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Met hods and devices for treating aqueous |iquids such

as tap water, ground water, unprocessed precipitation

and industrial water, as well;, as other consunabl e

liquids with a viewto inproving its quality for

consunpti on MQTE | [ Gt Q gﬂggéﬁ many
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distillation, filtration, adsorption and aeration

have been enpl oyed to renove physical inpurjties, and
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chlorine for as a sterilizing agent have been

enpl oyed to condition the water and to destroy harnful

[0002)- oMpAidds Mmdi devicedh for wiating af @008 ]iqhdds euctesserap lwater, ground

efforts have been directed at the study of the c]uster

vegteny Gnprasessed RiggRiation ansk inchustaiglh SRS 7 el as ke gopsumable
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stalyvor kang yédds. RurghdngnyearsapldysiRall proSasssasuch, as Sedtidlatien, filtration,
992, 257, 1937-1940; .JD Cruzan et al ., Sciencq 1996, ..
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wat er nol ecules in liquid state are capable of ) )
layg begaeinplgyed td conditionnhe iveaterand te |dgsitasy harmdlonigregrganisms in
t'bncl %di ng two-di nensi onal dinmers, quasi-planar cyclic

Mt ures such as triners, tetraners and pentamers.
Comput er simul ati ons and thernodynam ¢ nodel s suggest

that cyclic hexamers are al so gne of the prom nen

[RAOShoi ddore seqentlysliorts hpwg been dirpgied at tieetishiy ke ﬁ%tuster structure
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wat er having large cluster size .
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the rate at which the ter. | bsor bed. i.s_di mi i shed.
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increases, the ability of water to diffuse through biological material such as cell

membranes decreases due to the affinitive forces present within each cluster that
restricts the free movement of water molecules through membranes. As a result, when
water having large cluster size (hereinafter known as “clustered water”) is consumed,

the rate at which the water is absorbed is diminished.

[0004] One method which has been proposed for treating clustered water is the use
of cavitation to breakdown the attractive forces between the water molecules, thereby
rendering smaller the cluster size. Cavitation is a process commonly associated with the

operation of water pumps. Classical cavitation is initiated when the absolute pressure of



operation of water punps. C assical cavitation is
initiated when the absol ute pressure of WO 2006/ 098697
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about the vapor pressure of the liquid, resulting in

the wvaporization of the liquid. Vapor pockets

(bubbl es) are then forned in 4he liquid. The drop in

the pressure of the liquid results fromfactors such

as friction.losses and al so due varisat i . g N
GRpybiciial 1 RRIFR AL R St i didbe R, plng in the
viaPR@datieh of AR Hqeitl. Vhh& ueRes (Balbldsnbe then tfashednint the liggid. The

bubbl es, the liquid is once again subjected to_ a
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cavi tation device consists of 4 punp volutes with
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@&z aather ahd stodsai d that the collision brings
about conpression waves whi ch breaks down the cluster
structure of the water. [0007] US Patent 6,505, 648
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passes. [0 Despite these devel opnents, there

It ésradidsthat theeebllision bfingy abeutveompuessioaswavrs whish Hwepks tdown the
reat  water cavitation that involves | ow capital
%ﬁffrzf?u‘éw&e %%t}é? X‘ia}gﬁ'g costs. :

[0007] US Patent 6,505,648 discloses a device for treating a liquid which combines
the use of a cavitation structure and an ultrasound device to promote cavitation in the
liquid. Ultrasound is generated electrically by means of a piezoelectric ultrasound

generator positioned at a passageway within the device through which liquid passes.

[0008] Despite these developments, there remains a need for alternative devices and
methods to treat water by cavitation that involves low capital outlay and operating costs.
In view of such a need, it is an object of the invention to provide a device for treating

aqueous liquids effectively by means of cavitation. It is also desirable to provide a



In view of such a need, it is an object of the
invention to provide a device for treating aqueous
wo ppeioos9ef f ecti vel y by means of cavitation. |PCT/SGZI05000083
desirable to provide a WD 2006/ 098697
PCT/ SG2005/ 000083 3 devi ce that can conti nuously
treat | arge volunmes of aqueo i quids and which has a
| ong turnaround tine before the device needs to be
epl d.. [0 The ' Y .
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aspect, such a device conprises at |east 2 treatnent
units arranged in series. Each treatnent unit
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liquid is present in the device, said neans including
a constriction nmeans provided at the liquid inlet
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ot her end of the cylinder. The flow conpartnent is

not restricted to cylindrjcal shapes, but can assune
ER1 3t ndfach ggatmept wnig les jarflqw, a?rﬁgarﬂ@@%ﬂaaﬁ a iquid mnlet through
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conpart al so have any suitable di nension
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cavitation 1n the aqueous fluid to be treated
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i.ndu cfi r}g ) .
shaped compartments to form a single, fluidly connected flow compartment.

[0012] Each treatment unit further comprises cavitation inducing means for
inducing cavitation in the aqueous fluid to be treated (hereinafter used interchangeably
with “cavitation means™). Any suitable structural feature that can implement techniques
known to the skilled person for cavitating a liquid can serve as the cavitation inducing
means, so long as said cavitation is able to impart energy to the aqueous liquid to assist
in the disruption of the cluster structure of the molecules. The cavitation inducing

means may be in the form of a cover or cap (hereinafter known as a “cavitation cover”



means, so long as said cavitation is able to inpart

energy to the aqueous liquid to assist in the
waele@sogedbn of the cluster structure of the nNOPEDSGEOS/000083

The cavitation inducing neans may be in the formof a

cover or cap (hereinafter known as a "cavitation

cover WO 2006/ 098697 PCT/ SG%OOS/ 000083 4 and

“cavitation cap”, respectively) that can be fastened
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fRWAESn dmﬁgﬁt(fom@mpmg t hrough each treatnent unit is
subj ect ed, firstl y, to de-pressurization, and

secondl y, pressurlzation Both pressurization and

5L AL -6 RRiC B Ptk Hlid Badkity HESIfheh reatment
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PR sl R e e sls PR s rontife prlyeating
doRmakel clistayintoddrhAller chi@ieds Nng neans conprising a
constriction neans provided at one of or both liquid

inlet and liquid outlet. By applying to a fluid which

t CORV:
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aa@%\t{'ﬂqlo\ﬁhriggs npr%wdeg raecsgn%r oef 8rf btotqle lilq{li%u {n?e’t anlcgi liquid outlet. By
applying to a fluid which flows through a one-dimensional converging passageway the

