A METHOD AND APPARATUS FOR CAVI TATING A M XTURE OF A FUEL AND AN \ ADDI Tl VE
FI ELD OF | NVENTI ON The present invention relates to a nethod and appar at us
for cavi twhizog/@7soxt ure of a fuel and an additive. Thepcmsenbio®noohas
particul ar, but not exclusive, application in production of fuel m xtures
for marine engines, power generating facilities and other devices in which
liquid fuel is used to create other forns of energ BACKGRCUND thhods and
devi ces haAMBEHQDAND;ARR. 2 g ATING AMMI AR
to cavitation proceSS|ng, such as for exa Ie in RUSS|§n Patents 2,221, 633,
2,075,619 and 2,1 15,176. The dlS&dVAEEEEgEOf these nethods and respective
devices is the IOM/efficiency of the process due to the relatively | ow
vi bration frequenci es under which the liquid mediumis processed. Al so
known from Author Certificate USSR 637,138 is a device for enulsion
preparation, including fuel enulsions, the device containing a receiver
tank, supply punps, tank-nmeter, tank for enulsion, hydrodynam c enul ator
and Bipe lines for supply of |i UJELDRFINVENTION, sifiabl e conponent and
di stribution of emul sion. The di sadvantage of the aforesaid device is that
upon storage of the emulsion in the tank the enul sion separates which
reduces its quality and shortens storage tinme. Al so known is a protoz% q

an

met hod fiie RIPERALEWPRIPN Teliesitormeliing asukarpagHus fos cawtaéneetmwrwqu

obstruction of a_liquid jet flow nP out of a nozzle at its j dgl ng (surge
change & agditive; iT Bﬁ)lnvennon has particular, but not exclusive, application m production of fue

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 known 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.



actuation of pressure waves vibrations and cavitation as discussed in

Aut hor Certificate USSR 497058. In this nmethod, processing of the liquid
medi um i swexemuiseoby a vi brations generator under the eomdiceiwnsomnd
non-regul ated circulation of the |iqued nediumin the entire vol une of

m xed medi um random di stribution of dispersed conponent gl obul es and

danpi ng of pressure waves at a small distance fromthe generator.

Ther ef or/iso ghayyrsis@/Riptoipe oethpd fof pregessing iliguid iegdiums basedonthglinteeactiqrewith

m xing, a large amount of time and energy are required, and it does not
guar ant dBe gbsiTustipsy ofia digeid Jetflowing aut of a neizslg at ifs podina(suwei cheage ehdisgatipnly a
recei ving tank, supply punps, tank-neter, hydrodynam c emnul ator, an inl et
branch FAcBationOf pressure yayes vivmtians Ane aavitatio as Pisguesedin puther Cerflicata SR
emul si on such as described in author Certificate USSR 1060212. The

di sadvarft948e8.0f this device is that in the circulation along the closed

| oop, the regularity of mxing is not ensured due to the concentration of
the Pi ght conmponent on the surface, and there is no guarantee of punping
through the emulator all volunme |ayers of the m xture. SUVMARY The

i nvent i df thig neatheds eocassing of iﬂmbqwi;mur% isapxarutetobie a ofhratinng| geneeaterr unsepf
the invention are defined in the dependent clains.|nplenmentation of the

t echni quiee cenditignss Mordegilatedepircylatian ef the liguidi mediymHo thsyenttse yolae efanixed
mul ti-conponent m xed fuel produced under wave and cavitation effect on the
pr ocessdoedi¥M¢ frandemp Sirdmituting f Ldisparsacth somegnent gebues -and ndaimping ¥ rriAssIra Ut 0
oscillations. This may lead to substantial savings of the hydro carbon
conponenfaves at asmsl distance fiognhgasoerataruel , and the use thereof in diesel
engilges for driving ships, or powering other :

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 emulsion.

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.



