WO 2019/ 087789PCT/ SG201. 0/ 000019 A METHOD AND APPARATUS FOR CAVI TATI NG A
M XTURE OF A FUEL AND AN ADDI TI VE FI ELD OF I NVENTI O N The present invention
rel ates WO Q1¢4XF9d and apparatus for cavitating a m xPGISEP10P000| and an
additive. The invention has particuldr, but not exclusive, application in
production of fuel mxtures for marine engines, power generating facilities

and ot her Jdewices Lo Wil chol, 0 c Q ‘ er for ms of
energy. B l YOND 1 Vet1Toce arre—oev rave ‘.’-U;‘!l'ha‘ i“ousry ;""" ed for
fuel m xtures which are subjected tm&&gti on processing, such as for
exanple in Russian Patents 2,221, 633—2; , 619 and 2,115,176. The

di sadvant age of these nethods and respective devices is the |low efficiency
of the process due to the relatively |low vibration frequenci es under which
the liquid mediumis processed. 20 Al so known from Aut hor Certificate USSR
637,138 is a device for enul sion preparation, including fuel enulsions, the

devi5ce contai ning a receiver tammw, tank-neter, tank for
enul™si on, hydrodynam ¢ emul at or for supply of liquid
medi uns, enul sifiable conmponent and distribution of enulsion. The

di sadvant age of the aforesaid device 25 is that upon storage of the

ggglr ts Ie(;'@\els{)]@%g é'rgvaqrr]\hﬂttéptﬁatgg'flclz gln'?e 65 d g});?asrat\{\xg If&'hcaa?aq}ﬁg%smi)&usre %Pglfﬁél%ngnd
an additive. The invention has particular, but not exclusive, application in production of fuel
mixtures for marine engines, power generating facilities and other devices in which liquid fuel

10 is used to create other forms of energy.

BACKGROUND

15 Methods and devices have been previously proposed for fuel mixtures which are subjected to
cavitation processing, such as for example in Russian Patents 2,221,633, 2,075,619 and
2,115,176. The disadvantage of these methods and respective devices is the low efficiency of
the process due to the relatively low vibration frequencies under which the liquid medium is
processed.

20
Also knov;m from Author Certificate USSR 637,138 is a device for emulsion preparation,
including fuel emulsions, the device containing a receiver tank, supply pumps, tank-meter,
tank for emulsion, hydrodynamic emulator and pipe lines for supply of liquid mediums,
emulsifiable component and distribution of emulsion. The disadvantage of the aforesaid device

25 is that upon storage of the emulsion in the tank the emulsion separates which reduces its

quality and shortens storage time.



WO 2010/ 087780PCT/ SC2010/ 000019 2 Al so known is a prototype nmethod for
processi Rgo ho@restrspredi uns based on the interaction w t hp¢TisGobsdooeot i on of
aliquid jet flowng out of a nozzle mt its jogging (surge change of
direction), actuation of pressure waves vibrations and cavitation as
di scussed in Author Certificate USSR 497058. In this nmethod, processing of
t he |i qéis® knewinismai protetyee melbiodyipr rogesring audkmgdinmsiased gn dke interction wi
conditions of non-regulated circulation of the liquid mediumin the entire
vol une #fe ehstegtioneef a fiquid ist Jewingiost pf ®nezalmabits iopgipa (swae changerat diregfiodbul es
and danpi ng of pressure waves at a small distance fromthe generator. 10
Ther ef ometuationipkpigseie waresyibrations anst sayilation asdiscuspest incAghepzarificatg Y&SR
m xing, a |large anmount of time and energy are required, and it does not
guar ant 487@68& i ghl y di spersed enul si on. Al so known are devi ces contai ni ng
a receiving tank, supply punps, tank-neter, hydrodynam c 15enul ator, an
inl e branch pipe which is connected with an outlet branch pipe of the tank
for enul sion such as described in author Certificate USSR 1060212. The
di sadvatn Hhifemethadaipsocgesing ef the liqyisk mediurmis exeridtad dia Mibeations genpsater yader
| oop, the regularity of mxing is not ensured due to the concentration of
t he |i gthe exnsitione of nen-regulated eircudation af dhelinuid mediuns innie pntireayplwae 6f Mxgdpi ng
through the enmulator all volune |ayers of the m xture. SUWARY 25 The
i nvent i eedium,desndaey diskibutien jof disperreeneorapanient globyles apd idarmRingr elapiassureof
the invention are defined in the dependent clains.

waves at a small distance from the generator.

10
Therefore, a disadvantage of this method is that, for the qualitative mixing, a large amount of

time and energy are required, and it does not guarantee a highly dispersed emuision.

Also known are devices containing a receiving tank, supply pumps, tank-meter, hydrodynamic
15 emulator, an inlet branch pipe which is connected with an outlet branch pipe of the tank for

emulsion such as described in author Certificate USSR 1060212.

The disadvantage of this device is that in the circulation along the closed loop, the regularity of

mixing is not ensured due to the concentration of the light component on the surface, and

20 there is no guarantee of pumping through the emulator all volume layers of the mixture.

SUMMARY

25 The invention is defined in the independent claims. Some optional features of the invention are

defined in the dependent claims.



WO 01087780PCT/ S&2010i 000019 I nplenentation of the techni ques discl osed
herein may result in a highly honbgenous activated nulti-conponent m xed
fuel prodecwdo/estde®r wave and cavitation effect on the poasSERssd00019

mul ti - conponent nediumin the regi me3of non-linear resonance auto
oscillations. This may | ead to substantial savings of the hydro carbon
corrponelnt of the pr?par ed honogenous fuel, and the use thereof in diesel
engi nes MRIEMeRAtAN, g he d&?h%quegoqﬁﬁlpw ferri? maviresdt insgchighly hemogsnaws| e
in electrjc power generating plants and ot her conbustion devices. The

af o es AAdVEEHHAHLATIRGEEN, Miedafie] SrRtcad ST et anst CaYIEION rEhest o e
fuel preparation 10 there is |nplenented an _activation, for exanple

si mul t e%ﬁéead?v'w-&?maﬂ?e%@%d'%dn fhfereaima b ReRtigearfasenasce aykmBsdiations i on
and progessi n)? under c%vi tation_and wave effect in the auto-oscillation
regi me SHY BRY deAchie GybseNialesingse 86 dle yYAIQ FRED9R oSRIAPAEAL &f hAt Prgpared
oper.ating wave hydrodynam c cavitation devices being at the sane tine
gener at RfffaogsNoYs el 3 &ﬁ\}@e\/%?egf ibAigsel engitegder desiings shigs.raf RoxYRsHE Lther
activation and honogeni zati on _may 15 occur in any device in which )

cavi t at {¥FeSc U S AOF | AMPl i Aechic PaWST gepwating PinisaRNA PtBer Fomiustion

