REAL TIME IN-LINE WATER-IN-FUEL EMULSION APPARATUS, PROCESS AND SYSTEM
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]This application claims priority on
pending U.S. Application No. 12/761,685, filed on April 16, 2010, the disclosure of which is

incorporated herein by reference; BACKARMNINROR AHtRINVENTION [0002]This invention relates in
general to emulsion. Moreﬁgarticularl the invention relates to fuels and related compositions. Most

particularly, the invention Ll tﬁ@@s‘,\gﬁiﬁam%%wgn%’ %F%%ducing a fuel emulsion.

[0003]Emulsion occurs when one liquid is suspended inside another liquid. Recent fuel developments

have led to fuel emulsio%wgggﬁagggﬁﬁgﬁaq%gg Aﬁgﬁ{gﬁfg? M@Egrof water-in-fuel emulsions

comprised essentially of a' ca er, an hese fuel emulsions may
play a key o081 finding aeppiicaifuctiviaivmsy forignernancopebdistibniéfyindeplicdtes, fivaaces and

the like, to poiveayanier Gifisinnay 25610 e gHARINRTYESIARA WilRoHLRIQMF g sigpicant

modifications to the engines, fuel systems, or existing fuel delivery infrastructure. SUMMARY OF THE
INVENTIORference.

BACKGROUND OF THE INVENTION

f0002] This invention relates in general to emuision. More particularly the
invention relates to fuels and related compositions. Most particularly, the invention
relates to methods, apparatus and systems for producing a fuel emulsion.

[0003] Emulsion occurs when one liquid is suspended inside another liquid.
Recent fuel developments have led to fuel emulsion, wherein water is suspended
inside fuel. A number of water-in-fuel emulsions comprised essentially of a carbon
based fuel, water, and various additives. These fuel emulsions may play a key role
in finding a cost-effective way for internal combustion engines, boilers, furnaces and
the like, to achieve greater efficiency and a reduction in emissions without producing
significant modifications to the engines, fuel systems, or existing fuel delivery

infrastructure.

SUMMARY OF THE INVENTION

[0004] According to an aspect, there is provided a real time in-line water-in-fuel
emulsion system comprising a reactor device, a fuel intake connected to said reactor
device, a water intake connected to said reactor device, a pump connected to said
reactor device, and a circulating emulsion reprocessing inline loop connected to said
pump and feeding a load as needed in real time, wherein said reactor device
comprises a non-vibrating anvil shaped to create cavitation sufficient to emulsify
water-in-fuel from said water intake and said fuel intake.

[0005] Various advantages of this invention will become apparent to those skilled
in the art from the following detailed description of the preferred embodiment, when

read in light of the accompanying drawings.



[0004]According to an aspect, there i [

Al | , there is provided a real time in-line water-in- i

;:(;)rsnat)igs;lggc? r_%ﬂ-?fﬁbg@/lce, a fuel intake connected to said reactor d%?/Tg%g%?\l}\//%%lrélﬁ:ﬁ nkSyStem

reprocessingo{nlisl\élcl:e, a pump connecteql to said reactor device, and a circ’ulating emu?signconneded
oop connected to said pump and feeding a load as needed in real time, wherein

said reactor devi ' . :
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[0010] Fig. BA is a side view of a casing housing a seli-contained fuel-water
emulsion system.
[0011] Fig. 5B is a rear view of the system shown in Fig. 5A, showing intet and
outlet ports for fuel, water and fuel-water emuision.
0012} Fig. 5Cis a tront view of the system in Figs 5A and 5B, showing a pump
. gdrive.
[0013] Fig.6A s a cross-section of an emulsion apparatus with inlet and outiet
ports, an adjustable anvil, and a piezo electric drive.
[0014] Fig. 6B is a cross-section of the emulsion apparatus taken along lines B-B
in Fig. 6A.
r0015] Fig. 7Ais cross-section of an injecior installed in a cylinder head of an
engine. '
[0016] Fig. 7B is an enlarged view of Detail B shown in Fig. 7A.
[0017] Fig. 8 is a diagram of a fuel-water emulsion system, showing three-way
valves and a flush system.
[0018] Figoisa cross-section of a reacior, sirniiar to that shown in Fig. 4, without
an O-ring of spring.
[0019] Fig.10is a diagram of a fuel-water emulsion system for small combustion

devices.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
[0020]  Referring now to the drawings, there is illustrated in Fig. 1 a block diagram
of a sysiem 100 for producing an intimate emulsion of water in oil at the point of
combustion, wherein like numerals represent like parts throughout the several views.
The system 100 may be in the form a real time in-line fuel-water emulsion system.
Aithough the sysiem may be in other forms, it may be in the form of a Hydrosonic
system, wherein the flow of liquid creates cavitation and sound. The system 100
may be comprised of a fuel supply 110, a water supply 120, & fuel and water mixing
junction 126, a reactor of emulsion apparatus 150, which may be near a point of
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[0009]Fig. 4 is a cross-section of a reactor, showing an anvil encased spring. [0010]Fig. 5A is a side
view of a casing housing a self-contained fuel-water emulsion system. [OO%{?Fi . 58 is a rear view of
the system shg%@ﬁ“ﬁ’ﬁ SEA, showing inlet and outlet ports for fuel, wat&F 3zﬂggﬂ%§‘ﬁar emulsion.
[0012]Fig. 5C is a front view of the system in Figs 5A and 5B, showing a pump drive. [0013]Fig. 6A is a
cross-section of an emulsion apparatus with inlet and outlet ports, an adjustable anvil, and a piezo

