DEVI CE FOR TREATI NG AQUEQUS LI QUIDS [0001 ] The
invention relates to a device for treating aqueous
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aqueous liquids such as tap water, ground water,
unprocessed precipitation and industrial water, as
wel | as other consumable liquids with a view to
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hage beememployed tricaditipnube evatertanddo wiegmy b jego-organisms in
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BRRCLs tri nmers, tetraners and pentamers. Conputer
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dsStritde®s, ¥§tfmers and pentamers. Computer simulations and thermodynamic models
suggest that cyclic hexamers are also one of the prominent morphologies in water (Ralf
Ludwig, ChemPhysChem, 2000, 1, 53-56). It is postulated that as the size of the cluster
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



of cavitation to breakdown the attractive forces
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cluster structure of the water.

[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
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composite flow compartment obtained by combining several irregularly and/or regularly

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”
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RdmeouBk eqeasiohi(l)equati on (1): and the one-di nensi onal
continuity equation (2): AV11:A2V2 wher ei n

D= P =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



p = pressure of the liquid, p = density, V = velocity,
A = cross-sectional area subscript 1 = reference to
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seen that pressure difference (pi - pi) becones
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area of the outlet (Al) is spaller than the inlet {A
i), liquidvelocity V2 is larger than Vi. This neans

t-h e .pressurel/”™ is made | | th i_at th
velidity I SRS Hh g ThE RS PR SiestiibP; § mtl shitfics than py

1 shbBerPa®sAGRUBYali ded. NEosRGElYS tthO réEaNshd pasdgbway in the
whi ch the aqueous |iquid noves is selected such_ that

consgitipnpnesss threughs whishehe aqueprs liguidmpyesps alegtedpuchythat liquid
p{ei%gu%% ?? 1olv%gédd ifSRYL Grebatle lt(? ¥gduc@?f ﬁﬁl rassP&! 6L R vel which is
sTTghtTy above the vapor pressure o a4 aqueous
bbiwipeh @ligiolyabbey e vabbigitedsyrensfl thwvag ey digeid tepa dselisléghtly below
it is not necessary to do so. However, if liqujd )
ity repeL PESF et is | RAeesersHY| tonAde e- Viapisivets b dgiie prspsure is not
I QK rieZat.l : : ot
e AR g B0 Br PR & Pl  Bfhp B R Bporigpion. and hence
cavituibnj dites oot taksaplacd. ncl udes any structure suitable for
increasing the velocity of liquid flow, including, but
not restricted to, through-holes or constricted

(099 SR VGBI nsRRA0h theARYInkRIdE9 By §RR 1S SEltabR for increasing the
covering the inlet and outlet of a cylindrical flow

veloniparof iguid flow, dududisgvbut andt onsteigisd @i thoughzbeless or constricted
attached the haol es. present. .The hol es Y.

gisp@arae ot dh g B RS plsed 0% o0l TR i g 0wttt of @
c$Asdricd 6w REmPEYMaAS 6r ikh PEitdtioanags dithtdgzléwdteshal to the holes

pl aced within the constricted passageways so as to i
presRl; TheBoley mak bs strevlan sctanerkr AHpiighonrauals sharfd: bstructions

0, / . 2
AR TR 000 BRESL B Do o
t@ betdrukd cross-secorH prdai thiongh evibeidiiqed tflowtshirough the hole or nozzle,

constricti.on means conppri s a east one nqzzl e.
R e GSe o VOBl & Rand JloSaneave g P tioth o
pressure of the aqueous liquid in the nozzle is

| oner ed bel ow the vapor pressure of the aqueous
[G046i d, It bes elmpodintut,i the) comstriction means comprises at least one nozzle

having a cross-sectional area selected such that the pressure of the aqueous liquid in the
nozzle is lowered below the vapor pressure of the aqueous liquid, thereby inducing the
vaporization of the aqueous liquid. In a presently preferred 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



vaporization of the aqueous liquid. In a presently
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the aqueous liquid to spin within the flow compartment. It is presently believed that by
additionally generating 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



the cluster structure of the liquid nolecules. In one
enbodi nent, nozzles that are inplenented as the
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location), thereby occupying a concentric position in the flow compartment.
Accordingly, in the presence of an axial/concentric support bar, the flow compartment
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



shape is conprises the annul ar space defined between
an el ongate inner core and an outer sheath
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flow compartments are desired, 4 partitioning plates may be used, each being placed at

