2 8 MAR 2007 -1 Fluid G rculation System Field of
the Invention The present invention relates to. the
field of fluid mechanics and nore particularly to the, _
circulation within a body of fluid.. Mre partiZzfl ‘iR i
this invention seeks to 5 provide an i.nproved. system
of circulation within a body of f|uid. Background Art
There are nany applications wherein it is desirable to

- cause circulation within a body of: fluid. Comon: -
reasons for providing . circul atﬂon are for mxing, to
prevent -stratification and to aerate a. body of '

i qipi,;q.clﬁeg%[&! these will be discussed - 10 later
within this spec}ﬁg ation. A large nunber of nethods
have been devised to cause t he de3|red circulation. In-

ong e case of |iquids, i's: comon to-
hol d t he eﬁ&ﬁ%@‘%dy within a:. cyli ndr| cal -tank having

its central axis:oriented vertlcally and t o cause.the '
|'i qHé é h k by the action of

an tﬁ@ o S:%tf’iﬁ\éerdgg}éﬁéi%t‘é"sg h’t‘?tft@llf ¢ Aﬁg\@méﬁhﬁéﬁsmdmﬂ)amculaﬁy to
hathe eetetigevii atlnndy&bfsm.zdhem q
5T obale N?MSF& ghese} te?ﬁ? %rﬁéus[,ér’rye%?ﬂrévem@ seeks to
expenglture F ‘?’Fl %W’%‘ﬁ@%?fnaiubdgfof&ndgl ve rise

to associ at ed probl ems. Many of these inefficiencies
angad¥ L0, ari se because - such systems have not been

'deS|gnedto cause the fluid to be-circulated in -
accordance wi'th the natural flow tendencies found in
naitﬁéf@ar@%ah ui-d ftow i's essentially. ~ =

5)V t’#’g’g’i‘s wﬂe(}%fﬂ fl} qesiaPle fosause cifculation. within &

g}@gul ent
Y 6h gwdy GerInsn renmhs Fdrk@o@d;ﬂ%%%u!?tfgﬂté?grfortrﬂﬁﬁg ;5) prevent

S| d eynol ds once
retr?‘igrf%gtri elﬁ%ﬁdj ttcg%?rag %%H‘y oéi;gw dyi @@mpﬂmwfrtbew wﬂ!etreSdrTs@Jssed §

10 réﬂfﬁ\'ﬂlﬁurh’élrs sg:tebﬁﬁat@lnl de". is this feature that
greatly contrlbutes to- r|ng vortex eff|C| ency .2 8 I\/AR

2007 2 '
A large number of methods have been dewsed to cause the deszred crrculat;on 1y

- one example in the case of l|qu1ds :t IS common to. hold the quufd bedy wr:hm a -

| cyhnd rical tank havmg its centra! ax;s onen‘zed vemcalfy and to cause the hquxd to be -
‘moved within the tank by the ac:t;on ef an tmpeuer dnven by a motor Many other

15 - means have been devxsed to cause the body of hqu;d fo rotate Nevertheless these :

+echmques requxre the expendr{ure of s:gmﬁcant energy and often QIVE rise to o

~ associated probfems Many of these lnefF c:enc;es and. problems anse because ‘

such systems have not been des:gned to cause the fluid to be c;lrcuiated in |

accordance wzth the natura! flow tendencres found in nature | |

20 In nature, ﬂUid ﬂow is essentlaly turbulent or vofucal , A vortex. n'ng c%oss—
sechonaliy rolls, much fike a wheel ra’cher than s;des Famed hydrodynamnsxst

Reynolds once stated i reference to nng vorhces that "Nature prefers to rolf rather
than glide". ) ' ' '

1tis this feature that greatly contributes o ring vortex efidiency.
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Di scl osure of the Invention This invention is
specifically designed to cause circulation of fluid
within a fluid body in the formof vortices aﬁ&gﬂﬁnim@?
preferably, single or nmultiple vortex rings.
Accordingly, the invention resides in a fluid
circulation system adapted to be 5 operative upon a
contai ned body of fluid, the fluid circulation system
conprising an inpeller pesitioned within the body of
fluid, the inpeller formed to be able to establish.
_and nauﬁ aHn Su ﬁantlally t he whol e of the body -of
Disqlpgii® & PET! ?IOH as a ring vortex by rotation of
the inpeller. According to a preferred feature of the

| Thte{ tgégr?tig:{ngg Isgﬁorﬁeagl 3 ek rql_gwie'do[B d=9156 ais@dtidy ohtrad svithiroa gifiid body

| ocated within . the fluid.
in tkf%%ﬁfl%‘f R8rtkBs én@rpeéféfa‘bﬂd sfrege OF @UBPIE WSSt i on, the
[

l'er is designed in accordance with the ol den
Sectl on or Phi geonetry. Accordin r d to be
Acchefbgy e tref ieationveesidesnin f—*h@“‘dnﬁ'gwi%ﬁloq 59&%&? ard% ted to

desi
subst anti al | CCOr dance wktibid Eﬁﬁ:ulatson system comprlsmg an
opeagemises CPRTTHE el

entre ‘or parts of a volu %Ff o e Wie to
'mngélePo§|ﬁ@§é@wmer¢ﬁ@rwa@goﬁ duisl, phefismeder A &

nvention, the for f th |
- estabitsh. etrhiemfa|n¢ﬁm |spﬁgr§nts%l{n tggﬁam Eee DFH]% tgcﬁjlr ofGRfid BsEeMRion as a

nes of

FIHQYI}{BE)@DC}}%@%OE f@hégﬁpéﬂ@?nd or Central section of the

tex ccording to a preferred feature of -the
invention, the inpeller is provided with an. 20. a&m\/%eans _

AccH ﬁwg% hauichgdaeanns Dgﬁneanverﬁzoguﬁsq dryagionys cause
con

rmngto at Ieas e tﬁ thmc curve of the
of tBelrdietiose en SRPAEE G ?‘FSW{BEH % érred embodi ment,

the active surface substantially conforns to the

Gol den, Secti.0 I h %geaxmfermbnaltm}grrmlaéel’\(wa)dlegigﬂe‘j in
Acerrdmboffy & W f?‘[}gg Elgﬁic(gfor ding to a preferred
acEIR9E R thd@s]d@ctﬁaoeos@rf’élwe@ﬂéw -antially conformns

to 2 0 MAR 2007 3 the Colden Section along two of the

X and Y and Z axes. Accord] to a pref designed
osami o, prefer s fpbreuPt ade CURAR: T FOMReleh &

ssubstan{1 eﬁiy in ac%ord%ﬁﬁe L @L0B8Iden-Section-like centre or parts of a volute ‘

ar e’{her seashell.

Accordmg o a preferred feature of the invenfion, the form of the impeller
corresponds with the flow lines, streamlines, or lines of Vor’nc:[ty 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 Raving a configuration substantially conforming to at least one

logarithmic curve of the Golden Section

Aeoording to a preferred embodiment, the aetive surface substantially Conferm’s to
the Golden, Section along the X-axis or along the Y-axis or along the Z-axis.

