APPARATUS AND METHOD FOR PRCODUCI NG AN EMULSI ON OF A FUEL AND AN
EMULSI FI ABLE COVMPONENT 5FI ELD OF THE I NVENTION This invention relates to
an appar aV@S0EY4%net hod for produci ng an emul si on of FEEFZOLHYORA

enul sifiable conponent. The invention has particular, but not exclusive,
application in producing enul sions for marine diesel engines and power
plants. 1QpmARASHROAND MIETHG D FORVERODUDING AREMUL SIONIQFA FUBL NGl AT f i ci ency
in engines, 1ncluding diesel engines, and inproving the ecol ogi cal
characteristics of their oEMULSIGIABLE COMPOMENGf enul sions, such as
wat er - fuel emul si ons, although other enulsifiable conponents nmay al so be
used. Devices for 15 producing an emnul sion of fuel and water by
cavitational treatnment are already known. Cavitation is defined as the
phenonenon of formation of vapour bubbles in a flowing liquid in a region

where the pressure of the |iguj | t .
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smal | er gl obu s enabl es an | npr distribution of mcro globules
of the gpgdsihi ARLBnCRIPAAR diedeetdifesiangbokasidrté.ng in the formation of an
enmul sion. An enulsion is defined as the suspension of mcro globules of a
first liquid in a second liquid, in which the first will not mx. An
enul si on obtained by cavitation is such that there is a filmof fuel 25
surnounding a mcro gl obule of the enulsifiable conponent. When such an
enul sion burns, the fuel-coated enul sifiable conponent gl obul es are heated,
expand and then expl ode BACKGBOUNOORTFHEINYERTION coated enul sifiable
conponent gl obules to be forned. This cycle of conti nuo%s_ m cr o expl osi ons
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an easier and c | et e conbustion of fuel. .
ecological c%ggcteristics o theslr operat%n is L{ﬁe 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 emuisifiable component globules to be formed. This cycle



Dependi ng on the physical and chem cal properties of the fuel and the

enmul sifiable 5 conponent, sone enul sions may be easil i
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m xture of the fuel and the enulsifiable conponent is first forned which is
then suleiaging &dart easienand aimiptate conmwistidnaf ieb may not be honogenous, with the
concentration of fuel and the emulsifiable conponent differing in different
vol unetric zones of the mxture. Wien the mxture is subjected to
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t he nozZ romthe first ‘cavitation 25 chanber to the second

cavi t at | QR Gh NP stherthemRaSIrbdemead i n coaxial alignment, the first fluid
fromthe ?Is&gt cavitation chanber is introduced into the centre of the

second cavitation chanber, so that the first fluid may be distri buted

uniformy in the second fluid. Mreover, a coaxial positioning of the
out liet  VRypiballye 8p darmirigoemtisios dyosaditatian.i 2 Mixtwie efhihfiies! a}"édﬂ?:ég‘”?slif@b'eri sk of

any disruption of the vortex of the second fluid that [
second camporEnt gnfirsthiarmirsr which is then subjected to cavitation. The nlix%urgenpaeyr r?ottei)% in the

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

16  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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Wien swirling flows of the fuel and the enul sifiable conponent are
established in opposite 5 directions, a m xture of inproved honngeneity i's
obtainedﬁvﬂzﬂﬂﬁ§§§ﬁous mxture i s one where the conponefCd/SR2OHHRIRG ¢t ur e
are distributed uniformy throughout the volune of the m xture. |Inproved
honogeneity is desirable and influences the conbustion efficiency of the

i Xt ur eqdf oft & diskabticAnst BELREN bR HeesdeoP AGiE that i$ QBAeratyapiartas secondn have
the outlet fromthe first cavitation chanmber projecting into the second

cavi t at ¢natiharbakert 0 a di stance that is determned with respect to the

di aneter of the second cavitation chanber. The apparatus can al so have the
di stance of projection of the outlet fromthe first cavitation chanber into
the second cavitation chanber being determned with respect to the position
of the Vheeswirlingtflows o&therfdel @ad itheaemdsifiabiraensenonemtiare establishechijeareeiitepr event s
the flow of the first fluid fromthe outlet interfering with the formation
of the duictiorisng miktgle offimpresed BeHAEPNRilyiSPHaiNad & RIS SARechanber .
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check valye on,the, inl et .t h i cavi tati on chanber, wherein the check
val ve i@"%‘1’?8{}538‘"3{%ndbeggu(')sfgargeegc%giﬁpbéﬁt'f the pressure in the discharge zone

of the second cavitation chanber reaches a threshold, thus enabling to
achieve stability of 25pressure in the second cavitation chanber, so that

whefy t hignd iaﬁé&ratu Wah Habe itH bOWdK GRF tHat Bstt ARitRMOEANbeY biojictiineh eigber from
the first chanber, an effective pressure gradient is obtained.

second cavitation chamber to a distance that is determined with respect to the diameter of

the second cavitation chamber. The apparatus can also have the distance of projection of

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 cross-sectional area of the second cavitation chanber is preferably

greater than or equal to 1.25 tines the cross-sectional_  ar f out | et
to provi WO ¥hAMNE0eased uniformity in the distributi OnPgﬁ'/S?%gﬁpp{’@? fluid

fromthe first cavitation chanber in the second fluid of the second
cavitation chanber. 5 BRI EF DESCRI PTI ON OF DRAW NGS The acconpanyi ng

dr aw ”gf%é'el:{ggé-%c%ﬁ‘al the bIHENeboHY cRHatlbRYenGrhb&XiaHrierabi | greadrcihawget her

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

Fi gure dqabtodlostifiédthé efdsy-s&utiofd arealdf iHetoudgtpIpaduite droincrpased woiforgitan

enmul sion of a fuel and an enul sifiable conponent 15Figure 2 is a plan view
of the fiths HisRBORNAT U first fllddron thafigs oavitatioiobamber it e saapnd fluityofithews of t he
first and second fluids in opposite directions Figure 3 is a plan view of

t he fi rsdcoagpavitatiomchambexnot her arrangenment showi ng the swirling flows of
the first and second fluids in opposite directions 20 Figure 4 is a plan
viewsof the first apparatus in one arrangenent showing the swirling flows
in the first and second cavitation chanbers in the sane direction

