10

16

20

25

APPARATUS AND METHOD FOR PRODUCI NG AN EMULSI ON OF A
FUEL AND AN EMULSI FI ABLE COVPONENT 5 FIELD OF THE

I NVENTI ON This invention relates to an apparatus and a
nmet hod for producing an emul sion of a fuel and an

APPARATIS WD) AETAGHPESRIPRIBECING AN ERULIGNBE AlFtELPAND AN

for marine diese i ants.

BACKGROUND OF THENEQ%EE§$¥§£§rmay—J?—rncreaS|ng fue
efficiency in engines, including diesel engines, and
i nproving the ecological characteristics of their
operation is the use of enul sions, such as water-fuel
enul si ons, although other enulsifiable conponents may

al so be used. Devirgesp oF THE IWVEHON'Y an emul si on of

fuel and water by cavitational treatnent are already

This lnlﬁék‘ii% relafed\th b tdpPArdtss é*ﬁf 4 RRthaATot ﬁ%d@&lﬁd‘g%ﬂﬂﬁlo‘?\fof af fuel and
formati on of vapour bubbles in a flowmng liquid in

an emURGiaBIR WARidRehlerhRl iRSsHIOR Hak ﬁé?'ﬁ’cdlerHhtdnétaé)Jcﬁjsngl Qﬁ%hcatlon in
its vapour pressure. Subsequently, ~when the bubble

produdindP¥iiEibAs for Rddie Hﬁ&%ﬁéﬂg%e%%@ olWefplaHkb! es shri nk and
col | apse, causing a sharp |ncrease in the localized

tenperature and pressure which gives rise to pressure
waves. 20 The pressure waves cause the break up of

gl obul es of fuel and the emul sifiable conponent into
smal | er gl obul es. This enables an i nproved

di stribution ogatkErROOINDIE $AEANVERTIORNUI i fiable
conponent in the fuel resulting in the formati on of an

A way ATiciédihg 1Bl BMLIEAEOM érﬁlnéiefdcfﬂﬁﬁ\gaﬁeéé]%n&rhéé’e&}ﬁi ﬁ'g)r&fmg the
mcro globules of a first liquidin a second |iqui

ecological VharebtefidiRs dfi thefr oMerdtioROb tHe Xuse bF éﬁUisﬁinQns@cm as rWa‘ier—fuel
by cavitation is such that there is a filmof fuel

emulsi6nl, ' AtHYUGRA JothefM &ih @siBiA I UddingtinehR€ nfiijU! lafslof bébhﬁad Dewces for
conmponent. Wen such an enul sion burns, the

producinée bin Cénalilsien esTuugl Bh@dfterc QYF&OI@é'tTonSﬂ ﬁeé'tln%‘ht & already known.
heat ed, expand and then explo causi ng even smal |l er

CavitafioHeh defridass B8 phehdrhakdreofGORAIBR bf vaorPBLBKed B PPowing liquid in
formed. This cycle
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.
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
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
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1 of continuous mcro explosions result in an increase
in the overall surface area of the fuel, leading to
an easier and conpl ete conbustion of fuel Dependi ng on
t he physical and chem cal properties of the fuel and

he enul sifiable 5 conponent, so enul s;i b
of confiniuS e eplptse Bedl M REeRP LT e Rl ass dea o1 the fuel,
._cavitation chanber or imlar apparatus to form
'ead'"%ﬁ‘h?%%sﬁ%r.anéc?ﬁ@p F%'f‘s?si'BP@]f@'g onents and fuels may
be difficult to mx owing to their inconpatible
physi cal properties such as viscosity and ot her

Deper%@tb%::né{(j? 8? Er)o %%Llaﬁ]gx?r% 9 i-<I:- |Pb@ﬁ%hl¥% e(ﬁnthfeoﬁ{%}g\de{ﬁlél gi’n%l%ifiable

como 5t} S TRRDCE) oL L AL o B «

R L T
on 0534, LSS P e B B Dl Sl sch o

. on- honpgenei.ty will..be mani fested in the enul sion
V'SCOSEYQBC,’ °Wﬁ8§hq"3% ipﬁod)epbe%a 15 decrease in the quality of

the enmul sion. Decrease in quality can translate into a
decrease in the efficiency of the fuel also. SUMVARY

vl o By EARARCS ! SRR, g
. Lai . .

comp JE3E L PAEIS Ao RO o PR a8, BT RIS 19 ot o

romoSRRRBLAEN e 36otf 3 8 PECARRERY i ater

diﬁere@ﬁ\gﬂ%@%{n Pzgn%é o?p-l?enpﬁ){ urjlé.gV\;hléﬁ tRE %ﬂ%ﬂ{ecévng ite‘?into cfalvitatiton and

oSl one coaxl al gnhnent, the rs

emuIs{filﬁa,ioﬁjlfe&éﬂéﬂo“r{@ga%gf\{vﬂcb%v%gr%éé%r& if nmmuléio% %Ig%gggfegging to a

en € second cavitation c

decre%%aifﬁ tﬁ&gtﬁ%h){ ?fhtlh% {e%imbe%%ag& # %ﬂléﬁw ?j}i, {HHSIRE T a id@?rease in

e sec reover, a coaxli'al positioning o

he o i respect to the second cavitation
te offciinepdh tEleled o2

SUMMARY
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
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