Accerdmg to a preferred smbodiment, the actwe surface substantially conforms to
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the X, Y and Z axes. According to a preferred

enbodi nent, the fluid body conprises a body of I L}JH_Q? 2007

in a 5 substantially cylindrical tank oriented t !

its central axis disposed upwardly, wherein the

inmpeller is positioned within the liquid to rotate

about an axis of rotation substantially co-axially

aligned with the central axis of the tank. According

to a further aspect, the irvention resides in a mxing

system for a body of [liquid contained within a tank,

S rd, s h REng t0a preferred

the G0 eI BB R e e R B P aper T e P
anb@ﬁMhmﬁ'mbexhvauuda¢@snﬁﬂse&ﬂ®m@uﬁmﬁﬁdﬁth@ﬁﬁﬂ%@WBﬁaUNUabﬂQ
~ -within_the tank to be in the formof a ring vortex.
the &%69@@?&9%0 a preferred enbodiment, the tank is

substantially cylindrical and ori ented with its

eSSl 2o speset el o Ln L IROLLL, i
snbs?émf%l r{')}hﬂbrr&a[C%nﬁxb%ﬁﬂédah‘rtﬁnﬁg Mdritfa) tdnes aRepdsRld apwardly,

According to a preferred enbodi nen
\MEMmﬂmmmmbnwmwmmamme&%uMﬁgmmmq@mmanmmoﬂmmmn

hor i onta ACCO r odi ment, the
subsjaniia éﬁiﬁ taﬁ%e}ﬂéf I'grﬁ%‘i ng%‘% g%'ﬁ\trﬁs;gurf\}g%ﬁ{@ccor ding to
a preferred errbodl rrent,, the base of the cylindrical

tank s heric S
Accqj'agrgetprae@rr%r% 'n e ﬁﬁ t?)gnrﬁsﬁgs ﬁgéqgrgrﬁg%ygfen@for a body of
[rqurﬁyédrﬁlﬁihwalwthmA@Q@hﬁll i1 tsgst@m‘ lﬂ:bh’rrcersumsraeclrnp@llee of the type

invention resides in’'a water
- desciivapt aboYe, whereias ks, gnpelisr \ﬁaPB? O[i’ Wﬂ? 4gLe Irqurd to cause

crreﬁlmdbfaﬁﬁ'e%qaﬁ%%ﬁﬂgggmﬁ &l t@@ irfthe ﬂoﬁﬂﬁ%f'eﬁﬁn@ﬁ/oﬁ@ﬁ Ryperding

previ ously ‘descri adapted to be positioned t
to am@ranedvammmmenhehamrérrstambrshe@rzehycrémdarérh%w giented with its

ntai.n circul ati,on of, .th
conl P B R e 1 2 8355600 B i o
rotaf &ﬁﬁwﬁaﬂfally lre-dxinlgriibeed Mtheh@xersrrajfamfahe tamkof t he

i mpel | e i's upwardly disposed. According to a
. preferred enbodi nent, the axis of rotation of the

AccHidRe] Yl préferred embodrment the impeller may be mounted subsiantially

horizontally.

According to a prerérred‘embodimen’{, the base of the cylindrical tank is curved.

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

section.

.Aocordirzg 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
impelier of the type previously described adapted to be positioned to rotate within
the water to thersby estébl%sh and maintain circulation of the water in the form of a

ring vortex.
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substantially vertical. 5 According to a preferred

enbodi ment, the reservoir of water is a water ﬁﬁwﬁﬁ” 5007
associated with a reticulated supply and the #¢© FAR £
circulation of water is adapted to disrupt or prevent

the fortation of stratification within the water body.:
According to a preferred enbodi nent, the reservoir of
water is a pond and the cirgulation of water is

adapted to pronote aeration of the whol e body of

water,. 1o Accordi to referred, enbadi £, 1t .
B5t0ipe 16 purarened g e MROGRY (SAE0F I TdaiaRfidne mpeller
fsqkd\mngq?q%bggéapd in the light of the follow ng
description. of several specific enbodinments. Brief
Description of the Drawi ngs The description is nmade
Wetdrdihgf or anpesféreed lentacimendatlye rpdsd obwotation aff thshiropeller is
15 Figure 1.5 a diagranmmatic representation of a ring
§Bl?§t%rﬂ’:a“¥:\’%’ﬂ?%' 2a is an isonetric view of an inpeller,

typi cal of those used in the enbodinents; Figure 2b

T e O
eshietiter nith; a 2eti¢iiged esudplysaiad dhagiravetian of water s adapted to

BRI BB st the Brmaton of “ FldFoRfin PR RS’

accordance with the enbodinents; L 88 MAR 2007 5

N i Lagr b GtV i - ik LK

B oo oy SR AT D R i Bl bt anc e
aica tatibard evatdrtihadamed fo grometdartatienet thewgoledblyiof water.

di agrammatic view of a water tower being circul ated by

the inpeller of Figure 2a in accordance with the

Accoring B oriawad sarr%miﬁrrgmnhéh% bpdy af Bichigraagatat i ¢ vi ew

. of pond of liquid being circulated by the inpeller of

Figure 2a in accordance with the third _enbodi ment -
o inveetomid o pereogmdteed [eine babipriEn foWRg descrpton o
apRIrkGRBELRGambBamEnRs! y disclosed rotors designed in
accordance with the }

Brief Description of the Drawings

The description is made with reference fo the accompanying drawings, of which:
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

ambodiments;

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

typical of those used in the embodiments;

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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principles of nature in international applications

PCT/ AU96/ 00427 (WD 97103291) 10 which has matured to
US 5,934,877 and ot hers, PCT/ AU00O/ 01438 (WD &yﬁqgl\ﬁﬁﬁ
and PCT/ AU0D3/ 00002 (WO 03/056139) The rotor$ of ‘eac

of the enbodi nents described in those specifications
are generally designed in all respects, substantially
in accordance with the Gol deng Section or the

Gol den- Secti on-1i ke centre or parts of a volute or

her seashel | and t.her ol [ C:
U5 4% Bk BRI 0 o R B BB b gt o
fH[gw@Izaat Hovydamob ehithithe ﬁfst ambpdinant;i ng configuration
and which conforns at | east generally to the

characteristics of the Golden Section. Wile it was
Fiyirs &ged dla@ammaéic visvooka diater ltoserdeing cifmsised by the impeller of

FRiEp ALt Y P G REn RS ' P b

di scovered that where at | east certain enbodi nents are

%tig d Cﬁ%%’é?l{l{a%g "i‘rle%v 8t péhd bPikid! t%érg;f LiRfidtéd B¥ E}%i}’npeiler of

caused to cir ate and
ﬂgtee 2a lrsamordmeemm to¢ thifdreenbadireerti r cul ati on wi | |
take the formof a ring vortex. Aring vortex is a
mechanismwith interesting properties and an exanple

iDetaitpdbBesarintioncedl $Reaific Bathoskaanisn Figure 1. In a

free environment, the ring vortex 11 ~has a doughnut
Sthepeapplichit bas @rstvricalsiyf disnleked egioon dégignddén \socoreiance with the
lines 13 at

t 25 1 ) , . .
FTBRPGF PRGN iR Da vl ateBR o g BpagL fwid BrRazen)
a@mfeﬁaﬁmemremai UBHS,934,87T end otidns, P OT/AUD0IONE 38 (WO 01/38697)
TS ARy R ey B8 T o By SR Samerts
H@QG&'{Ue@Sn M’tftfslé Sbé(?if d:sﬁitoﬂs Bre\Ret8 desighee nealgnesp?ﬁst s*;tl’b@tantla!ly
maintain i efinite structure
Whapeardanasavit @P@O'(ﬁ%#@?@f&k\%&orﬁ §€ffé*°8rd e pentre or parts of
@e%m%t ®F - otFréH E&dshell LERRUSReRle iif & BeEMrhgeristUbf isach of the
directional flow, it is highly effective and efficient

@mtmd;m%s tthat fheuiretor RIGFRSge i Paike Which Hgsel a spiraling
Rﬁ!ﬁ{réﬁcﬁﬁahé‘ i Séﬂ?&%é'rﬁme%sg%%ﬁéﬂapﬁ% ord %%ra@teﬁ"%t;cs of the

so reach resonance p0|nt and ‘accunul ate ener gy

m@m Sestieny V\Bvler it whsreenvipaged dhat éha Hetosh<diggjoserplt these
's ﬁ_%&hgrfa% gn:% 9{0[]?1' t{]—%ﬁﬁ:t‘éb%r.ﬂéé‘ \}Yd?ﬁﬁ@)furbﬁég heapé, ﬁrBSellers and the

resent in dn conprises
divstibhad beeri d@g@(aﬂeﬁ that where at least certain embodtments 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 #lustrated 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
o 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 litile