electric drive. {0Rbddfite. B8bis mcraamHeaHeNpiiEhe emUIRgNRARRALRILS Rkenalengdnes B-B in Fig.

6A. cir_c_ulating loop 170, which may include a high pressure side 171, a valve or solenoid

 valve (not shown), and a low pressure side 173.
[0021] The system 100 may produce an emulsion 160 comprising oil 161 and
water 163. In particular, an emulsified fuel 160 may be formed from water dropleis
163 in fuel oil 162. The viscosity of the emuisified fuel 180 may be changed by
introducing an atom, a molecule, or a particle at the center of the water droplets 183,
s0 as to form a three layer emulsified fuel, wherein the atom, molecule, or particle is
surrounded by water 163, which in turn is surrounded by fuel ¢if 162 to form a three
layer emulsified fuel. For example, the introduction of a carbon atom may form a
three layer hydrocarbon emulsified fuel.
[0022] In Fig. 2, there is i#lustrated a schematic diagram of a system 200
comprising a fuel line 210 connected to a fuel supply, a fuel filter 212, a fuel return
214, a fuel metering valve 215, a fuel diverier 216, a fuel inlet vaive 218, a water ling
220 connected to a water supply, a shut off valve 222, a metering valve 225. The
fuel line 210 and the water line 220 may be connected to a mixing junction 226 (e.g.,
a Tee junction}, which may be connected 10 a pump 230 and a reactor or emulsion
apparatus 250, which may be interfaced or connected with the fuel line 210.
Additionally, the system 200 may comprise an emulsion circulating loop 270 having a
high pressure side 271, a low pressure side 273, one or more static mixers 272
{which may be optional}, a pressure bypass valve 279 and an emulsion delivery to
combustion valve 274, The system 200 may further comprise an emulsion return
line 275 connected to a load (e.g., an engine, a boiler, turbine, furnace or other
device), a fuel return emuision isolation valve 276, an emulsion feed or combustion
line 277 connected to the load, and an emulsion return valve 278 connecied to the
low pressure side 273 of the emulsion circulation loop 270.
[0023] When the fuel diverter 216 is closed and the valve 218 is opened, fuel
flows through the metering device 215, which may be controlled electronically or
simply allowed to flow according to the demands of the load. Water may be
iniroduced via the water line 220 through the shut off valve 222 {0 the metering
device 225. This may be done proportionately. Fuel and water, thus proportioned,
may converge at the mixing junction 226 and may be delivered to the pump 230.
The pump 230 may pressutize and deliver the fuel and water mixture to the emuision
apparatus 250 where the fuel and water mixture may be constituted as an emuision.



[0015]Fig. 7A is cross-Section of an injector installed in a cylinder head of an engine. [0016]Fig. 78 is
an enlarged view of Detail B shown in Fig. 7A. [0017]Fig. 8 is a diagram of a fuel-water emulsion
system, showil§ &2 valves and a flush system. [0018]Fig.9 is a oS AEGH8F a reactor,
similaro that shown in Fig. 4, without an 0-ring or spring. [0019]Fig. 10 is a diagram of a fuel-water
emulsion system for small combustion devices. DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENFJR0ZR] Be{RsioR G At thsnd truvingdsithertusdHisstirdashin e -chiiagk diagram
loop 270 on the high-pressure side 271 of the emulsion circulating loop 270 and
through the static mixer 272 and the pressure bypass valve 279, which may maintain
a desired delivery pressure through the emulsion to combustion fine 277 via the fuel
line 210Q.

[0024] The greater part of the emulsified fuel may be returned by the pressure
bypass valve 279 to the low-pressure side 273 of the emulsion circulation loop 270
1o the pump 230 to maintain stability of the emulsion in the emulsion circulation loop
270, where the emulsion may be in a constant circulation at a rate that may be
greater than the consumption raie of the load. The static mixers 272 may be
desirable if the emulsion circulation loop 270 is sufficiently long.

[0025] The emulsion that has been consumed may be constantly replenishéd oy
the proportioned mixture of fuel and water. The fuel return line 214 may be isolated
from the main fuel supply by the fuel return emulsion isolation valve 278, which when
closed, may divert returned emulsion back 1o the low pressure side 273 of the
emulsion circulation loop 270 to be maintained along with other unconsumed
emulsion.