Figure 5is a plan view of the first apparatus in another arrangenent

showi ng the swirling 25f L fl ond cavitation chanbers in
the sane direction Fi guré'g%iié&aéﬂépgﬁiﬁBwng@ﬁof' a second apparatus for
produci ng an enul sion of a fuel and an enul sifiable conmponent WO

2011/ 090436PCT/ SG2011/ 000026

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 emuilsion 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



Figure 7 is a plan view taken along section line 7- T of Figure 6 Figure 8
is a plan view taken along section line 8- 8 of Figure 6 5Figure 9 is an
el evat i onW@I28¥W/WP43® second chanber al one of the first aRsaVGE2081/®0¢are 10
is an elevation view of a second chanber al one of the second apparatus
Figure 11 is an elevation view of the first apparatus with the pressure

measur ermglire 2ich AIBY AbW eakeR Blohg ke bR MM S7° JrF@fe®s 12 IS an el evation view of
t he second apparatus with the pressure neasurenment and val ve control

el ements 15 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. ApparFfigus 8 isOplgrovipw itakes alang ectibn lravs  8itof Sigueteanber 10 and a second 20
cavitation chanber 20. In the exanple of Figure 1, apparatus 100 al so
conprises a resonance chanber 30. The first cavitation chanber has an inlet
2 through which the chanber 10 receives a first fluid. In the apparatus of
Fi guPe Tigusg 9 iscanslevalign vigw plrssegprd ehamiberalone of the st apparatus enul si fi abl e
conponent. Water is one enulsifiable conmponent which nmay be used, but other
enul sifiable conponents nmay al so be used. The first fluid nay be a first
one 25of_. t he F) e conponent. The inlet 2 is arranged

. uel and th | sifiabl
in such Fé?%!ﬁ '5%"&%0?‘5’"6 eef'g‘tr?éesséla°"|§\?ﬁ?‘P1“Pﬁfga' neRithsrsecend smparetust | yi d.

Figure 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.



WD 2011/ 090436PCT/ SG2011/ 000026 A swirling flow is one which establishes a
vortex. As is illustrated in Figure 2, the first and the second cavitation
chanmber swOROawi#038 are circular in cross section and t BETRCAUPI%¢ g and

the second fluid are introduced into the first chanber 10 and the second

chanmber 20 respectively in a manner such that they take on swirling notion
profiles to establish the . ' rif ' Jrb e, tRx Alard thd  Fi gur e
2, the é\ﬁ/\”&”ﬂgr{'@wﬁi)?rfeo‘?‘r"%\‘est%?é&%g(rgg{oh?falgﬁI?dgﬁﬁﬁ%ﬁgh about by the inlet 2

bei ng arranged 1 hal! theakdin slosshrudesndltfe Set fluandthen t he
first ff‘?ﬁ‘)a‘?%"ﬂtgﬁgq’?ﬁéb?’%ggtaﬁ{’:ggfgr%eér&eull%)rli tre di recr; ed towards the curved

| nner  sj f TSR RIS SRE thambdr 16 tandhevebsscodd) .chinbarc 9 ng t he
first f%w aé)tfuLJ;%fe(r:rf)rgrts a swirling notion profile to the first fluid. 10

Si i | ar |aépediifély 68 MbhneAYidhathbOMey ikaatuer s@0nd awtiom prafilestto £sehlishigh whi ch
the second chanber 20 receives the second fluid. The second fluid may be a
secogd Riagedive Ubtecdsuinltheaadniplecof Eigutes?, fieatwiring oatisovRS the firt fuidjiora | e of
Figure 2, the swirling notion of the second fluid is g‘irﬁo?l:g‘hk botgt by the
i nl et 4abait by trarinanzjbeing amangad tanopstialy derg b brst ehambs A SBBE YIS 90 so t hat
when the second fluid enters the second ghanbir 20 it 4= dizecteg towards
the cur Vst fuidranters theefiref chamder 1P dtisAiregted Jawards. e Hned B Ihanber 20.

Directing the second fluid thus, inpart T h LARirkghdtloR tO the

second fireMlat-crasg-spafiop fifstehamier 6%‘#'%261%%?/%5?@5{&%?@ Hergcha%gr mgy receive
either the fuel or the 20 enulsifiable conponent. The fuel may be heated up
to a re@mf'feéetheéﬁﬂé'P' ture before it is introduced into any one of the first

and second cavitation chanbers. The tenperature is dependent on the
rheo1I°ogi cal properties of the fuel. The rheol ogical properties of a fluid

are pr Org?nt‘ﬁ{ﬂg’s tHe' %ﬂ&op{a S5ARLidY cRdtbe?| ASha< b Yinlsth atvoagif edichtthe setaw
characteristics of a fluid. The purpose of heating and the extent of

heat i g d5&8béit0! redeivel theieicardt flue Théiemoodyfiddimapbopsecand oneff thetukandiel to a
desired value, so as to facilitate a desired m xing of the fuel and an

addi ti vape BalRIfabe Gompaient. trothei eyamelelof Figuee 2.ithe swiding RtiPn Pb1E U hase 6
having an outlet for discharging the first fluid fromthe fidr%tmgglanber 10.
I'n the axaniplbeought #Hoglbyethe inlet-bejog peanged tapggntially along the sécond cha

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 isa
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nozzle 8 having a tip 12 at the bottom of the nozzle, which is the farthest
point fromthe base 6 of the first cavitation chanber 10. The nozzle may be
cylindri CWD,20tld¥43&4l or a | aval nozzle. The second chanP§IT/STR011EWI26es t he
first fluid fromthe first chanber 10 through the nozzle 8. The first
chanmber 10, the second chanber 20 and the nozzle 8 are arranged coaxially