10

15 -

20

S 95

within a body of fluid a circulation that follows the
path of a ring vortex. Aring vortex is nature' apam
preferred, nost comon, nost efficient manner offﬁ MAR 2007
circulatory flow of a 10 fluid. It is a nmechani smthat
.1s highly efficient conpared with other patterns of
flow and has several advantageous properties, as are
di scussed above. Once foungd, its-inertia becones
integrall'y part of the "f1ow device" conprising the
liquid flow field and inpeller with all sharin tpnetheﬂuid
energﬁgﬁu?&fﬁ%ﬁﬁtym r?}‘ndﬁﬁm@t@entt aldrabas & fows SEWIHER YV ng .
iral | am nar ow e [ ulfi-
flow iimdipeed Bodip SHE | FH”‘? T\QAE(% bééads% BPRS! fectd m

te as a ring vortex

drrec&rpn% ﬁe?)l\fvnqng[s h]gre déffé‘cﬁﬁ@%hdvtﬁﬁ@entl &t mS(Ir&g thenfiron. fAsheokage is

ts that they are ¢ ?SE to circul ate
takeR Y tHBansopdrtianin hipeniEdigesisgirsgp ¥ dance with

the principles disclosed by the applicant in his
previ ous applications as nentloned above,

V.

1t cagUgoescidasigoednin part GrdaRee i el ENgoEdi e ereby, over
. Section. is a char cte an.

timej m@@re@wq StENSRYY '@B\" ﬁécﬂéﬁr ﬂﬁat%Qhe rl%ﬁ%r‘

urés o e surfaces, which
formthe inpeller, take a two-di mensional or

three- dlme Sio or m whi t w8 induc
cochud 14 oo nc et TLUPLEH G BURH el spaterms e
wrthﬁtn%bMéﬂthﬂusQ% d;u%u@tr@ﬁhﬂé@ﬂdw@m’ate mateaf alrisg VoEeHf dy AR voriex
S

tantially to the- character stics ;
s n&rc&smefer@aﬁmségowqmﬁ@q)e g igipak mﬁigge%gg%r ﬁ gf'ﬂow of a

e.partic |y I t tdmp@dRvigunhe adachs of flow
ﬂu‘cgblt 5 R rrtr%c a%fs I lél ﬁ'@lﬂfy éfh@\lé@ des?gned in the form
and-Hefs @v@l@ahvmdgemmmoperégsaas piepdptuseed £ORYGI ng twin
vanes 22 which have a helical configuration 2 b MAR 2D
7 7 with active surfaces 23 and 24 substant.i a %ﬂ g the
On@eoftfuﬂﬁmm@herﬂatbreabm‘s integraligarareal theediave ewa%dc e

S adatedtob 0 | fho@bndra that i
hqu@eﬂwfelgrandﬁgtpg @‘? ﬁeﬁ%rrrﬁfﬂel%n‘r £BEbRletr§ o atis

gura |on of the vanes
essgﬁtlélﬁeasr%dtémﬁhﬂnéfﬂoxﬁ%ﬂﬁSpond to the lines of _
trcity of the central or "funnel™ portion of a ring
vortex and it is this fact 5 that makes such an

Wh'ilﬁﬁ)ﬁ% Sésseifefte%duce 4 Bodpy ofdfugd m@cmurategaw@rsﬂewoﬁpr in a number
be note that altern ve con
of cﬂrﬁerenhp/@w,erif IREORIRY &t tﬂ@e%t lhglje(%b ac&h%ﬁtslaﬁwa? é)oére caused

wtn.a sV mH &&f r@ed/&n%&cwdEhcachtrvéte principles
to %*[ﬁ“ﬁa&%e%\’ cor?ﬁ gﬁ?g%l @E%st ant i gl ly in

disclosed by the applicant in his previous apphcattons 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 substantiaily conforms with the

character;stlc;s of the “Golden Section” and any variation in cross- -sectional area also

‘conforms substantially to the characterrsties of the “Golden Section”.

Examples of impeller that has been found to be part'icuiarly suitable shown in
Figure 2a and 2b. In these, this impel'ler is designed in the form-of a whortl and

comprises an impetller 21 having twin vanes 22 which have a helical configuration



accordance with the Gol den Section. These active
surfaces may substantially conformto the Golden .
Section along the X-axis or' along the Y- axi s. ory Ipqu
the Z- 70 axis, along two of the X and Y and Z a é

or along the X, Y, and Z axes.. Wen the inpeller is
first caused to rotate within a body of - fluid, it

i nduces both an axi al f|OMIt0 the fluid and' ‘a

rotational flow initially,. e7|npeller creates a
hi gh degree of turbul ence as thé body of fluid is
However, as the inpeller is-

initial I a '
al I\d\}\]%da ﬂ%?cﬁf‘g%df‘d 24 thslfaémﬁlim@onfoﬂneng‘ toutidt i ’zhe "Golden
cauS@ﬂleh’Oaﬁd ikieh ¥ &laphsy thhd %F@?éoegmﬁe ?ﬁﬁnﬁ augtcg Ve ditven

in Figure 3. Because the I\?‘E
contt¥o rﬁ]@tgr t hBe sarligustionl dihe vandseof fhesdimpllers cen"espond to the

pr q%@%ﬁ b b 68 %nﬁ&t RO R i o ek anet is this fact

LS

Eeneth@tyﬂﬁlasmxch tahampellﬂr fibetiveen E}r@&ué;ﬁ@afnhgb dd?@%’ el?ouid ba noted
i's thereby induce

) d
ac %%’teaﬁt%%ﬂqj};eg?onf{% tW‘ﬁ gf%he dmpaje !Wéyﬁlﬁﬂrbed‘ﬁeié stichgs an impeller
. v ontitna sifgleaahd), Ebrrnh tﬂﬁplé’ Oéﬁ&xmthsacﬁe ahll 30 @fgrﬁégrt'ed SHbREptially in

suffici,entl ittlhe-or

t 0 2E5QIER" fi‘?ai/?’?ti‘ &B? dﬁo é%lseﬁtifw dé heﬁe@évm‘sumes ahingubstantially
speedsim Thtie GldER seemnreaﬁ 8 2 %ggyspj gﬂ.ﬁ,'&ggjg a&ong the 7-

+ _where the operation ove
10 e GEP: %ﬁa@ﬁ quﬂflﬂéedenti a( amklz ama omlomgwtﬁeheyfmsz axes.

errbodl ment of the present invention as
| g\ﬁ{ﬁ%gga i C%lﬂysoﬁrgilpﬁg%éggtkg%t;ﬁg IV\GtElIn?Bu iragdiydﬁlﬂggi? [tgradusﬁzes both an’
e 0 AT M8 g
notiFATeR CA tetRBeS PBItke Wodpof ﬁe:dhavmmlyamaﬁoml 1 bwSAr, as the
t hlﬁ?p@?ﬁeletsoiﬂo@vgﬁ ’EH%QE%I’E(? a%i 'H’Bl%l e tpe\?lyﬂgs Géﬁ‘f’rdaic Gserlate, as

substanti al Cco- axli

15 ofingipate ad.l@grgmmaneeﬂmm da'-hgur@SS ﬁ@e@@s@Qﬁe/ @rﬁpﬁ@r' LN demgned to
tank 35." mention

gg%%ﬁﬁl' ﬁ’o[f‘% rﬁgmzﬁ%ﬁ%f t@%%P’Q ﬂé’é‘?%?ﬁe?&’eb/&l&h%prqnoﬂlon of energy
ad*ﬂﬁiui dyse fm@ﬁesr »sompamed foah Figid Galieame gﬁéﬁ%gﬂh& RarMBRouience

h 2 Fi
vt i Bt HEeRriEs pod snad isberetirid ohbiatow in s natural
c.wawwamb iadn ahe ifdieh PRkt fig @&@ex’ n@nﬁ,@ttﬁg nhg goggx fil % ebhshed |

s. di scussed above.. :
eﬁﬁeﬁmﬁ% H“PPEC!‘@E Shavtiear n@fﬁﬁd@neotemayse wﬂibfmm Wm@ wide
[ sange of operatmg speeds Thts is in contrast to a conventzonal 1mpe!ier where the
operatlen at’ a speed above rts des:gned level raptd!y leads to ca\n’fatlon