devices, such as for exanple in electric power generating plants and ot her
conbustion devices. The aforesaid technical result is achieved due to the
fact thatwonotos7msoxed fuel preparation there is inplenmporsd2encaauy vation,
for exanpl e sinmultaneous activation, &f mxed fuel conponents and their
honogeni zati on and processing under cavitation and wave effect in the
auto-oscillation reginme and circul ation of the processed nedi umthrough
concor ddmplamestationt P ihendgBniaues wdisgiesade herin may ssulicini ackighyi hgmegenoHs
sanme tinme generators of pressure wave vibrations. In other words,
si nul t arfsivaed dryll-gpmapnei dnixedoiyen Presuresh urdgr wave randncaviationeeffeet PR thei ch
cavitation occurs. Activation can be considered as breaking of [ong
nol ecul &OEFEFH UItHcHIRANGERMSSHEN iththeeregime §ERPTY Rgap fesangnes, ayto; esillations.
uniform_ty of the enmulsion in terns of the distribution of the fuel and the
addi ti v it Sty ead jos subtantial gavings ofathe AmdrocearbemtGasipopealc 6 dhegprepared e
occurs destruction of disperse inclusions and aggl onerates present in high
vi scdsi thpmageneus tugh randdhe s therepkin dipsel engipes ?Prsqrwmes*mﬁ; Of IPEWREING loleds
mcro flows and cunul ative mcro-jets cause deep physical -chem cal changes
i n bot h denices.ugycheas fgr gyamPplguindelgstici poweregensialingc Blapisnand othesyeambustioat er
for exanple, in the dispersed phase. This causes tearing of the
hi gh- nol%®¥$f&r chains, formation of free radicals, electrization, nolecular
cracking, ionization and etc. Due to therno-dynam c gaseous processes in
t he col |l apsed cavitative bubble, tenperature and pressure grow respectively
up to the values of nore than 102 MPa and 104 K. Wth the accel eration of
t he prodd@safgiesaidieshnical resyit/is ahisved sdus tothe fagh atdpdie sixad: el piepatEtion s
due to the discrete energy distribution in the | arge nunber of cavitation
centl@r s thegdisvimpiemented an achatiopafer gkampleesimiuigneayscastivation. afemixad fugd
vol unmes conformng with the size of cavitation bubbles in the

components and their homogenization and processing under cavitation and wave effect in the

auto-oscillation regime and circulation of the processed medium through concordantly
operating wave hydrodynamic cavitation devices being at the same time generators of
pressure wave vibrations. In other words, simultaneous activation and homogenization may
15  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

emulsion in terms 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 agglomerates present in high viscosity fuels, such as ship fuels, while hydro
stroke and thermal 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 10> 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



range of 1-100 mem This drastically intensifies the therno-mass exchange
physi cal - chem cal processes, inclusive of cracking processes, at which high
nmol ecul arwbeawyostmsdr ocar bons are partially converted i nPOTS&3Y10M0M019 NQ
fractions with formation of chemically active free radicals, and processes
of therno-chem cal water deconposition with formation of atom c hydrogen.
Summation of the mmin and secondary effects of wave resonance processes and
cavi t at iSHE'Yf s concentiates imthepiymast senformieg withdhe sizenef cavitationebbplestin tthe
process of preparation_of m xed fuel wth high therno-physical and consuner
pr oper t iraR9eefd!-0PR Mg SThishdraplicaly itensifies the thermersassiexghrnasrrhypieal-chemical
substanti al saving of the hydrocarbon conponent in the fuel such as
st andar Pregfsges. irilusivsrpigragifing-piopesser; aipwhichwigtagoleselah heaMyhyarcarons 88 i ng
a mxture of a fuel and additive will now be described with respect to the
acconmpaP@rtiRly gpavarieddnigrrasyibriling frgctions;withfoppafiansef ghepigaliv astive freq radicatsi ng
the qveral| process of the invention as perfornmed by one preferred system
of pRysidPdiPrecsspemeiihermy-ghemicalyalerdecemaesitign with farpatiehelatomisdweiogeq.n
cross-section, illustrating the principal conponents of the preferred
systemincluding a pair of cavitation streans arranged in opposed flow
relationship Fig. 3 is an enlarged cross-sectional view of one of the
cavi t at idinaatasefstheirain andssegopdasy effeets of waye resenancalEecaspemngnd cavitatiohe
4-4 of Fig. 3Fig. 5is a schematic illustration of the principles of
oper at | &fegkallgws @ substapkial ingraassd) taeficieasy of|the grocsss af preparationriemied fush
DETAI LED DESCRI Pl ON

_ 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

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 seswe20mustmn j et device la, a jet stroke device PoTacdomoswis!ing
cavitation device 1c and the apparatus is being arranged for the mxture to
be passed through the cavitation stream This arrangenent will be di scussed
in detail below |n the exanple of Fig. 1, the cavitation apparatus 500
furt her Fi®npis 3eshematisjllustration af dhe prineiples «af caneeation of & jeirstipltac hydjodnarmic | n
practice such as on a ship, the tank 14 may be one of the fuel storage

t anks t @SEHAtehoka ighstieke deviggi d fuel is supplied through an inlet line A via
a control valve 15. The fuel nmay be one that is conventionally used for
driving ships and engi nes. However, in the exanple of Figure 1, this tank
al so includes a heater 14 ' for heating the liquid therein to a tenperature
in the range of say 70Q0C to 900C dependi ng on the rheol ogi cal properties of

the particular fuel. The rheol ogical properties of a fluid are properties

l i ke?viscosity and elasticity vﬁﬂﬁﬂgﬂﬂm ow characteristics of a
fluid. The purpose of heating and the extent of heating the fuel is to
bring the rheol ogical properties of the fuel to a desired value, so as to
facilitate a desired mxing of the fuel and an additive. An additive
conponerft caviigtion appaiatus Bk for eavitaling: Aepixiiteliof ia, Biehandancaddiive pemprigase?
enters the systemat inlet B and passes through a flowneter 11 and a

r egul at GAVIAAIDYD Stregm; 2t whereifethe, caviiation sireain £OMRHsRIN? PeuRter j&t dexice 13, Anist
into the inlet of a punp 1. The punping action of the punp 1 also draws the
fuel fr &Pk devies 1bagdraasuiriing; qaitationrdevice tqand RecerPREate $ Being arfaRged fon
their desired proportions. Punp 1 discharges the m xture of the fuel and the
addilPi véhe mixdergHo bepassedthraughiihe gavitatign §keamy This arrangenagntiwill be discussedries