5 al ong rvskis havingatipliBat thE%oﬂ&rggf téﬁﬁi?ﬁé WhRh %Ftﬂ& gé?fhlaét'b%ﬁt fdm Er%eoa% rst and

second cavitation chanbers 10, e nozzle are arranged on a common

axis. Treofank et @gRatdh cR@Wbdtd 0aTKELIB ma HerdYHRiBA! cnieal 63 laldl Rodzde St 1 uid
fromthe first cavitation chanber 10 is introduced into the centre of the

second Ceheiseadridoshambaniterecélfas the filshiilid frbv thd first chhinbibrd 0GR thdirdkié but ed
uniformy in the second fluid. Moreover, a coaxial positioning of the

nozzl e 8.vihelirstebaebdr 00 tHeOddoends elamber 20\ant dlheé adezizh® aizcarradded @My S any

di sruption of the vortex of the second fluid that is generated in the
secofd @&angtans En- ehialbeis, #@. reSpactivi centeHlives of tenfinst amd) sédondscaiitatiome fi r st
cavitation chanber 10 and the second cavitation chanber 20 may be the sane
or opposthembersii@. 3qAnddhe eazzierdare pirangefl jopiaccommontaxist Thesadvantageefthadiog 15
takes on a first direction and the notion of the second fluid in the second
chanber %af'a'k%?"gﬂ"%"té%@ahtae drst tiuq frem the first gavitation sharabesrl O3 igtieduiced t he
first di.re?'jii on.is &Iount er-clockw se a'r_lg?Tt he co%d directjon is clockw se,

| eadi ng 18 e ENrP PLTE 3RePnS SRR FIATEET chsorat A e en b
0 ST B RSB PRIRRL RS R L Tyl
al sqol eagls sdcdnd R&vithlidrSnafibdr ”BQ@etﬁ?&W&sﬁwﬁg tﬁx?gt\),\rgﬁ'o?%eo%ggﬁ%ﬁlﬁd each

other. As illustrated in Figure 4, € SW may al's e arranged

so that thdies Jenbaated ih tHeseddHd dabitatisesiinthel boti d in the first chanmber and
second chanber respectively are in the sane cl ockw se direction. As

illustrated in 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 Thegledtion\of lsyirlangeflows it Itte frstnoavication tckambdroidkaridstRe dedond taditation

chamber 20 may be the same or opposite. The motion of the first fluid in the first chamber 10
15 takes on a first direction and the motion of the second fluid in the second chamber 20 takes
on a second direction. In the example of Figure 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.



WO 2011/ 1190436PCT/ SG2011/ 000026 Having the first direction and the second
direction of the swirling flowin opposite directions and i t with
each ot hwo erimamses t urbul ent flows of the m xture, V\hEFySFR(@%Q@gée:cti ve
flows interrupt and interact with one another, |leading to increased m xing
of the first and second fluids. In other words, increased mxing |eads to
i mproved ho neity, of Sibn oARE siviraaloWwyin opposkdiesstiorsl ow hel ps
to assi"&"'“@%‘?ﬁ’éﬁ" tncinnar{dﬂge??c‘éﬁglg_ F0r bul'ent flows result in rapi d

pressurg,and, Y.%:It Qs Q/chgn"’(k%q%ﬁtgn%esi RrbaRACRWa Bthiei mieture T wbse theapéngctieadi ent s of
pr essur@EEU T N hi gher frequency of oscillation of the pressure waves in

the Cavfiomti#tggumﬂﬁﬁ Whteraf witiGhe amtsiherhieadimgltosinéreadzidemisioanb tenfirst andh! gher
frequency of oscillation of pressure waves contribute to the creation of
NUNET OUS &Y Htiad.i IRMbtkeibidres indreaded amisingineadaltbamarayed demagaoeity, of Mg

emul si fiable conponent into very small droplets/globhule | eadjng to a
hi gher  swuiiéies e\daitieralinfutbhient fiewl heinsi tagseistpavitabipe It BF ﬂE'Sﬁ%Hé"[“ﬁ*Sﬂh?‘%er eby

providing inproved conmbustion efficiency of the emylsion. . A
appar at resul2idCagis prdsbure tand velacitygradies 8 sd?a%eaﬁ"cg%m%%ﬁ%éa&'dt %raﬁgrﬁée) Bg

plurality of 15 tangential inlets in the first ch : dvidtigd urality
of i nl epressure rasalt dehigher fraqupmsyyof R5Cilatign of e Brﬁs%lurrél ng%srréﬁp ?r&t\ﬂe "1EH| r st

chanmber 10 and the second chanber 20 o bypeysure f | Ui d
r eser vompxtuse ahiye!and the emyiriiab eo°°8’(98?%nltﬂ{ ﬁg@?ﬁeﬁ%‘?ﬂ}( ?ﬁc?%i'llgnd ihe second fl uid

before i ntroducjng them.in Satibh 'bRbEIBs WARh iad alistablecasenti al |y,
t he resWA\S ?@trﬁﬁg tagh%ﬁ’ﬁf‘@ %Q&"El% pi%g 1o | mprove uniformty of rate of

flow of fluid.j s BRI hiviftoARnCavdllt fbpléts/globaled) deasling o augdheeach of
t he Pl uP’é‘iFFt"ﬁ ‘%4]5'?‘#%‘@?9"5‘( AS iIEItulstorat ed in Figure 6, the first chanber 10

i's corrp%tﬁ%a%gyareﬂcafoggdmay béing | dlalbles @1 supbustioh tiEnebyr erdding | imprayed s
supplied wth the first fluid by pipeline 16. Simlarly, there is shown a
r eser Voiggmiddiiememiasicnof heemsrand chanber 20. The reservoir 18 is supplied
with the second fluid by pipeline 22. 25Figure 7 illustrates an exanple
where the first chanber 10 is provided with two tangential inlets 2. The

space between the first chanber 10 and the reservoir 14 se : contain
the firtsdcood dpranalus 2PRIRS dlkeieaied i Fighe 8 GaRPE TAEeY |“h|ﬁa ﬁ‘@ﬁaﬁf’{o?fhe

ot 156 tangenia e 04 D PO B8 S BAREy! D P BeaR0 Bharlor 201 AL < mecd
such an arrangement, the first chamber 10 and the second chamber 20 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 Figure 6, the first
chamber 10 is completely enclosed by a fluid raservoir 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,

