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30  Cavitation is a phenomenon of formation, growth and collapse of micro bubbles within a
liquid. In hydrodynamic cavitation, the pressure variation in the flowing liquid causes
cavitation. The momentum balance equation predicts that when a fluid is made to pass
through a constriction, the static pressure downstream drops due to an increase in liquid

velocity. If the pressure falls below a critical value, usually below the vapor pressure of the
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25  Another reference may be made to US patent no. 6,773,607, wherein is described systems

and methods for annihilating non-indigenous marine species and pathogenic bacteria in ship
ballast water. These methods rely on adding a killing agent which needs to be stored on
board. However, chemical disinfection techniques suffer from disadvantages like formation
of possibly carcinogenic byproducts.

30
Reference may be made to a similar US patent no. 6,773,611, in which apparatuses and
methods of a ballast water treatment system are disclosed which includes a control system

and a ballast tank system. This method is also based on adding biocides for treating ballast *



met hods for treating ballast water using UV or chem cal biocides or killing
agents. Efficiency 20 of UV based system degrades with scale of operation.
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journal s, muomms%m;ewmﬁwmwmnldéwoawo89 A2, are described apparatuses and

methods for treating ballast water using UV or chemical biocides or killing agents. Efficiency

20 of UV based system degrades with scale of operation. The use of chemical biocides is
undesirable due to hazards in storage and formation of by-products. The method does not
allow ballast water treatment without the occurrence of chemical reaction.

A European patent EP1517860 and an US patent 2004055966 describe methods that involve
filtration of water through membrane filter followed by UV radiation, which has certain

25  limitations in achieving the required efficiency in eliminating organisms as well as filtration
rate.

In US patent nos.: 6,284,793, 2004129645, 2004099608 and 2005016933 Al and a PCT
patent no. W0O2005061388, are described methods, that are based on chemical treatment. In
this method, the organisms are destroyed by the addition of per carboxylic acid, hydrogen

30  peroxide, ionization gases, chlorine dioxide and cyanide. The method relies on several toxic
and hazardous chemicals. The method does not allow ballast water treatment without the
occurrence of chemical reaction.

Reference may be made to US patent 6,171,508, which describes a method and apparatus for

treating ship ballast water based on oxygenations and de-oxygenation. Oxygenation and de-
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30 water treatment apparatuses and methods, but also provides additional advantages.

Another object of the present invention is to provide an apparatus for disinfection of sea
water / ship’s ballast water and a method thereof, which is based on the principle of

hydrodynamic cavitation and is comprised of cavitating elements in a cavitation chamber,
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A still further object of the present invention is to provide an apparatus
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pr ef erabl W‘EBS{BSBbwl&ga‘ﬂ?*’;flca)r@atsmast punp as found on many ships is adapt ed

to recei ve yatifhef agéet %Fth%ﬁe%érﬂ%lweﬁ\@én% tSHBVIAS affishaliBs BHOFNMREST oftsBs ough
the cavitati ng chanber. 30 The system may also include a re-circulation

means t hatvatesk skipinchallpst water jgad p aredlior dbareoTawhich és rav, dupieyed andhesolaierdly f r om
the receptagle, ¥t 2ad £ GHT 19&&%&11@& Qo B0 Sn PO YeSoRORA wiltemiRt er
through the caltatlf% ack into the receptacle. This

re-circul atqdd'matrmumstheelpm,d\fhmmayemuﬁrvmeef erably, is nonitored for the |evel

of m gfo r

it onar P gt e SR Blesid shiafiide Bh vl et for B heeRon PP T
The numer sagr OBjipsbsllandataduaing mgthed therepf) thap reswizes minfryem tistadlatien drepen
readily appa th f ski i of
tho ol | oRp b cabrar P AR EISR oot Sl sRlc A i el ok P (B K ERELAD
nonet hel esichlthanshin &¢ nade avaititde torthentssr mﬂustrlme apnelaﬂ;tedy lampecesi on when t aken
in conjunction with the acconpanying drawings. It is to be understood that
the inventionis not limted inits application to the details of
construction and to the arrangenents ofs t he conponents set forth in the
foll owi ng description or illustrated in the drawings. The invention is
capabl e of other enbodi nents and of being practiced and carried 10 out in
vari ous ways. Also, it is to be understood that the phraseol ogy and

t erm nol ogy enpl oyed herein are for the purpose of description and should
not be regarded as limting. There thus has been outlined broadly the
nore inportant features of the invention in order that the detailed

descrl pt| on thereof that foI I ows may be better understood and in order that

A r-a: 1 o " b T . o - .




The objects of the invention as outlined herein above, along with the
various features of novelty that characterize the invention, are pointed
out with wenvimshasity in the clains annexed to and for rCmgNzoopasoudsof this
di scl osure. For a better understanding of the invention, 20 its operating
advant ages and the specific objects attained by its uses, reference should
be made t dhe meeserddovRuSny PrAyides Ani apnratan dorddisislertpmi ofescrawaten /b aibialast t her e
are illus t i ] i Nt 1o p t for
G 5i nf ect Mo e SN wERHR TLIRRRS: By HibriiERl il com IR PRREALE ]
t he 25pr edeltast iwates rirdatmenh dwvingen cevitatisg rchereberi whidhgbouwsss fingls 6r ofultifie

dr aw ngs I I T i9n. Flgure-. . t raw: Ngs
acoompany Ao Ry Qul bl G Rl AL by e B Bl B RRS  e
current enbadeinehillast withearSyst @nfetpalt thet ik adappdd toadxbelshe wedted billagtavaremnt

construct in_accordance. with th rinciples of the present jnvention,
wher ei n: ?galtethé)l }Igeagrf geétoé)ruoflar% a]%rgﬁlg ﬁr’ceélte?% tg‘%’é i Gtrrgnd;gﬁsé?ﬁr {é%osu Eeth%auges
4&11Heat exvdhatngerambbrdofiaisinigadavitating kmeets SvhedMd hydrodynamic cavitation occurs
2007/ 054956PCT/.1N2005/.000444. 6 al.ity control .checks 7,14&15 2/ y
Flow di verdrgrPrGATRC BT b SR Bme vty Skt RyBelsd oo selesds Con ekiete gur o- 2
r epr esent shraughrtBy\oitlet OOV NeceptNss vl ik refa@ibl bedptibadliyngbaiagnie: Thavhi ch
forms _the i n caonponent of the proposed inyvention and is one of the
enbodiRenfihoe ferhellft Pata TEHE BT BT CPBPrIeAE B R SeitataT HPshent
whi ch can chgtatitis éiakdbehol poddsSfuktRer dMiEQion 'and nfal ARG §8c1dddFe GRMidoahé Kter
el ements Figure-3 depicts exangl es of cavitating el enents proposed in the
n

present i REOH rdesBe hetwéd tanbe SppetdingsWrervays dront dhe respptatle.subightier /

ship's ba?ie@é&bly\@ﬁﬁf tibh @R BMhst bk SOREmbIRIE LG not ekdIGiNy, 4 dIRBI B9RRBES a
fl ow chart of net h_oé)ol ogy used for_ designing and optim zing the nmethod and
t he appar &twpéer corduicennerieng tp swramdise Fpatepudsast wat er proposed in this

i nventjson. The nore detailed flow chart of 4th box in figure 4 is shown in
figure-7, wherein is given the nethodol ogy of applying CFD for optim zing
desi gn of Adisycli, tifeegenerpl purpose of the present invention, which will be described subsequently

in greater detail, is to provide an apparatus for disinfection of sea water / ship’s ballast water
and a method thereof which has all the advantages of the prior art mentioned heretofore and
many novel features that result in a system and method for ballast water treatment which is
20  not anticipated, rendered obvious, suggested, or even implied by the prior art, either alone or

in any combination thereof.

The ballast water is passed through cavitation chamber comprising cavitating elements. This
may be achieved while ballasting and de-ballasting. Preferably bﬁt optionally, the cavitating
25  chamber containing the cavitating elements are connected in series to a transfer piping
through which ballast tanks receive or expel water. A pump means, preferably but optionally
a ballast pump as found on many ships is adapted to receive water from an external water

source and may pump water through the cavitating chamber.

30  The system may also include a re-circulation means that takes water in the receptacle and re-
circulates the water from the receptacle via a re-circulation pipihg means and re-pumps the
water through the cavitating chamber back into the receptacle. This re-circulation means,

optionally but preferably, is monitored for the level of micro-organisms present in the treated



20 Figure-5 of the drawi ngs shows a sanple of results obtained using the
nmet hodol ogy depicted in figure-4. Figure-5 represents influence of

fracti onavoapemsaesea, hydraul i c di aneter and operating PCEAN20E0@A44

di sinfection performance of one of the enbodi ments of the present
invention. 25 Figure-6 shows a schematic of an experinental systemused to
veri fy thavafenyEhare @retf oursanaddiinsal &eatvsest of the hiaveition thacwilohé-tlescsibed wat er
proposed yg.iRg.Present invention, wherein: AChallenge water tank B

