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AN APPARATUS FOR DI SI NFECTI ON OF SEA WATER gt SHTP1S
BALLAST WATER AND A METHOD THEREOF Fi el d of the

WO pwe0549661 The present invention relates to anPCT/IN2005/000444
apparatus for disinfection of sea water / ship's
bal | ast water and a nethod thereof. The present

ANNWERARAT B3  FORUPEINFECGIION: OF SEh W /USHENE BALLAST
wet N 'q%n; f ship's ballast water, such

as Q@gmagtég? aggg&gﬁﬂﬁ§grodynanic cavitation. This
Fighbefrthe inyertio net hod of the present invention for sea

T{%riglg%eng E]rﬁfgfltggﬁgltgral&g\slt? a%a Eﬁr&ttd%]?cg dﬁlﬁi&t&&ﬁ $f?sre§ r@a@érg sthg)’s ballast
whiep andom enethod i theredfo The prebant 1nv?¢'ilte)naptpta:rutalrlwge]at¢sl tqsmn laphratus and
mgfhﬁa I%c()ar cﬁ&?ég[?gn (Jgns\ﬂfﬂ(ng i)eﬁﬁétn;%‘ce %l?}% rﬁgtson e walls eba?edS Si¢ H}/@ §dynam1c
cdﬂtem)naThlh |appdrﬁas/asl Iaethoxt bf thmptegc;nt urtveplamt foa lséaywdttexald@.dnent have
i 1. eana nt i ntai
i " ok ) aoFh e e MRS T o PRGE BffRyrcd from one
regR@aao ahothe. Dad hﬁﬁ?atl)/s&tnhﬁrmémhddl othtﬁmpﬂséné linvehtigh may find gther uses,
of gani Sns. e ship.reaches it estination an
sih SSRABE pestlp it e VL BT TP EEE RS (i 5 ball ast
wat er, thus introducing potentially invasive species
to the aquatic environnment, of the destination p

WASP R SRIPHERET § PPD O8> Oh PNt 0adAds ITEeF yeasyafqr| i alipt tanks to
mh@fs$n ﬁiblb@lahaﬁ &ué’b’%ﬁ@fan@f Y PigkubiIREeWBY dabe, AN YAlakwatdt Wil contain

|ntroduces r eds nari ne | nvasi ve speC|es to
livjpg Opgatispe W.lm thsn¥hi fegeher fssdoptigiaip And RIAPRIGH e fag] its cargo, it

dle&Ja{g% HRE bRMidsh YateR AN uﬁl%eh 9(%nti qrgqh@argpv% Qﬁescﬁ‘)uﬁﬁsaquatm
I ndet erm nat e dana es, estl e in bi Ilons of

eraronmens of The é@émféw oK éxpp@m@atelrrﬁwo@ BB rvieessIsirayy billions of
toR @ EEHadt SR @I&uﬂa}ﬁie R Ahig ]L ﬁiﬁ%dﬁ(&?% ﬁ{éncfr&ﬁ A MRBhe invasive

and nanagenen nternat ona ) ]
speriga e manmdwe( ¢nvidpnerds. abloptieth af covivastengh pbhwtionherings about

ec%? cap @%fgaaﬂ?%% thﬁ’gt rﬁﬂlaﬂal’]gasrg@ %aés'ﬁ g@ e @@gn billions of

convent i on gul i nes,
d@kmﬂlng ratification, for the quality of ballast water
that can be di scharged at any location. A variety of
options are under consideration for the treatnent /
Toli siefsediid (ougfmizyl tamtriesctaes piaﬂedhﬁéglﬂdtmﬁs osaring . ballhet water

N NI EAT ey T
cchviidh oo Borfiol b ABidgeRent@F MR banskt Gatel afpd edahents. The IMO
corlrllvgnrtl(g)n %gsbskgalt glide\:/ﬂntep ngnc? ng ratification, for the quality of ballast water that can be
discharged at any location. A variety of options are under consideration for the treatment /
disinfection of ballast water in maritime vessels. The present invention specifically uses

hydrodynamic cavitation for ballast water treatment.

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

1



10

15

20

25

30

liquid. I'n hydrodynam c cavitation, the pressure
variation in the flowng liquid causes cavitation. The
wOoreesens49s6 bal ance equation predicts that when BCT/AN2OGS/000444
is made to pass through a constriction, the static
pressure downstream drops due to an increage inh liguid
medin Git toperatirfg tehperatues shenesrhall bapbls| aywaporceavities at€ formed in the
I I oY v [
ﬂlﬁ? 'i"}?e co Lﬁ?ff%h oY V‘Q]%élr a stG;PiZne @ﬁ)%fes REE %? lf)%(?db g%degs,htg%?é\glaééngaV1tat10n
incezwon u’ersmaneﬁe nﬁ ﬁnwetd)cxmwﬂhesﬁlt wi adﬁurth'eheirwndxrttsswn amt an increase

5L B RER RIS, PURDLE FRDAESBVRERE bl BTGP ffpsccon

whees ltHete d:amtas f:mlialpkﬁegendxtaﬁpg 1 fmg;hrm@auucte meduapuisaclf el&sgas content

np v1tat 1on [ ur.e
i By Snege i ki GORRER Rl BAGS o gf o order o
se@&;dl' Biune&]g§ 01; baag sehigeis enaighng r@élhb gEcrﬂﬁgmeulsl deusiigassdesteuction.
u [ f the _.gas con tent inside the ity.i s snal
ABRGHo colle R EOTFS PaRULE b han Breed By g shesgpates around
suth et ik d&efquﬂf: toSIE M @i évo-oRgbnekie dBheQfredamifiventibih Edfinés&s&liwpl@homena
to rupture m.crobial cells causing  its destructio

OfASYFARRRFHIE CBUPfabuEEt newd RIS g snethad o et ppllpEpypter. Such
trddkAht SRS theleh Fitintheh 119 ha-ahRas offdtsaBat &la glﬂ&ﬁlt e curRhiSpractices.
is adequate to kill mcro-organi sns. The present
i nventi on harnesses the phenonena of hydrodynam c

s'e LRl QP rakeha afpRaYR! alﬁprﬁé‘tﬁ@&sl-h?e ﬁﬂ)%nqﬁtﬂtéqglotr QrttFd@ @kample,
allast water. Such treatnent [imts the

U8 Matenioh BEL2%1 th MNaardgeniibesed fstas andyaethadgf walgyireatmpns psing a
ve%Hfrf 1 %Etop fo@%rh&%f’of (I}T1 Ebgl\}égf %X%n WL EHatkf, %ﬁ‘) &t the focus is more on
ses and net s areknown In the prior art
O)Fyfgcn exaoyal gor OSTexde irthilgigy and desst on Neoviny rmemrg%%ns The

tem and ne
dlfcl?s\ég ts%ste 1S nort g%rtgé\%la %%Yg}ng th 5&36 gﬁ%@ﬁ ‘?g}%a"v?g?%wwr to the
ddsibodleen], the focus is nore on oxygen renoval for
corrosion inhibition and | ess on renoving
m cr o-organi sns. The di scl osed systemis not effective
Réféﬂ‘en&’é in|ay by rhdde tol S @aenigamni G8AS,30M elnﬁe&&s&h]hemspatmtwr 6497400,

w%ﬁle gﬁs(cn %ﬁlle%neag glggtélglyc fgﬁgatl%r ene(}:f%\rr : %tr&a%rpg%?d%ﬁs not use cavitation or

cHRADAKOEr twhatisd) bEIRSE falte. The sysidm tig @at sEedivé dor Rilingaste micro-
wat er The t.reat nment ot .use cavitation or

mEﬁéﬁ?%%ﬁ@”FHWtﬂP@éFﬂﬁbg $54P¢ 5% wat er. The systemis
not effective for killing the mcro organisns in the
bal |l ast water to the desired | evel. Another referenc

Apgthergeferpreromey beigadatie S préent §o7¢37%¢7; WheEHes ﬁie§c§1be§ systerns
afERGhREE: %SISR ANCGndBidead hafifs sp’%EH@é Bid $ihddenic bacteria in ship

non-1 ndi genous nerine speci es and pat hogeni c bacteria
ballastswiter. Bhese anethedstrely. onTadsing fkillieg agenk Pichrpesdritonpe gfored on

bdskd. HRAL A B0 &L BB H S hRighS SEEF £6nUkadvantages like formation

of possibly carcinogenic byproducts.

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
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board. However, chem cal disinfection techniques
suffer from di sadvantages |ike formati on of possibly

w@ 200ciomogeni ¢ byproducts. Reference may be madRCT/IN2805/000444
simlar US patent no. 6,773,611, in which apparatuses

and net hods of a ballast water treatnent systemare
watir sud themforariquhes medugdensans scpgerafihazaydone dlicaiigplgontbdard besides

gm@%n%%ggsggﬁegéﬁwa This nethod is al so based on

I ocld or treating ballastwater and
A wm@semtee treatnent basedrondultre |sgmndam1tstmr aglisclfsedh ay dhed P spatent

|
6,0 ShE! Jrh% éea ent ﬁuaésdpl%% K %ﬁ%fs ase@r@%ﬁh&]"ﬁbtlra%smmsmn

b ’pr odu St™ water rrent on u
malnnmndsesﬂas ihase| requitesients,sthé pwdamqm ctﬂwraslsnp atwtation is small and its
770,24 at ui-f es_pi r [
pe’% & (518 SfeRion eésglﬁl} |tg2cf C%lr a sr%rhg srlngtﬁg(r%re i % LEg I[H H:g%ffecuve
hyﬂﬂ@&ﬁﬁnﬁ@ﬁaﬂtﬁtﬁj’ment S, the penet ration of uI t rasom c

R %%/ri,?te ?r}?lég% 8%% & Bltcl LF% gatﬁg 63‘12%1 \fvlgw %ﬂgs%% & Iegt{o%tfgfc’ killing of

aquftfc Qﬁishﬂb? spacehs QA B sglpg g‘dlldsﬁtvhteﬂv\%y lﬁﬁrﬁ&i‘tlﬁg meqm}brmhsx)gaseous
e made at ent 1,123 I

i S0 FEROR PR g PB I AG B FE oA APE WRCR PRE PRRew dav9)

THigseSbIR 1Snifd s B fmfeaﬁnmu@@wmabn Mgpd 0 equilibriuma
aseous m xture. The net istlmsg aﬂ)%

A flhor wisonge vHE Bt ARSDLS U5 BRI BeT Padb(ToR ) J00HHeg399 A1

and 9\6@3’0@'1&48'1 '[m by P@’P p&ﬂaﬁtlﬂot WO 08762 @thidAdiehaibk Q&Ithd@atf@f ballast

on shi ps. further reference may be drawn to

wabesttesatment m Omns The FREemEIEIE 7RI O DHI SRy OA|OZa¥*F‘d°n board.
Tl‘%ggs’g%?%ﬁgcéﬁo;tt O(él?ﬂ% Ggh@ﬁ&ﬁ@ds ddShot WMQZ@V%M&Hmm without

_ [ast water treatnent using
th@zameencﬂfhéclsmémctmml re generation and storage of

In%ngn&%ﬂt 0190%2?6 gp'(?§455y§§ @98(:19 npd ﬁ’(ﬁ)%O@l%\%ﬁ atP'(ﬁ'n pajtréﬂ? n0s.:

oW’ ba ast wat er treat rrent Wi t hout
WORG04H0Z8M5r A% SEOBZ072HERmA 2 ahd MEQEHAGIISAZ,|are Uiscy queerpparatuses and

ol S RIS v e

of VDD 2#h46088 Sy stedh degmiesie;at}r sdaiedofapyraatmnudbs usndf whenhigalsbiocides is
for treatin 4 wat er n. or cﬂlf}em I
ung?sbr&{ﬂa é@e 6? %%ar S- lﬂ 6%05 d g tu afllglé Ugﬁ)g )Proo Ctﬁj\ﬁ%aglgglod does not
ans?]osianm tegr acfsenvwithosclad @cmienopefcmbmmal reddienuse of
chemi cal i)ﬁ S un a hazard
I R AT TN e e
fild@tonddf QWebﬁifrd)@ﬁthﬁErlﬁxﬁe ﬁ[t&aio[lBWéd B tUW wididtion, Whlch has certain
occurrence of chem ca action. A European
lingifafigns7 O iaNAE HiF TERBACEHReNsy SUBE BB B dRERr 5 g5 fiiration
rafehat invol ve
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
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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filtration of water through nenbrane filter foll owed

by UV radiation, which has certain limtations in
waehresong the required efficiency in elim natPEmIN2005/000444

organi sns as well as filtration rate. In US patent

nos.: 6,284,793, 2004129645, 2004099608 and_2005016933
oxygenatin #eiPGTe hasedran mass WSO SIENBEY, andrase gEHicplymore time
coﬁr% ‘Wnﬂek‘g@ gre based on chenical treatnent. In this

organi sms are destroyed by the addition of

In w paenttiosdpl st tabiast watey dreogent pendheatiag it distlosedi dhe method is

bafd%5 Tise gih ‘915 fg%egtlegé‘l ﬁg ngr@ cfpye%ph)g?ﬁn g ge{{ﬁﬁg%ﬂcﬁ% dsﬁ%e and

on severa x ¢ an ous che
theokdigigfentddn lairigdwaﬂmj ib zedlier wapiensive. (Tba efficaty ofi ththierat tredd@ent is not as

ccur i o . .
oS B Bu Tk RO T, TR LE" G o rami
cadippiaiat us for treating ship ballast water based on