nol ecul ar  chai ns i n hydrocarbons whil e honpgeni zation i nproves the

uni for ff¥%Fe8f the enulsion in ternms of the distribution of the fuel and the
additive globules. As the result of wave and cavitation processing, there
occurs destruction of disperse 20 inclusions and aggl onerates present in

hi gh vifncos't fuels, such as ship fuels, while hydro stroke and thernal

| oads, MeRigresasiechieal aavll ks achiever dus. focthe factibat indbe mined fush Prensestional
chai\%ges in both the fuel carrying liquid and in the added conponents, such
as Wat dhefieofs dnplampested; an (3rtivalion, JPE GxapRles simuitangous, gstbeatiora of daixed fuele

hi gh-nol ecul ar, chains, formation of free radicals, electrization, nolecular
cr acki riRPMAOFANS Anddhein Remegenization ang RraeassngddahFavitatprandwae eifest ésthes i n
t he coll agsed cavitative bubble, tenmperature and pressure grow respectively
up to tHEOVEFIALEN ofegipe cafth firculparPfathe Prrrcersedymgdivm ethaeuah spaeqraantlyf
the process at non-linear wave processes, the devel oped cavitation occurs
due to RFEATOSWRYR ydipdvgymis savitakion dayices beied |alrthe samddimefoepaiaterat ofon
centers, and wherein the |arger part of the WO o

2010/ 0PI R Pl Go i other sypsdsysimultansque activation and hameogesizatiers may
conformng wth the sjize of cavitation bubbles in the range of 1-100 ntm
Thils droeshs A% deviceiRsVhich Savitation RseHs- Metivation Gaa hsccosideredps brrakingaof
processes, inclusive of cracking processes, at which high nolecul ar heavy
hydr oc dPb oleguiar chaing 4n (hydeasathons ehile fianeaesizatien Impfgves: tiet yrdfesmily ehthe
formation of chemcally active free radicals and processes of

f : LS
t her mo-RERPR ) teftas et thasistkidionof the fupliandsthe additiveraledules-oni ¢ hydr ogen.

As the result of wave and cavitation processing, there occurs destruction of disperse
20 inclusions and agglomerates present in high viscosity fuels, such as ship fuels, while hydro
stroke and themal loads, micro flows and cumulative micro-jets cause deep physical-chemical
changes in both the fuel carrying liquid and in the added components, such as water for
example, in the dispersed phase. This causes tearing of the high-molecular chains, formation
of free radicals, electrization, molecular cracking, ionization and etc. Due to thermo-dynamic
25 gaseous processes in the collapsed cavitative bubble, temperature and pressure grow
respectively up to the values of more than 102 MPa and 10* K. With the acceleration of the
process at non-linear wave processes, the developed cavitation occurs due to the discrete

energy distribution in the large number of cavitation centers, and wherein the larger part of the



Summati on of the main and secondary effects of wave resonance processes and
cavi t at iﬂ,?, Rideatsodl | ows a substantial increase in thepeghfdRipnoswief the
process of preparation of m xed fuel 4nith high therno-physical and consuner
properties and upgrades the process of its 10 conmbusti on and ensures
substanti al saving of the hydrocarbon conponent in the fuel such as
st andarehesdyi i3 danebntrB8H M- tHeEGORNEST caMomFn@MA theSizeSof Teayitatianuleubblesrin the
cavitating a mxture of a fuel and additive will now be described with
r espectrahge bht-180 omemp.afhyis drasticallyiintesssifilsdhe thermo-mass @xchange physigalpheoicat
flow sheet illustrating the overall process of the invention as perforned
by 20 oprecgsses,cnclasive pé tracking ppiogssesalt which diginmolecuigr heavyshydrogarkongéreii | ed
fl ow sheet, partly in cross-section, illustrating the principal conponents
of t he partdligrooevertadsintoreasydiailingrftpctionsawith tormetian obehemically astivasireg ragiegisd i n
opposed flow relationship 25 Fig. 3 is an enlarged cross-sectional view of
one Sof ardeprocasses of themso-chemicalFvajer decompasitionwith fwmational atomishydeggen. al ong
viewline 4-4 of Fig. 3 WD 20101087780PCT/ S&2010/ 000019 Fig. 5is a
schematic illustration of the principles of operation of a jet-stroke
hydrodynam c oscillator or a jet stroke device

Summation of the main and secondary effects of wave resonance processes and cavitation

effect allows a substantial increase in the efficiency of the process of preparation of mixed fuel
with high thermo-physical and consumer properties and upgrades the process of its
10 combustion and ensures substantial saving of the hydrocarbon component in the fuel such as

standard ship fuel.

BRIEF DESCRIPTION OF DRAWINGS

e —————————————————

15
Techniques for cavitating a mixture of a fuel and additive will now be described with respect to

the accompanying drawings wherein:

Fig. 1 is a process flow sheet illustrating the overall process of the invention as performed by

20 one preferred system of physical components

Fig. 2 is a more detailed flow sheet, partly in cross-section, illustrating the principal
components of the preferred system including a pair of cavitation streams arranged in
opposed flow relationship

25

Fig. 3 is an enlarged cross-sectional view of one of the cavitation streams

Fig. 4 is a cross-sectional view taken along view-line 4-4 of Fig. 3



A cavitation apparatus 500 for cavitating a mxture of a fuel and an
additive conprises a cavitation stream 2, wherein the cavitation stream
conpri sewoeoewesttser j et device la, a jet stroke devi ce Adr/ssmz0i0008mpr | i ng
cavitation device Ic and the apparatds is being arranged for 10the m xture
to be passed through the cavitation stream This arrangerrent wll be

di scussed in detail below, in the exanple of Flgt , the cavitation

appar atfig- 5d® af sehematic domtsationesf ey %{Wlpﬁ oferesatioar ofct iqtsirake bydrogynamig
wor ki ng tank. In practice such as on a ship, the tank 14 may be one of the
fuel 15°56fl8loAgea igAlteka @Pvige ch standard Iiquid fuel is supplied through an
inlet line Avia a control valve 15. The fuel nay be one that is
conventionally used for driving ships and engi nes. However, in the exanple
of Figure 1, this tank also includes a heater 14' for heating the liquid
therein to a tenperature in the range of say 70C to 90C dependi ng on the

t heaol ogi cal properties of the particular fuel. The rheoi ogical properties
of & fluid are properties Ii kewm&sti city which affect the
fl ow characteristics of a fluid, The purpose of heating and the extent of
heating the fuel is to bring the theological properties of the fuel to a
desired value, so as to facilitate a desired m xing of the fuel and an
addi t i VA caxiption ARPRTAluT SR Ak Aavitating acmiwecofR gl angramaddiie cadarsss/ @ as
descri bed hereafter, enters the systemat inlet B and passes through a

f 1 ow- medeatipn SiFR@Ms 2 wharedn e 9%1‘!"6‘&!0’! streaip compdiseTa cwhteaiieli ¢ryie® Jacaigh
meter 12, and flows into the inlet of a punp 1. The punping action of the
punp | siroke deviendlbrand 2 gwirling eavitalien devicg ¢ apd e awqr #up b ge't‘ﬁ@"‘laﬂsﬁd &nd
the additive mxed in their desired proportions.