Bernoulli equation (1):
1
b= D =5P(V22 _V12)

and the one-dimensional continuity equation (2):
AV, =4V,

wherein

p = pressure of the liquid,

p = density,

V = velocity,

A = cross-sectional area

subscript 1 = reference to inlet

subscript 2 = reference to outlet,

it can be seen that pressure difference (p; — p2) becomes positive for a passageway in

which the cross-sectional area of the outlet (4;) is smaller than the inlet (4;), liquid



V = velocity, A = cross-sectional area subscript 1 =
reference to inlet subscript 2 = reference to outlet,

WO 2006ayB6BE seen that pressure difference (pl -PERYG2005/000083
becomes positive for a passageway in which the
cross-sectional area of the outlet (A2) is smaller
than the inlet (Al), liquid @D 2006/ 098697
PCT/ S&G2005/ 000083 5 velocity V2 is larger than V1.
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ence cavitation, does not ta place. [0015]

cBiitdtiab) dves ooistiké placeon neans i ncl udes any structure

suitable for increasing the velocity of liquid flow,

i ncl udi ng, but not restricted to, through-holes or
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used for covering the inlet and outlet of a

velpcitnaf ilismid flowwiedwnging.t biemot restrisigdhioc Hypughthddes engenstricted

W th nozzles attached.to the hgles resent.. The hol
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td hewerhld cross-seotiond] @fhGhrohigh evhéckelidpdd ifloevstthrotifte the hole or nozzle,
constricti.on means conppri s a east one nqzzl e.
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pressure of the aqueous liquid in the nozzle is

| onered bel ow t he vapor pressure of the aqueous
160461 d, It bies etwpodinubnt,i the cohgdricticrp orearsacoroprisss af feast one nozzle

agueous liquid..In a presentl eferred odi ment, ...
R ol L BB R e RS o RSB i i
roWE1E 3€ B wWeREPbR6W e Rapdh pEdsbae ofaid haidoasliqed, thBRby lisducing the
adapted to cover the liquid inlet and/or the liquld

vepetization pf theeaadpeaiiy liawido &t & prasentlyrpisferred embodiment, the at least one

nozzle is defined in a recessed surface located on a circular cavitation cap that is

adapted to cover the liquid inlet and/or the liquid outlet of the flow compartment. The
recessed surface may be located on the side of the circular cavitation cap that faces
away from the flow compartment. In another presently preferred embodiment, the
constriction means includes 4 nozzles, each nozzle being in fluid communication with a

hole/aperture present in the above-mentioned circular cavitation cap.

[0017] In one embodiment, the cavitation inducing means further comprises
discharge means (also referred to as a ‘discharger’ in the following) located downstream
of the constriction means. The discharge means decreases the velocity of the aqueous

liquid, thereby increasing liquid pressure. In other words, the discharge means serves to



recessed surface may be | ocated on the side of the

circular cavitation cap that faces away fromthe flow
w@eovpasdeaent . 1 n anot her presently preferred PCT/SG2005/000083

enbodi nent, the constriction neans includes 4

nozzl es, each nozzle being in fluid comunication wth

a hole/aperture present in ghe above-nenti oned

circular cavitation cap. [0017] In one enbodinent, the
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agueEOus y) or cuboidal shape. In order to ensure

that the inplosion of vapour bubbles occurs, the

di scharge neans preferably conprises a discharge
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ocation i'n the di'scharge neans, thereby resulting in
thérequeoli$ ligaidro spintwithih itteuileiv sompartsent. it ia pogsketty believed that by
a% 1ti(())(rjlial y %@ﬂeréﬂr}% turbulence in the aqueous liquid, e.g. by bringing about the
collision of the liquid streams, or by causing the aqueous liquid to flow through bents or
by establishing vortex motion in the aqueous liquid, it is possible to enhance the

disruption of the cluster structure of the liquid molecules.

[0019] The term “vortex motion” as applied to the flow of liquid that is being
treated in the device of the invention encompasses all forms of fluid flow characterized
swirling motion in the liquid, including rotational vortex motion as well as vortices

resulting from separation (e.g. vortex shedding) and starting vortices. Furthermore, the



nozzl es are positioned such that the trajectory of
aqueous liquid emanating fromeach nozzles is
wa@lReoen9sss7 i nto a spiral, either clockw se or cPCH$&2005/000083
cl ockwi se, thereby causing the aqueous liquid to spin
within the fl ow conpartnent. is presently believed
that by additionally generat?ng turbul ence in the
aqueous liquid, e.g. by bring ng about the collision
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route defined in the device, thereby achi evi ng bul k
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assumes an annular shape, said annular shape being the shape defined between an outer

cover and the inner core/bar. In a presently preferred embodiment where the treatment
unit is derived from cylindrical components, the flow compartment comprises the

annular space defined between an outer cylindrical cover and an inner cylindrical core.

[0021] All parts of the present device of the invention, including the flow
compartment, cavitation inducing means, coupling means, securing means and axial
support bar etc., can be made of any suitable material that does not contaminate the

aqueous liquid being treated. Suitable materials should preferably be approved for use



| ocated at the liquid outlet. The axial structure may

be positioned at any position within the flow
w@ovpasdspent as |ong as it provides structural PEUREZNS/000083
for the constriction neans at the inlet and the

outlet. Preferably, the concentric support bar is
positioned substantially alogg the (central)

| ongi tudi nal axis of the flow conpartnment (i.e. axial
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flow conpartnent, cavitation inducing neans,
means, securing neans and axial support bar etc., can
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..t ed chl.oride.resi stant grades) such as 316,
S e S R e e A
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i alts apAthen ermbodiments etlei Aowudempbumentr és ndivided into sub-
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: i Hi 2x].S | S r dyce ,a. sof f.er
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ﬂ.&Wo@W@m@cﬂrﬁ@nmedt A paftitioningopiptes tragrite vsed, diavh Beidg placed at

9b r&é’reg‘%'each other. An alternative to partitioning plates are individual pipes which

connect each fluid aperture or nozzle of the constriction means at the inlet to a

corresponding outlet fluid aperture or nozzle of the constriction means at the outlet.