90 degrees to 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
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compression fittings, flanged fittings, flare fittings, sweat fittings, bulkhead
fittings/connectors and flangeless fittings at the liquid inlet/outlet. Standard 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,



in series to formthe conplete device of the

i nvention. [0025] In one enbodi nent, treatnent units
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coupling nmeans refers to any structure that can convey

liquids fromone treatnment unit to another. Sone

exanpl es of a coupling neans dncl ude a connecting
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outl et of each treatnent unit. The securing neans can
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WO pl pes, such as a screwthread section or a
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the aqueous liquid being treated is nade to flow
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! units 1re1xaag?ﬁra‘f forlnlnaﬁ(c:>relr E)f;’l Iby attaching spiral coupling means between treatment
units. For example, treatment units can be arranged in vertical stacks 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
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space occupied by the entire device, the treatnent
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can be arranged in vertical stacks of 2, 3 or 4 units
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the treatnment units so that liquid fl ow experiences a

piEEHe THe HLVi&ESH BB pRisent invention can be used alone or in combination with

any known or commercially available water treatment devices such as KDF-55 filters,

granular activated carbon filters, ozonators, reverse osmosis devices, water softeners,

and other water treatment chemicals.

[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.



about 180 each tine it flows fromone treatnent unit

to another, thereby generating turbulence in the
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have roundedbends or sharp-edged bends. An alternative

to u-bend connectors are two el bows that are inclined

at an angl e of about 90 and ich are interconnected

by a strai ght pi pe. A further alternative is a
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bar. Each pipe individually links the 4 constricted passageways at the inlet to respective

comprises

constricted passageways at the outlet.

[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.



according to the invention. A cavitation cap is

secured to only the inlet of the flow conpartnent and
wha®weAIssonst ri ct ed passageways defined t herei nP¢DSGB)5/000083
Figure 2 shows an isonetric view of another enbodi nent

of the device incorporating 2 cavitation caps each

havi ng 4 constricted passagewgys defined therein and

each being | ocated at both tﬁ% inlet and the outlet of
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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.



the flow conpartnent.[0042] Figures 8A to 8D show the

right-side view, left side view, top and bottom vi ew
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units are connected in series. In this enbodi nent, the

4 treatnment units are arranged in 2 X 2 stacked file

formation. [0043] Figure 9A 59 9E depi ct several
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constricted passageways 20 enters into the flow
conpartment 12. Due to the relatively

[0048] Instead of using treatment units which have a single flow compartment, it is

possible to attach pipes 34 that extend from constricted passageways at the inlet to
corresponding constricted passageways at the outlet as shown in Figure 4. In this
embodiment, each 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.
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cavitate/inpl ode. The hydraulic inpact of the
i npl osi on provides the required energy to disrupt the
cluster structure of the lig gd as i ntended.[0046] The
treatnment unit may incorporate 1 or 2 cavitation
i nduci ng neans. Figure 2 shows an enbodi nent in which
two identical cavitation caps 28 are attached to the
[0089] d TR Rlesdétf sirffel dfaHé dawtatiblcap 28GH thépmBadintegt 4hown in
constricted passageways 21. In this nmanner, the
queo@é | isqavrborted s ] @ctesucendrieally desginds @pport bar 40 (used
mﬁ ! %tel lﬂ W ﬁxrthg at?x%} p'&)lox;f&lo(g" @?%Pg(glfl&ﬁ?ﬁl:) '"ﬂHE ?eature may be
uﬁﬁfﬁloﬂjrﬁ&ﬁirow@gﬂﬂiet pérf@maaed ol Snedirédtent Guiio byqavvidiig mechanical
cap 18 in that it includes a discharge regiaon 30 t q
suppoyte fort @earchcarwlf%?p@p theneavaeden APy err?thepwb y reducing

i . r
rr[egﬁ%%ﬁlf%#? O eGS0 BTN el SRS iEm the liquid
ﬂbhe Iomoaabsdimentdtheaappaebay) is scrtived ot thatecessed awdaces 22 at