8



such as 4 or 6, or other suitable nunbers. Simlarly, Figure 8 illustrates
an exanpl r e second chanber 20 is provided with ial
inlets 4&?\%%5@3@5 bet ween t he second chanber 20 and tﬁtec\i%éiszgirl\%@%kw
serves to contain the second fluid and sinultaneously force the second
fluid through the tangential inlets 4 to produce a swirling 5 flow, The
nunber aiuch @k dte 6neecthercduitbide members cSimilartyp Figure, 8 ustrabesnarbexagipzabtere t han

two, such as 4 or 6, or other suitable nunbers. Figure 7 illustrates that
t he i nl dbg sgcdnd ahambén 2Gis rrpvidésbwitl Ovaatangendial inlets dd Theo space chetvesea thevi 1 | i ng
flowin the clockwi se direction. Simlarly, Figure 8 illustrates that the

i nl ets £eFend (sharskar oA aWatigerese0olsr 8 (F65/es i loneentain e oshgeed Hlushviand i ng 1 ow
in the counter-clockwi se direction. The direction of swirling flow or

vortex SMitageeuslyAores dhe geqend fikid throyghs the fangeghialiinlpty 4 foRrpdise & swWitiah t he

i ¥ o6t | JRYOTNE ThPRrAG nlSto ES TPt O aSHcPe IO w s FEM be Gisater Men ME.gHEP chairber
the sucaid e AEaPeRRIeEndods sadiPe dims art Pet B8 usk KT bae efellbet [ evers
he secagd ERaamera3 Bilaued ASuHNERNP #Prg aRULOUrkdEn SRIGH, File 8 117, O

pressur qudirgks itrté‘t'?ﬂ;ce_oiﬂleism E]nhﬁe%ﬁe&ﬂ%hﬁﬁ'i%rt 23] ia@rbo%granzbe(o- orddlcs d Swifiihg USt r at ed

in Figure 10. The first chanber 10 and the second chanber 20, by virtue of

their predusthdtoantsvdlddkivig dirbdidh 2he@ireétion of svidihg fibwbevorBdintfigurs ¢apad fluid
are vortex cavitational devices. The principle of working of a vortex
cavitDat iFigurel @vare gust ain bjusiratons thoggh tieadifeatianl ofsswididg Clowwan &t @iranged Be vort ex,
t he devi ce produces pressure variations according to Bernoulli's principle.
The pr egequiredy tar dther words,| thadirectionl ofeswirting flowsgy In thedfirstoshapbes dQrandithe t he
first and second fluids. The initial cavitation which occurs in the first
chanber sgerndighamBercidierycdiedntheropgasitetdirection onilndhesaneedirecti®. t 0 cracki ng of the
fluids. Cracking is the breakdown of the fluids on a nol ecular |evel which
is a preferable step prior to intense cavitation and m xing of fluids.

or acki nd e 1 et SembHe oA oraroetobel bl Y S bR Goous
espgs! atAé’ sq‘%ﬁ‘@éaﬁ«%ei gﬁ% 89{5[1 tatgeeoE) ﬁar(}ijngsth? {agﬁ%{w?iéﬁglnﬁ]gqgﬁr;%?%o& rcpiarIB er'&ﬁu t 1o

m x and ‘enul’s oW n err ysi¥ca C der
I Y T Dt : et . q
Chanber 554t SRR, i Thrbbdcim TR Ghfof i B pRabdrt Mol IneBltoh'C SPCPT

smal | er chii@floMcha®Re afidedilstratddi® FigLRSID. Sectional area of the first chanber
10 is smaller than the cross sectional area of the second chanber 20. The

smal l er cross sectional area in the first chanber 10 will nean that for
constant fluid flowrate and fluid tenperature, fluid pressure in the first
chanber The firt thaniber hd ghtthetsbeondfdhamben@0eBs virtge bfithéihgrodeinaradsvatiagey 20. 10
The pressure gradient (pressure differential) between the first chanber 10
and 20 he o§ thedinsd flail anth the seoondihiit areivertelesavitativndl\dexibes. Jba prindiple efswdrking he
effectiveness of the working of the apparatus. Were the pressure in the
first crhatyetexevitaiopdeyer)isthydmppeirgsigtational sperd enmpenents na tisevorted the P2, t he
pressure gradi ent AP can be deduced as foll ows:

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



15 AP = P1 -P2 The first fluid flowmng fromthe first chanber 10 having
pressure he second chanber 20 experiences a pre ichis
equi val eﬁfol%ogﬂﬁlgfneﬁhe pressure P2 is maintained 20 | omg)r%ﬁﬁi;azﬁ 1%0% achi eve
the pressure drop. This pressure drop induces cavitation as cavitation

i nception occurs when the pressure of the flowing fluid goes bel ow the
vapour gfeafty RixOfndt dmeuldity @WiraOtofthali Bhysidal drfd dhBmicar sopeHies ahidepnbriahi gher ,
the greater is the intensity of cavitation which translates to a higher

ef f ect i ygpiaisns.of the system 25A greater pressure drop induces a higher
velocity of the flow of the first fluid fromthe first chanber 10 to the
second chanber 20, the higher velocity translating into higher frequency of
oscillation of pressure waves resulting fromcavitation. Thereby, a higher
val ue oThefrstj chamibesi 1041 @ firshradivsT and thenzacendseamber 20 haser second ladivs Ry P1 or
decreasing P2. The first fluid fromthe first chanber 10 is introduced