[0024] In the present invention, at least 2 treatment units are present. Each
treatment unit is connected to another unit in series, meaning that the outlet of one
treatment unit is connected to the inlet of another treatment unit so that the aqueous
liquid to be treatment passes from one treatment unit to another. In this manner,

successive cavitation is carried out so that the breakdown of the cluster structure of the



conpartments, each of which may optionally either be
fluidly connected to the other sub-conpartnents, or
weoobloesedlt y i sol ated fromthe other sub-conparP@ESGH05/000083
For exanple, in enbodi nents which include an axi al

support bar, the bar may further include 1, 2, 3, 4

or nore partitioning plates, gne edge of each plate

being affixed along the entire length of the bar and
hdiRo8S N§hidGS 9fors EAELER] T | ' WF T 388, 0f
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g&ﬁ@ at the outlet. [0024] In the present invention,
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116 PG #ER) Siratght Gppiigeios.female Rdaniaise ple jafapiers, reducing
e{Baws, exanills Adethrdiied 8ssth NAlaftbgh | PheCl e fhedfRt :
is to connect nore treatnent al{;}ni tsin g%;rlﬁlgsgl %% ﬁlrag' comprise
matedalp selocted Gpmy the grapmonsising of brassestainlash steclafnd plastics.
treatnent units that are connected in series is

preferably between 3 to 5 units. Mst preferably, 4

199263 oCodnetinhd bet(edr tredimi ks ARd IcBUSINY mbARBag bt stablished
b5) are connected in series to formthe conplete
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P fgtenipe hRELVAPIPSS; SHeh a5 g serep-thirsdrRgetioneer ¢lipron fastener.
A apdure Qfttadiitier? UG Al5AMHY &%ﬁ%&fﬁay bt a

filter, unit or a chem c%l trea ng%?lgu%n?g& it gtm%mres such as
comptsssion y figtingser fanged niftdingse nflaret Hittingsyplsivegt nidings, ibslkhead
| St.i f, 2- di vid ,

ﬁgﬁgg&ggﬁ%ﬁrgg}é%[}g@gélg%gg fr)lrég 'af t[1|1eni;iq1(1)1d i%le\%)(lﬂetl. \/Sltan?lgrsd brass or
stainless steel connectors with cross-sectional diameters (for circular connectors,) or

widths (for other geometries) of % inch, % inch, or 3/8 inch or any other dimensions may
be used, depending on the factors such as the flow rate of water it is desired to achieve

in the device and the operating fluid pressure.

[0027] If the device of the invention includes several (i.e. 3, 4 or 5 or more)
treatment units that are connected in series, the units can be arranged according to any

suitable layout. The layout may be such that space occupied by the device is minimized,



el bow connector, equal straight connector, fenale

adaptors, nale adaptors, reducing elbows, tees, ells
wapaevreended st em adaptors. The coupling neanBCTs§2005/000083

conprise materials selected fromthe group consisting

of brass, stainless steel and plastics. [0026]

Connecti ons between treat menf units and coupling neans

can be established by secur 0ng nmeans that provides
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ot her geonetries) of % inch, 3/4 inch, or 3/8 inch or

any other dinensions may be used, depending on the
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0 achieve 1in the device and the operating fluid
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.ncludes seyeral (i.e. . O re t reat nent
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may be such that space occupied by the device IS
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tp 8{08" Honed fryRUs P?%W%Wtéi“g@?éé{“‘bef 2, 3 0or 4 units are
arranged to be stacked on top of each other. If

desired, the treatnment units may be protected within
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oS DAL SR Bt O e Pt ol Mty PRl rcatment
B8 NPdresxaiipie, GostiRet 08T t@sheatrtangbd th vartitdlatacks of 2, 3 or 4 units

(hereinafter referred to as a “stack’™). These units are arranged and connected such that

a spiral fluid pathway is defined, thereby causing the treated liquid to travel spirally
through the stack according to the spiral arrangement of the treatment units (see figures
8A to 8D).

[0030] If desired, coupling means comprising U-bend connectors may be used to
connect the treatment units so that liquid flow experiences a change in direction of
about 180° each time it flows from one treatment unit to another, thereby generating

turbulence in the aqueous liquid being treated. U-bend connectors may have rounded



inlet), it is possible to cause the bulk liquid to

flow through a vortex-shaped route, thereby achieving
wheiok/098891 ex notion. This can be inpl enented, POF/SG2005/000083

i nstance, by arranging the treatnent units along with

coupling nmeans such that fluid channel/route defined

therein is spiral-shaped or ny ot her tortuous route

that is able to cause turbu?ence in the liquid.
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turbul ence in the aqueous |iquid being treated. U bend
connectors may have rounded WO 2006/ 098697
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alternative to u-bend connectors are two el bows t hat
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[0034] Other objects, advantages and features of the present invention will be
apparent from the following detailed description of preferred embodiments thereof with

reference to the attached drawings, in which:

[0035] Figure 1 shows an isometric and top view of one embodiment of the device
according to the invention. A cavitation cap is secured to only the inlet of the flow

compartment and has 2 constricted passageways defined therein.



condi tions, such as el evated tenperature and el evat ed
pressure. Auxiliary heating, cooling or pressure
waelewsoessInay t hus be provided to hel p achi eve P¢ESG2005/000083
desired treatnment conditions. No restriction

presently exists as regards the operating conditions,

and it is entirely possible to carry out the
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obj ects, advantages and features of the present
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A cavitation cap is secured to onIy the inlet of the
flow_ conpartnent and has 2 constrjcted eways,
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t herein be| | ocat ed_at both the inlet
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[0041] Figure 7A to 7C show various embodiments of the constriction means.
Figure 7A depicts 4 constricted passageways each shaped as a quadrant. Figure 7B
depicts 3 constricted passageways each shaped as a circle. Figure 7C depicts 4
constricted passageways, each of which is connected to a nozzle that extends into the
flow compartment. The exit holes of the 4 nozzles are arranged such that water leaving
the nozzles are directed in a spiral motion, thereby establishing vortex liquid motion in

the flow compartment.



