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emul sion of a fuel and an enul sifiable conponent. The invention has
particul ar, but not exclusive, application in producing emnulsions for
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i nproving the ecol ogi cal ChﬁmﬁgﬁﬁﬁbﬁtkgﬁwﬂéNéhfir operation is the use of
enul si ons, such as water-f € Stons, although other enulsifiable

conponents nmay al so be used. Devices for 15 producing an enul sion of fuel
and water by cavitational treatnment are already known. Cavitation is
defined as the phenonmenon of formation of vapour bubbles in a flow ng
liquid in a region where the pressure of the liquid falls belowits vapour
presSure. Subsequently, wherFIEHR OFTHHE INVENTEINi nto a high pressure zone,

t he bubbl es shrink and col | apse, causin sharp increase i he |ocalized
L enper aflieaMENIPIREES (b & ARRACILATVEPG or BrognBea a enaone = e ane
pressure waves use the break up of globules of fuel, and the sifiable
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m cro globul.es of the emqulsifi . [ he fuel resulting in the
for mat i QPSP SATY '°'I‘sz|°{)'ﬁq.gl' né'ée%g+'§'n%ggﬁcgg e ripl}ldét ‘as the suspensi o% of micro
globules of a first liquid in a second liquid, in which the first will not
m X. An enul sion obtained by cavitation is such that there is a film of
fuelyg25 surrounding a micro globule of the enulsifiable conmponent. Wen

such an emul si on burns, the fuel-coated enul sifiable conponent gl obules are
heat ed, expand and then extKGROUNDOMTHEINVENTIONI er fuel - coat ed

enul si fiabl e conponent gl obules to be forned. This cycle
A way of increasing fuel efficiency in engines, including diesel engines, and improving the
ecological characteristics of their operation is the use of emulsions, such as water-fuel
emulsions, although other emulsifiable components may also be used. Devices for
15  producing an emulsion of fuel and water by cavitational treatment are already known.
Cavitation is defined as the phenomenon of formation of vapour bubbles in a flowing liquid in
a region where the pressure of the liquid falls below its vapour pressure. Subsequently,
when the bubbles flow into a high pressure zone, the bubbles shrink and collapse, causing a
sharp increase in the localized temperature and pressure which gives rise to pressure waves.
20 The pressure waves cause the break up of globules of fuel and the emulsifiable component
into smaller globules. This enables an improved distribution of micro globules of the
emulsifiable component in the fuel resulting in the formation of an emulsion. An emulsion is
defined as the suspension of micro globules of a first liquid in a second liquid, in which the
first will not mix. An emulsion obtained by cavitation is such that there is a film of fuel
25 surrounding a micro globule of the emulsifiable component. When such an emulsion burns,

the fuel-coated emulsifiable component globules are heated, expand and then explode

causing even smaller fuel-coated emulsifiable component globules to be formed. This cycle



WO 2011/ 090436PCT/ SG2011/ 000026 of continuous mcro explosions result in an
I ncrease in the overall surface area of the fuel, leading to an easier and
conpl et e worzbuswioa of fuel. Depending on the physical &ou/ScGhertiooie
properties of the fuel and the emul sifiable 5 conponent, sone enul sions may
be easily formed by passing the m xture through a cavitation chanber or a
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may be I'cu ow ng to thelr 1Tnconpati ble physical properties

such as I¥.ﬁﬁd)tﬁia}%aﬁ&%n‘atcgﬁb[e%m&ﬁlonBfﬂ@l.ert ies. 10Typically, on forming
enul sion by cavitation, a mxture of the fuel and the emulsifiable

conmponent is first formed which is then subjected to cavitation. The

m xture may not be honobgenous, with the concentration of fuel and the

emul si f | pdpeadiag rapotenphydictll end ropemicald piopetienof \iud tivabtandcthe ceredsitidble he

m xture. VWhen the m xture is subjected to cavitation and enul sified, the
non- Fonogpepenent, serhé epaiisiomai hays e deasily fdoed iyl rAseing dhe Mixtyraudraughdd ng to a
15decrease in the quality of the enulsion. Decrease in quality can
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invention is described in the independent clai, ti | feat f
e 1 nved QR RRaicHhRIMn VRS e BEPALnG PR AR TED SUTarts for

roduci ng an _enul si i fi
P \%scosity ar;r\]d oﬁwle(r)&e?r]:ica?p:oggrltiegnd an enul sifiable conponent where

10  Typically, on forming emulsion by cavitation, a mixture of the fuel and the emulsifiable
component is first formed which is then subjected to cavitation. The mixture may not be
homogenous, with the concentration of fuel and the emulsifiable component differing in
different volumetric zones of the mixture. When the mixture is subjected to cavitation and
emulsified, the non-homogeneity will be manifested in the emulsion also, thus leading to a

156  decrease in the quality of the emulsion. Decrease in quality can translate into a decrease in

the efficiency of the fuel also.

SUMMARY
20 The invention is described in the independent claim. Some optional features of the invention

are described in the dependent claims.

In an apparatus for producing an emulsion of a fuel and an emulsifiable component where
the first and second cavitation chambers and the nozzle outlet from the first cavitation
25 chamber to the second cavitation chamber are positioned in coaxial alignment, the first fluid
from the first cavitation chamber is introduced into the centre of the second cavitation
chamber, so that the first fluid may be distributed uniformly in the second fluid. Moreover, a
coaxial positioning of the outlet with respect to the second cavitation chamber reduces the
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the first and second cavitation chanbers and the nozzle outlet fromthe
first cavitation 25 chanmber to the second cavitation chamber are

posi ti onewoi2n1igegdbal al i gnment, the first fluid fromtReTSGReL1/00@26t at i on
chanmber is introduced into the centre of the second cavitation chamber, so
that the first fluid may be distributed uniformy in the second fluid.

Mor eover, Qaxlal. nosi.tioni t | i : second
cavi t at Ji"s"(g(ngfc n&n@gﬂ)w@dﬁc@éQ’tgh%go%%%%%gﬂgg%%n& %gég%‘%?? 't(')(gt})egi%éaﬁ?sk of any
di srupt ortex of the second fluid that is generated in the
second %%\@?tﬁgtc?]%ﬁbééhanber. When swirling flows of the fuel and the

enul si fiabl e conponent are established in opposite 5 directions, a m xture
of inproved honbgeneity is obtained. A honbgenous m xture is one where the
conmponenhen @virling oWt Xt the dudafd tHesériléilidbidcampohentrdry estitslishaghio wppdsite vol une

of the m xture. Inproved honogeneity is desirable and influences the
conbsist diestiefs! manietaeyofafptoed hdomogeaneityols ableineidu &l hcaraderaus|raiktiifealb lope
conponent. 10The apparatus can have the outlet fromthe first cavitation
chamber whperejtieceammupnents of the enixdere arriditabited unitormly Haraeahout the dolume ehthee that i s
determned with respect to the dianmeter of the second cavitation chanber.
The appaixiresmeeyed hepogeasity is esigbleranddeflugnees g errpbustienotfidiansy sUYPet from
the first cavitation chanber into th? second cavitation chanber being

det er mi FégHraRt e fuek s amyisiiablecoppenenton of the inlet to the second
cavitation chanber. This 15arrangenent prevents the flow of the first fluid
fromthe outlet interfering wth the formation of the swirling flow of the

Sec%?hikggagg%rgtug Q:S? 2}%9& ek ﬁ@t}/eit 3k B AA2RRdton ch-gn\%ﬁrdbn%ﬁg@ﬁrﬁrin?f thehe out | et

fro cavil ron chanber 1s preferably in the range of 0.7 to 0.75

times the gl aaRaRdn Q'Tarﬁﬁgretofei bistan&hat BldeRMIRER WK FredpBctRb Méi didmdter drul ent

flow conditions 20in the apparatus as turbulence is preferred for
cavi t at {HarsebEhdPEditation ChEMBEP AR bipifarflad) cdraxo Aawhihe kiistankcy ef pdjectiom ¢fnl et to

the first cavitation chanber, wherein
the outlet from the first cavitation chamber into the second cavitation chamber being
determined with respect to the position of the inlet to the second cavitation chamber. This

15  arrangement prevents the flow of the first fluid from the outlet interfering with the formation of

the swirling flow of the second fluid in the second cavitation chamber.