2016/ 0ghe suren adErassed tuensthe srtation siiepry Jbis amegemszmtumlé bgdiscHesgd 8|

and the additive through Iine D, containing a nmanoneter 7, into split
br anch detaikkelew. where the mixture is divided into multiple streans, and
t hrough which the m xture flows to the respective inlet ends of
opposed-fl ow wave cavitation streans 2 and 3. Preferably, a flow control
valve 5 is provided in one or both of branch lines E. The mxture is
pr ocesdedhe axample of big: f athe i vilatioaappamateme0XBfurtasr garprisgs artaple 14.Lherginafter
descri bed hereafter. _
referred to as a working tank. In practice such as on a ship, the tank 14 may be one of the fuel
15 storage tanks to which standard liquid fuel is supplied through an inlet line A via a éontrol valve
15. The fuel may be one that is conventionally used for driving ships and engines. However, in
the example of Figure 1, this tank also includes a heater 14’ for heating the liquid therein to a
temperature in the range of say 70°C to 90°C depending on the rheological properties of the
particular fuel. The rheological properties of a fluid are properties like viscosity and elasticity
20  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. An additive component, for example water, or
another additive as described hereafter, enters the system at inlet B and passes through a
flow-meter 11 and a regulator valve 13 into line C, containing a vacuum meter 12, and flows

25 into the inlet of a pump 1. The pumping action of the pump 1 also draws the fuel from the

working tank, with both the fuel and the additive mixed in their desired proportions.



The cavitation apparatus further conprises a resonance chanber at point F,
and the wReRepesschanber is arranged to receive the efddigoiddonopt he
cavitation stream 2. 10 Alternatively in the exanple of Figure 1, the
effluents fromthe wave cavitation streans 2 and 3 are reconbined in a
resonance chanber provided at F, fromwhich the joined effluents pass
t hr ouglPummel discidrges tise aixtarehofritge fuek @and 4hé cadditiven throughnlinei ncontaisingoa ki ng
tank 14 is arranged to be in fluid comrunication with an outlet 4' of the
honogemamometen? dhtoesplibbrasch liresdinwheire thet mixfurevs divided inte multiplecsstreémsoaing he
honogeni zer and through a control valve 9 to the 15 working tank 14. The
emul si dhroaghiwhictothednixbume fewseita the tebpective dvst ertds of pipposad-tave wavengavitatioh t he
wor ki ng tank, and control valve 10, to one or nore ship's diesel engines,
or to wieamset anst Bt referatily st flowncatdrol valivendiis frovided inrang ardobeofftuanahdines E.
Alternatively, the cavitation apparatus further conprises a recycle line 8
bet WeerThehmixiure k$ papcBgsedaniwake cawithtioh streams t2aandd, ast willdhesmotenfutlyhdesexibeg| e
of Figure 1, once the system has reached steady state operation, by virtue
of recihecedfteri on t hrough the recycle line 8 and the rest of the system
descri bed above, sone or all of the honobgeni zed enulsion in tank 14 may be
di scharged through Iine J to the engine or other conbustion device. During
the recircul ation process, fresh fuel or additive nmay be added to at | east
a portilhe cavitdion eappasatos fudherheompriselsea2@spnanser thamberf at ipeint el archdhe he
additive in the enulsion as required. In another alternative arrangenent,
t he emresormmcé r chambies isutiranged tofrecdiee HberoefBudnt efrom| thes cavitation | sfream tZhe
conbustion device. In this regard, it will be understood that such
r ediOr c UAlErmativelyrinl thelexampée ofl Rigure\), thelfi s wBoP e GMIalmgreamsZand 3 on
of the process flowis controlled and may be varied by the operation of
val ves de réconthineDinam cesbBandget thanhteer poovided atnfs, feam mdwdht tbe deingd effiueniswiaes s 7,
12 and flowneter 11. The emnul sion before being supplied to the conbustion
devi ce tbuwgh dimeaGsihiopa mstatienhemaggenizarsed/ te dortre pe refhuigionn Thé avariinaiitarkndftis The
enul si on provi ded

arranged to be in fluid communication with an outlet 4' of the homogenizer, which enables the

emulsion to flow from the outlet 4' of the homogenizer and through a control valve 9 to the
15 working tank 14. The emulsion of improved homogeneity, then flows through outlets H and | of
the working tank, and control valve 10, to one or more ship’s diesel engines, or to whatever

other combustion device may be desired to be fueled.

Alternatively, the cavitation apparatus further comprises a recycle line 8 between the working
20 tank 14 and the cavitation streams. In the example of Figure 1, once the system has reached
steady state operation, by virtue of recirculation through the recycle line 8 and the rest of the
system described above, some or all of the homogenized emulsion in tank 14 may be
discharged through line J to the engine or other combustion device. During the recirculation
process, fresh fuel or additive may be added to at least a portion of the emulsion to change the
25 proportion of the fuel and the additive in the emulsion as required. In another alternative
arrangement, the emulsion from the outlet 4' of the homogenizer flows directly to the

combustion device. In this regard, it will be understood that such recirculation and the overall



an enul sion of inproved honogeneity, A nore detailed description of the
operation of cavitation streans 2 and 3, as well as the overall process,

wi || nowwee0d&essrdobed with reference to Figures 2 to 5.PCASG2010080Mat ed i n
Figure 10 3, the cavitation stream 27conprises an outer |iquid proof casing
100. An inlet 102 enables introduction of the m xture of the fuel and the
additive into the cavitation stream 2. The m xture initiall rs the
count er OResRtiIANRfitRR Plagess @?H’é? eiroliedhapd mey tl?e‘f%@g%ytth% °E%’§f'$/fg Y?z"

count er jet devroa]The cguntezmhet devhce | a has ? cavity 104 an in th|s
exanpl 2 WANG 1 wth e coadijens asihanitared oy MagRmgies quymetes 1 fhr ough the
inlets 106, the inlets enabling the 15 formation of jet streans as the

m xture floms through the inlets. In the counter jet device, the inlets are
arrange. mann uch t hat ets are forned osi.te each ot her