E, where the mxture is divided into nultiple streans, and through which

t he mi xtogtad bBIWas t o the respective inlet ends of opposed-flow wave
cavitation

In the example of Fig. 1, the cavitation apparatus 500 further comprises a tank 14, hereinafter
referred to as a working tank. In practice such as on a ship, the tank 14 may be éne of the fuel
15 storage tanks to which standard liquid fuel is supplied through an inlet line A via a 6ontrol 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.



streans 2 and 3. Preferably, a flowcontrol valve 5 is provided in one or
both of branch lines E. The m xture is processed in wave cavitation streans
2 and 3, we 2oiods713e nore fully descri bed hereafter. ThePpcasiGRatnio0M19
apparatus further conprises a resonanee chanber at point F, and the
resonance chanber is arranged to receive the effluent fromthe cavitation
stream 2. Alternatively in the exanple of Figure 1, the effluents fromthe
wave caPum il ofischergesnthe omixtie pfthe fpelcantbihec addiiven threughdine O, conatairing a
provided at F, fromwhich the joined effluents pass through [ine Ginto a
stati c MANGHEIRre inta spliy brafich lings Exwhsiedhe midureds diidry intonmullinlejsireamp agnged
to be in fluid comunication with an outlet 4' of the honpbgenizer, which
enabl es thraughewhichithe mixdure) finwst tedhe respestivg iatet gnds of opmeﬁd(%wgewez@awtam
through a control valve 9 to the working tank 14. The enul sion of inproved
honogenétreams 2iaad 3 Perferablir a flon-contrelvalyed i pepvidesk in one opbethi i granshkinesshd
control _valve 10, to one or nore ship's diesel engines, or to whatever

ot he} cdhemiKuEhisqEQsassedrifywave ervfptiersireante2fand| B @s will bermereifylty describes
cavitation apparatus further conprises a recycle |ine 8 between the working
tank 14hgie@ftthe cavitation streans. In the exanple 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 descri bed above, sone
or all of the honogeni zed enulsion in tank 14 may be di scharged through
line J Tbheteavitatigy sepaatust fusthee ciepipsiseH A desanaace Dihemhgr t dfepeiatiFy candatheon
process, fresh fuel or additive may be added to at |east a portion of the
enul si offseparseasfambeie iprasianged ole Hceiveethieu efflugntl frame theldeavitetion streare 2.
emul sion as required. In another alternative arrangenent, the enulsion from
t helGut Alernatively inthe exasmplg o Figerre 1. thasfllyents dronythegvaveecavitation streams 2 and 3

are recombined in a resonance chamber provided at F, from which the joined effluents pass
through line G into a static homogenizer 4 to form an emulsion. The working tank 14 is
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 hombgeneity, 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 emuision 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



conbustion device. In this regard, it will be understood that such

recircul ation and the overal | operation of the process flowis controlled
and rmay beowvardmarsby t he operation of valves 5, 6, 9, l@cand20d/00dit t he
conditions as nonitored by nmanoneters77, 12 and flowneter 11. The emul sion
before being supplied to the conbustion device such as a ship or an engine
may be heated depending on the requirenent. The enul sion provided to the
conbust iaperatieqiaf éhe rrogessdinw isi epntralled ans max benaned biidhe gperatiorppfevainesd. 16ed
description of the operation of cavitation streans_2 and 3, as well as the
overal | $rl8eadd3 VWthtﬁe aenditinns@sgaenitoeed by mAneraetersehd? and flowgnetes 1. to 5. As
illustrated in Figure 3, the cavitation stream 2 conprises 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 initially
enters tHe epulsiprpefora bejag perplied tq therpombystior dgvice sLoB ap atshiRer anrengingsmay
and the counter jet device. The counter jet device la has a cavity 104 and,
i n tRi s kexkagteddepandingmnetheipauirement. Thenemulsiop previdad torthe cpmbestiontdevirg4s
through the inlets 106, the inlets enabling the formation of jet streans as
t he m xtairemylsionsf imprexeghamagenaibets. In the counter jet device, the inlets
are arranged in a manner such that the jets are fornmed opposite each other
enabling creation of turbulence inside the cavity. This turbul ence causes
cavi tation bubbles to appear and col | apse. The nmai n purpose of the counter
j et devif@&qre defpiled sleserintioniaf ghe foperatiop raf cayitation ritseamse? and Hrasl wel aartpe
cracking of the additive globules. The above construction and working is
appl i caverallprecess.cyill mowrbg descrbed with 1eferencedte Figures 2 toc5. dedikstratastin Figyie e

