XP@IJAU2004/001388

systemas clained at either of clainms or 13 wherein
the formof the inpeller corresponds wth the flow
lines, streamines, or |ines bf-vorti city within the
funnel or central section of the ring vortex. 15. A
181 X Angixdig sesteas asl daimed at clainy i@ehefeir lthée asé ft the leylindrical
mﬂ$re|n the j Czller is provided with an active
tanlt s A ePhesich OBonfi guration substantially
conformng to at |east one |logarithmc curve of the

| de c [ t
%BheFoeiramediatty Qefii s i BEF Tt Beid e water
rembdiaéion i system womprisingabhyimpeller Adaptetdniy steenitlia the water to
cl aj ned, at. ,an e of, . clai 1 0 wherein the tank
tierEb R eiablit Ot iiarcerdhs Welrn e i of 2§09 werPtal
tank oriented wwth its central axis disposed upwardly

M0 %\OMFﬁ?yrégﬁdﬁati%ﬁ %?%'tﬁmt%] E;%'irﬁéﬂ é’ih??@r\fvh%elir{ the impeller is

co-axl a I gned e centr axl's of 't

- designad sukstagtiallysn amcalsianbawﬂadhatGaidi@ Seofitar @i Rhitdemmetry.

base of the tank is curved.- 17 -.19. A m xing system
as clained at claim 18 wherein t

e, base of the .
22y Pnuries éPmPQIﬂHOP§Y§t%Wér?'é'ﬁ?efgét:?!”@ﬁ{ Offz‘éia'n)S? #AtQfr21 wherein
tl‘tﬁf‘i‘&% %‘f'tﬁé‘ ﬁé%ﬁ&"b&?@s‘ﬁd?ﬂsf\ﬁﬁh Fhd FOR/ MRds, e ?1%5 or lines of

e water diation system conprising an i npe
vadigfly whtrdhedumei onicehiral adetionaf the ning vartexe by
establish circdl ati on of the vvater in the formof a

rin vort ex A ter re tlons cl ai .
% "R et Bnalalion SYSRE #hEBIes of Sy el Aams 200 2 wherein
tﬁél bl € bhovidas MRAOAIABER Wit heiKResmiBERHcAs Mstantial
Phi geonetry. 22. A water remediation system as

ccn@rmnm totat éeaaﬁ @nedtﬁgarrtlaahrmcmme of theiGolden &astione f or m
of the inpeller corresponds with the flow I | nes

Z%tr ' gglfr%tlplgfesrg%@%ﬁi%ihg vz eﬂ?equ. {alhlbewqryxone of clal %g] teo 23 wherein

the axis of rotation of the impeller is upwardly disposed.

25. A water remediation system as claimed at claim 24 wherein the axis of rotation

of the impeller is substantially vertical.

26. A water remediation system as claimed at any one of claims 20 to 25 wherein
the reservoir of water is a water tower associated with a reticulated supply and the
circulation of water is adapted to disrupt or prevent the formation of stratification

within the water body.

27. A water remediation system as claimed at any one of claims 20 to 25 wherein
the reservoir of water is a pond and the circulation of water is adapted to promote

aeration of the whole body of water.



23. A water renediation systemas clained at any one
of clains 20 to 22 wherein the inpeller is provided

wowdk/oan2sact i ve surface having a confi gurati onPCT/AU2004/001388
substantially conformng to at | east one logarithmc
curve of the CGolden Section. 24. A water renediation
system as .cl ai ned at any one & -clainms 208 to 23
wherein the axis of rotation of the inpeller is

28pVAr @hier defRARRIbN @S clafimsatigraryeorsliofitdlgdimssI6 tteé M7awherein the
claimed at claim?24 wherein the axis of rotation of
water i gfseyiated bysa plusality of 11Rg MOrtigeSti cal . 26. A water
renmedi ati on system as clained at any one of clains 20
to 25 wherein the reservoir of water is a water tower
associated with a reticulated supply and the
circulation of water is adapted to disrupt or prevent
the formation of stratification within the water body.
27. A water renediation systemas clained at any one
of clains 20 to 25 wherein the reservoir of water is a
pond and the circulation of water is adapted to
pronote aeration of the whole body of water.- 18 - 28.
A water renedi ation as clainmed in any one of clainms 20
to 27 wherein the water is circulated by a plurality
of ring vortices.