I the first embodlment of the present lnventlon as d:agrammatncelfy represented in
FIQUI’@S 4 there is deplcted a body of quurd 31 held ina cy[mdnoal tank 32, the tank
25 32 being onented with its c:entrai axzs vertfcal Wfihm the tank 32, there is mounted
a submersible moter 33 hawng an |mpeﬁer 34 the axle’ of the motor and tmpeller
belng substantja?]y co—ax:aliy aitgned wnth the: Gentrai axis of the tank 32. The mator
33 may be convenlenﬂy mounted fo the bese of the tank 35. As men’noned above,
the ;mpeiler 34 is deSIgned S0 that its ac’ave surfaces cenform fo the Golden Sectton




achieved efficiently. 5 The advantages of the present
systemw || be better appreciated by a conparison

with a conventional mxing systemof simlar =, - '
arrangenent. Such a system again .uses a cyli ndt BcBfR 2007
tank having a notor driving an-inpeller. However, the
inpeller of such a systemis designed to cause the

body of liquid to-rotate about the central axis of

the tank. This results in a nunber of . probl'ems.. 10 - In
such a system the. speed . of- Ilqun d fI ow IS great est at

the perinmeter of the fluid od |
- walek sbbwa reFigHifk2a Hdige & quel)a/ag ,,n%qilgr %%1%3{?5 the fluid to
exD%F%ﬂQte aq'.Liaenﬁ Erféx“atntj ‘?ﬁlﬁéatécplﬁﬁtﬁé ﬂbw Eiﬁ@élﬁtﬁlgagdtﬁsussed abDVe if.

liqu relati ve I n contrast, mag g

VOr tex i;qmlhatstmeadnlmtﬁrel wt:qxah anfst b meahomegeneakeyt Sen mixing is
the - p t &a ‘at -the tank wall, so that

frlé’t3 ‘%F 8‘?@ are mnlmsed Also as a result of
rotating fI ow in 15 convent| onal systens, the water .

ten to f c%[t @By & comparison
f’esiﬁ’te %‘} aptﬁxgee gH} g‘?yé’c?n&?\@!eﬁé‘ i@& d I ui eI ob\gv is P

I N WGOs @amtmnzhlhmamg |sygemorftmnarﬁramemmt c%lg,(‘é! fsystem again
t he enbodi 1 surfac Vi

b sEAna i eatiack By & Bk e JBURR. Hpweyer, e ipeler of

not edck hadystaMiid Gedighedab baaasts, badyeof Watid o Iretats a!tlcstt the ce_ntrai
reduced at” the centre, the. fluid, d%ég%m CS | nvoI ved is

ver yxisi gffkg @k, This raglie e WnBRS OhBERBE hat , at | east

in arelatively.simal!l tank, once the ring vortex is. .

est abl i shed anpd Xces r JS | i

Bosan BN A Ve G §He%€f SRR e atithe Bty of e T
a; O%Qyttﬁet BULS @eavalfof ttetahk. gl d redite ctbrhezddeltaidy easiGy 45 expended- :
of this wave nbti.on are- not er st

1 here Taborabee semornaineBuits B e SR AP na g
rot af,asy, tHQtsREQS of hd{tﬁﬂlﬂd?lm id sekflowdd st ddi }termmtetmthat i at the tank

is inefficie conventional -system In su

systvearﬂt sortbat tr@tlmal dasaps At MBmised es‘t%ﬁﬁﬁq?&"&tﬂﬁémza?ng flow in
aui gL 5 ttld W&, &t Wheepdrimet
Ly 3, L, Bl ol ki i o tosplrinotr a2
i's kesvinofahe ‘soitifdodfoiycer di/hen Buid Timmys iganegetange With a ring vortex

For 9 09 g6 efbiPbits; ff BuicBioye RIS Slantaly constar,

, stn erent Wt Hngl : .
VOor tgsugnthebdgang tiisrn be noledi thits mdile 20 Bottrraspepine waier level is

gg\ﬁ@‘ég ot %g? clzeé'g' g,)(( {hgg‘luPc[rﬁfr%‘F’n‘cfcsr 1%9&{1@08 R \?é‘f‘? %‘tﬁ%dtal It should be
- 20 noted that at legst in a retattvely small tank once the ring vortex is estab ished. and
excessive power is lnput itis possuble to establish a rotating wave Whlch circulates
around the surface of the 1|qu|d The fluid dynamics of this wave motlon are not yet
- fully understood but rt is. to be recogmzed that it is the wave that rotates, not the
liquid ﬁsetf in addmon, mixing is mefftcaent in a conventsonai system In such a
25 | system once rotationat ‘motion is estabhshed the liquid tends to rotate as a fixed
mass like a wheel with fitlle” reiatlve movement within the hqwd This is known as
solid body rotafion. Mlxmg must be contmued fora relattvely Iong txme In contrast,

relative ﬂusd movement is mherent wzthsn a ring vortex and m[xmg fime is minimised.



requires that the notor be sized accordingly. In
certain chem cal and.: phar maceutical m.xing processes,

it is necessary to mix |arge batches.of materiaB Makeild7
a prol onged period, in t he order of one nonth. It.has—---
been found that in some 5. cases, .if the process is

st opped béfore the .conpl etion of m.-xi'ng, for instance
due to power failure,, it has been found |npOSS|bIe

to restart the process becausegof limting start-up

‘inertia.- The notor is not powerful .enough to restart

R S R R

the‘eqtﬁmesstthaﬁl ane. mehwi ouSlsibed bRESIRGHY! hS deﬁam Che ical and
con derabhe economc loss; In contrast; to . mx B1
RgCSUHenl Spua® RFoCRsEEN i i ReerseEY e tmik djoe rbs’tcém @ésnatena{

DOVM%r 4 Qfolor%Q gbh&ﬂ in fﬁg%r(geJW oﬁcl? Ll han%g Hothld fhat in some

“ap e

reservoir I's store
i/orqaé% Hithey Pfﬁqfh%srieﬁ@pped beforstthe bemgletnmefrrg@qrngsfoadﬂ%ce due o

i T LB Tl S —
| n Statﬁesﬂ;e@ema tThe mcmm aoh gosvestUngrdoagh tcpretsteﬁ sﬁﬂtﬁéwe whole batch
system s

b ] o
o Bt b RHpeg. TS Blhel st nRBAsE! BiiS the Jarger motor in the
enﬁmﬂlpimnt Obhiesly, thi feaijlts Inscé}fsldé)‘ét!ié‘@bbﬁc%scslaésﬁe In| éontrast

is beli gﬁed t hat sonme | osses. - occur because of
aWS@“SOQf RresRBt fnvaalioradees Ret VRaUre exceps power for

bekiagvgd THehg \%Hﬁ)h id é%?@ﬁe?%f{le%elr\/@ﬁ u 9\@%1 5 %ﬁggdc nt%s asto red in

ta k with a curved- base as a
e‘fﬂrtteﬁéwga ?heé&foﬁagéstamr@eﬁmrev %eddedequrogresavely, untli the

| \S;:)?{tﬁggiﬁrgégﬁgguerﬁg%r%:rgﬁg% Eé[v%it%tﬁ thcﬁr{hﬁ ?@&g}’sgwg}edqn losses in the

| nehstad isj simiag f@qhheteeemﬁsmgllﬂpmo establish fluid flow

|n the form of . aring vortex even.in a tank which is
@ I|ndr|cal even of very.irregular shape. It is.a o
’&P Yarin @i Rak @istasm isomeflosies wiisbéstn tihat smnme regample of the

I h
o S S U 5 LR ] P
Wi Q%UR)WG@USQ of the. aibrwm@ame bﬁfwem E}Tmiiajorfalng\&hﬁfmatl hﬁt is believed |
ri t, i.eved that -there

et SR 55e8 S e BUETLY Kiivitiho K WL et ceir Sagh as a
t tipherual dieciiny, irether rilgn abfiatsbagnt Iwe\eetﬁ@segegems}n & Qtandard

20 MO"BI r?dﬂgg! ta%ﬁ) an eﬁecﬂve ring vortex can be estabhshed with hlgh efficiency.”

Indeed it is quite peeszb}e to estabhsh ﬂuld flow in the form of a ring vortex even in
a tank which is non- cyllndrlcai even of very :rregular ehape o

It is a pecuhar charectenstac of the system that a nng vortex wzll be eetabhshed
whether the hqwd is made to rise at the. centre ar whether Ei’ is made to fall, with only .