3, the counter jet device is fitted to a jet stroke device 1lb. The jet
strdRe db\he eavilgtien gireamrrenpesestan auter dguid seal Grsing e AN ialebA 62 wRrklRs
convert a part of the_energ*y of a turbul ent subnerged g et into the energy
of acoudstredugioneef the mixturerpttegifuel and thejadditive into the cavitation stream 2. The mixture

initially enters the counter jet device 1a from a clearance 103 between the casing and the
counter jet device. The counter jet device 1a has a cavity 104 and, in this example, multiple
inlets 106. The mixture enters the cavity 104 through the inlets 106, the inlets enabling the
15 formation of jet streams as the mixture flows through the inlets. In the countef jet device, the
inlets are arranged in a manner such that the jets are formed opposite each other enabling
creation of turbulence inside the cavity. This turbulence causes cavitation bubbles to appear
and collapse. The main purpose of the counter jet device 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 fhe
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



flows out froma nozzle against an obstruction of a certain form and size.
In this exanple, the obstruction is the reflector portion. The disturbances
or perturwetiomms7pooduce a reverse effect on the jet creatriscgo@mwoaud o
oscillation reginme due to pulsations 8n the cavitation area forned between
the nozzle and the obstruction. As illustrated in Figure 5, nuneral 16
represents aconi cal cylinder nozzle having a jet outlet 17, and nuneral 18
r epr eseRPRICAILGYIIBERR PRAAS BRYIRG Peiet SHtlet 1. 130W RumeRsl d8Jerasgitsdhe obgtiuctiogr m
of the reflector is in the _shape of a cup ensuring formation of a )

cavi t at ffleciareln the SXATBRIRCEFILTF. R ferm 9l e reflerionfsinthe ghanesf & WransHURg out
fromthe nozzle reflector zone. The reflector portion conprises of a curved
sur f aceJoraREONR] 2 1cavVIERline Alrd. theFRAgNts REWhICh Wt certain regiepsy s tRIAWNRHtfrom) |

el l'i psoi dal , ?Ili tical or_hyperbolic.. For excitation of intensive _

vi brat i §ifsN0Z epf?é%éﬁ'é&"%oﬂ?ﬁ/%ﬂ&ﬁmr godiensaomnsizes of acyniedysyriacegaghaiay b9 i s
the reflector dianeter and d 1 is the dianeter of the nozzle. The above
range pFBYTAYEs CaMEX; ?‘SB’I'%hEr(b‘??&i ¢anigal s eindriga.« elinseidal eliRtical or byrareolici 5ar
occurs in _the j?,t stroke device due to pressure |oss resulting from

t ur bul eRXQEAHARR F‘Ff’é‘sW\e%fehﬁ"f't@"?sa PSR FaNEIPR FReeH9WS to the reflector
portion. This enables a cavitation area of toroidal formfornmed between the
faces of the nozzle and the reflector portion. In other words, the flow of
fluid has éh& shape of a donut, with cavitation occurring on the axis of a
cross- sd&PefefParea of such a donut. The preferred speed of liquid flowin
the jet stroke device is around 20 - 30 mis and the pressure is around 0.2
- 1.0 MPa. The frequency range of the generated vibrations is 0.3 - 25 kHz.
The_ cavi atiﬁn ] rocesf? in the jet stroke device involves appearance and
avalGnchbers B 1§,B6raiestor iamaen apt s dhe dasmetar Abihe Fozading aheve ks
bubbles with a size of around 10~9nm The coll apsi ng of cavitation bubbles

9
is not @ (g suitable canditiop J%tht(iprbgg S HIraviiatiqns occurs in the jet stroke device

due to pressure loss resulting from turbulence when the mixture is thrown from the nozzle to
the reflector portion. This enables a cavitation area of toroidal form formed between the faces
of the nozzle and the reflector portion. In other words, the flow of fluid has the shape of a
15 donut, with cavitation occurring on the axis of a cross-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.