Punp C Fl ow regul ati ng val ve 30 DPressure gauge E Cavitation
chanmber FThe nu@etolie objpa andaadvantagdsi af the presat itvientialy will bgscaildy eppaust tat ed

t he basic | .of. t t for-disinfecti on.of sea water /
ship's baﬁogés)}télf %@gﬂ%}ag%g g tﬁgfa ﬁg"g&t[‘ %ellrég%?g 8]; ﬂlch{reOﬂ(f)‘FVlengeér)?{caﬂlg(rilvdzes'nctn ipﬁﬁn QF usi ng
hydr od$ napresentlg\préfartddo hutvtonetheleds|ibussratives Binpodiments efithe wadsetit inveation s/h&ei ng
transport f.rom.one. port. to another .whi.l e.bal lastjng an e-bal | gsti ng.
Vor e par t Feh 2 1o EieR oy off ASPhREDA proRansy 1€ Pelet He Aot Bt 1

cavi t at i omveltambér néts)iniaé iwaite rapplivhtde toretan sdefaily ) oft bomugdtionhaeh teeke Wat er
enters from outsi.de vessel . Th ter, i hen punped thr.qugh a pu 5
means, sulhEETCHR,Of tcompﬂﬁnésdsegé&% B 3%‘E° %Besﬁ@}o,n ‘?rrfﬁBg’ﬁFF%i 1ﬁ|t€%) por t
on cavi t atifadinggTREGEVen(iby isafabitddat dtier tehibodigiinid@ad oE¥GRAPEEcel 4hd cath&d

exhau {) gases fromthe fﬁé&)s engi ne are us&&}i n this heat exchanger to

mani puf at 8% HeVaronh &Ext (800 11 K bR Ainfersipodyinet the Riraseolagy tand EBNPIaEY on
chanber ( ahploy&tneeady hib 3br (RO GPE R HesENTIRA aBE ShodldSIoN B RgMeds lirhinhe
cavitating elenents conprising a single or nultiple orifices. The shape of
the orifices can either be 10 circular or non-circular and either with or

Wi t hout shga&P 1RAIRS beehutlide8 BredIyoRE hed iRk Ght fedtufRYTPAL il @bl BE order

cavitation chanber (5) to the shi'p's ballast tank (1%. A quality control
check canthsbthgseriedigascrsrtion tharepftthas follosws graycheebettgy ungierstpod iine am pidgt Bahet hod
to Mokt ofhetBe A Akt ibMicRto th@%ﬂaﬁﬁag%%%gum@ﬁgmtw. necessary, the water or a
portion thereof in the receptac 8) may be recirculated with the hel p of
debal  asting punp (9), through the cavitation chanber (12), and 15 back
into the I 8. . di i i l.ve

pr ef er abl gﬁigﬁ%}%t" ?g{r?a%r%ﬁggtaé%ﬁﬂﬁlg% hgleglagndg? %vréﬂc):&(%:‘fv}rﬁglﬂ?{eegar&§ St aéu%sua ity
moni t or i ngowsity ttkan chitacshipulig ipgentonedret prated loat meth hortiantrdity e tlap phimat us
represent gl%e%(&ll tfolag(&I If%_n%‘n Cagéjalrp onEis ld%gl%glgg 3 %et%erll IuRctle%tanacﬂl%/g c?tetﬁlé &l Inqgn,l I ner.
20 Fi gure- represen‘%s & df an ng Showi Ng Cross section o Cavi tat ng
chanmb2® (it¢ eperatngbad@ditagen ahd ghelspaeitic iobjents Bttained by .i)used, tréfetateasosldobe
arrangenent .o avitating elenents and inl.ine connecti flan ... TIh
cavitati nﬁla%&)ﬂ%‘ rac%?mpc,afl%%Idgar“,’mgseacﬁ%a%éﬁfp&y © 58T Ml 1°8?‘h%? 4 E‘?ﬁ‘:‘@m—s{%ﬂgt i on
shape conpirteaeant@idirfensd sfghecin@entionl ti pl e cavitating elenents (2) in the form
of plates of nmetallic, ceramc or plastic materials of varying thicknesses
pl aced perpendicular to the 25 direction of flow of fluid and positioned at

uni f or m oThd&patatiis frer diRisRECINNT sbdwitBe/ shag6uliat whtdrQnd Q@ndihdiBEerbdteoriigd di ng
chanmber dianeter. The cavitati nag el emrents are mopunted. and held in place by

means2of BSRpPVEHiondie basc Hasraed infiguggsnlgtoge of e dawkenacompaydes iy . The
cavi tati ngegliesmat s (2) are provided with single or multiple orifices of

di fferent _cross sections, such as circular, triangular, square or

r ect angul Bigushlapfeheitapyings aggommauying i speefieption rauesants aureasssaflew diggiadn of

Cr 0SS~ SectiR0AkAPERb AR 8f thh BRRARIRAIEhod Dast frheP RediB¥ntREnsdiubEd AT O
non-circular as stated above wth each hole having dianmeter in the range of
500 ni cr orsprdprretwithfthepmiricinl¢srad therpsesemiievenere whergingf t hese cavitating

el emegys is hgused iﬁalﬁsﬁpﬁmﬁ{akmh&g is having either circular or non
circular cross section wth appropriate flanges (1) as shown in figure 2 on
i nt ake and dilSchar gelngfidguinp be housed in line. 9 1In figure-3 of the

drawi ngs is % ioct edPrgggg{g)lag es"of cavitation el enents. As shown, percentage
open area, nunber of orl e , distribution of |ocations of orifices and

t he shape 4&11 Heat exchangers

5&12 Cavitation chambers



and size of orifices are the key design and operating paraneters. The
cavitation chanber 5 conprises a single or nultiple cavitating el enents
conpri si /yoaosivasgdse or multiple orifices. The shape of trhe/asziosH@est can
either be circular or non-circular and either with or w thout sharp edges.
In figure-4 of the drawings is shown a flow chart of a procedure for

desi gni ng a ne¥lod afalippented deeckor neeting the ball ast water treatnent
targets for agjat et proposed in this invention involves
sol ution of %%%gt ?@n‘gyi uclhg@r eﬁg%}%s (CFD) based nodel s and

Rayl ei gh- Pl es&et equdellsshtafilor cavitation coll apse for identifying
preferably bu§ not |i i.c a?rdetﬁ)m;(i) di aneter of cavitation chanber; (ii)
nunber of cavitation el enents: (iii) spacing between cavitation el enents;
(iv) fsactiond openHaatsauaed nunber, dianmeter and distribution of orifices
on each cavitation elenment: (v) operating.tenperature; .(vi) operatin 15
low r a oLt jeRRsrmeP daipe Hor PR PR BT Mo rghe LR et A hEEY . |

S ]t] ]9 ul d be tirah#al coriipdnefityf tl@i‘@d}isdsalginghﬁi_od ead fsashe @ &feé’e&r_lboginsdnmfcﬁ' Gliel i@¢thod ]
effectiveness, 1t IS essential to design.a syste | C enerates rignt
number  of SRPRE R ERRAIEY Yier AR BB NG PSR SRABRPOB cavitat i on

events is depepdess on perineter of cavitation elenents. The intensity of
cavitation events depend on percentage open area or in other words on
pressiPe drop GeVBERE €eshiti ng 20 el ements. It should be noted that
different mcro-organisns would require different nunber density and
intensity of cavitation events, Different cavitating el enents can be
fruitful | Jiauesetdenicisesemples oF caviatigrelgmeats prepogsstin thesBesepianyrpiipm Pl methed em
The over ab)q b RAE9 QN EQon S8 Sabtel thif §all 8 waRRTURLET: ifbiRicl eREl.OF 1S
shown in Figure 4. 25 The nethodol ogy used for identification of the

opti mum operating paraneters involves identification of type of

m cr ogkga 5 [ er 40 - on
vent & B o R o R e P e
and to quarsthoflynd thie lapgrsatusobor disinfeciiensofzead brldastivaterngoptised infthig finveption. The
per f or man | i i i i ) r@gﬁ r: 0k

hydr odyna?rt;r’[ll%(r:e é%%l?e?gtﬁévggha%% %éexcﬂ%%@? %gs condi Pl?%%lsrg?’or gl lé%br?get?e of
cavi t at i omeihndalogaeft applyingrCEY &t eptimizing desigrbef discipfessed as: Cv- P2 - Pv 12
2- pivo where p2 is recovery pressure, pv is the vapor pressure of |iquid,
vO is average velocity of liquid at the orifice and pi is the density of

| i qui d0 Unibare-5 dthk dewiihs tshowsss saagld dfatduiin opnimbdnsid the acthodslogpdepited 1

t hough under. sone condjtions e.. resepce. of. gases/solid particles
cavitati off &YFeEcd &ﬁmeé% TRpLesgnts (‘%?’?’ﬁ?ﬁ?ea?f%ﬁ fongl, 9heR & nﬁﬁ‘%{%‘élpc( gemyteh 2t g

nmodel s 5 opdr&tingSResstie & disinfebtod p@ramebetod dueadithd ebedimast af tienpostat
pressure field around the traveling cavity at any downstream | ocation. The
CFD nodel &VFMif8t ve sol ution of conservation equations of mass, nomentum and
energy on a digital conputer for a specific design/ configuration. The nore
detailed flow chart of 4th 10 box in figure-4 is _shown in figure-7 a/\/nerei n
i s gi ¢en FrHEFCREISEHR Sgymeic M SPagnestD sygrmaised i varhy heday gipdgpetho

di s-i nf echQf appdiats Fbithd disihRPrdnbr SElyBGRbH0R&H ihShd ReddRGBVeniBE Gitetin:ge0met Iy
of cavitation chanber/ elenents and generate grids for further

conput ati éns. Ghkedlepgocvatetialk i s to sel ect appropriate governing equations
for sol viRpg thlgmflrg/ow in cavitation chanber/ elenments. The flows relevant to
cavitation are i1nvariably turbulent. Several different 15 nodels have been
devel opedCt o sklpwireguiatingvdud ent fl ows (see for exanpl e Ranade, 2002 and
refergpces, cit erein). For sinulating the flow through the cavitation
chanbggl ?I eneﬁl?SsSh%e%rag%egnt to the present invention, we used the standard
k-171 nod&l t Caitatidnathemberr bul ence. The basi ¢ governi ng equations are as

fol | ows: ¥ (%c;ll)ecti:on%asrﬂc 20 I -kpU . (011U +

In figure-1 of the drawings is illustrated the basic flow diagram of the apparatus for

disinfection of sea water / ship’s ballast water and a method thereof of the present invention