anabl e Pade PO BaGre beng shenes thind %ﬂh%&or&a\efr'eeysue%rﬁ%sa 31 BRATL AN AR e
cavitatio bl es to appear and col Laps The mai n pur pose of the counter
j et 5dev‘P%Beft‘t§ fRReMIRoTE HeeAgirespenth &h P@H@&‘éﬁ%ﬁ% &r’@eé’ﬁﬂ‘bﬂ?@'\ Vit&r '
cracklg%]of the additive globules The above construction 20and working is
appl i caBl eMtigionipd RIaVREROTeFeN§8Yi ce I b as well. In the exanple of Figure
3, the counter jet device is fitted to a jet stroke device |b. The jet
stroke devices are also referred to as jet shock wave oscillators whi ch
convert a part of the energ ¥fof a turbul ent subnerged % into th? ener gy

of acoudtMee griaileddescrgtian Gicthe ?Rﬁﬂ?‘!?"] @‘t"af"f B AT ANd Ho3 el é@a‘r’“ﬁst
an obstructlon of a_certain formand sjize. In _this exanple, the obstruction
is the ?¥f3 EQ‘PS‘?SSpWF‘t’]%be ‘i‘ﬁ%"@?gt"ﬂﬁhtf&?%%‘s’ed? Flaress @a@r%ﬁt@“ﬁ%@ igure
reverse_effect_on the jet creatlng an auto oscul ation regi ne due

pulat | Hribeicavitaiien éH@FF‘a% iCOMPEPEH AR SUIRE diaHie: RIBRCATNY Kk Aneinigh d 0? rf‘é‘ab'es
obstruction. As illustrated in Figure 5, nuneral 16 represents a

2011)/ ogtredusben PShe isuED oS fige! @Bﬁ |t’a°a?d‘E‘§Mei iRfadpe ﬁ%‘ﬂtﬂ'g" lERATMG- Bhg B‘EXt‘JGt | et
17, and nuneral 18 represents the obstruction-reflector. In the exanple of
Fi gur e iBitiafy gniesy theotountrs plerpdea df flam arcleaancsape bSF”e&"c‘DB @Redranigthe
formation of a cavitation area, the contents of which with certain

f r equenelpnfes istdeyiEs- dbe cPrRiRT jat deyige ﬂpehqseq FREY 01043015k in Hicexasplecyltivle
portion conprises of a curved surface e concave, .conve

her spHaleft 106 thenfixsire aryers be caub, 104 mrwh 5 than inlefy 19$tth?:éﬂ'et6re"ﬁ9'ﬁlﬂr 61 i c.
For eXC|tat|on of i ntensive viprations, preferred condition is as

f ol 1owsformationef/igf; steags 3 fgdpisturs fipws t“l'T@”Q'?s%hee'E'FGﬁ- Iny thenequster it feyice; Bet ne
di aneter of the nozzle. The above range provides a suitable condition for
cavi t atinists 8¢ Frnged '@a/m@awowcectem% ejigtstaie fpraredspprasie gach eleq gaakling
pressure | oss resultlng fromturbulence when the mxture is throwm fromthe
nozzl e ¥BakaReOf wruiance ingidn theofRVvitynf s dyBWeRce sausediqexation bubalgs de aPB?Qf dal
formforned between the faces of the nozzle and the reflector #OFtIOﬂ

ot her viiti£olianse. fihgumain PHIRoge nefs thensowtanietofevice is the homogenizing of the

processed mixture and preliminary cracking of the additive globules. The above construction

20 and working is applicable to the counter jet device 1b as well.

In the example of Figure 3, the counter jet device is fitted to a jet stroke device 1b. The jet
stroke devices are also referred to as jet shock wave oscillators which convert a part of the
energy of a turbulent submerged jet into the energy of acoustic waves as the mixed liquid jet
25 flows out from a nozzle against an obstruction of a certain form and size. In this example, the
obstruction is the reflector portion. The disturbances or perturbations produce a reverse effect
on the jet creating an auto oscillation regime due to pulsations in the cavitation area formed

between the nozzle and the obstruction. As illustrated in Figure 5, numeral 16 represents a



15 donut, wth cavitation occurring on the axis of a cross-sectional area
of such alanphsrrddre preferred speed of liquid flow in gdigsd@iodmbioke
device is around 20 - 30 nis and the goressure is around 0.2 - 1.0 MPa. The
frequency range of the generated vibrations is 0.3 - 25 kHz. The cavitation
process in the jet stroke device involves appearance and aval anche |i ke

gr owt h esinical exlindensisizae havingca jetadullet! 17nand qumeralald rapcesentsuiiel ebstruptian-
size of around 10-9mm The 20 col |l apsing of cavitation bubbles is not
symmet riefector] In theaexaopieaeli Fagurep, therfaem iob thegefleatens i theshape el pun ensurindes.
Accordingly, the jet stroke device increases the efficiency of the

cavi t atfoomatisny efargavitatioriargayine ticontentaoef whichowith erdain frgquensids thsowt owldram

whi ch woul d subj ect the device to wear and tear, 25 and require _

r epl acethemozzighreflegior eonso 16e rraledtarpattion eemRrises ofa awyed cHpace, @pd hry pet
stroke device 2b as well. WO 2010/07789PCT1SC2010/009019 9 The casing 100
has Sa peancave,oeenyvex, hemisphesicale eanicalagylindrigal; elipsqidal, elipticahgr hyperbolicaFor
surface of the jet stroke device Ib to the circular inner wall of the

casi ng e@datiqrhefdntengive vibragons, laj piefetred corditiandp a6 MlowR: bet ween an upper
portion 116 and a | ower portion 118 of the internal volune of the casing
100, This is to prevent the fuel entering the casing through the inlet 102

to enter a swilling cavitation chanber 10 directly, w thout passing through
t he couhtdéh/di&6 device Ia and jet stroke device Ib. This is discussed in
nore detail below As illustrated in Figure 3, the mxture exiting the jet

stroke device I b now enters the swirling cavitation chanber |c through the
inlets 120. It is known in the art for inlets 120 to be 10 tangenti al

i nl ks, where dP1 (s Sreutaliectar diameterrands dbis die dinmetaraf the nopzle.hEhe aboveyrapget he
swrling cavitation device. The swirling flow i nduces wave and cavitation
ef f ect pravides auruiable conditien ton cawtatind touareus. Cavilakipn areuss inedel stinke gevice
oscillations are non-danped oscillation occurring in non-|inear systens,
whose afisl ot pressurs legsaresylinguisons urbelenre when dhemixtergris tyown (fioAythediozdlg tof
time and are independent of the initial conditions. The auto oscillation
regi me rireflestorportinn. stkiis enalpscncavitationnareasf tareidalferre farmed betwaen|the fasgsency
and the auto oscillation frequency are the same. Due to the non-danped

nat ur e @ffthemozalecand tei reflector: pastiem Joiatbenwverdsi therflovoef fivid hgs dhrisbapeef ahe
fuel and the additive cause collapsing of the cavitation bubbles resulting
i n It edrnat.cwith cavitalian oppwTing oguba @xisoef @ tegoss-sectional area of such a donut. The

preferred speed of liquid flow in the jet stroke device is around 20 — 30 m/s and the pressure is
around 0.2 — 1.0 MPa. The frequency range of the generated vibrations is 0.3 — 25 kHz. The
cavitation process in the jet stroke device involves appearance and avalanche like growth of
steam bubbles and contained in liquid gas micro bubbles with a size of around 10°mm. The
20 collapsing of cavitation bubbles is not symmetric and is accompanied by formation of

cumulative micro jet strokes.
Accordingly, the jet stroke device increases the efficiency of the cavitation streams 2 and 3
with no moving or rotating elements or parts which would subject the device to wear and tear,

25 and require replacement.