[ rran ed in such a manner that the tr ector
%(f?fég%é g ﬁepm PRI éh@aﬁ%‘z é? duay b \}BtF’@’ ke fgﬁmween the
r%%ﬁ& tHfrededSe duBB BRI g Jr S& tAE s&wadoﬁﬁéctlon Figure 5B shows
mpartnent, thereby resulting in the collision of the

al ful]‘dmeri emhodammt lisawhish ecdrepressim fittinasd4peaase dgeanpgrated into the

c%\‘ﬁ%ﬁﬂ 3{’] %\Flal OS 3 btjéaﬁh%)]ent?tt (%n%nt gl hé)ftnl}l ﬁ%l{[ttg 'ahother treatment

uRASHAY RN FbR20f ﬂwﬂﬁﬁn&ﬁ‘gl ligh i tRAMAER progatad Itﬁtthitsf'kﬁnbodlment
liquid inlet are arranged to be slanted at about

constricted ppssegeviaps O dn ﬁ@c@ygéteprs@pflaeaée@% th@r’ﬂﬂﬁ“’ldrﬁ}’é]@f 1Sd?r0Vlded
FAAPS0a0 LD Sy ERORIFathE R O Lo e
cehiter offthé edtesstd sui€acel ust er structure of l'i quid

nol ecul es. [0048] Instead of using treatnent units

whi ch have a single flow conmpartnent, it is possible

[g)@5 t aghis lee%sﬂﬁlet fealontBibe lfs(eqmé:ﬁﬁﬁ)‘bft' 16t @9 with connecting

assageways at the inlet to corresponding constricted

pPOES §égie\da§($1bed utﬂhe poavidwstengtdghanikignré6 ghows ahothen embodiment

s, enbodi each t he .pi pes has an inl.et -
o osceoang HtReat sRuDHBe B e BResrbuily ppsitioned
shﬁp&pw}%hﬁ&tédoo@wmk lchéit21dn RAs 28D Yaedadt thdlequid fdét and the
cap, while the outlet nozzle 38 is connected to a

regsassdrshtfbenpfifaesenyifatipny cap 282Hecaind atdhe kand opfett hi s

manner, the

[0051] Figure 7 show various embodiments of the cavitation cap that can be used in
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.



liquid to be treated is separated into individua
pi pes when it enters the treatnent unit. Each pipe nmay
w0 pengssrat e conprise different treatnent nat ePCEEG2005/000083

| oaded with filter nmedia or chemcals so that the

aqueous liquid being processed is subjected to a

variety of processes within single treatnent unit.

Typically, straight pi pes are used and are arranged
Fahl € he eesgﬁ g\;lgee rcompégps Mot ﬁlgsto 0 tregljllr%lnlt u.JniJ’(s connected in

e pi pes
sErikdst ﬁgd?& SAl tte 81) slediv larp’rﬁﬁltﬂéchéﬂxbocﬁhﬁnedf thefiv@ntibe dn which four
tube to increase the vorticity of Liquid f]ow_[0049]

trpREngng @@%@ad@@ Af dcd and teee equpeetad i ﬁeraeéphlzgd%twrﬁénmlze the
SR O EL S B4 By BHPRAIL B0 Pl o o compuc
hbﬁt@r[tﬂlhlaﬁgb ﬁh’lmtmn tds dahebetseemfromulpigoret 8 4. ddquiidrto thedreated enters

oeC|f|cat|on) | g feat Le be usef ul
e G L (Wb A B A SRErEh S AShRL Ayt 2. Liquid
gn S GeRGAEERRNY CRlers Hfé%@ﬁaﬁl fQfadehe n%@tﬁ%ﬁﬁ &flit SHUrFiagRy, liquid
on the cavitation cap, there y possi bl'y reduci ng
lmmmnmt 3lenteas rt@afmamn untiet, red degeldavas freatmentumit é through main