2
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2 risk of any disruption of the vortex of the second
fluid that is generated in the second cavitation
chanber. When swirling flows of the fuel and the
enul si fiable component are established in opposite 5

o RPERARNG o B TEHEE o o TR TR SBRORTEL I o e soon

s of the m xture are distributed uniformy
cawkﬂ@ﬂQBgHﬁgtt the volune of the m xture. |nproved _
hoanenelty I's desirable and influences the conmbustion
efficiency of the nixture of the fuel and

v S B B B, R A Ao o
dlrectldn%tg rb&ﬁjre f ;ﬂ'gyeioaxb%gé rleriy ?ﬁg%&d; P?Oégégfﬁngﬂec ﬁ]éxture is one

erm ned res
I h
e B SHA B EE ooBLY e A8t
h d
e BN A LB B0 R bR ot v
m|xtureo$f thé‘ﬁm an‘fEmhlglflgglg c%ﬁf?g:ﬂgrlltcaw tation chanber. This 15

angenen reven ow of the first fluid from
the outlet |nterfer|ng with the formation of the
swrling flow of the second fluid in the second

The a;f;%\‘étpétc'a r}'(n:agl\g” afclgucglre i ag%%nﬁtsg cs\([g‘ttga chgg% hp{cH%c%rrpg into the
secondr &R& tn?'r ct%nz er&% a dlgtgnée erargwﬁﬁ {e%)g&e;:tht% tLe dlameter of

I on c 0 pr
vo seBSEELAARI, o, 1 @D"é?%aé“ggﬁ 5 LSt actin o
the oungtvﬁ R ﬁ’@eﬁ}gﬁ C%LIY&%OR bﬁfe!ﬁnlhf ; toﬁtgcgq%dilg:lg\(}tgu?% chamber being

atl on chanber,

o AT G el B0 e rrr e
oo SRR O S808 S PRSIt ot o
the swﬁﬂgrrgfl of tt?eosetcgﬁé flm%‘ herg%gén L %/HB! (%jr],ag'?ﬂ | _nt ' o_duced

econd caV| at’ he fi rst
chanber, an effective pressure gradient is obtained.
3

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

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
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.
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The cross-sectional area of the second cavitation
chanber is preferably greater than or equal to 1.25
times the cross-sectional area of the outlet, to
provide an increased uniformty in the distribution
of the first fluid fromthe first cavitati ?n chanber
The cfogstspetionatarad of ilegsesend Havitaliel FHamMPsy it RESTYAPY KRIgT than or
5 BRI EF DESCRI PTI ON OF DRAW NGS The acconpanyi n , ,
equal tor b figiesitne creps-aedionplarpa Phine Btiet. fR/Prayide N '%%gﬁﬂdém'fmm'ty
_ only and together 10 with the description, serve({g_
in the gigfsibation phise dirstiluidsrerg the firsheavitalithehasiper i Higreecqnd tuid of the
an elevation view of a first apparatus for producing
secongd RAVIIRLiPR FRAMRA™ a fuel and an enul sifiabl e component
15 Figure 2 is a plan view of the first apparatus in
one arrangenent 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
arrangenent showing the swirlin f of the first
and second f| JBRIER E%ﬁBU’sﬁ'?@ %'?P@@IW' 20 Figure 4
is a plan view of the first apparatus in one
arrangenment showing the swirling flows in the first
and second cavitation chanbers in the sane directi on h
The aggoqpagying; dfawings dlystratethe inveption ibmava?ig%ﬁagmh% oply and together
~anot her_arrangenment showi ng the swrli 25 flows in
with therfleseription. SeAve OB BgAp P'ieﬁﬁf%ﬁé?l‘ﬁépg"'i n the sane
direction Figure 6 is an elevation view of a second
apparatus for producing an enulsion of a fuel and an
ermul si fiabl e component 4 Figure 7 is.a plan view.taken
Figurey] Brig) SYAtOBYIGW BEA st apparglls (T RiPQUS 31 GIHISIcR §f @ Tl and an
pl an view taken along section line 8 - 8 of Figure 6
emulsifiable component

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

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

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
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5 Figure 9 is an elevation view of a second chanber

al one of the first apparatus Figure 10 is an

el evation view of a second chanber al one of the second
apparatus Figure 11 is an elevation view of the first

. i d 10 val
Figure J0R B e b SRBole PSSR LT ERITER: On vi ow of 1 he

second appar at us W|th the pressure neasurenent and
val ve control elenents 15 DETAI LED DESCRI PTI ON A first

f uel d
Flgufe%qug ?ﬁt g%@%%ﬁ&%ﬁ ri"n"%g?‘ gqr%?egfiﬁ Fiugur:nl.