cunul ative mcro jet strokes. Accordingly, the jet stroke device increases
the efficiency of the cavitation streans 2 and 3 with no noving or rotating
el ement s wo 2pavdss7sehi ch woul d subj ect the device to wearcang2o®angiand
require replacenment. The above constr#ction and working is applicable to
the jet stroke device 2b as well.The casing 100 has a partition 114 which
extends radially fromthe external circular surface of the jet stroke
devi ce 1khetagsingcl0fihas @ rartitiamet4 which estends eadisdly ifiom the@xternalirpular suifavg of
| iquid proof separation between an upper portion 116 and a | ower portion
118 of ttheist prekerfavicedbuasheeirquiar inneswad of the. casings! 00sthus pravisinga liquid praos|
entering the casing through the inlet 102 to enter a swirling cavitation
chanber Segargtierbetveen antupger Pertiar il hejantha dewgr porioncd8rmf ¢he intarnal erpluse afthend
jet stroke device 1b. This is discussed in nore detail below. As
i |1 ust r £2609i WWOFThigria tg preveat the fual @ntexing ithe) casieg jthrough thekmlefdRcte drfemaw
enters the swirling cavitation chanber 1c through the inlets 120. It is
knowd i BWirlieg savitatien chamkarsi ciditectly withouhpagsing thfough|tee sounier jehdevicsdte end a
swirling flow of the mxture in the cavity of the swirling cavitation
devi ce. latirokedevigentp.fTinisis idisgusses inaase dalail balewt at i on effect in an auto
oscillation regine which is explained below. Auto oscillations are
non- danped oscillation occurring in non-linear systens, whose anplitude and
frequency remai n constant during a long period of tine and are independent
of the A% Hlusiratedondiigyre $s thermixtdrg: exitingcthe jett strioke deyicerd benove eatersntherswirling
swrling cavitation device where the natural frequency and the auto
osci | | atcryitation cthambey 1grbrqugh thenisletd 120+ 8 is Hemowonindthepard forainlste 1@0 tohbe
oscillations, the ensuing vibrations of the globules of the fuel and the
addilfi vdangental inlgls, ahidhnprogiiceshe svrling dlowoef lggtmixwe iedhg caviy ofntheravaring
cavitation. The frequency of the

cavitation device. The swirling flow induces wave and cavitation effect in an auto oscillation

regime which is explained below.

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 thé 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.



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
counter jwo20smiscBp j et stroke device and the swirling eaviscabiomnoodevi ce
are provided in a sequential arrangement which enables a joint coordinated
operation of all three devices producing a synergistic effect, which is
expl ai ned bel ow. The intensity of cavitation of the jet stroke device is
gr eat er Simiatly; the intensibhef eayilaiasrofjtbe swishingceavitalion: deviessigl areater than dhat of the
corresponding relationship with the turbulence in each of the
devi cesl%isﬁ?g%lﬂpwe,t"ﬂﬁch Again sesuits fomea porregriopdingfrelatienshig with thy tuebulenge iiron
device is greater than that of the jet stroke device, which again results
from a €a¢h ekherriavicgs: Ehanfreqesny pf pEessure waves imglvedde thencavitafioraroegss also
devices. The frequency of pressure waves involved in the cavitation process
al so i néceeases gyadualiuiflopn theoeauntas jelodavicsr thraugholbeijelestrakeadgyicet tadh¢ swirling oke
device to the swirling cavitation device. If the intensity of cavitation
i ncr @as €avitating dgviggu ifdhs intensity of cavtatiominsraases, the gidhulensizasefdhelcompenants A
smal | er ?I obule size is preferable in the techni ques disclosed herein.
Mor eoveP! thenmixtuig degreasesadsmalier aiehwa siga is rprefigeaklg dbtheeteshnigueshdisclosedir s
in the counter jet device serves as a preparatory stage for the cavitation
and t he heeindMargavarqthe igavitation ane thsi reductieatin Hecgleule gize fthatjogeurs in bk sodrier ce.
Simlarly, the cavitation and the reduction in the globule size that occurs
i n the jetdevice srevedasiagueraratppsstage for tracgryitatian gndsthegedyatipn imibe giobiutessizern
and the reduction in the globule size that occurs in the swirling
cavi t at that ogewsde thezjet strpke dayiceaRimitarkyg éhepFavitatien and 4he)eedustion in thaalobute
intensity of cavitation increases gradually thus providing a nore efficient
br e&f dowiFe dhaly@eshis Bthe itstroke deee saives asTh srq@atﬂi@wtmtg@r itheeepvitatinreand
happens in the cavitation stream3 of Figure 1 as well. The cavitation
st ream Mgy rgdsictienyin the Blobrlensize thas roacHrst inethgr swirlioneavitaiign devices A iechnidakt
devi ce,

advantage of this arrangement is that the intensity of cavitation increases gradually thus

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 cavitétion 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 occurs.
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.