The above construction and working is applicable to the jet stroke device 2b as well.



20 pressure waves in the swirling cavitation device can be in the range of,
say, a few hundred Hz to, say, 50000 Hz. In the exanple of Figure 3, the
count er ywet2odeed7es®, t stroke device and the swirling c®TISR20UM00EYI ce are
provided in a sequential arrangenent 9whi ch enables a joint coordinated
operation 250of all three devices producing a synergistic effect, which is
expl ai ned below, The intensity of cavitation of the jet stroke device is

gr eat er The,ea$Ing 110 has § H@'tlgghﬁ@pvhjtrgte)qﬁ\gipé@lally\HQm the external circular surface of
2010/ 087780PCT/ S620101000019 10 Sim larly, the intensity of cavitation of
the swi V‘Pilﬂg?t"e'éﬁli’?"éﬁq BhtodBe ictreulasingeraylif thengasingnti0. Busirevidiag adiapigipsoof
device, which again results froma corresponding relationship with the

t ur bul eFRR8ratiQN P5RYeefan yRPer BOTtieRS 16-pRd arlpwai RATHSN b8 ¢fithe interaalyplese phibg| ved
in the cavitation process also increases gradually fromthe counter jet
devi ce FAFGUYID-tThis isde rreyesitdhe dyel qntering: the f@ﬁmmt?\/wggeaw indeti Hi? tpeonieea | f
the intensity of cavitation increases, the globule sizes of the conponents
of the $Wiipgcavitlien eaamier ¢ direatly ewitaub papeng fhreughsthe ceppiep ist devige g and
techni ques di scl osed herein. Mreover, the cavitation and the reduction in
the gl oBt$tEokeidgwce Al Thiv sudiscusped ianerg detaikbelay. device serves as a
preparatory stage for the cavitation and the reduction in the gl obul e size
that occurs in the jet stroke device. Simlarly, the cavitation and the
reduction in the globule 10 size that occurs in the jet stroke device
serves Asillystrted iy Biguiey3.stha geixiuge exifieg theviet airoksrdayicg ttheow eatrrs theswidinghe
gl obul e size that occurs in the swirling cavitation device. A technical
advant agvitaion; eambear, to fuaugh thes inlefgt 130,dt isnkrayd iy the artaler trietsoh2q tebeases
gradual |y thus providing a nore efficient breakdown of globules into

small ertapggntial inetsehih praduses s swirlingdlion &) then mbperiasing the taqxity 81 theaswiging
stream 3 of Figure 1 as well. The cavitation streammay follow a different
or der i FRVitRONFeviceg dhe fwiding flaw ipdusascvayeandeyitation plectdn agLaute OsFiliatioand
the swirling cavitation device. This order nmay be dependent on the

vi scosi fegims whigh isgielagfed hadow.uel , additive and the mixture of the fuel and
additive or the 20hydrostatic pressure involved in the cavitation

appar at us.

Auto oscillations are non-damped oscillation occurring in non-linear systems, whose amplitude
15 and frequency remain constant during a long period of time and are independent of the initial
conditions. The auto oscillation regime exists in the swirling cavitation device where the natural
frequency and the auto oscillation frequency are the same. Due to the non-damped nature of
the oscillations, the ensuing vibrations of the globules of the fuel and the additive cause
collapsing of the cavitation bubbles resulting in intense cavitation. The frequency of the
20 pressure waves in the swirling cavitation device can be in the range of, say, a few hundred Hz

to, say, 50000 Hz.

In the example of Figure 3, the counter jet device, jet stroke device and the swirling cavitation
device are provided in a sequential arrangement which enables a joint coordinated operation

25 of all three devices producing a synergistic effect, which is explained below.

The intensity of cavitation of the jet stroke device is greater than that of the counter jet device,

which results from a corresponding relationship with the turbulence in each of the devices.



Thus, the fuel additive mxture is subjected to wave and cavitation
processi Rgp ag0ds58s | bed above before entering the resonapecHi@sder at F
havi ng paraneters conformng with thaoanplitude-frequency characteristics
of cavitation streans 2 and 3. In other words, any system 25 or chanber has
a resonant frequency, which is the frequency at which resonance occurs.
Resonan8imilagy dibeiintedsitysoftcavitation dé theyswiflingvavitation elevice in grsiatdrdhan that ofahger
anplitude at sonme frequencies than at others, the frequencies being the
r esonanjet streleudenides svhicBcagaintelsylts fnem reecosresponding: tplatiooghip withitke tuybulennei i
dependent on the shape and/or volune of the system WO
2010/ 08gad0sidine devioas. Thedamusndynoftinessureewaves ipxelued in, the [savitation peasess alanber
provided at F is designed such that by selecting suitable paraneters |ike
| engt h ina¢adesigrmdually from the nonatec it dexice dhrongly the jed strake) deviee tchtheeswirling
resonant frequency with respect to a frequency characteristic of the
cavid at catation devige. TH éhef intenaibnefcayliationdnereaseas, theoglobyle sizag of thei componertam
may be defined as the frequency of the pressure waves involved in the
pr ocessofothecaiityratdesreasas.t Acsmidier globulef sizdds peefeérablei inrthe ttechminsies digetbsgd and
preferably the frequency of pressure waves of the effluent com ng out of
t he cavheraini dorenveadhe cavitetioreandthe a¢dustionmin thg glabule: sizesthat ecentganthe cdustero
ef fect resonance in the resonance chanber. 10 The valve 5 nay be provided
on bot hiebderiesheerves as A peeparatorytstage fohbefdaitation anddherfedugtian infthe glebyle sizeand
the additive through the cavitation streans 2 and 3 is arranged to foll ow
t he bel at pegursimtheQetsicrksi demicel Simitagly ethe @yitationt angl thexredugtion lin iher giobule
t hrough each cavitation stream2 or 3, wis the eigen angular frequency of
r esdhangize thadmiseursqn dhe jet strokecdeviceeservescas egitaparatona siage tfergibe shvitatien apdv e
flow condition is to enabl e generation of resonance phenonenon inside
chamber the. redogtian iabthecalpbuiey sezentihat poeuralin dhe swiding: savitationsisyise advigahnigad | n
the event of having a single cavitation streamin the cavitation apparatus,
wher e Oadvaotage ekthieamangdmenirie thalethel iplensily of xavitatiori inceasesogradually twsough
the cavitation stream

providing a more efficient breakdown of globules into smaller units.