ijnt 05 t his theexampleofdigues 1 207 ¢.Hivemalet than Rogorseauentiyrine grasssectiogalaea ¢ 5t ed
ownstreamthe inlet 4 of the second chanber 20. t he case of luralit
of 1 nl cane 5 Heamptes 18 8 PAIRC 3 e CRTAL Ae BbRSETBANTERE Fur al 1 1y of
5inlets_4. wnst ream o e d ' [ [ Lt kCh is at a
di st ancZ"§ %[P%'ﬁé?ro?sr%%@%];ar%%’netb Qh%[ %ﬂa |brg§§: ‘P'gﬂw? ﬁ(t)r%qtﬁgg&#si‘[agg?m\égh&aﬂnber to

the Secg%jaﬁ@?mﬁ??&m&e&%@?ﬂ%%%&ﬁgﬂﬁril‘?ftheoﬁrgtj Giakib@N 16 Willl S¥ehightr|18dn g 0 the

second cavitatiron c espect to
pressure in the second chamber 20.

10
The pressure gradient (pressure differential) between the first chamber 10 and the second
chamber 20, which is denoted by AP, contributes 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



the base 6 of the first cavitation chanber 10 is determned wth respect to
a dianeter of the second cavitation chanber. Preferably, the distance above
i s the diwpaeck09%436proj ection of the tip 12 of nozzl e 8 AQTISG2Whnos@sond
cavitation chanmber 20. The optinmumdistance is in the range of 0.1 to 0.15
times the dianeter of the second cavitation chanber 20. 15 The di stance of
projection of the outlet into the second cavitation chanber 20 and a
position of the inlet 4 of t he second cavitation chanber 20 are determ ned

Wi th respgglst hlgd 18R e ARALH er2|8P§ ﬂEﬁJu%QJ Mto Q? ctohg etk 2{&9‘?&.‘&%8 proj ects

into the second cavitatl on c |stance f| r st

end 7 Oﬂuoii“@asmwzle%% Euﬂfaiéarho%@t?:ﬁagﬁ thg%letlﬁfttﬁ@s%ﬁggﬁﬁn%tggﬁl L 6 the

first end 7 is the "upper” end Cross-secti ona i ew o The
inl et 4cade bie pRAMGH ifidly 4l MeitBM 2CHHIRAE 830 situntdddinSeaM R MRSy bon Whi ch
is a second distance h fromthe first end 7 of the second cavitation
chanber inldls 4The first distance is greater than the second 25 distance. One
useful range for the relationship between Hand 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
appar at Qewastean ofttheninlet is gefineidrak atposition wiiich is ata didtanee fattherifom tbaatdber 20, as
illustrated in Fi gture 10, the nozzle 12 projects into the second cavitation
chamber 23iireqtign fropm the frstrhamaprde the secend ehambed.r st end 7 of the second
cavitation chanber 10, A second distance, h is a distance fromthe first
end 7 of the second cavitati on chanber 10 of 5 an inlet of the plurality of
i nl t fr f|r ond cavitation

h [
chal |er4|i€8 ‘ffﬁ‘ée? Haib b B8R olfel e I sbisnd rifiton e Sy Gl one
bei ng g Zater o e Vst <GBl MR, 161 o Uitn dodeet 88 ddrhetdr g "0°F,
i |l ust rgéc%qdlcav.at.wem&r PrlrefAbfy, ALV ARLARERIL N {RQ JidtSHTe f gpoggc; &OW of the

arrangenent as expl ained above i's that it my he to preven

first fihgitg fdrmoides intdthd de@IndcAAitalET elambdr ﬁ@ mldat.ﬁn&%mew.ﬁ fhet he
formation of the swirling flow of the second fluid in the second cavitation

chanber rak@e of 0.1 to 0. THmés the WiadfisbAtheSeddhd canmtidbstantiet fr of the nozzle
arrangenents descri bed above or both 150f them Simlarly, the second

app# atus 200 can have either of the nozzle arrangenents descri bed above or
both of them The first chanber 10 has a first diameter and the outlet of

t he fi rShe dintaneseef ptaedian ofthe euitat intelthersecand. cadtation shentier A A a positianhe second
dianeter_is for it to be around 0.7 to 0.75 tinmes of 20 the first dianeter.
The adv@inthadalebft of Hhe; seaond capitalion ¢hambgrigf anst deterainadowitt taseers to denet ur bul ent
flow conditions are preferred for cavitation. This is because if the

t ur bul eHOS"s hi gher, the lesser is the globule size resulting fromthe
cavitated fluid. Smaller globule sizes are

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. n 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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preferred in the enul sion. 25There is a discharge zone 13 in the second
cavitation chanber 20 near the tip 12 of the nozzle 8. Accordi n&{# t he
second ompibAEMEE6chanber 20 is arranged to receive t hBCFREZPUOPRY ¢t hr ough
the nozzle 8 in the discharge zone. Once the first fluid is introduced into
t he second cavitation chanber 20, it then m xes wth the second fl uid,
which is either rotating,in the el a0l inl et SBof0 RAGatich
di r ect i ygferaye for e ?ﬁcf”g‘{ appafTY® iszga?vﬁlﬁ‘r gngﬁ' ieed'mgon!tni ndously into the second
chanber at a gonfr.pl f | 50BRS| Bbjekiiants A6 Bstohd hvitation M xi ng
uni f or n‘?"?"‘&ﬁ%l&goﬁ?t'lﬁ)urls{(fgtggI'@‘:@Heh%t'tﬁﬁg ﬁ?rst ff’ujl d as the second fluid enters
the second chamher s LEQUAD H fisn 8RAPAENH 7lof ihe@bcdrdeaplatisrathiampbenl0.decond
i nlet s,&s?wgggede?fg%t%égt ense cavitation of the m xture. A continuous
M Xi Ng, s AbhShitEnde. A8 & QidlahbeIRsHS tHaTirstaAd Ttdf the borfd aavitatibh cvantrer 0 vhe fi r st
and/ or seconof cﬂanbers 10, 20 can help to provi de a honbpgeneous enul si on.
10 Wher g, Wk @ theSplaey dlsnietset positloed farthbet froomtionfst end hef fier tasAbhge of the
enul sifiable conmponent by wei ght may be kept below 70% If the #&E cent age
of the efithtnidhabber tomperientistaoce ixgreatgnghan e aecpad distapery&teyM t he
emul sion to gel which may not be desirable. 15 The rrixtkjr subgeaalljently
passes tangefoghhetrblatianskip hatween HipadHds thefrst digtangs: Eibelrd ar5rE SN LMl es at
certain frequencies which are close to tgled_r.esogqimt frequenci es of the
r esonat tong2 tmesbe seeond digiAgre. MBS IsdEIIGY N '9HR &fise cavitation and
honogeni zati on of the m xture. The m xture after passing through the
resonance chanber either goes to another working vessel 20for further
treatnment or goes directly SUASHITRY olpRine@@BELSSE tHaRit mB@epapst ruct i on
desdPib 89éﬂbﬂ%gagﬁﬁr's'f‘%grg%iar'gsot%z%%ﬁa'gecond apparatus is a relatively sinple
prevent flow of the first fluid from the tip 12 of the nozzle 8 from interfering with the formation