8



-Vp- V-r +pg+T" pk2 Pr = a(pk) a(pCk) =(yr akj+G pc at ax,ax, cric ax,
a(PL) +6(Pui A atald(c arc pa) );axaxi k G = 1A [V(1-0112 2 WO

2007/ 054956RUI7T1sMA0051000444 These equati ons were sol ve#CmANZYs/Hioas4 e

vol ume net hod and SI MPLE al gorithm (Patankar, 1972) using a conmercial CFD
sol ver, FLUENT (of Fluent Inc., USA). The geonetry nodeling was done using

comer ci absisphydvadymamid ¢erifat@AMBIdh lifwsF shipto ireat. watdgSigt 4s FHiegtenpottet i onal

model was.eyal uat 0 ' 1o i ith - aurnet .
odel 4 ek 3bRd, bR IRNL L SELAR ATERREL R, B LGat,
accept abl eallastnwitst, tréaheemmsief awasitatior dhdntbes (S Haawater IiIﬂakeamehnpr(LﬁBShno_egH ield

in differeglt conf'ﬁ&uta iotns of caavitatio e e mul at ed
é 10e 11

h cha,[enb r{k]‘ | ement s. Tﬂe )
traj ect or FESTOFS FRUT (TEE AP BRESANEST VT BEFL P RFLPERYS aﬁ%‘ﬂ‘& SUEP
traj ect or mesnsy\watich &, buedotf rhitadibs e huBast pompclBRptintons tillet Raytl @i ghvitli@sset

equation. The fluctuatin ressure fiel redi cted by the D, nodel.s is

i ncor por afléaﬂneqeﬁf ogt b%%@g‘%iﬁ%n%ﬁ?a%e%éﬁ&ﬁf S%hatug( %%elséjf]oﬁj %éh@é\?‘ﬁ%ﬁ radi us
hi SL orK af@lfé uffs%‘tﬁi(n(t@ih hgdﬂ&ﬁqh@xﬁgeﬁgﬂﬁégﬁplﬂﬁé thg 8ﬁﬂperl %t&’regf ﬂﬁe)glé%'; Watst meririﬁrtﬁé/el i ng
with the fluyi see Pandit, and . te, ; nade,, : ce the

par anet er §2¥igot eharbst Eﬁg&ﬁ"eﬁ?‘?téﬁgrb W?bﬁ’f CORPEGR 4t Lneg 8" Pﬂ’ét%f‘? FPagingcrp

nodel s ar gletnB®H cHBBHsih® a AifelbrZBukipR @UREA|The GARd GfUha tohiPiBesOéanCatbd BE | ON
chanber. The nethodol ogy is useful to optimze the overal stemtoQ neet

) ! . S
the | M g6Fewrid@ensHOBa nd sitherayidy o WikpuRehD edgss H hniFeld Qsl?la%t RE'Arawi ngs
shows a sgpRh&l @fm ﬂﬁ%ubﬁa%o@maawa@@g bS8 Shib'H Ga1 B BAAS). Q0 uMiBPE b8 Helk
figure-4. Figure-5(a) shows predicted flow field for one of the enbodi nents

of the mecd rerareqsirioatotse prepsied) Pith eprrepriatn/apihobie. mignhe 48EBYy %S hows
st mul at edtﬁef@e&a{%ﬁmge(.g)? n@esGRY I e U G Brofbh koo S BERSEALAE (8 ndy/Bese-

embodi ment . Figur- ows simul ated dynamcs and its event ua

col | apse eifrcudated wigh ¢heclzelp ofydebpllagiimgpBiini|9)sthonnsh preeetivisation ohamberi (V). 82d vi ng
force for,.different i j ) re: L. dl.ssSLipatti.on per
ni ¢ dtas PR re B b BN RLAREIAAL 0w WG TATD £ BARARFh

di si nf ect bpiivnelly séfepiisedolyt hraédr aeatrelted tyuibh qaslity eronatieg systras dil slomld be
hydr Odynan})t%d (f\haaﬂhtﬁ ?‘rgelﬂ%%.' ancT thee aaBa‘%%{l? };eu§esé:n%mr Iﬁ%ﬁxse-fico%?%f)é %Eit@(gorf: QQ{%?{ of
cross sect?oh Such as circuldrror non arreuta shape housing a single or 25
mul tipl e eawichfatingtinel enent (s) in the formof plates of netallic, ceramc,
plastic materials of varying thicknesses placed perpendicular to the
direction of flow of liquid and positioned at uniformor non-uniform

spaci pg nPignieetireprrdelted dravihghaciag bioszatie wanitatiag theatge Gtemlives &a¥it ar i ng
el enents ar rovided. wi_ith si.ngle .or multiple orifices of different. cross
sections 'lgg. ‘g‘é’i ‘F%ﬁ:gfn, ﬁEB? e\ u‘ﬁeéarﬂg %fqaﬁ%'ilf%éanbfim Péé?f“&ﬁ”‘ﬁ‘% a?ﬁe pB At

di ff erent cémbéias Winghe MUk Ratitting ChimB oficirbuler, r¥dtinaomt of bakfy edgesroand with

a fraction of cross-sectional open area of the passage. The orifjces_nay be
oircul ar SiCUABFABY FRTAES Ofd e ARG eAHAATE STRRHG) lélth%fi‘%ﬂﬂ@f B8t er in

t he rangenRfaiR0Qe@hid B BlaSicS mbRribI8 WfMalyihdTeHi@iSsses placed perpendicular to the

25  direction of flow of fluid and positioned at uniform or non-uniform spacing in the range of 4

to 100 times the holding chamber diameter. The cavitating elements are mounted and held in
place by means of 'an appropriate mechanical holding device such as flanges (1). The
cavitating elements (2) are provided with single or multiple orifices of different cross
sections, such as circular, triangular, square or rectangular shape with or without sharp edges
30 and with a fraction of cross-sectional open area of the passage. The orifices may be circular
or non-circular as stated above with each hole having diameter in the range of 500
micrometers to few millimeters. The assembly of these cavitating elements is housed in a
chamber which is having either circular or non circular cross section with appropriate flanges

(1) as shown in figure 2 on intake and discharge ends to be housed in line.

9



WO 2007/ 054956PCT/ 1N2005/ 000444 Accordingly the present invention provides
an apparatus for disinfection of sea water/ship's ballast water, which
conpri seswe w@tmsu9sent ake neans (17 & 18) consisting of &chaNt@msvoowat er

i nt ake source (17) and a punp neans (18) connected in series through a
pressure gauge (3) and check valve(s) to an inlet port of a cavitation
chanber (5), optionally through an heat 5 exchanger (4), characterized in
that the i i oG e essant.i alel g d single
or nmulti pﬁg alflela%/éjiflat%% dgf‘glﬁgﬂ?sg df}%@e%lcéce fe ﬁfpée/avg‘?%o&l gl?gﬁitg %Hst %}3 %gl %e]ttl on
of fl ow operbéntigd opsmima,camiberet orifices, elstriitusionf 25 lasatiang of pafied aad thensbipr m or
non- uni f o I e j cayh tating ele 2
fractiona%ﬂ%%gﬁgggggaggu?ﬂ%n$%?%g S|n8?aué%pmm emléﬁ%ﬁ???%%pdx?ﬁ%routput
of the5satanmwires & amgbmrcmanﬂde rca\(115)1ng)elemgntpammismg1at sidgle o ngilddle byifidddcheck

. 6 h h
o 6 bt TBE ShaBREE e AR B Glkr b cBoatR o Wih-chb L &R eienl S Grioll, choci

val ve(s) kMupw@@scharge outlet In an enbodi nment of t he present |nvention

Seauat er  BHIGRS YA D Shus ek Soy oPAES T PERG R ertla Ao tor tche

present i Epfﬁﬂﬁtdsofd)r rﬁé&ﬁn@dﬁ&bﬂ&@tn&a‘&:ﬂ%aﬂrﬁnpfh@gew fi 9T ¢apaciff TRUMRGh&LICh as,
but n é limte to a. bal | ast yet anot her .enbodi ment of the

present i APRAERdR T iﬁeemfeatlneﬁm%éﬁbeim (’ﬁ)’orfl@t?:t%?ﬁﬁle@ilédlm@“%(@H@r‘@ﬁe%our ce

such as amst@andad ﬂaﬁ@iﬁﬁ-@%s@f ediRtiBP GorkdaGitdtioh Rolld}Be ddrtiderityiSs GRMRAMLy B00i ne 20
exhaust gases fromthe ships en In still another enbodi nent of the

present i ARFHRIGNO (t‘)h‘é‘alé“ét@‘i P%?qvgﬁl%lh‘%i’l%?r (1)) nynabeg fof cpdtators glepiepts; Giikh as
circular Qfacﬂﬂ? el def tehafaue}p%reelem%S(ler&éﬂohm aieh ROOsiC urRiERodh ABet o the
present invention, the cavitating c houses a single or nultiple
cavi t at i ngis@ibsienef asificepyn Paf?htch%itafl@m Prlle@Fntp ‘étoegraglaﬁzﬁﬁmgfabﬁe i) #perpdng

cera C rto
Che ai eofr b TPAGIGRLE iRt Tehob g E oS SR B O T RERAFRET Lt
uni f or m ofor goswring |t1ﬁfo¢lemrecbamrailgdlﬁm@nmwefémdvelmeztsd1t|1$1 egsbmb thgesippamnsyseoch as
fl anges. ci ng
bet ween sugwhgﬁﬁx%gggg|ta |ngqgﬁgﬂ%ﬁ§éfxgﬁsgf% Zﬂ%gﬁﬂ%&%% 29% h%§8§€$nes