15 The process described above happens in the cavitation stream 3 of Figure 1 as well.

The cavitation stream may follow a different order in the arrangement of the counter jet device,
jet stroke device and the swirling cavitation device. This order may be dependent on the
viscosity of any one of the fuel, additive and the mixture of the fuel and additive or the

20 hydrostatic pressure involved in the cavitation apparatus.

Thus, the fuel additive mixture is subjected to wave and cavitation processing as described
above before entering the resonance chamber at F having parameters conforming with the
amplitude-frequency characteristics of cavitation streams 2 and 3. In other words, any system
25 or chamber has a resonant frequency, which is the frequency at which resonance oceurs.
Resonance is defined as the tendency of the system to oscillate at larger amplitude at some
frequencies than at others, the frequencies being the resonant frequencies. Generally the

resonant frequency of the system is dependent on the shape and/or volume of the system.



As descri bed above, the effluent fromthe resonance chanber at F is
arranged to enter the 25 honogeni zer 4. A honogenizer is used to forma
conposi t Wen204/08§779r oved unifornmty of all the conponentPETHGEEWA0QIA t he
effluent resulting in an enul sion, WO 2010/087780PCT/ SG2010/ 000019 12
Accordingly, the initial fuel additive mxture is subjected to one or nore

of the previously descri bed processi ondi tjions .includin ressure ve
b e 1BBS ] ckengl. e espence HEPeL PiHS s o Heeied uRR TheL by
changes |ng¢ludi ng . teari ng of _high-nol ecular chains, formati on of free

¢ adi calelecting spilsbie, Hammeta, L, flenath @ndcHiRmBter; B tesPnaRFeaRigmber may b

t herrno-chem gal, water decomposition with the forpmation of atomi ¢ h ogen

T o R Ja INpVa s Lo soRent ranuanicy i Esmeet 1,8 Bedvenp Shadfste & dhS Thnt

the m xture of . the e] and the additjve js arranged to fl oygh .t he

i 11 ABEoR SER D, TS P abngY SRamr e IS edhS caUEhaaS e My RaAthned S h o ot
roper of the swirling cavitation device. Preferably, the above

P OB s oo (B e, WRLTS BUOBS % i Biocpuof Gatiatinn e RYIfes: 4 dne s

executed at. fl of |iquid ase /sec) thr h each of irli

oxet L atruton Eass 2 i ADd reielny T4 Roegty o PSR I ARS o hRctdent

equation: .5 70 ere d_ - equivalent dianeter of the.inlet channel ., d

e B o g CayIGHan SERAT oo lesPBARIFIvERIG0s 0! i BTegrRt ISfo Hhi:

channels d of the swirling cavitation device (n2), n = 3.1415. The

t echni 6%?°"§H9%th§§éesﬁpﬁn\ﬁeo°é”@"1ﬂ?’-t he above condition is to facilitate

achi eving an optinum gl obul e size, which results in an enul sion of inproved
honogeneity. The cavitation apparatus is arranged such that an internal

di t of the counter jet device is selected wth respect to _an in]et
pr Sfor thpegeiverEmay biyrepvidest on Botrcaranahesra fiae Byso habine diom atdhe Aiferesk B en

the inlets in the counter jet portion and its internal diameter is
descr i 666l 209t donive Byl Fior fRtation gheams;e and S = ananged 10 Tollow the below
pattern:
Q = Qgsinwt

15
wherein Qq is the maximum flow rate through each cavitation stream 2 or 3, w is the eigen
angular frequency of resonance chamber and t is the time. The technical advantage of the

above flow condition is to enable generation of resonance phenomenon inside chamber F.

20 The above flow condition also provides the above advantage in the event of having a single
cavitation stream in the cavitation apparatus, where Q and Qo respectively are the flow rate

and maximum flow rate through the cavitation stream.

As described above, the effluent from the resonance chamber at F is arranged to enter the
25 homogenizer 4. A homogenizer is used to form a composition of improved uniformity of all the

components present in the effluent resulting in an emulsion.



WO 2010MB7780PCTI SG2010/ 000019 '63 where D2 is the internal diameter of the

counter @b 00foki78¢, d2 is the equivalent inlet dianet eﬁcﬁg(;jomo(ﬁ@l@nt er jet
portion and n is the nunber of inletgyof the counter jet device. d2 =

4(4Shr), where Sis the sumof the cross sectional areas of one or nore
inlets of the counter jet device The relationship between the equival ent

di amet eAccordinglynitied nitiefl fudd eaddditivel mixture dy istibjected tdeoriec er aitle efj Uhey previviusly

di aneter d2 of the counter jet device is described by the follow ng

f or nul adesktribed.pgodessing Todditidhs THokidingcpressiad wave anbratiens) fdestniction @fidisperse i s
to provide optinmum conditions for maintenance of turbulence in the

cavi t at inclusiins ¢ aleep Thleysiaiitisensinale khdrigeg inblading ntegaeing zefr high-rmolecuiznr ohaids,
honogeni zed enul sion of fuel and the preferred additive, such as water,
wher ebyfarinatiors ob &rea radiedis,a¢lectrizdtion, swlesuant ¢ratking, gomiadton drid theengyhemigalbe
produced froma given volunme of standard fuel conventionally supplied to
shi p5 ewgltarascompositidmawitH the farmaties efatbmiciyeddearalicasrredbushndesedbedes of al |
types, and particularly for the generation of electrical power such as in
steam driven el ectrical power generation plants for exanple, 20 As a result
of all of the above, the activation of water under cavitation and wave

ef f ect The tdagitatiogi appacdtus s atrangeal suchsthab thee mbdurei ofethabiugl amdt theaadditiviehis
eventual saving of the hydrocarbon conponent, and the joint concordant
usage ofrrangezintoviiow tndughahe syitingl gandtiation devices atsa dibw rate selected with respect to

an inlet property of the swirling cavitation device. Preferably, the above processing and
10  preparation of mixture of the fuel and the additive is executed at flow of liquid phase Q;
(m®/sec) through each of swirling cavitation devices, shown most clearly in Fig. 3, according to

the equation:

5 d°<Q,S 70d° ,
15

where d - equivalent diameter of the inlet channel (m), d = \/4_6'_/_7;, where S - sum of cross
sectional area of one or more tangential inlet channels d of the swirling cavitation device (m?),
= 3.1415. The technical advantage provided by the above condition is to facilitate achieving
an optimum globule size, which results in an emulsion of improved homogeneity.