The diameter of the outlet from the first cavitation chamber is preferably in the range of 0.7
to 0.75 times the diameter of the first cavitation chamber to provide turbulent flow conditions

20 in the apparatus as turbulence is preferred for cavitation to occur.

The apparatus can have a check valve on the inlet to the first cavitation chamber, wherein
the check valve is arranged to be opened only if the pressure in the discharge zone of the
second cavitation chamber reaches a threshold, thus enabling to achieve stability of
25  pressure in the second cavitation chamber, so that when the first fluid is introduced into the

second cavitation chamber from the first chamber, an effective pressure gradient is obtained.



the check valve is arranged to be opened only if the pressure in the

di scharge zone of the second cavitation chanber reaches a threshold, thus
enabl i ng wo 2aciivesse stability of 25pressure in the secoRITSE&E20L1ADIAG
chanber, so that when the first fluid is introduced into the second
cavitation chanber fromthe first chanber, an effective pressure gr adi ent
is obtained. The cross-s i onal are he seco vita chanber is
pr ef er ablf® @fP%fzﬁeéFm’taﬁa??ao‘? 1hg §5F0Hca '?32'8“ tCF?fE%e' 'ﬁé’reg?ra@% SL8 e[r it HaP area of
t he outl et r ean ea edu i far L of t he
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second quHeté}%thﬁﬂroﬁlaﬁfWQ?stﬂ@ R@?Sﬁltﬂh brrber ARAKYBEEAa fid of T

acconpanyi ng draw n race the | nvention. y way of exanple only and

t oget hersegg}yggab,tgdaecmr ption, serve to explain the principles of the
invention. Figure 1 is an elevation view of a first apparatus for producing

an ergul sion of a fuel and an enul sifiable conponent 15Figure 2 is a plan
view of the first apparatus in one arrangenent showi ng the swirling flows
of the first and second fluids in opposite directions Figure 3 is a plan
view of the first apparatus in another arrangenment showing the swirling
flows of the first and s&RIRE DESGRIRTION QFfpRAWINGSIi r ect i ons

The accompanying drawings illustrate the invention, by way of example only and together

10  with the description, serve to explain the principles of the invention.

Figure 1 is an elevation view of a first apparatus for producing an emulsion of a fuel and an

emulsifiable component

15  Figure 2 is a plan view of the first apparatus in one arrangement showing the swirling flows

of the first and second fluids in opposite directions

Figure 3 is a plan view of the first apparatus in another arrangement showing the swirling
flows of the first and second fluids in opposite directions

20
Figure 4 is a plan view of the first apparatus in one arrangement showing the swirling flows

in the first and second cavitation chambers in the same direction

Figure 5 is a plan view of the first apparatus in another arrangement showing the swirling

25 flows in the first and second cavitation chambers in the same direction

Figure 6 is an elevation view of a.second apparatus for producing an emulsion of a fuel and

an emulsifiable component



20 Figure 4 is a plan view of the first apparatus in one arrangenent
showing the swirling flows in the first and second cavitation chanbers in
t he sane wWoret (9436 Figure 5 is a plan view of thePCirsskoappereat us in
anot her arrangenent showing the swirling 25flows in the first and second
cavitation chanbers in the same direction Figure 6 is an elevation view of

a secondri@RPAIsH pisn Vi tREQEIBAE Ssktidilidel BlpRgak 6@ fuel and an enulsifiable
conmponent WD 2011/ 090436PCT/ SG2011/ 000026 Figure 7 is a plan view taken

along section line 7 - 7° of Figure 6 Figure 8 is a plan view taken al ong
section line 8 - 8 of Figure 6 Figure 9 is an elevation view of a second
chanber Figuon@ isof plarhaew taksi alappsacadruimerd -BibeFiglreiss an el evation view of a
second chanber al one of the second apparatus Figure 11 is an elevation
view of the first apparatus with the pressure neasurenent and 10val ve
control elenments Figure 12 is an elevation view of the second apparatus

wi t h St hdigwes isianeleyation Mewvefi segersl dhamber alenetaf e fisstanparates 15

Figure 10 is an elevation view of a second chamber alone of the second apparatus

Figuré 11 is an elevation view of the first apparatus with the pressure measurement and

10 valve control elements

Figure 12 is an elevation view of the second apparatus with the pressure measurement and

valve control elements

15
DETAILED DESCRIPTION

A first apparatus 100 for producing an emulsion of a fuel and an emulsifiable component is
illustrated in Figure 1. Apparatus 100 comprises a first cavitation chamber 10 and a second
20  cavitation chamber 20. In the example of Figure 1, apparatus 100 also comprises a
resonance chamber 30. The first cavitation chamber has an inlet 2 through which the
chamber 10 receives a first fluid. In the apparatus of Figure 1, at least two fluids are utilized:
a fuel and an emulsifiable component. Water is one emulsifiable component which may be
used, but other emulsifiable components may also be used. The first fluid may be a first one
25  of the fuel and the emulsifiable component. The inlet 2 is arranged in such a way so as to

produce a swirling flow of the first fluid.



DETAI LED DESCRI PTION A first apparatus 100 for producing an enul sion of a
fuel and an enul sifiable conponent is illustrated in Figure 1. Apparatus
100 conprwees11z99436st cavitati on chanber 10 and a secon®CZBGReMI00@R6 on
chanber 20. In the exanple of Figure 1, apparatus 100 al so conprises a
resonance chanmber 30. The first cavitation chanber has an inlet 2 through

which th h 10 f fluid of 1,
at 1 castA B9 Gt ichoobyde wyBran e elle TPERF 2ot S Bidhe 21 °
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in such a way uceasvmrlngfowo the first fluid. WO