Apparat us 100 conprises a first caV|tat| on chanber 10
and a second 20 cavitation chanber 20. In the exanple

Figure &t b B yARBFh Bhitho el Bnie R B aBe &R ot

2 through which the chanber 10 receives a first
fluid. In the apparatus of Figure 1, at |east two

e S0 1o A4 6P TS B,

rray be wused, but ot her enul si fiabl e conmponents may
al so be used. The first fluid my be a first one 25 of

P 1 B 1 S S SRR ol g o

first fluid. 5 Aswirling flowis one
Valvec&h%ye?éméﬂgllshes a vortex. As is illustrated in

Figure 2, the first and the second cavitation
chanmbers 10 and 20 are circular in cross section and

Figure HE‘?S Iaﬁ ! ?é‘/ {IA gw%?gnog%%gag §ﬁ§argwgvg@dtgg &?%%g%gg%ement and

|rs cha

valvec[)ﬁt?‘&%‘?érhé’rﬁéy in a manner such that they take on
Ing notion profiles to establish the 5 respective

vortlces In the exanple of Figure 2, the swirling
notion of the first fluid is brought about by the
inlet 2 being arranged tangentially along the first
chanber 10 so that when the

DETAILED DESCRIPTION

A first apparatus 100 for producing an emulsion of a fuel and an emuisifiable component is
illustrated in Figure 1. Apparatus 100 comprises a first cavitation chamber 10 and a second
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
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.
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first fluid enters the first chanber 10 it is directed
towards the curved i nner side of the

circular-cross-section first chanber 10. Directing the
first fluid thus inparts a swirling notion profile to

A swirkEhiaseis 220 WHE asiablshe o XoRa, B hINFIALH [ Ge e pR et and the

chanber 20 receives the second fluid. The secon
seconﬁﬁywt@@oaca@e%a 18rRed 0 3ch| é"?‘ﬁ%’l " SRS SeABRTG (67 ok i 2nd the
nponent, In the exanp ure 2 he swr
secondof AT INRBUGSSC BR) th?lfdﬁl‘d Chém o Jah?”‘{ak}t}%ts%g?”q {fbamber 20
inlet 4 being arranged tan enti al | alon .
respecialitjara MENDE Seeh i thayolake (9 %E%ﬂdﬂ?tr E‘ﬁ?g? Sfjar?&!sh the
second chanber 20 it js directed

respeqtirm etprf@@%én bre eReRs pidioye %F*@S%Mé'a%mogﬂ" QE@‘SH&ESL{ il brougnt
nber 20. Directin the_sec d fluyj
about ayg,'m inist Rcpeing ?r&mﬁﬂgwqe@tl?w oo e d (ﬁ?&h 5%15 5 ﬁ]?*i when the
dent fraomthe above t hat rc recei.ye
frst AghLaTuersc g TFHICagIber H 20 SLkIPS ?crwaxﬂ? R GHYRH e SigRg of the
fuel may be heated up tg a.re erature bef
circularorqss Sopii BaTATeRB. Shorioadiiret s s apafic SBGigmotion
cavitation chanbers. The tenperature is dependent on
pr°f'|ettﬂ§“erfl'f§t<f|”d§b| cal properties of the fuel. TheIO
rheol ogi cal properties of a fluid are properties |ike
viscosity and elasticity which affect the flow

SRS, otk 20 T R GhR P e secon

chaméﬁgzﬁlégicz agglq%r&fﬂﬁsifﬁ?ée J&B&*r%aﬂgﬁg%%& °'leh<§ the fuel and
the emWfEa@}&em@ﬁﬁmeiﬂ %t@ffa dﬂ;a% 4o 20f niing Girugr rgysecond
fid 5 Froua SBEARBY it dghried srapdsd GpTSely HonS T Reppf ghamoer
20 sojtgal Wy 6B FURATIS AR ST ADTORT Of % hEP pe fowards the
curved Gt BF g SFagaT oty sAebon SSEe SEABHEr 2h HsER S Second flid

thus, 'h%tgglﬁ\é%%“ﬂhhe fi ér?tgro IIeL{O Jge%nné He first chanber 10

It is evident from the above that either chamber may receive either the fuel or the
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

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

6
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8. The first chanber 10, the second chanber 20 and the
nozzle 8 are arranged coaxially 5 along axis X - X' ;
that is, the respective centre-lines of the first and
second cavitation chanbers 10, 20 and the nozzle 8

nozzle?rgaa/g{?iré;]‘w?g aPthe Dot OMEY ﬂ1eaﬁ% le %qusd%% %I%%%t 8$lnpf?0 r]’%base

arrangenent 1s tha irst Tlud rom

6 of th% ifeif]sﬂ:a\ﬁ ¥br§ ﬁﬁérﬂ@erqba;mg %ﬁ? Ty ﬂéhélﬂnﬁéjr&gg 6oh Qél ?val nozzle.

e second caV|

The setcgﬁd Ellaérﬁt? éé)%%%%’s}’ thgqlrsq ﬂf‘: dr ilr&wtﬁedflrsy&i frr?c[ewm tﬂ“nrp é#ﬁw nozzle

secon reover, coaxi

8. Theq‘ﬁétzn% fg‘ﬂohtr{ %2:%% chgmﬂigr E@t%nﬁ qﬁé’ﬂgﬁf‘@\é' érgiéér%gg?d coaxially

preven any di'sru

along Eﬂg )@ecanhg fé' ?he P%%Ecﬂm%e&g{ﬁ% If'#égdof th tf#& agr]%cg&%PF cavitation

cavitation c ectron o

chambleﬂ: fd" QOfa'nEi te ﬁ@z\ﬁ @Ll’fgha?@@zggﬁr clbg'm‘?c;h )IIJ] %’hg‘%ﬁsﬁﬂage of having

cavitation cha fhe <ame or oppo

a coaxial'SrrIledndht & thhl e irdi Silidl c%‘{jhéﬂ{ |t£ Séha% is thifoduced
} gﬁd % el 10N and ?