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



arrangenment with m ni mal nunbers of conponent parts, inparting a conpact
nature to the apparatus. The absence of any noving parts and provision of a
si npl e meWARAIEWP43desi gn 251 eads to sinplified maint enaf&d/SE@EWWOERENt s as
wel | . The above advantages al so provide a reduction in the associ ated
costs. In the exanples of Figures 1 and 6, the respective apparatuses are
provi dedtawtatibn anhshigs ooy aliNgh Mixe®with QRE E&dohil MBidt Which i@ Witk réthhgf ihthe f 1 Ui d
into the first cavitation chanber 10. As illustrated in Figure 1, check

val ve 3 shsefdirastiod@tlinttiee eypotitecdiretliopw of first fluid through the inlet 2 in

t he apparatus. In Figure 6, a check valve 3 is provided in the pipeline 16.
The check valve 5 is used to control the flow of the first fluid into the
first cavitation chanber 10 and is opened when the pressure in the second
cavi t at Vdrencthe fitsé Aui@ & inteasybrrs cantipyasidi inde thersedondathamberat alembroliddedtecar | i er,
the first fluid may be any one of the enulsifiable conponent and the fuel.
The adv&Hs agdstetthe $acand Buid i mixingerdormhaand ranjfingduslywithpthe diestiflid jan théhe second
chamber, so tplat when the first fluid is introduced into the second chanber
fr om t h&eganddluic.enters dhe segandehagiber theouph thegacand inlt gatherpluralitpof secemst ai ned.
The pressyre_ insi t he second cavitation chanmber. 20 is neasured with a

U t ool DAl csieraef Sy ST B A QIS TR er AcEHiuias B CRETB i

hanb : : . ' Ltab
Censor. Samudde aPhRERH T B TS R BH A alpnd Romierf 1§ ARG

Fi gur espﬂo’vidg%&h?og ﬁé&sgﬁgéwre signals fromthe device are relayed to a
processi ng device §4 such as a controller or a conputer through signal

compgni cation |ines 36. The processing device 34 conprises signal input /
out put el enents, signal processing elenents and control elenents. The

si gnal prieeeaiterds abaestie 6AUBIRARS cbMBorBRE NG PErcEMtbye oP thePER@SHHLRE W th a
threshol d value which is configured and stored in the processing 20 device

34. | f toreporeat byedeighil may bb kdpe beloas 20Mme Ifi the gperedntaget bfathet dreulsifabss hol d
val ue of the pressure, signals are transmtted fromthe control elenments of
t he procempoinegt gxogedse 7G4, there: isea tendencyJort the canylisien tpnoé! wdhinmmay oatt beon | i nes
38 to open the valve 3. Once the valve 3 is open, the first fluid flows
i nto t héewdpr at us. The threshold value in the processing device 34 may be
var iﬁgd and stored. The pressure inside the second cavitation chanber 20 is
25 asured continuously and the valve 3 is open as |ong as the neasured

pressure _value is higher than the r{[/dqr eshol d val ue. _-The neasured pressure
val ue tﬁﬁ? "\'é{urﬁssg%seﬂg?"%XBﬂ?&F thrayahine Fesppance ﬁ'?aég%?élaé-' 'Oé‘lhlf‘g thePrasysl |y a
val ue Ozva\tlé)seatmeﬂgiﬁ "flreauénggg which%f€ CREE go R %so%énm?r'equencies 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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The amount of fuel and the enul sifiable conponents supplied to the
apparatus 100 and 200 may be controlled through nmeterin Pu s installed in
t he pi peWPREEVI8EEHi ng to the first cavitation chanber BEE S§§@df?&°°&§vi tation
chanmber. 5In Figure 1 and Figure 6, the nozzle 8 has a first

cross-sectional area and the second cavitation chanber 20 has a second

Cr 0SS- SQGLL 81'{5 péeas;&g:ég%gﬁégj\é\ﬁém% re ‘i‘)@&ﬂg abh &5 3S4rh IpRINRALd VitR @ dndcidr eat er

t han or equa t cross sectional area. The advant age

of thisdR §Qod ﬁﬁrﬁr%ﬂh&fﬂwet Asw Tof it fidt! feicdink R firbechRMRAkhaavet 20.i a9 chanber
in such a way that 1t is distributed uniformy in the second fluid. 10

Provi defydi3ih id Aigure! 10¥hdcRVAve B isPigUidelité 8ntionilont of Zrsofiuid theoubh tretinlet@mber i s
f1, then the equival ent dianmeter d2 of at |least one inlet 4 is determ ned

by the ihahd spparguse Figse bonchetk vald23 i fBEVdetian fhie)pipbEnehts: Enanchietk vavean

equi val ent diameter of first inlet 2, d2 is an equivalent dianeter of at
secomd isnked todonfolitise fidweofrtbelfinabfluit intodbe finst edvilation charaber fIP agdéf grEned e f | ow
rates through inlets 2 and 4, correspondingly, di = N (4Sl/u), d2 =