dr ess re omt f | n.on .
Bt i R SRt sl B8 4B mt afeg SR el 8 plpaw-type fluid
CbRERESE BbEHEBRIRSM 3 mdledthe A%gﬁﬁl&a@drﬂﬂ)kt SShrf'éyO‘UK) can be used

conpartment. A washer 42 may be interposed between the

tg @pmﬂct theputlgher wﬁ’eumé &aﬁlﬁ e@lets@ﬁ eehertugity Fpthésy embegdiment, three
SRR €51 o1 TR P B s B E  s

fbxl‘l@mawrtgatfdaﬁﬁera apitb dewrﬂwnofectmcmmle aatlteaiehmmrraﬁgetrhﬁt of the
treatnent unit to another treatment unit that

treaEREt Ak W@@@t%%@%ﬁ@?‘é&%ﬁ@%% Té@ tregfment units

lafrafR ORI T8 o1 P\@Mé?ﬁaﬁhjaﬁl Tbow-
a%:Ehaw ta |ofri111 cap %%ggtg/ggfug "t he Iat?gw d out g% a elbow-type
cpnoadtate dnagi bé used,zinehdéy hightpressereacomprgssibos figingshat flangeless

.qui d l.eayi t nozzles callide d the center
fjg?ngﬂrfg’tql%%’lesgg‘a‘ Q%F? g}‘@é"-‘mﬂ%géj t‘ﬂct (,lia)g,oq o possible to
combi ne the use of a support bar 40 with connecting
pi pes 34 as described in the previous enbodi ment.

8:6 shows anot her enbodi nent of the device
[ t he u annect

BRI, PP IE RioBRLIRE AR Bafednrb ety sample and the
cbﬁ%mﬁﬁﬂn@h@mﬁ@%fﬁ@&k@ﬂn@ﬂp 281 located at the liquid
inlet and the recessed surface of the cavitation cap
282 located at the liquid outlet.

[0054] Water sample was obtained from Chicken Farm Cage No. 2 at Ayer Tawar,

CD

Sitiawan (Perak, MY). 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



[0051 ] Figure 7 show various enbodi nents of the
cavitation cap that can be used in the present
WO pweneseon. Fi gure 7A depicts three constrict eBICT/SG2005/000083
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
t hrou ted .
bR it S e, et BTER A bl et o205, dgfined i the

rédebt gREfabeIch ddatibstabiive] @@thisgpdrtieulaoazingsle aater was passed
directed in a spiral notion, thereby creat.i vort ex

thiguglotheidevicret erfloxy &de Pl #havd O Fisenper Keeonflohhe flow rate at which
t{e Esn@ag{leci gg@%] hdWeP ot ClridEY b c?: §.49058 rﬂels §e°‘c'9ﬁh, but may be
eas I gures

reat meht unit's connected In series
hifghet or Bives hioan @4 (itert eer edordihiegdemting onfactdre sucr}vamthiecsﬁze of the

n which, f tre nt its . labeled 1, 2 4
RPN RS PE IHEC AT GYpls, T BEEET (EAFERY (pisothgh dhe ones in the
P ERACe LR 2R ubd, (Highet v 34188 MayUBé bfpliddh %ohﬁ&%lﬁeﬁt smaller

units ar arranged Ihto a corrpact hori Zont al
tfeotmment uoits assuwdn ldyeer Shon rétesomayibguappligh. Thei dfmwab oﬁaMEOpnate

e

ST iR

tun

&8%8

1 via

tre bettpiole et Al Hptiey

| eaving treatnment unit 2 enters diagonally adjacent
treatnment unit 3. Finally, liquid leaving unit 3
K966t s Qualitatienanalysis on thezgamplchwater svay eatrief oxf per to treatment.
ni I f asqth
e§tfarnadaﬁcli] Mﬁ%{g{}d%gd ntB? agﬁ%a?i%éll W_a{tg} ﬁ?ﬁ%s%bﬂ?er $o™ Edition,