2011/ 09%3@%&@9%%990%% thatSHby Lk Bnf duwiiing MoBste pishiies to @stbBRhitadies a
vortex. As is illustrated in Figure 2, the first and the second cavitation

chamber sredfbcattvorftedrIR el xambirof | Fi@utél’szé drlig raotioarnd thetfiest fliid stbrédght d and
the second fluid are introduced into the first chanber 10 and the second
chanber Hdut Bsthediét\2bejng arrangeditangentisilychongltbe firsshehambakt) sonthatwhenithey not i on
profiles to establish the respective vortices. In the exanple of Figure 2,
t he swi rfirstnfipidrettesntheffirstinbampers10 ft|igiditedted maRghthe sboad imger side qfdhetr 2

bei ng arranged tangentially along the first chanber 10 so that when the
first flitcdecpparssotionsiiel iambenihBispoing e frstdui nsaats o asF S MHEM cur ved
inner side of the circular-cross-section first chamber 10. Directing the
first flﬂmﬂef%'ﬂéf'isﬁfb‘&‘fts aswirling notion profile to the first fluid. 10
Simlarly, the second cavitation chanber 20 has an inlet 4 through which

t he %@cond chanber 20 receives the second fluid. The second fluid may be a

second 0By, WS it fatioR crhibhis b 1181 FRAROHAUG Wit B acBr! e of

Figure 2, I'ng notion o e second fluid is brought about by the

inlet 4 Qﬁ'rrﬂ)g fe@é\ﬁ%‘%é aadndfilid! the sebdamaduiahtay REdREord wHilop the kel dRd SO t hat
when t he second fluid enters the second chanber 20 it is directed towards

the curved driunslabRi ddthpBhert NA titd &xxamphd ofCFigBE 25 thetswirlingsmotionchbf eisasdpend 20.
Directing the second fluid thus, inparts a swrling notion profile to the

second ffiuid &. brblight abai byl d¢het inlet ¢ ibeinp @rrabgeddandeatiallg iatong thec $eente chamber r ecei ve
either the fuel or the
15 20 so that when the second fluid enters the second chamber 20 it is directed towards the
curved inner side of the circular-cross-section second chamber 20. Directing the second fluid

thus, imparts a swirling motion profile to the second fluid.

It is evident from the above that either chamber may receive either the fuel or the
20 emulsifiable component. The fuel may be heated up to a required temperature before it is
introduced into any one of the first and second cavitation chambers. The temperature is
dependent on the rheological properties of the fuel. The rheological properties of a fluid are
properties like viscosity and elasticity which affect the flow characteristics of a fluid. The
purpose of heating and the extent of heating the fuel is to bring the rheological properties of

25 the fuel to a desired value, so as to facilitate a desired mixing of the fuel and an additive.

Referring again to Figure 1, the first chamber 10 has a base 6 having an outlet for
discharging the first fluid from the first chamber 10. In the example of Figure 1, the outlet is a
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20 emul sifiable conponent. The fuel may be heated up to a required
tenperature before it is introduced into any one of the first and second
cavi t ati onOchanvesss. The tenperature i s dependent on theCriseabio@o@as
properties of the fuel. The rheol ogical properties of a fluid are
properties like viscosity and elasticity which affect the flow

char act er, st i ; fibuj of . t. . of
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desired g/gd i - irl1bt i ! t d an
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havi ng ameaétdrei chbMberd2osiebavesi thafirstuid frérd thef frsticlladhb&Motth@udr thethogdianber  10.
In the exanple of Figure 1, the outlet is a 6 nozzle 8 having a tip 12 at

t he bot t&heffirst leamiser ziloe thevdeicard crantblee 20 and fttesihozpie Saref drafyédeodrame 6 of
the first cavitation chanber 10. The nozzle may be cylindrical, conical or
a | ava! atmngzdxs XTheX'stebisd thehrmapeetive? Gentredipey of thehfirst amds sedohdiicdvifatiaom t he
first chanmber 10 through the nozzle 8. The first chanber 10, the second
chamber cPamaerg 10RO angAbe eozgle frase arangad o acompionlaky. Blemdgariagesof Kavingc" ; t hat
is, the respective centre-lines of the first and second cavitation chanbers
10, 20 #hePariRkarragsmentds thiatthe firshiiid o thesfirstitation ghamber iR isdatredveete of

oo e T Ve B 6 SR i e o ok AL G

i i h he fir. fl.ui.d b i stri but iform
cav, Lt BRPRRAL sfBun Baa 1Bo kRS ekl ooshih bl keSS £t BSeD Lo Y
respgct tﬁ&séém%aaéﬁ&%gﬁ@y &@we%twmg%g@o% &gﬁgg&{eg A &k@{&mﬁd on of

the vortex of the secon urd that I's generate € second cavitation

chanber tgdlis gdm@ratd if tHel S@Borfif cabivitibh Litntel 89S 1N the first cavitation chanber
10 and the second cavitation chanber 20 may be the sanme or opposite. The

notion of the first fluid in the first chanber 10 15 takes on a first
direction and the notion of the second fluid in the second chanber 20 takes
on a secihedirdctioad isemlingl flows e trexfirstpdaeitatibn lehgrober 12, anidhthe Sédoatl cdiitaget i on i s
counter-cl ockwi se and the second direction is clockw se, leading to the
first arsiamberddnalibedbe samesortmppositeopeondtios oftreliirsd fllid in théfirgticran®ei 10 ust r at es
anot her arrangenent wherein the first direction is clockw se and the second
di r 48t i drkes Sn@disshrdirpction aes ieseotionief thesecenddflitkin theasesend ehamber 20 takes f i r st

and 20t he second, di r,ec}i ons bei ng opposite each other.
on a second direction. In the example o&f anp re 2, the first direction is counter-clockwise and

the second direction is clockwise, leading to the first and second directions being opposite
each other. Figure 3 illustrates another arrangement wherein the first direction is clockwise
and the second direction is counter-clockwise. This arrangement also leads to the first and

20 the second directions being opposite each other.

As illustrated in Figure 4, the swirling flows may also be arranged so that the first fluid and
the second fluid in the first chamber and second chamber respectively are in the same
clockwise direction. As illustrated in Figure 5, the swirling flows can also be arranged so that
25  the first fluid and the second fluid in the first chamber and second chamber respectively are

in the same counter-clockwise direction.



As illustrated in Figure 4, the swirling flows may al so be arranged so that
the first fluid and the second fluid in the first chanber and second
chanmber rwepentivssby are in the sane cl ockw se directi oRCTAS2011l008026 at ed i n
Figure 5, the swirling flows can al so be arranged so that 25the first fluid
and the second fluid in the first chanber and second chanber respectively
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of the first and secon lurds. I'n other words, increased mxing |eads to

| pr ovede RIDBRAEL 1/ Yotttk Ma& 8RS58 MixiAgl tddds CtBaJ'nlpBb,ved hoRugepeity bf ew hel ps to
assist cavitation in the fluids. Turbulent flows result in rapi d pressure

and el Q@idigiorgnaditieiallg tirbulsmaoe reipd th iassst caviatien mapé duigs. ddibalentflawis pressure
result in higher frequency of oscillation of the pressure waves in the

cavi t at iragultrin xapid presfurd aed velogity tgnasieatslin Spédeadridetines pesrerapid gradignighelr
frequency of oscillation of pressure waves contribute to the creation of
numer ougressviet esiibin ahslIfeequeasy of oaeilation ot Higl RresayEr weveb‘r@atlke gayitetng

enul sifiable conmponent into very snall droplets/dgl obuI es, d| nﬂ to a
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reservoir along thelr sides to contain the first and the second fluid

bef ore |dgp,{bgg;bgleﬂg,ep,mﬂergrw§,&e chanbers through the inlets. Essentially,
the reservoirs act as manifolds, helping to inprove uniformty of rate of

flowof fluid into the respective 20 cavitation chanbers through each of
the plurality of inlets. As illustrated in Figure 6, the first chanber 10
i s conplakedond epphramie 20D asdllustrated in Eigerevoran bel arrihgedrte deves aiplurdlily pls
supplied with the first fluid by eline 16. Simlarly, there is shown a
r ese‘r5/0|tan@®tlainrd¢tamthgfﬂlsh@am@ébmia'@g@n'ﬁf@hty phinietsra theesseepndihamber 30sinsuppl i ed
with the second fluid b¥ p| peline 22. 25Figure 7 illustrates an exanple
wher e t Hich jansarranaamedr theofists chamber 8PN R seqeNd ShRTRSE 2§ are enclosed

completely by a fluid reservoir along their sides to contain the first fluid and the second fluid
before introducing them into the chambers through the inlets. Essentially, the reservoirs act
as manifolds, helping to improve uniformity of rate of flow of fluid into the respective
20 cavitation chambers through each of the plurality of inlets. As illustrated in Fig‘ure 6, the first
chamber 10 is completely enclosed by a fluid reservoir 14. The reservoir 14 is supplied with
the first fluid by pipeline 16. Similarly, there is shown a reservoir 18 enclosing the second

chamber 20. The reservoir 18 is supplied with the second fluid by pipeline 22.