[0026] The system 200 may be instalied in parallel with an existing conventional
fuet (e.g., a non-emulsified fuel) delivery system in order to facilitate rapid
changeover between the emuision and the existing conventional fuel supply. The
reasons for the dual parallel system are to flush the injector pump, the fuel delivery
pump, and the fuel line to avoid contamination by water when the emulsion
separates during extended shuf down, and fo avoid interruption of service during
maintenance by incorporating certain redundancy. Since the existing conventional
fuel delivery system is still intact and the fuel-water emulsion sysiem is in paraliel
and simply interrupts the existing conventional fuel supply and the return lines, the
change over between the fuel-water emuision and the existing conventional fuel
supply may be accomplished easily as follows. During the emulsion mode of
operation, the fuel iniet valve 218, the metering valve 222, and the emuision return
valve 278 are open. The fuel diverter valve 216 and the fuel return emulsion
isolation valve 276 are closed. During conventional fuel mode, the fuel inlet valve
218, the metering valve 222, and the emulsion retumn valve 278 are closed and the
fuel diverter vaive 216 and the fuel return emuision isolation valve 276 are open.
The changeover from conventional fuel to emulsion fuel may be automated by using
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of a system 100 for producing an intimate emulsion of water in oil at the point of combustion, wherein
like numeralsvl;)e(-fresent like parts throughout the several views. The sya;[g%% %X E)e in the form a
real time in-line FGEIXVALE? emulsion system. Although the system may be In o% orms, it may be in
the form of a Hydrosonic system, wherein the flow of liquid creates cavitation and sound. The system
100 may be comprised of a fuel supply 110, a water supply 120, a fuel and water mixing junction 126,
a reactor or esaldsiaR apparatuslitflemhichmapbeneanepeininel vaabastiont $9022n addition, the

system 100 n%ag SRWéS%Q(Faﬁ'H%\E!ﬂ&%@r%laﬁlf&wglwg loop 170, which may include a high pressure
va

side 171, a valve or solenoid valve (not shown), and a low gressure side 173. % 21] The system 100

may produce B uISish PERESM S riBm Y8k P00 ridRsREDeras (RIBRichf A GiRlisified fuel 160
may be formedchifrordtdasecidseplersi163 ivdualieil oz 2he Hscosigdofithe awelsifiegifuel 160 may be

changed by iRtk RGPl D18, MAIGCHIS, 86 @oﬁﬁm@bee@éc&%fé@m% Qb wtesdeoplets 163, so
as to form at ree Ia(}/er emulsgle fuel Wh(—ﬁé% n the, atwn le. o ticle | IS $ rrgunded by water
t

r
163, which in oA g{?ﬁ PSURAE eru Ecc)) orm a %r egfangéNn%u ﬁecm‘ru Plgor example, the
introduction ofepegitibs W ifagdetronahiee Myeehyabescaddsdh BmasinBeriuelq6622]in Fig. 2,

there is illustrateshaisehematingiagrand ofategyaien3pt asmprisinga éuel fire 2t0vemnected to a fuel
supply, & fuel gl atrebiueseetin 24 aluRlmetatl g yaly o2 % dlugl dusiien Hg a fuel intel

valve 218, a wate 0 connected to a water supply, a shut off valve 222, a metering valve 225.

The fuel line 2818 RFaRAINe B AP HE N TN H@Vﬁfﬁ:tﬁ?ﬂ“@’f@ @g., a Tee
junction), whiemusignbeéF comtiectedutsia ponae2 B2add = reactsen memalstothapparsators 250, which

may be Interfaeg A auesIBM e dustings2 . Addiinoal hersis 8200unay comprise an
emulsion cwc;%tln oo 270 having a \I’)lg&gre syre Slde 27the fjes‘ %saure side 273, one or more

static mixers Pc( SHILS DR BTHOHAR 24 prEdslir ntag}gs valve e Ston delivery to
combustion v&@@ﬂmh@%%@m@ﬁ@lﬂﬁWflﬁ?ﬁw%chmﬁﬁsfé@éﬁi'@rﬁl]%lo’FPPeﬁﬁﬁth%'@?S connected to

a load (e.g., as engineusiheilerctusbiaanfuinacener gttendeipassaviied retarmeanrulsion isolation valve

276, an emulsiansed gt comBHSIORINGATE SOUNERISH B/ IPRTANI A EMysianyetur valve 278

connected to pressure side he emulsion circulation loop 270. [0023]When the fuel

diverter 216 |§@Rﬂ'§é(ﬂ’%\tﬁﬂ A ] %ﬂ?é‘?fbﬁrcfﬂ@ﬁ"?ﬁ)wgﬁﬁ&dﬁ‘?ﬁ%%%@ﬁﬁ t&ice 215, which
may be contreltedaietaoniesgrentsintiply tiltosvestiottion ratcodiadotg thErdstadnasetthe load. Water
g}?y be Ingoti'jmeﬁl. %éfl%é.’é@% #@%%ﬁ%%ﬁl&%&t@ﬁ&fwmyt@@ﬁ&&mﬁbﬁgmeterlns:i tO:IeVIce 225.

