10

15

20

25

30

35

Met hod of Designing Hydrodynam ¢ Cavitation Reactors
for Process Intensification Field of Invention This

WO po1e/8976Nn rel ates to hydrodynam ¢ cavitati on PEEDT200%000280
to achieve tailored cavitating conditions in aqueous
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g e?ﬁt%?slgéal c@ﬂg?éﬁé on PHRG}XME@%L?QS <~ 1%' oo aﬁéi gu&tsgres (~10
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nam c cavitation can
generaion) f| cation of the physico-cheni cal

Acoustic cavitation — produced by passage of ultrasound through the fluid.
Hydrodynamic cavitation — produced by creating pressure variations in the flowing
fluid.

Optic Cavitation — produced by passing the photons of high intensity Ilght through
the liquid. '

Particle cavitation — produced by bombardments of high energy particles such as
proton or neutron in the liquid. ' '

Among the various modes of generating cavitation given above,
hydrodynamic cavitation can be applied for the intensification of the physico-chemical
processes to large scale liquid volumes on industrial scale.

Senthilkumar et al. (2000) [SenthilKumar, P., Sivakumar, M. & Pandit, A. B.
Experimental quantification of chemical effects of hydrodynamic cavitation. Chemical
Engineering Science, 55, 1633-1639, 2000.] have shown that, hydrodynamic
cavitation can be generated by the passage of the liquid through a constriction such
as throttling valve, orifice plate, venturi etc. Gogate et al. (2006) [Gogate, P. R. &
Pandit, A. B. A review and assessment of hydrodynamic cavitation as a technology
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processes to large scale liquid volunes on industri al

scale. Senthil kumar et al. (2000) [Senthil Kumar, P.,
wemaksasy, M & Pandit, A B. Experinental PCT/IN2009/000280

quantification of chem cal effects of hydrodynam c
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p is the density of liquid.

The cavitation number at which the inception of cavitation occurs is known as
cavitation inception number C,,. Ideally, the cavitation inception occurs at C,; =1 and
there are significant cavitational effects at C, value of less than 1. Further the
dynamic behaviour' of the cavities plays a significant role in intensification of physical

and chemical processes.

Performance of a hydrodynamic cavitation reactor for a specific type of
transformation depends on the cavitational conditions prevailing in the reactor. All the
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P2 is the recovered pressure downstream of the cavity

generator, Pv is the vapor pressure of liquid at the
wo@pEnasi7ay tenperature, VO is average vel oci t yP@F/IN2009/000280

quuid at the cavity generator p is the density of
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di?{r E.pe?, ed by changi ng the shape and di stance between
However the free dispersed systenms as per
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sﬂ%gﬁaﬁ’@tboﬁgﬁ: Bloﬁeear\MH Shiadi b PHARS of batBodP Blakb& near the
walls of channel. Degree of cavitation is claimed to be altered by different shapes of
baffle body and by regulation of constriction ratio. The flow constriction ratio should
be 0.8 and flow velocity at the contraction should atleast be 14 m/s. The free
dispersed systems considered in the patent are particularly limited to liquid-liquid &
solid-liquid systems. Although various shapes of the baffle are presented but no
information is given which shape gives better or less degree of cavitation at any
given geometric or operating conditions. Apart for maintaining flow velocity of at least

14 m/s, no information is given on range of operating pressure and temperature of -

the dispersed system and also the physico-chemical parameters of the liquids and

_solids under consideration. Hence it does not teach how to design or arrive at the
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degree of cavitation. Hence it does not teach how to

design or arrive at the hydrodynam c cavitation
wa@leunogy7seact or for predeterm ned process PCT/IN2009/000280

intensification in diverse nedia. US Patent 5810052
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effect of these the parameters on the degree of cavntatlonal in the reactor which is

necessary and can be used for the useful transformations and can be used for
design and optimization of the hydrodynamic cavitation reactor. The teachings
cannot be extended to or arrive at design of hydrodynamic cavitation reactor for
carrying out physico-chemical transformation to a predetermined level or intensify

them.

Patent Application no WO 2007/054956 A1 describes an apparatus and
method for disinfection of ship's ballast water, such as sea water, based on
hydrodynamic cavitation. The cavitation chamber essentially being provided with
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reactions (not necessarily Sono chem cal but any
reaction) for predeterm ned | evel of conversion. The
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hydr odynam c cavitation reactor for carrying out
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eﬁ%gbrggntéﬁbrfﬁ éﬁgfgfog%trﬂé%nrﬂy E’gﬁmaﬂgm ication no WD

2007/ 054956 A 1 describes an apparatus and nethod for

di sinfection of ship's ballast water, such as sea
Objectsr of thedrvengionhy dr odynani ¢ cavitati on. The

cavitation chanber essentially being provided .

wi t hEhengRia ahjedtaf theiresanhinveationis telpeavide @ meithaddigr designing
of pﬁ%q‘?ggwaﬁm‘iﬂ Q:%vi{aﬁioh hRatior €661 hike {diBMdOEavitatihd! cordtifns in
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multiple orifices. However the nethod can not be used

for Yetcanpthargbiest of thenynveatioRis te REevides afyethod and a map of
f i . | .
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cavitation reactors. prior art were use ora

Yet another object of the invention is to provide a means of tailoring the cavity
dynamics (i.e. generation, growth, oscillation and/or collapse of the cavity) in the
hydrodynamic cavitation reactor by altering the constructional features of a reactor
and the operating conditions.

Yet another object of the invention is to provide a method for controlling
_behavior of a cavity by altering the turbulence characteristics downstream of the point
of cavity generation. o |

Yet another object of the invention is to provide a means of controlling the

downstream turbulence to achieve a predetermined cavitation by synergistically
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specific type of transformation with out due design
consi derations. None of them gives any information on
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generated in the device. The reported prior arts al so
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skill in the art. Qbjects of the Invention The main .

' 0 resent invention is to provide a nethod
D?%érrﬁg@snl %fnﬁsﬂ‘gegf hydr odynani ¢ cavitation reactors to
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cavitgtimt numbers t o provi de a method and a map of
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generating predeterm ne cavitation |
effegtiofoahanging diqaid ensityi amexterd @nd tydeyof zaditdiogner cavi ty

(hav; S if \.ZE i i re- i ded

s b 0 AR IR LB el Safl lfon o «
funetiont af densityetndavissobiéy. obj ect of the invention is to

provide a ;
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cavity) 1 E € hydrodynam c cavitation reactor by
altering the constructional features of a reactor and

Detailed description obiheilnvention Yet anot her obj ect of the
invention is to provide a nethod for controlling
behalherpreserd iuentiop Igiates t tor idegigning eliriydrasivaamic cavitation

reS BRI ?Jéhﬁkléct%ilgrgﬂnﬁévﬁtgﬁr@ %Bn&ih'(?\soﬁ‘i Yqu8bus’ %KHtﬁ(on-a%ueous
generation. Yet another object of the invention is t ,
medigy fateintensificationoef thenphysical agd tahemiralipsedesses. In the present
infettigH! &Rl g %%Efﬁgé{ﬁd apé}éﬁéi-%‘i F‘Jléﬂd?ﬁﬁip?&éth@ﬁép@& bBYveen the
synerqgi stical 'yconbining the geonetry of the flow
effastiuloht eanstructional featurepaeththsf hydodyeamicaravitationi reagors and
oAy mbng%f\gw@a@mn EdaitRAk dchitg vy FRAis2ARY irfdtity of
the mature of the reactants. )
cavitation) followed by the use of such relationship to design hydrodynamic cavitation
reactors to arrive at predetermined cavitation conditions for intensification of the
physical and chemical processes. '

A hydrodynamic cavitation reactor comprises of a cavity generator, cavity
diverter and turbulence manipulator wherein the cavity generator/cavity diverter is a
flow modulator of various shapes and sizes. The turbulence manipulator comprises
of variety of geometric elements capable of chang'ing the scale and intensity of
turbulence making the ca\/ity to grow, oscillate and/or collapse resulting into
oscillatory, transient or multi-collapse cavity behavior most suited for a desired
physico-chemical transformation. The flow modulator can be an orifice and/or orifices
(sharp or profiled) with circular or rectangular or triangular or any other suitable
shape or a venturi having converging and diverging section with suitable converging

or diverging angles.
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Yet another object of the invention is to provide
hydr odynam c cavitation reactors wth desi gner

W@ 204008989 f or process intensification on i ndusee€T/mi2009/000280
scale. Description of figures Figure 1 shows
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the flow modulator in the (Figure 1) map represents the effect of the various

constructional features of the flow modulator and the range of operating conditions
considered. In one aspect of the invention, relationships are established and
validated between the intensify and type of cavitation occurring in the cavitational
device with a range of geometries and operating conditions as illustrated in Table 1
and Figure 1.4 In a related aspect of the invention, a regime map similar to Figure 1
will be utilized to identify the desired type of cavitation required for specific targeted
process intensification and then reactors are designed to achieve the desired and
predetermined process intensification. '
Figure.1 establishes that for a particular (identical Cavitation number, arrived
at with different geometfical configurations and operating conditions) cavitation
number (degree of cavitation) there is a quantifiable difference in the cavitation
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(sharp or profiled) with circular or rectangul ar or
triangular or any other suitable shape or a venturi
whambngp7eopnver gi ng and di vergi ng section w th BCi/N2009%000280
convergi ng or diverging angl es. Thus in accordance of
vent i

ook SV P B b Sl s TR BB gt react
winith &ah |benwusanidiol désign bydiodyragec chvitgtien atactgrsctonatihigvertgilored

- perforp ' LA d & Rificati
cA R hRUTTHL, I a8, <54 T4 oo et o, i fgoson of
diverse physicaband chemisalgroeespesessur e, turbul ent kinetic

Crer Ao SPURS BBt S0 SRS s o
theihydﬁogymmis wvitatibaseabtmar‘mijbbIoae@ingmbn@timwebees_bhﬂed by the
ve t&%‘f%‘ ﬁéﬁ% o re%gn‘t‘%F W RREEOR ARy ﬂ%'ci[IBto?qRQWane shown
: Vitles I ch produce an i nstantaneous pressure o
fra lirethet actOmpanyisg bxayhples aivdear réletionsimias remsastatdished using
th{shrﬁeﬁ'réat ?QBOCS%B iR rtﬁ’éj H‘R/%nfr@hvbétg;e' R %‘% t e]c Sfcltr_ar?s[ﬂ&nﬁiign and the

erred. ds actrve cavities an Praction of active

cavilatiani esnditone gréevadingdnabe reactor. deperiding diutheeigeorhetry and the

oYl bR G957 et o 5 0o 398ty gppmist
behind the trdosfarmatibine Thes/figuae il @an berusied ito desigre cavitatienireactors for
e 9 i tio ) i it i S e s
o JOREE ho oSBT BBAREE, 1 oy T BRIeR coton
caaditions/typsiofipavitatiors oo aspecific desireddyre dfdranstormatian. %

Tr a.nl-sc;reé%mgfe\,/meaéf}e‘&{‘?/fitﬂ g@%@F%f httngc%\gt&,@énerator on the

cavitation actl Vi viTles s
cavitatiosi contlitibeprevailing wrtte cavitatior tdactapsib cambe seryl feom the figure
trd ' d I LAGLL: I
1 TS G SRR GE RGN GHF BBy o o
cavitatiinryinaber aif Urfk Withcfusthpadedreaseaincavitationawimben they oditptional
indi , | bt &k 4hdeY i itati
UREIRTLEE, it calotbR ki orcsb, 2k Miher Gicrtias) nf eabtaton
nuniteer doesandt grsuthint the inoreasg in dhe cavitstiondieevientsw This has been
fo{]ﬁh’cg Hr %&tlz?&da&@%ug B?gtéltnls q‘&vﬁ\? H:gé%drﬁ’lﬂérg( TRRkE ad thePMhain fluid

cavitatron conditions In ydrodynam c
camponent i on reactors i s mapped on the basis of a

def i [ j . . :
e T Q8RR 15Uos 40, Ot B IRl v =
thefcavite ganevatar thendransient tymeubhicavitationt beconrEsgmase 1gnd more
e . ri v . .
oA Hera i M SR Rind 9 eI b of caviptop n e
owemilgga\(btati@pgpmmim prevalling. diewever, for cavitation number of 0.22 or

below both transient and stable cavitation shows equal dependence in the overall
cavitation conditions (% of active cavities). ’

Cavitation map for non-aqueous systems is shown in figure 2. Non-aqueous
system with reference to cavitating medium is essentially characterized by density,
surface tension and viscosity significantly different than that for water. Present
invention describes designing of cavitation system for any liquid or mixture of liquids
having physico-chemical properties in range given below:

Density : 800 to 1500 kg/m? (water: 1000 kg/m°)
Viscosity : 1to 100 cP (water: 1 cP)
Surface tension : 0.01 to 0.075 N/m (water: 0.072 N/m)

Vapour pressure : 300 to 101325 N/m? at 30 °C (wéter: 4200 Pa)
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consi dered. In one aspect of the invention,
rel ati onshi ps are established and val i dated between

wo baoist7rensi ty and type of cavitation occurri NBCT/IN2009000280
cavitational device with a range of geonetries and

0P T4 el HE s BT Skt rom o

suitabiensolvarts dianingasoltlmlitfidigpesing ability toe thé ireactantst and having

id B fy. desi red f ' ' ired f
PSRRI e el PrEplies I ok S8 etandddt IR kfMaldng Then

r eacWMith snereasel @s liquie diehsitya (ifitee satdheangde srane @0andy/m® to 1500
EECE PR B05F B39 Al EPLAORaod 4 sl cavistn
inCleasesat by raimusth 20%. akative echvitieswiedreale fasr thet liquid viscosity is
_ cal £i , ot o ‘
B3 eNEY oS Bl bR b, P e ). SRS 1Rk n tne
raggeof DfO'Tath @®07h mervmscseehrto_tmm/ m_ztvmpdt a significdntt foteni; altering
o SR o500 G D Bl e MSpyion gt
ardie_e.:3@nThey dirsehsicniess meaametat i Cavitatiere tomber takss Hintevascount the

h Lot S oo ) .
ol RSB HE RPp B VLAALR ABP RIS 8oty ereced
cavitgtgaincmép.and chem cal processes Figure 1 can be :

til] i | N
{ bt TREEoPRERCeBlal NG e8ibRThaPhe HESo AR dcHRLE Gadlating
cdnditioop @ aquenys @od diohiagusousepediadot intensificatien ofdhephysjcal and

f . I . |t of.
RS SN BB oyl SR AR e
exanpl es @5dd édrfor sthbleicavitdtiop fdra¥er exihamd tQaificeé’'shed

usi ng thi t oposed i.n.the inventi het n ,
the Tyse 3728 BReblraRiet caufrsorie DT MG en" SFdh_stepe
condi t i on'Stepped2| I0rh¥enn ‘Stéyspeddact or dependi ng on the
geonetry - the _operati condj tions, which can_ . .
facili t'at@agrfﬂlgp 'i%ﬁtséﬁ‘é'%ﬁ'ﬂ%éb&’é‘? GRS c‘ﬁe‘?ﬂ"ﬁ?tw for
behi nd t hgehr @naharomficeon. Thus figure 1 can be used

to sign cavitation reactors. for predeterm ned ranges .
of oPtSal HFOLANGE Y hnDis BV Pnt%éﬁedﬁ%qepgga'@%q Pé&ﬁogﬁnam'c
cahAaibnt 'frem&frt Wto eachieve asavitatingocoriditiona iapeficbus athdsnorealueous
ty. aof transfornoptign.. For exanpl the effect. of the .
mpB i eBE g ol Blrgitve el ASA P IGSL R SE BIERES Stebs of
cavi t atsi oBelectingi fromnstapleesrad/bn trgnsientt tewvitatiori hatdssary for the
reactor. |t can be.seen fromthe figure .1l that th

gener at | otﬁrQﬂ?e RIMSIC ?’b‘ﬁ”ﬁ%@ﬂ"ﬁ?z"ea%f’m‘PBﬁ?spgﬁf'v?y
starts afwhérem,t hreshold cavitation nunber of 1.0.