respective constricted passageway at the outlet via

connecting pipes. [0039] Figure 5A shows a further
weroeddssent of the device in which a concent rPCHEG3005/000083

| ocat ed support bar is present within the flow

conpartnent. Figure 5B shows a further enbodi nent of

the device in which a concent,,ically | ocated support

bar is present within the fl'ow conpartnent. The
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:é c §}r|cted passageways at the inlet to respective
CORSTTT ct ed passageways at the outlet. [0041] Figure
7A to 7C show various enbodi ments of the constriction
neans. _Figure 7A depicts 4 constrlcted assageways
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fl ow compartnent., The exit holes of the 4 nozzlﬁs are

efrthapgey §Ub9gqqabm&mfébe ¢lhewy; Figure b am regualy shaped convoluted

ected in a spiral notion, thereby establishing
vortex liquid notion in the flow conpartment. WO
2006/ 098697 PCT/ SG2005/ 000083 13 [0042] Figures 8A to

he r ht si de vi ey, side view,  top.and
ez Fhcsiseon pokncarR e Frmgvinte!d i mploved
th thé ﬁ%ﬁ@&{ fdi"ﬂéaﬁn?ﬁ@e@ﬁ? N§&HE ArHeNreafRért Qit ik %eﬁé}hlgr %zflmdncal
enbodi nent, the 4 Treatnment units are arrange
i ebsseteation,idnd cmyrires iacfiow|@onBtnRNY U2 elefined ovign a cylindrical

S0 F B e TEPRBRAE didir wf fiPL S B, RN oo JreUhRe 14 is
nested fo 4 bdvetation SitRHgaNn&ms $eRdrhiONinethd Qu¢nt 0NR fch;S il 81 gheremafter

an internedi ate secti on connected at an obtuse an

aleo keeyn app “CRwtaioneap?) that sadwnerughinisised ﬁl'éeféh%) éﬁlﬁt 14. The

{%’gﬁt&ﬂ% gurgj 5}{ gﬁ% é%séég%g) goﬁs‘ﬁq o #}tags‘agr e%{grer%% tloca’[ed at a

tﬁﬁésfsedl@nﬂrbe 29 onshedupl 18y €He conptridied passmtvhymalfom fluid to flow from
%t{%%gérlgqri]q syaygcg ﬁ&%&pc%: hgxflxjflcgrsnpar-ltggntt {26 %%n%ﬂ}d sl{1 sequlently leaves the flow
compartment via the outlet 16. The fixture 24 forms part of the outlet 16, and allows the
outlet of the treatment unit 10 to be connected either directly to the inlet of another

treatment unit or to a connecting device such as a flanged fitting.

[0045] The size of the constricted passageways 20 are determined in accordance
with standard fluid mechanics principles and are designed to reduce the pressure of
liquid passing through the constricted passageway, preferably such that the liquid
pressure is sufficiently low so that the aqueous liquid vaporizes. Liquid leaving the
constricted passageways 20 enters into the flow compartment 12. Due to the relatively
larger cross-sectional area of the flow compartment, the liquid is entering the flow
compartment is re-pressurised and bubbles in the liquid cavitate/implode. The hydraulic
impact of the implosion provides the required energy to disrupt the cluster structure of

the liquid as intended.



in cross-section, and conprises a flow conpartnment 12
defined within a cylindrical shell 13, said flow
w@orvpasdsaent having an inlet 14 and outl et 16.PdNeG2005/000083
inlet 14 is connected to a cavitation inducing neans
general ly in the formof a cap 18 (hereinafter also
known as a "cavitation cap") ahat can be securely
fastened over the inlet 14. +he cavi tation inducing
means conprises two constricted passageways 20 | ocated
at a recessed surface 22 on the cap 18. The
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aqueous liquid vaporizes. Liquid |eaving the

constricted passageways 20 enters into the flow
tﬂﬂﬁ?&r t e preforredmnebadameniethe aixistaf waghyof the dgenstricted passageways
lfl tg% cawf glog gctggﬁ' }Sﬁard%t%ﬁeé i gl\%:hf 4(1: gl\lgng?r[%ﬁg{ {h%%&] ect}nf}]f of the aqueous

liRiPnesmy itwetdoaid dunvblges at nhd beméﬂ afitke dlscharge region or flow
cavitate/inpl ode. The hydrauli ¢ . inpact

of
Gompasgicah %‘PE?W desuliing 1pethei pollisiom & gthet Bqlaﬂsmffﬁmt leaving the

SBE 6l amso B Bidlrsd SBuoa b TR a e Ry bl amgpacment

innvhichreych ofCthe mowmmcﬂedqnas&gemyst 3& 1nothe| aagisationgcapdaceged at the
Figure 2 shows an enhodi nent t wo |de tical

lend fplef @ %%gedz@ br anied ACHOUT ﬂ% feSlPF%fJPd ¢ fepesed surface
ARG Ldt %Lf é:?lh@%tﬂhlo?tthe (568 sten b & oL 95 ﬁ'fap ub%‘g iac%dmonal

passag e manner, the aqueous
SlYyeo ltl&dllqmd fmnhmn@dlmﬁpmm/mﬂtht tlostepstructure af trewitl molecules.
unit, once at the liquid inlet, and once at the

liquid outlet. In this enbodi nent, cavitation cap 28
48" S KO Fainl %@Féaﬁﬁerﬁ%’c& %/hidh Hak}é‘ta ditglé MeWsd@ipattment, it is
di scharge region 30 that serves to allow any vapor
}gmsxbleatoe@ttach pibes B4 dldtcexitendyfrom Qdmetrl@tﬁdspassage@@ys at the inlet to

GRROAUR Sotind AR BT e b Rlet, o TpBbF e 4. m i
dascumdena¥sch of the pipes 34 has an inlet nozzle 36 and an outlet nozzle 38. The

inlet nozzle 36 is connected to a constricted passageway at the inlet cap, while the outlet

nozzle 38 is connected to a constricted passageway at the outlet cap. In this manner, the
liquid to be treated is separated into individual pipes when it enters the treatment unit.
Each pipe may incorporate comprise different treatment materials or loaded with filter
media or chemicals so that the aqueous liquid being processed is subjected to a variety
of processes within a single treatment unit. Typically, straight pipes are used and are
arranged parallel to each other within the outer shell 13. Alternatively, the pipes 38 may
be shaped as a spiraling tube or an irregularly shaped convoluted tube to increase the

vorticity of liquid flow.