is may be rtionate uel and water, thus proportione nverge, at the mixing
junction 226 aﬁg%ﬁ) %edpé'f‘v SVB i ha een Ss‘ﬂ%e% go n 9 f?/g%rrgghsuaﬁz and deliver the
fuel and watepwmeéaddttﬂleae%w%ﬁsﬁwmaramfsz%%@r*él@h%? mﬁl'%ﬂ%%éfémntﬂﬁti&‘r% may be
constituted assaﬁpgmwka@molﬁr@mdh@ evalishih apparasysd? o sthe®ombsiemmityn eatér the emulsion

circulating loop g0, é%%éu%“s&r 294G IERL LR SMHERRE Lo AIBY inapdrhand through the

static mixer 272 an ressure ypass valve 279, wh |c may maintain a desired delivery pressure

through the eﬁ*?f@@’ﬁW@dﬁ%Bﬁhﬁﬁﬂﬁ%’?’f?e\ﬁﬁrﬂ%%I line 210. [0024]The greater part of the
emulsified fue[a028} beimdtigerie thixe tisalipstratagte schematic diagram of a system 300 of this

invention comprising a fuel line 310, a fuel filter 312, a fuel return 314, a fuel
metering valve 315, a fuel diverier 316, a fuel inlet vaive 318, a having a water line
320 having a shut off valve 322 and a metering valve 325, a fuel water mixing
junction 326, a pump 330, a reactor, such as the Hydrosonic emulsion apparatus
350, an existing fuel supply 360, an emulsion circulating loop 370, having a high
pressure side 371, a low pressure side 373, one or more static mixers 372, an
emulsion delivery to combustion valve 374, an emulsion return iine 375 connecied to
a load, a fuel return emulsion isolation valve 376, an emulsion combustion line 377
connected to the load, and an emulsion return valve 378 connect {o the low pressure



bypass valve 279 to the low-pressure side 273 of the emulsion circulation loop 270 to the pump 230 to
maintain stability of the emulsion in the emulsion circulation loop 270, where the emulsion may be in a
constant circufatéh 4% fte that may be greater than the consumption FAE PR, The static
mixers 272 may be desirable if the emulsion circulation loop 270 is sufficiently long. [0025] The
emulsion that has been consumed may be constantly replenished by the proportioned mixture of fuel

and }Nater. Tlhﬁd@lalrse@ultﬁdi@m@&éﬁrﬁﬁmwﬂl@émﬂpw@%r@w ﬁw@{rata@ﬁw Ryshaobiel rl:et:Jm
emulsion isolatign e 276, whi jver A 10 the low
pressure side%g%%‘%?%ﬁen% ﬂ%@%&ﬂ%ﬁgﬁ%@%% gég ﬁ%%%%?%%%%ngnvﬁ%q&é%r unconsumed
emulsion. [00PEFFheEsteM 260VRGY e HRAINSY YRNardil8l dith BS Shdtitf e reridnal fuel (e.g., a
non-emulsifiesifuiBndelisigrie systamsdiemariderr totiiaciititb | eagrdict) an gedareio betieash the emulsion and
the existing cepyRioBAlduSsURRI sEhergasnsdArdheia RARHoLSYSIER ISR flush the injector

pump, the fuel delivery pump, and the fuel line to avoid contamination by water when the emulsion

ST AR ioba foRal IS el T
separates duﬁﬂ% ERSHIRIERIHNE Ao 48 avoid interruption of service during maintenance by
incorporating E¥38In rétfigddndhesinedldeiatsdstirmioeeneelitivahrfuekermasyyregSrntis still intact and
the fuel-watersampisiomppaaive4s0sRaIAIebANESIMAY spiRifienisdhsoexisiage@rrensional fuel supply
and the returnr“Q%%L}E%ﬂ%ﬁps%%g%ga%ﬁ%\gfﬁ%mg gugga\gligggié Feégg@o%&ngntgl%teﬁtjgg conventional

fuel supply may be acco ows. During’the emuision' mode of operation, the fuel

a
inlet valve 218768 1AetBAMYSIER-E OE?ZX% IAQEIRUIBRFPRIGAP VAN 884 JHBRICEhe fuel diverter
valve 216 andthefimlyrettraderhsisitindeslatiepriral\vs2 /dheasedlogitdh Dheringvilossentional fuel mode,
the fuel inlet valuen2{ §ujiRe-BIaHnTNANG K2 ZeANib NG RMUASIRNCEIBEN Ve 6By Closed and the

fuel diverter valve 21 anﬁi theéuel return emulsign isglation valve 276 are open. The changeover from
conventional fl&F 189U ﬁi? é]"ﬁ‘{gﬁ?%set%rﬁf@& %8{6'39%%?&9&@0]@3'8%950& ?h%’rvgégﬂ/alent
automation folecteRi®irgbEiantalyeePIent ZEgItsIRD 27 Hiedraiggipwiess Bftisaityitdédmanual valves.
[0027]The opetsiimcbtbasysiens Reisesaibedras dallovws: Asytheidiveiigh walvgiil6 is closed and

the fuel inlet v%g%géjc?)’i ?Qf?@fb%ﬂ’\%i‘?tlwgg}“ﬁlé rr?fé%B metering fuel device 215, which may be controlled
i .