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 m xture
of the fuwbD2arvdhsamsdi tive or the hydrostatic pressure i neorsedoionotche
cavitation apparatus. Thus, the fuel ®dditive m xture is subjected to wave
and cavitation processing as descri bed above before entering the resonance
chanmber at F having paraneters conformng with the anplitude-frequency

char act &t ithe Peasest SxapleatheoFesenaraershambgioprovided abtfhdés deeisaed suply thgtsbem
or chanber has a resonant frequency, which is the frequency at which

r esonan&eleslingy puitabiee parametersi ikey lenoiie @nd sdiameter. ethgerpsgnasicet pharalest mayt e
oscillate at |arger anplitude at sonme frequencies than at others, the
frequenerregge&eil%gav%@ feseBaRintrequengy Mt Easpeetcioen dreapeneie chargstesstic of the
frequency of the systemis dependent on the shape and/or volune of the

syst em FRAVigtien sireatentheftaausney characterstisrf thecaviatianestraan ey &g defined s the
desi gned such that by sel ecting suitable paraneters |ike |ength and

di ant efreayensy rof dbg, RiRssurerwaRS: inMelyedin ter RIS of caviiationain the slexiges of the
frequency with respect to_a frequencY characteristic of the cavitation

st r eam Cayiigtien serAe ¢ thBadne PreferadlyothetfrRauensy efapressiirg twavesm atebe igifluent
defined as the frequency of the pressure waves involved in the process of
cavi t at PORINGPYt 9E theetavitationostraam: The techical pdvantage sl tissarmnmement isploesfachbl v
the frequency of pressure waves of the effluent com ng out of the

cavi t at [&RNaRGedAhe regeNaNSeIshARREr- advant age of this arrangement is to effect
resonance in the resonance chanber. The valve 5 nmay be provided on both
branches of line E so that the flow of the m xture of the fuel and the

addi tive through the cavitation streans 2 and 3 is arranged to follow the
bel &% p;pg Nalve %@gy b9 #roviged on both branches of line E so that the flow of the mixture of the

fuel and the additive through the cavitation streams 2 and 3 is arranged to follow 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 Q, 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.



wherein Qo is the maxinmumflow rate through each cavitation stream 2 or 3,
wis the eigen angular frequency of resonance chanber and t is the tine.
The technvoabioagvant age of the above flow condition is torscablomogamer ati on
of resonance phenonenon inside chanber F. The above flow condition al so
provi des the above advantage in the event of having a single cavitation
streamin the cavitation apparatus, where Q and Q respectively are the

f 1 ow r atAccardingbaxtheniniial pdditiver mixdurghist swbjastad taonerorsmersaeh thasprewsesly bed
above, the effluent fromthe resonance chanber at F is arranged to enter

t he honsigegiibasy pracessingo aengiions dncliding, pragsure Wavearvibrationpodestiugiiprodf disperes ed
uniformty of all the conponents present in the effluent resulting in an
emul si odNGlsiRNSdi dRAPy Physiealichemical chaegesadnfiluding: tearinauroé high-melgeatar echains, one
or nore of the previouslr descri bed processing conditions including

pr essur doratien\af Hrag: jadicals, glestrizatian, spplesulati staskisg, janigatien @nd thefmepchemical
physi cal - chem cal changes including tearing of high-nolecular chains,

f or mat i oyptefdecempositien with the fermaationof atamie hydrogerc all as prayiouslyidescribedni zat i on
and therno-chem cal water deconposition with the formati on of atom c
hydrogen all as previously described. The cavitation apparatus is arranged
such that the m xture of the fuel and the additive is arranged to flow

t hr ough Tthgecayitption apparatystiatarenged sueke that the fmisture of dhe died @nddthei additive dpect
to an inlet property of the swirling cavitation device. Preferably, the
above prav@eged tyflew dhrpvelp theaswiding shvitgtion wewice fat oW rate sgledtedhwitrargdpedtie i s
executed at flow of Iiquid phase Q (nB/sec) through each of swirling

cavi t at i@@nintgb\Rreperty ofdhe siring chwtatioy deyidge, Preferably cibedabayet processing and
equation: , where d - equivalent dianeter of the inlet channel (m, d =

y/ 4130 p Prepgation & midyre off therfugksand 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< 70d? ,
15

where d — equivalent diameter of the inlet channel (m), d = \/4S/7z , where S — sum of cross
sectional area of one or more tangential inlet channels d of the swirling cavitation device (m?),
1 = 3.1415. The technical advantage provided by the above condition is to facilitate achie\)ing
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, > dz\/n



sectional area of one or nore tangential inlet channels d of the swirling
cavitation device (nR2), p = 3.1415. The technical advantage provided by the
above comslot2ommsimot 0 facilitate achi eving an opti num glpolsiceosioae19 whi ch
results in an emul sion of inproved homsogeneity. The cavitation apparatus is
arranged such that an internal dianeter of the counter jet device is

sel ected with respect to an inlet property of the counter jet device.