Wth further, decrease.in cavitflt{'gn nunber. t

PIeFte

cavitati ots v rartrrc B epBHeL T Hiefse ianstimgpon i
0.22. Anyhdrisddmeus dgsterease in cavitation nunber does
[Il_glt Sr ﬁzgl %}8@% tcg(\e/italat%%r elgseseier&tetoh efo(r:a\é:h'ér%tlclai)nﬁgnsef&%%t%h‘ in
heterogeneous and physical transformations in homogenous system,
stable and transient both are selected for physical transformation in
heterogeneous system;
» Selecting the cavitation nurhber from a range for the chosen physical
or chemical transformation in the first step;
» Selecting geometry of cavitation chamber from a regime map to
maximize the active cavitation for the selected type of cavitation for

the selected Cavitation number;
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- essentially characterized

~ havi ng physi &"

found for nostly for aqueous systens having
predom nantly water as the main fluid conponent. It

w@2n0ase be seen fromFigure 1 that with an | PCT/BR296/000280

inthe liquid velocity at the cavity generator the
transient .type. of cavitation becones re.and. nore
dorm nart , DERERERG B pisks Phgaviie Sasteie iy Rp i e setectea
stable ty@@mﬂtrycand thetsaidh cavitatibre namberafol  tbawobluatetimflow rate
condi tion reya However , ..for cavitation nunber
of 0.22 oﬁ% tge‘l’r8 SSS?%’S'{‘%HE?‘@&?’ and stable cavitation
shows equal dependence i nFidwerdgweral |l cavitation
conditions (% of act’i"i?é—cc@ﬁﬁﬁ) Cavitation map for &)
non- aqueous systens is showa i'#i figure 2. Non-aqueous
systemw th reference to %Iﬂl@l ng mediumis

density, surface tension
and vi Scowhérplns Agena Isi araatof yavliyf demeeator mhﬁ)l,rFlbha#e fsovolumetric

wat er . sen an descri bes desi

v Lt Pt bTYSTo P R Frersits SSBrSra db e Pavity, geagrator
havi ng ph{rs),cey Ehttei Capor [pregsared Ioefhel liquidi ity be Proemssed for the
bel ow. Den 800 to. 1500 kg/ nB (water: 1000 / nB

T sousi {vaitgdy trangareion ol L oReratsy ETRerurs (R Bt the
: 0. 01 t oddhsily of Nuia (kgmh % and €, 0s/the NelBctedaRRitdtiopmediiere

: 300 to 10 1325 N at 30 0C (water: 4200 Pa) The

medi um f o#N§"RE 9PYRR2NYons/ t r ansf or mati on can be

sel ected §r OthﬁJhythélQete%Hdetyp@lof/Qéérﬁemw Edyitation chamber is an
solublllty/dls?ersm abili  the reactants and

IEHre AP Fatmnof%mxg@@ Pt c@xftRtiopizgdone by
as the react aglegting\riutti gwﬁéls@sgnbnésk bigdlisdcHIas bl Which s ratio
the said range from 80 /B to 1500k/m3),the_ .

extent of st AbIReriggler: oft hdles t flowAfea d’fg'@lﬁseé%é"a(xﬁ?\‘éed and

transient cawyhpbftag flbWCer@éi§ﬁﬁmltIBM r@ie%l&fua%(l% s&atAr¥£ such
cavities decrease as the |iquid viscosit i ncr eased

and it ceasedhatdh %)@F?ﬂ'e%éy?@n‘lf holfyiscah "E?ﬁtégrt'@‘@)'arge’ than the

Surface tensiiggestrigife sémnegidoparficlésl it hed htéroddnBbi phase,
seen to play not nuch a significant role in alterlng

the extent orWheseinthe gnaliest size of bele fdimitaddo\iBMext r ene

cases of gaviif aji O NUIHARFLIQhd ] ReterddeddousThsystem involving
di mensi onl ess paraneter 'Cavitation nunber' takes [nto

account the \pg%?lf GAtien §tﬁpethgtf ha(sf?eprpp%mpgj cheqpisal transformatlon

variation in mtloﬁéﬁcﬁﬁéﬂcﬁ\ df Wébier eGinbr ££7 lieeioeni n
cavi tation map. Thus hydr o% ?\%VC cavi tation reagtor

may be desi gr’{@'{?f?la \A\@Pﬁé@g g} fsn%eflned as the ratio of mertlal

forces responsible for breakup to interfacial forces resisting the

breakup;
12
dvp

We =
o

wheréin, de is the size of emulsion, V' is the turbulent fluctuating
velocity, p is the density of liquid and ¢ is interfacial surface
tension; | ' '

> if the selected type of said geometry of cavitation chamber is a
multiple orifice cavity generator, the spacing of the holes is
obtained from: 4 '

dg =d, +4x107'V,

10



5

10

15

20

25

30

condi tions in aqueous and non-aqueous nedia for
intensification of the physical and chem cal
wW@e@omswes, wherein the cavitation nunber is sSeCEIN26G/000280
fromthe range 0.5 to 1.0 for stable cavitation for
"Ven_ ori' and . Orifice' .22 . 5.f ransient . .
cavitation f ovl"he%)gnq%'sith? S Wﬂléﬁwgeéwggﬁ%%se@%’ ,df’ I8 minimum
' St epped2' , 'dinensdiem'of tHeShale mildhd V,0s B valodtySofftbe liquid at
si mul t aneous s I sient of cavitation for
Ven ori' and ca&i???ncezﬁ,gr éﬁi/g in accordance with this
I nvenegior anapetdrodatolg taixinom nepldoityl rafdfjuidimarcslurry through the
a re [ ' [ C I.£J.0
ool @Vl loh ol 2 Hr sk Yol RN stabe
cayftatidneaspih figures!1, 2ri8d4 shtained bya poasse soropging steps)

steps of: > ectin romstable and/or transient . .
ot ati oFFAABEEG Py P bty & Paltafifn, SH AP eissing of
chem cal ¢avitps fiemerator,orflowve sprelc tturbalepcah etodulatorf hthe material

L1 anst or i RBHOE AP Brus3laREe & bptheohim PR kingtis spargy and

i s sel ectmcbulent eabrgyidisalpatiormraté osing tappropriate equation consisting

het er ogengqu nd_.physical .tr formati in. . . .
honogeno u%efqgﬁgq%é?ﬂt&s\%éﬁﬁgs gl%ed atF ? gﬁes‘? g@'ﬁ tOQ)égm?qg‘rug + (u) velocity
sel ect ed ¢ampgrieptinc aldirectors f(oy nelbcityncompdrent iro g edireotion, (w)

system > Sel.ecti Vi [ r
for the cYORuN eBySnitin sAreHEN 85po B Hars AT ArdrB dFown
t he firstingtilp;1, ¥k)JateiEnt Retie enedgyy (eathirbuiant eagigy dissipation
chanber froma regine pap to maxjm ze §he active . .
cavi t at i 0§ (@ liay %eé]s%t(gh"?ﬁgh%ﬁ‘e CE ngaﬁe'??ﬁ'altt?fés'on'
sel ected Eawhdigtisessipunber; Determ ning the area of :

- cavity generator within the said sel ected geonetry and
the sai d WASRNacPBRUMSRHAIOR Y t he vol unetric flow
rate to b pprocessed usi ng equation 3: wherein, Area-
i s area of—caV{pw)=gknerator (n2) , Flowate is (4)
vol umetri @fl ow at e (nmB/s), P2 is pressure downstream

to the cayhdrgindridRieatud balBAde edatibh id:he Vapor pressure
of the |I%UId to be processed for the

> i)+ V. pun)=-VP -V (pua'u')+ uVi + pg (5)
wherein, turbulent kinetic energy equation is:

G, G o k) ok __ Ou,

—(pk )+ —\oku )=—|| u+0.090— |— |-| puu, —= |- pe (6
= (k) &i(pu’)&j{(ﬂ pg}axj] ( uax} pe (6)

" wherein, turbulent energy dissipatioh rate equation is:

-g—t(p£)+axii(peu')=axij[(,u+0.069pk:2)—§xij]+1.44%[p17ﬁj %xu—:'}—wz,)
7
wherein, gis the gravitational acceleration vector and the above
equations are solved m.Jme‘ricaIIy to obtain P, k & ¢;
e Obtaining the ‘n’ number of likely paths taken by the cavities through
the cavitation chamberi

wherein, n is significantly greater than 100;
wherein paths taken by cavity is obtained from Lagrangian equation:

11
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sel ected transformation at the operating tenperature
(Pa), pis the density of liquid (kg/nB) and Cv is the

wa@ed1e08Ea cavitati on nunber; wherein optional | PCHINSE1000280

the sel ected type of geonetry of cavitation chanber is

an orifice, optlmzatlon{ imze active cavitation
is done byagel e tkn f’y o ep ol e of smallest size (8)
such that agr whixch i g atip of perimeter of holes to
flow area of holes, is maxﬂ?n zed and sum of the flow
area of nwherep, e:phmthe&asmwaélscutyhfoampgu isAdrag, fomecﬂerbhiamass

the smal | est f 50
Lhan the Paraic 7t Bonts B GrEDpP §BLE RS fBrce in X

_ heterogen@wopW1Merel n the small est SI ze of hole
is limted to mm > if in

a Li
het er ogenWBEf&ns &é@@'?gﬁaﬁ\ﬁﬂluﬁ'%'séw&l”f" 'P?'B’nmﬁbé‘ﬂn the time

that has @gepn@efionerdmarEiotle davayisf ormation, an
additional criterion of Whber nunmber =4.7 is chosen

wher ei n, VYBHEN. Mamb&randveJis gbigied feam de polutionyef '63'%'?"93 at

inertial figeg B3.ofiRRED SbiBined i Lighayieh ddudkibh 68 aci al
ereiln,

forces resisting the breakup de is
size of* eﬂlata@lr\grﬁhewaluesoftmesw BmP@Wﬁef(Fmi lfﬁ?ﬁishlge frequency

velocity, (aqo and lﬁfan‘?ﬁ{&hg yPlggiﬁrquér%eagg Sthest(:jawte//ngz) from

i nterfaci surtace tension; ecte
sai d geontelatigngf cavitati on chanber is a nultiple
orifice cavity generator t he spacing of the holes is

obt ai ned om inrdfis th
hol es (rr)vj‘['"lﬂh %%m%m r{umld: rr%’tr@%gﬁﬁf g%égﬁg%??m :nd

Vis the velocity of th ui d at Vi rat

Ui 0 "% S8 Rg e Shul o ki oY aPGRADG bBfme) from
fluid or edwity n%nérhnb@ﬁﬁidefshﬁlr@ahe ba@veoahtsbanpamamp, g
caV|tat|on nu and er cent age of actlve %PS 1 ent

and st abl Wheg(R; t i GAViIRs dyRamjcgy madess aze&ganqr known as
obt ai ned Riylgigh!FEsRefafyRf e@amen§te@ps

d2 3dR o
il thtiniel 2y _ 2 9
( ( ) p,[B R(dt) R P} ®)

wherein, t is time , R is radius of cavity at any instant, o is liquid
surface tension, x is liquid viscosity, Pg is pressure inside the bubble;

e (Categorizing the ea\)ities as active, stable and transient cavitation
using the following criteria;
wherein, a cavity is active if pressure inside the cavity is more than 10
times the pressure at the inlet of cavitation chamber,
wherein, an active cavity is. a stable cavity if final pressure is not equal
to maximum pressure inside the cavity during its lifetime, |
wherein, an active cavity is a transient cavity if final pressure is equal

~ to the maximum pressure inside the cavity;

e Calculating, for a given velocity, cavitation number, selected geometry
(shape and size) of the cavitation chamber, '

o The percentage of actlve cavitation as . number of active cavities/ total

number of cavities X 100;

12
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establishing, over the geonetry of cavitation chanber
consisting of cavity generator, flow and turbul ence

woredolsa76y , the material continuity and the baPerme0e000280

nmoment um turbul ent kinetic energy and turbul ent
ener di atiagn r sin ropriate u
cons? Lt i percetdatatabie sariABh 28 s cbf Bfeefegm“ma'
gyer t he hmn(fllbbrcbfal(:we oeRlities it y00ponponent i n X

I rection v) vel ocl onent, I n rection, -
Vel oci ty ERsBUREREOR H arserb ey GHon 38 MHBber Hararriznk s
r ef erencetosdmmmwﬁofta@hbecawt.e@b()]oo ur bul ent kinetic
FP:L?%e aéﬁ@t ltil{; g)nats| t?qnﬁ?]r ﬂtlg:téh@ﬁnlfegg% tqgargetngg )of cavitation
I nt e¢Hamshend ag:ension, () liquid viscosity; wherein,

.con ity equation is: +V.(pu)=0 (4) wherein,
) ne’htr\?ﬁﬂt%hlcg'ﬂeﬁs'%uatl on |gp )(pu§ +)V (puu) =- VP

- V. (pU'sU’ 3 talityGderatdr Shhivmed @ Portibhi'dpUkiegM dfi ridinhém cross-
energy equation is: wherein, tur uI ent ener

di ssi pati %ﬁ?ﬂp%ql earﬁﬁd'&tth%rﬁ’af’%at'o(‘ﬁ nclrcgl)é( orinea circular

gravitati gl vﬂﬁ&ﬂ'nﬁinﬁﬁie@ﬁhé’@ﬁh@bfénd t he above
equations are solved nunerically to obtain P, k & e;

bt ai ni*nga flews magtulaternyybich ig a smetmﬁq@aenwgtww wigh epeverall

S ani 11 caRtTSPrEaEer Bk ufhegRe ik mhRLF dhssrodfonal
cavity i sarebtnamesdas thenedvity rgengiator arguasmoethwHiverging section
ub is the grf“’ént %v%r%ho \fgtrX%e taﬁélé WP)od- S5 égwﬁa[ i po‘?r cavity

unit mass” cavi density of "Ca
i's gravi tgeriecatat; force in X direction (Table 1);

e ki O ARl S Rk TR B Pin the
wher difeatioPBifidy. k and e Qs obtained fromthe sol ution

of b !)r?\)%? "ggﬁgigt %ng@% t?]rpll nat es obtai ned from

Lagr
The axis is a straight line

» The cross-sectional area is circular throughout its length

» The diameter of conduit decrease at the rate of 0.93 to 1.06 m per m
in direction of flow

> It terminates when the cross-sectional area equals the cross-sectional
area of Throat section.