electronically or simply allowed to flow according to the demands of the load. Water (e.qg., tap water) is
introduced thrBlAgih the iR RMinE L ORYRB GHRNRE ShuheANRRieDSEtb e WKtaITRY \Rilve 225
proportionatelyay het feceehating Watey, 468is Prepbrkoteeicshatini&s geaptfloet fomchai@tieranmtiking junction 226
and are delivereddg-The L8RP 3o Damy essrizedRardetiverediniie spAcis Qiagppulsion |
apparatus 250, where they are comprise an emulsion. From the emulsion apparatus 250, the emulsion
may enter the“efiars §ﬁ H}nfgu?a%e ?%ép%%%ar? ﬁ'?g%qﬁrnedsgﬁ?eotsfag %afingn4§$hr ﬂaﬁiéarﬁtoptional static
mixer 272 and§$tessuieyiBepasdvaneea 749 WhiCreastiptAnP i o asidefiasiehreyy PREsBeIre through
emulsion to thejjos@bustionalinen? 7Ryiatamileldinerrdd. Jreigreaier paidmathesmulsified fuel is
returned by trk%\ﬁtraef%%ure bypass valve 279 to the low-pressure side 273 of the emulsion circulating
loop 270 to the pump 230 to maintain stability of the emulsion in the emulsion circulating loop 270,
where it is in éBﬁ%%nt R anfictP4fasaioigremicer e PRITOASA PR PAIBTIIRETHRE. The static
mixers 272 mig iguaesndipkes$ the dopuisionscineulatngplobip£l7diils Seffsbimt|pflthgani@028] The
emulsion thatasdiegsconsivdigshimreastaniyorrinishrrdy the Repnastianakiyaliagd water supply.
The fuel return I|1ne 2]f4 IS |solla£§9 ftﬂ_lm the fu%@g@&éb%]e |solat|ontvalve 276, which when closed,
diverts return&d SRFILIER BANCE thE RIS SSEr AR O LALRR ER QMRS 1oop 270 to be
maintained altgganiih4fe redtibtnailiercdhdane deinelSicvc(OOR2IREFig. Bcplvtsdtiastrated a
schematic diagg@am.of a system 300 of this invention comprising a fuel line 310, a fuel filter 312, a fuel

return 314, 2 fyghgreteling xalue 315 e el uerter iAo R hushialel e A1 B, s ayag a water line

320 having a shut off va ; a metering valv el water mixing junction 326, a pump
330, a reactoAQUAPASCHBPERRIIROME BIRIGISTRPRSEAERTS 5D, BF SKRthGITBrsEh ) 360, an
emulsion circplatingndoop r8ahiMayingsalisightiple sstiregialeaBvil halingy pressenmgideaB8a3, one or more
static mixers 344qad SMssIORERYerY ErRmBUStRmYaNe S iR MESIAI e HRe 375
connected to a lgad, a f%JeI return emulsion |E.Olatlon s\galve an emulsion combllijistlon line 377

376,
connected to & ggos,uéﬁ%eaﬁrgwgiooﬁ RGN 9% g}%ﬁsegf ggakﬂeo%wwégrse &
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side 373 of the emulsion circulation loop 370. Fig. 3 also illustrates an open loop 370, which may
incorporate a float switch 368 in a production tank 369. The float switch 368 may activate the fuel inlet
valve 318 and Ht2H{EVvalve 322 simultaneously (e.g., by solenoid oP6THET8LH4BIE device) in order
to replenish the emulsion production tank 369 and emulsion circulating loop 370 at a substantially
constant and proportional rate of flow. [0030]In Fig. 4, there is illustrated a cross-section of an

exemplary reaRiRl ey ﬁ!@@t@@%@@ij‘d&é@@ SUAPIR USRS SYRIRE'S glfhgdRfdescribed
above. The er’{}]ul gg&)%a,fr 'é %B Iude a hous or Caﬁéﬁ 450 an inlet 460, an orifice 462,
an inlet end- cap S outiet an ﬁgi eLRAm 2 shafh ei{og %?Y}S’Qrﬁgﬁﬁsfﬁpeaded shaft
465, a spring Et'%séﬁﬁﬁs%@ Wiehamthesainp 4B a@ﬁ"@@érﬁﬁ*b%ﬁstmﬁfm? eanaBinntpseal 468, and an
outlet 469. Fuehand water@ateprgithe intesrdoRisaaupassothreughihaariise AeRimidmpinge on the
.anvil 464 to cr, t Il 0L Gayitation alon h ra|I| surface of he anvil 464
sufficient to ertﬁﬁ’%#%of#ﬁ @vgﬁéﬁmﬁ%%a%a 'ﬁi ér%%lgfgﬁ?rﬁ%é 8efx t%rounh?ﬁep outiet 465 directly to the