U580 06 ARG S BRI A ittt o
byeélﬁtdlh@{'f@ gﬁaé@%ﬁluareeckl)lhlik?le dianylSgutehghra ra&mmp&m spblmmer | HowSrer, the
aten al | ast wat
mqt]%oddqicgé pa%%]kpw %ﬁl@stﬂﬁa{tﬁotaea r%eng g/étbautgﬁ &%cgrrgsclen I F?r&c%l Qaction
anB@8ds RXERAPGVEFamBUERItheat exchangers require
significant space and the disinfection using heating

is rather expensive. The efficacy of the heat

BdsldeaURE NbovetneRRne@ Spddndl) R%erfMt B@fiefInh@RB®sdHic and hydrodynamic
di si nfecti on based on chem cal bi oci des or

cahifedion v hees publiphedtip gpientifiogioumalse pichps 1fgp example, Moholkar and

Pagﬁ? c{gp5e %Ogatgrec&lﬁ] qqn%? rZO@P A QbfelnbesZ8RH 3ndiaS &hs fhdus of these
bal I'a anks ding a water-sol uble dial kyl

suwueal wsl mgirkt en mgflomnzrﬁ’mﬂa rAngessipRiiRg OFGwEiAEPL phpRomena and to
CXEr)rﬁ) © ggN %?ﬁgcﬁgée)l{so& éaﬁ%ﬁtgﬁl ﬁé OY\@Ing sﬁlﬁﬁéthﬁ%‘\?er V&eﬁlh Q\H'Eh use of

e occuttence of chem cal reaction and does not use
hydsedy i eavitetioufer diainfegiion Edsllatewatehe abovenenti oned

Wﬁ@ d?l'bt oy ecYe%crﬁ)led%i 'tﬁgjtoeiﬁ&pn lf)%l‘bf 3o %m@ﬁsd and studies fulfill their

SaY AR € ¢avrtaton have “been pu
paﬁ:ﬂ:tu&uﬁbbjéd:tﬁle;; mﬁ.’rna@hfemesus;:theﬁsiomt dessratrepi seystemtﬂnd imeatrodpgballast

wq,}?rttyée&tngaﬁg}zvg ch aﬁ%ﬁsea ¥e8%elg (g 1n€3 tebéflgasgtgﬂag?ﬁgt % l%r %ﬂﬁﬁ)%rted from

on@ hrpo&eét&l Panbghdd azﬁtheuﬂmﬁ@f Gieariahisn @I\bbr uhn\asctuadl ‘Blrerefore there isa
pnenong %et .0 eX re, new ati.ons .

o8t R G VRGBS oY Sk Pat B O BP shpslogys pch conld

clin§Bat®br RYEHQEY NRIf disgadritihg thaticdloindHisi isheckdsahomthe use of UV
bal | ast wat er.

or ultrasound.

Object of invention:

The main object of the present invention is to provide an apparatus for disinfection of sea

water / ship’s ballast water and a method thereof, which obviates the drawbacks of the

hitherto known prior art, and not only has the advantages of the hitherto known prior art

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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VWi |l e the above described hitherto known prior art

i nventions and studies fulfill their particular
wokjgnsi9ses and requirenents, these do not desPCT/N2065/000444

system and nethod for ballast water treatnent which

allows a vessel to disinfect ballast water that is
theeerryling smespefficisdt fndompigrivitghde disifestion methedtinepallast water. This
W%&Q&ugvaﬂéﬁlgg %Q&{&rﬁ@all gaM}éb?é' ard %fﬁ@i%ﬁ’t%&ne;_ Bf rv&%&lrl% limit the
there is a definite nedd for deve opi ng a novel and
envirpeneitillycideerse difgtsthgondyonsultegimonteted btllaghvataus teleased into
el .1 x e..use 0 i8] y C
LR, Qe £ BSOS G S B8 iy
omu‘jmlct of invention: The mai n obj ect of t he present
Yt ang%gr cgbn%clt of ;he éﬁesent mB fl nnaf;slt%) a{o?l}edlré an 8 para S hﬁ & it tflec%on of sea
Wﬁthﬁb’ &hib}s Wﬂa@thwaxbiv aﬁxi eSmétl‘mi dlem&ﬁa\&kcﬁemfbaﬂhm vbatérhprefecably but
t prior %:111 i Y hl?s ﬁhe advant ages f e
oRtFIgEt t areet WA Br Dot (bRt PR ATl & Soies of ceviing
elap@ay, Ahefeasthageh baivbadabseutnt elvaatingldsnmdiesis adie tingaal 4 to 100

adv ot her o ect of the present invention is
tigs ?E@S‘GEC% Blé}“ﬁie for disinfection of sea water
Still aidtRer Sobipat bﬂﬁfe wedeat indbidion iFRS PRNideNCERMM alinfebhodSof water

based on the r|nC|BIe of hydrodynam ¢ cavitation and

trgadmerts iy icgedatgre ey Paliag W@teélpé"rfé‘iarPIQ’ PH aptionghlsh abyaygh a single
ca@hﬁmgeerlerﬁé?l@ 9r ﬁ@@i@és' dfg:a%'hﬁ% efcfiefts 801 malRgleRh&. THE halb& of re-
di si nfection method | ast water. This w Il nake )
cigpylgtiprsonesdair be ondRized fellpwing, e puocedup dlissprspd ladery This makes it
adver se
P < B e et o
Stilbyat @hethereabjdchelothe preseny nrrvemtmnt tor pravid¢ an eppetadigi femdisipfection of
| r |
st 335 s AL A8 ol MR, WD (MR IR o Bctabably b
ofitonalty, p;rc@mulaed dor mwpakalrrws tifrowghdi @Nmt@ctqh@nb@fha@ea a single or a
.. Shi Ilast water and a nethod thereof,
S%#%ﬁiﬁ4yﬁi§ h eg\%ater preferably but optionally, is
Apfasise d)bjehr mﬁ@h paeseﬂmnteatwmrs to hysovhéer arthappiaragusolioe drsmf@;tlon of sea

serijes t|n ei.n .t
v8hL S e ieR g B Eoeieob ST Al ARG OF: 3 fppheated
sl;%&hé b)ﬂﬁ?st tgirilbés biothel btig's e priorcto &féﬁing itto tHetdalitatian obdnetver.
of .the_present .i nvent.ion to prov a
il e oeg ot Rafieet it Oy s LFPRE G Sy U eeton o se
whal | aBib’svedliest watef eidb|ntetiudt theebf, gieblayly fohbatigbt Bmited to the
single cavitating elenment or a series of cavitating

PUEPesEEPIdling AAYRHF PISAMEMY i nes. The nunber of re

A vyet further 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 new, improved and eco-friendly
and may be easily and efficiently manufactured, marketed and can be retrofitted with minor
modifications in the ships, which are in service.

Another object of the present invention is to provide an apparatus for disinfection of sea
water / ship’s ballast water and a method thereof, that requires minimum installation area on
board and has relatively low cost of manufacture with regard to both materials and labor, and

which then can be made available to the user industries at relatively low prices.



10

15

20

25

30

circul ations needs to be optimzed follow ng the
procedure discussed later. This nmakes it possible to
wekdorosond |y treat water, preferably but opti oP@i/iNe005/000444
ball ast water. Still yet another object of the present
invention is to provide an aptpar atus for disinfection
Tlest prseeat Wevewtiony profides an Bpitaradest lopalissfeciing of spariatss /ship’s ballast
wﬁtlaleguﬁioi memﬁ rtff'érébft g balJea ?1% Wén%ﬁserﬁ rlf?\feﬁﬁg}p L&nﬁﬁ%s a system for
optionally, is C|rculate or I'e times through
ballasti watet @anahbe‘rmgl av cavifatangs clregiber, owhlah seupesssingle or multlple
caQ/ﬂXt f%%ﬁéxﬁk%ts%@{ﬁﬁ égce)lflfg{?g gl%% C Q’{lb%? B? d'p]ﬁle[) &‘Ig{o irs] adapted
toahces‘e:abaxﬂait evatdr asth |ap ostlctiaioi'tahétt mactaptedam dxlazl nimttmatbd ba_llast water.
Wtageg rtg N eataesatte%r %gp osnagf 1}9‘% hea?%r en grsetlﬁ]lelnrl]leep E)cgrrt Paglgtlfagselél Stilrrc])ggh the
cdvﬁﬁﬁgr&@ambertdoniphﬁng amiitatitg eiamahsawbﬁem bdsidiyhdmit eatitagion occurs

Dj f. th t i i d _
ngﬁb gﬁ'«gcttlgfglyfdgsrlenig?tg ﬁ'ﬁ%@g%ﬁrg\é\% e&f n o s%&%?tg& E%Yaé%"ex/%tggls then expelled
thbalgh &ﬁ:t oudiaf ®it @Crefepilchatlich eprefefablyoie fo@ﬁ@ﬁlly aft@llaspink. The

not ed to the purposes of killing aqguati
m_sf?la% Bl WIS Y ERPERmRSee foaeB Ak fd water through the
cavitv@RtchObdrIo %ﬁ)vﬁfe%ﬂt&@ dRhfRAPRERE M8y 4166 indivab E’ef @@Jtllng fhe water
of sea water ship's ballast water and a neth

befereriglsesingythiec aies tfhélw SYTFRYRGD® 0V T ae Gopy the nrafivta&}?d which is
pI@EYabBEblﬁ %ﬁﬂlénﬁllﬁlﬁ@alﬁsf {afik, QR bl ARBN! Bt 8dusiVRiKE Efe‘)ged tank or
and can be retrofitted with m nor nodifications in
2 whlepeondyihteipediing tQ frgendpg watem@ys-her obj ect of the
present invention is to provide an apparatus for
disinfection of sea water / ship's ballast water and a
Asgrsuchottye ighiesral purposthef the present éxyentioni whieh iwill baldesgriperhsubsequently
1n%§a"f’? %@taﬁ qgtféj 1‘391‘36 Q@ﬁ}gﬂ&ﬂuﬁtfgy cﬁ%%}ffekt?dﬂ cﬁ% a{wglfer/ ?h(iﬁ;% lr)allast water

acture mat er i a and
alalmjmvmoctﬂnetehéwhwh ﬂnasbdl e ddvaaiaged elbheptie atrlrmeruweqsd heretofore and

marH;j Ilflo%%lr fe%’?ﬁre?tthat gésﬁft Y gl %steln? gfiuﬁrgni T?lgé f gl%%ll% %%Q grﬁatglfentswhich is

an-a isin
notia&tﬁmpa/cedl, rénderbahblb\ae;ts wapestedaorckven mglivd dby ttheeprewfart, dither alone or
i eve thi e present invention conprises a system

{
mfaB?{c l?lflaé]soflsf@%?o‘r treat ment having a cavitating

charrber whi ch houses single or multiple cavi tati ng

nts havi n | t e.orifi hanber .havi n )

T ST e posgd hron el i SHos s g SLBP g vy e SlEgs. This
mayBe AhieWtd iviile PALEtidhal db-Salddany eefembBXRE bpﬂid’iﬁlly, the cavitating
treated hall ast water. Water to be trgat ed,. t| onaﬁ(Jelyplpmg

chgpbeiheiane dht 65datiRe SRR 455 PInSHE ¢%§§%~°§ h?é‘iﬁ‘@

thtdueh GAhtbatidsh &nﬁmm}% orCR PR vraSdr NA pEAY inkedhd, @&f&b@mm Sptionally
wherei n hydro %nam c cavitation occurs whi ch

a bavlfaétcnqr%wfoan PRimesy shiphs aslaptpd & regeive vater figm an external water
sottcilafid BEY BSnp Fatef ol R caliBtih P Skntpe! | ed

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
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through the outlet port to a receptacle, which is

preferably but optionally a ballast tank. The nethod
w0 o007osd95@st water treatnment may further conprPGEIN2005/000444

re-circulating said water through the cavitation

chanber to provide further disinfection and may al so
wateic | Thgee f18. pf courbh pdditienalafeairep of dhe invehiers il Wilebe described
hef@hflert 0 the surrounding waterways fromthe

receptacle, which is preferably but optionally a
Theapumagseust bdets and asliverdages of thel yresebuinvension exitll hesiesdilyyapparent to

0 0 C

th&s}gl?r c?fg%ﬁ%;?l&gskﬂ[ tﬁ@a&r? Bpélixsyg%gci]ng c%ﬂt@g %él?}%ggé %Btﬁlrled descrcl)?’uon of
predeetlppesent, btmmemﬁtluedﬁss iliusiragive vwmuodbmenthersfdhe bl&sbnt invention when
oSHORPRITI G TSR B ek uP R U potond tnt e
mb@ltlbmsﬂs wu t lenitain dn atsrma;tﬂmoailohher def dWanlsc h)f havastalction hd to the

o FRNEUE: of Sappiielle R foRhin FFS o RV e Sl P R TR R in e
drbwingh dht aslentidt i capabRatf Weiet ebéditerits aniéf tRAg! pzma&ceﬂad carried

render.ed obvi ays, .sug es ted, or eyen
o i TG, WaYSt P T oRebm Bndersiond el s RRPRREY i Ggminolozy
entf16ye aklemSdre RAHRPulposPHREMptibn HGAoWIA Vbl Rtk QRdaha NRing.
conprising cavitating elenents. This nay be achi eved
whil e ballasting and de-ballasting. Preferably but