25  Figure 7 illustrates an example where the first chamber 10 is provided with two tangential
inlets 2. The space between the first chamber 10 and the reservoir 14 serves to contain the
first fluid and simultaneously force the first fluid through the tangential inlets 2 to produce a
swirling flow. The number of inlets need not be restricted to two, but can be greater than two,
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inlets 2. The space between the first chanber 10 and the reservoir 14
serves to contain the first fluid and simultaneously force the first fluid
t hrough twe 20anyesssi al inlets 2 to produce a swirling flPOWSGTZo/onember of
inlets need not be restricted to two, but can be greater than two, such
as 4 or 6, or other suitable nunbers. Simlarly, Figure 8 illustrates an
exanpl e t 0 two tangential inlets
4. The ss\ggﬁegée %}ééﬁ&ﬁﬂe u@%%gﬁ%bﬁgn%%ﬂggoﬁg dafWLéStJrAteessearnve&ﬁ?qg%Q"hseéer ves to

cont al n thiGeSfE WhBmbldttis ik BREQH A[fx.aufﬂ 4! T2 SREOULHif L hr Ough

the tangential inlets 4 to pro uceasvm er of inlets

need notsebéhd @RAmbert 261 dn@ {HEO resBibir CAN sQ@eQrtga&cﬁﬁatﬁ hRd deWbhy FHGNaAF 4 Or 6,
or other suitable nunbers. Figure 7 illustrates that the inlets 2 In the

first chaniianedBlyabee pessédond @did tteropgromhe agngRnEaMidléts AGto foredlicé B dulng! ockwi se
direction. Simlarly, Figure 8 illustrates that the inlets 4 in the second
chaner f2@. henpolsErtol Mietinded Mot bel vestricedwitwd, ibagcdr Bangreatet than two, such
counter-cl ockwi se direction. The direction of swirling flow or vortex in
Figure Bsgher 61.0r Fthefpuitatde ayrebgrs Figuam? illustradesr thati theinletshd inghe fidsectdimbect i on  of
swrling flow can be arranged as required. In other words, the direction of
swi r | i ng'Ofargwgsifionegte prqdueg acﬁ’#’éﬂ'ﬁﬂeﬂmﬂw thp ¢locknise; disetion. (Fimiiesker Figorertay be i n
t he opposite direction or i same direction. The inlets in the second
chanber "ﬁ‘ég}atﬁé that F"E?n'@'@ﬁ ‘%lﬁ‘ctﬁe tsﬁ%&"dtqqé’yb%fr@ Ll RTF‘I"P’éﬁdéﬁtp“Pdé‘%la§W"h”915 t he

d f | | h d
Chanber 181 TiTpiogy BRECeRgap Erreiot PR PBORARST TG %I?YOP'@? G a%f’r essure
di b : trat
Fi guPe 11978 8 3t iohE oA SRR b I OB il Rtk Bed 5 BRI R.c or
their preglitehNG @ne'Wérks,He fdlrQWozooﬁ%tmereﬂéWsr it th%I fh‘étdliz\gﬁgert ?@ anggend fluid

are vortex cavitational devices e princi p Ing of a vortex

cavi t at isetordebfBerl 19 iy de'Th Bl JpPoditeldRbdtion 8t inIREQFhLaEBRAENt s on the vortex,
t he devi ce produces pressure variations according to Bernoulli's principle.

The pressure variations lead to alternate high and | ow pressure in the
first and second fluids. The initial cavitation which occurs in the first
chanber Tardnletadn thesecahdathamber malube bwariged satiotet thepde 2 Siffecent legelkiimg of t he
fluids. Cracking is the breakdown of the fluids on a nol ecular |evel which
i s d5pr éhecsagpnechampgr. ghe advantage of kaving thealpngentialimeta intthersedong cadgmifer af ds.

H gher npl ecul ar chai ns of hydrocarbons are disrupted. The Process of

cr acki ngifieegnt B@else'ﬁrfﬁcP'%‘éd%E‘Bﬁ'Q‘&dl gnfopmity: pfeprepyrel Slistriphiian insthadseserdageous

% and EHAET ey TS e el T fGEPAl  and chem cal properties under
normal conditions.
The first chamber 10 and the second chamber 20, by virtue of their producing a swirling flow
20  of the first fluid and the second fluid are vortex cavitational devices. The principle of working
of a vortex cavitation device is by imposing rotational speed components on the vortex, the
device produces pressure variations according to Bernoulli's principle. The pressure
variations lead to alternate high and low pressure in the first and second fluids. The initial
cavitation which occurs in the first chamber and the second chamber due to the above leads
25  to cracking of the fluids. Cracking is the breakdown of the fluids on a molecular level which is
a preferable step prior to intense cavitation and mixing of fluids. Higher molecular chains of
hydrocarbons are disrupted. The process of cracking may be termed as activation of the
fluids. This is advantageous especially when the fuel and the emulsifiable component are

9



The first chanber 10 has a first radius r and the second chanber 20 has a
second radius R In the exanple of Figure 1 and 6, r is smaller than R
Consequenwbypitrdeesdér oss sectional area of the first chamrb@sSGeaiiogoeal | er
than the cross sectional area of the second chanber 20. The smaller cross
sectional area in the first chanber 10 will nmean that for constant fluid
flowrate and fluid tenperature, f|UId res n the first chanber 10

i 11" b ighde ThaRo SR GMBg4a e HvpRA 8 OO RIS er B
pressure ad@dlent (pressure dlfferentlal) between the first chanber 10 and
t he secdf8¥tH8nber 20, which is denoted by AP, contributes to the
effectiveness of the working of the apparatus. Were the pressure in the
first chanber 10 is Pl and the pressure in the second chanber 20 is P2, the

pressur errﬁrﬁ?é?! 'cﬁé}hbe?"?o%@a hR: ARRNG aHd &% Je@érldcewﬁmbér@oﬁs%s-a RormdPdiddR, i rst

fluid flowng fromthe first chanber 10 having pressure P1 to the second

chamer |3 thefBMbicN ERBIred! FHAEES B 14/ PhallétBarRi CdhsbqueRtU thedredtsedtond\realhe
pressure P2 is maintained 20 | ower than P1 to achieve the pressure drop.