t he hoId|ﬁgﬂmhmﬁbems6uhneﬂen9np@mad@dﬁaawumpﬁeknmmm’ﬂmnmummyofmnMpm31ng. In
a still f e di_nment of -8 i nvention cavi tating el enent
s havi ngtant epPRa UsTE el boch 28eaft 4F flbr w8 B e Gon Uop Bt B e
hol di 2@ cblamh&g Itslmmkl ls::emttecbﬂhaﬂ differeny mmmaorg&imnsawyﬂti réqmnfe higiferentinodibaent  of

t he present i nvent t.he .cavitati haV| a.fractional open
area’t o SO beRa o PR bbb R ek Ble g dieafita pe GR R b Aoy
non- Ci r c Uinakrie dr in urallsd tohuptitnihies @eeMiggsiemwher ei n each hol e i s having
dianeter in the range of 500 mcroneters to fewmllinmeters. In another
enbodi ment of the present invention, (i) the dianeter of cavitation

chanber; fhd dverdiOmbieddIeHTORE d@sﬁgnCcﬁVdeblaécu 28 Wk Minfectof id shbwhhe FERacing
between cavitation elenents; (iv) the fractional open area and nunber,

di aneter & meihodelogy, wsesh fasidentificationsofs the coptimuay PPerating, RAARERE YOIV ' t he

oper at i nGideAREAH ¥f Sype( ¥ InidrbiRgMRMsAhdd Bstinta@NE rédiled fih@UiNe! Ainbat: of Vi 1)
t he nunber of re- C|rculat|ons t%rou h cavitation chanber; are estimated and

conf i gur eepviigiioneverprpthedtaylsigi Plesseli eauﬁyaﬁaws,eg tp cinpylate g6y dyperaics anthie
Rayl ei gh- i
ylerg ﬁﬂaﬁt‘iﬁﬁéougéw A b&ﬁnés%%%%gﬁ%ﬁt?sidggﬁt ﬁgkﬂf@rﬁfaﬁee BHGRAR n&%& (@v)

described. In"ay anot her e present 1 nvention,

qual i ty cheokmpoitant pgijeies iphysirodyaemigi cenitation whidheddcsles tlmaqea@lltlensofor the

TONT L9 | gt ol h Gfard hERLRRRNRIEH be SOLAA AL T anot her embodi ment of
t he presen I on

I nven t'o enabl’e re-circu lon-of the treated water or a

U

portion thermofpjf required by the quality chegi point (6), the discharge
outlettf theisai,d di scharge punp (9) being con %ted t hrough a pressure
gauge (10) agﬁﬁ@heck val ve(s), optionally through an heat exchanger (11),
to an inlet port of a cavitation chanber (12) having single or nultiple
cavitating el enents and back to the said ballast tank (8) through a

25qual ity check point (13) and check valves (14, 7). Accordingly the
present invention provides a nethod fopy disinfection of sea water / ship's



bal | ast water using the apparatus as herein above described, which

conpri ses subjecting the ballast water to be treated to hydrodynam c

cavi t ati oNolyopsmgscng t he water intake of sea 30 water PCOAN2OSA00HY
pre-heated, into an inlet port of a cavitation chanber having single or

mul tiple cavitating elenents, the treated ballast water being passed

t hr ough awberalph tiyy recheck prssund, py s the bvapdrasessurarf lignids s iscavemee neglotibeof r eat ed

wat er or rtipon thereof if required .th | i, check. for .further
i ody na B CRJRE St 580 /0 i, TGN of o TR idek SOR pn Bt e

bal | ast wafeRfablp obird Fated 1 shoapi uadealsoyne proadidaiseelgt pregentempeastbigslel i n t he
range of 10 to 70C. |, I n anot her odi nent of fhe pr t. invention, the
vat er f| ofFrHHES cH iRt maY ﬂ@ueﬁﬁ]v?a%-%%@rl S dyn @ﬁ?‘?ﬁ&baﬁ%ﬂlﬁe&m d

vel oci §i egreak& toRirhllgte TRWGRA A prdicPthd BldtaitaBeouk Presiurd Heldneiuhe theardyergrent  of
the present _.inventjon, the water pressure is in the range of 0.5 to 150

kg/ cnR. 16AVitH abHydewpstEsddasaliit of the present invention, the method for

di sinfection treatnment of water using hydrodynami c cavitation is al so
suitable for a wide variety of water treatnment applications including but
not |imi t &b EBDvRasieliaabye sehiiap ehearecrvatigr icavations el magspneeentvBAad eEBl and
space apphy & afei@Smphie} fRALpAAE @RRL GafibRAfon, RIMYA deRIEd Abwichi 6t 4Nt
applications. "15The "bal | ast water disinfection treatnment herein described
pr ef ed@bl Yox indigyte-h it shewn inuBgwe7ywhaein isgigercthe mestodaleogy Reapphiige pERPEr sea
wat er thr cayi | Q0 Ghasb i i e y:. Qyt imted to
a single %&gﬁﬁ@?#%’%hggG??gglng'gﬁ%ﬁﬁﬁtga’Egﬁgpa%?éﬁakﬁéquﬁgﬁ%é %%?;mhich
may be ongeanretry of @rvitsion thambep'sslengintswnd sgeasvate erid$ fayrfiilzer eomaytstiensr Floundi ng
the ship into th r L.RLN p . ] d

t hr ough pPee eSFegb ytE) ngiggt‘lfﬂpﬁﬁ%rﬂh %Vfg@g&f%qugﬁ%éaﬁdpg@gﬁgﬁggﬁowr#eéae‘ﬁ%?%g

sour ce t oclimedker/ tkirentsdlterflavesyrelbenatoshetadian dresowarieldy curbulenthSavelehdifiarenh t he

art, ch as .steam or .engi ne, exhaust ot her nt
ot 308 O3l R PR g S BRLRE R R B Rr oy O o SRR horle 882 and | ¢ e
wat er i nt adf@eces Citsdeazin. vk sinsulgtingnec flew throughthe cavitatiah ichamisdaeteents The

" ecept acl EYGPIG TGRSR MRS R 10 et BB CIUBE 500 Fonal 1 y

a bal | ast pis@ydolvSrhing EaBativas &k a§ foiatveent start-up and shut down will coincide
with the vessel's mat%;&#@tgkif—A recircul ati on nechani sm nmay be enpl oyed
to further treat water”’ th k%eed for such may be determ ned by an
approppi ate quality check system Though at present, no in-line nonitoring
sensors are avail abl ed j ch—baeteri a d be unt ed. However,

el sewhere efforts are}%gaﬁﬁégﬁag%mﬁo‘dé§§§g&§§ﬁ§$ s for detecting presence
of specific pathogens. If a re-circulation nmechanismneeds to be activated,
the shutdown operation, prefer@pl s 5h ghsoptyonal ly, may be controlled
by a control panel neapgu, Enuse+it €4 Mm%ﬁﬁ%ﬂunderstood t he appar at us
and nmet hod of water treatnent y O ds Por non-chem cal, efficient
treatnent of water. \Wile an enbodi nent of the apparatus and net hod of

wat er 26r eat ment of the pre€gsmt’ invention has been described in detail it
shoul d be apparent thét Trodijications and variations thereto are possible,
all of which fall within the true spirit and scope of the invention. Wth
respect to the above descriptioon then, it is to be realized that the

opt i rum di nensi onal 5@__}¥ﬂvdﬁ@h;p§§_@ﬂ§ﬁtmg rts of the invention, the

foll owi ng procedure nmag: be gsed. Fheoved r_g%nping t hrough the cavitation
chanber gets disinfected due to hydrodynam c cavitation. Whenever water
passegpthrough the cavitation chanber, cavities are generated due to the
press

e fluctuationsapes@aligg frdfmtdse ehanges in the geonetry
DRI o e

encountered by the flow "Thg, genepal £, Rfhder go various” stages of
the cavitation phenonena before 10 vi‘oléntly collapsing, resulting in the
rel ease of |arge magnitudes of energy and highly reactive oxidizing

speci es. The oxidi zi ng spé i§@+ﬁﬁ§jbonditions of high tenperature and
pressure are considered re nsi for the disinfection of the

m cro-organi sns. The quantum of the oxidi zing species and the magnitude of
tenperature/ pressure, hence the disinfection efficiency, is dependent on
the geonetric and operating conditions. 15lt should be noted that, the

opti mum di nensional relationships for the parts of the invention to include
variations in size, materials, shape, form function and manner of
operation, assenbly and use, are deened readily apparent and obvious to one
skilled in the art, and all equivalent relationships to those illustrated
in the drawi ngs and described in the specification are intended to be
enconpassed by the present invention. 20For exanple, any suitable

o, o o, T



30 pressure and volume requirenents nay be adapted to conformto a w de
variety of ships of a variety of shapes and sizes, and a cl osed

recir cul awvoano7gsesem and et hod descri bed nay be transf ecahNmof/n@aasone
receptacle to another. The invention may al so be adapted for use with a

wi de variety of punps, receptacles, cavitation elements or sources,

pressur e Vedsvegations wirheolvedBimnHmc0a56RETd NEDIDRIFD dgaritbonbafalrs t hat
are requi b hecl ﬁ)ﬁ [ I i @ S@he QLoithRer

t r eat ment E%E%&Pén@ © egﬁ%bg%igﬁé‘?aﬁ?@%ﬁ@rﬁ 051%'01" Pﬁgspr eesgnc{ I nventi on
i s capabl moddlingtves idohe iisigg trazaerdielisfivrgacillshSAMBETa(of EtieninbalUSAgt Theat er
stored in_a ballast tank to effectivel rovide. tr ] ast

wat er. Th&fR a@@ﬂaﬁﬁ@o d?gw%soeﬁgﬁatg?go uggut?leﬁalgta%% 1|a{\;:g%§fr1ﬁq§9%¥r§%rﬁél %?dlur?gi pl es
of thesi nueat ¢stblisHing tHaekhesess hmaericalieroroase witlin faccaptablenEmas) dhe hedeglewaswi | |
readily occyr to those skilled i e it i.s _not desjir.ed Lmt the
i nvent i onusceg 1 |§Enesty Wc%ﬂsﬁr?ﬁﬁgﬁe?feiy%%%%%gﬁ' %(}nﬁgﬁtaté%ngv(\ﬁ Cﬁ‘r’]lga%a}éggérb é}d, and
accor di ngkiymemds.| THEWikalklee trfdidiies af taities and pesgiiiry dlvelotisy hizjorpelongsweit ed t o,

falling within the scope of the inventjon, 10 The novelty of the present
i nvent i onTHELPRSS VP ftﬁli?dcébaﬁ? feapgpt t°81CB£59/rfsd8P-E{a?@}g§1%ill?fé‘ftyequ8{\/}\?%g’fs ° and
eco- fri endhatuARPradstie A6l predifed vhamedCEM hydblso thy hbiporagay intatai bubbleor
ef ficient and econom cal _disinfecti ter / shi bal | ast. wat er