20
The cavitation épparatus is arranged such that an internal diameter of the counter jet device is
selected with respect to an inlet property of the counter jet device. Preferably, the relationships
between the inlets in the counter jet portion and its internal diameter is described by the
following formulae:

25
D, > d,V¥n



different operational principle, as described in the proposed invention,
results in a synergistic effect which increases the eventual fuel savings
Al so t hewprot®es7seg of the prepared m xed 25 fuel conp@®@earsGR0i0M0ete regi ne
of non-liner resonance effect substaWially reduces the energy expenditures
for the process. In addition, the design the block of hydrodynam c bl ocks
produces an _integrated unit which does not contain rotating or noving
conponeMiede e isingdptemal digmetes phihesrrptepict Padion G ivheauyalent ipkhdRagmeliatn
ensures high reliability, long service |ife and absence of the necessity
for maithe SAUREEIS S0io8 419 Tuik MeghurmRercatpisls, ol e GOBRIPS ist dovied, deg NS &
the additive co onenf to be mxed with the fuel, water is the preferred
addi t i V&8P iR Sutp Bl e &f9sssectindabareas gt ans orsperedpietsigh it caunter jrt dgviegent
invention is not limted to the use of water as the additive may be ot her
liquid nmediuns, highly dispersed powder conponents, and gases. Alternately,
the _addjtive may be a conpound that contains hydrogen and oxygen apart from
ot her elhenfsiationship betnren the gguiyalgnt digemaigr,d ete'n§t~°ce 6 rling sRYiiatipn gevice
hydrocarbons, 10 Al the individual devices nentioned above are capabl e of
si mul t AEGRIVAEN diametit daptithe srYRieRies deviemis desciheddy the fdlewingifermuaineous
activation and honobgeni zati on may occur in any device in which cavitation
occurs. Activation can be considered as breaking of |ong nol ecul ar chains

i n hydrocarbons whil e honogeni zation inproves the uniformty of the

15enul < 5R-6/P-$%fns of the distribution of the fuel and additive gl obul es.

10  The technical advantage of this condition is to provide optimum conditions for maintenance of

turbulence in the cavitation stream.

The emulsion exiting the homogenizer is an improved homogenized emulsion of fuel and the
preferred additive, such as water, whereby it has been evaluated that substantially greater
15 energy may be produced from a given volume of standard fuel conventionally supplied to ships
engines, or other fuels presently used for combustion engines of all types, and particularly for
the generation of electrical power such as in steam driven electrical power generation piants

for example.

20 As a result of all of the above, the activation of water under cavitation and wave effect in the
regime of non-linear resonance considerably increases the eventual saving of the hydrocarbon
component, and the joint concordant usage of a few variants of hydrodynamic devices of
different operational principle, as described in the proposed invention, results in a synergistic
effect which increases the eventual fuel savings. Also the processing of the prepared mixed

25 fuel components in the regime of non-liner resonance effect substantially reduces the energy
expenditures for the process. In addition, the design the block of hydrodynamic blocks

produces an integrated unit, which does not contain rotating or moving components or electric



Accordingly, it is to be understood that the foregoing description of one
preferregyephgdsgnt of the present invention is intendgéyécobgoopsivel y
illustrative of the principles of thesinvention, rather than exhaustive
t hereof, and that changes and variation will be apparent to those skilled
20in the art, and that the present invention is not intended to be limted
ot her t bbaingwidotpreasarey High réliability, i long lservica! lifewamd) absenoss of tHeb nEtaAbiBforl. A
cavitation apparatus for cavitating a m xture of a fuel and an additive,
t he apparaiitesancersenigngduringdhe exglditation periehm t he cavitation stream
conprising a counter jet device, a jet stroke device and a swirling
cavitation device, the apparatus being arranged for the m xture to be
passed t hrough the cavitation stream 2. The apparatus as clainmed in claim
1, furt Méth respectdiontheaaddittencommonehtitdbde mixed vjtind tHeofuet cwater isatheepriefenedt
fromthe cavitation stream 3. The apparatus as clainmed in claim 2,
ar r angeddditive fdrempstx applieatizinst dee pfavidusiynstated e Hadeivér, \tike tppedeinbimvehtianughndthe
cavitation streamat a flow rate selected to produce resonance phenonenon
i nsi de tilided és dmnnee of natdreas theladdilive ayap dreadther liguid lmedierds, higilly alispers2dor
3, wherein the resonance chanber is arranged to have a resonant frequency
sel ect edowderhcorezmeots, tind gases dAliernrcyjely, the adtitive siaycbeo dongpoaad it tcontains
stream 5. The apparatus as clainmed in any one of the preceding clains,
ar r angetydrogenr hed pxygenrapattdrabd bthenelehrentsy Mdrémves,vthe ladditjve enaytbeta comphaindc e
at a flowrate selected wth respect to an inlet

comprising hydrocarbons.

10
All the individual devices mentioned above are capable of simultaneous activation and
homogenization. In other words, simultaneous activation and homogenization may occur in
any device in which cavitation occurs. Activation can be considered as breaking of long
molecular chains in hydrocarbons while homogenization improves the uniformity of the

15 emulsion in terms of the distribution of the fuel and additive globules.

Accordingly, it is to be understood that the foregoing description of one preferred embodiment
of the present invention is intended to be purely illustrative of the principles of the invention,
rather than exhaustive thereof, and that changes and variation will be apparent to those skilled
20 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



property of the swirling cavitation device. 6. The apparatus of claim5,
wherein the inlet property is derived & oma sumof cross sectional areas
of one or nore inlets of the swirling cavitation device. 7. The apparatus
as claimed in any one of the preceding claim wherein an internal dianeter
of the counter jet device is selected with respect to an inlet property of
the counter jet device. 16 8. The %M:“at us as clained in claim?7,
wherein the inlet property is derived froma sum of cross sectional areas
of one or nore inlets of the counter jet device and a nunber of inlets of
the counter jet device. 9. The apparatus as clainmed in any one of the

pr ecedi hg® ERYIaYPN EHRBIATUSHPr £aNERFg ehimiErreafl afgRndbar addifive hRerRPfatRent
of the fuel and the additive fromthe resonance chanber. 10. The |
appar atqes"raising| aradigtion skeamnite, cavilplidnesireant COMPHYNS aneuRieh dett avice: & et ui d
comuni cation with an outlet of the honogenizer and an outlet fromthe

wor Ri ncptickp eyiss andp sediing cawatiendedse ihe 3PP2raBwbeiag PFANGRV/OE e mixture 1he
apparatus as clainmed in clainms 9 or 10, the apparatus arranged for passing
t he emBespassed HspHantbe sayritaden §Feafe honpgeni zer to the combusti on devi ce,
1512. The apparatus as clainmed in clainms 10 and 11, further conprising a
recycle line between the working tank and the cavitation stream 13. The

apparatus_as clainmed in claim1, wherein the apparatus conprises nultiple
cavi t at3-dihesqrnasates a9 glaimed in claim 1, further including a resonance chamber arranged to

receive an effluent from the cavitation stream.