es on a Irec 1on O

into thé &Qrﬁfédof C}hé’ EQ(f‘dnrd &Otﬁat%ﬁ%ﬂg%bgp%@ Pgtghé ?i}%?ﬁﬁlgqp% be distributed

cond direc

unifornf]h/ iethe Peb&itd HiHE. N/I reBQéJrnL%f)a)gglﬂ%%mgﬁﬂﬁao?ﬂﬂ ‘%}Ean dﬁ/ﬂﬂ%spect to

rectionis cC W Se

the se&ﬁﬁ%@nt&loﬁ%h@éﬁ gB edré\%n%oé’rﬁébl%ﬁ \A}]gr‘?gpthgt\{g)ﬁre%( of 'tl%uge%oﬁd fluid

'ustrates anot r-arran erel

that is gér{e‘?gttabw heSeEOrRE n &% beP8psecond direction is

unter c ockw se 'S arrangenent al so |l eads to the
first and 20 the second directions bei ng opposite
each other. As illustrated in Figure 4, the swirling

The dllfelcf?(‘msoi'.@W| Jﬁ\b \A%eln %% "f\@?g E}?oﬁ Q:ﬁg Bgre 16 ha tthé E%Eo%daéy\jntatlon

the secon cha er an secon

chambém P b@?ﬁ@%+ Fﬁé%po@ t& 'I‘P{é rﬁ&?onsoqrtrl? flrg{fﬂﬁi(Wtﬁg ws&chamber 10

direct ra ed

takes Jé\ln%’m Qﬁ'&tl@h% fl@tpgietﬂeig rﬁaﬁuuﬁ% n@@%e&r{ éhaf(r:rhob%'d% takes

e SGCOI’]

on a sé?cgﬁa%ﬁéctfo SpafL 'eygrjg%flr ec?lgu"@z?tﬂglgﬁs%gﬁe({tlﬁg |sf countter -clockwise and

counter-c OCkWIS

the se#gnﬁ ik R5h @rkﬁioctku/%g? fe%alﬁg tg'tﬁg ﬂ% A4 %feccgr{bedl i BHWQ&n% Qpposite

'ow i n opposite

each oﬁ{?Peﬁ%&%hﬁﬂﬁﬁﬁatéyEP&hé?r‘ErrJAgg}‘?%nP\ho&%% %)ﬁr&rcﬁr‘ecmels clockwise

and the second direction is counter-clockwise. This arrangement also leads to the first and

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
the first fluid and the second fluid in the first chamber and second chamber respectively are

in the same counter-clockwise direction.
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flows interrupt and interact with one another, |eading
to increased mxing of the first and second fl uids.
In other words, increased mxing | eads to inproved
honogeneity of the 5 enmul sion. Additionally, turbulent
flow hel ps to assist cayitatjon.i

. . PS . the, fl uids. o
Havingriheniip cditectipn,ad tecagpnd piiestiapiof s eudipedoul opepele; dipetions
o R U o B ol ISR of B8 e S e hepec
Tows B SR MR e B g B gt ams

cil|lation of pressure  waves contribute t

th .
second Tikgs: Jfy RerMeHPo B 267 ANEr oAb LD ABPRPL Hoglogensity of the
o B0 3 eSS S SRS et owe
st GRS A o Bt e U, T s srsciens o
sl RS B g of oo e P8 SRR P4 DM Bovitating
i e RS b i G AR RS Bl of prossre
waves; ST R0 vl BroaBE B e SRR s WABh SPL BB anc
eak £ B o g o e G 54t BB AT IR narer
curtack 58 oo BERR AP it Sh sy proying proved

to inprove jformty of rate of flow of fluid into
°°mb‘{538" gg@‘ﬁ@@f ﬁgj{}be ?Wﬁl?éfih‘t ation chambers through each of

the plurality of inlets. As illustrated in Figure 6,

the first chanber 10 is conpletely enclosed by a

s RS o LD i by o
enes R G i, SRR 85 SRR P .
o RSB0, L Mok B ATL P SR B e
s PSS e SO o i
ot PERSRESAY shEE H ERER Hpoci c
as maARE, hg(pgigtn hhrage gFmiR/eofr ERE "R of Quld o WY respective
cavitation chambers through each of the plurality of inlets. As illustrated in Figure 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.

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
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8 such as 4 or 6, or other suitable nunbers.
Simlarly, Figure 8 illustrates an exanple where the
second chanber 20 is provided with two tangenti al

inI ets 4. The space between the second chanber 20 and

sueh o5 ol & oh Aipar il BuR Tl Becs, SiREAT 2@&*‘6‘&‘3'-@630{;%@3%%%%%
the Seﬁ%ar#ﬁgh?at"'&‘?' s Erduie Sl Sige ang?tSHW&'%tan‘? ﬁﬁ@acsbﬁemeen the
Se°°”‘§u‘ihta§ﬁ¥’g S0, 1 Retdvarr 1 BengR, th Fontin,dhe fRelhy dig and
simultigolsy 504 (i Seehai F’E%‘%Daﬁ‘s Bigahial B BaRdfies % Suining
flow. @ﬁiwﬁﬁ)ﬁ pnlsteAeEE bt e BRrelrdo dichs tacagva'érér?%&j?ﬁﬁnﬁwo, such
as 4 ol 4 e SRHF B BRsy Bt BEStAET el M S6lses 1P nt chamber
10 afesm‘h’%@ § Prigi panp, %@Stﬁggc'gq@q%l r'Ee% o Sy, Figure 8
ustealéR 55 v 9o 5 ISkl Fhehein e Are Bosiighetids vodiie a swiring
fow in P G iekiRe gt KAndretRa s Bgff'&\%%%wgtgovogam figgp 7 and
Figure & G 5 %'légt{fa\fﬂfnﬂt Q@L@'he%e sl PEaW'fnsaZ 5 P b franged as
requiragt ) & PSR Rl i $gegg@t§§ TS f7Peirber g and the
is.illustrated

seconq fhaiter 18 558 byt pitas e ARAGER S i %ﬁ&gm&' e

chanmber 20, by virtue of their producing a swrling
flow 20 of the first fluid and the second fluid are