Thi s pr egsw festdsrambentlis ematiertharathe arosa sectvaltepdd ofithe nempd ichami@c @0r s when
the pressure of the flowng fluid goes bel ow the vapour pressure of the

f 1 ow ng TheusiahllerSwossfsettivaalaressio iheefirgtrabpmber 19 wjheean thatfogeangtant flujdsflowhe
intensity of cavitation which translates to a higher effectiveness of the
system ra®gsengrfiid tempgratge ffuid eriespire mﬁ@é§5td’hhm3ﬁew wil|schigher drantfiid £ 1 ow of
the first fluid fromthe first chanber 10 to the second chanber 20, the

hi gher REessETa i) therseradahamBeidd o hi gher frequency of oscillation of
pressure waves resulting fromcavitation. Thereby, a higher value of AP is
desi fSbl e. AP can be increased by either increasing Pl or decreasing P2.

e 11T St gl fird ] (g, ifdk BRAHERE G0 1aRG the! RBorreCONd

chanber% ésqre %rg%ﬂtrlﬁregéui}éhggﬁﬁ )eﬁet&%n % '{gs SI t uat eg dov?/nstcr)eam t he

inlet 4 é?ifamBQIE'?@ %ﬁﬂqs 8oy A9 cohfiblitB€to the effectiveness of the working of the
apparatus. Where the pressure in the first chamber 10 is P1 and the pressure in the second
chamber 20 is P2, the pressure gradient AP can be deduced as follows:

15
AP =P1-P2

The first fluid flowing from the first chamber 10 having pressure P1 to the second chamber
20 experiences a pressure drop which is equivalent to AP. The pressure P2 is maintained
20 lower than P1 to achieve the pressure drop. This pressure drop induces cavitation as
cavitation inception occurs when the pressure of the flowing fluid goes below the vapour
pressure of the flowing fluid. So if the pressure drop is higher, the greater is the intensity of

cavitation which translates to a higher effectiveness of the system.

25 A greater pressure drop induces a higher velocity of the flow of the first fluid from the first
chamber 10 to the second chamber 20, the higher velocity translating into higher frequency
of oscillation of pressure waves resulting from cavitation. Thereby, a higher value of AP is
desirable. AP can be increased by either increasing P1 or decreasing P2.

10



case of a plurality of inlets 4, the tip 12 of nozzle 8 is situated
downstreamthe plurality of 5inlets 4. Downstream of the inlet is defined
as a posiwpaninviedsh is at a distance farther fromthe i RCESG201180@26 ecti on
fromthe first chanber to the second chanber. 10The di stance of projection
of the outlet into the second cavitation chanber 20 with respect to the
base 6 of the first cavitation chanber 10 is determned with respect to a
di aneter of the second cavitation chanber. Preferably, the distance above
s the hghRPRRd RhmHethd ChidBhrab idiffodubdy i ' econd
cavitation lg:han%ermg"(%a. The optri rrlljstrﬁntg?dg%%r{éé tﬁs#g%%#%"ﬁg}négi&gw&h% to 0.15
tines thezA8 8Metozalé 8lidGUBRAYIWNSAS B IR 4R B &IcorPchatmbed A8 1flinat ance of

projection of the outlet into the second cavitation chanber 20 and a

posi ti ovagy oftd1plutaiify & ietO, thb &ip S Mz iid Slubel dohAsiam RO phirdiydst er mi ned
Wi th respect to tone another. 20Preferably, the tip 12 of nozzle 8 projects
i nt o5t hanletedond cavi tation chanber 20 to a first distance Hfroma first
end 7 of the second cavitation chanber 20. In the exanple of Figure 1, the
first end 7 is the "upper” end in the cross-sectional view of Figure 6. The
inlet 4 of the second cavitation chanber 20 is |located at a position which
is a sebgnastras efiradnipt is defined e afropition whieh iy abd distaacesfadiardrowahe intet inon
chanber 10. The first distance is greater than the second 25 distance. One
usef ul P&HEEIPFPmthfirstanampberie thesesetdBambel and h is the first distance, H
bei ng greater than or equal to 1.2 times the second distance, h. H being
greater than h is illustrated in Figure 9. Preferably, for the second

"PPa8T Hfia GBnth btbrilbedby B i SN 18 pbE150 SRARNG R AR Bhv e o
chanber 420,40 eaoffmer%t c%t%?ié\ﬂ&% 3F ﬁ@mae&?mﬁbé With %(};aett 9% dFaPrfe(t)e%%f ﬁ@d

cavitation chanber ) secon | st ance, IS a st ance e first

end 7 obeddi@ PR clidibiel. FHirbRRabRN BEREtarkd Bbvélly thdldRtarR of PRjdelich & ity of
inlets 4 positioned farthest fromthe first end 7 of the second cavitation

chanber thkQip 1Dhaf nbiles$ inth B dB¢ondicaviBlietérimbeN20) ThBopGReh ddtadtssange. One
useful range for the relationship between Hand h is the first distance, H
bei ng gramgeef 0.1 hah 1Dtimexthe diatre@tet oPthe iseend civdtatisroahachbel 20t ance, h. This is
illustrated in Figure 10. 100ne advantage arising froma nozzle arrangenent
as &xpl ai ned above is that it may help to

The distance of projection of the outlet into the second cavitation chamber 20 and a position
of the inlet 4 of the second cavitation chamber 20 are determined with respect to tone

another.

20 Preferably, the tip 12 of nozzle 8 projects into the second cavitation chamber 20 to a first
distance H from a first end 7 of the second cavitation chamber 20. In the example of Figure 1,
the first end 7 is the “upper” end in the cross-sectional view of Figure 6. The inlet 4 of the
second cavitation chamber 20 is located at a position which is a second distance h from the
first end 7 of the second cavitation chamber 10. The first distance is greater than the second

25 distance. One useful range for the relationship between H and h is the first distance, H being
greater than or equal to 1.2 times the second distance, h. H being greater than h is

illustrated in Figure 9.
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prevent flow of the first fluid fromthe tip 12 of the nozzle 8 from
interfering wwth the formation of the swirling flow of the second fluid in
t he secomiocauimetsson chanber 20. The first apparat upCIGG2eANRY e

ei ther of the nozzle arrangenents descri bed above or both 150f them
Simlarly, the second apparatus 200 can have either of the nozzle

Fi 1 ot aiRistash: divghereeat %Eaea"r%tv??%t? i EUREle oG m b3 oR SR " ©

0 3 ehae: A5 etlusli3adin F weﬁdﬁ%ﬁ%%%r f2 RFELErbiind 8Lcohd chflaliéh 27 L
provi de &H@Bw ﬁm‘o Jdr&w.s@mgrmcm&e fiRst ehd &%w;h%rggcédd%\sb.faa&dbﬂams 1@

preferred cavitation hi's is because I urbul ence 1s higher, the

| esser igpcbhidisthiialh & $HiZBnELFM tHelTastieh@ M df iR seadtridicaligMonh bikinsber S0rat | er
gl obul e sizes are preferred in the enulsion. 25There is a discharge zone 13

in the secrRoc®s pladaiity of Ghasiacpostionse ithedidron melfdstadndt hef thezsdeend.