I on of sea 'S
by si APl ydypaadgsrguation to Pham; HFay é%‘{;‘ésd“ﬁ%rtyé‘lndtt %@Weﬁr%@lfrgs F 2587 pl e
cavi t at i 0 GRANREESwAVeHS Wih BHeTEkE(sQ Patk bidG65td, 2001 Ranhdd) 3002) CDRB S
w t hout use of any chem cals or any chem cal reactjon. The non-obvi ous
i nvent i vepaemgieisforgeasiptingmdpsiserbcayitatipgeaennyp dditted, ShBpedalsyre ﬁ&?ﬂé’is?‘p;
single or to”wtﬁﬁigé el aloh R A RN aSitatioR ARAHALAL TRNIEGLABIOEy RARe@NES Or M
spaci ng and ‘each el enent conprising a fractional open area in the form of
si ngl e or optirhizé the evesall fsys@ggtogmeet;thngpguldzbnwronrb@Has PRgUreMEHape with or
Wit ho sharp edges, enables realization of the novelty of the apparatus of
the present invention. Further, the non-obvious inventive step of
subj ect i nfigutess ofthe dratvings shawsasaale of resplis obtyinedhitingthe megodelaze Awmtteds
realizatign.of no ty. of ~' I
R R L T e B R A
t he per f omnbapperatul rapobeerih $tis twersiont Figureds (i shawsssimuleteditgjentodies ¢igavities sea

an exper: Mo dregde RpeRRe LRt er Do e RESB e n ARARYRERRL hient ! on
0 " e g tm, et e e e
tC hg cgvig sze\éh?ﬁ?fgmek(“@%,s%ﬁ elélag’g‘?ﬁé’t%’é?gil“gp ilb?g?rl ugnci)tl1 agscs:'t gdC: ntg oI a sho’?gg
tank (A) 38e phese ihtent@n pheidenas upgiracs wid hefaby fepdisinfttim ahshie dpllankt on
culture r%vi sed in tr;e I %Bor%oiy. Ih'l;géﬂwat er Civnﬁa .hg ‘18%“‘}3 %IP%-\SI ) tphorsoayghl y
mi xed and "@ehl Yk 88 SVl gRATPS RE ERPYC PR ng°ritPeP'E8F SRRPERE. ® The
wat er al opg;iMiiddlcHahB el b ek a4k Seclibn QBB tiSdtBarios nb0¢icwthr biupe tgisingesinglk et of
cavitation chanber (E) nprising of a cavitati ?n element_ wi.th a gllﬁgpl e or

co .
mul ti BPe mwitiple eavitetingraleraqnt@Ehintthe fors g @lagss of mefplley ceranpp, glagipopater
fractiona a&i%%ﬁhi@i&?e@se}ﬁlacé/&e%p&ﬁfcgéﬂ%ﬁﬁ?@écﬁm@@ﬁé&)%@ﬁé}ﬁdiaﬂd beatisrage of

0.2 to 0.9. e flowin the cavitation chanber (E) is controlled b% means
of a f| owunifeyml ertiongmifarmy epacme. manntadeand eld iglage by myeans syshiasdlpngssi &ke t o
cavitatio KRR H i Gine bitiads iR sedtiohhe
fluid for %‘ﬁ??@@%ﬁn&@ i B{Bég@aedcpgg% Srt%glgadtilengg %&?t erl ‘From t.lher out | etS o%o

cavi t at i onectimnlenrtrigrigplar,ssquast log cectapgaler shape with|differens fatiosrnd lemefh togyyifith
eval uated 5for t.he destr [ av t _gan] . alhan for
t he dg’@t rderion gl\llteﬁ%g%fe%%geﬁ@ r‘lélgnniggrﬁéé{olnso @gf'f(rg% %ggb%gtﬁ p%lsﬁgaegt\@%lg fo%el oW ng
pr ocedur e Thd befikss ohaydiecaiculao ontonvditchlar sgsatell ttwve watd eaglyholg heviadhliempiget er i a

|5 assess ?r(lj thle ?antgg St édbtrf?iiél%m%"?e% to few millimeters.
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di scharge waters using spread plate nethod. Aliquot of water sanple (0. 1ndl)
after serial 10 dilutions is plated on Zobell marine agar and incubated for
24 hour s WO 200m0i5e956 t enper at ure. The col oni es are enuneraTaN2besiesaf t er and
expressed as nunber per mlliliter. The bacterial count in discharge water
(post-cavitation) is conpared with the intake water (pre-cavitation) and

t he per cedregdinglyducpriesent invertbiag pewvidas amappbrtusifer disihfocticit ddeargbidny dhipds

fol |l owi ng r X C . i = - : = |
count in Pgnl?a 5%&\%&?};11?&((%&%?%%\(%’l%tg%%rﬁgtﬁ]f_e %laa:nség? Fgﬁc%gg?&sﬁlﬁg\g?é ?ﬁ%érsﬁga%t er

( post - caviirtaeisomyce 18 abd alpogipaadant (@ tonnedtéd megeaedthtamgh iagiéseurb @etger(@h,
associated w.th z Kt on, .i S . assess. N, the intake apd.di scharge waters
usi ng spr 3%33%%&]01&"8 V%f%oﬂl. m%(%’ité’n I?tct%}'ll?aglg? Icgarrgb%eé( OIOPté%ntaie] t}%u%lyanp%g i ng
known @quaekdhbiyged(4)) dhbakerifqdrie {aathe tad compti@nchadbaqbpesgantibipbdingaevitled i on)

wat ers through si eve made of bolting silk with 501t sh a

suspended Wi”ﬁ%ﬁlg%h?fvmulgﬂlﬁ r‘ff‘Ylfax%/l‘B% Flfe’F’le‘i‘tf ?r) é’gacgé B%f%iﬁc.‘ﬂafg% ﬂfocg%f:té%k&gq]o% ells
are then bpAedEeriid cavintifly aldmahts (R)Meipf sphdddsat h@IToGE BAhen-(fifokmigpacihg @nd seri al
dilutions i :?%I, ted on Zobel Iﬁsrzéi ne agar, ar]d i ncubat eg ffgr iﬁ hours at

anbi ent t EHPePHt GYERINE BleRSPio) J8ViRE @ ERUNES aTP8R A Hele Pt O™ M P DPessed
as 25 nunbpitipkesrifitel,thd ddtfilt of tHe8aib asliRfibradhaG®EN(S) béindpSedian@asvabdlity
(post-cavitation) is conpared with the intake water (pre-cavitation) and
the pdPeehteab@on( aes eiok nelbeer @} toa balamttok (s Lioamil at 8 44 bASVEAK The

bi ol ogi cakg)@emBleotetRd [HREGalsd p&hy@mh@ﬁ%ﬂ&ecmam@) ko $E&&hatPeqRNE! than
101.t is assesSed in the intake (pre-cavitation condition) and di scharge
(post-cavitation condition) waters. For this 30 purpose a known vol une of

i nt ake wa i 145, T 44 : i : of

bol t1ng o 1 %“%ﬁﬁﬁ%é e e e S A R
bol ti ng si1k&adRkthraneh wihiphseivertas lepters fppsousidesivassl.o a known vol ume of

filtered r . : I i gh .
i xi g and S smbGuaid SARPpesch kAN, R AR Shamh B et Hn beREREE Ly
| i ght ar e pempneichas duusi Hypitethtoi ababast penppi f | uor escence ni croscope and
expressed as nunbers per mlliliter. The phytopl ankton count in discharge
water is conpared with intake water and the percentage reduction in nunber
i s cal cul & gd ansthatembediniEheofthopreghicialentionribe hiat ¢xchagar @) iscodoopkddnit on of
size greater than 501 .1 is assessed in the i ntake, (pre-cavitation

condi t i onf SRa SHHECHEP 58 % s&%@r cai &t ing)eﬁhogilﬁ“ A lgnt}jé Wt S gt.eanhg)% eg%lfles

pur poge ackinowgasslfierethefhipsdngiee. wat er and di scharge water is filtered

t hrough a.sieve made up of bolting silk with 5014 nesh. The Zoopl ankton
cells retained on the sieve are then imediately transferred into a known
vol ume of If kil &fctithr SRAYELRAL ofALS PRsehaivketion] tHeravitativiglchsmbdr 5t dlognross t er