The inléf)sr itgetfi%%?(\éol)ptdi%o%al In%?’%eé%r?we Ssugb th%dgl eﬁ% atvéil?fFerenqqevels in
h
the seqsR AR EEe7EE §§Y@Q%r%°?f§ﬁvwﬁ§ﬁ%@bggmai (St e e cngmber at
o] AT STPFE LR, AR PSRtk B s
Whl cg occurs in the first

. . The. i
Cav'tat'gﬁgzﬁ!ﬁrg'b aﬁb'st'%gu%tt?? Wéfﬁﬂ r due to the above | eads

25 to cracking of the f|UI ds. Cracking is the
breakdown of the fluids on a nolecular Ievel which is

The first chamber 10 and the second chamber 20, by virtue of their producing a swirling flow
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
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
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a preferable step prior to intense cavitation and

m xi ng of fluids. H gher nol ecul ar chains of

hydr ocar bons are di srupted. The process of cracking

may be ternmed as activation of the fluids. This is
_advant ageous especially when the fuel and the .
difficul b, i ﬁ%%@nw'%pr?pwetﬂ &’F@hvglceh qnd %’iﬂ"i'ciﬂ Propsfties,gnder normal

~enmulsify owwng to their physical and chem ca

conditigh$perti es under normal conditions. The first chanber

10 has a first radius r and the second chanber 20 has

a second radius R 5 In the exanple of Figure 1 and

e et DR s o8 DR SR s g HeR 3 smgpna s .
e S G T o3 SRS SRS e Ul ares
o tho F ER S e R ol % OAST ea h bdei crmer 2.
o s S0 e A B ESRHE  fo
e sl S s NSR e Wl e S B R i
contri butes topﬁgﬁ @ffectiveness of the working of the

pressuze KLthg Sgeond e pressure in the first chanber 10

is P1 and the pressure in the second chanber 20 is
P2, the pressure gradi ent AP can be deduced as

e Rt M SISl b gl o
crami G 3FESien O e5R0S) RS S BeBUEE S, BRI B wapns of e
e e s e U PO Bghlfo n e soond
cramt 555 B3 R B R Ph o el 1S,

fluid. So if the pressure drop is higher, the greater
is the intensity of

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
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.

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.
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cavitation which translates to a higher effectiveness
of the system 25 A greater pressure drop induces a
hi gher velocity of the flow of the first fluid from
the first chanber 10 to the second chanber 20, the
hi gher velocity translating into higher frequency of
oscillation of pressure waves resulting from

R Tt AT TR LTI X A A S—_——
vz, T SESG8 08 o Sov it B A e bR oLa 5% 20. o e

cnto oy O R S 120 SR EE B e S gty o

he case of a plurality of inlets 4, the tip 12 of
ozzle 8 is situated downstreamthe plurality of 5
inlets 4. Downstreamof the inlet is defined as a
position which is at a distance farther fromthe inlet

SR AL & T IR A I o
o sroc B b6 RERRIER bRULBRFOBIIEE 20,011 [Pt

determined with respect to a dianeter of the second
cavitation chanber. Preferably, the distance above is

e o S S BE e e S R poct
e af) ST R0 X e S S dptr o o
socond S BBES AR RS 8, SA25Y b Kh8 S ReS M otn o
e 1o G A SO B SRS S B b e o
e G 5B S S RS AT

of the second cavitation chanber 20. In the exanple of
Figure 1, the first end 7 is the "upper” end in the

. - [ [ ' [ 4 qf the
The d|§5€03e30f3p$&gétgﬂ%f tﬁ/e! gt\meﬂnté: {h%usre%or?d c;;/ri]tgtiénnl:t?atmber%o ang a position

inlets

of the inlet 4 of the second cavitation chamber 20 are determined with respect to tone

another.

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
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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second cavitation chanber 20 is | ocated at a position
which is a second distance h fromthe first end 7 of
t he second cavitation chanber 10. The first distance
is greater than the second 25 distance. One useful
range for the relatlonshl between H.and h is
Preferﬁb'VSfordﬁh§t sereed IpPsEtY 20§r\e,ﬂén dpultinle inlgts Bgthe S?Q?nf gavitation
tinmes the second di stance, h. H bein reater than
chamtes 25 e braedar e o 1o rozzle 42 G GPSBIR t%%.sefcmg cavitation

econd apparatus 200 with nultiple inlets in
Chamboeé%ﬁﬂ ackeh distencsr TERmABAFSt20d 7o the mqnpmaatlpn chamber 10. A