Accordi ngly, the second cavitation chanmber 20 is arranged to receive the
first fldavithtibhchargbert e Theficst dis@ncaist Jreatei thei thegeecomhdistadyec ©neheseful r st
fluid is introduced into the second cavitation chanber 20, it then m xes
Wi th t heasgcionide felatiodshimbetarer | aed b fsethe first distaneg. Hheingaregizfihadiof el on or in
the opposite direction. When the first fluid is introduced continuously

i nto t hdodedtmas tehearned diganee, Boktts i flugltptedip Eidutani®s assists the second fluid
in mxing uniformy and continuously with the first fluid as the second
fluid enters the second chanmber through the second inlet or the plurality

f ded b
S ont Tthooohs fivEhtine SIGRERRTS nfad HaRReR d@bhaR ot [ Ralll dbtihEo i 1
the firs regeg%c% ofSES AL VAINPHE Sip 49 of B8 NSk 8RR ittSHRhP Vit RedotRiBPENEOUS

emul si on.
of the swirling flow of the second fluid in the second cavitation chamber 20.

The first apparatus 100 can have either of the nozzle arrangements described above or both
15  of them. Similarly, the second apparatus 200 can have either of the nozzle arrangements

described above or both of them.

The first chamber 10 has a first diameter and the outlet of the first chamber 10 has a second
diameter. One useful range for the second diameter is for it to be around 0.7 to 0.75 times of
20 the first diameter. The advantage of this is to provide turbulent flow conditions, as turbulent
flow conditions are preferred for cavitation. This is because if the turbulence is higher, the
lesser is the globule size resulting from the cavitated fluid. Smaller globule sizes are

preferred in the emulsion.
25 There is a discharge zone 13 in the second cavitation chamber 20 near the tip 12 of the

nozzle 8. Accordingly, the second cavitation chamber 20 is arranged to receive the first fluid

through the nozzle 8 in the discharge zone. Once the first fluid is introduced into the second

12



Where water is used as the enul sifiable conponent, the percentage of the
enul si fiabl e conponent by wei ght may be kept below 70% |f the percentage
of the emub2pfi/@bize conponent exceeds 70% there is a tenusoceyl1foo0026 he
emul sion to gel which may not be desirable. 15 The m xture subsequently
passes through the resonance chanber 30, in which the pressure waves at

certain LliedueRFAdRsr Wl fhd ixgéjgllﬁg ét'aé)séclaﬁd hESORARY if éiﬁlgr?%?é%inﬁﬁré mf the

resonati ng chanber are anp ifre ng to rntense cavitatio

honmogenisamkidtBeth of RendBppbiitetdiredtidd, M xture after passing through the
resonance chanber either goes to another working vessel 20for further

treatnent or goes directly to the consuner for conbustion. The construction
descri bed above for the first and second apparatus is a relatively sinple
ar r angevémen the first fiaicisnetfodncedbensnuisig 0 theesetordashamber dtpadohirdig@d aateonpact
nature to the apparatus. The absence of any noving parts and provision of a
si npbe e hagists He shegidyiiui® Bl mixahg undorsilynand ¢dntinLiowsly wtitortben Grst fldjas treerent s as
wel 1. The above advantages al so provide a reduction in the associ ated
costs. SeepndHlidesnierp thessegpnd-ghainbesthiough dhessecomkiniet spthetpiwalitapirgcenduses are
provided with a check valve 3 for controlling the flow of the fist fluid
into thd" gt deceeded ibyrintghsecrayftion of ghe mixtyre 8s€t°mueas imixing, Gyipiag fromecheck

0 St S SR8 e o B
The Che?&vﬁlav'%ﬁ%ﬁﬁef%@gsﬁ*%%m rol the flow of the first fluid into the

first c at1on and i s opened when the pressure in the second
cavijpati on chanber 20 reaches a predeterm ned value. As described earlier,
the first fluid may be any one of the enulsifiable component and the fuel.

The advavierd vadr it bsd bS tHeOeRGIBHANE cSthadtehi, e BbrobiSgd bEME Wrkuidifhblne second
chanmber, so that when the first fluid Is introduced Tnto the second chanber

from t heompéreint thawdight, may bef Kepe bielor 1@pr ESBY T Rerdbintidb et thé\ Renhdsifidledi ned.
The pressure inside the second cavitation chanber 20 is neasured with a
sui t abl eopparEnterceeds 70%, there is a tendency for the emulsion to gel which may not be
desirable.
15
The mixture subsequently passes through the resonance chamber 30, in which the pressure
waves at certain frequencies which are close to the resonant frequencies of the resonating
chamber are amplified leading to intense cavitation and homogenization of the mixture. The

mixture after passing through the resonance chamber either goes to another working vessel

20  for further treatment or goes directly to the consumer for combustion.

The construction described above for the first and second apparatus is a relatively simple
arrangement with minimal numbers of component parts, imparting a compact nature to the
apparatus. The absence of any moving parts and provision of a simple mechanical design
25 leads to simplified maintenance requirements as well. The above advantages also provide a

reduction in the associated costs.
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measurenent device 32 fitted inside the cavitation chanber 20. The pressure
measur enent device 32 may be a suitable pressure sensor such as a

pi ezoel ecwoie1pessur e sensor. As 15 illustrated in Fi gecesGediiana2d2, the
pressure signals fromthe device are relayed to a processing device 34 such
as a controller or a conputer through signal conmunication |lines 36. The

b1 ocessl hiet P s?’cf*feé?l'%éfe%ﬁs%?E%bﬁ%@B amaga@?%ﬁ%% opERL L r‘?gé‘égégent :
contt guratschoeretiBlnd e oot BESEE G ¥ tﬂﬂsﬁ'f%teg%ﬁﬁ%rﬁ PR BN 2 Vel ue

of the Hﬁ&ﬁé{éa% #Iﬁ%lrg r@@# ?k vét\%a ustp*i'&/ &eﬂﬁfé&ﬁ%ﬁlo\ﬁﬁdfﬂ% ﬁl]cu% R'ir%siﬁlle’tr £

signals are transmitte romt e contr ment s o POCESS| ng device
34 to thg wRdppBratust ITFGLEE 654 EHedk vARAIAHréGAdeld Mthk ipitRfine3fd. ’ma arglvafe val ve
3. Once the valve 3 is open, the first fluid flows into the apparatus. The
t hr eshol ig u¥add td@ohtfol koW FaRSEBITRIdIANI tRe firdticaVRatioh ehanitier @d apil & spepsed. The
pressure inside the second cavitation chanber 20 is 25 neasured

cont i nuoMsdnytha pessdne invthé wecodd icaviap@anchambleo2@)reashdshaepradstaroined vpluesadir e val ue
is higher than the threshold value. The nmeasured pressure value that is
used f ordesontedeadien the first fluldemashbeamotre of dheemilsifiabbuedmppnentead the foél. t he
pressure that is averaged over tine. The amount of fuel and the

enul si f i Bl avarsagronleliie & loaspRrYeeakilly ph@emwat'wef@eprarmameﬁr ﬁwabe

controlledthrouhrreter installed in the nes | eading to the
first caW/he("éF? s !’:‘I‘f’aﬂﬁﬁ@'Pd%F%ﬂ '@%@ﬁBC@QW?@WWﬁ"@Hﬁ am # ?F‘@ﬁ‘?'c@"el and
Fi gu{(): t he nocé ¢ s a first cross-sectional area and the second
cavi 1 Gt | SRSSHRSBLF" '?13 a'geqsecond cross-sectional area, wherein the second

cross sectional area is greater than or equal to 1.25 tines the first cross
sectional area. The advantage of this is to introduce the first fluid into

the secopq fastlicAhdi@ng Q@éﬁﬁ@ califatit SHanf el istriddlurkl with aQLiddtid iRk
uniformy in the second fluid. 10 Provided that the flow rate through first

inlet 2 @éasuhnent 86/iceC2MBE Insids thelcavitdlidn chalfbe? QU Tl weedsudi memtieimedle of at
| east one inlet 4 is determned by the foll ow ng expression: R > d2 >

d1NKf 2/ f devick Detresyebena dlitdbte prassucplsarsbresiich disangiemieleotric prassdreisehsr. A d2 i s
an equi val ent dianmeter of at second inlet 4, Ris the radius of second
chanter ihgfrated iach’gurezs 4t end I16Wheamre§0tehsigug$1 fioml e segiceyack zelayed to a
correspondingly, dl = g(4Sllrr), d2 = q(4S2trr), where Sl is the total