Throat section is such that

> The axis is a straight line

» The cross-sectional area of conduit is circular

» The cross-sectional area is constant and is obtained from equation (3)

> The length of section is equal to half of its diameter.

. Divergence section is such that

» The axis of the conduit is a straight line

> The cross-sectional area of conduit is circular throughout its length

> The diameter of conduit increase at the rate of 0.35 to 0.44 m per m in
direction of flow

> lts length is equal to 2.64 times the length of Convergence section.

13
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obtai ning the val ue of pressure anplitude Panp) ,
pressure frequency (/) and | nstantaneous Pressure

w@eensmesh7sy the cavity (P) fromrel ations: PanpPGT/N0w/(00280

;[ =-1Ir ;P (t) =PBulk - Panp sin(v 2 J )" ;'
obtaining the cavity dynamcs (cavity radius as a
function of tine) fromcavity dynam cs nodel s using
it he abwes_step4 compfsing:Panp, f; wherein, the cavity
dynam cs nodel s are generally kno as .
Rhy| i dh- PIGYEEESNSIAIT WRIEN i3 FaPPURR &, Wholgpl ainjnurp cross-
s tine ,sditioRalr &ehUs thé ca@ivatioys eHantidy df ncitcBlak ,or hanScircular
l'iquid surface tension, mis liquid viscosity, PBis
pressure FhARedieHhBaKmrssdhe value 8581 i zi ng the cavities

as act isveyrsfiehtictmadatbf Has iCabwitsthehiddf A8 sl M_it? ld&nerator
followng criteria; wherein, a cavity is active i

pressure haMngimultinle sestions,ofilengtiimidthlegual tp maxgym gimension

pressure gt thdBavit)!RhetorGnbad laRimgaha TdRer axib PardiiBl to the
an active cawtx IS a stabl e cavi t%glf final pressure

i s not eqlRy aRdNelEIegAErfeTEYRAA EORHEY de the cavity

during i tfioy, 'nf\(%dlé_f?r\ %h?éf‘%’ 8! dmodth RAerYmgCsBetiby wWith &h overall
transient cavity I I nal pressure is equal to the

maxi num pavesags andle of $R5¢nhupetegam 9f the avityigenaralgr; f or

At Y54 Vi Qﬁ?gg’coggéﬁéﬁﬁ eg%om§éct@§k§c€eagﬁeﬁ§%ﬁ§ ¥ the

(shape and—s e cavitation c
paireetionafdloef active cavitation as nunber of active

cavbgh%eﬁ&ts%lcﬁ% e%h m‘atcaviti es X 100; The

percen e of st ‘Cavitation as number of stable
caviti &s The axials asfrdight lin¢ active cavities X 100; The

per Cent)ﬁ‘g?h&Er_ogé-éé‘&ffﬁtglgatrg?}éin%%fg?fhr HOURAENGth

transient _cavitles of ~actlve
cavi ti esXI@odiameterf eoaduitdartensesat the eate @5 6P3tte 1CH moper m

di verse gaQiBtfidrest ey cavitation chanbers as: A
"Venturi' conprising: -
> It terminates when the cross-sectional area equals the cross-sectional

area of Throat section.
Throat section is such that
» The axis is a straight line
> The cross-sectional area of conduit is circular
» The cross-sectional area is constant and is obtained from equation (3)
» The length of section is half of its diametér.
Divergence section comprises of Multiple orifices such that
» . Each subséquent orifice plate is touching the previous orifice plate
» Each Orifice plate has only one hole
> All the holes in orifice plates are circular and co-axial with the axis of
Throat section
» Thickness of the each orifice plate is twice the length of Throat section
» The diameter of subsequent orifice plate increases 0.35 — 0.44 times
the thickness of each orifice plate ‘
> Length of this section is equal to 2.64 times the length of Convergence

section.
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a cavity generator which is a portion or whol e of
m ni num crosssectional area in the cavitation chamber

w@ho10i08089 ar or non circul ar shape whi ch maxi nPCEEN2069000280

value of a; a flow nodul ator, which is a snooth
converging section with an overall average angl e of
52-56 upstream of the m nimum cross sectional area

iinanmeA ‘Steppehﬁ mbrﬁg‘mg;enerator and a snoot h diverging
section wt an ? ay, era%e arﬂgrl]e of %O-éjﬁs-. , .
downstrea?ncgy chﬂ‘?’? U SMRUFIL 1%, 2. POTHEN O Whole g myinjraum cros:
consi st s sHctibival eres dn ke davitatiohi chatnber af edrcular or non circular
sequenti al | the directijon of I ow. Convergence

b h

section i ¥ it maxiizegdhe yalde Pty straight |ine >

The cr qsstypffidriceNMbd@bRA downsirési | aHd h&t@éﬁh@ﬂ&hé %§|d cawty
| ength > The di ameter of conduit decrease at th

ra
of 0. 03 tGETEIAIG MPISRr haR SHEING GEIFTSN GRckoggual i@ half of the

-t er m nat e;axiiim diteersides &f §§Xﬁf§/' gé?%lrataf afasgsbBNg hﬁe Ionger
cross-sectional area of Throat secti on Thr oat

se
i s such t#4g Parafiglutogthe flaws with dngregsing flew frea apdne ?J together

Cr 0ss- secforrfiing a HoAauiPlof Gidreuting lf|5wcarre5uhaaﬁng>a§£iﬁ an overall
cross-sectional area is_constant and §5 gt ai ned from

equat i on V§/age angle PR Upstrear@dng L0, StE8Mpal f

of ithe sdicSRipped2RBoneisBEoItRreeesd-a%4l destiGiiChlatdtPtequentidly in
axi s of the cﬁgrﬁdwt is a straight line > The

cr osife direetionPfloWr ea of conduit is circular throughout

i ts tem@tdence Ebétioh comriges efMﬁmBldldrfﬂcéMcﬁaﬁﬁ at the
rate of 0,3 i rection

151 gt AR BaRION B RIRtel T oLCRIRG HechguAupprtce plte
Convergenga;rs@ﬁﬁdeqnatéh\dg@n@tcg,§410|g:onpr| SI ng: a cavity
g?gg;g 2: | ngﬁlw%les in orﬁl?:étpla ens grre curcu,ar and cg]-amal Wnﬂ"l the axis of
Throat section
» Thickness of the each orifice plate is equal to the length of Throat
section
» The diameter of hole in the subsequent orifice plate decrease 0.93 —
1.06 times the thickness of each orifice plate
> It terminates when the area of hole equals the cross-sectional area of
Throat section.
Throat section is such that
» The axis is a straight line _
» The cross-sectional area of conduit is circular
> The cross-sectional area is constant and is obtained from equation (3)
» The length of Throat section is half of its diameter.
Divergence section comprises of Multiple orifices such that
» Each subsequent orifice plate is touching the previous orifice plate -
» Each Orifice plate has only one hole '
> All the holes in orifice plates are circular and co-axial with the axis of
Throat section
» Thickness of the each orifice plate is equal to the length of Throat

section
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area in the cavitation chanber of circular or non
circul ar shape which maxi m zes the val ue of a;

wo wibioswarce nodul ator that is downstream of thRCERN2009/000280

cavity generator having multiple sections of

1 0008 A of B LA Rl Rl 55 Y e

the fl ow thedhiblaieds obgathhaificé pfate ng a condui t; fI ow

o 2" AR of 5B DY et e

gener at or sedtibe sai d Ven_step4' consists of three
co-axi al sections placed sequentially in the direction
of flow Convergence section is such that > The axis
iv) s aAsOri Veght comprising: The cross-sectional area is

condui & cbCPEBbradrSwhERTS Ly et B WREF by cross

i n directsentiondl dreavin hé tcatitationnectiapsbentod rcirchlar or non circular
Cr oss-sect, onal rea .e oss-sectional area

o T oo Bl ManiR el B £2 st t ot > Th
axis i s afiéd ndalditor Whigh 798 $hheuis dneedih®NSdctioh dthOan overall
conduit is circular > The cross-sectional area is

const ant @¥fiagesangir af 2{kedrdaunskaamtaf die qayity gensqator,

| engihl safd erc Vbﬁ’rbdn&sﬁaéfftwgfcoléxfél dbAoRs %Tace@‘slé&uegﬁiaﬁyﬁm the
section coggrlses of tiple orifices such that >

Eachdieagiom Uiyt ori f i ce plate i s touching the previous

orlf-rﬁgahcge@h@n@sﬁgﬁh,a@rlfl ce plate has only one hole >
All the holes in orifice plates are circular and '

co-axi & e At i$e2 '@ightyre Thr oat section Thi ckness of
the eagh phd Elos&sedtidhS dréa bRl ecilcBRgt h of Throat
section > The di aneter of subsequent orifice plate
i ncr eagesT e g9ss-sectionaligragis constant and is obtained from equatlon (3)

> The length of section is equal to half of its diameter

Divergence section is such that- |
» The axis of the conduit is a straight line
> The cross-sectional area of conduit is circular throughout its length
> The diameter of conduit increase at the rate of 0.35 to 0.44 m per m in
direction of flow
> lIts length is equal liquid flowrate (m*s) / area of throat section (m?)

*0.001 m.

v) A ‘Stepped4’ comprising:

e a cavity generator which is a portion or whole of minimum cross-
-sectional area in the cavitation chamber of circular or non circular
shape which maximizes the value of a;

e turbulence modulator\downstream and upstream of the said cavity
generator as an assembly of multiple sections of length (width) equal
to the maximum dimension of the said cavity- generator arranged in a
decreasing and increasing order respectively in terms of the flow area
having an overall average angle of 20-25° and 52-56° respectively;
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t he thickness of each orifice plate > Length of this
section is equal to 2.64 tines the |ength of

w@envesygence section.jii) A ' Stepped2' conpri SPCIYIN2069/000280

cavity generator. which is a portion or whole of

T SIS SR b R Al o S

val ue f thedirettivnxflfleace nodul at or downst r eam and

oDty S roblie S A e RS et e e
maxi mnuoh dEaskhnsibsequent odfidet pratg ésieuetting ther pravigesiorificepiate

he | IS LI el h I ' ' '
1 ow arercatP P dapBond P8MRlG o conaui ¢ of

-1 ncr easi Nl fhedveles imaorlfiaw iplatesagi@i circalar ave rcatdxiah with dlge axis of

angl e of 52-56 _upstream and 20 -25 downstream the
said 'St eﬁﬂ%‘zﬁec Fhsists of three co-axial sections
pl aced >sethiekmess bf theieach beficdi platetis twiceothefiér@ih of Throat section

Convergenge section . conprises of | tip rifi

such t Rat M8 BAMES KB In RS SuPraqugnt otficg Aidte detfedes 0.9 -
t he previb0é times thecthigghedseof eaBlaotifiderpldtece pl at e has

only one le.> Al the hol i ri.fi,ce plat ar

crout 85 R iR e R o et 1 g BRud Bl the
> Thi cknegess$edtibral@aedofofhréatsecidrat e i s equal to the

| en f 1 oat tion > The dianeter of hole in the
Ot sethurRlsuE e B

sub Nt or | te decrease 0.93 - 1.06 tines
t he t hicKhresaxiois aestcdighdllingéi ce plate > It term nates

when t he e | e . Cr -sectional area
of e oot T pRiacttefio SR afeanifin R 2RPECL | 012 3128
axi s | ¥ altet crassybectibnalarea iSloenstankandsie obtaineal fraam equation (3)

CondtL i el BA AT ke o2 1
Divergence section comprises of Multiple orifices such that
- > Each subsequent orifice plate is touching the previous orifice plate
» Each Orifice plate has only one hole
> All the holes in orifice plates are circular and co-axial with the axis of
Throat section
» Thickness of the each orifice plate is twice the length of Throat section
> The diameter of subsequent orifice plate increases 0.35 — 0.44 times
the thickness of each orifice plate
> Length of this section is equal to 2.64 times the length of Cohvergence

section.

vi) A ‘Ven_Ori’ comprising:

e a cavity generator which is portion of minimum cross-sectional area in
the cavitation chamber of any shape which maximizes the value of a,;

¢ flow modulator which is a smooth converging section with an anglé of
52-56° to the upstream of cavity generator;

the said ‘Ven_Ori; consists of two co-axial sections placed sequentially in

the direction of flow.