TIRBS {hQ9 845 Been Bhﬁn@@yﬂoﬁﬁy'tﬁbgmﬁﬁémgﬁarﬁ SHnBENbN@e if\Rntion in order
C&Vltatlng el enents are connected in series to a

thatrth detaifedsieprrimgon Heenaf Fatvfollers Buy badetteramlersioad and i eyder that
the FiREdnt mwuuorﬁtoqﬁm ABABS betff &p c@a@édy but optionally a

bal | ast punp as found on many 'ships 1s adapted to

recei ve water from an external mater source and may

Tfféu(%?ec\&a&eﬁle H{J\; gH&h ad H@thﬁé’%ivhc{ré{l aﬂgv %Q{lﬁh gxl% a%élzst fllures of

al'so i Rclude a're-circulation mea
ncwalt;e thai wharhaentze ctbptimaintiom rege peimiadcoltavidls patisulagtyein the claims
i. A -C I
oL BRI S PR i PO AL LAY R penon
itsb@(ctatihgltadvantagesr eckfhtapéafic dhjpds amlmdrlmyuitamefsnrafam,should be

ti aopal but f er abl S . ed far. e | eve
o GE sl SR e bR-PRE PRAE matkieL ) .ererﬁrsrlbus‘frated
cufitt, enthbdiaehis € the ack@dhtioronal features of the invention
that will-be *descri bed herei nafter. The numerous
obj ects and advantages of the present invention wll

THReppeads foy dRRTetiONbf §cd WD S em? fs vanskt Ratey askd hletho tHR® of the
art upon a_ reading of the fol detail ed
Pr?fé%tclPY%‘flP% Hasopeep rilustteryn &g%‘ie%rl re d-g offfie drpsHRgSRscegRanying this
spkdifisgibi.at i ve, enbodi ments of the present invention
when taken in conjunction w th the acconpanying _
Figrenhioh 61@ drpyings;agegmpanyingdis Spesififatiopprepyep@its a process flow diagram

of the current embodiment of the system and method of ballast water treatment constructed in
accordance with the principles of the present invention, wherein:

17 Ballast water intake source

18 Intake pump

3&10 Pressure gaugeé

4&11 Heat exchangers

5&12 Cavitation chambers
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invention is not limted in its application to the
details of construction and to the arrangenents of the
waeomposmene s set forth in the foll ow ng descri pp@€DIN2005/000444
illustrated in the drawings. The invention is capable
of other enbodi ments and of being practiced and
carbfildd ouQuality saatrobehsckgays. Al so, it is to be
ungeighaodys hak dolupigeReledy and termi nol ogy
enpf oye herei h are for e purpose of description and
shéul d notBiksttegar ded as limting. There thus has
begn outl i the nore inportant features of
th? |nventp§%w%%%%gg%r that the detail ed description
t hdbeof t hHeatfalrtcows nmay be better understood and in

order that .th resent . contri y
rigap Elbt Rl Pl SRR rdlob ot il TRl o
the wtakid cftﬂhtboheﬁ ef the pbpossd 1a{/cmrign md 1h oh(hef e embodimbeta bfithe snethod

ove a har act vent are :
o SPREGE Bt Lt BAPE Feanat eipheen Pho et e Shifmetesein:
to anshgbormng a part of this disclosure. For a better
under st andi of the invention, its operating
adv drAV4REe el She specific objects attained by its
uses, reference should be made to the acconpanying
draMA gs and descriptive matter in which there are

FIEW GlepSeaaiBieT o6 peV B8 SEREHE BIoBpsct bIE RS Hmtiopf method

arfapaIB @ty for BRMrdtish OF s%%ét&'f‘s&% s BABsIVA & rehtnSit ickided therein.
balTast water and a nethod thereof of the present

invention has been illustrated in figures 1 to 6 of
F1%51@-4dfeﬁ¥¥s§9§awmp¥f mtﬂotiu%gys B?&l‘ for CREbRAg ol Wkifizing the
rawi ngs acconpanyin hi's speci catlon

melbpd askthe spparapwé@retb%nfw@woaﬁ bediesioraceripeoneaci it invention. The
?{é%%ﬂ& @fowocfha{t n)? 4‘(Bl txeiH] ﬂ%iagh%@nqg f%ﬁ%f{-@%hé@@h G¢ given the

reat ment cons ruct nce
methodrdogyl of spmdfing EEDpfplemmlzlng]d@rglllocﬁdl,s -infeetoni n: 17

Bal | ast water intake source 18 Intake punp 3&10

Pressure gauges 4&1 1 Heat exchangers 5&12 Cavitation
Figdna{ﬁtx!frt%&iﬁm@ sﬁoivsts;a semplerobresoedianed. ukth§libe ReBodwygy depicted

in g’lgureg ¥1eglr1rsé-50 pep}/e%en S in uenBcglo ractlonal? open area, hydraulic diameter and
operating pressure on disinfection performance of one of the embodiments of the present

invention.

Figure-6 shows a schematic of an experimental system used to verify the invented method
and apparatus for the disinfection of sea water proposed in the present invention, wherein:
Challenge water tank

Pump

Flow regulating valve

Pressure gauge

Cavitation chamber

Collection tank

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

i3 B v < I o @ W v v R 8

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

8
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9 Discharge punp 16 Heat source Figure-2 represents a

draw ng showi ng cross section of a cavitating chanber
wakiochs466 ns t he mai n conmponent of the proposerCT/IN2005/000444

invention and is one of the enbodi nents of the nethod

and apparatus for the bal last water treatnent mhlch
usg@nhyidendynantia | cegthtipm whichrallows whsbipefortreat. whlentige gf,tralzlSported
5 St B RSB B ol e G BRI, SR ?%#8 e g o
barblﬁst mdmdza'aredt egdyeat edvitgtidrochachbsi (99 hest water mfaks emansd @7) through

% gu?a Wate n%eszrt é,f}/eé)ﬁ t §1r1ts1td% Ieg\%vrsrs% I nClté’lrdlg (%IF]etnS@m Iézg'ﬂlljrsog%h a pump
méamg, sixehlagnbmtgncandmmntuom baltagt plhﬂp r(rﬁ)hmﬂo andnleh@ort on cavitation

orRBE Lo ion e ProveR et er et (8 Ths Bl Bse R o sties engine

ar6 beudtin Ofis Keahexomangerto hlagipﬁ&teﬂth«t enfpbanie bfithé beglaﬁtewale;r entering the

wherein i ven the, neth ogy of. a
caBSEIcH SPBCEISL I SR TAPLG: WP rgh s BEs B gl caviating
el6théitd BEBprsRWS sifgls BRatiSIE ohﬁSéM trRe elmpaldm@la UiSfided chi @ither be
nmet hodol ogy depi ct ed |n figure- gure-5 represents

CIRCHRT QEARECIB 1o RBeitish A d)ﬁé?ﬂthél“e%larplﬁﬂ@?sa e drepfpd hpffasy water is
A 2RET Bb NG SEHIMbE (S hodhSIhi SsallbRRanReS) A fRRE ool check
one of the enbodinents of the present invention,

captibg peidorgied RE QKL Ahegetsaitaiei(®) Wwith apRTopKipismtasita mogyer tpguality of

thél %r@'gce& QatdLif xﬁey,estsz{}? thOWaRt 6 H&‘%ﬁ&?fﬁméeﬂmﬁﬁé)%é}ké&e {89nay be re-

di st nfection sea wat er roposed i n the preséent

cucnka@dtvvldhthe wekprad |dnbalwt®|ga1u|rr@r@ tiwavgly the gavitagopghgmier (12), and

) v . .
s OB RSB, DY BRI 88105 PR Al s b
op‘tisnallsd deg¢rmated hytand/obagitolled by thi aeplignmonhiterbng sypipaw &t dhguld be
noté)(f dthglcl tﬁeI {ﬁfﬁ&lﬁ& cQtPéé f psa?a?u vi%}(serggen{eg zﬁ Elllr%\}te%%klld;%%td%ég%td%’n a ship or
ariy;selerfam;mam.c cavi tation whi ch allows a ship to treat

water that is -beingftanmsported

Figure-2 represents a drawing showing cross section of cavitating chamber (item no.5 &12 in
fig.1 and item E in fig.6) with details of arrangement of cavitating elements and inline
connecting flanges. The cavitating chamber of circular, rectangular or of any other cross
section shape comprises of a single or multiple cavitating elements (2) in the form of plates of
metallic, ceramic or plastic materials of varying thicknesses placed perpendicular to the
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
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
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fromone port to another while ballasting and

de-ball asting. Mdre particularly, the systemfor
whadorastosevat er treatnent using a cavitation cheeBN20¢58000444

has water intake nmeans (17) through which sea water

enters fromoutside a vessel. The water is then punped

through a punp neans, such as, but not [imted to a

b t n t Vv, n
in RB3) of &P disbils Je Uil ERNRNL BF LoPlbR bRl g ghows,
pegoehtags bpagamess nfmbenof h)gﬁsehu filstnén@cim@” la¢?élonl$dﬂ01‘lfwe$ hchthe shape

' I Lur
R T
copgvis¢sat single oh anligple wnwmgseéexn@tscdmgimmg ra mglet bpheltiple orifices.

Tlﬁaas\fvﬁg 2Ee>f's 8 ¢ Sge %%zeltg?rr?ehcucgpag Pr 88% %a ar eqnfl i;lerb\glth or without

shedpredpdsar or non circular and either with or wthout

arp, edge The .t reat ed, bal | ast. wat er, i nped from
IR 1 PR o R vt Tenaepvs ToblerRE e agmhod and
app&htus As’oxq ubidgy the Ohllag® | wasietiataan BgeRefof @hyREp4RIty.OThd @nethod

PrOSed g Y 5F08 RO S0 BTl b P O JOb RS (G D) based
m&@lﬁnd%ay@e@@l’ﬁeés@ﬂecﬁ@ﬁf neRk chvitatiBe coIRpEPIA Aty Prebérably but
he

be recircul ated wt hel p of deballastin

nof ginitedl ke &b ghrnpais of Fovifazion SRRt rupben of { gaiifatipgcqlements; (i)
sphd’iﬁg,o béthBerd gﬁﬁtﬁﬁcﬁpélgmérﬁa (m) ﬂc’t’l&fatl ioPéh hRE ahll AWk Riiameter and
val vesO% preferably but optionally
digiglution; @aﬁﬁgs oarﬂaﬂbﬁavet@tmwiq:mm (Y ope@ting fanpergture; (vi) operating
ﬂcm)&'té %1) NAmBYSS G T irbdlatROHrsh éﬁ%aﬂ?ﬁﬁg cheier. tthhg [HaQfdted that
appar at us represente ure-1 cou
fOt @ttsatlwth@ egiredhrivpral %trfycts)eeef@ﬂmqgess,u ih esresselﬁhgupeieﬂgn a system

W%g‘g gl'ﬁe?ﬂés r1%}1 q‘{lil%l ?f ?%L?tn\ﬁfﬁ%}g g&eé%soc‘f g(i%ﬁﬁdté) th gy ’{he mll:mber of

cavitation gyeiys 1wd¢mn@m e pgingteraf pamg‘ecvmmm@ﬁs Ghe infeasitngf cavitation
CVgllﬁg ﬁ%{)@%& ?Bgrcéﬁ%ﬁe%f)eg rgrgg t%? nl (8[ erfvlvoarcrllsggl% pre;rsla% (f Vlac‘ir%gs gltatlng
elemtsi @irshelld e nowdphat sidteroift nacrsmn@nsms rwcmld tdqpilreedlfferent number

cavitatin ne 2 ates of .
aofy R s B Bocp et it B R B Byttt wsed
in bdtles bn@pdelab apmdlzaeferm@adll systedi. t0 the direction of

flow of fluid and positioned at uniform or non-uniform

spacing in the range of 4 to 100 tinmes the hol ding
T}@h%ikaﬁ rm &lh IGRIgS Ifor &Eblgnféﬂi\déill@ﬁ isegwele o8 MifSctal 8 showi i Higure 4.

held in place f an appropriate

hrere‘i?ﬁ%ﬁ‘iloé‘éﬂy WS deh @deatége Agn ke QBINPRPReEating \ parappgiers involves

idén@fitdtRhi 0ty MBRicRofgdhisMt QnBl @Mnd@th Ydghed intesRy oF number of
multiple orifices of different cross sections, such

cayifation exgnts. e RayaighPlesssl qayedions yse¢ tarigulais cagﬁhsﬁna\mu@%ﬁnd to
unﬁhchBﬁh%%@ oS ORIHRs qugxec%ltlng disinfection performance. Cavitation number (Cy)

is an important parameter in hydrodynamic cavitation which decides the conditions for the

FD

1

et

D~

onset of cavitation in a particular system. It can be expressed as:

Cv=—p12 —};v (1)
‘iplvo
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and wth a fraction of cross-sectional open area of
t he passage. The orifices nmay be circular or
woew7o5496ml ar as stated above with each hol e heei/mgpo05/000444
di aneter in the range of 500 microneters to few
mllinmeters. The assenbly of these cavitating el enents
whese hoissechvery meshanbeis thh ivamr pees$vaw phqudt hels agérageuvedecity of
il SBhRE Bl B BB SRk P a0 SRBECRERL Gl AR g8 ion
préiﬁrab@ Heuseldr IOJ 4 ilnthowgh fiidgtiseme codditidne k. resefE 0f5 gases/solid

|cted ex es of cavitation.e ts. As ,
s O SR O R nbar Gl Fg dgiantirs GRS Geseg models
ar®fisell 96 SiuRAS 16 afd tof pré@s: thEstafencdiapessardicid Z@ud the traveling
orifices are the key design and operating paraneters.
cayifpat gy foasieHm Lraidier conprises a single or miltiple
cavitating el enents conprising a single or nultlple

orifices. The shape of the orifices can either
Thei GRIumarelp invalyp selptien plgensspdtien eqnationgiof mass mmeﬁtﬂ}t and energy
onsehag@al %919?1%& foPa §sbeirR-ddsi@l chbifRuitAW THSmdre S chart of 4%
| ow char a procedure for designing a nmethod and
boaprp geresis Sarwimiadigurry 7. tvrhsrainis| ghen thaamethodaleg efepplying CFD for
Op‘iilﬁlrlZQI?ﬁ Sedifl oR Y- 19%91%9' T firsh %}eﬂeﬁmr@ﬁ) Rh&f ?‘Eis kd n{otalals specific

tion”1nvolves solution o conput at1 ona

gedytayot sav@t@rcm) chomberd clemgets snd geneRdy Eudsgior Rirthes ecnmputatlons The
I

ne%frqe }é i ch ﬁé:i%c& ta%ﬁllo Ie} tIE %8t ég’gllll% gé&?ﬁ Oﬁj%f%lj rrgo?ééﬂr‘té tl?é A8w in cavitation

cheabeért elemems dhafitoes rel¢vant)to pavitaon ayé invanabiyatuitoient. Several different

m?c,e\% §% Hel?)pesc’i g%{n{] eaﬁ% S ﬂﬁ%g r(steggc!»r eQalﬁélg 'ﬁgéfe, 2002 and

reféreibés diatl ItlEHi’lelﬁ))‘ For sifnutagisg dre fhﬁ@ﬁirm@hlthabawmtum eénmber/ elements

eratln erat ur rat.i

releritso e pigast e bt Sie earetse ARG i O st hfbence. The
basioabwsefing bquaﬁaﬁ;ldraastfenm ed that for ensuring the

desired ovegﬂb d|s§g?ection effectiveness, it is

essenti al ellgn system whi ch generates right

nunber of cavitatiof events of adequate intensity. The

nunber of | on perineter

of caV|tatﬁ2%E%?%4é2? ﬁ?eﬁpeg F cavi tation

events depend on percentage open area or in other

words on pressure drgp o§s cayj tathing elenents. It
shoul d be nenped th@i—é&#ﬁ% {é@gﬁfpaorganlsns woul d
require different n Rber® dets iand /i ntensity of

cavitation events. Different cavitating el ements can
be fruitfully usékin series or in parallel to

optimze tH& &véralT system The overall nethodol ogy
for design of desired sea water dis-infector is shown

in Figure 4. The hodol sed for identification
of the optiqwh @E@éttn ( ﬁg@e&; i nvol ves
o; O,

ot Ox, Ox,

a(gs) a(gge) -2 [/; 658] +(66-Cpd
G = %M[W—H(VU)T]Z
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identification of type of m croorgani sns and

estimating required intensity / nunber of cavitation
we@nnssdhe Rayl ei gh- Pl esset equation is usedPCDIN2005/000444

sinmul ate cavity dynam cs and to quantify col |l apse of

cavities and resulting disinfection perfornmance.
Thesevéquatians iwenusrbend ysiDg)finits valmiempashadeand IR Herlgarithm (Patankar,
d [ [ oC i1aRs

PGSR AN LoD, NS LSRGt
mmhng)waedqmes&sgctoamwmdrseﬂwafe|csllqde@bk@ﬂ? (pff Elssmi dec., PFA). The
coglg}ltgg?r{aymggel vf) l %§a uatet'ed t? I’ﬁle%tl%%llgocrse A/sg% d&e@%ﬁﬁ ﬁg:q#merlcal solution.
Aftke restablyshiiig ﬂhaiqnhesé nliﬂl'dﬂleﬂ drdbesadre oraithih aq:oepisble damiist dtej mpdel was

OCCUL S

usgc{) W];?e%%gl}?/ﬂ%w &nd Megglg% g’\éld Jp détg Lent; l%%on on§¢’ ?Fg?vﬂatlon chamber/

eléiﬁ?éhtst Thé elinimyd asjectbriat ofQavitiesl anchmsmltea,t Vtﬂmify lilktmydalong such

nam CS D ased nodel s .ar,e. use
SERED RS TR (o Srert SHEOHTR ey Bl ey, The
ﬂdcl‘lﬁtlﬁg gye@!;dra el pddictallt bRme tdnﬁ\m&iddelamlsllﬁa&pcbr@lﬁd 1if1|’()ea bubble
CFD nodel s i nvol ve sol ut I@ﬁt’;‘ﬁ%&f conservatjon equat i

dyg#migh seuation Frephiaimntiendvith P2 P callansy S 1Pop cavity
of%eéﬁﬁsahé itGvElBSiva the oGy Patditmd Goe, ﬂWl‘;‘-‘Rdﬁdda 108d). Once the
flow chart of 4th box in fi gure-4 i s shown

pafaneptare oy songrelingi desited cgyiasan Ervatset Ws@&ieégﬂ}ﬂafm%@ﬁ]ﬁla% fhgn used
to g?@mﬁéarthg BLA-AN %brﬁ%u%%h @ cstltaﬁlérﬁ chatRe t"[@l'é methlofdgy St useful to

D nodeling is to nodel specifi eonetry of

op@auzettm prelotyaiainae meel therBHp guldﬁlalegeﬁb%lb%ﬁféﬂ i t@étn?em

further conputations. The next step is to sel ect

appropriate governing equations for solving the flow
Figure Sanf itheadriomge sams arshmple ofreastles. obieedfusimgdhe mpthodaiesyt dspicted

i tation

i P T P By M A R e oY B B B method
anflsippardtos propaset hxethﬁanmeon E@Ze é(hblShOMS emargedtrejpetenps Of cavities

wlajlng/ ol n)o&gggelr;iaa%&%m e %rgmqln s' r e_v(taﬂ 1%&%%&&% am1cs and its
evleﬁt\dﬁlrﬁolllﬁme ofe Sm@edcatvhl@ Eﬂgmneeﬁﬁd)chhkwﬁ)pmdd:@d netatlsqe duVmg gorce for
ur bul ence. The overnin ons.
dl%fgqeptd‘\ﬂglta Lgnflﬁrwents tl(l:%s%n'fé)&]ver cgss p tjﬁl_]%er un1t1 p V- ta +
e@nﬂﬁﬁexﬁﬂoﬂrﬂwﬁ&eseﬂuﬁipaﬁﬂs anérrmeﬂscml foe disirsfeatign faf rshipés ballast

vo ume met hod and SI MPL rithm'(Patlrikar, 1972) .
wejen, ﬁ@ChaaSC SETERES %a ng Qf&n mie) GaEft 1085 & 2R RATR S ﬁ%%Pnses a
caVBfting chiBbed @9 BRES $éction such as circular or non circular shape housing a single or

multiple cavitating element(s) in the form of plates of metallic, ceramic, plastic materials of
varying thicknesses placed perpendicular to the direction of flow of liquid and positioned at
uniform or non-uniform spacing mounted and held in place by means such as flanges. The
cavitating elements are provided with single or multiple orifices of different cross sections
i.e. circular, triangular, square or rectangular shape with different ratios of length to width
with or without sharp edges 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.

12



10

15

20

25

30

nodel i ng was done using commerci al software call ed

GAMBI T (of Fluent Inc., USA). The conputational node
wor®7esabaat ed to quantify errors associ at ed wWaTIN2eS/000444

nunmerical solution. After establishing that these

nunmerical errors are within acceptable limts, the
AerpttBhglnths pu@en.t inentiomprovites 4l apparaimel fqsdistnfention ot édadvatdyy ship’s

| £.1 : t-i

ool R bR B VAP oL Py @155 DARRAR of o bt wate
inpake seucee(17) sl aapmmy rrieaxst(d)%)woah@teg is umﬁasﬁhmpgca presaige gauge (3)

el b b D BRI R b RS, R RE ) optispal ropet an hea
e;a‘chz&ﬂgelr ®Y, eﬂaradtmieﬂ)m ﬁhh]ﬂhﬁé[d awition chambem (:ﬁrepsn:nﬂ:ﬂ@d)emgtpmovlded

B P AL RS0, LB ] B S o

ofCfafid adattl é‘dvitﬂ:mgt dleedtd (2 bWIng Rpddee af Lhifadm( Grexibnﬁﬁmtﬁn'h spzmthg and

2001; Ranade Once t he parane
e@% Ao R s QPR e @hOrEH P JReLvEh B Rt Bt TpgE single o
midtiplerRigietss thaloatpuhefithe! &ﬁﬂca&ﬁa’tﬁﬁtchﬁﬂlﬂ@ (»)Rim@MRERH through a quality
configuration of cavitation chanb The net odoI cﬁé&llast tank

Chegk PRI (@) andrhgg vahver (Drie a&aléarszﬁapk é&)s% ARPB
(8% Mhgeindedied 8 donbad hass ﬁ9y\ﬂ&cﬁ{gh‘bﬁ&§tv6ﬁ9%) tofdl dsehpd offet.
he draw ngs shows a sanple of results obtained using
t he net hodol ogy depicted in figure-4. Figure-5 (a)
Insap%ﬂﬁ)o@iﬁ{%m &{tﬁéjprraéeﬁf"(nr/énﬁblg theXav@ifn Qfla.rﬁlré? (.‘ﬁ FROFLEERALRe means
of the method and apparatus proposed in th
(17 e Ehtthrongh Whighyseawsiehynieh Gow ogisiglagessgl t r aJ ect ori es of

C t
I B e R gl el G RA o seies of
unmﬂs bﬂnaﬂsmﬁ@HeabdmeymnFlgure 5(d) shows

predlcted relative driving force for different

cavitation el enents for the same power dissipation per
Inuyet 4nottes smbdamaelproéﬁermesbm\hemnﬁi@m thgrh@a/ci edelmnger (A)pip apratectsd to an
e@%hsogézggsggﬁ %? %#a%h%geg%hé) QI‘ Of nvgrrh%gltfl(l:eg%’ltt,to\all\'tastte%ﬁf or engme
exhhest gpppafrar tis: shipaphgises a caV|tat|ng chanber of cross
. section such as circular or non circul ar shape housing

a single or multiple cavitating elenment(s) in the form
In‘bﬁﬂlﬂn@ﬂ@ﬁerﬁlﬁodﬁfﬁ&r@df itlge, prés@fitif éhtiof)| tAS tavitatimd elfaintbless (fis of cross
arying thlcrnesses Qlacgd per pendi cul ar to the

S%W?%%W@ﬁﬂ“@Fafﬁampﬁﬂ‘PF& fRf and positioned at uniform

or non-uniform spaci ng nounted and held in place by

means such as flanges. The cavitating el enents are

InstiB P CRRG ThaF PRDRMIMEITOT ie PREsFRtipYeation (e augaitge Biupbes (Sfpouses a

sifg1OSSmeiplel c@ﬁ%tlhg ‘é‘}em%ht(ﬁ Qﬁ theltbin@ BOMABS such Ayl 8f ﬁet@ﬂlc ceramic,
rectangul ar shape wt ferent ratios of |ength

plejitig taterialsrofyRryine mmesgeﬁ @}aﬁe%md@mar (5 b csetpn of ﬂew of fluid
inQEri& RSP R AR bR sitBRG bt AhBFM Y noR8nRARS@IEing mounted and held in

place by means such as flanges.
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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The orifices may be circular or non-circular as stated
above wth each hole having dianeter in the range of
wWGOd7ntsOmeters to few m Il ineters. Accor di ngl RCT/IN2005/000444
present invention provides an apparatus for
di sinfection sf sea' -watdr snip's ballast water, which
Inco aiph fusther ambediment] oft thk erosend eveption, ghe) gjvitaiinss tlememrtgis ditving a
ter .
i oL B 0 PR OBL oo bl B0 0B BBy sectona
flemdrezheck val ve(s) to an inlet port of a cavitation
chanmber (5), optionally through an heat exchanger (4),
characterized in that the said cavitation chanber (5)
Ines geinfurtaérl gmﬂmeihnglt it Gl dEsaniilchn’d;dnl;l gleecayitating elbmblﬁ(s) having a