in the cavitation caps is arranged in such a manner

that the trajectory of the aqueous 1liquid |eaving the
woemslhesITonver ges at the center of the di schaP@ESG2005/000083

region or flow conpartnent, thereby resulting in the

collision of the liquid streans |eaving the

constricted passageway. Figu 3 shows a possible

i mpl enentation of this arrangenment in which each of

the 4 constricted passageways 32 in the cavitation cap

| ocated at the liquid in let are arranged to be

[6D30f edTRY rcafiQett skPacel dffthé @5AREDN icBp DBENRE e&B6diment shown in

surface 22. The inpact of collision of the liquid
Figurea®d ais tsm@orte@ ngm 33 qeagenitigelyt loqatnd: i winpert baer4fy (used

b Geh RIS, PG PR RS B HBShESRLICHRoEL HSKEE may be
ub&ulnﬂ)rtlh@éﬁ@gﬂhdlpérfc&m&ht@ bf I&&V'@emsnmgﬂue bly| grewiding mechamcal
conpart nent, ossi ble to, attach pes 34 t

s@pPOEn dorf Fh?n’(e@%ﬁfi%(i ] oPathsafEiialan £apy erwlm BOSSt y reducing
S t

O&Vﬁg'a[f ggorneﬂ'% Ite{:ésg%(ﬁ ?(g@&%ffg%gi reﬁlthc aﬁﬁssg#ét frﬁfn e liquid

ﬂprﬁSoﬁ#erhbﬁilmantl, theastuppmz hiret036 sa‘adredi nnt(nLthb edcessod slugaces 22 at
The . inlet nozzle 36 is, con ect d to,a.constrjcted

%\3@% they h?Wecqmnaé?n%pA b AZHRAD e tFrPOﬁ?;Az Bpiveen the

%ﬁ)o}r@bacf ang %tr&g:sééa QurfBlOgt 1'Eﬂp9(t)\%(7{h9 3§eRALNAYctieh. Figlre 5B shows

cap. In this manner, 'the liquid to be treated
al ﬁlr&lep anattodinenhtio whxsthvwmlabssmrp éistingseft i are elmmgrateldelnto the

oA ERRIERD Do S ALl B RS W reamens

uARGhat & c&faBlE 6@hathsAndgt hiphearagha L![Sreésluﬁbétl dn baﬂsr@nbodlment
processed is subjected to a variety rocesses

congtiitad passhgeiars 6 dmtheespvitaion Cap‘ll9‘1‘eﬂt%daﬂq e lighidaudlst is provided
Lo r I
JE 1?0512% ﬁlﬂ?a‘?gﬁe Tar é(? s% %gﬁjd %ﬁlﬂ% r’%lgf% {1(?/22 e§ ’%Sﬁlﬁle around the
camaaﬂﬂﬁ8raﬁ$mih&ﬁ&haped as a spiraling tube or an
irregularly shaped convoluted tube to increase the
vorticity of liquid flow WD 2006/ 098697
@%bf@ﬂoiglagg%§§blelt% d AR thENGe r(ﬁcae&&)%@rt% f49CRitR fconnecting
he Cavitation cap 28 i n the enbodi nent "shown in
pheg Br as Slasdribed ipthe notewoxtswndaodumm‘lgumii showsoanmtled embodiment

ar .40 t erchan eab wi.t h the t.er -
of B ioc Rinping Biise 1GoRhILRE By 22 A ¢ yefigifgpsitioned
s@fportB&f ddnndcRid BeREQVHhE Q:aﬁha@loﬁ %af) o8B ITIM&%anft the1quid inlet and the
treatnment unit by provid 38% nmechani cal Port for
redessed surfaescaf tha gaviteitomenpt 35 leealid Qitﬂileolrl\qluéﬁu ¢ther eby
possi bly reducing mechanical fatigue on the recessed
surface due to hydraulic pressure fromthe Iiquid

foosW] | Figure 76hbwdaiies embdiimentp pothe chditat# dap tist caveslused in

onto the recessed surfaces 22 at
the present invention. Figure 7A depicts three constricted passageways each shaped as a

circle. Figure 7B depicts four constricted passageways each shaped as a quadrant Figure
7C depicts four constricted passageways, each of which is connected to a curved nozzle
that extends through the constricted passageway into the flow compartment. The exit
holes of the four nozzles are arranged such that water leaving the nozzles are directed in
a spiral motion, thereby creating vortex motion in the treated liquid within the flow

compartment.



the side facing the flow conpartnment. A washer 42 may
be interposed between the support bar and the
w0 emenssse’ surface to i nprove the screw connectPONSG2005/000083

Figure 5B shows a further enbodi nent in which
conpression fittings 44 are incorporated into the
cavitation cap to provide segre attachnment of the
treatnent unit to another treatnent wunit that is

| erpf W thstandi ng, hi. r t I .
(ORBEY o Bl HEUEH Sk e SRR, (BUERR Ry finected in

s&ddsl Fadure8Aap Sesiadved péfefréibethbeim@nouf thetinvedtion in which four
provided wth nozzles 48 that are_arranged suych that

tiepigaang Wnigalabelgd tlhé. fo2Bq s epnueeied ap serifd InrRrderclopiyimize the
t . . i S.: i

s PR ERBed SSen3puL R Rl SR aRERRATAE 4 Bumpuc

hptipestal Xak fatemton becdanrbetshen fromvifigus &htaduidantbe treated enters

Fi gure 6, shows anot her_enhaqdi ment . of the device . ..
t@a%m%?t%a edn | _eté&rﬂqﬂgef el SR isenipatgent unit 2. Liquid
1%25% ﬂfeéthﬁaﬂ Uit PO Shfeko aﬁdgonﬁlgg&aga&np%aﬁ%ﬂ ﬁﬁ&leﬁ Finally, liquid