Convergence section is such that
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> The |l ength of Throat section is half of its
di aneter. Divergence section conprises of Miultiple

wo@ri1higwsd such that > Each subsequent orifice PCEHIN2009%000280

t ouchi ng the previous orifice plate > Each Oifice

pl ate r(1)nl’?/ onethol i > All the holes in orifice

pl at es arg AT AP 'E% axial wth the axis of

Thr oat »s€The odss=sddtionkires istdirculaetreadhoat it lengthpl at e

is equ o the |engt hr oat ter

of e dealBmpiagiatd sopfi det Ee A 368 99 35 005 8. L8 hber m
ti mes t heintdivectionesfsloaf each ori fi ce plate > Lengt h of

this sectjon is.equal 1o 2. 64 ti the

Conver S>e nfé gerg'nérat?sg\ﬁﬁ?n ghe LTO%S §ec\y8|i]] ar%%?&)lﬁlsg{hﬁ gcross -sectional
cavity geareaa:fiﬁhroa/h'sednons a portion or hole of m ninum
cros.Ehs ar eﬁ |n the cavitation chanber of

ci rculgf %%p ?fbﬁs& & ar shape whi ch maxi m zes the

val ue of TBhe afi$ Bva straightdiher which is a snooth

di ver gi.ng tion Wt aver%?e angl e of

S0- 55 dooTRs Fobfoattohs Pla Ot Clrdli HRLAPS 209! e O

"Ori _Ven' Theossstectiohaltarea cso:msiaat anrienstdbtnichﬂcan eduation (3)

S suct ¢ T tebdnoh Salon F kbl Phaf o qaEE 11C”" ' "

cross-sectional area of conduit is circular > The

.Cross-secii.pnal _area is constant- and is obtai ned from
‘"@quati%‘l’i1 {)ﬂf') C?Ené’ﬁgg gth of section is equal to half

of 1tsedi aroaviey g&w&fetogemﬁm jeat bcm'orh mrsmrhle tdfiahintnurh ecross-
axis of the co dui t

o o5 sectieHi Stpadh dné saldon SnereF of cPliar, o5 ppRocicuter
i ts | engt$hape Whichonaximizes ted valoediiat increase at the

rat eTt?(]ec SaOId %rlflce con3|sltls g? 'Phroat sec{1 ondlch F\I on of flow
» The axis is a straight line
» The cross-sectional area of condwt is circular
> The cross-sectional area is constant and is obtained from equation (3)
>

The length of section is equal to half of its diameter.

viii) A ‘NC_Ven'’ comprising:

e a cavity generator which is a portion or whole of minimum cross-
sectional area in the cavitation chamber of non circular shape which
maximizes the value of o

o flow modljlator, whiéh is a smooth con\'/erging' section with an overall
average angle of 52-56° upstream of cavify generator and a smooth
diverging section with an average overall angle of 20-25° downstream
of cavity generator; maintaining the same or different yet a non-

circular shape downstream of the said cavity generator.

The invention is now illustrated with non-limiting examples of the design of

reactors for the use of hydrodynamic cavitation involving process intensification in
specific physical, chemical or biological transformations like Water Disinfection by
Disruption of bacteria, Degradation of Rhodamine, Toluene Oxidation, Biofouling in
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> |ts length is equal liquid flowate (nB/s) / area of
throat section (n2) *0.001 m v) A 'Steppedd

W@ IpN3EFNg: a cavity generator which is a poPCT/DNR0@000280
whol e of m ni num crosssectional area in the cavitation

chanber of clircul ar or n circul ar j
CRARBT udrs, feGiicRlort er ot hPRY Bl B Y| Shuvee caroon
Extouples rretatedinto thes teffeain off gédreetsai dnergyi tonsyepdioat @avitation

S .an. ass of rmultinle sections of length (w dth)

oé' da%l'f)ﬁg‘at%gg‘séabﬁeﬂu%h@e ension of the said cavity
Exmmplest or arranged in a decreasing and increasing

or de i i ) . the_f. . havi

over 14 SEHE ealiFed, b Fhndors, Galdsilh BhiicsR drin Bt
oft these aiaditatidine pgreditibns camvasdus angfonmedions-agxilisted in Table 2a.

T T

sisuEted hsishowrcarc Malde [2ag haenbeer fabricateg laat dested with ctxperyments

oML RURLS 08 Lo RAHE R b ey =
ci r ckigare &rinchs deaxvadifiated tandtthen agsed todeJign oeactersctoi canry out

STl P M A B Pulosh o PR B e

altmybsequent orifice plate decrease 0.93 - 1.06 tines

the thickness of each orifice plate > It term nates

when the area of hole in the orifice plate equals the
Exarople-tectional area of Throat section. Throat section
Ghém@i’rﬁ!}lspé‘i&sﬁl oftavititi ndl Ehgmiter 2 ght line > The
Cross-sectl onal area of conduit is circular > The

cr os¥argmist feorattries e davitations chambexsdvere désigiiedetd haondie the
equatjon (.3). > The | aof slhroat sect| ' If
ropfisRhleff. fidtio fobide of 225 ol vl =08, P libh oty R o5, Bbove
parambtere aresselbcted &dr iluskatidn purpssx)orip tubthief presenieédmethasiology

artmclD H1Cehc'jen ntshgbtgurngg 'tt?éjréinoéa\'nf b %tir?zle%tf%r range of these operating and
design parameters. Area of the cavity generator was calculated from equation (3) for .

above mentioned representative liquid flowrate (2.5x10* m®%s) and selected
cavitation number (0.5) as 1.26x10™° m”. Based on the présent methodology several
shapes of cavitational device were obtained & were analyzed for cavitational
behavior. ‘

The pressure drop predicted for various designs are given in Table 3. It is
seen that for a given liquid flowrate, the lowest pressure drop (0.475 atm) occurs in
venturi while highest pressure drop (3.15 atm) occurs in orifice. The pressure drop in
case of "ori_ven' is lower (1.55 atm) than the ‘pres'sure drop in 'ven_ori‘ (2.13 atm).

Table 3 shows % of active cavities of total cavities injected for various
designs. It is seen that % of Active cavities is higher when downstream section is
divergent (venturi/ stepped) instead.of sudden expansion as that in orifice.

Table 3 details the extent of active and transient cavities produced in several
designs. Table 3 presents percéntage of active cavities per unit pressure drop and
percent of transient cavities per unit pressure drop obtained from current invention.

Using present methodology it is possible to quantify the cavitational behavior of
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> Each Oifice plate has only one hole > All the holes
inorifice plates are circular and co-axial with the

W@x018/08%759Thr oat section > Thi ckness of the eacPCDIN200%®0280
plate is twice the length of Throat section > The

I or AL A HERUEpo Gy B orbEe BsEaaties? can be

artiee)hifond given phpsiad-cremical tepsfarméation?. 64 tines the

bR BlaS RS0G5, el e RIS e
presatted sesthoduiaygy ardeis shownhia figave taSblid lindsaimbdieateotheaexyent of
nodul a

hape whi ch. maxi m . the value of .a:. fl r
aqiip RIS GRS dBeEToky GG e pfinoncrel, BRieS Uahno the
cdvitatidh teginhd) enappapieratng pairaroaters (cagitation atuotber)t e Iseadekcided for

'Ven.Ori, consists of co-axia ections.placed.
anyo Gk PR T met PlSeel by BN eGP Bfide map for
watec likeosubstaree dut ithcah>beTdltered fa3 ligaidasubbtaatiglytdifferast in density,
.The..cross-sectional, ar is_circular throughc it ,
VSRR P8GR Bl iR el Rt ont e SN i, st earier
heve (uwd2j.o 1.06 mper min direction of flow > It

term nates when the cross-sectional area equals the

cross-sectional area of Throat section. Throat section
Examplech that > The axis is a straight |ine > The

- i Qn . . it d ' | al ' .
PEGRRE WA Sleheh RisRINA of Jektorkt ffing  IBroaynamic
Caqtationon (3) > The | engt h' of s_ectf on is equal to half

oh o VA TR o € e B o s o e water
disinfeiction wasie swatet ittattherstr emxoidingt b®-foakng, sgnzgmec testolary etc..

M%]:'ob?é.lrc%H lg%{s &gruny& v%erncégvﬂfes collapse (transient cavitation) or undergo
rapid volumetric oscillations (stable cavitation) near the microbial cell. If the imposed
stress, produced either by transient or stable cavitation, is significantly greater than
the cell strength cell wall gets disrupted. Thus both the types of cavitation are likely to
assist the extent of cell disfuption. Microbial disinfection occurs due to physical
effects of cavitation in a heterogonous system. Thus, both the stable and transient
cavitation should be maximized for microbial cell disruption. From regime map shown
in figure 1, a cavitation number is selected in the range of 0.22 to 0.5 which gives
highest stable cavitation for orifice. For a cavitation number of 0.28 selected from the
above range, for a flowrate of 6.73x10* m%*s the area of holes in orifice was
calculated from equation (3) as 2.55x10° m% This area of hole corresponds to a
single hole of diameter 5.70 mm. Since the selected cavitation chamber was an
orifice plate, we need to maximize the value of a (ratio of perimeter of holes to open
area). We select a Iimitihg valué of 1 mm which gives highest value of a. Accordingly

orifice plates were designed and fabricated with 33 holes of 1mm diameter. The

performance characteristics of the cavitation element (oriﬁce plate) at different inlet

pressure are shown in Table 2b. It can be seen from Table 2a that the intensity of
cavitation (% of active cavities) increases with increase in the inlet pressure due to
which the percentage of disinfection also increases. A four fold increase in the inlet
pressure (from 1.72 bar to 5.77 bar) has resulted in 13 fold increase in the active
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shape whi ch maxi m zes the value of a. The said Orifice

consi sts of Throat section such that > The axis is a
w@e1aiogH1so | i ne > The cross-sectional area of chCOIN209/@0280

circular > The cross-sectional area is constant and i s
tai ned from equat i >The|e

et Pt Foging o Sipbedec W e foecion y&F ol earfer the

type 1P Ichgitatign (trmstaﬂi&;st@ﬁs)eﬁa%tamgvﬂﬁmrht éffectopdhé idisinfestion of

wiREafer TR bl e o P ] 588 e ey

showledethaff althoufh @enynfedutraisiznt cWImeshanea:Jrasmesdltmg in substantlal

ORGSR ol A PR A o laram o

tralisicent gavitatior idreasedi Byr6396 thae disingeetion eias|seenng inerexdse by 50%

GG NE 0 BT el e e RSBl PG efect
araf didiefestinnd Trasi by designieg & .opEhatingneavitatiomal i devicewin  stable
et LT erefh A REST bastirot S A iR aClied Pt Bls dbnieved

initannad of pl%lqmabtraas‘ormmmnsﬂfhusaa tailoreidncavjiatinnf feactor for microbial

58 B el o) Sk B ST BB 4 an

trdvesgemd chavitationotvh&¥edrd dime  reayitafioh ummbe’x)(isdsalémjed from 0.22 to 0.5

PrRT ey Bl bt or P el ool etor g fprfce

ist205%,10°arh? @6iresondidgNBtd ¥ingRNKGIEYof Qﬁﬁlﬁétﬁptil?@nmm wherein the
cavitation optim zation have al so been i ncl uded.

smlieshhele diatetge i ehoser &0 Mmaximize fa ¥alue §f et Adiniting value
whéVhbladidhete PRH nind MGer8hfambentfig 83 led ftEARieve the requwed

cavitation conditi ons on various transformati ons are
tofal flowaared. paBl active cavialien @4\I%%at Prlgofdwhich dbe (et of estable

chtatidSs ats%dﬂesmﬁﬁg%mtse@pafsrmaﬁbf SIS tildisGilageer e first
simul ated as shown in 'e 2a) have been fabricated
and tested with experlnents to validate Figure 1 for
Exdifpidesi gn of the hydrodynam c cavitation reactor.
Fi ure 1 has been validated and then used to design

Degradation of Bhedamine,using hydradynapni caidation

| Nt eRRdddntiAé iOMT aﬂiﬂﬁ’ati‘c'dnﬂﬁé 63 Scdnitfordp R # feRile Mdustries. It

Figure 1 as describ
becomes necessary to decolonze the waste stream which contains such pollutants.
Cavitation breaks the chromophore of such molecules thus decolorizes the waste
effluent stream. This is physical transformation in homogenous system. Hence stable
cavitation should be maximized for such a transformation. From regime map shown
in figure 1, the cavitation number is should be in the range of 0.5 to 1.0 which gives
highest stable cavitation for orifice. A cavitation number of 0.78 is selected from the
chosen range of cavitation number and open area of orifice is calculafed to be
2.59x10° m? from equation (3) for flowrate of 4.08x10* m®s. This open area
corresponds'to a single hole of diameter 5.7 mm. Since the selected cavitation
chamber was an orifice plate, we need to maximize the value of a (ratio of perimeter
of holes to open area). We select a limiting value of 1 mm which gives highest vaiue
of a. Along with this geometry few other design of orifice plate with varying value of a
(2 & 1.33) were also designed and fabricated to compare the ability (for details see
Table 2a) to generate hydrodynamic cavitation. The performance characteristics of
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above. Exanple 1 Geonetrical analysis of cavitational
chanber Various geonetries of cavitation chanbers were

waelewbgsresd t o handl e the representative |iquid PCDIN2009%000280
of 2.5x1 0 4 nB/s and cavitation nunber of 0.5. Above

B prep eSS Bl Rbaomb e tE e R s T 2auy can
bé h@afrefrdm Crablemb tbaﬂ for the daheriniebprgesoé tttehﬁaeerup@sr dégradation of

RS Pl TPt 31 o S5 O Bnace

dég?lﬁdéi@ﬁmmésed witHaim thchdaperintiee Qéﬂuéx%a Z(gal?glz,?) n%mpa”son of
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regime map for
Example 4