BN i B 4 Rl S ARIESRPLE S “ub bl o non
clfcﬂ)ar bﬁhmg vﬁﬂﬁﬁteshaﬂi edgpd, fudereiroéach GwoleUil ihbangndapecr g tiendnge of

Soﬁﬁglﬁrog*eéeésﬁoﬁwﬁg % el ement (2) having a fractional

5% of single or nultiple orifices,
Int dﬁethemr@wdnﬂém tolf eheSbsantCiavdntiad, | (D he bianbef of 5a)v1tbtﬁ1nncgaamber (ii)

ass rou a_qualit eck point (6) and ch
th{ 3 ‘(37 tg‘f"é‘ cfetpiys 4L ‘?eam@c‘?‘s)bew B BUIHaR © geF“ePﬁe (iv) the
freﬁﬁbﬁal lsﬁ afeh dndMunfH8), daeidRg aq‘a@ rtrheﬁm@nt& oRifdbsS 6 @ﬁcﬂlecawtatlon
). through check val ve(s) to a di schah%e outle

cl ROV ASCRPFTRSR (sgTDerafiEe: v dmeperatipg flomorste/ iy velocity, (vi) the

et batd- B%uﬁlﬁ@ﬁg)ﬁﬁo@ﬁ)cah@a%oﬂ\@ﬁﬁﬁbe'r NirakegrARaN §nc( &Ynf}%‘ured using
18) through whi ch s€awater enters from outsid

copmiggpal | foid mpics BN brsed Teselshendy Relsigh-Plesset. cquation for
caivﬂéltﬁ)ﬂtc.b@{é‘)ﬁ, %%&En{ﬁ%ﬁf}fbe& 18) is one or a series of
as

punps su ut not limted to a ballast punp. In
yet anot her enbodi nent of the present invention, the

Ingaﬁ)%% ar?o)ﬁ?el? %ngg(f grréllt) f 'tl’? Qggﬂteiﬁ%%qoz{liqla@@ln%%{hlg%k ?(ﬁhjtr (%fm provided

stan ce or
wiblt kmiwelaiwmcs @pghlnel remh‘@uag thgasddy bf weatadhveaterhi ps
engine. In still another enbodi nrent of the present
i nvention, the cavitating chanber (5) is of cross
In%mﬂli annthsiueiibcdineantt O£ the presart imentia, tcedable rs-himﬂatiolnmf the treated

e 8 VOB DR o By et ket sBF e b i oBflaor e

sabbdibdhadgk ngmpl(Q)'ﬂ&l’]]ﬁg ﬁbhnécfi’éd thiougthe pfeasume gziugp I( m)emd shedk valve(s),
ti t

o P BELEA i eeb et At it ) PHellct FRYEHgh Hhpiber (12)

hafvin@Wir@fe drl thiielple T&aﬁ%ﬁh SleMentk Gnd)@e[cﬁ'td) e saidchapes itdnkqBEthrough a
at. uni form or_non-unj orm}fgam ng nounted and held in

qy3litycledkypor 4178 2uq ehsciaalyqs g In a further

enbodi ment of the present invention, the spacing

bet ween subsequent cavitating
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
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.
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elements is in the range of 4 to 100 tines the hol ding
chanber dianeters, spaced at uniform or non-uniform
waepacimysd n a still further enbodi mnent of the PCERE005/000444
invention, the cavitating elenment is having a fraction
of open area in the range of 0.01 to 0.90 tines the
In g ledibadimehiaefiibe pispant invertion) thadklldst watenfebe treatedais pptionally pre-
et e BORRK TR0k G pipECN! LAvent oD, the
cav ?§3 ng a fractional open area in
the forn1of S|ngle or multiple orifices are either

circul ar nei,rcular, with or, wit t _shar
In it iR B el eshin Mo dib beP® R G (ERgE gjoaviating
el ¥sacohRtier Equidvd@itieslel ih BRtrigs of L fo BﬂmhAse r
enbodi nent of the present invention, (i) the dianeter
of cavitation chanber; (ii) the nunber of cavitation
In 81 BBIAe embbdiknt T Qheﬁﬁ@&hﬂﬁv@ﬁbﬂ&&ﬁdﬂwﬁtaﬁ/pfé@ht&@ in the range of 0.5
elements; (iv) the fractional open area and nunber,
to dp4Kk&EEBr and distribution of orifices on each
cavitation elenent; (v) the operating tenperature;

(VI t he operat|n%1fIOM/tate[ fIOM/veIOC|t%; vii) the
In g eralpodpéer%.qf ik arerohdvericnudie wathed Ao GrnteRrBFaiment of

wzﬁ‘éreus n‘ﬁ@ dafiRfbh SUA1&Asu#EHIB FoCOWRAE RrieBNEt whibiliréhtment
amcs ( based nodel s and Rayl ei gh- Pl esset
apeéo@apm@ﬁclﬂ@ng Bivpqt dinited te Glaptapater manpgpmer, psicaltyal applications,

pogﬁa?h(flr P&%‘Jppl 1(915}’& a.n@%% %gglﬁﬁfgg? %?&?ﬂfou?&sfntﬂa%taﬂf ﬁ%ﬁ&tﬁons

I nventi on e qualit I's provid
wi th known devices capable of nonitoring the quality

Th%fbaﬁlg.s% %Ja‘teeg Yﬂft‘gg’uon t at?neﬁ{ %nl:m %@&Eﬂ&f Bll%gg?%g}h H%Pél% Efét éxlefﬁsively

sent i nventron e re-circ
ocbmreaueid thefitae rthe shig pmmtm ma Wzttar todughfa cequiipedhipybarhavhich is

oA SR 58 s SRR e, oo o
méhe Setictemgyabigene(ok @)sedeschf cphmpsk dveanis\sedvedter fcqnt Wateabdyy surrounding
o P BB e Bk Pty

bu@ At lirditddng aelegnexdlishgaN Thdatkeyt Duickeo Hait thibakica &Iay tbankstandard
(8) thrg@gh a quality check 0|nt 13 nd chec

soyLef Y e e;vyn ingpe ’Cﬁuﬁlbf‘%/ﬁ a[uﬁii/%aﬁtor 8}}iler Control of

the EéWthﬁ’(ﬁﬁch@mHﬁtrﬁ@dbd‘ @foudh %lrégu%drl (QﬁndéfedSﬁ Seratveth the water intake
ship's ball ast water using the apparatus as her e

linglyagres thatiscrrisgted i therraxigiign icbaabes ubjedtsis g}th%éXPghed from the
cab@zitloﬁ%ﬁalnﬂﬁ} B cohfecR@ th h @é‘é‘égﬁ’cl& Or PHInAEYBedptle8, aVhibiRdsipadFerably
e

g@t he water int of sea water, optionally
bubff’l@loﬁ bpllastignk(skn inl et port of a cavitation chanber

THAV D reSiAH Farhp 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
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



10

15

20

25

30

mul tiple cavitating elenents, the treated ball ast

wat er bei ng passed through a quality check point to a
wh2drast95¢ ank, re-circulating the treated wat ePCDIN2805/000444

portion thereof if required by the quality check, for

further hydrodynam c cavitation.ln an enbodi nent of

While ap reazhofiment 0 b gaparatpe andmehad ofatvater titpatyent (of fhe gresent

1n4ve?1t191m1és%@ﬁ bidbcibed iNaahied shQui@bd @ﬁfﬁ%@ﬁ)ﬁlﬁodlﬂcéﬂaﬁs 4rfdN&Sations
of to 700C. I n anot her enbodinent of the present

th¢rﬁt9eam pesaible; pbofverhieh f4l} wwnrl dheetrychipaiigind spepecd vhe imventign. With
re%le@tni%nﬁl a%ox?eu&‘&cr%}h%?‘ th ﬁsqw Fe Y&li , {hhteﬁgoarqu?iniuﬂ‘l tensional

an e_o to 15 In still another e
relatienshipe §athe farty efithe mwentmhethwﬁxllemm@@dme njay bensedne
(48
T eﬂ\gzgcgr }gljné&né IH%V g%lf’[ﬁ% Eéﬂllt%ﬂ& ggétp %Es e%fglgéf{&o r?;atodynamlc
catmt@mnrf%’htnemér weadr@rssesihrggh Wrcadmamhandamcaﬂtwme generated due

| so _suitable.for W de v f. wat
to i%he Pregc's Ute Iglhcéuafl%résl e d]ltll’l %u q{le ?m%ége% 1{1\,\% eomeﬁg \Ang?%red by the
ﬂdmnﬁgegmaﬁatedagwmeu Iuhdur@ vamnls istagbd ofithe (aoodticangheapae® before

BB e et A R RSB BPRAP M Wy rencive
ox@tighfipReich. Oe ok@BinpEsptcibedmaicondifG rof Bl tahedratueing pressure are

oD DS SIELh Y S CEEUTS, BT RE! Uofur o

oxRIiZherspbliys R HOtmAdnithde df t @mBerStun@hressare, Mehéd Rhee disinfection
cavitating el enents. Cenerally, the punp neans, which

effieigncpels deRendgnt an e gpometr¢ and Appetingitondiions anat er fr om

It mﬁf WY SRedStHAt B RGHiRAGmt dR@eSitngl deBtifnshle 6188 ?ﬁr%rof the invention
i pi ng means. The punped seawater is passed throu

to pfl@ﬂ‘éﬁr Aiajiopyin FE Mateiale Bhers, dome aﬁln@s@ehaaﬂg@ﬁrmeirwé operation,
as&ﬂﬁﬂ}ancﬁ&graﬁ@ déegnela%@e{dﬂgl Iabﬁarmtaﬁ& oﬁ@é‘usqg ofle SLiAQCRME: art, and all

source or known“in the art, such as steam or
eqewgﬁentereléumh@s tofhesegHusyrted in thedrmwiegs 2nf desqebedinithexpeejfication
argﬁ?egﬁgq;to%Q%n&ﬁlpBQE@Eygﬁ)} ?re‘%&ﬂ t@h@n connected in series

I nta

e water ne neans that is connected to
qu lvearople. angtsuisable bidimddeal cdiittmatstdc wle erriey péinhesals, plastic, or

other QAT yht%ﬁtgra\'ilrﬁa t eolﬁe& Fc?'ﬁ? {ransﬁ{ glg)p%erﬁéa\?\lg a}lcgmare -circulation piping

receptacle or |ona rece
méame fdescaibed; And ahhxtughrthé Id;mnafedb:ahltmeimmank (rejer ubing Myaitcgiynamic

P TR A R L LTS, G e
thatale hethedphde dppaathsvf weter tréada@ént\itehr d@mﬂbeﬂhﬂa}nﬁ&dbe suitable

fo{: gé@ uggéettnz \?V%qlg gt@aﬁrrngetn%g]égaﬁﬂ?s 1nﬁﬁtglinﬁ ﬁt%telﬁgﬁ?i ts)t %ﬁs ewater

mERPERNS, safiCul@vdiapifihitonayposhhmhspaeCipplitations) vildndgas applications,

count ed. However, el se efforts ar
and various disinfectant appllcatlonsV\Qgc{1§ona[ly, a Wlsde Var?ety 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
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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underway to devise sensors for detecting presence of
specific pathogens. If a re-circulation nmechani sm
WO e@des54966 be activated, the shutdown operati onPCT/IN2005/000444
preferably although optionally, may be controlled by a
control panel neans. In use, it can now be understood
cohipen@pspﬁnaaamsreqmcbdnbjt thedinyéntisat et alneadst presrnt mmy Yessel or other
non-chem cal, efficient treatnent of
Uaﬁ#an(ﬁﬁuﬁe an enbodinent of the apparatus and net hod
Thefnowelt a@parauue atdmmathod bf thh eresere Seventiomis eapablenofiniggilizimgrhazardous
descri bed. det ho ld b r
orfagua eaeing s R Pahis s e RBRLS UrelibBy rovide rpatment
of Mfallidivedterf Thé foregdignist chﬁsxﬁérd@ as ﬁ)]llu‘strhtn&nohl}s «nﬁplme prﬁnd:qﬁ% of the
. i nvent on Wth respect to. the abgve descr.] n the
injepip §egge S1ee RIS et HeRE Jo ST STy ool o those

skilRU &t theashit i%f‘nof @siréd 1o lipdf ths indéntioneo the\eraut bmtrud:tkbﬁ and operation
follomnn ure be_ use