- the direction of !nternal flow of the nng voriex besng reversed. It is believed that
there may be some appilcatlons where ﬂow ina partlcu]ar of the two dlrectlons may
be slightly advaniageoue ‘ -
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It is also believed that there are applications,
particularly in relatively shallow tanks where the
performance w1l be inproved by an appropriat AD 0
posi tioning of the inpeller between.the baseze%r%&% ﬁga?
liquid surface: In a second ermbodi ment as shown in
Figure 5, there is provided a water s renediation
system for a water tovver of the type used in vvater
reticul ation systens for mundGi pal- supplies. Water
towers are widely used by water authorities as a '

ans p 'abfc@[%ri :%ltat;&@tytsh@iiow tanks
VRS S BABL 1 oS Ph iy s
Dwrzer@gm@omrpﬁm&n@emom imaberd by @vrﬁ@é@%?ieapﬁﬂm‘%o ©
station, with a porti er neeting the ‘
disiagHer tﬁ‘ﬂe@é‘tﬁ%rbﬁ‘ﬁ%ﬁmg&eﬂ@“ﬁtﬁﬁgmgé 1o into an el evated
wat er tower. During peak peri ods when the derrand S o
exceeds  t aC' Of s by SYAL@Ms provided a water: -
addict ?%?P&B §m§B$ fsg?vgrgdﬁ IHg{rjn'%?I?éyﬁ%\/\&sllt%erS tower.
' Fenﬁéﬁxé’cfég Wokic et gmvaMrttbwsmhhe typerisetion wiadar aetialziipe systems
i nput ‘and - Wi t hdrawn t hrough the
cimnrrewm@ﬂa%aﬁugaef#%newat?rht@“%r%a?e Wfdse?wés‘%gg V‘V’gg%’g?‘éthém‘es asa

f e BF QuBterTAY thegHesitech mﬁssurbejurmg
H@}@%H& t%é)r&mejﬁé %er§u etl toer15 t he. t:ank : ‘

‘\N]:aerlftdjsamﬁnpeélr Gemetrb. DANRS N BHRGPRTOSRAMRSD SIHETR N BPUTIng

tgteﬂ%'? L h af;?a)tﬁ'ﬁlé:r{{if%e In’?é%%%e i &Qﬁaﬁ@érﬁ@é pﬁﬂbhihﬁmglpﬂ.lmped_' :

Be War above: -t ¢
t pipan @ﬁawatedoﬁatemmwmt Ewribe peak per@ﬁsd@l@erb’shetqeénag@p%cheds he

sAn o g S Al i UL 30 tehuatortower.
t hanndifal geaqenah shgppwefs foatveler imnbe frgput and Withgewn ‘through the
remain adj acent to th naEase ofttﬁgO a h‘ \% tey\g% t%%wever )
| §am@m%\@hlpm éﬁ'ﬁqr}ﬁ@cieg qrtne?r hF OE ?er at q@

a%ps‘id“s @M. WHSIH Gueie aDiredydary the. voAgnaom@t@r gdded to

I cation of .the.water body occy rsa g% %%ﬁaczty :

i t’netthek appeihdrawalionpinetaek i 2RI 3 EMAKPORP Pl e, 484 G
é& el Wﬂ%‘g‘raﬁﬁ@l] %ﬁflftht isfﬁcﬂ%ﬁl Wat Rhier a8 besmheed:abwe the

[ ower wat er I's stagnation resylts
f

cmweratwm afithé watar hglngwom@v@hﬂﬁﬁ@ﬁfy feRyr ieg LFp?ﬁC&‘?d tothe

| | 2%0%2% \R}%%\éﬁ ngg%t tﬂﬁ eSPfeYtahR, &%, %@dﬁ s Cooler than the

y expensi ve and

APtQﬁfrﬁr tadidyeilﬁf water tiéhe ﬁmﬂsmdbtam@n ddiagané o é?@@beﬁ, of the tank.
e o BUE TR B 1R 0 i B tsarr o
CLRRSs tathbud ekt f Aow reasit, aadiifuatian op thamweier oAy C OCGurS S %nd the
V(\)rvratteer)fn ’the upper leveis of the fank is not mrcuiated nor wsthdrawn and replaced by
fresh water, as is the case for the [ower water Thls stagnation resu!ts in the- upper
water fouling. To prevent such fouhng, supp]y authontles have found it necessary to
* add chemicals, which is reiattvely expenstve and a!so undeswabie from the
perspective of water quahty Altemataveiy pumps or paddle agrtators can be used

but are far less efﬁc&ent than thls mven’clon as they create turbulent ﬂow mstead ofa

- primary ring vortex.



v s,~da gad,. 11 According to the second enbodi nent,
an inpeller 42 of the type described with respect to _
the first enbodi ment and driven by a suitable MOt Ok i Sy
positioned centrally wi'thin the water .tower 41” the <V
rotational axis of the inpeller 42 and notor. being
aligned vertically. The inpeller 42 may be positioned
at a relatively low level 5 wthin the wat er -body so
as to be operable wi t hout probl em when the water [|evel
s low A level switch 43 is provided within the
C|rCU|try of the notor to i'solate the notor mhen t he

watiecoridimgel tha aahmdr\ambbdatrmmeramikngm@;psz topehd BWe described with
from operatlng en the

tE’E %%fgétr Prg 2‘%"%?@@?@28@ Fiiparby AssUifablesmpier infpositioned

t hecatpdly alithpre @f i hohene] : |
be. est apl |{s eg, bt hlchI ?ﬂ? V\tgééétgﬁ_ior%f éﬁﬁgffgﬁslﬁﬁéﬂewﬂrb and motor

ci PEIOE @f@ﬁﬁf \@T*Ctaﬂﬁé Wae irpalier &Z\Miayi‘baﬂmsﬂ@nemaéa retlaiweiy low level
at
A AP FERATERA BB Ry e P o

b;eiDWpr Avievel suvitoh 43 is pevidt] WRbinathie efellity of tHeh@ator lto isolate the
e vort X. an :
deélo'ﬂrrlgngh%éﬁ[ SWat I[egllaf&r)r%ﬁ% Ce;pﬂgnrggdrﬁm E)Otlﬂ‘& |eggﬁreventmg
Seﬁtﬁlrmtpr ﬁrcbm merﬁn@ emé@ thet irm:tellér 407 OBt €fveRRVIRT Wt tﬁ‘l@ 2 result
ra&gfg y \Rgh égwatts w1l be 15 adequate
nost P%P g ‘mf?ﬁ’ régpened VS#%W@@&@#@“%HW&NH the water