Toluene Oxidation using Hydrodynamic Cavitation

The oxidation of alkylarenes to the corresponding aryl carboxyllc acids is an
industrially important process. Industrially such oxidations are carried out using dilute
HNO; or air under high temperature and high-pressure conditions. This is a
heterogeneous system and requires high agitation speeds to achieve sufficient
blending of reactants. Hydrodynamic cavitation produces fine emulsion of reactants
and also provides radicals for oxidation of alkylarenes. Hydrodynamic cavitation was
used to carry out oxidation of toluene. This is chemical transformation in
heterogeneous system. Hence stable cavitation should be maximized for such a

transformation. From regime map shown in figure 1, the cavitation number is should
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water |ike substance but it can be altered for liquid
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wao ensigarsand vapor pressure based on the di scuBGT/TN2009/000280
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I n or was cCa ate om eq uat |
with GEuel oo 6f Afvas Tabricatedde oofnplaoet mecpndoespmned Jable 2a shows the

deg Q{f%c@gﬁgmgf%g r%[m% chle '?JC ‘éomgnsc’oqi gfcthg%ase T-2
andak#mexeals Ittmt\mm% inérease mamecquaﬁtqma pf aﬁtver(ch‘ureh 4) eavitation

o e I t f...
re V\ﬂts |ﬁ%‘7a ?%asev\ﬁ t!f La%%res?m# Trﬁ'e rJ ccorgg%% lcgwg%sl g?iyc%orrelated
aqdhestreact\mrrequieasl ngwsdala(amulsaﬂmtlmatoodtroﬁetdrbmcmetoex cayity) and

ch%m"aa? a( rfgét?or cgnt? Iﬁgréyo rHRQ&rﬁ & vﬂ? ag{fgc%é ?érj fre Werélr??action

cavl 1 on eI’ erren oritrce eren
prpgress @ mtemsaflcamn/\m |ta||oread3k:evutabon IreactanfdseTaleamne Gxidation in a

heTé]’%%n el tika- |J§ﬁd S'h5¥ (enCa¥di %ﬁe{c{ngnlo&?/f’gfbf P Mdxifized

Creases VVI h I ncrease
stahie savitationl ude\etean thiei cavitation muentesis agjected frdins0.Afted 0 praferably

ca@]tact%n' M%E}S&So 7&;&8’% a:?rgfyr&é)} %w%ﬁ&;? H&bEP Bf b%l fol maX|m|zed

ressure (from1 as resulted
pelc’:brﬂa‘gedoi raxtiea savitation Her Bawratecof22. 2&10“‘om3'tshelnerbm the area of

el 1y R iplsdbooRORS SETBPER dRe] BRBlegIo chaiBRer 12
mmawharei gtiohailathe safall€st idispetenss Hbiesis thesdn omaXimize the value
of a but to a limiting value when diameter of hole is 1 mm or at least 50 times the size
of largest rigid/ semi rigid particles, resulting in a minimum diameter of hole to ~2.51
mm thereby amounting to orifice plate with 3 mm diameter of 16 holes to achieve.
Stable cavitation of 90.3% resulting in 53% oxidation of toluene ‘or at cavitétion
number of 0.4 resultihg in stable cavitation of 80% to achieve 54% oxidation of

toluene.

Example 5 |
Eliminating bio-fouling in Cooling tower using cavitation
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necessary tqQ decol orize the waste stream wh

caviiation; ke s selested frem 9.5 tedvpreterakly 03sr B R lopte of 3.14x107
mﬂ‘f&”m@&p%@ afda mltﬂhﬁ(ﬁg{o?ﬁw HH!én i},e??!’,ﬂfﬂoz“?ﬁz tdifesponding

waste e uent stream I's Is physical transformation
toj ncavifinggaerates of gianagter 4 ma andaantlée cavitatign o 6% eut ef which
tthex'i@rF]'cmt iehP 'cavitdtibn As L1030 FE QUi In°Me0%! QiBréf@! fbacterial

map s ovvnFa?% fni)gla}rllctejé{’El n tshe c:avﬁ('l{ﬁz;ﬁbit c?n ?1%rrber r%s shouacde”a
cayet.in the range of 0.5 to 1.0 which gives highest

stable cavitation for orifice. A cavitation nunber of

0.78 is selected fromthe chosen range of cavitation
Example6 and open area of orifice is calculated to be
EdtenfiEafbrrofEyEl, AP aLiAs! Rind AydidtfynbhiCabRatiin 4. 08X10

a open area corresponds to a single hole

of dilydredynamc qa\ﬂﬁfﬁ'OTBWﬁ% gsgthto @%We%{t egtegificationtaf &ty acid with

msﬂnanae&o wef%?a&e Ohbth ;ypees&!ré‘t Statle BARELSP BRXEMEV & tdMBmical

val ue ratio o erinmeter .
transformatlon in a heterogeneous system needs to be maximized for such a

transformation. Thus in accordance with the method the cavitation number should be

" in the range of 0.5 to 1.0 which gives highest stable cavitation for orifice. A cavitation

number of 0.78 is selected from the chosen range of cavitation number and open
area of orifice is calculated to be 11.3x107° m2 from equation (3) for a flowrate of
22.2x10* m%s. This open area corresponds to a single hole of diameter 12 mm.
Since the selected cavitation chamber is an orifice plate, he value of o (ratid of
perimeter of holes to open area) needs to be maximized for which the smallest holes
-are selected of at least 50 times the size of largest rigid/ semi rigid particles ih the
heterogeneous phase, yet limited to a value of 1 mm. In accordance with the method
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of holes to open area). W select a limting val ue of

1 mm whi ch gives highest value of a. Along with this
wQ@eanmse7y9 f ew ot her design of orifice plate w PET/IN2009/000280

varying value of a (2 & 1.33) were al so designed and
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resulting rnto the b ore an
tor s 9 mrnghe:eb,)cemew@tmgow or| lceupéatgef@w 3 mm diametecef 16 feles to
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'nt2r1Qm@ﬂ%ﬁhﬁﬁa\ﬁﬁt'%n'@bhﬁf&f@d&o the other design for the
reasons nentioned above. Thus a tailored cavitation
reactor for Rhodam ne degradation has been designed to

ExamaplgtZe in stable cavitation wherein the cavitation

R&EH@@ Bf 5Slubfd @%%ﬂ fbf Qmﬂ;itgms@utﬁré fedtnibrit Rk ﬁ?lﬁ'odynamlc

achi eve the highest st e cavitation
C?Y'@M@te of 4.08x1 0 4 nB/s wherein area of hoI es in

or i fUQﬁg'tﬁd%d?%c%a%ut% eféo*m&%gmaa |§ an?alﬁéd"ﬁireactlvated

hol e of " di ane erelntesma | est hol
slgdgentegatmentsfrom msnustwmf ativated iorags i ther syat%rthqr@uah an
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sé?&ﬂécﬁﬂ%é 3@fof Bedas E‘Whlcﬁé%@ IhyhdstiPArdRNE cAMaiG foP Denturi
wnltjhS legst pressure drljgpm(tgblg\;l Fgr ; %gwtatlon number of 0.5 selected from the
above range of cavitation number and a flowrate of 2.23x10™ m¥/s the area of holes
in orifice was calculated from equation (3) as 1.18x10° mé. This area of hole
corresponds to a throat diameter of 3.88 mm (~4 mm) of the ventury. On operating a
tailored venturi based on the method 2000 ppm of soluble carbon is released within
10 mins of operation.

Thus, by designing‘ & operating cavitational device in transient cavitation,

based on figure 1 & 4, required effects are achieved in terms of physical
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The oxidation of al kylarenes to the correspondi ng aryl
carboxylic acids is an industrially inportant process.
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het er ogeneous liquid-liquid system has been designed
to operate in nmaxi mzed stable cavitation wherein the

W@ aMow8d78dn nunber is selected fromO0.5 to 1. OPCT/IN2009/000280

preferably cavitation nunber of 0.78, nore preferably
tation nunber of 0.5 for maxi m zed percentage of

avi
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r el at ecsteppdd2eXOR Ve, fgusppad4, Stable and transi ent
cavitation should be naxim zed for mcrobial cell

di sruptionand therefore the cavitation chanber shoul d

whéréi thbgebrnetngstthact i ve cavitation for such an

application.. Hence in accordance with the method
desc VPP, CARISEPt at i on nunber is selected in the

range qf Q-of%vftyo génétatop \ﬂﬁi&lﬁ is|I epbrtigh e twiesié ijd!e’ninimum cross-
cavitation for ventuyri, wth |east pressyre drop. For .a
cavit at i offctigrAaredin dhg cggqtaé@pe@amq;ﬁ]o?ﬁ‘ércglgb\% non circutar
range, f oshapeftion mbginfifesInd 461L6 of peihster bEhGiESR w area of
throat in venturi was cal cul ated fromequation (3) as
12.57x1 oheles¥). The cavitati on nunber was kept at 0.8

by mai Qt aj RhRhddifatsH MARATHS sRioBiSEInfedingZseetich WitRBH overall
velocity equal to 25 nis.. The selecte esi gn of

cavi t at i oavegagentangle of 5266t edpstisamaef thg rpainrBtcEess sectional
produces 28,% afea6d ih\é_?_c%ﬂz'g%%l‘r?% a_Jsﬁ\o%rPEiverging section
I shows the

transi ent cavitation. Ta ecrease 1 n

bact eri al wittolamt overath avedaged Goglerof rd0-2% 0 dorogtraanm rpfacavity
period of én?érﬁ s fromthe water that is circulated in
cool-i ng I%op. us a tailored cavitation reactor for

el imnating biofouling in heterogeneous system has

Egr?%ﬁi%gg‘ﬁ%gﬁ@.ﬂn gagt e in stable and transient
e a cavity generator which is a portion or whole of minimum cross-
sectional area in the cavitation-chamber of circular or non circular

shape which maximizes the value of a,

e turbulence modulator that is downstream of the said cavity generator
having multiple sections of length(width) equal to maximum dimension
of the cavity generator arranged along the longer axis parallel to the
flow and held together forming a conduit,

e flow modulator that is a smooth converging section with an overall

average angle of 52-56° upstream of the cavity generator;
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cavitation nunber is selected from0.5 to 1 preferably
0.8 for a flowmwate of 3.14c10 2 nB/s, wherein the area

W@R0104A8%976% generator in venturi is 12.57x10" nPCT/IN2009/000280

corresponding to a cavity generator of diameter 40 nm
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system the maxi mum size o | sperse ase is
obt ai ned avergghangleah2er5cdavnstream qf e-cavity gemeyatosn
turbul ent fluctuating velocity of 2.5 nis the size of

%Spﬁﬁégﬁ%ﬁ%ﬁﬁ}‘%@bt ai ned from Wber nunber as 0.051

, ing val ue of holes should be
(50x0. 30513 cavityl gemeratoumdinh tsoa Portionf or whaleeofginimum cross-
fabricati . Thu i fice: (] ole i :
ol es- v t Focyonh Seanf 6 colfiiohoedhber el b b circuiar
desi gn basteapeanhitthmarietizesdthe valuedf apove 90% of the C8
C 10 fatt algi ds arg Icon\(/jertetd to math It est ef in.ﬁglo it
mins. A t&regenss advislor dgynstiean gpds YPStEEAML O fe: 33T ofevIY
of C8 C lgererhfoy ag@ndssémbig diehuiplg 8aetimns of length (width) equal
l'iquid-1Ii tem .has . desi.gned tQ gperate [

F%\fltx gepgrator arranggd ina
cavi t at i odedrgasiey ahd insalaginganldérrrespdttitely in terids of the flow area

preferably cavitation nunber of '8z0 IO &, PrLfer abl v
cavitati oﬁa‘ﬂrﬂﬁﬁ'éf’v%ﬁﬁ]@’, a$%?ngqe oP 23 §5 v 5286 respe%kﬂvé{ly,
» ‘Ven_Ori’ comprises:
e a cavity generator which is portion of minimum cross-sectional area in
the cavitation chamber of any shape which maximizes the value of a,
o flow modulator which is a smooth converging section with an angle of

52-56° to the upstream of ca\}ity generator;
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maxi m zi ng percentage of active cavitation for
flowate of 22.2x1 0 4 nBZs wherein the area of hol es

w0 po1opgdsece is 11.3c10 5 n2 which corresponds POT/EN2009/000280

singl e hole of diameter 12 mm wherein optionally the

l] ,di er. of hole is chosen to maxim ze the
v;%a geri%e co%{é?g T a linti ng val ue when di aneter of
hol e i 9 laroavity gaheriatmswm&ﬁ) i4 iampertibineor siizale aff mmmgﬁatcross-
rigidZ sem ..rigid part cI es. .resyltin
i reter  SHetRBfleae] 1 she C3iatoR csbyPeE s By Y R cirutar
orifice pérmtpevvbiictmmaximizeilta@”eéleé ob&; 16 holes to
achi eve. Stable cavitation of 90.3%resulti ng in 90%
esterification of C8ZC 10 fatty acid in 210 mns at a
cavi NO_VeR dumipgrgesof 0.78. Exanple 7 Rel ease of
sol ubl € carbon for activ d slud e trea nt. usin
Ty ar ocnani COCH ST REn WIS By RO P PupeTg Fross-
t he sol ubgtieRdlpea irstheliavitatRel dhambae bf e eifcudrudBsgpe which
treatnment fromthe disruption of activated biomass in

t he syst eMaXimizesdie Ml Ohfpl i cati on transi ent

cavi t at,i Offp FifdBIakdr, %ICW blEnfsith Lo GihG $Bctio! \ﬁlﬁf?gn ®lerall
sol ubl e carbon in an efficient manner. | n accordance

wi th the angragsiangle ©f\bR2t36 iupstreamind cavity genesatoeand @ smooth
the range [ Lghest,~t '
cavitati ocﬁ%rg%g\?/%ﬁ{édr\rgltﬁ W}bﬁggg o‘é&%ggg & &gooip‘r)a?{%gvg%eam
3). For aofcaamwa@erwnatnunmamtauim@ t5e wnmctoewlfferem yétea non-
above ran u f e of

2.23x1 0 %F"” éa‘i&’kesg’%f’}?‘ ‘Wg"?‘{ess“a}‘uglg"“ﬂt | g%%v\rfas

cal cul at ed from equation (3) as 1.1 8x1 0 5 n2. This

_ar Can oéaﬂﬂ%“o% Fe[%ﬁ{o?sfsoglgﬁnéao BﬁcFam’m Ofr’”fo }n?c!}&% iSl F& d%nﬁa%on in

eratin
ve nt beterogeseaxis@ystene tawphmb mo @tablqoamdafralmm mamtatlan lvdherein

dos, Thr el bopor s B3R YZAER s Bl zn for

desi gni hg" % operatl cavi at onal~"device
cavi flaviratenof 6028 0™ m?/sf |\murem theRarka af bqles nmdrlfefefleét%xm m?

are achieved in ter. hysi caltr f-ormation. .Ih

o fhsEing o 2Te Mol Bt Blaffiér] 420 e Rrghily e ¥aiest

ﬁ0| ulbdle demndtenisf émbﬁanﬁ@&nlzdgﬁé UIPIUeOde dbut to a limiting value
et er oge u st em has en desi e in

1 et RRdTam Rl Bt 5, Gereby e dting 46 Sareikmiscactiye the

sel ﬁ@hei?elcf 6t fdowlZrehOaf 5cWeecfaMt§thinyof@95’5 ouoof wisith thiel extent

W t ow at e

of | colaYe Gaeton s 4Erhesuinia n 8% Hsryplon ¢ calsgkes RIS,

corresponding to a cavity gener at or ~of di aneter 4 mm

gp dt gc!ré/?/gtm%ayéatc otr aosn clalme3 in clavnt1 10ffor\l\ﬂh8c§]ant1ipu§ fe)étraed’]attion to
operate in stable cavitation wherein the cavitation number is selected from 0.5
to 1.0 preferably 0.78 to achieve the highest stable cavitation for flowrate of
4.08x10" m%/s wherein area of holes in orifice is 2.59x10"° m?, corresponding
to a single hole of diameter 5.7 mm, wherein the smallest hole diameter is
chosen to maximize the value of a but to a limiting value when hole diameter
is 1 mm, thereby amounting to 33 holes to achieve the total flow area and
stable cavitation of 95% resulting in 17% degradation of Rhodamine.