1908 aaledicsn Pobh¢ TRalte Axseu)) Wyl rfam@eéd I”Rhe/kaspiltsaﬁbﬁle analysis are
Control s ggﬂurrey UK) can be used to connect the

tefilated inghe fpllowing Tablg 1t he i nl et of another unit. In

this enbodi nent, three el bowtype connectors 54 are

used. The type and configuration of fluid connectors

Tebidl f or connecti ng treat ment units depend on factors

doci
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7] [0053] Thi
a water sa

nnnnnnnnn Hange
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npl e and t he

of treatin
Sohds

Hardness 4 APHA2340 B

mg/1

Chlorine <0.1 APHA 4500-C1 G

mg/l

[0056]
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

Samples of treated water was obtained directly from the outlet of the

shown in Table 2:




corresponding results of the treatnent. [0054] Water
sanpl e was obtai ned from Chi cken Farm Cage No. 2 at
wWO\y®e/0J8swmr , Sitiawan (Perak, My). 100 gal | onsP@F/SG2005/000083

sanpl e water was processed using the arrangenent shown

in Figures 8A to 8D. Individual treatnent units were
fabricated according to the §§bodinent depicted in

Fi gure 5B. The di nensions of each treatnent unit were
T”@% ured as follows: length - 104 nm (including the 2

@3Vt ati on caps), outer dianeter - 45 nm dianeter of

TeSCRSSGtEY T ackymitst he cavi tjaRésamiscap at t heMédthed Reference

9.5 mm |In the arrangenent shown in Figure 8B the

pii dth fromunit|3 to unit 4 ne@sdured 126 mm f ABHAA0-HB
o—eng—The—wdir-h—fromunit—t—to-unt—3Tneaspr
issglRed e endl| ®#le t ot al hei%ﬁ? of the uni A ®° @

TR PAcidRh Codinf | NefuidoRg the cloupliong device ahPHe9215D

inlet and the outlet) was 194 mm (with reference to

Tetegur e S¥ssol@pd | mayli cal coppefr3but er shells andiEoPiY B

ﬁ%]indrical copper support bars were used. Each
At ment uni tconprises 2 cavjtation caps, each cap

Ma¥ield 4 constrigf@d passage Wgys defined in|APeIA2340 B
recessed surface as described above. ln this

@deririecul ar exanmphe/l wat er was| bssed t hr ough| AR&A 4500-C1 G

Aoy £ 1

deviee—at—a—foWw rate—of —about—0+4+t+ters—petr—second:
The flow rate at which treatnment is carried out is,
MOV VRf detB@hbleestricted to 0.4 liters per second, but
may be higher or lower than 0.4 liters per second,
dependi ng on factors such as the size of the treatnent

' bei n E j f. I
ls7E  FioReBe Sisatts SY R Aysis L1 Bl YR PIERE e water s
ihirgdred fifonow. & @t@®3, wikiyh Denaapm hewlral pHNWaniaelt wf didsolved oxygen in
smal | er treatnent unit re used, |ower flo at es n%K.
the Walspnaepsed more tha St Mo sipificep Y 4B PR paRLeTACOuNt in the
ﬂ’%{eh \&\/ﬂtéljﬁrﬁ%ﬁéaesi 08996 20Evdl RheREE 3908 dAUREPBRed on the test
skilTl 1nt art>. [0055] Qualitative analysis on the
mahgl.e water was carried out prior to treatnent. The
St andard Met hods for the Exam nation of Water and
Wastewater, 19th Edition, 1995 (Anerican Public Health
Fm%?- ) TVE FudtRdr | 183MRing TiReddveselbtt the @lvehtiéh, ARALYELSindFi8. 5B was
abulated in the follow ng Table 1: Table 1 [0056] .
WSedhst purifyf tap rveatercebtaingde fromathe qwbhis water dupplyt inylakargn{Indonesia).
&t e 1;trle.e(:f’ctrnecr)lft, t Q Svater 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.