10 motbaaly, bSsuripg BEELIE AR Yhd @ﬁ@rh@@%ﬂhbrﬁhé %Eer@cﬁw@%‘f’bé]g low  power

chem calts to control the foulin ower. use
| FHIEHRPILIYR!S p Slsriothis &ﬂfclé‘émﬁirétf@gmrbﬁ the vager il etﬁher be

erfrosinBNs @§pe§’§@i’mﬁ.4& rgélﬂyﬁiethg oI BERs o h%r%o\%ﬁgx and in the

wat er remedi ati on 5 {.or nal enan@e Sy S
pdrﬁlae”%uewwdnﬁyb%@wtra&ma ﬂﬁcqrrdﬂmcel wih tparaasicsen tbeczﬂn, it s

d
L1008 400 o Heho 30 6o SRREEL 857 b i o
5 ar@éiealéﬁt‘t@kfpc rm%nvateratcdvame Fﬁbele:kparmseobf lmpaiaera@&o&h a motor is

roshon bk o5 01 O OO BRSBTS e

r@nwenumlsablmmmabmmmnmds bhecomphliBoptiMAt er at the
top which accentuates .the problens. Atten'pts to
reduce the fouling by aeration or_ ot her ‘means have

béea t2i5] embydipent ambhagwrelf Bigtievé tb@ﬂa&lﬁmvtdb&)a \ﬂéiexnl%?nedfatnon
T iR Sl v e
20 | m&ibkm%%aoﬁfpoﬁh@suﬁer fou[mg due to lack of aeration which results | in
the death of fish and aerobtc p]ants and the bu:id up of unpleasant moud, fungi
botulism, and mosqu;to breedmg With a still pond water stratifies with the cold
_ water remammg at the bottom and the warmer water at the top which accentuates -
the problems Attempts to reduce the fouhng by aeratnon or other means have been
25 only partially effectlve because they do not fu]ly mrculate the water but rather rely on
diffusion -of compressed air mto the stagnant Iower layers Because of the
stratification, this di ffus;on is not very successfuf ' o |

| In the third embodlment a pond 51 is prowded thh a small motor 52 drzvmg an
impeller 53 of the type descnbed for the fir rst embodtment The motor 52 is located



stratification, this diffusion is not very successful.
In the third enbodi nent, a pond 51 is provided with a
smal | motor 52 driving an |npeller 53 of the type
described for the first enbodi nent. The notoz;S% E&w

| ocated 2 8 iuM 2007 12 apprOX|nater in thecen

of the pond 51 with its axis vertical and the inpeller
53 subnerged somewhat in the. pond water. Water.
circulation i's established byjs tunning the notor 52
contlnuously I'n d0|ng so, after sone tine, fluid flow

adopts. the p ern of arln -V I ler 53 -

SR e 45 HAL O B aufRefoiny the jhheler

"‘@Lﬁr'heﬁedt ggmg@ﬁg BliheThhdCivateull aWater cleminiies i tﬁ,ﬁtabllshﬁi by
trati on

cati o resul.ts in the agrated f.
I aymn@&m@lowrﬁa m@u&uﬁiyml&gamwsph aqsog}%tilﬁé fﬂ{?c?ﬂow adcpts

3 bodpd th
ELGRANSE Y Shlp ey st s 1
g

5 I &itlolez BeybE Water trbfﬂwerpood Steriyie siraHption BMEYE ‘-’s?“?é‘“’ﬁ’tf?“ and
testin uvenat Lon r\& ﬁi @‘Jﬁ@ﬁ t
L% P e B o o
Zghér@ﬁeérdwc?ﬁg @eﬁaﬂ@? measot?ﬁmaemm diess a vam@gﬁs |T ayed by

V\a S | S a e
béhe @qmoﬁmeqtoarﬁépﬁggg Wetﬁ r?emﬁf% d)\f vﬁ; glr@%’&@é 51% in testing, |
rgjhl?ér?'atﬁﬁ"éﬁra #&dmﬁﬁb@%ﬂxrﬁé@mamfr@pmmﬂtw onh @Gra (1 7 million

trica

be | than- $50.,00 I
10 s@ﬂmma)wmt ggfi%@ﬁaﬂﬂtﬂmw\%owe%@fwe%t?q?@tgmq{%mggog%q%ro Watts. It is
Cmﬁﬁ%\fe%{ thah BG8h | '@Nrbﬁ'?gw!af‘w ol Fe'q%ad Whiramtsihéhe pond In a healthy

ron-w Il ctteWnoe‘ond
nattatee Hothisf pawa ié p@wdw:l fimmeing SHPFP{E; 0 PE‘?@E‘C&]?%PWPQ@/ be less -
at L ! tRa®wpainidg chemical
(bS50 B8Rl S AR e stan ol
th%afcrhamtd lﬂladtiﬁloalwlmm tvmlc!rcuiaitort:\adﬁé‘egtnthgrv&q gond, 'due to the

probl em u nd. ed oy ef e d will be
1 & o Rk BB s G, P aihe gEfifkioror hesion
, Sl{%&} ¥iouf BHET WEEEd, Wikdogtuid yércﬁpﬁiﬂel tnrthamak@dr%/aw {TRUg, the fiuid
4-watt notor. -20 I.n" one ada@ B g% ngﬂ]%édcao
emn"@uhaﬁ@ww!l rﬂtﬁ@ﬁkﬁﬁ 2} egRgn P?FE’ “‘5 uld be
mount ed to. a stand which also supports a phot oel ectric

 EEnadd AT

prréé’érq ir GRAtHLIRUAkEd fn| ZEN%ouﬁd\twdTa&mwm‘d ryotort i's beI i eved
e vvater W VI.:.I

2 Inone adaptatlon af the third embodsment the motor and lmpeﬂer assemb&y could
 he mounted to a stand whlch also supports a photoelectnc pane! to. provada the
power . o dnve tha motor ThlS arrangement could be combmed wnth a battery to
provide contmuous ﬂow _ Aitarnatlvely, it is baheved that the watar will be |
maintained at a- satlsfactory quallty Ievei in many enwronments by operation of the ~

25 lmpelier lntermlﬁenﬂy, on[y when there IS suff clent sunhght tc: drive the motor. By

this arrangement the need to prowde mains elecmcal power supply to an

' |nstallatlon in the cantre of a large body of wateris removed



mai ntai ned at a satisfactory quality level.in nany

envi ronnents by operation of 'the 25 inpeller:
|ntern1ttently, -only when there is- suff|C|ent @%% @ q.'
to-drive the nmotor. By this arrangenent, éfggp % (
provi de mai ns electrlcal power supply to an

installation in the.centre of a | arge body of water is
renoved, 2 8 MAR 2007 13 In another "adaptation of - the-
third enbodi ment, the notor, jJjpeller and

phot oel ectric panel are supported by a floatatlon

devi-ce and the whol e. assenbl'y nmoored to the

f | Bornabier adapipiipidhethisthsmbagmaal, tb%mtsudnp@l}er and photoelectric
ar E%ﬁ@mﬁé‘?mgpﬂﬁéﬁ %g%eﬂo%%g&?lﬁla\ﬁ S %r‘H i &ﬁél@%%%&hlﬁ% %?%E?d to the
'f r pnmct Her b apoiiteble Iaodroﬂn@devsm aSLpnbmh amﬁngemﬁmt tvhaid be suitabie

ot S R ReelloS BTk R et R Ao Bom e

5 begzondof&fof @F Ireen pend Pamidhehekpel of eeier Quigatas biyaMeshtyhen
the inpeller is positioned centrally relative to the

pond or to the vertical axis-of the tank or the water

t olvehould be hated bbﬁnlnfthmwadebhﬁte erﬁﬂm@{nrs@mé etfdle Qtp@b@ét@eﬁormanee
nel -portion,of

effectivel ven wh nth fu :
v orditle PRetiet 15 e bR L o Fapde) e one d evtraly Tlative to
r espeshi Mﬁto@ﬁ@&/é@lbalfaﬁﬂtoﬂ&% tahifortthe \Afé@é‘r%\ﬁ?ér i es ¥akH RS that
forms-of the third enbodi nent, it be recogni zed

- t hatSysiems Gparje sHRey el 2yen &’h@hélﬂf'éﬁm*i’ebp%fﬁofﬂ RLEn gng vartex is -
10 Vedi¥pdseh & sgﬁzk@éntfyld%?ﬁ-em'tﬁb %%H&t[@@%@ﬁtra fddigepond may
~conprise two or “nore main pools |inke byarelat|vely
narrow " ‘channel . 1t w || be recogni zed that -in these