load via the eMBfBRIGHBY RIBEH & PESPHIPLEE FRR i étfﬁ@lﬁ@@%??‘ﬂ‘]é“ﬂﬁ@&@é’ﬁ?ﬁﬁ@ft 465, which
may or may ncacamythel®itingades: Flesstineaidedsheftdébraayalainfosrathsimentin the

compression @fgwgréegms 485 Hﬁirﬁﬁ@% &%ﬁ%@%ﬁ?&b%&%ﬁmﬁ%%&éﬂﬂ@%mg a threaded
shaft 480 in an efnd o the casi The shaft 480 |s provided with a seal 479. Pressure,

amplitude and® !f'requen herﬁré\ﬂ}!ﬁgsé %ttga E%Pﬁ%ﬁﬁwﬁfm%'@Qf%?%ﬂj@?rﬂ"@n‘?tﬁ%rfﬁﬁj order to obtain
optimum cavit@tisniEH0BEFFHEE ¥4 464hg odembelilsrareointhiedniny aBBd e rathenthe velocity of

the liquid and giselsades Q{@mﬁmﬁsgh%f@ﬁ@mmmwumzmm gidhe anvil 464 creates a
substantially C@ag nt (ﬁ@\g}&élogh \éIBIC{;I‘ &baysr%bgt%/&tge %alm ‘ ace of the anV|I 464. The spring

466 may maintain a constant pressure between the anvil FaRd Trle 48? ana actas a
pressure relmPYﬁ%‘Qs@OBIo‘W&@érﬁéc?l‘?soiﬁ@gﬁfﬁnsé%?%fahﬁﬁ‘@%ﬁ“fé?‘@&s%"(ﬂb"ﬁﬁ@”ﬁhe reactor or
emulsion appdretegstd fHaynep bpeiseptnedan mard siepsiselettgddiomsthe gratpraasnprised of

providing or maghiningd L&%&%’H@HW){JH‘&H{8@!&%&1&%&@%&%&8%9%ﬂﬁﬁ‘%@é"’&r‘iﬁ'gg surface,

adding an O-ri l%i_nseal nsi e n the anvil near the working surface, providing or machining

a shaft that is AT 1842 S et'h?géaabl%gpw&g'l B2 HHENLTs BE SONNEEiRfe iR e threaded
shaft, sliding J%ﬁh@@mwﬁ@ wirshised Bhé{ﬁwslldﬁhglmeeanwI&W&ieﬂqéenhgeadeplashaﬂdand the spring,

encasing the sgﬁiﬁ@mi'ﬂmhm@@pﬂb1§eﬁlggrgt§hem\&h@@emwgwhg&gmga@wﬁ@gingsthe anvil in a
A Lo Ol e ok N s i

threaded shaft in an outlet SI rovi machining a Iow ressure S|de outlet end

cap with a thr@%@&ﬁ@%‘}%ﬂ?ﬁlﬁﬁa tﬁ@é’hﬁ“ééﬁ?'&fﬁ”ﬂwé@ha@ﬁt%!@%ﬁr@%%‘ﬂr@éléédoﬁhﬁ‘le chamber,
providing or neawkginngeiunigh7gressy e mdeivaigt iond dap higth srednlesd aificamiagbingd to match the

working surfag%gj,_glg,es@g\m,amgyﬁdg]gntb%blgmﬂgﬁure side |nlet end cap onto the other end or a high

pressure side gfr%j cqn ber ehctln rthefl |ntletto ifice to a fdlscharlge and connecting the
outlet port to U|SIO |r’c |n’ e fllustrated cross-sect ons a reactof or emulsion

apparatus 600 su:tab!e for use in the systems 200, 300 described above. The
apparatus 600 may be in the form of a piezoelectric ally driven unit comprising an
emulsifying chamber with an adjustable anvil or working surface 664. The apparatus
600 may be comprised of a fuel inlet 610, an adjustable fuel control valve 615, a
water inlet 620, an adjustable water control valve 625, a body or casing 650, an
emulsion outlet 661, an adjustable anvil or working surface 664, an external anvil
adjustment 667, an adjustment lock and seal 668 (e.g., a locking and sealing nut), an
emuision return 675, a mixing or emulsifying chamber 680, an O-ring seal 682, and
an ultrasonic piezoelectiic probe 685 (e.g., acoustic type probe). This configuration
may not require its own pressure pump, as it may be driven by the existing
conventional fuel delivery system pump.