4( 33%{ uyhem\nﬁepeessnre insthe isecandteavitaipmehambee 29 mashes: adeipmined BluesAS i n et s

an is the total cross sectional area of the second inlets. 20It is t
be undesaseekad aier. e 6ot BLgs! hysteat e e L o A
illustrative of th rinciples of. the disclosed techni th
exhaust TR ARPELA B 8 HREVE RERU T LR PFORp e Mt haneel, 05 | "0
those Skh%! tﬁ? ﬁllgpfll.[uﬂ% irﬂ(o’ﬁuae%rﬂqoEt'rsélastecér{aechgﬁmgéﬁfbtm fh?‘ﬁgpéﬂg ef, 2nBALctLEt ended to

be limt an as expressly set torth in lowng clains. 25

PCT $GR20L 1 POGA3EnRE- lGfhea 28 Sep 2011

The pressure inside the second cavitation chamber 20 is measured with a suitable pressure
measurement device 32 fitted inside the cavitation chamber 20. The pressure measurement
device 32 may be a suitable pressure sensor such as a piezoelectric pressure sensor. As
15 illustrated in Figures 11 and 12, the pressure signals from the device are relayed to a
processing device 34 such as a controller or a computer through signal communication lines
36. The processing device 34 comprises signal 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 vaive 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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CLAI M5 An apparatus for producing an enmul sion of a fuel and an enulsifiable
conponent, the apparatus conprising: a first cavitation chanber for

recei vi ngv@ 2011/089436 | ui d, the first fluid being a first 8G&/SROYAR6e| and
the emul sifiable conponent, the apparatus being arranged to produce a
swirling flow of the first fluid in the first cavitation chanber; a second

cavi t at TRe ambamts? fud aid the eRiukifiaBle RoMmBEAE dubplied to tHatppa@RR(A 00 laHé dodei ng a
second one of the fuel and the enul sifiable conponent, the apparatus being

ar r angeehay tbeptadivied ehreughr hétang pompinstalied semensipdiihes tbabing tthehes agond
cavitation chanber; the first cavitation chanber further conprises an

out | et ; cévlitetidn cteimbeaand storaicavitatiobehamtene outl et and the second cavitation
chanber being arranged coaxially; and wherein the second cavitation chanber
is arranged to receive the first fluid fromthe first 'cavitation chanber
through the outlet. 2. The apparatus as claimed in Claim1, wherein the
appaP at s Figyreat rand dfegure 6o e BeRzlac8 thae as st Fiopysqctiondl @rea ard fhersgcond uid in
the first cavitation chanber in a first direction; to produce the swirling

f | ow of CAYfRIULCBAALST| 2} Baf (f BAONE E/BTRISECHIN Af9% VeI seFend €@8Hnd

di i on:. in th d di igp i ite the first direction. 3.

The appatcipl 46 b aitAisn ot o Sl | Steei RE Ak aspetesten® el bengea: 1o
g 2o e - ALt >

Chanbor PRRREI R @ i hfis} il bk stoar dlfpuph i 9 REREC o

cavi t at [ ,anah S rinuESRbi ReheYdcbh ﬁ]g?.f | ow of the first fluid is in the
sane di regti on as ttf]e swrl |$1g ?fow o# the second fl uid.
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(fffy)

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,/r), d, = V(4S,/m), 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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16 AVENDED SHEET | PEAJAU 4. The apparatus.as clainme

claim arranged for fluid pressure in the first cav&)qf/ﬁﬁz/ rgrgm?o be

hi gher than fluid pressure in th
e second cavit ati on Reegiess 9219&
?Zd;:{,lgl rreddl n Camé4, whe_rel nt he first cavitation charrber has a ff;?;?t us
, and the second cavi tation chanber has a second radius, the first

radi us ?:Masmal l'er than the second radius. 6.The apparatus EB.S clainmed in

any pre claim wherein the outlet proj i
ects into i i
chanber to a distance from a base of thepfljrst cavi t he second cavitat’on

the di syance Ansipgatarssiiomeddusirgranassysion ot afusl ANJARRY Slh I ﬁo X egéth J|\gner en

cavitation chanbe The sq aratus a

. . 5 ele s claimed in Caim®6, wher

di stance is \?P??{P{;f FRAEPPA e of 0.1 to 0.15 tines the dlanete(ralgft'?ﬁ
second cavitation charrber y

a first cavitation chamber for receiving a first fluid, the first fluid being a first one of
the fuel and the emulsifiable component, the apparatus being arranged to produce a

swirling flow of the first fluid in the first cavitation chamber;

a second cavitation chamber for receiving a second fluid, the second fluid being a
second one of the fuel and the emulsifiable component, the apparatus being
arranged 1o 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

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

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.

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,

wherein the swirling flow of the first fluid is in the same direction as the swirling flow

of the second fluid.

16
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The. apparatus as clainmed in Caim6 or aim7, the ' j
chanber having a discharge zone, and wherein t1he seEmg%ﬁﬁqu‘@# cﬂanber
is arranged to receive the first fluid through the Reteivedi28 Ser28il Echar ge

zone. 9. The apparatus as clainmed in any precedin [
_ _ S _ g claim the second
cavitation chanber conprising an inlet arranged to receive the second/

Fluid; wherejn the qutlet .is |l afdn ; i i

appar atts aghlﬂ %R%?g“ﬁ * @?ng]eﬁ]ug%%%cgﬁﬁ@?a[ﬁ st an?:gd foc{‘a-lﬂglﬁj'oﬁrée&# Eeglheg?‘ t he
outlet into firstecstbnccrambiet &t berhigivearthen fleid Prassyes it f*@ns‘%?f’"‘ﬁ: gaViatPL: are
determ ned w th rgspect to one another. 11. The apparatus as clained in