© Ci lhaheTBAR GiaRe vaﬁommﬁeof&n@ HRBrdrab&Iimentl B vaIPBE ddgnized that
‘nofe than one, i npel | posi tioned. to est.abl’i sh nore ‘

.t HAR TEWY PRDYS Bave # ﬁhanel in plaséhat WpYRY dFRayas. Siged in some cases,
- Sifhy aﬁdnﬁ Nay Q:oﬁi@%b‘é @wo P hark hrﬁal}ﬁ O;Btﬂdli GRS BDSS "i‘éiﬁti\)@lsﬁ Rarrow

each of her: reati-on.of: vortices avi n corr
r ctanRdnié wﬂfpber cﬁopa@zedatbm in ghaseircemsiehees, ﬂt| maly. be appmpnate to

15 rffbat | gzr{&» e h%n orne 15&@15 ggsc{ﬁéne@ i e§£bﬁ${ w‘ﬁ})re-lfﬁé?n gne vortex. it will

e>&1ﬁep1pomn’ﬂrhmah a:Ma’ucmy tménaumthaizt@e vbilicas baas;mgatewvsmacb other

of .ci.rcul ation and aeration
%?BQS%OMVMgﬁOT%Cééqt t@Wl ronrrent for the -
farm ng of fish. Interestingly, it has beéen observed

{ DAt N RYST0DA5R SABAHAN R REh B hPRA The

the rin
re[a’nveiy low water speed across most of the pond except ln the wvicinity of the

20 funnel region while prowdlng a hlgh level of GIFCUIatIOH and- aeration make the
embodlmen’f an 1dea] en\flronment for the farm:ng of ﬂsh Interestingly, it has bean’
observed that fish wx[l even pass through the funnel portlon of the nng vortex without

any noticeable d lstress

The impeller expands quarithmilcaily_ fr_é_)m'_inlet_'tbf ontle't and"tha’reby‘ provides the
25 following unique benefits: it wil not harm fish and other organisms and does not

easily foul from weeds or plastics as other nngEntion_al devices do.



any noticeabl e distress: The inpeller expands

| ogarithmcally, fromi nlet to out | et and thereby

provi des the 25fo||ovv|ng uni-que benefits: it will '
not harm fish and’ ot her organisns and does n@t Pﬁlﬁszﬂéy
foul from weeds or plasti €s as other conventional"
devices do. 2 8 MAR 2007 14.The thorough circulation
and excell ent aeration of the fluid body as
dermonstrated in .the third. erg’oodl nment al so. render the
process nost suitabl e for sewerage treat nent

f it | ch .of t ., | "
1R T Rl DL T oy

VtRé tu% &H%rtﬁéht%d febger the pmessemnstesuﬁableﬁ@r savepriags treatment

, tfecrtmnzg; |ln@gq:h1 of thglﬁﬂnh%dg%ve%glggﬁngeg dﬁﬁrgi}%@eﬁer%[’ot%%t higher

10

thr OH%H geateehg vbh&yeﬁdﬁhcﬁﬂuﬁé frl geertiand tﬁmitqng‘.émooement it

I nexpensi've erate |, i -
am:d draw thartnbe Ldf&HIF rtefhte@tawc‘él the §’e‘?ﬁé?‘é§@ W‘Q%‘é‘t%ﬁtﬁmrsa ar -
Fi Shg; ”@,Q?E%H.amp 4%%%5& e ﬁ&ﬂbgeg%bh@”@ay' tThasis a very

he vari-ous enbodi nents .descr,ibed -
ahexnsihve ewﬁreltl haerated {iquids vindt hasfpartifelari FiP\ARFE dR BRHPTaCe

be controII dj r angle of the
i gk fish ”E%%Pgﬂki ﬁﬁﬁ@@éﬁﬁgﬁ&ﬁgﬁg has been found
desirable to produce the ring vortex by positioning

ng?tele ez}ﬂlou rlﬁ&%}é J%BQthad;ﬁtéh&I@é%h@éd Mbove, the height and

arn vortex -can be set u]g
Wit R gqeaxmgs Vgﬁex ban. |bmpa:tdt1eﬂedoby @diusting.the skagiger angle of. the
angl es, 15 internedi ate vertical and horizontal . The

'almﬂaiéfatl on will-determne the opti mum angle. The

. above enbodi ments.identify but a few of the potential

15

| ! dpeti rtex b
B(%prér%?m'aﬁéleatw“?rta@ b5 LY SBLFAR: B rbReaRe: e
B@s:tld?ﬁf@qhetrﬁ dller torethté ebmnto@uhgtaﬂh@yrh@ﬂmxgﬂ @qlso\r,lpd d, arng

tte [t h Ld :
et i o iic 1 BRRACHE 0 hpolr e ammoingis,
ﬁté{hﬂe\eﬁla@e’ vaGeRearef hidentad rrﬁ"odl mhmoaeeti rctaserma%arpe op’umum |

Thr oughout 't he . specification, unless the context
rengler es ot her wi se, the vvord ' :

The above embod:ments rdentrfy but a few of the potentral applicetsone to which the
nnver’oor may be adapted By maktng use of the nng vortex the appilcatrons get the. -

" benefits cierrved from usmg ‘the natural ﬁow paitem 1t should be apprecrated that

the scope of the present mventlon need not be fimited to the partlcular scope of the

.embodtments descnbed above.

Throughout the epeort"c:atlon, un!ess the context requrres otherwzse the word
“comprise” or varratrons such as comprrses or comprlsmg wﬁi be understood to

lmp[y the lnoluszon of. a stated mteger or group of mtegers but not the exeiusron of

any other integer or group of mtegers
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“conprise" or variations such as "conprises” or
"“conprising", will be understood to inply th
inclusion of a stated int eﬁer or group of int egé)rtl‘, Mau 2007
not the exclusion of 25 any-ot her i nteger or group of
integers. 2 8 MAR 2007 -15 The clains defining the
invention are as follows: 1. Afluid circulation
system adapted to be operative upon a contai ned body
of fluid, the fluid circulation systemwherein the

The claimefefining thejevenfinare @5§eawWs al |y i n accor dance with
the GColden Section or Phi geonetry, conprising an

i mpel l er positioned within the body of fluid, to
(I BT et aﬁ@tﬁ%f%%loﬁe@ﬁ‘{%t‘%ﬁﬂ?&P‘I“?*”?%@O%Bf fuid, the

fluid cﬁ’éuié’tf&;ﬁ o Vherbintthd impelfel ﬁ§§'és?§ﬁe@rhu6§taﬁttdﬂy ﬂﬂacmér@é with the
rotation of the inpeller irculatio

GoMeg%?%%E%@@&ﬂ%ﬂ oD R MGl 8?%4'091%@1%&% Ry oL fud, to be

able tcﬂ@ﬁékﬂl@ﬁ@nd &iébﬁé:@@@bs@édttwly the aBBRId BRCIB Ao Huiti recirculation as a ring
g? en- S‘ﬁ%’éﬂq‘ |ke centre or parts of a volute or

vortex oy ffptiory g]pp leryg 3. A fluid circulation system as
claimed at any one of clainms 1 and 2 wherein the form

eller. corre onsvmth hefl :

2 e sierh as TR et by ene R P Rt desianed

substantaallycmmcr:aidausmacmtmMmﬁomteh@ecwlﬂ(eofentrh@r miarty of @r yadite or other

A fluid circulation systemas clainmed at any one of

aims 1, 2 and 3 wherein the inpeller is provided
with an active surface having a configuration

3. SNRghaR hulgﬁcjnys cRpf 9% E\%‘ﬂ%d%lag% oh%@?&la%ﬁ a]‘é 2 \%vll'\erein the form of

|0 ari mc curve ectl on
the lmmaliec ngrsﬁapgm\dSS‘ylﬁT bemflaw lioesisireaminescerdings af wmté withint{ee funnel or

centraPGldPordlidAGR PURShATbREL! y conforms to the Col den

Ion along the X-axis or along the Y-axis or along
the Z- axi s. 6 A fluid circul ation system as cl ai ned

4. ok fIQIB%lrmlaﬁlom §t8mrbstdbﬁné@hﬂ ¢ ohelof aiEfhsSU lQSin@"EWiﬂiréM the impeller

conf or ns Sect I
s prowsedginenaaee sutses haﬁqua P GPRIGLTaien P t%%ﬂ&?ﬁﬂ 1§ Heast one
logaritnii diRE dtheCb@béR Jectbgr ei n the active surface

substantially confornms to the Golden Section al ong

the X Y and Z axes. 8. A fluid circulation system as
5. chaliesicakticnngyseneaotiaielai aﬂclb:ramdwlmérahﬁﬁe active shirface substantially

contoriRi4 e s et HeRE bR AT LA Bl Platb i &b,

6. A fluid circulation system as claimed at claim 5 wherein the active surface substantiaily

seash%l[.