[0034]In Figs. 5A-50, there is illustrated a compact self-contained emulsion system 500, which may be
particularly suitable for smaller emulsion applications. The system 500 may be comprised to a fuel inlet
510, a fuel rettYR B1H1HEWhter inlet 520, a housing or casing 550, an enfALERHIEIBT1, an emulsion
return 572, and a pump pulley or other suitable pump drive 590, which may be connected to the load.
The pump may be electrical, hydraulic or magnetic. Besides being compact and self-contained, the
emuLsion iyst@m@@% gaawee @fjeyvgreas by thesleagion ‘MGEQ?E&%—%&%@%@@@ %m%?ﬁmrﬁoo "
combine the pum nd the reactor or emulsion.apparatus , int using . The
emulsion outlét 8%5_%3%3 Et%ﬁgae%]u%s%%ﬁrqe JI-IIDI’? 2\75 'r%af?'ré%%éc% |\\'}’(f-:-rf9 {‘%?m“ ée}ﬂfgrh éé%flre side and the
low pressure SE'TPANCEIRLISHN @RSuIRtiHEABE JOI3STIMPIEEo6 AUBEEStHEGE. alfteilRistiated
cross-sectionadjbisimeactsl ane aujlstoraparandss 6868l iahile fogatser it miemen00, 300

described abeyand BARRABRARE B PR asdatm &' aypIERaRIBRIS a8y JEYSHHNT comPrising

an emulsifying chamber with an adjustable anvil or working s . The apparatus 600 may be

comprised of ARIBHINE GEbSIPS fIdth RS ruPEERS CRYLRIR™S 18I WhRe PRI AR VEIRT adjustable
water control $&ieesPB, faryorpaoragrsivis 650 siwne Modsiorbe GBS 661 Hapeatijd stdbiteti@nvil or working

surface 664, apgdempbamdladigsineptoariiarbadipsiment lock and seal 668 (e.g., a locking and
sealing nut), aZ;ra Isi%rt:tretg%w %Z% a :'Eﬂ;i)sqfn re,ErcglulcsfiO in charrtll?(er 62]30, an Oi-,rin seal 682, and an
ultrasonic piezoelectric probe 685 {€.g., acoustic type pro% C r}sacgﬁff’gﬂ?%ﬁ% &Y 1ot require its
own pressure PiitApSAsThEY Heedueienlebitecerictiieyg byrve ativstaiadveletvsiy sghem pump. WO
2011/129953BCGTAWSR@ M2 9866 §0036} ol Etoh B Ave there ibid usitetesha s idgveress - gection of the

emulsion aPPaFRiRU BB ALRRLNG e Al it SRRAAMIGAT S A LIER Bfo, the emulsion

outlet 661, and adjustable anvil or working surface 664, the anvil adjustment 667 and adjustment lock
and seal 668, 3WHICHPIEGEAEPEERERfe adjustment of the emulsifying chamber 680. The piezoelectric ally
driven probe 68638jay dvorkeagaifist ahelstijnstalxevenienl i6 6z cordativegvdtivitatiamevithihahe fuel and

water sufficiertiefRHpcad REIOESHMES ermulsian:d BR Y ABRASDMAYIRE sealedwilinshe casing 650
by the 0-ring %g%%ﬁg at }tég ng al oin%inOB?J.ln Fi%'f% there is illustrated a top cross-section taken
- A, S

along the line M Fry- GA. SHOW nabn e?ﬁrgf infet @gni{]rtgllaerb‘%ﬁtt 3‘5’8{&5‘& 081 control valve

615 and the vAEFIAIEIBROVEEIIBASERIYhEsifnStanEdRiened MKIP:0U &It etemulsion outlet
661 connecteplinihg inadidbeterudsinauretiig poertiScaagihaanvih weltng isipifane 664. [0038]A
process for emulaiying tebwale iR REcIaNCE It ANANG RF8sutts in emulsification

of water-in-fuel. The method may further comprise the steps of circulating the water-

in-fuel emulsion into an emulsion circulating loop in series with the pump and the

emulsion apparatus, delivering the water-in-fuel emulsion to a load (e.g., an engine,

a boiler, a turbine, furnace, or other device), isolating a fuel supply return from the

emulsion circulating loop, re-circulating and reprocessing any unused emulsion

through the pump into the emulsion circulating loop in series with the emulsion

apparatus.

[0039] In Figs. 7A-7B, there is illustrated a compact self centained piezoelectric

ally driven fuel-water emuision injector system 700, which may atomize and deliver

emulsified fuel directly to a load, such as an engine combustion chamber 790. The

system 700 may be comprised of a fuel inlet 710, a water inlet 720, a piezoelectric

metering valve 715, a check valve 7186, a piezoelectric ally driven ultrasonic injector

tip 728, a cup 730 formed, machined or otherwise integrated into a casing, housing

or body 750, an O-ting seal 782, and an ultrasonic or piezo-electric crystal stack

probe 785. The combustion chamber 790 may be comprised of 3 cylinder head 792,
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system above may comprise one or more steps selected from the group comprised of diverting and
metering and controlling a fuel line into an inlet, delivering metering and controlling water into the inlet
resulting in pr%%?ﬁb’ﬁgg Mixture of fuel and water, pumping the proportiBhEHHikU?EHto an emulsion
apparatus via a pump, impinging the mixture across an anvil causing cavitation which in turn results in
emulsification of water-in-fuel. The method may further comprise the steps of circulating the
waterin-fuel embta@féﬂmtamsratﬂa@ﬁ eysUAtNg dosRdnrReriRs oith the pimam ad theyemulsion