t horough m xing and only live zooplanktons (with nmobility) are 10

enuner at e8eHER FFLAS BIGHYE 9F 890 GHcBlebERBhe and expressed as nunbers per cubic
nmeter. The zoopl ankton count in discharge water is conpared wi th intake
wat er and the percentage reduction in nunber is calcul ated as above. The

f ol | 0P ng Irestdhyst arothgrembpdigenigf thppressnt inventionsthe FAR2E1S ¢IBPEHSAPAMSES? f or

di si nf ect kQpQf rrﬂiﬁ_ip?@@a,v‘fi@tﬁr%relérrlle?lRE)F{IZFi_nt@é fo%ﬁtotf eEe@ kudd R nlBRfR0derhRy eof of

the present “invention in actual practice and refore should not_ be

const r ued plagtiq mpterialy pEvasying thickhessereplinee perpendigias e therliseptionsf fopnefefud
in series or in parallel and positioned at uniform or non-uniform spacing mounted and held in
place by means such as flanges.
30
In a further embodiment of the present invention, the spacing between subsequent cavitating
elements is in the range of 4 to 100 times the holding chamber diameters, spaced at uniform

or non-uniform spacing.
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Exampl e-1 20 Fl ow t hrough cavitation el enment 1 having single hole,
non-circul ar shape, wth sharp edge orifice plate (after drilling the hol es
i n the plwbepotdsesedges of the holes were not bevel |l ed ecTanmosh@aed or
pol i shed) of size 21.5 mm fraction of open area= 0.9, flowrate = 2.8 | ps
corresponding to the liquid velocity through the cavitating elenment of 7.7
m s and piegstil dmti®rlegrbodingnt Ththeguespalt iaverdionnie wavikating elepicot & Wwamgpassed

th h t I
P A e B N b A L S

cel | count ifleiviiteake wat er cel | countin di scharge water reductionof cell count
(pre-cavitation) (post-cavitation) (9% 1 Zoopl ankton (> 50p size) 107800/ nB
77439/n8 28 2 Phytopl ankton (> 10 il size) 148/ ml

In a yet further embodiment of the present invention, the cavitating element(s) having a

fractional open area in the form of single or multiple orifices are either circular or non-
circular with or without sharp edges, wherein each hole is having diameter in the range of -
500 micrometers to few millimeters.

In another embodiment of the present invention, (i) the diameter of cavitation chamber; (ii)

10  the number of cavitation elements; (iii) the spacing between cavitation elements; (iv) the
fractional open area and number, diameter and distribution of orifices on each cavitation
element; (v) the operating temperature; (vi) the operating flow rate/ flow velocity; (vii) the
number of re-circulations through cavitation chamber; are estimated and configured using
computational fluid dynamics (CFD) based models and Rayleigh-Plesset equation for

15  cavitation collapse, such as herein described.

In a yet another embodiment of the present invention, the quality check point (6) is provided

with known devices capable of monitoring the quality of treated water.

20 In a still another embodiment of the present invention, to enable re-circulation of the treated
water or a portion thereof if required by the quality check point (6), the discharge outlet‘of the
said discharge pump (9) being connected through a pressure gauge (10) and check valve(s),
optionally through an heat exchanger (11), to an inlet port of a cavitation chamber (12)
having single or multiple cavitating elements and back to the said ballast tank (8) through a

25  quality check point (13) and check valves (14, 7).

Accordingly the present invention provides a method for disinfection of sea water / ship’s
ballast water using the apparatus as herein above described, which comprises subjecting the
ballast water to be treated to hydrodynamic cavitation by pumping the water intake of sea
30  water, optionally pre-heated, into an inlet port of a cavitation chamber having single or
multiple cavitating elements, the treated ballast water being passed through a quality check
point to a ballast tank, re-circulating the treated water or a portion thereof if required by the

quality check, for further hydrodynamic cavitation.

14



109/ m. 26 3 Bacteria (Free living) 4.86 x 10s/nl 5.00 x 103/nl 0O WO

2007/ 054956PCT/ 1 N2005/ 000444 Exanpl e-2 Fl ow t hrough cavitation el enent 2
havi ng siwgQl2e0tBkess non-circul ar shape, wi th sharp edgepPoriiN2go@kat e
(after drilling the holes in the plate, the edges of the holes were not
bevel | ed or snoot hened or polished) of size 213 mm fraction of open area=
0.5, f| owlraenbodinend of the préentanyentipro el brjlastovatdndo be drgitdd isedpdionally nrér ough

the cavit eI enen n essure= 3.8 kg/cn2. The seawat er
along wit eake{Q?QO pgra\tf\uéés)ktg%se fﬁ“’%% e orifice once. The % destruction

gs il\kr)\di catedfin the fO||OWI ng table is with reference to the inlet water.
: Ty of _or ] t t.ak t
cel | count [rARTHSE AEPYLIGR oS BOS B0 EA: Iy e A G T B e “BEHRE ()

5  element is such that the liquid velocities are in the range of 2 to 150 m/s.

In still another embodiment of the present invention, the water pressure is in the range of 0.5

to 150 kg/em?,

10  In another embodiment of the present invention, the method for disinfection treatment of
water using hydrodynamic cavitation is also suitable for a wide variety of water treatment
applications including but not limited to wastewater management, agricultural applications,

pool and space applications, oil and gas applications, and various disinfectant applications.

15  The ballast water disinfection treatment herein described preferably though not exclusively
occurs such that as the ship pumps sea water through a cavitation chamber, which is
preferably but not limited to a single or multiple cavitating elements. Generally, the pump
means, which may be one or a series of pumps, draws seawater from waterways surrounding
the ship into the transfer piping means. The pumped seawater is passed through preferably

20  but not limited to a heat exchanger. The energy source to heat this water may be a standard
source or method known in the art, such as steam or engine exhaust gas or other. Control of
the cavitation chamber may be through a regulator connected in series with the water intake
line means that is connected to the cavitation chamber. The treated water expelled from the
cavitation chamber is connected to a receptacle or optionally receptacles, which is preferably

25  but optionally a ballast tank(s).

The water treatment start-up and shut down will coincide with the vessel's water intake. A re-
circulation mechanism may be employed to further treat water and the need for such may be
determined by an appropriate quality check system. Though at present, no in-line monitoring
sensors are available by which bacteria could be counted. However, elsewhere efforts are

30 underway to devise sensors for detecting presence of specific pathogens. If a re-circulation
mechanism needs to be activated, the shutdown operation, preferably although optionally,
may be controlled by a control panel means. In use, it can now be understood the apparatus

and method of water treatment may be used for a non-chemical, efficient treatment of water.

15



1 Zoopl ankton (> 50p size) 107800/ nB8 72000/ n8 33 2 Phytopl ankton (> 10 11
size) 148/ m 80/m. 46 3 Bacteria (Free living) 4.86 x 10'/nmlL 4.32 x 105/ ml
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5  relationships for the parts of the invention, the following procedure may be used.

The water pumping through the cavitation chamber gets disinfected due to hydrodynamic
cavitation. Whenever water passes through the cavitation chamber, cavities are generated due
to the pressure fluctuations resulting from the changes in the geometry encountered by the
flow. The generated cavities undergo various stages of the cavitation phenomena before

10 violently collapsing, resulting in the release of large magnitudes of energy and highly reactive
oxidizing species. The oxidizing species and conditions of high temperature and pressure are
considered responsible for the disinfection of the micro-organisms. The quantum of the
oxidizing species and the magnitude of temperature/pressure, hence the disinfection
efficiency, is dependent on the geometric and operating conditions.

15 It should be noted that, the optimum dimensional relationships for the parts of the invention
to include variations in size, materials, shape, form, function and manner of operation,
assembly and use, are deemed readily apparent and obvious to one skilled in the art, and all
equivalent relationships to those illustrated in the drawings and described in the specification
are intended to be encompassed by the present invention.

20  For example, any suitable cylindrical conduit made of a wide variety of metals, plastic, or
other sturdy material may be used for the transfer piping means and/or re-circulation piping
means described. And, although the disinfection treatment of water using hydrodynamic
cavitation preferably but optionally on vessels, has been described, it should be appreciated
that the method and the apparatus of water treatment herein described may also be suitable

25 for a wide variety of water treatment applications including but not limited to wastewater
management, agricultural applications, pool and space applications, oil and gas applications,
and various disinfectant applications. Additionally, a wide variety of holds or tanks of many
shapes and sizes, as well as an open body of water, also may be used instead of the basic
receptacle or ballast tank described. Furthermore, the method, configuration, size, shape and

30  pressure and volume requirements may be adapted to conform to a wide variety of ships of a
variety of shapes and sizes, and a closed recirculation system and method described may be
transferable from one receptacle to another. The invention may also be adapted for use with a

wide variety of pumps, receptacles, cavitation elements or sources, pressure valves and other
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reductionof cell count (pre-cavitation) (post-cavitation) (%
Zoopl ankton (> 50u size) 107800/ nB 46000/ nB 57 2 Phytopl ankton (> 10 n

si ze) l48wohodliBiesk 24 3 Bacteria (Free living) 4.86 x POI/INI00200844x 105/ ml
43 Exanple-4 ‘

components that are required by the invention but already present in a vessel or other
treatment location.
The novel apparatus and method of the present invention is capable of sterilizing hazardous
organisms contained in ballast water stored in a ballast tank to effectively provide treatment

5  of ballast water. The foregoing is considered as illustrative only of the principles of the
invention. Further, since numerous modifications and changes will readily occur to those
skilled in the art, it is not desired to limit the invention to the exact construction and operation
shown and described, and accordingly, all suitable modifications and equivalents may be
resorted to, falling within the scope of the invention.