10
3. The apparatus as claimed in claim 2, arranged for the mixture of the fuel and the additive to
flow through the cavitation stream at a flow rate selected to produce resonance phenomenon

inside the resonance chamber.

15 4. The apparatus as claimed in claims 2 or 3, wherein the resonance chamber is arranged to
have a resonant frequency selected with respect to a frequency characteristic of the cavitation

stream.

5. The apparatus as claimed in any one of the preceding claims, arranged for the mixture to
20 flow through the swirling cavitation device at a flow rate selected with respect to an inlet

property of the swirling cavitation device.

6. The apparatus of claim 5, wherein the inlet property is derived from a sum of cross sectional
areas of one or more inlets of the swirling cavitation device.

25
7. The apparatus as claimed in any one of the preceding claim, wherein an internal diameter of

the counter jet device is selected with respect to an inlet property of the counter jet device.



14. A nmethod of cavitating a mxture of a fuel and an additive, the nethod
conprising passing the mxture thr ough16a cavitation stream the cavitation
stream conprising a counter jet device, a jet stroke device and a swirling
cavitation devi ce. 2515 The method as clainmed in claim14, wherein the

addi tive contain na The, net hod. a d.in claim
14, whét €l ‘tq?@razld%g % r\/\g?' ¥gw[i19rem1ﬂ?e 'L}ﬁteprﬁg?'ﬁ%& ‘i"s“@?ﬁﬁtea S fﬁal m
14, wherein t a fuel conven onal d for drivi d
engi neross socldnsl Siaas ' o ot s BTREF RblrrRUky 1 5Evie =of Bl ik B '89%75‘fn
V\,herel the thocijFt conpri ses 5passing the m xture through a resonance
chanbe e FOMRSHE RISt of the cavitation stream 19. The nethod as ¢ a med
in claim 18, wherein the nethod conprises passing an effluent through a
honogeni zer from an outl et of the resonance chanmber, to forman emnul sion of

t he fue nd the additi ascanedlnc aim 19

wherel o8 WRALFOA® LVBaHAT PRHOTE e BIeROPa AT e BAGT e . orioaeRizery

The net hod as, cl ai .ne an ne .of t 20 vvherel the

i xt ur e0oR siresaie e By of B8 o abd a8 rdrbnelRE Bt © 22

The method as clainmed in any one of the clains 19 to 21, wherein at | east a

portion of the enulsion is recycl ed with fresh fuel before bei ng used as a
The net hod as, cl ai ned e of the clai

I/\zglr ei nOOZBThe]gap(pgmtlfsatqsnﬁlafrﬂ%d in c|a|m aé.'y rper including “a ~wor lng tén% ?r? 'fluid
communication with an outlet of the homogenizer and an outlet from the working tank for

10  passing the emulsion to a combustion device.

11. The apparatus as claimed in claims 9 or 10, the apparatus arranged for passing the

emulsion from the outlet of the homogenizer to the combustion device.

15 12. The apparatus as claimed in claims 10 and 11, further comprising a recycle line between

the working tank and the cavitation stream.

13. The apparatus as claimed in claim 1, wherein the apparatus comprises multiple cavitation
streams.

20
14. A method of cavitating a mixture of a fuel and an additive, the method comprising passing
the mixture through a cavitation stream, the cavitation stream comprising a counter jet device,

a jet stroke device and a swirling cavitation device.
25 15. The method as claimed in claim 14, wherein the additive contains hydrogen and oxygen.

16. The method as claimed in claim 14, wherein the additive is water.



m xture of the fuel and the additive, the mxture is subjected to any one
of destruction of inclusions, tearing bt physi cal - chem cal changes,
formation of free radicals, electrisation, nolecular cracking, ionization,
formati on of atom c hydrogen and el ectrolytic substitution. 2524. The

t hod | ai npd i : e qf. th [ 14 to 23 in t 1 xt [
Cubj oct 0 T PRE A Baabed Poslatl JFohg oPrise it 5o s Can A eI et B

and subjecting each of the streans into cavitation and wave processing
separ at |V§}1,95$ﬁifa”f§"@5‘ﬁsr econbining the nultiple streams. 25. The method
as claimed in claim?24, wherein the reconbining is perfornmed in the
resonance chanber. 26. The nethod of any one of clainms 14 to 25 wherein

L1 P2 ! Rl AL EoB e PR WP e e
R e S R R
the swirling cavitation device and Tr =3. 1415.
19. The method as claimed in claim 18, wherein the method comprises passing an effluent
through a homogenizer from an outlet of the resonance chamber, to form an emulsion of the
fuel and the additive.
10

20. The method as claimed in claim 19, wherein the emulsion is supplied to one or more ships

engines.

21. The method as claimed in any one of the claims 14 to 20, wherein the mixture is also

15 heated before use as the emulsion for combustion.

22. The method as claimed in any one of the claims 19 to 21, wherein at least a portion of the

emuision is recycled with fresh fuel before being used as a fuel.

20 23. The method as claimed in any one of the claims 14 to 22, wherein during cavitating the
mixture of the fuel and the additive, the mixture is subjected to any one of destruction of
inclusions, tearing of physical-chemical changes, formation of free radicals, electrisation,

molecular cracking, ionization, formation of atomic hydrogen and electrolytic substitution.

25  24. The method as claimed in any one of the claims 14 to 23, wherein the mixture is subjected
to the steps of:
(a) dividing the mixture into multiple streams and subjecting each of the streams into cavitation

and wave processing separately; and



1527. The method of cavitating a m xture of a fuel and an additive using
t he apparatus of any one of clains 1 t¢ 13.

(b) recombining the multiple streams.

25. The method as claimed in claim 24, wherein the recombining is performed in the

resonance chamber.

5
26. The method of any one of claims 14 to 25 wherein the passing the mixture through the
swirling cavitation device is in accordance with the inequality
5d°<Q< 70d°
10

where d — equivalent diameter of the inlet channel (m), d =4S /7, S — total cross sectional
area of all inlet tangential channels d (m?), Q, is the flow rate (m®s) through the swirling

cavitation device and T = 3.1415.

15 27. The method of cavitating a mixture of a fuel and an additive using the apparatus of any

one of claims 1 to 13.

20

25