Pr ef er afYigre Pnis the indenakdiameter ptihawenrnteniet pertien.gd-is-the lequivalantinlet fismepesrof i on
and its internal dianeter is described by the follow ng fornulae: D2 >
d2Vnwherte pounter iehgortinn @ndd) isding fstmber of ‘inlefs of domceuntproiet devicd. sh = dAS/T). t he
equi val ent inlet dianeter of the counter jet portion and n is the nunber of
i nl ets ofhere g izthgugt ofjtae cgsy seetiongbareas/piyare rmorgindets ofthescounter istdevitet he
cross sectional areas of one or nore inlets of the counter jet device. The
rel ati onshi p between the equival ent dianmeter d of inlets of the swirling
cavitation device and equival ent dianmeter d2 of the counter jet device is
descPi bddeyglatiorshimbetwren dhe savivalant daretpral of ipletsoofcthe Fwisling: eavitation device
advantage of this condition is to provide optinmmconditions for

mai nt en&AE &agivalent diameler g: pliihe weurtariet deviess sepeibed byithe follewisg formedd:t i ng

t he honogeni zer is an i nproved honogeni zed enul sion of fuel and the
preferred additive, such as water, whereby it has been eval uated that
substantially greater energy may be produced froma given vol une of

st andar @ ¥ 861/ 0c¥eent i onal Iy supplied to ships engines, or other fuels
presently used for conmbustion engines of all types, and particularly for
the generation of electrical power such as in steamdriven el ectrical power

generation plants for exanple. o _ _ .
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 combustioh engines of all types, and particularly for
the generation of electrical power such as in steam driven electrical power generation plants _

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 substantiaily 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



As a result of all of the above, the activation of water under cavitation
and wave effect in the reginme of non-linear resonance considerably
i ncr easeswohelssensbual savi ng of the hydrocar bon conponegtrsGasa/obévaej oi nt
concordant usage of a few variants ofi4hydrodynam c devi ces of different
operational principle, as described in the proposed invention, results in a
synergi stic effect which increases the eventual fuel savings. Al so the
pr ocessighginst whigh enseres bighniekiabllity ulingcsengioa difie sandnabvdence eafi te ndcessity- farner
resonance effect substantially reduces the energy expenditures for the
pr ocess.Maintenga¢e $esvicing iduring thegaxploitatidn pariedof hydr odynani ¢ bl ocks produces
an integrated unit, which does not contain rotating or noving conmponents or
el ectricchains which ensures high reliability, long service Iife and
absence of the necessity for maintenance servicing during the exploitation
peri od. With Hespeshée the @dditive gdaippherd todpe orixad with the fuelx editen ishthe rprefietred
water is the preferred additive for nost applications as previously stated.
However ,addiive fpe swast applicationasi previously istated dHowevene thes preséntwimventioasis t rivd
additive may be other liquid mediuns, highly dispersed powder conponents,
and gasédiitedl] tocthaaisel §f, watee agdhe tadditiveranay be aothernijswich chedhums, dgtihaidispersed
hydr ogen and oxygen apart from other el enents. Moreover, the additive may
be a corpewdet comnpnents,randhgasescAlteroately, fid additvei may \ecaigbmgewrnd: that wemtainened
above are capabl e of simnultaneous activation and honpgeni zation. In other
wor ds, dlydtagenrsad nxyaen apart from ciher dlementenMetsover, thenagditivecmay ba aasompmbemd ce
in which cavitation occurs. Activation can be considered as breaking of
| ong nolcemprigingdiydiogarbons.hydr ocar bons whi | e honogeni zati on i nproves the
uniformty of the emulsion in terns of the distribution of the fuel and
addilfi ve gl obul es. Accordingly, it is to be understood that the foregoing
description of one preferred enbodi nent

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



of the present invention is intended to be purely illustrative of the
principles of the invention, rather than exhaustive thereof, and that
changes aWO 20uva8ai8Pon wi |l | be apparent to those skill edPCH/SGRe10809019 and
that the present invention is not int¥ended to be linmted other than as
expressly set forth in the followng clains. CLAIMS 1. A cavitation
apparatus for cavitating a mxture of _a fuel and an additive, the apparatus
conprising a cavitation stream the ELAMS i on stream conprising a counter
jet device, a jet stroke device and a swirling cavitation device, the
apparatus being arranged for the mxture to be passed through the
cavitation stream 2. The apparatus as clained in claim1, further

i ncl udi ng A cAYRYAR APRatatumins caxitatina e Mixtyre: et aifyel and anfadditive. heoamranatus
cavitation stream 3. The apparatus _as clained in claim2, arranged for the
i xt ur e GOMPFiREIFY, Eavitgken stiearadtiter Favitalien SireAN CRMBLIFAT 2heo sy ieh8e\ise. & isbam
at a flowrate selected to produce resonance phenonenon inside the.

r esoRanciok® SRYies andia syiflingpvitation device. thexappagatup beingiamanged for the midureite)

t he resonance chanber is arranged to have a resonant frequency sel ected
with redisRassedthroyghdhe avilatiomsalreaiPeri stic of the cavitation stream 5. The
apparatus as clained in any one of the preceding clains, arranged for the
m xture to flow through the swirling cavitation device at a flow rate
selected with respect to an inlet property of the swirling cavitation

devi ce. %.Therappapius as ¢iaimed i glaim 4, fubifer indudingea irepsananes GPRIARSF arEanged ity ed
froma sum of cross sectional areas of one or nore inlets of the swirling
cavi t at i"eseivRap efluent 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 diaméter of