A cavitation reactor as claimed in claim 1 for Toluene oxidation in a

heterogeneous liquid-liquid system, to operate in maximized stable cavitation
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cavitation is 96% resulting in release of 2000 ppm of
sol ubl e carbon fromthe disrupted biomass. In

W@ onelgeson, in the exanples cited above bot h PEPES06H000280
cavitation i.e. transient cavitation & stable

cavi }t/v %rlegqqth% fa%?ﬂ nL%TbQF isns%le%Pe%ngorﬁ I'(‘)(;% tr?g1 .%ﬁretf%rgbly. cavitation

physi'c ranstormation depen
mec haumben of Ot78amsdrer praterably cmnatlobl rUmbbBrsofn Sctor gnaximized

(wat er d|S|nf ctjon Rh dati oB

br ouBHECBR e HoE RanEeh i TOEge & 82217 RO Whgrsin tre area
tr;ansﬁ aalésqavdrlraé||@r11l$<10é_oﬁém~ﬁg£ eaﬁa;pbadfjé Yo \sheingle hole of
intense cavitatio qui I el ease of s

o bURTEGEt e R oty The SRalEd Sariaterectngiug sfasen t
| ev eha&.ﬁﬁi@%&za@@ Slatbamg a likatig vllieoRhérmdialtdr df hetleasl 1 mm
(designer cavity) -to achieve specific transformations

t hat oF dldaast 0 inasdhe size nt lrraptciofd/ semi AgifpRrtidasy fRpullipg in a

tr angfifi Rt diameftd &f thaR @eoes T Yhn‘i’fthéte&a!éhhaﬁtllr@ﬂto onflce plate
el enent and the operatin condltlons can be tai

to cWBRtd mmadamRientof s dpiescta ppievs. dtable 8?‘1"6?‘10’? g 90.3%

siz eré%ﬁltlha‘ih 5@%Io§<wat.6ﬁ afrtalueﬁé oastddaartatﬁinahjnﬂ)eb eh@uiresulting in
of . cavity an - cavita | onal ly active

even?’éb'eﬂ%‘t%ﬁﬁr%pg% tEIaé%lFY%/%c’érﬂi‘ﬁl?f'P%P ol4eBS pover of
the present .invention that facilitates cavitational

f d
522%”@383‘15‘2&0’63;' qnl ; dgf@ﬁi%v'g{) Cﬁf:}ﬁlgnmalc r el(;rtnrc\)ar\tlng glofouhng in

tr anﬁét@fd@hé&ﬂ;ssysfé?ﬁ tGW?dté in sfaBle and B¥hdidrti canitaioRltierein
in the ra‘r‘ge of -1, st ab a/ if cavbiy

domi WY I%I’]}‘"?t@éb%?%‘?%% oy SFR/ iPEeiera aoe%?ogaf?f’wrate of
f1 ui 994087 RS/sVAhEfeir {HéCarBh AP hYityegenerdtoF indver® fsafd 7% 10
nunber in the range of 0.5-0.22 transient tx(gme of

cavi Mt Gasrespending OCR)ﬁPWHnGGWQ’i ofs diggyetary40 mm, -and active

r espeRiahdf of P69 heut Gralvhigh ftRE tsxtdrt avattrafs.ém kviationds, 10%
For a cavitati on nunber below 0.22 both transi ent and

st abfesultipgén H0% decreass BrbasiesakcAhial domi nance and is
useful for transformations requiring both the physi cal
and chem cal effects in overall_ transfornations |

Bwat ef §avkatign [(RaAglEr @safiamIedip elpim h for Er%tflsawaﬁfu EoCuo fatty

cavi h@d fa h@l@?&g‘éﬁ@oﬁsohq%@hcﬁ){@sﬁs@é’mt @tdﬂéﬂatEWﬁHa&inﬁiéii stable
i n aqueous and non-agqueous nedia for intensificatio

of t FAVitaHGE Moge \glpfge@ht@ﬁ] gay|tation number is selected from 0 5 to 1.0

preferably cavitation number of 0.78, for maximizing percentage of active
cavitation for flowrate of 22.2x10* m%/s wherein the area of holes in orifice is
11.3x10° m? which corresponds to a single hole of diameter 12 mm, wherein
optionally the smallest diameter of hole is chosen to maximize the value of o
but to a limiting value when diameter of hole is 1 mm or at least 50 times the
size of largest rigid/ semi rigid particles, resulting in a minimum diameter of
hole to ~2.51 mm thereby amounting to orifice plate with 3 mm diameter of 16
holes to achieve stable cavitation of 90.3% resulting in 90% esterification of
Cs/C1o fatty acid in 210 mins at a cavitation number of 0.78.

7. A cavitation reactor as claimed in claim 1 for the release of soluble carbon

from biomass disruption in heterogeneous system, to operate in transient

cavitation wherein the cavitation number is selected from 0.22 to 0.5
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processes, wWith cavitation nunber is selected fromthe
range: 0.5 to 1.0 for stable cavitation for Ven_ ori'

W(am:ioloﬁn'ssii ce', 0.22to 0.5 for transi ent cavPCHIN2069/000280

for "Venturi', I\ICven Ven step4‘ Stepped2'

O iRy 0% FRRE vans B Su22400p S A e res

O b esvity Qé}ﬂarét@ﬁtih ﬂiéfnhﬁm‘s af13xveh_mt Icocrespﬁndfngctb a cavity
"Vent uri ' en', Ven

O merator g Fametes g 03 TGP PR SRRV Bl 0% it of

> Vﬁﬁfbhl lthe eSEMPoF ﬁﬁﬁsnentacdi/ﬂéﬂdnyw%ﬂ%rré&mmg\ml nféhsalsé ‘oft 2000
portion or \éﬂol e of m njnmum crgaf)secu onal area in the

caV| PRIY obpOILg FBERONSfom: the Aisrupted PIOMASS i r cul ar shape
whi ch maxi m zes the val ue of peri nmeter of holes to
flow are w nmodul at or

f hal
B s oo MEBRY O (IRGG DRdTORaRTE KOUIRIB0 SPa 4o dithigue cavititing

ang| gorfiitiobg irbAquédst AA Moffaqlésusthediausing régimesRaps cn@lating
-area nanes as the ca |tyﬂ|g era

th
di veM@KIAYM elqcsy o fl r,yahro n?'é%é;ségﬁ%og ggmber and
20- 2berderagé T(ﬂaéﬁtﬂé @rw/dnt va@@wsedm ,cavitation_gigeps,' 2, 4), for

oy Elepetratar i e piheleland sapcal isbensed nirs R uthetl

chanber, oselét:tirfgurram Qlfabléoancﬂbrf &uhﬁéntsbmmendmlnebessary for the

'S dounst tRiesPhisie! andr ey VaRRBIRIGH R

mul ti pl e wRedeinpns of I engt h(wi dt h) equal to maxi mum

Tonger axre papeTiotedtich & FRbwednip naTaeagirgaton

form ng ahemegktious systt@w nodul ator that is a snooth
O O e LRl N Ao PRSI
conpr | sesheterogeneous and physical transformations in homogenous system;
stable and transient both are selected for physical transformation in
heterogeneous system;
> Selecting the cavitation number from a range for the chosen physical
or chemical transformation in the first step;
> Selectihg geometry of cavitation chamber from a regime map to
maximize the active cavitation for the selected type of cavitation for
the selected Cavitation number;
> Determining the area of cavity generator within the said selected
geometry and the said cavitation number for the volumetric flow rate
to be processed using equation 3: |
Flow rate

Area = ———— 3)
P-P

2
%p 'CV
wherein, Area is area of cavity generator (m?), Flowrate is volumetric
flowrate (m%/s), P, is pressure downstream to the cavity generator
(Pa), Py is the Vapor pressure of the liquid to be processed for the
selected transformation at the operating temperature (Pa), p is the

density of liquid (kg/m® and Cy is the selected cavitation number;
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a cavity generator which is a portion or whol e of
m ni num crosssectional area in the cavitati on chanber

wo@bko10/08wsd ar or non circul ar shape whi ch maxi NPEZEEN2D692000280

val ue of a, tur buI ence nodul at or downstream and
upstream o;l t he o| cavity generator which has

sections Yfe 'ﬂn dth) equal to half of the

maxi num di rrenﬂietmrthefseleatédttyp@eﬂgeahetry afrcaaritgm cHaniger is an
t he | onger amﬁé)ara}ll. ttott e li:,(eas NSore b
1'ow araa andTHIEhdORKYERAD 1S BIATES Fotish saVGALGHls"done by
I ncreasi ng flsrew.‘caﬁgemuhmw hgle af)&rnalledb si2y eueH ihaauawagle is ratio
angl e of 52-5 pstrea and 20 _-25 do >

O Ve . cenaeter oriales, fq JoyearER 4 dio\seh % maxinized and
portion or haugm @ffthaﬂawmuéa 6fmﬁlﬁ§I§¢ioleérbiiuaBrtﬁ@sald Arba® such

[ [ r of circu ] ar .sha

cavitation ch [
o eh st s JRERR st Yo ey et 5 i, BURT Han the
is a snooth dérgeétgngig/ s&mi figid pdrtidlesin theehalelogeviesdg phase,

le of 20-2 st f. th it t
S eppedd cARETRELE SRalRsLore o pinin N RA TR | & 2

portion or whole of m ni rrum crosssectional area | n the
cavi tation chanber of cirgcul ar of x0on circul ar |
whi ch maxt ni 2es™ h@ vhidye- ld'f"”'g FEeIRNREe %&ﬁWat'BYovmg
downst ream nglrﬂﬂnmslﬁddtllﬁﬁmdpfthéth%sé‘éipréc&ﬂwg bryergeaieramtsmmanon
as an asse multiple s ons o wi_dt h)
equal to the ditiopalhr ﬁ‘?‘!ﬁ’é’l‘g&{’ rt"H@fbg ésa ke

gener at or arranged in a decreasing and |ncreasing

d t f Lhe. fl hayj. :
overal| - aver dereitolBost naoess WA sl e TGy b

> Ven_Oi' cdoiees sesponsidlectav ibteakgpne irteracialiforchs |r65|st|ng the
portion of mninum cross-sectional area in the
cavitation cH of any shape which nmaxi m zes the
value of a, flow nodulator which is a snooth

converging section with an angl e of 52-56 to the
upstream of c‘%w téilEvgemer ator;> "Orifice conprises:

o

Wherein, dg is the size of emulsion, v’ is the turbulent fluctuating
velocity, p is the density of liquid and ¢ is interfacial surface

tension;

> if the selected type of said geometry of cavitation chamber is a
multiple orifice, the spacing of the holes is obtained from
dg=d, +4x107V,
where, ds is the spacing between the holes (m); d; is minimum
dimension of the hole (m) and V, is the velocity of the liquid at

cavity generator (m/s).