gure 10, the nozzle 12 projects, |nto e second
seconeénta% Bis 2 distanse roﬂbthﬁcfp%{ E{“F’rs?f tb? 369 é‘aMt‘TtPBrﬁh?WBer el
irst end 7 of the second tatl
an niglet!oihe RIretity R nlefs f@oa't'av O (RGVR: o1 7 il dhe second

t he second cavitation charrber

f
cav'taf?%c*mneanot Jreveedasere H??é‘dt%FafFf’s S ola G O useful
nd 7 of h h
rangefqrrtg% reithangeefv@%aﬁi i0f s e irs AleteBee.dh BOgs Greaifratian or equal

seful ran rel ati ons etween H and h
to12rl§1e§|t{@§q09§@l dl?fFag‘P%Hth'sl-'F B'HF‘F@G%FQ%QQ% 1{%han or equal
to 1.2 tinmes the second distance, h. This is
illustrated in Figure 10. 10 One advantage ari sing
froma nozzl e arrangenent as Ial ned ove i hat
One agyariizge A9 from 0@3'@&"6\“98%66 Grtanedabae s that Laigy et
interferi

prevert g osrspd E@mgm fi fagr F‘neg{;'iza? et et helie oty S fogation
ofthe SBIEH o SH/Ge BPRREMoR I difcesrgod pavialinabisn el -

descri bed above or both 15 of them Simlarly, the
second appar at us 200 can have either of the nozzle
ScCri ove or bot h of .t

em. The
The 18} PG EHB DG A= Dofraging P Steaeadterrins dFigHat faqve o both
o efl, Sfor R R At dBer D SRR el I it Barements
around O. .75 tinmes of 20thef|rst di aneter.
desc”%ﬁ%""%‘?ﬂ’\‘?&ﬂﬁ?’&&@@@@hi s is to provide turbulent flow
conditions, as turbulent flow conditions are preferred
for cavitation. This is because if the turbulence is

The firgi gtpa%bertﬁ%as 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
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.
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
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| esser is the globule size resulting fromthe
cavitated fluid. Smaller globule sizes are preferred
in the emulsion. 25 There is a discharge zone 13 in
the second cavitation chanber 20 near the tip 12 of

cavitat{c:)H aﬂ%%z S tgﬁ: %ﬁ)ée%hvr\}?rbﬁi} é%q%\r)é%@hcg I']Cf}‘\él ! afk{??got:tlng in the
. | On
same f#'.*écff#ﬁ’ﬁ *‘ae?é’o%%meﬁ'a%ca@ab “nto the second 12

cavitation chanber 20, it then m xes with the second
fluid, which is either rotating in the sane direction

wen i 8448 AEREHE st FEbMTdno M bl ein gl e
S e A A lagp? g e
fl t

seconcfﬂw& ré%&e&? §1C o%%g{\d g;barpﬁ tgn éqﬁ? §§§q%% ’élggﬂ Ir;}wrg t second
inlets, %'g(r% e%ﬁgc?%gbﬁ%eﬁ%gg\%%c viet t' 2 uPe]; &?gﬁtbrﬂb’)éég mmnéo,‘ arising from
contlndo&% 6&%}%@%tlioon |§Id 13) B) {pg w#%ltng/oﬁ' ggco];ﬂ'dg régs/ ‘Pd 20 can help to
B T et A el

enmul si fi abl e conmponent by wei ght nmay be kept bel ow

70% If the percentage of the enulsifiable conponent

Wheree\%s%tg S E%e%:%?/ttﬁ%r ?Tbuésm%)ét eE%ES@éInt,lgureTéegg?ﬂ %%Pgﬂ\e emulsmable

compoﬁga dightYm asbsei t h 6 sonzéln%e cha m’ulsmable
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deswabqgv'tat' on and honogeni zation of the mxture. The
xture after passing through the resonance chanber
elther goes to anot her working vessel

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

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
leads to simplified maintenance requirements as well. The above advantages also provide a

reduction in the associated costs.
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20 for further treatnment or goes directly to the

consuner for conbustion. The construction descri bed

above for the first and second apparatus is a

relatively sinple arrangenment with mnimal nunbers of
nponent arts nparting a conpact nature to
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when S ids iRRCEsrNG e aprancs %?%B%ﬁéh{’%éﬁﬁ% tiphchafihr. £ effctive

The adv this is to achieve stability of the
Press\ye g& 'ggkggpﬁé”Egcond chanber, so that when the

first fluid is introduced into the second chanber from
the first chanber, an effective 10 pressure gradi ent

The pEsoiE RO EERDRT COUeTE AT 20 RMERSUSE i P ufudiable pressure
e B S A e i S mossromen
, e a suitable ssure.sensoy.
deviot, 34 i %%erﬁ alf oletsiie SRGLPUTES is°"’r‘4°Ff?§{”Fa&“’é?§“fense"S°r- As
s Bt HECfC 10 B8 BEEER SRR L e ropyes o =
proce%stijrfﬂoﬂrﬁp%viri%;%f %%%rqskégnq}égéregfﬁépo&?%@%rgéroﬁaﬁl alg{)?l cgrrggfunlcatlon lines
mprises

3. Ths B gséﬁ'wggevg‘fee PEPre S k4R Blerorfo Hgnghgrocessing

0CesSi nt ares the ne
elemerr)\[s an rql%l elements S‘The signal processing e

Efemer‘iats compares the measured
value of pressure with a threshold value which is configured and stored in the processing
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
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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val ue of pressure with a threshold val ue which is
configured and stored in the processing 20 devi ce 34.
If the nmeasured value of the pressure is greater than
the threshold value of the pressure, signals are