en the cavitation cap 2 ocated at the liquid
I¢aving usnd entees treatommt editshirhd deenoleavdsetreatiméntamiioh theppgh main
282 lgcated,at the ljquid, outl.et.. [O Fi gure 7/ show .
olFt SA<TeoU: TR 105 Bt e R ale o cHeRap eaSggre fuid
cHEStdrd obthiMBbRITESE HydraAl¥ &Rt APPliardde Atfrol\ (SIERIyC UK) can be used
three constricted passageways each shaped as a

d
te icprnast thejqgtleeol7enciupi &1 Sefiglgh ocaetharuniteln thissembedimpst, three
o eh . :
eﬁ)ao%v- 3 %E@‘%C\%%S ?4 gl%q.%ré&ln tIhé: @ﬁg %ﬁd S\% I lcﬁqugiﬁfg)h%tf?lui&) %Uénaleftgrs used

constri cC passageways, ea S connec

for edtméathgrtfsaghent unitaidepotddamdsctbisrsuoly s tHealesipabartarpee@dnt of the
passageway into the flow conpartnment. The exi hol es i
tispiopgid upy Whes A cunpichandiegngids S9E Reqerity gt e treatment units

akf%a@%dt #e€a L §8eRbRin R &pdsh of FitRs' MartTRbhP Blbow-type
there creati vortex notion the treated |iquid
conduitors toey bé aised,cowhaingrbigh-préd@n2008neSEa1 fittings or flangeless

CT/ SG2005/ 0000 1 0052] The p devi ce
f@%ﬂ%ﬁ"%%’%a%éﬁ gf’%'agg?lc? ?W[WIS%‘% $8n Cuhl%?’gﬂ %)onnect ed in
series. Figures 8A to 8D show a preferred enbodi nent

of the invention in which four treatnent units
Exameplesi 1, 2, 3, and 4 are connected in series. In

S e O S B

correSyndinE resilts b2 tiettddatrdenX 2 formation, as can be seen
fromFigure 8A. Liquid to be treated enters treatnent

unit 1 via a main inlet 50 and is delivered to

R i R L
Stiignednd Y(Perek,QNIY). 100 gallons of sample water was processed using the
arrangement shown in Figures 8A to 8D. Individual treatment units were fabricated
according to the embodiment depicted in Figure 5B. The dimensions of each treatment
unit were measured as follows: length - 104 mm (including the 2 cavitation caps), outer
diameter — 45 mm, diameter of recessed surface of the cavitation cap at the inlet — 9.5
mm. In the arrangement shown in Figure 8B, the width from unit 3 to unit 4 measured
126 mm from end to end. The width from unit 1 to unit 3 measured 90 mm from end to
end. The total height of the unit measured along unit 3 (including the coupling device at
the inlet and the outlet) was 194 mm (with reference to Figure 8C). Cylindrical copper

outer shells and solid cylindrical copper support bars were used. Each treatment unit



| eaving unit 3 enters treatnment unit 4, and then
| eaves treatnent unit 4 through main outlet 52 from
W b@enesse7’ si de as the main inlet 50. U bend orPCT/SG2005/000083
el bow-type fluid connectors obtainable from
Hydral ectric Appliance Controls, (Surrey, UK) can be
used to connect the outl et § one unit to the inlet
of another unit. In this enbodi nent, three elbowtype

connec 2Le U T fi .
T A s L L A SR
rélepebduefacé ast dstrilsadc Bbas. M&hﬁeﬁdrﬁadarawam}ge mevater ofvas passed
the treatnment units. Wiere a corrpact arrangenent is

thigtsinte dlexice at arflew rie of ahavifitk 11grs peg seopnd. Tbe HRyedls ¢ which
tx%a&ﬁerﬁg }sbcafnll%cf“ ﬁtoi uﬂ(ﬁ&le\%{' ik rés\ﬁ@&geﬂf Oﬁdftéljs ﬁ)@? u%ﬁﬁﬁt but may be

rom e ype tonnect’ors nay use
hilgtgh eploswes uhan ¢.drterspei sacohd,tdepaglingon fdcargsldsss the size of the

gl e s e e’
p?@s%ﬂlo&aﬂf%é REALLOY BeMRRIw $R8P neyabd ab Iglfed CO?V%ely, if smaller

corresponding results of the t reat nment .
teatung unids asbusedn bovelr ritow Gitesc ey béaapph@lagﬂlel\dlm@ of appropriate

T Sl b P .100 | | .
fekFpea S te v R I KRBt S e wiroon 2Pt B e ert
shown in Figures 8A to 8D. Individual treatnent units

were fabricated according to the enbodi nent depicted
[0955] guRualiativerpralyiineth memaglpéﬁ WatE IWa casichet Prighfq treatment.

B! SRR i8S oL Wb SNA 5 Wl LRS! 199 Eaiion,

cavitatron caps),
19oaBaeficai PhBE@EIE@Hh SAHS(B(&): evap ffolldveed: aihe tragilBrnofCtp ailysis are
the iplet - mm_ | n the arrangenent shown in

tﬁ?‘éﬁ?‘b‘nghef‘tlwlwaﬁweflr omunit 3 to unit 4 neasured

126 mMmmfromend to end. The width fromunit 1 to unit
3 nmeasured 90 nmfromend to end. The total hei ght of
Tabée Lini t rreasur ed along unit 3 (| ncI udi ng the coupl i ng

davi e~ At inl At AnA + hA A
(52 €t 153

feéfg?r@mféﬂi%”ﬁ ;Erl"éts88m Q/I i ng‘ 1'§t§| ‘c’:vgic))p(;lrdhr Mﬁtu‘?\a Reference

Iﬁflel I'S—and soli g_cylindrical [CORPEr support PAPFABS®)-H+B
used. Each treatnent unit WO 2006/ 098697

IEGM@@ZDQ@EﬁOOO Big/117 corrprl se@;?& cavitati on| ARpEA 4500-0 G

arh havinal 4 ~rAnct nacoAaAnA \ZWAavQ

=3y

T4 Dot b oM SLFRALDTS desclrBdd hhove, I n| CREG 915D

15?1‘&1‘131&%1‘% exanplfyy] Wat er was| passed 1 NrougnAPRR 2510 B
evice at a flowrate of about 0.4 liters pef second.