SHPRR GO HORHBE 01 PRI GRE e BEDls mas i aiony b Rt e gay be

refby 8 @5l YRdH \ﬁﬂlﬁﬁi‘bﬁets@dﬁe%ﬂ the\liepeMer water passes through
the cavitation chanber, cavities are generated due to

the pressure fluctuatlons resulting fromthe changes

THehovBIB SRAETBEht BREAMALEIRE iDihe LhRib{lPW prdtige Q@é]ﬁ[v@tyﬂdw cost
caviti'es undergo various stages of the cavitatio

angreserdiendly anpRiGiie apd eledind| Bpsedor Bysspdygamicerauitation ngIi rificient and
ec‘bH&mcﬁl cﬁmct& draEOGaRIGiHY dﬁﬁas@ fwaﬁe? 8y BN Paltinghthy orgamsm

eactl ve oxi Zl Ng Specl es. he oxi di zi n&ospe0| es and
mfeeuqduwat@rtbro@gh lyingle Qremrplep@t Wéatmophﬁmerg usipg gingle or multiple

ca%?ﬂﬁfg%%%%%s“@ﬁl?o%?% kblf (313; mEJAi% . 'aﬁ}}e Eﬁeﬁﬁéa'l RActRh, the

or gani ant um of oxI di zi ng speci es
and the nagnltude of tenperature/pressure hence t he

di si nf.ecti an e f|C|en . 1 i :

i SorgpiS e e 807 G o et SRERY b Skl FREEHG] fousine
sigg)é bmltiplenenvithtoneadlematsa speoed hi lpsfof‘ro ror tnhe-upiforms spafing laad each
e %éﬁ ggxlngrgs'n%ﬁo #r%:ﬁllg?a[ gﬂé/nga%fléﬁaihgﬁe s1r(1)%g or rthglttlﬁlre o%k'%es of circular
orafoh@iohlyr eHafe Wt or &ﬁﬁoﬁ%ﬁ@d%dg&admdbjﬁs apxm‘zatemt ofghel novelty of the -

obvi ous to one skille
arpEIE 1o et B B oty B Rt PR ity b G sfingne e
whtes & b@@féatb@ té |h9cr1]1‘o?@ﬁﬁinﬁd caflitatich aables bainaliuh bibthbelovelty of the

enconpassed by the present jnvention. Far any
g SR P FOR or BRRIES Hon AR YT 4 TP dE DR VRS o

nmetals, plastic, or other sturdy material may be used

for the transfer piping nmeans and/or re-circul

Inmréﬁ:rnfg demanyrattelbe PPEREANSNAIATAEICEFSS O U PRAER AP fton of

?etr Vﬁg‘g s ‘B%lla‘é?\kﬁ@r Mdh %t}nﬂq}i&@f R He prez@itiidvdhtidi) an experimental
pre era ut optionally on vessels, has been

sethop ova b@r@truqt@d astrbenval inbféeuapp 06 Bie slrasingsh Hpireaisl challengg water from
th@ @Qa &F I%%lgdttlgl? Bl?a&nb\é@ Bvid § ¢3RN SER pBmP §8F PriBe® forcing

it through the cavitation chamber (E), the seawater is first collected into a shore tank (A)

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 hlicroorganisms. 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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for a wwde variety of water treatnent applications
including but not limted to wastewater nmanagenent,
wa@rosdosar al appl i cati ons, pool and space PCT/IN2005/000444
applications, oil and gas applications, and various
di sinfectant applications. Additionally, a w de
in vz eegeyof %2 tod)- Y She flowan s cotitatian phaskhep 89 iapentioilodby mgans of a

M Iréguﬁg %‘Q/al@ﬁ Z@% ?Yes&fre (Pe% ﬁR orbtg cla{§19ﬁ10n chamber (E),

I nstea rec ast
mekas &rlrbr@ddlng:mth@mms;pretdﬁ ehenﬁmﬁ dot, dlﬁc.mﬁtl qifices. iPost, treated water

fr(%t% ﬁ%&gggzog%%@ﬂgorp %h%?n%g{ @) gsnc%ll%{r:%mgc%ﬂyétffbﬁ g%ﬁl Fg?) g?zyevaluated

0 conform e vari et
fow the ideditpcidn lsved pthe argdnismges, and a cl osed
hod descri bed .ma

Tt{reeegﬁ tzclfng%)F glre];f(f %[FHCE jon, ﬁavglc er%% >, Qganisims s r%lfr}’?d ouy zﬁ,Tpeer the following

mbaMﬁmtlon may al so be adapted for use with a w de

t t acl |
B B o AT ot b LSS B e
discherde rv%erbytsﬁ@ SpiiehY phatd methbdltAladeoe aflyaps SSIﬁﬁlta (ONnmA) after serial

vessel r o reat nent catl o The no
wepﬁ&%ﬁlﬁmﬁ KGNS R ﬂ %&3@5 s %}&Hfbéent temperature.
T&%ﬂﬁhe@ a8 entihRfdtdd tEérB&tch aﬂ@é@%@dcars Ghafb & fer eﬁmmlwr ME} bacterial

in ballast water stored in a ballast tank t

oo S DB WBIeD ROdcs BRI FOmBHeh a1th e might aeter fayes cavitation)

anfdQﬁee&%eHﬁgé &dﬁ&f&ﬁ lifledcatiaBfumitet H%El&ﬁﬁﬂe&' Bsifin¥ @ fowlifEformula:
principles of the invention. Further, since numerous

P%ﬁﬁ$Eﬁ@é@ﬂong-dﬁHXbHEhges will readily occur to those
skilled in the art, it—Tsmnot—desired to limt the
invention to the exact construction and operation

WakreywI =axl]l easicin inida wmdpraaemadbmbgl y, all suitable

nmodi £ cations . an ui va e resorted to,
falli @eﬁﬁfﬂF$n¥%%£§7%B%w5 Oﬁﬁgvxﬁvg%tlon. The novelty

Tif bmlbgc:ﬂrceﬁxﬁlnﬁlth ﬂ&gftﬂ &? giable dadteles a$s601ﬁthd§ with patplinkion, iscassessed
provi de a relative OW COS e

infhaoiakt e SR P B e R IPEET T A el o gollested

b}f Bissiff kh&ine GlhandHdofSiGRARO (ﬁr@-@ziwﬁﬂl(ﬁi) nhe alstiengoOfposieavindion) waters
ship's ballast water passi ng the organi sm

ﬂquugleeﬁléae adeap quoawgh‘ﬂ% Wﬁé i awslh%ﬂdtﬁumeéde@dv RIB VB Auantity of
fil Qf@ga%teliloff*ﬁ% nglﬁéxﬁk%n s 4! tflérp h@rnﬁ@e\‘ﬁz‘é@t dn@%n aliquot of this

enent s use 0 any chem cal's or any chem cal
hmmemateo@ 1mthaftes @mad) Bilutivas isiprajesn Znbeld mepinagapnshinglbaigd for 24

ho?‘rll%e pt gﬁgﬁt telﬁ'@gﬂa{u% ﬁf&e &'Hé%egrg Shufa@ dfd&'dntﬂeééﬁegla%doefxpressed as

SP&Cavi tatin ments, spaced at uniformo
nundber pex hdlilites The |b|aqelaai doerdh dickargnvaien fnost-gaviigjion) is compared

f t] I ' ¥ .
ol B BB e SR F Tl o i
caldutafeaul abdvar p edges, enables realization of the

BRI N CECRNE MR A e—rs
tht Bfake (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
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water to be treated to hydrodynam c cavitation enables
realization of the novelty of the nethod of the
w@e@3memosé nventi on for disinfection of sea watBCT/IN2005/000444
ship's ballast water. In order to denonstrate the
performance characteristics of the apparatus for
andl |espm§sed: 25 aombérs gea mililidsr. The phapomarﬂrmn eyt \wa tdéschaage] water is
comgarec? glﬂtl H}%a[k‘l% %Iate? fanci ﬁk&g@l’égﬁ edu@t\f nﬁfﬁbﬁqg‘ calculated as above.
tructed as shown in
flgure 6 of the dramnngs Untreated chal | enge water

The rbog)rlncf_%r'gphigs 5 éggra%b{ﬂ,'%oo(p%& to%f,olf glrz]e g] {e';b g—lgn S?gh iis hdeRed in the

inthiy @k&g&vltﬂ&)n%‘ﬁﬂinaﬁ) ol gibehaipe r(p&sE):awﬁah@h s@RNNE fvateds. For this
first collected jnto a shore, tank

PUIPRERA KPP E Y ol P Ik optiaiARe dischangs é@&%ﬂ%ﬁ%ﬁ%ﬂﬂ%@m%@ made

r(ﬁ" wfche! Qit BEn 15ORQREKOTNe ZEERani@InCEells Nethitgd foﬂrﬂie (s®Ve lafe then
t or oughl y m xed and eval uated for organisns' density

imimedipighi rapsieired oo ganpwRryolumgeol (e seaveniey. 4 suh spmple of known
L xtur f -

wll 6181 o8 SHRGREE ik SR8 LR e , Biiiy) a

enethented using tahbisooslan ghierosoperand expressdfodsenpndfersipesrebisrmeter. The

zo%pl'ignkgo%ngq?mp in aISEh% c%lggtﬁm &gﬂ)gﬁiii%;/ltﬁ?ﬁaé%\:{ ?f%ttexl gﬁ@ltheoﬁﬁ&ntage
recﬁﬁmrtmmumbemheaﬁaﬂate(aﬁ)abo'@ controlled by neans of a

flow regulating valve (C. A pressure gauge (D) is

fitted prior to cavitation chanber (E), neant for
Thé Q‘@lﬂfvﬁn@@(a&@%sta&t glméh by @sgp af #lugfatibhef fhewpphrétos for disinfection of

eret o |ces [ from he out | et

b b s S PO by % BEHE b O B s
prézfitd £l theBfokastouldmot badchstual tdintitlthe atopels thtesresent tnvertion in
| evel of the organisnms. The eval uation for the
anyEeiicti on 1 evel of the organisns is carried out as

per the follow ng procedure: The biol ogical count wth
regard to free living viable bacteria is assessed in
ExgpglerInt ake and di scharge waters using spread plate

Flwtﬂﬂ&sjgh c%lvitﬂibﬁtelé?lflen‘f\@tlﬁ%n %fﬂ@ieehoﬁfp ndfdcircdid Bbps e¥ithadharp edge
lutions 1s plated on mari ne a

orifie it @aertH M el indhe Bsi A e PR ard o erery R beveled or
srrff)g rl;,gﬁgdecﬁ 1?1169? U?EQ@Q?@ rﬁllﬂefr%loh & ao?@rg aR¥P0ES IRG A% = 2.8 Ips

ter bacteri count in

coztc@omangg@ twahqand (Possity tl@&%ht the cacyﬁatmwlma%anw g prgseure= 3

kgl/ ntzalf? @@at\ﬁger A WY 'tllieaB n')vasag'g Bctﬁ@ LA8E once. The %
r'educ I'n bacteri al ted using the

deﬁtoichomsngdlﬁmdmnltlm foH’ewme rwtblerlewuhtrefmnncc t¢ fhe-impt \xatiloo |
Where, | = Cell count in intake water (pre-cavitation)

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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D = Cell count in discharge water (post-cavitation)
The bi ol ogical count with regard to viabl e bacteri a,
wa@swoosased with zoopl ankton, is assessed in tPET/INWEHDO444
and di scharge waters using spread plate nethod.
Zoo&tankton cells are collected by passing known
Exgomtetd ty of intake (pre-cavitation) and di scharge

F16W Qﬁ%u@@é’évftﬁddﬁ{‘%mé@%ber{a%m% Qfl‘%gagllibléa 1Dh Sﬁrgulm%pf Ruiff sharp edge

oltin v suspended In a
orifiga plaiet (yftft@fdrﬂlilngt tbe boles eaabh»aplete, thgledges b Hhearhesorere ebﬂ @velled or

r | d,.an h at
R0 AP 55028 Bliof T o shiL B LOFRARAT B i,
comaspondingypahe hmdd IVdOUb’&thE)dgH e c@xdtahngwlsmatt ol i b erl$ and pressure=
3.%% %.f(.gltrhg:;ssae alon rﬁ'&l 2 b1ota? w%? %ﬂg [ & tth? %%E I%l?eb ?ftlcgrongf The %
destonetibn hsrindibaiechmrt@@foidmymg ta(b;tms mihaafeﬂemw torhe ihlst watapar ed

with the intake water (pre-cavitation) and the
per cent age reduction in bacterial nunber is cal cul ated

S.ag TaeY@ganifie DI ol 0gl Cadll cawuintn Wktika | e@igar cbubt0  in | reduction  of
nphytopl ankton of cell |gize greater thaM.be XS | cell count
agsessed in the intake ?dpre cavitation conthlo n) l?)gd
dilschar ge (post - cavi t aftEA &SR t i or?"oﬁéive?“g“) Forl Chi's
pyrpose a known vol unge of intake water and di scharge

1V\/a[285p]ah1§0nT(:l> 5d’p@1|'ze§d t nr ()l}l(g’@ooﬂn3SI eve ITHGQ)O@H&P of Dol 11369

nhyt anlanktian ecol l o v At

ho A nad
QI 1 T || D11, 1 ||‘yl UP' TATTIN A I e T CU |4 TCU
2 o P%Iﬁe’iaf’kt(ﬁﬁ pd!® U)nu Si ?ngre then i il ely 5

_._l'

3t r|destedn (Rrek living) a knowSowdOlmd of f ¥i32er ¥dndeawndtlédr .