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



7. The apparatus as clainmed in any one of the preceding claim wherein an
internal dianmeter of the counter jet device is selected with respect to an
i nl et properbw/mi7shhe counter jet device.8. The appar at eeTas2¢ioavsvag i n
claim7, wherein the inlet property i® 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 one8offhe gepaatisers slgimadinmglaitofprhereinghe iMelhprgesity isr defived fepse atsym of
receive the effluent of the fuel and the additive fromthe resonance
chanber Crogg seqtipnabaiigas of e asMerainaigiof e countar Bt deviee Red ajnumbedioh ileds of
working tank in fluid communication with an outlet of the honogenizer and
an out | &€ squbterigidevieeki ng tank for passing the emulsion to a conbustion
device. 11. The apparatus as clainmed in clains 9 or 10, the apparatus
arranged for passing the enmulsion fromthe outlet of the honogenizer to the
conbusti on device. 12. The apparatus as clainmed in clainms 10 and 11,
f ur ther 9cdhp@PRAMYISaAY Elgifagdin ameonr oithenprepeding claimgceraprisinghe hamogenizer
cavitation stream 13. The apparatus as clainmed in claim1l, wherein the
appar at 89apgaddpirecaiventhe effpeat efdbe fusl arrhthetadditivg fromythe fespmeRerichamiaiyi t at i ng
a mxture of a fuel and an additive, the nethod conprising passing the
m xture through a cavitation stream the cavitation stream conprising a
counter jet device, a jet stroke device and a swirling cavitation device.
15. The1hetTﬁ\§d apgaraiugi aedclirimed dn n¢laim Guhlurtben in¢ledingde t Workingotank iy fluid
hydrogen and oxygen. 16. The nethod as claimed in claim14, wherein the
addi t i vEomgwpigation with ameutigitafdhe fwmeogniaedandt apl etiet from theewerking taskifae| -
is a fuel conventionally used for driving ships and engi nes. -

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.



18. The method as clainmed in any one of clains 14 to 17, wherein the nethod
conpri ses passing the m xture through a resonance chanber from an outl et of
t he cavi t\Oi20W/878am 19. The nethod as clai ned in cl aPGI/BS20M80049 n t he
met hod conprises passing an effluent ¥hrough a honogeni zer from an outl et
of the resonance chanber, to forman enulsion of the fuel and the additive.
20. The nethod as cl ai rred in claim119, wherein the emulsion is supplied to
one or rér &hermesiod ag;giaimed in clajmel dravheseinbe dvel isgifueh camventionallyfused dor
claims 14 to 20, wherein the mxture is also heated before use as the
emul si oR"iYiBg SRIPRBOL ENGRES-22. The nethod as claimed in any one of the clains
19 to 2 1, wherein at least a portion of the emulsion is recycled with
fresh fuel before being used as a fuel. 23. The nethod as clainmed in any
one of the clainms 14 to 22, wherein during cavitating the m xture of the
fuel and®8t e MP?‘? 78, C'%"Hﬁdrﬁ‘i'ﬁf‘n@@el%f daimEetd 11 ovherpinothe methae compEsesn

i pclusigns, tearing of physical-chem cal changes, formation of free
r adl 2al Qasﬁ'l‘%fflerm%dé‘ﬁ g\‘P“Q‘?{ﬁ r@éam%nce&ha@kreh@omlaﬁrﬂuﬂs&qf&?ﬁ CRVHAYRT b
atom ¢ hydrogen and el ectrolytic substitution. 24. The method as clained in
any one of the clains 14 to 23, wherein the mxture is subjected to the
steps of: %a dividing the mxture into nultiple streans and subj ecting
each of 19h he metheds as sagmediin £'aim dA. whereitaihe WPB@QM‘%%BQ?%@%P? efflmat b)
reconbining the nultiple streans. 25. The nethod as clainmed in claim?24,
wher ei nthrAEgh écfl?ﬁ’rﬂgﬁf"ﬁgf fram ﬁ@rqlﬁ'PthdthPﬁe?%"P%§B?f§H%’e tQ. fosmiAsy 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

emulsion 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



26. The nethod of any one of clains 14 to 25 wherein the passing the

m xture through the swirling cavitation device is in accordance with the
equat i on wbeos/m@77oequi val ent di aneter of the inlet charoeglsctmpooehis SI p |,
S - total cross sectional area of allisinlet tangential channels d (n2), QL
is the flowrate (nB/s) through the swirling cavitation device and p =
3.1415. 27. The nethod of cavitating a m xture of a fuel and an additive
usi ng t He) rgpprabiaingshe mulliple ¥reamst claims 1 to 13.

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 equation
5d°<Q< 70d°
10

where d — equivalent diameter of the inlet channel (m), d =4S /x , 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 m = 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