Sbﬂuelsflow rate ai which treatjrent is carried| out is,

owever estrieted—toO04Hters—per—seequt—fyt
}a;aég”ﬁ ’ mg/l "4 M APHAZ340 B
Chlorine mg/1 <0.1 APHA 4500-C1G

[0056] Samples of treated water was obtained directly from the outlet of the
treatment device. Qualitative analysis on the sample water was carried out once again.
The Standard Methods for the Examination of Water and Wastewater, 19 Edition,
1995 (American Public Health Assoc.) was followed. The results of the analysis are

shown in Table 2:



hi gher or lower than 0.4 liters per second, dependi ng
on factors such as the size of the treatnent units
wheingosssed. For exanple, if larger treatnment BCI/862005/000083
than the ones in the present exanple are used, higher
flow rates may be applied; conversely, if smaller
treatnment units are used, |loywgr flow rates may be
appl i ed. The choice of appropriate flow rates is wel
Iﬁht@in the know edge of the person of average skill i
art. [0055] Qualitative analysis on the sanple

I
n

™ Biraf@fersarl I EOp@yt prior tioRéguet ment.  Th®ethod Reference
St andard Met hods for the Exanination of \Wate

and
piast ewat er, 19th-Edition, 19983 (Anerican Pup®PEA 4500-H+B

Llcoal +h Accap—\ of all ~ pu| Tl e £ 1
et SOC—)—WasS . rorrowea. —jrhg,tresurts Ol | -
Dissaived i Q&P ¢ hBlat ed i n £ PRI 1 ow ng Tab ‘é@{L: \ 4500-0 G
The Bactlrid €unfal 8fPl0eRs Uni ts| Resuj ts Met hod| RefRY e2ceD
pH - 4.8 APHA 4500-H+B D ssaolved xygen ng/| Q.78

TARHA 450DisSolged Togdl Bact eri g Bount cf u/ 100n] APFB 25108
@EHA 9215 D Total Dissolved ng/l 58 APHA 2510 B
f¥ ds Hardness|my/1 4 APHA2340 B Chlorine fg/l <0.1

Hraesd500- T G | f2@56] Sanpl els3 of treated wal aPTes40 B
obtained directly fromthe outlet of the treatnent

Gwime. Qual it atimgd anal ysi s [ohOt he sanpl e watdHIA4800-C1G

carr+ed—out—onrce—agairn—The—Standard—Mthods—for—the
Exam nati on of Water and Wastewater, 19th Edition,
GP5 no&Eseie Public Health Assoc.) was foll owed. The
results of the analysis are shown in Table 2: WO
2006/ 098697 PCT/ S&2005/ 000083 18 Table 2 Test

ter ' .
BRI B TP, SO 6 0GR eyt v
ifereakod @onBa®t tord. 3, Widchnis wfautd Auttal pB. (oA deRdlyedoxygen in
the water increased more than 5-fold. Most significantly, the total bacteria count in the
treated water dropped significantly, to a level where it was not detected based on the test
method.

[0058] In a further test using the device of the invention, the device in Fig. 5B was
used to purify tap water obtained from the public water supply in Jakarta (Indonesia).
After the treatment, the water was found to be free of bacteria (i.e. below a detectable
level based on APHA detection methods). The treated water was also found to be safe

for human consumption.



Total Dissolved ng/l 32 APHA 2510 B Solids Hardness
ng/1 3 APHA2340 B Chlorine ng/1 1.0 APHA 4500-C G
WO NiD6/69880t1  det ect abl e [ 0057] Conpari ng the respCT/SGBNS/000083
the analysis, it can be seen that pH of the water was
increased from4.8 to 6.3, which is near to neutra
pH. Anmount of dissol ved OXyg§ in the water increased
nore than 5-fold. Mst signifi’‘cantly, the total

cteria count in the treated water dropped
g&ﬁﬁ??h@ﬁﬁ 1, to a level where it was not detected
based on the test nethod. [0058] In a further test
using t j : i ' -device in Fig.
5B vvg's '?3{3%16 y%fg?ggét}#ﬁug%m% iéirg’rbé) &ﬂaﬁg%g fromthe
public water supply in Jakarta (lndonesia). After the
treatnment, the water was found,to be free of bacteria ..
(i e bt l5ata arnEt gits congoied Ineice b Kepygent unil comprising:
detecti on geRhR:)inlethe treated water was al so found
to be safe for human consunption. WO 2006/ 098697
PCT/ SG200520@d®88l ouktlet, What is claimed is: 1 A device

R R N T R T T e

unit conprisiopgét,add a liquid inlet, ~ a liquid outlet,
N a flow conpartnent fluidly connecting said Iiquid
inlet to s@i dayiiaggndindeeipg epeangfQr Anduging gavigaion in an aqueous

i nduci ng ”Ea’fi;ﬁufd% bé%ﬂ&hﬁ%i&ﬁ%}s%h%ﬁsiﬂé an agueous
liquid to be treated, sard neans conprising
constriction nmeamstrigtion intkeds ptovided 4ti theilduidindét aadt ahe liquid

the liquid utl et for increasing_the velocjty of the )
agueous |ia&ﬁ‘a,0rtlﬁgrﬁ%9g otsE9cHy Of [HrgRAUFORY Egééf%.eregy reducing
The devi celi%ﬁggfegglﬁg. to daim1l or 2, wherein said

nmeans for 1 nduci ng

2. The device according to Claim 1 or 2, wherein said means for inducing
cavitation further comprises:

discharge means located downstream of the constriction means

for decreasing the velocity of the aqueous liquid, thereby increasing

liquid pressure.

3. The device according to Claims 1, wherein said constriction means
comprises at least one nozzle having a cross-sectional area selected such
that the pressure of aqueous liquid in the nozzle is lowered below the
vapour pressure of the aqueous liquid, thereby inducing the vaporisation

of the aqueous liquid.