The arﬁ&ﬁ'ﬁ%ﬂft}e‘ gﬁjd {hre%%JI%ﬁat{ftg %r%]ﬁééne\?%ﬁe%%ggq ﬁ)];tgé %ﬁpgﬁa&?aﬁoo and 200

rocessi ng device

ey oESERNBLSE g HRRF e DR YRl S T8 e
. | [ h '
cavitat PRRAERLLRand BT ESTRRANMIE, or e The pr essure
i nside the second cavitation chanber 20 is 25 neasured
continuously and the valve 3 is open as long as the
n ol AHA AV UNE AL e o RN Sl AR BP GO SRR secom
covaiATBRIAR20 Wb o oA ABLLLYT ek sHBAL g cross
section-sgﬂ %5%38{68&% ﬁééhglr% %ragr{ﬂh@e 1%5%&1?}%]: B‘%g}irgh%&gg gsrég iothnsél area. The
. . j . i nstall. in.t i
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way 68 M RN Aol 5 PROREona 18 Cc ot onai area and tho
second cavitation chanber 20 has a second
cross-sectional area, wherein the second cross

Provid%’q‘:fﬁa# ﬁ?e?i#omﬁa?@tﬂrgu rf?rgtt ﬁ[et Ehoqgheoﬁrﬁg&yagﬁle/etéﬁﬁ ég Se&tcti\?rrﬁﬁgivalent

. ! Cross s |pna are. . o g
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di lkouted uniformy in the second fluid. 10 Provided

dezrrﬁ’:\%{fﬂe flowrate through first inlet 2 of the first
chanber is f1, then the equivalent dianeter d2 of at
| east one inlet 4 is determ ned by the follow ng

nereEPEAPAAM T TS 003 12 ECL T dfndl of t socon
. ' - ' d. _i is, t

e 4 PEAHE Sl SRRl P03 S UG e g one
corresr}otﬁﬁmdg}? d} ol \¢(£§1h¥), %‘Q‘l 61(’482/1T), where S, is the total cross-sectional area of

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

It is 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.
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correspondi ngly, dl = 4(4S11Tr), d2 = el(4S2/Tr),
where S1 is the total cross-sectional area of the
first inlets and S1 is the total cross sectional area
of the second inlets. 20 It is to be understood that
the foregoing description_is .intended to be purely
illustrative of the pri ﬂ-i‘i”% of the disclosed
techni ques, rather than exhaustive thereof, and that
changes and variations will be apparent to those
skilled in the art, and that th resent invention is
8 aPpaTElitdRiPTPRLdlio 717 SN Y AdveleR ﬁnfén%ﬂfgeﬂb&%qwnent' i
set forth in the following clainms. 25 15 CLAIMS 1. An
aPpRaralis §OMBYSIBG oduci ng an emul sion of a fuel and an

emy| sifiabl e conponent, the ratys gonpr.i Si ng:

7 ceuAtERTBRDE GRue e 2 TELdrgh Hp GF id Bofidig frsFone of
the first fluid beipng a first one of  the fuel and the

efis| fH?'fﬁ”QBP% ew#ﬂ@.tz@nqqmn%smaﬁﬁama[@%g?lﬂg agﬁmﬁt@@mduce a
to produce.a swisling flow of the first fluid in the

f pVigngdiow af g %ﬁt '@’rﬁ%ﬁ%@? firshcvitatiRemAe  at i on chanber

for receiving a second fluid, the second, f]uid bej .
SRERONDFRVIERON ARATRRI| or FRFOVIRG B eFa00r LithitBS BFELAY Deing 2
t he apparatys. bejn 0 arranged to produc swirlin .
f PRRAN f°@%€¥stQEo‘!HapiaPéi@ei MHREa0E opPanEh s Ge; dhparatUs being
chanber; the first cgvitatiop chanber, further o
CBIpIERdL BRotR Rerviniaciay PLA S, Jufh e sepond: pRytation
outl et and the second cavitation chanber being

aff d coaxially; and 15 wherein the second

cavitatiopn chapber is arranged to r ive the first

¢ ehhcpofaipn aharmpe B pRd e A fFEer ¢ hr ough ¢ he

\?\ﬁ]tglr gritsh c%\ﬁt@:tli—grgﬁgglggérgtt é oiﬁ?tglﬂgct _edslecrg)ngI c?aleat?'dn 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.

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.
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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to produce the swirling flowof the first fluid in the
first cavitation chanber in a first 20 direction; to
produce the swirling flow of the second fluid in the
second cavitation chanber in a second direction;

APl SRR NG B b S'naﬁf’eﬁﬁ%inietn@aetcgﬁn & iiéﬁwir'ing flow
' [ d:
SR8 Or the tirst fiurd in the first.

cavi tation chanber; to produce the swirling flow of
the second fluid in the second cavitati on chanber; 16

S RS B bbb e

14 By RO i L S L P P vion

Cc%\éintb%p on chanber to be higher than fluid pressure in
the second cavitation chanber. 5. The apparatus as
claimed in Caim4, wherein the first cavitation
chanber has a first radius, and the second cavitation

SR RSB0 5 T B«
L8R AR RS o § 500 Sl s

dg',,?g"gp&gnq%g{%ﬁggﬂ%%h respect to a dianeter of the

second cavi er. 15 7. The apparatus as
claimed in Caim6, wherein the outlet projects into
the second cavitation chanber to a distance within

t o% ?iﬁt Q.15 tines the djianeter o the . .
Sth;%ogr@régag%sl $ Ilau nedglﬂ 2N &rgcegl%g cﬁalm, wherein tﬁe ou{let projects into the
second cavitation chamber to a distance determined with respect to a diameter of the

second cavitation chamber.