. A method of tailoring hydrodynamic cavitation reactbrs to achieve cavitating

conditions in aqueous and non-aqueous media for intensification of the physical
and chemical processes as claimed in claim 8, the cavitation number is selected

from the range:
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a cavity generator which is a portion or whol e of
m ni num crosssectional area in the cavitation chamber

wo@bko10/08wsd ar or non circul ar shape whi ch maxi NPEZEEN2D692000280

value of a; > "NC Ven' conprises: a cavity generator

which is ortjon or whale of mpinmumcrosssectional
area it équl\q fgﬁ?tﬁgﬁ C@H'tﬂi‘ﬁglforg]f\)éﬂeﬂ” cﬁnpcﬁf'@ﬁe'shape

~whi ch rxaxo.ﬁizws.stfbegrwiemc@s_iitaaon fer‘anmdtNl(aTt\thi, ‘Wér_step4’,
is a snooth conyverdgi section with an overall average
angl e of %gépgﬂk&gﬁw %e‘?ﬂf\‘}’l“wy generator and a )
snmoot h «di §ep gt ®.5 6t isffulitinkBusistabie€r AGE temeiedl |cadgibe for
of 20-25 %ovvnst,rea‘ of cavity generator; maintaining

t he sane JoF"d? @Ei’lg(hrﬂf'cﬁet a noncircul ar shape
downstream of the said cavity generator. 2. A

A B S 15} et B o Bl

Stcahdiortifl dquebss gﬁk? nﬁﬂ-‘égb@édzdsCrﬁeWbEféleihtbnéiﬁEabtllbaV(gttaéé iphysical
number i s selected fromO. to 0. refera : o
{ GPdEnemisal BroBSTsRs @ FREY I SHmLS Whefiy e gqametal < sagiation
hehambenis @r'vémtas domphis®@Cc10 5 n2 corresponding to a
single hole of dianeter 5.70 mm wherein the small est

hol e di*anBt@Vity SEREfGLEWRIEN iR RPFEN 1A eVRRlE (P8 TBIPIMLIR fross-

to a |im gddienaaareg inhBe daviatiofi @ramitRs df scirtuldor non circular
t hereby amounting to 33 holes to achieve the required

total fl oShapeshichmaxigiaesile valye ebei on of 39% out of

whi ch the ' i ' Qibewith bh BYerall
1 e Rk il oAb i g W i
cavi t at i oaveragetanglexof 62-26heupstngam of the MinhurRicsrEgrsastonal

- degr adat i Qr'éat"’a"ﬁ‘%e %Eﬁé l:é?zitgtg%%l%a&aéﬂdt Qéingﬁttﬁg’ﬂf%érgiidb section

the cavitation IS selected from

pr ef er abl witl). 3t8 dveralic hiverage t amgléri ofh@0t255t dbwnstream of cavity
cavitati 05 r{eg%togl ow ate of 4.08X10 4 nB/s wherein area

of holes $1 I'fice is 2.59c10 5 nR2, corresponding to

a single hole of dianeter 5.7 nm wherein the small est

{8 Aot SR SR, BEAE 18 3 i
t ltenditignsainagquiebusg) and n8-ahoé@s mediadbi iptemsifinationoefdhe physical

fllfggq/ &eéﬁgagﬁﬁg%s%?la%ﬁgaﬁﬁ ?Heé.:l&pﬂ 8 (Nh%f’é)l/ﬂ ﬁfeségo%é?% c;f Ravitation
chamber is a ‘Ven_step4’ comprises:

e a cavity generator which is a portion or whole of minimum cross-
sectional area in the cavitation chamber of circular or non circular
shape which maximizes the value of a, '

e turbulence modulator that is downstream of the said cavity generator
having multiple sections of length(width) equal to maximum dimension
of the cavity generator arranged along the longer axis parallel to the
flow and held together forming a conduit, |

e flow modu]atof that is a smooth converging section with an overall

average angle of 52-56° upstream of the cavity generator.

12. A method of tailoring hydrodynamic cavitation reactors to achieve cavitating

conditions in aqueous and non-aqueous media for intensification of the physical
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4. A cavitation reactor as clainmed in claim1 for
Tol uene oxidation in a heterogeneous liquid-Iliquid

WG YHDASN754 0 operate in maxim zed stable PCT/IN2009/000280

cavitati onwherein the cavitation nunber is sel ected
refe abl V|tt|onnnber of 0.78,. ..
a B Bical e geeh i e i i 8 Ryt B onfiy it EGyption
pehambeeig @ ‘Sfeppedd’ compeses: at i on for fI ow ate of 22.2x1
0 4 nB/s vvherelnthe area of ho in or,i Icofﬁis'
11.3x1° % ¥ msewa&%rwfagfbmsp? on, oL Whgle, qipipingym cross-
di amet er dettiohal avBerieithe walitatioal chanibee of neicliastor non circular
di aneter of hole is chosen to maﬁém ze the value of a

but to a ?harﬁ’iet"\"}'@‘ '\T/‘QF'U%ZWB%V%!P% ®er of hole is 1 nm

or at l.eagfpurthck r‘ﬁBéulhfb? o%‘wﬁ@tré’ém'ﬁfdgﬁﬁsltrerahglofi/thé%md cavity
rigid particl es resul ting

hol'e to -genstat I?@r'&ﬁ/%%ﬂﬁtqfr@’?tﬂé <quﬂf)| %%Jabﬁ%.tf@'f of the

Wi th 3 mydiiied %\’m&f&&ﬁoﬁ@b\ﬁ@ §éhePMBl - aHBngedt afbln? the longer
cavitation of 90.3 oresultlwg in 53% oxi dati on

tol uene ofXiaPAEHGH toathediovh With drcregsing How eR AN d"el'ch together

stabl e caphmb #EoRBUIBGYOIN@eaitY ABR 5@%’0 Wu@;ﬂbgéﬁﬁ & overall
toluene. 5. A cavitation reactor as claiped in claiml

for elim aMrageNsiePbed- 5§1°QJRSHeﬂ'@t3é‘P<?Qeﬁéo‘?f§”’§§’§?@m to
operate in stable and transient cavitation V\herel n the
cavitation nunber is selected fromO0.5 to pr ef er abl

186 reathes of BAIPRRG NyhogvRamie PN ieaskoet & RobiRee Gaulting

OfcoRd@Mbis/indRfueb@s 8hd inBn4g0ésls mkdia ¥ar intendfictionlof the physical
correspondl ng to a cavity generator of dianeter

ard ghemical prRgessesiag Flaimed fyglaigy,§ “@Pf%FW%%t@ﬂqéﬁ ation

- ofchhmBBSk @NOriCRen’'t 8bmpfisdss 10% resulting in 100%
decrease in bacterial count. 6. A cavitation_reactor

as cl ai*med Gavity |genaators whicksieed i RArioR Pb ol OE\RIBIMUR ¢ Goss-

aci ds in gedNShAr HYSNRAHE dalidtioR- EHambied oFYScaRY dr hon circular
operate in maxi m zed stabl e cavitation node wherein

t he cavi tatapsrvvwhf@éxml@sg@é%lveefw om0.5to 1.0
pref er gbl y, vff 6r°\nh|EH %rsrﬁéotﬁ d?\%{?l sé@%h rﬂnﬁi 89 overall

percentage o ac I've cavitation a e of
22. 2x10" agfragentrgie ph20-B8° dovestrodmind thescavity gendratoe | s
11.3c10 5 n2 which corresponds to a single hole of
dianmeter 12 mm wherein optionally the snall est
mli aqimmahod)bf kedloeng $ydivdgeamicocavilation reactons ty Achieve fecawitating

{hﬁ? 5.0 téagé R aP{é" a‘fmg&hsdhggi?g&r m@nsﬁiget?on' <§‘f tij1e rEmfsmal

| res e SIze 0 est
r myndcbhpmldal pﬂoeesseswmlalmag in glaim &iwin'ermmrﬂm emmne;ry focawtatlon

hoI Emgg% %r@g ahgél%?%segnounti ng to orifice plate

e a cavity generator which is a portion or whole of minimum cross-
sectional area in the cavitation chamber of circular or non circular
shape which maximizes the value of o,

e turbulence modulator downstream and upstream of the said cavity
generator as an assembly of multiple sections of length (width) equal
to the maximum dimension of the said cavity generator arranged in a
decreasing and increasing order respectively in terms of the flow area
having an overall average angle of 20-25° and 52-56° respectively.
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hol es to achieve stable cavitation of 90.3% resulting
in 90% esterification of C8 C 10 fatty acid in 210

wWOorR01s/08475@ cavi tati on nunmber of 0.78. 7. A cavPCHIN2000/000280

reactor as clained in claim1l for the rel ease of
n,.fro

iet ?Jggg\ﬁggﬂqegq/r@ggﬂ%% r%g:?tléasvrtgf ?eraghor?? do achieve cavitating

cwndi:&bnsoun admebas and henequedust media fomibtensifisatoal afdhe ghysical

£ |a8a;98§r§ &F grf riea%eciﬁﬁﬁ% én cl? \%g %F"erl“ H’]e g‘f\r’gglfaé?lgaof cavitation
c ahamperge@EYen dDri’icompesdsuri i s 1 1 3x1 05 n2

CoL ¢SRS Ay B8t SRR B A Slyea

t he ext entheGhvitdtidh shambercsh\any ahaggwhigh %é%mleeyirkl vafyei of o,
rel ease of 2000 g m of sol ubl e carbon fromtg

di sr upt’ed I3y fregulator gvhich is& maotafcop\éqrglgplsp@tlon W|th an angle of

hydr odynagp es£@\hé apdtRiant SRRy §ede?a@ehi eve cavitating
condi tions in agqueous and non-aqueous nedi a using

regi me WFS correlating maxi mumvelocity of fluid or
16| lﬁ methog ofidpiloting: hydredyramis reaviiatasr reagierpée aehiewrcaytating

aQ:Bhef‘ Ror R RjueblifARd ﬁaﬁfaéﬁé’&]semﬁéﬁ'f&raihtéhglfléitloﬁsof]the %hysmal
4), ftor intensification of the physical and chem cal

pieoe shemicab piopesser @§ claiepd "b‘?'a'”bS Sé‘leé%@ thegaeamsitryaf ggyiation

agqé,gbe,t,ggﬂsoﬁme EsMpisaki on necessary for the targeted
physi cal -and/or chem cal transformation respectijvely

wher ei 11, atravity greerater which i@l Bertipy osavhle &ff migimum cross-
cheni cal §éﬁ8ﬁ5lg{r3§tlh Re | AvibAITRIGM e Of dirtllar BF HInEcircular

-cavitation 1s selected for chem cal transformation in

het er ogenghaps which phyigizes|the valie Pbemat i ons i n

homogenous system stable and transient both are

sel ected for physical transformation in heterogeneous
15y st emgthod St talloting) iy diiedyramict cavitationnieasters e @ahiave gAytating

forg %Qﬁoﬁ?&sﬁgxeeﬁg’ %‘\cfﬁtjm -8 uébt&g'i‘?léh"i‘é fdr 'ir?&'fg ifRGIBH bQRe pRysical

the Irst st ectl georre ry cavitation
chaaridechémisal procegsase asa@aimednin |Ch'#f2 eB twhergipt thge geometry of

cav&aglgﬁgtg)grb %meae; gea ﬁgl ehe n%ﬁe;,ﬁgeesof cavitation for

the's cte vitation nu Determ ning the area
of cavist yageadtyageneratot hihicht isea partipnses wheledof minimum cross-

sectional area in the cavitation chamber of non circular shape which
maximizes the value of a; ‘

o flow modulator, which is a smooth converging section with an overall
average angle of 52-56° upstream of cavity generator and a smooth
diverging section with an average overall angle of 20-25° downstream
of cavity generator; maintaining the same or different yet a non-

circular shape downstream of the said cavity generator.

18. Regime maps as claimed in claim 8 correlating maximum velocity of fluid or
slurry through the cavitation chamber, cavitation number and percentage of
active, transient and stable cavitation as in figures 1, 2 & 4 is obtained by a

process comprising steps:
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geonetry and the said cavitation nunber for the
volunetric flow rate to be processed using equation 3:

wWobEnesyTso Area i s area of cavity generator (n2PCT/IN2009/000280

Flowate is volunetric flowate (nB/s), P2 is pressure
dovvnstreamto the cayit ener af o

r (Pa), Pv.is the.
Vapor* pP¥eRIhIngePvEhEe Gepiiei 8 B%V"%P?J%&Q%@Be‘r Benssigg of
sel ect egavity agehéerater! | flov aénct herbuical in@iulorpethat wigterial

the d t d (k
ConL e eoriinyity 200 B ARG FrRBpal i huftberd Rihe e efigh and

t he Self ﬁﬁ&ﬂ&mtte‘ﬁ@ RyyissHRMOR ity usingCdpHdphibiecsualionbensisting
an oriri

zat Ximze active. cavitati
s doneobiyhaghental vanir ike) & Rt ke L SNy
such t haémgonefmfch dm:‘ect'éﬁ l(o) oéloaty bdiﬂi‘p@fermﬁn Rodiestion (w)
fl ow area qf hol es,

area of VGrRFWi Cﬁmoﬂﬁi“ég Z@ Eﬁtl"g‘ ?ﬁ Be%'g'ﬁzfam & fe@ﬁ%f}?etsﬁla‘tv”

the smajnltasle siRauiuldi®kineti® eférgy, e(é)iﬁjrtﬁﬂerttlemiéﬁgw dissgRition
than the largest rigid/ sem rigid particles in the

het er og@ﬁ%d%"%@%ﬂs'tWKé? biqyid Phéses?"lﬂﬂchéﬁndéntfga%?' tﬁ'@ﬁ'@

is lim in a Liquid-Liquid

het er oggﬁegu@ Vgsyg%“ minvol ving enul sification step

t hat hawherepy, comtifiuity egbiondl transfor mation, an

addi ti o%al criterion of Weber nunber =4.7 is chosen;
wher ei n—p\ﬁébfépul)ﬂlober (W) is defined as the ratio of
inertialdfforces responsible for breakup to interfacial

forces jRsieRt |n{wné,{g?n%%ﬂ[§%gq'yg{%%n dE is the size

of enul sion, e turbulent fluctuatlng vel ocity,

pis the 2 faci al
surface g ‘z @ﬁe S@f' f %tygref%)f said.
geonetry of caV| tat| on chanber is a multiple orifice,

t he spawWheigim furbyentidnetic eingrgmqaav@u'snom where, ds is

t he spa%ng be%vveen t he | es (n) ' m%
di N
o o o g o6 b Tl e

wherein, turbulent energy dissipation rate equation is

0 0 0 k* ) o¢ __ Ou, £’
= — +0.069p— +1.445 omw —L |-1.92p2—
t(pg) i(peul_) J [(,u 9p Ja } k[pu ] p

X
J

wherein, the above equations are solved numerically to obtain P, k &

€,

‘e Obtaining the ‘n’ number of likely paths taken by the cavities through
the cavitation chamber
wherein, n is significantly greater than 100;
wherein paths taken by cavity is obtained from Lagrahgian equation
6;4;, =FD( —y )+ gx(/;: —,0)
P

(L)

P

Wherein, up is the cavity velocity, Fp(u-up) is drag force per unit mass
of cavity, pp is the density of cavity, t is time, g, is gravitational

acceleration in x direction (Table 1);
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9. A nethod of tailoring hydrodynanmi c cavitation
reactors to achieve cavitating conditions in aqueous

wanadongrrsaqueous nedia for intensification of PEEIN2009/000280

physi cal and chem cal processes as clainmed in claimS8,
the cavitation nunber is selected fromthe range: 0.5

to 1.0 for stable cavitation for Ven_ ori' and

'Ori fi eelwher@ing 2ag@angiad équatidn @\c)s.bgmvedméimatchmntof aust?in the
"Venturi', ' ven', 'Ven ste tepped2', Oi_Ven