10

The novelty of the present invention resides in the capability to provide a relatively low cost
and eco-friendly apparatus and method based on hydrodynamic cavitation for efficient and
economical disinfection of sea water / ship’s ballast water by simply passing the organism
infested water through single or multiple cavitation chambers housing single or multiple

15  cavitating elements, without use of any chemicals or any chemical reaction.

The non-obvious inventive step of providing one or more cavitation chamber(s) housing
single or multiple cavitating elements, spaced at uniform or non-uniform spacing and each
element comprising a fractional open area in the form of single or multiple orifices of circular
20  or non-circular shape with or without sharp edges, enables realization of the novelty of the
apparatus of the present invention. Further, the non-obvious inventive step of subjecting the
water to be treated to hydrodynamic cavitation enables realization of the novelty of the

method of the present invention for disinfection of sea water / ship’s ballast water.

25  In order to demonstrate the performance characteristics of the apparatus for disinfection of
sea water / ship’s ballast water and a method thereof of the present invention, an experimental
set-up was constructed as shown in figure-6 of the drawings. Untreated challenge water from
the sea enters the cavitation chamber (E) via a 7.5 HP centrifugal pump (B). Prior to forcing
it through the cavitation chamber (E), the seawater is first collected into a shore tank (A)

30 where it can be inoculated with phytoplankton and zooplankton culture raised in the
laboratory. The water in the tank (A) is thoroughly mixed and evaluated for organisms’
density including microorganisms. The water along with the mixture of organisms is forced
through the inlet of cavitation chamber (E) comprising of a cavitation element with a single

or multiple holes of diameter in the range of 1 to 21.5 mm diameter and fractional open area
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The evaluation for the destruction level of the organisms is carried out as per the following
procedure:

The biological count with regard to free living viable bacteria is assessed in the intake and
discharge waters using spread plate method. Aliquot of water sample (0.1ml) after serial
dilutions is plated on Zobell marine agar and incubated for 24 hours at ambient temperature.
The colonies are enumerated thereafter and expressed as number per milliliter. The bacterial
count in discharge water (post-cavitation) is compared with the intake water (pre-cavitation)
and the percentage reduction in bacterial number is calculated using the following formula:

Percent reduction= (I-D) X 100
I

Where, I= Cell count in intake water (pre-cavitation)
D = Cell count in discharge water (post-cavitation)

The biological count with regard to viable bacteria, associated with zooplankton, is assessed
in the intake and discharge waters using spread plate method. Zooplankton cells are collected
by passing known quantity of intake (pre-cavitation) and discharge (post-cavitation) waters
through a sieve made up of bolting silk with 50p mesh and suspended in a known quantity of
filtered seawater. The zooplankton cells are then homogenized and an aliquot of this
homogenate (0.1ml) after serial dilutions is plated on Zobell marine agar and incubated for 24
hours at ambient temperature. The colonies are enumerated thereafter and expressed as
number per milliliter. The bacterial count in discharge water (post-cavitation) is compared
with the intake water (pre-cavitation) and the percentage reduction in bacterial number is
calculated as above.

The biological count with regard to phytoplankton of cell size greater than 10y is assessed in
the intake (pre-cavitation condition) and discharge (post-cavitation condition) waters. For this
purpose a known volume of intake water and discharge water is filtered through a sieve made
up of bolting silk with 10p mesh. The phytoplankton cells retained on the 10p bolting silk are
then immediately transferred into a known volume of filtered seawater. A sub sample of
known volume is taken after thorough mixing and only pigmented cells with red chlorophyll

fluorescence under UV light are enumerated using an inverted epifluorescence microscope
18

ice

ation)
/8 79



341/ ml 320/ mL 6 3 Bacteria(Associ atedwi th zoopl ankton) 66 x 104 /m 29 x
104 /m 56 Exanple-5 Flow through cavitation elenment 5 having nultiple

hol es shawp 2eay=4w6i fi ce plate (after 10 drilling of thechaNm®showdthe pl ate
t he holes were not bevel ed or snoot hened or polished) of size 21.5 mm
having circular hole of dianmeter 2 nm fraction of open area= 0.5, flow
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o e, Ol RO U633 b0y BBl B L1 L1
inthe following table is with reference to the inlet water. 15 S. No Type
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5 intake (pre-cavitation condition) and discharge (post-cavitation condition) waters. For this
purpose a known volume of intake water and discharge water is filtered through a sieve made
up of bolting silk with 50p mesh. The Zooplankton cells retained on the sieve are then
immediately transferred into a known volume of filtered seawater. A sub sample of known
volume is taken after thorough mixing and only live zooplanktons (with mobility) are
10 enumerated using a binocular microscope and expressed as numbers per cubic meter. The

zooplankton count in discharge water is compared with intake water and the percentage

reduction in number is calculated as above.

The following examples are given by way of illustration of the apparatus for disinfection of
15 sea water / ship’s ballast water and a method thereof of the present invention in actual
practice and therefore should not be construed to limit the scope of the present invention in

any manner.

Example-1
20 Flow through cavitation element 1 having single hole, non-circular shape, with sharp edge
orifice plate (after drilling the holes in the plate, the edges of the holes were not bevelled or
smoothened or polished) of size 21.5 mm,; fraction of open area= 0.9, flow rate = 2.8 Ips
corresponding to the liquid velocity through the cavitating element of 7.7 m/s and pressure= 3
kg/cm®. The seawater along with the biota was passed through the orifice once. The %

25  destruction as indicated in the following table is with reference to the inlet water.

S. | Type of organisms cell count in intake | cell count in | reduction  of

No water discharge water cell count
(pre-cavitation) (post-cavitation) (%)

1 Zooplankton (> 50p size) 107800/m’ 77439/m’ 28

2 Phytoplankton (> 10 p size) 148/ml 109/ml 26

3 Bacteria (Free living) 4,86 % 10°/ml 5.00 x 10°/ml 0
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(post-cavitation) (%9 1 Zoopl ankton (> 50g size) 140000/ nB 29377/ nB 79 2
Phyt opl ankton (>10 g size) 341/ nl 221 /nml 35 3 Bacteria(Associatedwith
zoopl anktwo)o@®®sx95604 /m 5 x 10 /m 92 Exanple-6 PCT/IN2005/000444

Example-2

Flow through cavitation element 2 having single hole, non-circular shape, with sharp edge

orifice plate (after drilling the holes in the plate, the edges of the holes were not bevelled or

smoothened or polished) of size 21.5 mm; fraction of open area= 0.5, flow rate = 1.9 Ips,
5  corresponding to the liquid velocity through the cavitating element of 10.5 m/s and pressure=

3.8 kg/cm®. The seawater along with the biota was passed through the orifice once. The %

destruction as indicated in the following table is with reference to the inlet water.

10

15

20

S. | Type of organisms cell count in intake | cell count in | reduction  of

No water discharge water cell count
(pre-cavitation) (post-cavitation) (%)

1 Zooplankton (> 50p size) 107800/m’ 72000/m 33

2 Phytoplankton (> 10 p size) 148/ml 80/ml 46

3 | Bacteria (Free living) 4.86 x 10°/ml 432 x 10°/ml 11

Example-3

Flow through cavitation element 3 having single hole, non-circular shape, with sharp edge
orifice plate (after drilling the holes in the plate, the edges of the holes were not bevelled or
smoothened or polished) of size 21.5 mm; fraction of open area= 0.25, flow rate = 1.0 Ips,
corresponding to the liquid velocity through the cavitating element of 11 m/s and pressure=
3.8 kg/cm?. The seawater along with the biota was passed through the orifice once. The %

destruction as indicated in the following table is with reference to the inlet water.

Type of organisms

cell count in intake
water

(pre-cavitation)

cell count in
discharge water

(post-cavitation)

reduction of
cell count
(%)

Zooplankton (> 50y size)

107800/m’

46000/m°

57

Phytoplankton (> 10 p size)

148/ml

112/ml

24

Bacteria (Free living)

4.86x 10°/ml

2.76 x 10°/ml

43

Example-4

Flow through cavitation element 4 having multiple holes sharp edge orifice plate (after

drilling the holes in the plate, the edges of the holes were not bevelled or smoothened or

polished) of size 21.5 mm having circular hole of diameter 2 mm; fraction of open area=
20



Fl ow t hrough cavitation elenment 6 having multiple holes sharp edge orifice
(after drilling of the holes the holes were not bevel ed or snoot hened or
pol i shed)wplatmseds6si ze 21. 5 nm havi ng 20ci rcul ar hol e eCTANzORb@I4L M
fraction of open area= 0.75, flowrate= 1.3 | ps corresponding WO
2007/ 054956PCT1l N2005/ 000444 to the liquid velocity through the cavitating
gl ement  00.28, wirage=dhlips cessporetingdo Zhekgfhzi@locity érewghviag eavitatingredenmnt bf t he

i ota wasgpassed, thro Oj’l Lce 9 ructi cat ed
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cell count re- cavitation) (post-cavitation) (% Zoopl ankton (> 50g
si ze) 1405’(1)?5 126144/ n8 81 Phytopl ankton (> 10 p. size)
S. Type of organisms cell count in intake | cell count in | reduction  of
No water discharge water cell count
(pre-cavitation) (post-cavitation) (%)
1 Zooplankton (> 50p size) 140000/m’ 29244/m’ 79
2 Phytoplankton (> 10 p size) 341/ml 320/ml 6
3 Bacteria (Associated with
zooplankton) 66 x 10* /ml 29 x 10* /ml 56
Example-5

Flow through cavitation element 5 having multiple holes sharp edge orifice plate (after
10  drilling of the holes in the plate the holes were not beveled or smoothened or polished) of size
21.5 mm having circular hole of diameter 2 mm,; fraction of open area= 0.5, flow rate= 1.7
Ips corresponding to the liquid velocity through the cavitating element of 9.4 m/s and
pressure= 3.3 kg/cm®. The seawater along with the biota was passed through the orifice once.