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.

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.

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.
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10.

11.

12.

13.

14.

15.

20 6. The apparatus as clained in daim6 or Caim?7,
the second cavitation chanber having a discharge
zone, and wherein the second cavitation chanber is
arranged to receive the first fluid through the

outlet in the discharge zone. 25 9. The agparat S aF

cThe ARRAratys g claimed dyiiRimcy, avhereip Redisiapes eripcfian Plothe outet
SRR = o0F ol PaBeEo I BYRS o L O 18 e wit
downstreamthe inlet. 17 10. The apparatus as cl ai ned

i ieseecditoPRe anB®ei n a di stance of projection of the

outlet 1into the second cavitation chanmber and a

position of the inlet are determined with respect to

one another. 5 11. The_a atus as, clajnmed in C ai

16he aReaTailR asraigisd BCIRIMD Govreinhe PRLetieisf O the second
cavitation chamber fo a. first_ distance froma first o
efRYitgHon ﬁBa’EE%roP?dac{‘;m a!ﬂ?’]&ﬁ fr%aﬂﬁ@? eé‘rqdo{rh’ée PRgoRf gavitation
| ocated at, a position ich is a second distance fro

L et gl the el s (ol eon@oRich REERGR 2ctinpa stencd om the
wherein the first distance i,s greater, than , the secon

st gheel the segond Wgaﬁ%ml&-g‘%@fﬁ'ﬂéhﬁ@t Pw‘adcsi'wrff,%f fAaa
wherei n second cavitation chanber conprises a
piNGSeFPRYAIiANGS | et s for receiving the second fl uid;

the second distance is a distance fromthe first end

of the second cavitation chanber of an inlet of the

plte a3npefate asniclairgedoig ClabRed s AherRit S§SPBf eaviatiqny shamber
end of the second 15 cavitation chanber. 13. The
aprapripes @ Riwality af inleds for regelying the seongifiidm 12, wher ei n

the first distance is i o

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

cavitation chamber.

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.

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.

The apparatus as claimed in any one of the preceding claims, the apparatus further
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.
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16.

17.

18.

19.

greater than or equal to 1.2 tinmes the second

di stance. 20 14. The apparatus as clained in any one

of the preceding clains, the first cavitation chanber

having a first dianeter the outl et having a second
nd di.ameter

CHAES o 38 ISEE a5 08 DR TRl ke iy s

PR BB o e oSl PR S G e cross

& *’eiw%ea%a‘lgﬁ& <CHEBRe FHRoeeronal ikrged R Hab e Rae to 1.25
ressure in the discharge zone of the

sec%snt!}eéI [C’EF*SSﬁt'Oé‘ﬁg?{S@T reaches a threshold. 18 16.

The apparat us as clainmed in any one of the preceding
clains, wherein the outlet has a first
tiqnal _.ar cond cavitation

ﬁ%hsesgppaé%sﬁ@scﬁ%g'& 30y R B QRS HamScRgTRIEg 4 check
YRR AL B Do fiaBh Hitn o B o 268uint the efisifiable

aﬁ%ﬁ? f?@telis i §P?{a{r§%eﬁ'&:ﬁ"¥ 1 Prera eb R vl rappive to

e%lw%‘ftﬁc i Iagcﬂe%msé&r?)gﬁ SWBQ 'nﬁﬁ%s%%ﬁégé?'k%ioﬂgm’ﬂg%ﬁ r anged

to open the check val ve responsive to satisfaction of
a pressure criterion in the second cavitati on chanber.

Aoyl fiingdn BRiR.fs A eh 2 fBuSiafle eingent. the

n ucing.a first f|UId into aflrst cavitation
'ﬂéth%gfomf’ ns?'irst fluid being a first one of the

S A A0 SRR, PR oo
$RY fueéf gnthg %?nnthIF able component, and producing a swirling flow of the first
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
being arranged coaxially; and

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

cavitation chamber through the outlet.
The method of Claim 18, wherein the emulsifiable 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.
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20.

i ntroducing a second fluid into a second cavitation
chanber, the second fluid being a second one of the

fuel and the emul sifiable conponent, and producing a
swirling flow of the second fluid in the second
cavitation chanber; wherein the first cavjtation ,
chanatbed for peodygingen eiRision ©f adbelndcan, emysifighle 9eaIeReNt using
20 bei ng arranged coaxj al|ly; _and wherein receiving the
me§PP¥@UﬁdﬁﬁﬁyPH%OEQQWHH'%éqitation chanber fromthe
first cavitation chanber through the outlet. 19. The

nmet hod of Claim 18, wherein the enul sifiable conponent

is water and wherein a 25 percentage by wei ght of the
ermul si fi able conmponent in the emulsion is I ess than or
equal to 70 per cent. 19 20. A nethod for producing an
emul sion of a fuel and an enul sifiable conponent using

t he apparatus of any one of clainms 1 to 17. 5 10 15

20 25 20

20