A-sttb—sarmmpte—of—known—votume—+s—taken—after—thorough

m xing and only pignmented cells with red chl orophyl |
Ex‘ahipmaescence under WV light are enunerated using an

i nvert ifl uor es ce. mcr eand sed
Flbh b oS THTTE d e ipR sl SOl ARG SRR T sharp edge
orifics plagy (@&eﬂ@ﬂlﬁ{g the hslemﬂhe glawi the edpdsaf eha/\laﬂcesrwaa dot beeelled or
HPﬁ%r cent age a | on nunper. i s, cal cul atﬂn%»%ﬁ above €101

Byl Fﬁn rEGEPHOL PR SEBT Worlate ps;

coﬁ‘bs@@n&lﬁ@ﬂi e hﬁﬁﬁdﬂleﬁﬁi’@' tlﬁo@ﬁ&%éa@ﬂatirfg didigent Bf 8K &/s and pressure=

égg{gm cavitation condition) and di scharge

-cgiseanatarlensnuith i rb}otWé pasecpough the PG5 wEe-alhe %
dekRRYOn YOhstPRe Pl thdHoRbRindRLRS is Il rSbRRRAD UR MBE Riter. S
filtered through a sieve made up of bolting silk with
50m mesh. The Zoopl ankton cells retained on the sieve

ang (hERk JrTUERLat el Y (TTaubdeh Sk Eéﬁ acmom ’vr@ciume of

of | tered seawater. A 3 b sanpl e
tcllyfen after thorough miXi ﬁg and onl glsclhm%/eWWI‘]:r

(With nobility) are enurf@rgrdgonsi n@"’%rcadltaﬁ‘er@ul )
m'croscope and expressed as nunber $ per cubi c meter.

The ".%s';nc ktb‘n ts%ls&eb"l HiGHogEharge mbdw rs—congzared——

ce %ount

wilth i n tlhe per cent ag
2 Phytoplankton (> 10 p size) 148/ml 112/m1 24
3 Bacteria (Free living) 4.86 x 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 '
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reduction in nunber is calcul ated as above. The
foll ow ng exanples are given by way of illustration of
wao be7apss at us for disinfection of sea water /PGHINZ065/000444
bal | ast water and a nethod thereof of the present
invention in actual practice and therefore should not
0.1% floenster 08dpe eriespuntling ieths digpid velbcityhtbrqugle $@rvavitating element of
b, nvyent. [ ney . -1
5.4 B iR st 3RAERR e s RO v it 84 s troueh the
ordicapece. iht o dbsuptiedgyeindicatéd methp lfaltosvifgfableris dvithl fefemgnee to the
inl%fgeahol es in the plate, the edges of the holes were
Yofevel | ed or snoot hened or pol i shed) of size 21.5

mm fraction of open area= 0.9, flowrate = 2.8 |ps

€ rTres"ondi ag—to—the—hay-d-veloci-ty—throdghthe — -
S. .ype of organisms - count in intake’! ce coun m,| reduction o
cdvitat "'AY el ement of ‘; e Lng prlessure="3 kg/crrﬁ.

NFHe seawat er al ong witHhVete bi ot a wasisPaesed:t hr quegfheount
the orifice once. The YHesyita)i on |gsticndatdat ed |i(W)
wth referenge to the inlet

the following table is

water Exanple-2 Fl ow tHrough 3r*:n/i tatlion pl empent 2
I haAoPRF e P% sH8l e, nor-2P%El ar shdp@*/®i th sharlg®
2edoeytaanktonqe1ql ke (af t|@sl/dri | | i ng t/l420ihlol es in tioe

3 P Berat e (BUUEST Of Fiffg ot es were Tjot— bevetrted or
snoot hened or polished)| of size 21.5 fraction of
opAPAPRL 0.5, flow rat6gx1:0 fﬁ9 | ps, zgcrghf@gpondi nqsgt 0
the liquid velocity through the cavitating el ement of
10.5 m's and pressure= 3.8 kg/cnR. The seawater al ong
W th the biota was passed through the orifice once.

Exbhgldb destruction as indicated in the followi ng table

is Wwth reference to e inlet water. ampl e-3.Fl o
Flo A CAURHER GG SnBHPES NI A Tftoers) g Plte (el
drRiY SithEhbl@lin SlepRes thehbids FBRMPt RFeled OF dnidotiengd atpdlished) of size
(after drilling the holes in the plate, the edges_of B
2ghwrhbréng Girir Role ohdipaiciead B GAORRERBE BFeple: LR de= L7
1p9fco§és§6nc§%g B MY LfdidGkioefly dlroRPeMead9Ring. domerft! W04 m/s and
rate = 1.0 |l ps, corresponding to the liquid velocity

pressvigT g e e Bl teav ptaelensevighihe ffotar yaspagsed i opghetls grifice once.
The B dEFAEREr as TBcRRANRSH 11RO AL ﬂiﬂti ReerblR i@ he@S et water.

passed through the orifice once. The % destruction as
indicated in the followng table is with reference to

t e TRt R R EX NP Reifeokilt SVhckE T ST Mo &nmV T Gl effion of
ellement™ 4 having nul ti plv%tepol es sh Eigchgdeg}%tegrl fcleﬁgzoum
pl|ate| (after 8
(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 (Associated  with
zooplankton) 66 x 10* /ml 5x 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

circular hole of diameter 2 mm; fraction of open area= 0.75, flow rate= 1.3 Ips corresponding

21
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drilling the holes in the plate, the edges of the
hol es were not bevelled or snoot hened or polished) of

W@ e/ 02056 nmm havi ng circul ar hol e of di amet er PQI/INDN05/000444
fraction of open area=0.25, flowrate= 0.8 Ips

corresponding to the liquid velocity through the
to ‘wba‘hqmétvﬁlngttse Inthe @ﬁw@tl& phprgen 984 Sme/s g pressgreg 3.2 kg/em”. The
seaffitct % BEUGE Sas 0RO LY 10 DO b RcNADe PR Ftion a5
e ori ceo e % destruction as

1nduqathd01athedolicrwmmieblfscﬂ Witwiefigerica bl the indetwiatey r ef er ence to
the inlet water. Exanple-5 Flow through cavitation
el enent 5 having multiple holes sharp edge orifice

S. pl @tpe offcadatiers dri | | i ng pfelltdaent hplinteke | ¢¢llt hecopt at dn { teduction  of

N0l es were not bevel ed| @gersnoot heneddlgﬁargaa,ladelshed cecount
size 21.5 mm having cirtgul ar l e of S’s't@wﬁ

fracti on of open area= %regawt?tllgg %’ lﬁi 2

corresponding to the I{quid Ve|OCIt/ through t he

1CE!Zd>de$1dtoﬂg>Eh€ifEEnt of Pi4go0ohsd and pfzssum’e= 3.3 |8l

5;‘%%&“%1%“%2?}%‘]3 % ter—al g W ththerigogia was passed

e ofrifice once. _The % destruction as

37 n8rteEt ed (ARetHE foMithyi ng table is|with referenge to
t heooblmlket) wat er . Exanpl| 65:610Fmbw t hr peigkldavi t at i pBo

etement—6 having nuttTpte hotes sharp edge orifice
(after drilling of the holes the holes were not
Exbeplet’ed or snoot hened or polished) plate of size 21.5

nm_havi.n r i
Flo I}{O\é&h gawt& 10}15e1%1%1f:rg£\?\} %a\? Lg%&lﬁt@% %5 leg Stla S%igﬁg)lhﬁgg g@jte (after
dnnhng dfitleptiodes\viird Ioadést wert Il’lmdnﬁgbiedl hesmtawhemact bxrmplish@heﬁsizeﬂl 5 mm

hawg ﬁlr%uﬁaé%fj 0(& ! essger 3 églge éacu ) 8PQ g;ﬁ:n aﬁe% %)%}A?fé egea%atgpgong with

thelbi6ta %ad @adsedithitdugh tirsorifioel faz ateablé flow benditirink Cltiengsuitablegziven in
is with reference to the inlet water. Exanple-7 Flow
the tRPI 8A™cavi t ati on el ement 7 having nmul tipl e hol es

Fisha@hdxioedge orifice plate (aft (=Baodahallcbll wognt @freet [helubiioh e cell

the holes were not bevel ed or | gimet hened or palished)
of sjize 21. 5 mm having ci rr‘ul; Jée of di anmetg

Refqrgigatipion of Fi8en ar|gdsEhaee2s, awat er al grig’ wi t h

tiiehe bi ot a cmassecbrdsshteough the orifice for |variable

(mfljugyy condi t ,9fs. Thewdgsults are given in the table
hel ow Ex |e-8 ] order toillustrate-the

uuuuu OJI.ILAI.L, CITC

mst hodol ogy “depi ct ea0 in figure 1649 of the drawiijngs, an

Isexanpl e of |¢shput atizonal fl ui d3nami cs (CFD)| Wodel i ng

zof —fTtow thmeggh cavigatring chaner 1S 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
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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presented here. This exanple constitutes sone steps
depicted in the proposed nethodol ogy as shown in
wo p@ansi9de of the drawi ngs. For this experi nent PCHIN20GMW00444
through cavitating el enent of size 32 mm having 8
hol es of dianeter 2 nmm was consi dered. Severa
drayyingse rvesne cenpideredt Pargple |oé meadictedniepHtscis rag whewn in figure 5(a) of the
Gl FEgultS BY AL CRBInb &S LRI Uier te( W, ted
%V!; %n o?‘u t he avm?ngs!)S&@wer e goeﬁsﬁogg%ﬁ% © Qag JI[)]% ff denerate
cavtle&;i as:sh@wnme Sgnire §(b|) of the deAvongs. The Lfrﬁagumeénmr&)iat@faloma ghese cavity
oS e shE o FA Py oo BolfBiiELe YR Bty RO, prescr,
asishown glurﬁguls(i@) af the idawdngmehg saviffhiedips dﬂm}’@nﬂ:iﬂ@t 6nal collapse
n Vi Ct - US t s
presgllirg lﬂ% as‘gexg% a%%%)%’tego {h\é stoﬁl{q é)ﬁp ef(r)tial E‘Rc'lé\l\%%%mgla%?etrys%bstlmtmg the
preseurt apsaiop reezpamn@;d tgrsthe; trovating catfitychasel & rt)s tof ectdm (predicted by

ciffh AiylfiRis) Mnbef Piesints LRRRE Berbb e e e L Bty it 2.

eq@dtioh /TEheR drhp@ieptiarial ﬁﬂ)dalﬁ tnefe thetbsded ttol éva‘h@td hﬁcﬁﬁﬁﬁ&lﬂnﬂ efficiency

i ation ex rlenc by t.he traveli
of Hitfes ey BtiealitE g it A ME R il PEShG R fsure
5(DrE aerevipsof | I es gener ated by substituting for P
infinity in the R P. equation. The conputati onal
nodel s were then used to eval uate effectiveness and

Fré&th i Cle@NGYor ®foldhidaf 85uBRtobeAEdtudléNEriBhsLsRAkiSnd] @bnditions as given
%Fneratl ng cavities. A sanple of results is shown in

eqilfpEratiy e pxaptplas Hisredt aive gfsls cleabhet thererig g rbstangipl destruction of

or@inRhRITRR! O&QNEH e HRERID @&uH@&j SFithba RHRing pa%ryaéﬂeﬁf@lls or heat
conditions as given in the illustrative exanple

trepreat ar Hisowe of UV or gltesgund Hegetnent e chlafe@tW@smeache can be
f .
s1g%ﬁ'§:taﬁﬂj§p 5 ct:e(ha ?}péﬂgl%gﬁ?ﬁlﬁg-ggﬁrﬁlzgﬁ& fn\éﬁiﬁd&i@@ﬁ ﬁﬂ%shé@qabove and

occurre
illystretgd nlerﬁigum% ofHbe deavings. BY eoployingrsuciba m@bthqdel@glmélm apparatus of

baﬁ&ﬁwgﬂeis %19161?6%{1&0({3 nBE Eafﬂg{ ﬁ%]&‘e%‘frﬁ&f&n% S 'cﬁ'@'nglh%ggé%%s)rlns as well.

oyl ng e optim zation met
Thdlaﬁcrremﬁﬁmnemwmsamd oiHet wster tmeadeﬂt myﬁ@rgﬁmlé -etlyfds tchwently known

. drawi ngs. By enpl oyi ng,such od
n gtgpa\é% 3’?{%% n%¥r08§ﬁn%§§ Wél{i @res Snlwr? E cc): ?06 ?}19%%1%m§ect10n / treatment of
ball&t watee dsih@hytiesdynataici cavitabibn s4henemf the appam ioegamiadlym cagitating
we] | .. The af orenentioned .pat ent.s ot her ter .
chp Rl ROyt TS o GG S RERE FRer: RSt Rrifgsm or non-
undfbim spakag aed éHcE‘s{eilﬁ bﬂmﬁth@@elérﬂerﬁ hevipy £&edtfonalvpentreon theform of
t he di sjnfec reat pnent. of, ball ast water usin .
syl Rl €453y PR 5 U5 b OB AT 410 Sifler with or
Wlﬁﬁ,ﬁ@ghﬁﬂp@dFég a caV| tati ng chanber incorporati ng single
or nultiple cavitating el ements, spaced at uniform or

non uni form spaci ng and each said cavitating el enent

In QQVV' Jigh@fof‘é'g@ﬁl%'dﬁﬁ@danﬁg%rlnl%ﬁﬁ il e kRGvd 9p&Y Sbamdsn@h@r @8atment
multiple orifrces which are either be Circular or

sysierps &idrmagtheds nawaresent fia the wripharg the present invention provides an apparatus
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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wi t hout sharp edges. In view of the foregoing

di sadvant ages i nherent in the known types of ball ast
wowriens4seat mnent systens and nmet hods now pr esePCT/IN200H®0444

prior art, the present invention provides an apparatus

and nethod to treat ballast water usi ng_hydr odynami c
prigpt pogetiqnad hereipfreandgnanyaevel featwes that rpailidia a sy sk dgghmethod for
baflAY whidf frélﬁn&l? IR Iis ﬁ@\éhﬁgpa@eds i'eﬂgér@d Mvidtd] &u ?Eés?ed or even 1mphed

cavitating el ements to facilitate disinfection of
byskd nrips ertygatherralens@r sveay combinatigndherpefadvant ages and

dr awbacks noted in the prior art. Further, the present

i nvention provides an apparatus for disinfection of
ThselwummvemtagesQﬁthppzﬁsmmvalsttonwaﬁt er and a net hod t hereof,

[

151 e 0l G R PHURISAA0', LRI 5 R0 G0

systlrémteaﬂmiatmhhmgh et ongloal hulsiplewwavitfion cf@atbnsmut inHirelof irgake or

not I.Ci render ed obvi ous, suggested, or even
|n'pfh%cc?r%?fq e pr| or art, either alone or in any

chnidonsddt urrvotvh aseemﬁany Zﬂhterumaé. or aag vhontied) esciddn. t he

p i nve are: 1. .Th si.nf ect.