The % destruction as indicated in the following table is with reference to the inlet water.

15
S. Type of organisms cell count in intake | cell count in | reduction of
No water discharge water cell count
(pre-cavitation) (post-cavitation) (%)
1 Zooplankton (> 50 size) 140000/m’ 29377/m’ 79
2 Phytoplankton (> 10 p size) 341/ml 221/ml 35
3 Bacteria (Asso-ciated with
zooplankton) 66 x 10* /ml 5% 10*/ml 92
Example-6
Flow through cavitation element 6 having multiple holes sharp edge orifice (after drilling of
the holes the holes were not beveled or smoothened or polished) plate of size 21.5 mm having
20 circular hole of diameter 2 mm,; fraction of open area= 0.75, flow rate= 1.3 Ips corresponding
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341/ nml 300/ mL 12 3 Bacteria(Associatedw th zoopl ankton) 66x 104 /ML 0.5
x 104 /mL 99 5 Exanple-7 Flow through cavitation elenent 7 having nmultiple
hol es shawp 2eay=46i fi ce plate (after drilling of the heceanNtdogodvaies were
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of difaneter 1 mm fraction of open area 0.25. The seawater along wth 10t he
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indicated in the following table is with reference to the inlet water.

S. Type of organisms cell count in intake | cell count in | reduction  of
No water discharge water cell count
(pre-cavitation) (post-cavitation) (%)
1 Zooplankton (> 50 size) 140000/m’ 26144/m’ 81
2 Phytoplankton (> 10 p size) 341/ml 300/ml 12
3 Bacteria (Associated with
zooplankton) 66 x 10* /ml 0.5 x 10* /ml 99
5
Example-7

Flow through cavitation element 7 having multiple holes sharp edge orifice plate (after
drilling of the holes the holes were not beveled or smoothened or polished) of size 21.5 mm
having circular hole of diameter 1 mm; fraction of open area= 0.25. The seawater along with

10  the biota was passed through the orifice for variable flow conditions. The results are given in

the table below:

Flow conditions Bacterial cell count (Free | reduction of cell
living) count

Re-circulation Flow Discharge (No./ml) (%)

time velocity pressure

(minutes) (m/s) (kg/em?)

0 0 0 16000 -

15 15.8 2 8000 50

30 18.9 3 2400 85

45 21.6 4 0 100

Example-8

In order to illustrate the methodology depicted in figure 4 of the drawings, an example of
15 computational fluid dynamics (CFD) modeling of flow through cavitating chamber is
presented here. This example constitutes some steps depicted in the proposed methodology as
shown in figure 4 of the drawings. For this experiment, a flow through cavitating element of
size 32 mm having 8 holes of diameter 2 mm was considered. Several different cavitating

elements with circular, triangular, square and rectangular holes (as shown in figure 3 of the
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reductionofcell count (% Re-circulation time (mnutes) Flow velocity (ms)
Di scharge pressure (kgknR) 0 0 0 16000 15 15.8 2 8000 50 30 18.9 3
WO 2007/054956 PCT/IN2005/000444

drawings) were considered. Sample of predicted results is as shown in figure 5(a) of the
drawings. The results of the CFD model were used to simulate trajectories of generated
cavities, as shown in figure 5(b) of the drawings. The pressure history data along these cavity
trajectories were used to calculate cavity collapse temperature and cavity collapse pressure,

5 as shown in figure 5(c) of the drawings. The cavity radius history and the final collapse
pressure pulse was estimated by the solution of the R.P equation after substituting the
pressure variation experienced by the traveling cavity based on it’s trajectory (predicted by

CFD simulations) and the pressure profiles generated by substituting for P infinity in the R.P.
equation. The computational models were then used to evaluate effectiveness and efficiency

10  of different cavitating elements for generating cavities. A sample of results is shown in figure

5(d) of the drawings.

From the results of biological counts obtained under various operational conditions as given
in the illustrative examples herein above it is clear that there is a substantial destruction of
15 organisms. This observed destruction occurred without requiring any chemicals or heat
treatment or the use of UV or ultrasound treatment. The disinfection performance can be
significantly enhanced by employing the optimization methodology discussed above and
illustrated in figure-4 of the drawings. By employing such a methodology the apparatus of
ballast water disinfection can be tailored to destruction of specific micro-organisms as well.
20  The aforementioned patents and other water treatment systems and methods currently known
in the art make no provisions as in the present invention for the disinfection / treatment of
ballast water using hydrodynamic cavitation wherein the apparatus is essentially a cavitating
chamber incorporating single or multiple cavitating elements, spaced at uniform or non-
uniform spacing and each said cavitating element having a fractional open area in the form of
25  single or multiple orifices which are either be circular or non-circular and either with or

without sharp edges.

In view of the foregoing disadvantages inherent in the known types of ballast water treatment
systems and methods now present in the prior art, the present invention provides an apparatus
30 and method to treat ballast water using hydrodynamic cavitation in which ballast water is
passed through a cavitating chamber having a single or multiple cavitating elements to
facilitate disinfection of the ballast water and overcomes the disadvantages and drawbacks
noted in the prior art. Further, the present invention provides an apparatus for disinfection of

sea water / ship’s ballast water and a method thereof, which has all the advantages of the
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9. The apparatus and method can be used in conjunction with any other treatment

25 system(s) for achieving desired efficiency.

As such, those skilled in the art will appreciate that the concept, upon which this disclosure is
based, may readily be utilized as a basis for the designing of other structures, methods and
systems for carrying out the several purposes of the present invention. It is important,
30 therefore, that the claims be regarded as including such equivalent constructions insofar as

they do not depart from the spirit and scope of the present invention.
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water is released into an environnent that is ecol ogicall X di fferent
from t hat? i i appagtst declajpmedin Jdam brihgichathe wavistien ehaaber2@y haspyaerripieks s
bal | ast Watﬁéanpme&i@qﬁrbyﬁlméﬁlskdwafwe@&yﬁsm%u@lﬁleoesw 8. Relatively
| ow cost of manufacture wth regard to both nmaterials and | abor, and
whi ch ac@or & AaRNs<as cohpispedc iR sIAR d 2o PVhpsinaibe ey megy (58); i @8 o a saierof o

the Consum%&p@u.mas banht 1iAAESD b bARKst pump 9. The appar at us and
nmet hod ¢ e used in (T‘Oﬂj unctl on vvlth an t her treat
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in the art adeldy saﬂ‘BdE euschaatse stdndird sheccCcONBaRSd kddP@rin WY &1) dr RieSm or engine
di scl osure | base readil.y be utilized as a basis for the
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30t herefore, that the clai.ns gl regar ded as including such equival ent

h 1 1
constructi osﬁlg P nest aarrorggn?lﬁu 7' 96" hot depart fromthe spirit and scope

of the proesamtpparaae it cleimed in clazm 1-5, wherein the cavitating chamber (5) houses a single or
multiple cavitating element(s) in the form of plates such as of metallic, ceramic, plastic
materials of varying thicknesses placed perpendicular to the direction of flow of liquid in
series or in parallel and positioned at uniform or non-uniform spacing mounted and held in
place by means such as flanges.

7. An apparatus as claimed in claim 1-6, wherein the spacing between subsequent cavitating
elements is in the range of 4 to 100 times the holding chamber diameter, spaced at uniform or
non-uniform spacing.

8. An apparatus as claimed in claim 1-7, wherein (i) the diameter of cavitation chamber; (ii) the
number of cavitation clements; (iii) the spacing between cavitation elements; (iv) the
fractional open area and number, diameter and distribution of orifices on each cavitation

element; (v) the operating temperature; (vi) the operating flow rate/flow velocity; (vii) the
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We claim 1. An apparatus for disinfection of sea water / ship's

bal | ast water, which conprises a water intake neans (17 & 18)

consisting of a ballast water intake source (17) and a punp neans

(18) connected in series through a pressure gauge (3) and check

valve(s) to an inlet port of a cavitation chanber (5), optionally

t hrough an heat exchanger (4), characterized in that the said
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in series or I'n para ositioned at uniformor non-unifor
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appar at usyag, ﬁllatﬁbd@éjclhlﬁ]eg liRi@ind 1 012, WRRESH ﬂxet\;h?ersfﬁ%cfafégthgﬁg‘y‘ﬁﬁ rl:awtatmg
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8. An appaf Atmkis$hodSs Shitied®dclhith 1AL B1 hekeid theWhedsk Bicksufd i3 infdieraficaretsas 19
cavitation &&an}aer; (i) the nunber of cavitation el enents: (ii1) the
spaci ng bet W&&H -cavitation el enents; (iv) the fractional open area
and nu rrbers, AChelliaatae Elafied 16161971 1 10U vB&rciafthaamhdthddCesdignfc@RE re@miitloB vhein

el ement ; rating te era ure; t he operati
Tt ol 11 ow v BTGRP OST e SigEioR o ity ST d0rch AT HETBheT SRS ment
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cavitation apse, ere&maﬁescr
claimed in claim1-8, mherern quality check point (6) is provided

wi th known devi ces capable of nonitoring the quality of treated
water. 10. An apparatus as clained in claim1l-9, wherein to enable
re-circulation of the treated water or a portion thereof if required
by the quality check point (6), the discharge outlet of the said

di scharge punp (9) being connected through a pressure gauge (10) and
check val ve(s), optionally through an heat exchanger (11), to an
inlet port of a cavitation chanber (12) having single or multiple
cavitating elenents and back to the said ballast tank (8) through a
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