treatment device. Qualitative analysis on the sanple
wat er was carried out once again. The Standard Met hods
wo eneodss9EXani nati on of Water and Wast ewat er, BOI/RG2005/000083
Edition, 1995 (Anmerican Public Health Assoc.) was
foll owed. The results of the analysis are shown in
Tabl e 2: Table 2 *ND = not detlgct abl e [0057] Conpari ng
the results of the analysis, Tt can be seen that pH of
{I\}gx L?i S|ncreasedfrom48to63 whi ch i s near
ahis G{aRp EH Amount of di ssol ved oxygen in the water
i ncreased nore than 5-fold. Mst significantly, the
totaf b [ t dr opped
Si gn!’lfl %g%ﬁ%/e?fofglé%{fﬁge g%afs lgpgglcﬁ)%v\%@h%t det ect ed
based on the test nethod. [0058] In a further test
using the device of thelnvent on, the ¥|ce ﬂFJ[é} N
5B was G5k8S fe&HP?fft;}m{t%\ﬁ"%ﬁftS 35S FRan FPephgnit Comprising:
public watgr asi4pRl Midth Jakarta (Indonesia). After the
treatnent, the water was found to be free of bacteria
(i.e. Dbel ow a ligwiccoutlehl e | evel based on APHA detection

hod Th d I f
for hunan SotdtiperBRedRat T Binieuhe e i it i fia tiquia
for treatingoageteons |iquids, conprising: at |east 2

treatnment units connected in seri es, each tr eat mant
unit conprPsicAytationaindpeing dneans dor indyeing ¢avigationt Nepn aqueous

Qa flow co aid liquid
inlet to saimgﬁﬁdgg%% t{)ehft.éid Jfayd &Q%E%Sﬁgglg{n%tl on i nduci ng
means for i nduc¢mum&vn&ﬁmo pravidedinatafieldiouil Inleuind/or ahe liquid

be treated, fal d neans Cﬂ} sl ng .constri ct
ee\fe

9
provi ded autleh&r ipgrgpeing logita 06 g wepvahﬂlado £1eBy reducing
for incr eaﬁdgﬁ@gie@ﬁuéle' ocity of the aqueous I|iquid,

t hereby red ['1quid pressure.
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.



2. The device according to Claim1 or 2, wherein said

nmeans for inducing cavitation further conprises:
waele®ekhessge neans | ocat ed downstream of the conBCT/EG205M00083

nmeans for decreasing the velocity of the aqueous

liquid, thereby increasing liquid pressure. 3. The

devi ce according to Cainms 1y wherein said

constriction means conprises at |east one nozzle

havi ng s ‘1"?9 devied Qctc'ofcﬂﬁ% t& @aﬁmsﬁ o2 Gt @ﬁ)leféi'& RailiNRhstiBfon means

pressure of aqueous l[i1quid in the nozzle i1s [owered

bel ow t hecorapidses 4moedsur e of the aqueous |iquid,

t hereby inducing the vaporisation of the aqueous

liquid. 4. The device according Caim3, wherein said

di schargjeThRaRsice WRSriR@StoACHiRC hahlbrel2 8icORkib i dah Bf the 4

cross-sectional area selected such that the pressure

of aqueousozzlepirrel airmget do de Setaelfecanygigime, ise thatithettajectory of

above the_vapour ?re%ﬁyre oﬁ¥;he agueous liquid,
t her eby i MEFPRYSTHEIG IFRBE GTOGHEY SPBFTe8Ed aqueous
liquid.5 The device according to Caim3 or 4,
wherein said constrictjon neans conprises 4 nozzl es.
6. The WeVvhedlesice geenirdigetto Claimnm.svharpiarthe ft porzlesxarg arranged

of each of 4.n0z7| . .
o e, oG aROARLER L EBELPTHEA LAIRE ADAUAILY: dnece
l'iquid | eaxnbagpirdle nozzles converges. 7. The device
according to Claim5, wherein the 4 nozzles are

arranged such that the trajectory of aqueous liquid
| eavi ngg t ok Gcdrding! th &y Sshel O Clafin$ R 68, fither [&fnprisi
devi ce%éclggfr:gflgﬁé tedoc énlyr/lgone f Cell‘glﬁlrrvsa 1 too7,’ fur%rher prising
conpri si ngoupding| mergs feanavéng equeoey liggddtpne ous tleatquentiunit to
fromone treatnment unit to another. 9. The device
accor di ng™Y* ai m 8, wherein said coupling neans
i ncl ude