Cr 0SS- S eRIPFaSHAY daices34sTuch aaa PP'F*@N'GH Qf 208 PHiREthDLGh Sigpa €ompaication daes

sectional area of the second inle
36. The processing device 34 compnses sngnal input / output elements, signal processing

elements and control elements. The signal processing elements compares the measured
value of pressure with a threshold value which is configured and stored in the processing
20 device 34. If the measured value of the pressure is greater than the threshold value of the
pressure, signals are transmitted from the control elements of the processing device 34 to
the valve 3 through signal communication lines 38 to open the valve 3. Once the valve 3 is
open, the first fluid flows into the apparatus. The threshold value in the processing device 34
may be varied and stored. The pressure inside the second cavitation chamber 20 is
25 measured continuously and the valve 3 is open as long as the measured pressure value is
higher than the threshold value. The measured pressure value that is used for comparison

with the threshold value is usually a value of the pressure that is averaged over time.
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201t is to be understood that the foregoing description is intended to be
purely illustrative of the principles of the disclosed techniques, rather
t han exhawetoueoovdser eof , and t hat changes and vari ati on®CRiSGRoigo@ppar ent
to those skilled in the art, and that the present invention is not intended
to be limted other than as expressly set forth in the followng clains. 25

CLAIMS T he’%ﬁxo@ﬂtpd?rf@él HRd Ihg nansf?QHg'cglgg@ﬂen?srgﬁFaieg@o (e a? gljd{flls 1689{151?00

enul sifiabl e conponent, the apparatuS conpr cavi

chanber ffrpd esmowé@%r@ugfhl rthétter.rid Bidps trl&idd rnSIhef dwﬂeé?%b&gg%ftﬁer fitst one of

the fuel and the emul sifiable conponent, the apparatus beinhg arranged to

pr oduce caviawbr thaifbef hieeebnd diitdtion Sharhdedi d in the first cavitation chanber;
a second cavitation chanber for receiving a second fluid, the second fluid

bei ng a second one of the fuel and the enul sifiable conmponent, the
apparatus being l1l0arranged to produce a swirling flow of the second fluid
in the de€nee daandt Bigirert, dheanbete, 8thae o finsk trosmsactiaral @areacarahther secomd her
conprises an outlet; the first cavitation chanber, the outlet and the
second cavRtien ichamberadddes treisaepndr erasrgrastionahyaresl whereimdhe second cross

sectional area is greater than or equal to 1.25 times the first cross sectional area. The
advantage of this is to introduce the first fluid into the second cavitation chamber in such a
way that it is distributed uniformly in the second fluid.

10
Provided that the flow rate through first inlet 2 of the first chamber is f,, then the equivalent
diameter d, of at least one inlet 4 is determined by the following expression:

R > d, > diV(f/fy)

15  wherein d, is an equivalent diameter of first inlet 2, d; is an equivalent diameter of at second
inlet 4, R is the radius of second chamber 20, f; and f, are flow rates through inlets 2 and 4,
correspondingly, di = V(4S,/1r), d; = V(4S,/T), where S, is the total cross-sectional area of

the first inlets and S, is the total cross sectional area of the second inlets.

20  ltis to be understood that the foregoing description is intended to be purely illustrative of the
principles of the disclosed techniques, rather than exhaustive thereof, and that changes and
variations will be apparent to those skilled in the art, and that the present invention is not

intended to be limited other than as expressly set forth in the following claims.

25
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15wherein the second cavitation chanber is arranged to receive the first
fluid fromthe first cavitation chanber through the outlet. 2. The

appar at uswaocl/@4sed in Claim1l, wherein the apparatus PST&GReN@eE26t 0
produce the swirling flow of the first fluid in the first cavitation
chanber in a first 20direction; to produce the swirling flow of the second
fluid in the second cavitation chaQﬁng%n a second direction; wherein the
second direction is opposite the fi irection. 253. The apparatus as
claimed in Caim1l, wherein the apparatus is arranged: to produce the
swirling flow of the first fluid in the first cavitation chanber; to

produce {he syigoh i @ 4 fudi ghdl dn driLBsiRBIR RBMp&rENL, tRt | on
chanber;{ V\hzx\r‘vezl{phértg%gmg\%%rdlggﬂ%Q?F@\?vﬁig? theu| first fl uild is i?] t he sane

direction as ghpfae¥bsmpriztgl | ow of the second fluid. 4. The apparatus as
claimed in any preceding claim arranged for fluid pressure in the first
cavi tsat i on charéiesnavitation ehdmbgh éor rédeivingfd fiistflyid, eises fnseflidhbeifgea siest omel of
cavitation chanber. 5. The apparatus as clainmed in Caim4, wherein the
first cavi t atteofoelcind itizeemilsifiabde éamponentaitie @pparalug being asangedtp rraducea i on
chanber has a second radius, the first radius being 10smaller than the
second radi uswirig fiowef tedisst uic i the first eavivatign charabfl: preceding claim wherein
the outlet projects into the second cavitation h%mper to _gi st ance

det er mi ned wid $ecPrss prvitatiop Lhamieraing faspiving at??@”éde@% d %5%%’%?‘\" RePASber .

second one of the fuel and the emulsifiable component, the apparatus being
10 arranged to produce a swirling flow of the second fluid in the second cavitation
chamber;
the first cavitation chamber further comprises an outlet;
the first cavitation chamber, the outlet and the second cavitation chamber being
arranged coaxially; and
15 wherein the second cavitation chamber is arranged to receive the first fluid from the

first cavitation chamber through the outlet.

2. The apparatus as claimed in Claim 1, wherein the apparatus is arranged:
to produce the swirling flow of the first fluid in the first cavitation chamber in a first
20 direction;
to produce the swirling flow of the second fluid in the second cavitation chamber in a
second direction;

wherein the second direction is opposite the first direction.
25 3. The apparatus as claimed in Claim 1, wherein the apparatus is arranged:
to produce the swirling flow of the first fluid in the first cavitation chamber;

to produce the swirling flow of the second fluid in the second cavitation chamber;
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15 7. The apparatus as clainmed in Caim6, wherein the outlet projects into
the second cavitation chanber to a distance within the range of 0.1 to 0.15
ti mes thewoizammetscof the second cavitation chanber. 208CTis€2eupasasé us as
clainmed in Caim6 or laim?7, the second cavitation chanber having a

di scharge zone, and wherein the second cavitation chanber is arranged to
receive the (bl hb WhflingHoR 4 the! i it flind Sarhdl BirdlhiS# B SARRER0W? OO: The
apparatus as clainmed I1n any preceding claim heSecona cavitati on chanber
conpri sing apgshbksdondfiignged to receive the second fluid; wherein the
outlet is located downstreamthe inlet. W 2011/090436PCT/ SG2011/ 000026
10. The apparatus as clainmed in Caim9, wherein a distance of projection
of the outlet into the second cavitation chanber and a position of the
inlet arde detree apperstusvas blainesipeaby precalivey dsidl Bednged Iok flidepregspar iatthss as
claimed in Caim110, wherein the outlet projects into the second cavitation
chamder t o afifst cavitatiors tlamter fto benhighier thein fasidd prebsuréén $ecsavdnd @avitalien on
chanber and the inlet is |ocated at a position which is a second di stance
fromthe firghareed of the second cavitation chanber, wherein the first

di stance is greater than the second di stance.