4. The device according Claim 3, wherein said discharge means comprises
a discharge region having a cross-sectional area selected such that the
pressure of aqueous liquid in the discharge region is raised above the
vapour pressure of the aqueous liquid, thereby inducing the implosion of

vaporised aqueous liquid.



cavitation further conprises: discharge neans | ocated
downstream of the constriction neans for decreasing

wo bwowedeority of the aqueous |iquid, thereby iPCTeGaHI0HE0083
liquid pressure. 3. The device according to Cains 1,
wherein said constriction neans conprises at | east
one nozzle having a cross-segfional area sel ected such
that the pressure of aqueous liquid in the nozzle is
| over ed; bﬁh@ WetiBE acch AN to RIARSY0E .49§Nht3¥é‘?n %?%ﬁ&riction means
liquid, t eregy [ Aduci ng 1 he vapori sation of the
aqueous | cepapdses4.noZtles.devi ce according Caim3
wherei n said di scharge neans conprises a discharge
regi on having a cross-sectional area selected such

that the TRE QRS %cpérdﬁ%ut%,oaﬁﬂni SUisHlereth HReadl THBEWRS the 4
b he f the

region is raised above vapour pressure o

aqueous | hopzlah are heangod to ibd uoitnglly eaverghhe so dhatghe trajectory of
vapori sed agggousljigﬁjd" vgaZOOQ/098697

PCT/ SG2008Fo1HERS gty 18aving Meqozeley COvVErsesi ng to c ai m

3 or 4, wherein said constriction neans conprises 4

nozzl es. 6. The device according to Claim5, wherein

the axi’ &he algrive gecarfiagao Qleim| Hswharainathe £hgeerlescarp erranged
mut ual |'y ver gk ng, . I aj f oA
aqueous | %‘gc 'tga%g%aﬁé%{% (E?%‘%'%%ﬁ%glq?gﬁé%‘?{éég% goztzl%gés directed
devi ce acapsdispgait 0 Claim5, wherein the 4 nozzles are
arranged such that the trajectory of aqueous liquid

| eaving the nozzles is directed into a spiral. 8. The

devi ce @ceqr ‘He(}ﬁf .tagcdilfi%ggtg %fngf orfd & EBinks U%077, fiuht"&Imprising

conprising coupling ne r conveyl ng aqueous

l'i qui d fr ooapding rheaps forasohveying aqueousifigeidgrom @ne Tiegtment unit to
devi ce accorging to Caim8, wherein said coupling

nmeans i nc °L- u-bend connectors, 2-way dividers,

el bow st em adapter, equal el bow connector, equal

strai ght connector, femal e adaptors, nmle adaptors,
9. The device according to Claim 8, wherein said coupling means include

u-bend connectors, 2-way dividers, elbow stem adapter, equal elbow
connector, equal straight connector, female adaptors, male adaptors,

reducing elbows, tees, ells and threaded stem adaptors.

10. The device according to any one of Claims 8 or 9, wherein each
treatment unit further comprises securing means for providing a secure

attachment between each treatment unit and the coupling means.

11. The device according to Claim 10, wherein said securing means
comprises an inner sleeve located at the outlet of the first treatment unit
that mates in threaded engagement with an outer sleeve located at the

inlet of the second treatment unit.

12. The device according to Claim 10, wherein said securing means is
selected from the group consisting of compression fittings, flanged

fittings, bulkhead fittings, and flangeless fittings.



reduci ng el bows, tees, ells and threaded stem

adaptors. 10. The device according to any one of
w@h@ione8687 or 9, wherein each treatnent unit fRCT/HE€2005/000083

conprises securing neans for providing a secure

attachnent between each treatnent unit and the

coupling neans. 11. The deV|§? according to Caim 10,

wherei n said securing neans “conprises an inner sleeve

Iocated the .outlet,.of the fir trea

thact oy R ARyt RecRiiRE 16 A & GhERCL I T ihdip g ghope of
| ocat ed athd h@ow | Ur@par@herit N& %@Ié@t@éﬂ frbﬁlattﬁemgrolufil tonsisting of
12. The device according to Caim 10, wherein said

securing ﬁﬁhwkwmbcm@édﬂﬁﬂé@nﬁ?%M¥%%e group consi sting

of conpression fittings, flanged fittings, bul khead
fittings, and flangeless fittings. WO 2006/ 098697

PCT/ S&ZMNTFH0R0R3 ac2drdiny. toTalilqr oiey oL Elame dr th 13, wheraimythe flow
one of Clains 1 to 12, wherein {he shap the, fl

conpar t meemPartmenteist amar shepede sgido “@6@@? |bﬁ’@‘gotge annular
cylindricg #;acecdéﬁﬁédjbe%gn doBnes Q?Bﬁgicalléore-laﬂﬁ aﬂeo\ﬁ'téi'%yhndncal
according to any one of Clainms 1t wherein

flow conpav¢ment i s annul ar shaped sald annular

shape being the annul ar space defined between an

i nner cylindrical core and an outer cylindrical

cover. {9 Th-Eh&’ev%Vdceﬁrd%@% dilne 19 Fhabi 44 innbesBindrical core
the inner cylindrical core and/or outer cylindrica

cover conpnilesuter mylindiiedl cortreeenaprises crmatasial geloeipd from the
consi stin of stalnl ess.s I

iron, nic P CEY &%u?ﬁ #ﬁ)rlﬁysgdseteumco é’rjl}g%n'[ﬁenfslélwﬁ11 iron, nickel,
silicon, Qﬂfcﬁﬁ&ﬁm@ﬁﬁol@bd&ﬂﬁhﬂr mangdheses dilicokf. cafbsh dey i £ enixture
according to Claim14, wherein the inner cylindrica

core conphersels a magnetic material. 17. The device
according to any one of Clainms 1 to 16, wherein the

flow conpartnent is sub-divided into 4

sub- conpérfheeddvice doBordiie tal Elaioe 14 cwherdinnthet mnemyyliondeical core

of Clains 1 to 17, wherein at | east 3
comprises a magnetic material.

17. The device according to any one of Claims 1 to 16, wherein the flow

compartment is sub-divided into 4 sub-compartments.

18. The device according to any one of Claims 1 to 17, wherein at least 3

treatment units are connected in series.

19. The device according to Claim 18, wherein 4 treatment units are

connecied in series.

20. The device according to Claim 18, wherein 5 treatment units are

connected in series.

21. The device according to any one of Claims 1 to 20, wherein said at least

2 treatment units are arranged and connected in a spiral formation.



treatnment units are connected in series. 19. The
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