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

7. A fluid circulation system as claimed at claim 4 wherein the active surface substantially

conforms to the Golden Section along the X, Y and Z axes.

8. A fluid circulation system as claimed at any one of claim 1 and claims 2 to 7 wherein the
fluid body comprises a body of liquid in a tank which may be substantiaily cylindrical oriented
with its central axis disposed upwardly, wherein the impeller is positioned within the liquid to
rotate about an axis of rotation substantially co-axially aligned with the central axis of the tank.
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with its central axis disposed upwardly, wherein the
inpeller is positioned within the liquid to 25 r?ua$ﬁR 2007
about an axis of rotation substantially co-axial

aligned with the central axi’s of the tank. 2 8 NAR

2007 -16 9. A mxing systemfor a body of l|iquid
contained within a tank or reservoir, the system
conprising an inpeller wherein the inpeller is

desi gnated substantially in accordance with the
GhIneeing Segtendar abophiof gewdrsemntgined withinh tankps| rpegrvqi the system

compr@ﬁé' 4l lﬂgﬁﬁer%ﬁepéaﬁ tﬁehiﬁxdeh&% ge&?ﬁé@éﬁ&ﬁns@ﬁt:aﬂy% abbQBaRb with the

r the circulation o 3 be in
Goldes ﬁ@cvmm Bhi georiety anst theximpsller o pesiANRH ythiy iedigrigdsto cause by

rotatiof bPIhEBHofer %@éu‘éhl%hdm@fr tﬁé fbdichl% HeGh MeGbrmt B lilPRIteRr

corresponds wth lines, streanlines, or
lines of vortici ty W|th| n the funnel or central

10. Sﬁ@ﬁikiﬁ@ s?sfte&ré% diélﬁ\l@d aYQfatrﬁ)Q whreirtHa f5HR &f més’i‘rfpml@scorresponds
with trﬁrﬂ@yylrlrl(eg@a s%pgrﬁhrlgﬁ ord@fa§ ggvcgtlﬁlty glggmﬁ%{aﬂaeléar centrai sec%on of the ring

vortexconfiguration substantially conformng to at | east one
| ogarithm c curve 10 of the Gol den Section. 12. A
m xi ng system as clained at any one clains 9, 10 and
11. 1A nWhey §jstent be clahmel dtedaims 9 amﬁlmtvﬂﬁrazmbﬁattmpteiiealid yrovided with an

active 8Hgac&%atgﬁwgl régurf@)n iLny) gaggg% énr“eﬁ % ?Ll‘gg% o@\te Etgé%thmic curve

of the GeklenBectionconpri ses a substantially cyllndrlcal t ank
oriented wth its central axis disposed 15 upwardly
to rotate about an axis of rotation substantially

12, ob-sixinglshsteral dsgeleithedi athenyhanecdaitsal, Wxand 1bwherrin thenkmpeller is

4 suiedis¥| ysLem as clainmed at claim13 wherein the
mount% S¢ %HE hﬂg)tnanra ﬁs curved. 15. A m xing system as

cl ai rred at claim 14 wherein the base of the

13, CAAiRAY bfddm L@Nkich&d 8t arﬁjpé}@'éf‘i‘?éim§@cﬁ® ofy. arel121@herBin the tank or

wat er Tenedi ation sa;ten1a d for a reservoir of
reservjatcoMmprisfe avithstantidireeiiadicsh ta@y@"d%%&“ﬁ‘ﬁr'?% Fefrahpxis disposed

upwardil?'@@h{t&é DG s §F851a8R SursURSERNId Bl AlighcCHOT BaRetral axis

he Gol den Section or Phi geonetry, 1n use the
ofthe {3iel ler is to be positioned to rotate within the
water and being formed to be able to establlsh and

14. rh :r{gfgir%,%rsf Iégr(gsu !:I%tmle%%t 8lfamft1 H‘? wwarte%rthe Ease c‘iaf eo {ank iS curved

15. A mixing system as claimed at claim 14 wherein the base of the cylindrical tank is a

spherical section.

16. A water remediation system adapted for a reservoir of water, the water remediation
system comprising an impeller which is designed substantially in accordance with the Golden
Section or Phi geometry, in use the impeller is to be positioned to rotate within the water and
being formed to be able to establish and maintain circulation of the water in the form of a ring

voriex.
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2 0 MAR 2007 -17 17. A water renedi ation system as
clained at claim16 wherein the formof the inpeld@miarR 20p7
corresponds with the flow | jpnes, streanlines, or Ilnes
of vorticity within the funnel or central section of
the ring vortex. 18. A water renediation system as
clained at any one of clains 16 and 17 wherein the 5
inmpeller is provided with an active surface havi ng a
configuration substantially confornming to at

17. dhémqt%'grgmegﬁmrb SYSPN) @sgfiaimgg a@gaﬂgﬂfssgt&qrp:aﬁ.he icgm g@ the impeller

corresPBRR! wite RO iy, SHEARIMeES o lirtisNETdiorticitd MithPNBe Glinnel or central
clains 16, 17 and 18 wherein the axis of rotation of

section Rthe HREMIEEX i s upwardly di sposed. 20. A water
remedi ati on system as cl a| rred at cI aim 19 wherein the

is of rotation of the subst ant,i
18, AR e lom e oy sEe A POk 85 SRR T8I AR e the
impeli@y pﬂﬂ/&ieﬁfwﬁmaal arivel 6urfabd haliBy akondneatda sumtt&mtalllyl ctiiferming to at
ter tower associated with a

least orngﬁ &ﬁ'%%%%qﬁﬁ?/egﬁj&nt &°Mcircul ation of water is

adapted to disrupt or prevent the formation of

19. SA r\n%‘i irfrl?r%gélatp stepn 5]5 EIF%@ ESB){ oPeogfyclan:"é 1%21? ’/'\13\"% %erem the

refedi at on- system as

axis oﬂr@tati&@pftm@lmﬂﬂeﬂeUPWGW@SWOSW& reserv0| r of vvater is a
pond and the circulation of water is adapted to
pronote aeration of the whole body of water. 23. A

20.  fAwadergemedietian sisteny g6 elanerbat et Bl wpergl theraxjsnof rotation of the

impe"%qégmspﬁ,qa@lo\}enmgpfer ence to the acconpanying

raw ngs. 24. A mxing system substantially as
herein described with reference to the acconmpanyi ng

21. dAafvat&g:%meaéuopAs%@érﬁrasr aaRdbadti M) eessredrimybes ant hal 1y and 20
as herein descri reference to the

where@c@@,fﬁ%qwqarn@f \a@tgwsnﬁgvater 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.

22. A water remediation system as claimed at any one of claims 16, 17, 18, 19 and 20
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 fluid circulation system substantially as herein described with reference to the

accompanying drawings.

24, A mixing system substantially as herein described with reference to the accompanying

drawings.

25. A water remediation system substantially as herein described with reference to the

accompanying drawings.