10 aim 10, mcé}ag]bﬁ ‘the outlet projects into the second cavitation chanber to
a' first distance froma first end of the second cavitatiaon %ha er and

]E Ihreslt nL st |O ;sntgﬁﬁwfiu%s aaipesiin Caimih wbhreinstha fiess savigtien Shamhee At B he

Vi . D . ARt .
greater t han'aPW§'_ %’5’35%8‘3" ﬁés‘tcéﬁ{gggpiﬁ @%ﬁ%ﬁ%@%ﬁ{é\gﬁ?gﬁiﬁgﬁﬁgﬂt ‘?’?\IS@CE e
appar at us assrolier thed thenseCbrad radiis, wher ei n .second cavitation chanber

conprises a plurality of inlets for receiving the second fl uid,;

o _ _ ( uid; the second

distance 15 g di st ance.d LOMALNE o) b3bedilloin, WherckepeRAa NG et narthehanber
e alTty of 1'nfets positioned farthest fro he first

end of the sssond cevtativrathaobet imaigistance from a base of the first cavitation crnamtber,

wherein the distance is determined with respect to a diameter of the second

cavitation chamber.

7. The apparatus as claimed in Claim 6, wherein the distance is within the range of 0.1

to 0.15 times the diarﬁeter of the second cavitation chamber.

8. The apparatus 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.
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.

10. The apparatus as claimed in Claim 9, wherein a distance of projection of the outlet

into the second cavitation chamber and a position of the inlet ‘are determined with

respect to one another.

11.  The apparatus as claimed in Claim 10, wherein the outlet projects into the second
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.
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13." The -apparatus as clainmed in Caim1ll or CCaim1l [ irst
distance is greater than or equal to 1.2 tines the é@ﬂﬁ@&@ﬂi{‘m@@ 14. The
apparatus as clainmed in any one of the preceding clBReegivedR8 Sep 2011

cavitation chanber having a first dianeter, the outlet having a second
di aneter, and wherein the second dianeter is in the range 0.7 to 0.75 tines

of the fi rstrdi apRlSls 49 clalfi§d ARPIafh UH1 2hEdeRi ¥BELrdN caVIMIGH &hainbbme
preceding clains, the apparatus further conprising a check valve on the

inlet to theomprises plviatityof Hletelaraseivingdhisesaed B4 t he check valve is
arranged to be opened only if the pressure in the discharge zone of the

second cavi g %%éng URIEREL 1o LACARS forh MR of 1 selbitt SRRMGA(dNEmBEr C! al med

in any one o rece g alns, wherein the outlet has a first

cross- sect i @han inete therpluralife of inletyeositionprd farihest feamisdirstiead ohthesegong
cross-secti Qualaiigh eRarid. t he second cross-sectional area is-greater than or
equal to 1.25 tines the first cross-sectional area. 17. The apparatus as

clainmed in any one of the preceding clains conprising a check valve in a
condui t13.n fThei abretatvauas sleimesh invClaimald phClaim £1gy wheeet (hentrst Aistaeffiisi i abl e

conponent , the@nR&AT tdbdaht8i1oined MBS8shriditare. t he check val ve responsive
to satisfaction of a pressure criterion in the second cavitation chanber.

18. A method for producing an enul sion of a fuel and an enuyl sifiabl e
conponett , tThe aavarates avrisimad wgany pre ehthe prgceding Flaims: the frst AREIANOT i r st
CaV: t _6112 ' OBI chamber ha\fir{@ea Hs(fj%fan‘felééﬂ ﬂ\ebﬁjtlegh@iri;g! 4 Sétﬁhﬂ&iiﬂ?etfhhen? mb;ea?? t ge_
emul si fi-abl e conponent’, and producing a rlin ow 0 e firs uid in
the first cdl® ?%PBH“EW%‘P%%@“%@%@EB%@? #M%G’a"i’%?rr oduci ng a
second fluid into a second cavitation chanber, the second fluid being a
second g€ Ofneldifpafaif astdisimicBan 8RR bed bi @elpeecedinh afns, thé apparatos figineyg a

swirling flow of the second flujd in,the _second. cavitation,chanmber; wherein
the first cdPMPHFNGA CRREME re,°“tth%'"hﬁ51tqE‘Ff'ésg&a‘fr&ﬁgo%‘g}?gf?&r'@gsi tation chanber
bei ng arranged coaxially; and wherein receiving the first fluid in the

Seclond cavi t@dr@n thbambe vake s tdh@ngéd 36 Raypenati ey ¢thinebpresdune dnghe t he
outl et.

discharge zone of the second cavitation chamber reaches a threshold.

16. The apparatus as claimed in any one of the preceding claims, wherein the outlet has
a first cross-sectional area and the second cavitation chamber has a second cross-
sectional area and the second cross-sectional area is greater than or equal to 1.25

times the first cross-sectional area.

17. The apparatus as claimed in any one of the preceding claims comprising a check
valve in a conduit in fluid communication with an inlet for receiving the emuisifiable
component, the apparatus being arranged to open the check valve responsive to

satisfaction of a pressure criterion in the second cavitation chamber.

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 emulsifiable component, and producing a swirling flow of the first

fluid in the first cavitation chamber;
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19.. The nmethod of C aim 18, wherein the enulsifiabl '

_ ) te
wherein a percentage by weight of the enulsifiable gmmﬁq?(ﬁdw " and
enul sion is less than or equal to 70 per cent. 20. Revetvied 2§ Scp@ﬂé&uci ng
an enul sion of a fuel. and an enul sifiabl e conponent using the apparatus of

any one of clainms | to 17. 19 AVENDED SHEET | PEA/ AU
introducing a second fluid into a second cavitation chamber, the second fluid being a
second one of the fuel and the emulisifiable 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

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 emuisifiable component is water and wherein a
percentage by weight of the emulsifiable component in the emulsion is less than or

equal to 70 per cent.

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

the apparatus of any one of claims 1 to 17.
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