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.



u- bend connectors, 2-way dividers, elbow stem adapter,
equal el bow connector, equal straight connector,

wo eovalogseatapt ors, nal e adaptors, reduci ng el boRST/SGCEOS)00083
ells and threaded stem adaptors. 10. The device
according to any one of Clains 8 or 9, wherein each
treatnment unit further corrpr'?f.es securing neans for
provi ding a secure attachnment” between each treat nent

unit an e coupling..nmeans. 11. The. device,accor.din
to d ai %ti%le (&Hg%)g?cﬁg@gg g ﬁga%%sng!t% g%’p‘?di%:egeelg ﬂée?lShape of
i nner sl egye flee a¢RBlpatmdnt€isoukleeted Ofrotthahé | g@lup consisting of
treatnment unit that mates in threaded engagenent with

an out er sybedrisal gebpidpngdidopigestippidet of the second
treatment unit. 12. The device according to O aim 10,
wherein said securing neans is selected fromthe group
consi st ifHghef deveopicesdingntof aryt omgst Cldimsdetb 12t whergs, the flow
bul khead fittings, and flangeless fittings.13. The

devi ce acEBP@RTIgERtols Ayl sShapedgsaidnplar shepe bRpg b pnnular

t he shape t r; B t r t :
group conssﬁé%ei (%gn%# 8%%?%%“&%% %Srlé%(glg? gkﬁgrﬁ o' clglﬁndrlcal
dome- shapedverl4. The devi ce according to any one of

Cains 1 to 12, wherein the flow conmpartnent is

annul ar shaped, said annul ar shape being the annul ar

space def iRAINREWREHdd: k084t Y4 | WHEkEAtheCREE &MFhdABal core
outer cylindrical cover. 15. The deylce according to
C ai m 14, antler euter tdybininepdreoygl coraprissala owitasiahsgleeted from the

outer cylindrical .cover.conprises a feri c .
fromthe gg?"%lﬂ)p R sgﬁngt ?%ﬁ%cq@ 3! gtleer%i é:rsggp egt é‘g}‘?%%ﬂé‘gp}érgg’ nickel,
al um ni uMchid@ilm, thelkBlsnued)r SahgHResediNdEEe Ndtbon and a mixture
manganese, silicon, carbon and a m xture thereof. 16.

The devi cdhefeefor ding to O ai m 14, wherein the inner
cylindrical core conprises a nagnetic naterial .

16. The device according to Claim 14, wherein the inner cylindrical core

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.



17. The device according to any one of Clains 1 to 16,

wherein the flow conpartnent is sub-divided into 4
wG@aiveoesspar t nents. 18. The devi ce accordi ng t oP@NYGZNE000083

of Clains 1 to 17, wherein at least 3 treatnent units

are connected in series. 19. The device according to

Claim 18, wherein 4 treatneng units are connected in

series. 20. The device according to Claim 18, wherein

5 treat nits are connected | eries, ~21., Th .

devi ce 222%?3$ﬁ§6?$x§WVg ﬂ@n%Pm%?Q?%%ni?ﬁg2§OWh%E§%%?%atbaﬁ
said at | easdatrderdtiBat AR HrradBed Witliih @ HRFmhatiaelsl seidetl housing.
connected in a spiral formation.22. The device

according to any one of Clainms 1 to 21, wherein said

at | eas treat nmen i t . R :

ner et ki T kT e e g SufbECRRAS 1 1 22 Bndlcin the aqueous
to any ondigafd ol 5 reatdd iDselsttedviian aiaturhinpreaigitatnms tap water, sea
liquid to be treated is selected fromnatural . .

preci pi t atWas; iIndggirighyater, gsupd sty and W%I@%’i’?sle%ﬂl%\lé‘tf@%ls-

ground water, and water-based |iquid foods.