LTl seanerdly e b ol Sy R ishurep pgtems of

t he afy gagivEmminok asdEdataiser t hrough a single or

Itiple cavitatjon chanher ut jn-1ine of intake or )
s S BRGes g Ty GOAgRY R Benis o L oF s and i
chephlealisg 2d debyllsheniye. reaction. 3. Is sinple,
eco-friendly and c be fitted on_to existing inta
ahd Pages Bﬁé‘?lig@ t%%f@@h@f £ Slaw CEERY WP ehemieal g1 ods and requires no

nodigfdcmRiiie BlsaddfhoniltmdnﬁG\Hérrfglslts%eﬁﬁoﬁn ni mum addi ti onal
aace dependi n? on the type of ship and its ballasting
o Eeehlas ef i n@dsy%qnemwas diggigeieonn §f rhadlstt yajepe to Limit the
healf frofnehBfy ShkRe %ff&ft?\ﬂaf@hﬂ/ ku ham ﬁfélun%ét&{)%te;aﬂqaeased

reqU| res no speci al skil 0 addi ti onal manpower
i tsindpen gnyiemmest thiniaseelagieflly ¢ ffergnt fem t@éém@'ihicélaﬂle Water was

di s ball ast water, tolimt the

env:()?%lﬁgrlyn% lf}{? adverse eff e(;tbs that may result when

t he Dimmfeesnbadldstwetes by iefeetively kdlbing iquate ergamsnd. r onment

tha i i i - .
Bt elafy @7 BhOEsE R rhah et e o AT R Wilh ol B which

vvat eccotulingly isetben vaplable loif Irdlatiiglyalqwagrices of gdmiostire cogsuming public
Rel atC; é‘ﬁ%%?ﬂl ow cost of manufacture with regard to both

mat 8% fd | abor, and which
9. The apparatus and method can be used in conjunction with any other treatment

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,
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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accordingly is then capable of relatively |ow prices
of sale to the consum ng public and industries. 9. The

wappaososs and nmet hod can be used in conjunct i BCT/AN2065/000444

any ot her treatnment systen(s) for achieving desired
efficiency. As such, those skilled in the art wl|

Wapbmaci ate that the concept, upon whi ch this

dﬁ S o?pg&%% Sfmb @iglg%ctlg};acyf %eg % ery s s%a%llagt %ﬁager a\?f{u%h gompnses a

basi s desi gni ng er s ructures,
and vayestigalse fmeans ((ﬁ? &yl &) gpomsnsttmg lo€ a deNast avhtep u1tep®$e8rcef( 17) and a
t he Bresent { venti ortant., ther

Cie |
t ha "PREEMSH C%geﬁ? gls%féelé%}glgu a&reﬁpﬁﬁag% S A eheck valve(s)
equity a Bidt pe sk bmtlﬁﬂﬂlahlb&qﬁﬁ fopaenallf éyroulth ancteatkaphdriger (4),

fro the3|r| d scope ent e

L] oG i tnef i R RErSlgp Pt £ nteah M SR Piayidpd with
shi ping l(eitf;l Indviigiile vuBiteting cldhhenly (?Hﬂmgti %&‘@er&hd&@r% thie [diradt@n of flow
maan consi stin a ast. water int

o URB BUC 14 i R b ip o B Bton RSPy spacing
t hr Qu@Rach Ri@SSkaengdAeRent(3) haisk GH&@KOﬂé&b}i@( @r)sa th i@ form of
i nl et ﬁort of a cavitation chanber

t hr §ingle amidnle oalicendhe avtrytof theesqigh %{taéwﬂlfé%ranﬁ (?%@eﬂg passed
the gahgh Qﬁ‘dﬁﬁtg’i‘tch&iﬁ SIRRNBE bnd gﬁecﬁslﬁﬁlg({s) 1% PBIIRG tank (8), the

provided wth sma@e or multiple cavitating elenents

(2) optpatelthp spid dabiast tank () Q?IQ&@HH?CF@C’(P%‘HS rge [Py@PdP) through
fl u'cﬁcck%ivgﬁff%va' &1 Pér?goﬁle?ment s (2) being spaced at

uni form or nhon-uni m spaci ng and each said
cav iAragnpatptus| asradgimed ) clhlew iLnghereinrthe codiaton epparben(Dghas water

f t.
BB 81D B A o ity el
t Bur oﬁugdpparanps ab cltalynedhreclkmp bianhe(er terphnpheedos () vegrs)or a series

(7) 3 bﬁllﬁlll%sg}u n%m(ml(tec?tba S?pltl‘HUt of the said

bal I el ng connec &"a di schar ge punp

(9) Aﬂ‘dp&panghls ah ekaknedah vie{ns ) -3t wherenhl tbchant gechangel €1) is @nnected to

An apparat us as ~

cav R SOrEh “OREBEP & By iR SO e R ot pr steam o

18) ehgih@bbgiaumﬁgasehfrsmahmhws eagihers from outsi de a
aratu

S i R L2, £ BT SL AT R 0 o
PUNMRSctidH GHchas cir@ldr of @én J:li‘d’lﬂat‘ﬁdl ¢0 a ballast punp. 4.
PRGN T M E G RS
a St RasdmS RIPlC v RAHNFEIIEASht (SN RMhel fOrrh RE pitds, sueh a8 to¥afRtallic,
or 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 the cavitating element is having a
fraction of open area in the range of 0.01 to 0.90 times the holding chamber cross

sectional flow area.
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engi ne exhaust gases fromthe ships engine. 5 An
apparatus as clained in claim1-4, wherein the

W@ 20070849561 chanber (5) is of cross section suptI/EE005/000444

circular or non circular shape. 6. An apparatus as
claimed in claim11-5, wherein the cavitating chanber
(%) Amoapesita asi cﬂuzg;med ox claim tl'raoIVénemTlv itttcacavitefing| derpent(y having a
in f c

ol as{%@tlcfnr%{a 691 ar?eJS \g@aﬁr‘h &' &‘f‘%l&% gﬁﬁt@ (J bﬁﬁcleg %‘feagﬂh%r circular or
per pemdir@ﬂdramﬂt @ wmmubhhmtpcetlg@nwbéremleaw me 1S|hqmng diameter in the
series q ar a e 0 tloned at uni form or

non Ui Pé?%@%ﬁoﬁeﬁem rmu‘ﬁtnégm nd hel d in pl ace by neans
Sm‘,h fas appasgeas cYalmé\h nappan alt-Ql,swheremI (i) theed diametel aif mavitation

el eﬁﬁ%{% Stt hr{e %bagltagt %OE Eatu:llr?ge eiji\tg?% (.‘%, itation

charbgfentd] GREtIRr fra&i@ﬁﬂe&beﬁtaréan hrfdonimier, ﬂﬁﬁremﬂ Iaﬁd) rditribution of

spaci aratus as, clained.in aim

who PERfE e P RaL T R e DA HOVRPRaAED die gpersting
Ope'ﬂo@r eate/f1Bw! D&odiHN YRii)fthel nBrhbérO of r8QirélatRSs tugh cavitation
hol dj ng chanber cross sectional flow area.

app&Rakes: e cstimptaband Fondisyief, uping copBiREPR? @1‘@{1 dynamics (CFD)

caviphahi fsicR! SIIERyisdh-PreybNGuaid £6 chaRabn PIRPsa 8 hdherein
the formof single or nultiple orifices are ei t her

ci r descabeddr non-circular with or wthout sharp edges,

\ng rA‘H gﬁﬁ@ 8 Qla?médsmr@éﬂnng 161i VQ{H“JH? ﬁudlft‘y t:llﬂfék HRRE%6)9E provided

orret ers to fewmllinete appar at us
as (Wl@ll kmewn idevieds gapable-of mopjiening the quailtnﬁére@ﬁeémteér of
¢ f‘y 'Atnaztpégtg?ﬁ Q?E’l@% ed it ua}m the piurhgto QIabﬁqg 'cfré\hét% of the treated
el enents, 111 the spaci ng bet ween cavit
el emeter o a(partiont terebf orduired bydhe quatite ahfahdnomﬁé)erﬂle discharge
di a.me{l?%rof %]d agd gigctha& %.\I%P Ig%fbe%rgrcfo &?ed%oﬁg{r: tpressure gauge (10)

cavi ion e Ing tenp
(Vi end hhaechpmrva(sb ruptibhadly thrat gl :ﬁﬂ baat wxdhaager 1 1){ tpi dn) intehport of a

O o eatiefin et 2L B R Thel g B bs AR IRF fls o the
dynaaid @Slla(sGEEl) (& &ﬁacghlmpie]htly chnid paay(le) gid—dﬁbﬂsxsmtes (14, 7).

e {1 1 at

dgﬁg’ gxad g_rl 151 c@cﬁllpo sg% < 652 Elp gﬁw@ast vate&lug nﬁ]QIle Iﬁ)aratus as
whemeteth @b@lel meﬁ‘d’(l? Cmpades t subRtirigs th@r Ba/lladte hawir tto K awmted to

devi ces capabl e  of nltorlngnthe of treated
wat d@ydrodynamic cavitation by pumping the water mt e o sea water, optlonally 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 o 2
ballast tank, re-circulating the treated water or a portion thereof if required by the
quality check, for further hydrodynamic cavitation.

14, A method as claimed in claim 13, wherein the ballast water to be treated is optionally
pre-heated to a temperature in the range of 10 to 70°C.

15. A method as claimed in claim 13-14, wherein the water flow rate through the
cavitating element is such that the liquid velocities are in the range of 2 to 150 m/s.

16. A method as claimed in claim 13-15, wherein the water pressure is in the range of 0.5

to 150 kg/em?.
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12. An apparatus as clainmed in claim11-11, wherein to
enable re-circulation of the treated water or a

w@eooriontese hereof if required by the quality chPCRIN200IN00444

(6), the discharge outlet of the said discharge punp

( % bei ng connected through a pressur ﬂgauge (10) and

c he &anethpd e dgimed i ¢laimal 3t 4p, whereinghe methpd for disind¢rsing eatment of
(11 t G aje %%g,
av%ﬁg&g?ng]i 0(&ﬁ%ﬁeca éng%vfggéﬁhg e gﬁénts&ﬁg Oﬁ“mmr

t o tiheimeni @pplidationst inchuding( &)t tret olimgiteda touwhitewaterh emdnagement,

29, By SO RSE T B fp DS T e,

t he vappadasinfectans appdicgions.above cl ai med, conpri ses
EP%J{%%PI gx%].tuf: hfgra %?s%nt? %1on Vggtsea vJaPer l?e t b e% Csjt tyv%lzeﬁt sullgstarg%ally as
s ea hevainedescritzdi \mﬁalréfglremeeto hhalewdnplemﬁrm &fawhrrgh edccqapainying this
of a cagvitation chanber having single or nultiple
cavf?ﬁ&wﬁﬁnblenents the treated ball ast water being
passed through a quality check point to a ball ast
tank, re-circulating the treated water or a portion
thereof if required by the quality check, for further
hydrodynam c cavitation. 14. A nethod as clained in
claim 13, wherein the ballast water to be treated is
optionally pre-heated to a tenperature in the range of
10 to 700C. 15. A nethod as clained in claim13-14,
wherein the water flow rate through the cavitating

el ement is such that the liquid velocities are in the
range of 2 to 150 nis. 16. A nethod as clainmed in

cl ai m 13-15, wherein the water pressure is in the
range of 0.5 to 150 kg/cnR.17. A nethod as clained in
claim13-16, wherein the nethod for disinfection
treatment of water using hydrodynami c cavitation is

al so suitable for a wide variety of water treatnent
applications including but not limted to wastewater
managenent, agricultural applications, pool and space
applications, oil and gas applications, and various

di sinfectant applications. 18. An apparatus for

di sinfection of sea water / ship's ballast water,
substantially as herein described with reference to

t he exanpl es and draw ngs accohpanying this

speci ficati on.
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