5. The apparatus as claimed in Claim 4, wherein the first cavitation chamber has a first
radius, and the second cavitation chamber has a second radius, the first radius being

10 smaller than the second radius.

6. The apparatus as claimed in any preceding claim, wherein the outlet projects into the
second cavitation chamber to a distance determined with respect to a diameter of the

second cavitation chamber.

15
7. The apparatus as claimed in Claim 6, wherein the outlet projects into the second

cavitation chamber to a distance within the range of 0.1 to 0.15 times the diameter of
the second cavitation chamber.

20 8. The apbaratus as claimed in Claim 6 or Claim 7, the second cavitation chamber
having a discharge zone, and
wherein the second cavitation chamber is arranged to receive the first fluid through
the outlet in the discharge zone.

25 9. The apparatus as claimed in any preceding claim,

the second cavitation chamber comprising an inlet arranged to receive the second
fluid;
wherein the outlet is located downstream the inlet.

17



10 12. The apparatus as clained in Caim1l, wherein second cavitation
chanber conprises a plurality of inlets for receiving the second fluid; the
second diwbDano@isea di stance fromthe first end of thePs&sSonali®anéati on
chanber of an inlet of the plurality of inlets positioned farthest fromthe
first end of the second 15cavitation chanber. 13. The apparatus as clai ned

in Gaimll or Claim12, wherejn the first distance_ is. greater t or

equal to'%. 2 ThefRRAAKE a8 SEIRLH Hi@?‘&h%éyhemi_d‘ﬁﬁ?é'cﬁﬁbﬁ?ﬁgﬁfé‘ %ghec?"'g'l%ﬂtsd in
any one of th recedi ng_cl ai the first _.cavj i indiBXikg 2
first diamet é’P?Q’t‘%%e"Bﬁ? ?%‘f"aﬁ%c&r?&bg' gréé:?) 8S'E| alr)rftetﬁ %ﬁ&;ﬁ%@é\ﬁg@&%l n ||tl e second
dianeter is i pteptqoé@%tr%r? to 0.75 tines of the first dianmeter. 15.The
apparatus as clairmed 1 n any one of the preceding clains, the apparatus
further 25conprising a check valve on the inlet to the first cavitation
chanber, and wherein the check valve is arranged to be opened only if the
pressyredn tie dpbsralisra@eianse inoClalinh 80 Saeedl treaslitibBprojetts Ghafeesecomaches a

t hr eshol d.
cavitation chamber to a first distance from a first end of the second cavitation
chamber and the inlet is located at a position which is a second distance from the

first end of the second cavitation chamber, wherein the first distance is greater than

the second distance.

" 12. The apparatus as claimed in Claim 11, wherein second cavitation chamber
comprises a plurality of inlets for receiving the second fluid; |
the second distance is a distance from the first end of the second cavitation chamber
of an inlet of the plurality of inlets positioned farthest from the first end of the second
15 cavitation chamber.

13.  The apparatus as claimed in Claim 11 or Claim 12, wherein the first distance is

greater than or equal to 1.2 times the second distance.

20 14. The apparatus as claimed in any one of the preceding claims, the first cavitation
chamber having a first diameter, the outlet having a second diameter, and wherein

the second diameter is in the range 0.7 to 0.75 times of the first diameter.

15.  The apparatus as claimed in any one of the preceding claims, the apparatus further
25 comprising a check valve on the inlet to the first cavitation chamber, and
wherein the check valve is arranged to be opened only if the pressure in the

discharge zone of the second cavitation chamber reaches a threshold.

18



WD 2011/ 090436PCT/ SG2011/ 000026 16. The apparatus as clainmed in any one of
the preceding clainms, wherein the outlet has a first cross-sectional area
and t he swoand/me4sst ati on chanber has a second cross- seeCirseadiian@as and t he
second cross-sectional area is greater than or equal to 1.25 tinmes the
first cross-sectional area. 17. The apparatus as clainmed in any one of the

Comman o3t i on™RePRTaRe P PR “Pete TikprestePales haiu e aiR gt 1 ne
bei ; [ t tisfacti
of "2 pr oasur & B R RER b o AR IR IR RS PN End RS Sepd O o™

for produci nge@RnfMits b8 seBorldUsdss2RE AR eﬁ’g%"sﬁér(%é-télbthgn 89?%2?)”{.25'[ he

met hod conpri sing: Introducing a first Into a cavitation
chanber, t he tifnks ge firdt @rddsBedtidoBalardal r st one of the fuel and _the_ emul si f! abl e
conmponent, and producing a swirling flow of the first 15fluid in the first
cavitsati on chanber; introducing a second fluid into a second cavitation
chanber, the second fluid being a second one of the fuel and the _
enul si fitdbl e Toempparetut ,asantaimed odanyi avg af tsevpreceding tlhis @inprikieg seceaid 1 uid
in the second cavitation chamber; _ wherein the first cavitation
chanber, the velu Ine? centliittimBuid cemmenicatiph wathiaprinlehiantyeeiving e ergulsifisdmged
coaxi ally; and wherein receiving the first fluid in the second cavitation
chanber fromt®RROTENt dhe @RRArRME PBIAY @HAMERS tot aped Ug chask valye|resrongige tohe
met hod of Claim1 erein the emul sifiable conponent is water and wherein
a 25per cent a@%t%ﬁ%%’wg’rﬂreﬁ”e[%'zew%’\ ta¢ $coBY EAVBYAISRAMPE i n the enulsion is
I ess ot han or equal to 70 per cent.
18. A method for producing an emulsion of a fuel and an emulsifiable component, the

method comprising:

introducing a first fluid into a first cavitation chamber, the first fluid being a first one of

the fuel and the emuisifiable component, and producing a swirling flow of the first

16 fluid in the first cavitation chamber;

introducing a second fluid into a second cavitation chamber, the second fluid being a

second one of the fuel and the emulsifiable component, and producing a swirling flow

of the second fluid in the second cavitation chamber;

wherein the first cavitation chamber, the outlet and the second cavitation chamber

20 being arranged coaxially; and

wherein receiving the first fluid in the second cavitation chamber from the first

cavitation chamber through the outlet.
19. The method of Claim 18, wherein the emulsifiable component is water and wherein a

25 percentage by weight of the emulsifiable component in the emulsion is less than or

equal to 70 per cent.
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WO 2011/ 090436PCT/ SG2011/ 000026 20. A nmet hod for producing an enul sion of a

fuel and an enul sifiable conponent using the apparatus of any one of clains
1 to 17. WO 20H/@M385 PCT/SG2011/000026

20. A method for producing an emulsion of a fuel and an emulsifiable component using

the apparatus of any one of claims 1to 17.
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