' St epped4f'r3"e|§g‘.’?ﬁpepbc‘?595&}fai‘?s %ﬁ tl’fggus stabl e and
transi ent wageein, # k@ﬁd fngns &@tam@ﬂ ifronamé solXibih bEkalancks.at fese

met hod of tailorin nam c cavitat.i reactors
t o achi evee e'émalt%ﬁ‘g‘ﬁ@% ﬁa%ﬂra@f@w% i! Jand

non- aqueous nedia for intensification of the phy3| cal
and chem cal processes as clained in claim8 wher

t he gedmefbtpinghg thgyalugt of pressyserigpPlitude {Pangh Rressure frequency

conpri sesgy a<'f‘|dCﬁ'?étatn‘larﬂz‘?)ﬂ?rIalte%ur\'é""'ht‘?ft‘sebsb?l R’ 4t @) from
whol e of m nimum crosssectional area in the cavitation

chanber ofelatiopgul ar or non circul ar shape which
maxi m zes the val ue of a, . a flow nodul ator, which is

a snoot h gonverlding sgf:tzl-en WA ((r)anPoVRl aélh(zazgﬂe)r age

angl e of 52¥56/dpstream d the”ni ni mum Cross secti onal
area nanes as the cavity generator and a snooth

di verging section with an overall average angl e of

20- 25 domnbibin'emrthe)ba\du\dyhymg:sr(ea\du(uadius_as aAunptioh ofitimé) from

tallorlng dr.odynam c vtat on, reactorstg,achi eve

cav' tati nﬁa%éﬁﬁi&?% I5R 2995 saﬂfﬂ’@othg RRYP ﬁ%ﬁ Oggﬂg?fﬂ%?nedl a

for intenwhéretrat then cabityt Riynpimicsi eaddetsncare hgemerally known as
wherein the geonetry

21[ Og:\s;lsf ZBP@%‘QE#A‘FP&SP %af'l‘,'y g?e%aﬁ'%? %4 conprises: a

cavity genepyg or3vy1m9h i pgjthonngr whpl e of
m ni mum c 1 ‘r({ f’o;{l on chanber
of cirecul ar or non ci r ape Whl ch xi m.zes the

val ue of @herelriithyltRfee AMA BRI b Eﬁkﬂlty atSarflosednt €& liquid
of the said cavity generator having nmultiple sections

of | engt hgt\yﬁqg:gﬁgnmmls liquidneiseositn G isPrassHre inside the bubble;

e Categorizing the cavities as active, stable and transient cavitation
using the following criteria;
wherein, a cavity is active if pressure inside the cavity is more than 10
times the pressure at the inlet of cavitation chamber,
wherein, an active cavity is a stable cavity if final pressure is not equal
to maximum pressure inside the cavity during its lifetime,
wherein, an active cavity is a transient cavity if final oscillating
pressure is equal to the maximum pressure inside the cavity,

e Calculating, for a given velocity, cavitation number, selected geometry
(shape and size) of the cavitation chamber,

e The percentage of active cavitation as number of active cavities/ total
number of cavities X 100, \

e The percentage of stable cavitation as number of stable cavities / total

number of active cavities X 100,
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of the cavity generator arranged al ong the | onger axis
parallel to the flow and held together formng a
w@ondosd7so fl ow nodul ator that is a snooth conPer/gi2ogn/000280
section with an overall average angle of 52-56
upstrean1of t he caV|ty generator. 12. A nethod of
tailor?ng’ dradsient cavitatiory asaaunehes of Haa%ﬁ“t@@é't'%/
cavitati rigtap@ur}qbéﬁ&régt“}erba@mgm and non-aqueous nedi a
for intensification of the physical and chem ca
processes as clainmed in clairm8 wherein the geonetry

190f  adthbdiak WaisBa TR Rlairhs 1a. 165t PHRREIR the RGIES aRSsele@ed from
cavity generator which is a postion or whale of

mi nit R3vings density ofRfl 1§P@é<9('ﬂ tVﬁéO%té(vﬂﬂfo)l ‘E?n seﬁa%@ns'on
of @.0r0loas Nom, BRNIidid Faporbreshare30d i 61B25axd M zes t he
val ue of a, turbul ence nodul ator downstream and
upstream of the said cavity generator which has
sections of length (width) equal to half of the

maxi mum di nensi on of cavity generator arranged al ong
the longer axis parallel to the flow with increasing
fl ow area and held together form ng a conduit of

i ncreasing flow area having again an overall average
angl e of 52-56 upstream and 20 -25 downstream 13. A
nmet hod of tailoring hydrodynam c cavitation reactors
to achieve cavitating conditions in aqueous and

non- aqueous nedia for intensification of the physica
and chem cal processes as clained in clain18 wherein
the geometry of cavitation chanber is a ' Oi_Ven'
conprises a cavity generator which is a portion or
hol e of m ni mum crosssectional area in the cavitation
chanmber of circular or non circul ar shape which
maxi m zes the value of a, flow nodulator which is a
snoot h di verging section with an overall average angle
of 20-25 downstream of the cavity generator. 14. A
nmet hod of tailoring hydrodynam c cavitation reactors
to achieve cavitating conditions in agueous and

non- aqueous nedia for intensification of the physica
and chem cal processes as clainmed in claim8 wherein
the geonetry of cavitation chanber is a "Stepped4'
conpri ses
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a cavity generator which is a portion or whol e of

m ni num cr osssecti onal

of multiple sections of

t ur bul ence nodul at or downst ream and
upstream of the said cavity generator as an assenbly
to the
maxi mum di mensi on of the said cavity generator
arranged in a decreasing and increasing order
respectively in ternms of the flow area having an

l ength (w dth) equal

area in the cavitation chanber
wo@bo10ioswsd ar or non circul ar shape whi ch maxi NPEEEN20602000280
val ue of a,

overall average angle of 20-25 and 52-56
respect Ve y 15 A met hod pf tailori Ag h\/rlr Odynnm c
dalitation|reactors to ach|eve cavj tating |conditidns
iln |aggeous|and nonjaqueous| nmedi a flor intensificatilon
qf [£h8 phygbdal anf chenicpt proceges as (at ai med [ien
ql 4Bn58 wheBefn the geomet[§ of caMitation&hanber|d s
g '|Bed_Ori|@apnprises a cpwity gef@rator Mhich ig3
R@| i 8n of Y’n&n mun| gr oss-sftional|area in“the |2
q& Bt°at| on|8h&nber ofy any s&ape whigh paxi M zes th§
va ube_of a @il ow ”@C&ll@torw\/\hl ch |$ agsrmcgh 0}
cona;eggl ng|geeti on w"&lm an @ngl e of®52%56 [t the |5
LmE@mnmé%wtyg@@at : .#%mlmdéf g
t|ai|Bo8i ng h§d8 odynpsriw @4rgor |3 @ achi @/é
da Etcat-; ng|€omdi ti @g;&n- qigpus nEgiga
glon 3 5t§ns 8igatio g. chenigcal |8 &
groﬁeggs 35 21 ai m 8 G & t h; geonet|gd5
- eav-at-en—eha Hee—conpr+Ses
%aity gener at or whi n | e of
gpi mi num cr psssect | i on chanber
=i X} m zes |t he
Y odynam ¢
& cpndi t i|dnjs
‘g s| fi catilon
1) cl ai med |i p
o chanber| | s
54 eratorf whjch is |a
El jal| prea ijn the
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e
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fl ow nodul ator, which is a snooth convergi ng section
with an overall average angle of 52-56 upstream of
w@ a0ohy97gener at or and a snoot h di ver gi ng sect i BOT/™2060/000280

an average overall angle of 20--25-downstream-of—tcavity
genergtior; &uintainjng |t he santa ol different|yet| a
nonci rfw%r“sgape downslt eeamnmof & e, spi d [cav| ty | —
gener gH8r = §8. Regi fre maffs|ds |chifned| in|cTalmyg ~
corre] ati ngemaxi num vellocity of flluid|or |slufry
t hroughy the cavitat|on [Chapber|, _cqvi tpti gn_npnbgr__and
per centlage |of acti ve, .tr@qssiaén %rd st abl e§cav§t a§ hN
as in fliigunes 1_2 &4 & )kﬁ%iﬁec by| a procg N
conprj sji ng |st egxgesi abli@)i f3,| &er the dge@nptry @
cavi t ptli gn [chanber c¢onsli &t | ng ok ¢avify dedel &aAr o
fl ow and%urbul ence|nodul alor,| fhe materilal™ tontli Kbl t
and the Itarce—of—roment um  tjur byl ent kijnet | c energy
and tprlo@ ent energy dilssi patgpngjat el usiingg| EN
appropri&ie equgion consi s¥id 8f f updagenBal ' |@~
vari aplle€ lli ke (P) pressure¢ over@he i qui d¥ (u) @
vel oc tyc?x: nponent in digectjon,} (v) veloc|ty
gi:onponenf" iin y dire¢tiogng (w) |elgcity cqmpgpens iz
Hlirectilon, |as Pex the fir&imp G| & erepce ,S_@Qg%h[},ﬁ
gablel 1, (k) tBebul ent [kEneti®|cerrr gy, (e TimR{res
@&nergy (dissipd&ion fate, o p) Tjgbd densijty] (9]
i qui f |phage—surface @nd—Hpt-erfacial—t ensi-ont—CH
giquipd \Qg*osltgz wheleli n, |conttinyity| eqyatipn ifs
& V. (pu) D:2MheS e [ n m%aj} ¢e epuatjion|i® -9 | I
g\ﬂd.(puﬁ of- \B-&/& pir ')gjm u ?pg dt 'gvmgr aiﬁ, g i
uBbul| efft Fi net® & eneiigy equatfonlis rei n
8 ugbu| ent—gmeTryy dirs{ patior ratefequ g m s wherelm,
ghé apove equatd@s %e 8ol vegd suneripat llyot p 9bt g N o
P, ek & e Oquﬁ@,ng heS n'snu@bdr of Jilkgl ¥ Paths| 5
- Raken| by 8 e g@igi ¢sztihroudh [ ke |cav| @ht|i on| chamber —
2C |8 o 3
® © 1 =
‘2 5 o g 0"?5 8 g o | T o |~
ggvmggsmeS || H| T | ©
& w g’n.;‘:zooo al|lo|lsc|~|~
® = = >> 2] o
£ 2 © o =
7 2 s T | & '
: ClE2,8 | LIR|[I|IR|~ 8
O =& SIE| || °
~ o o
w « o o | oo
-l = - -~
o S k: S 3|a|e
- 8
>1‘? £ (V2]
3'& L« < < || ™
ogl < . -
o o
g 88 & AR
25 (ol o~ Nloa|lo | @
33
850 Q .~
_ggg‘sggg - - || ™o w
K
£ *
§ | $53E 2 |o|e|e
-
v O T3 BB
B2z 2|22 ¥ || x|

40



wherein, n is significantly greater than 100; wherein

pat hs taken by cavity is obtained from Lagrangi an
weouansos Wherein, uP is the cavity velocity, PE(/IN206%000280
is drag force—per—unit maSﬂEof cavity, pPis the
depsitly of cavity, t ijs tine, gx is gravitational
accel dratki on im d} rgctd.on (Tabl e 1); wherein,
Lagrangi ¥n eqttat{ o’ (L) Ts |sol ved numerically to
obtaifn the tinme dependent clo-ordinates of the cavity;
whererm, P, K _ang e DijS obtjai ned fromthe solution of
bal angesgat | t Hese eg-crc@ngit es obtai ned from

Lagr angi gn equNati orE(L);"’. bt ai ni ng t he val ue of

pr essyr ezanpl § ude g%Penp@ pressure frequency (0 and
I nst antaneous;abress‘\'ilre sensed by the cavity (P) from
relatilons plafb fy P K f = =P-P anp sin(2 ) ;
obtairning thecayity dynamics (cavity radius as a
functilon of | tge] feom c@vifty dynam cs nodel s using
the above dpt & ol RO,| Ranp, f; wherein, the cavity
dyhamni|cs nodeFs aresgeneral|y known as

Rayl eilgh- Pl bsSet fam lly Ot equations e.g. dt 2 dt P1 R
dt |R whereip, t.is tine ,gF is radius of cavity at any
I n$t ant s B qui & qurface tension, mis liquid

i Y %gs u{ee“‘_’-i nsi de the bubbl e;

Wtli escas active, stable and

S

gs+rg—t he follow ng criteria;
gctivel if pressure inside the
cayigy ig npreg thangid fls'ﬁrres the pressure at the inlet
of |caVji t &t i pnchanter, erlein, an active cavity is a
ot abl g cavifty if|finall presjsure is not equal to
rgmpregsure(insige the cavity during its

1ai|me~ wherei n, @n |ackivie cavity is a transient

ity i5 fjng os@lllatfng pressure is equal to the

isrum pr essure|i i de the cavity, Calculating, for
Ji ven vel pcity| caviltation nunber, selected geonetry
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(shape and size) of the cavitation chanber, The
percentage of active cavitation as nunber of active
w@amonsesy total nunber of cavities X 100, ThBCT/IN2009/000280
percent age of stable cavitation as nunber of stable
cavities / total nunber of active cavities X 100, The
percentage of transient cavitation as nunber of
transient cavities / total nunmber of active
cavitiesXIOO Method as clainmed in clains 1 - 18
‘wherein the liquids are selected fromthose having

d¢nsStTy. g50[- Ip00 Kg/ N8, i scosity: 1-100 cP, surface
t e@si o 0:010[,075 Nom and |iquid vapor pressure:
308 01 E«P“Tacble 1o varf ous desi n of cavitational
ch@mber| VOPABLE 2(a)|: -Esfimation of cavity dynanics
d ¢g—vartrogs—geofetr+49s—(b) Extent of
ﬁrgnsf Mgy OnsNOTE 1. In jall the cases pipe dianeter
248 %’ﬂﬂ‘mat 3 |NComp&y i son of efficiency of different
Ta $i tat| ora Chanber [fesigh to generate cavitation
oable 4 : |Bactefial dnalysfis in cooling tower water
Exanplle 4
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