apparatus, dellva;{d%gatconyvat% on IJ emn“é%l%’% ts?n? a?omiéa 9 S lt 54 aPPeosléer atgrblne furnace,
or other dewcés ISolating return from the emu S|on cIfcu atln g loop, re- C|rculat|ng and

reprocessing aﬁ'y‘%tﬁé%@ﬁﬁ%ﬁ) H'Ftﬂ?gﬁaflﬁ*éeWﬁ?r?tﬁ@rtﬁ%‘léﬁﬁwélét‘ffémtaﬂﬁ@%éﬁ@ in series with
the emulsion appatiadaty {©03mbigdo Axdidhéhaee.is illustrated a compact self contained

piezoelectric jvern f te uisi 0 em.f0 [ ghd deliver
jt%ﬁlzr%fcﬂ rltnollﬁ?g%"‘ﬁ\ 'Eh%'F@ ISIRNPIRGIOL SYSLeMedO0r WRIGHJNE &r%}lj%

emulsified fu oad, such as an e ggne combustion chamber 790 stem 700 may be

comprised of Ett?é?ﬂ]t%{ SPGB PIIRYSHB PG GRS P5IvE ﬁ%?&yﬁteck valve 716,
a piezoelectridEtjor syssaru s dbigiénjte dp 2§28, \doaiiey 80mmda aralacliiged oratherwise

integrated intg:é& ¢asHng, rh@tdétﬁgs@rﬁ/ tﬂ@éjmgl%téﬂr%&itmﬁ 88AlefE2 (RRSHANNI KRS QNS B Piezo-electric
crystal stack pr%) g%S tél; Jhsfgg be%rKYQg, &r‘r;f'%t%o t%omg ?g WLgfc%nQer head 792, a

cylinder wall 75. apis on nnectlng rod heé sys S 700 may mgluoee a configuration
for the |nJectlcﬁ?%n@‘%tWat?6ﬁ éf’ﬂ‘f&ﬁ*a‘tqwp%@ﬁﬁ@%n@?a@ﬁﬁ@%ﬁ@c@éﬁ?& aﬂ@ vlimes, via the

piezo-electricabiynbuistion vitsasenic Thicctoriio %28, wirecthetdrthrccorpusticmeasnpesd 90. [0040]in
F1g- Th, there jgdiay alecoa sl the ol eclorsy ey A iBelAl addn Islatop e ne combustion

chamber. The ggzo electric probe 785 of the injector system 700 vibrates the tip 728. A vibration of

approximatelP2Hd68%y L8 B SBRY ?ﬁé@'@ﬁﬂtﬁﬁf%ﬁ% R RO ERE S through the fuel
inlet 710 and therketetanler 2@ thfpdghhtes ¢Edk alpkadel ¢ o e eujprBdistiere the fuel and the

water are simwtm@m@wﬁm@m a&mi@aﬁdﬂr@ww% thes aesabysiionehartbgr. The cup 730
may be formed in tgg 8 %% 250 an %‘5\5 rg})t%gsg ay, Eﬁ §S |eﬂ’,WIthln thte bod a/779 0 by the 0-ring
oint a be'r § ‘é% Wa SFEEae If’c"i’ rotru

782 at the no&a?p he ca orme SO as é dlrectly into
combustion cﬁ‘aﬁqﬁwg@ﬁw%*é&/m‘ﬁﬂ@t head 792 in the pIace of a conventlonal injector. Due to
more complet¢pcembustibi, ksthearkoluisaudtaeandiessaweaDand ©andvexpegensed by the piston

796 and the cyfiadieh W08 4sd ReSanReeLRGARE Ay MB AR fRdpiRreital,ganty. 1004Llin

Fig. 78 there is illusfrated an enl arﬁe view of etal B shown In Fig: 7A, showing the cup 730 formed
into the inject&? BE8y 788 FHYRYHNE AIRY HELIRERRise formed in the injector or the atomizing tip 728.
[0042]In diesel0@Agine Ipraistiek stiginhighaitigsction pigssujesianayasecessitale vargspitecise pumps and

in order to atopaizeibesBighaba ¥RIYighcPreSRUrfzd R imaoa%wteﬁtgﬁ%s&@yeusmww injection
pressures and gg)ethosq eOf %%m%atlon hat WOLPd allow a wide ange o BJg %?Obe used. For instance,
li

.. ow Inje essures an mization
distillates, resid Siong and Sidrmes coul altbeuced Witk equa

that would allow a wide range of fuel 1o be used. For instance, distiilates, res;duais
emulsions and slurries could all be used with equal facility.

[0043] InFig.8, there is illustrated an emulsion fuel system 800, similar to system
200, utilizing three-way valves and a secondary bypass 803 in order to avoid any
unburned emulsion retutning to fuel supply 802. The three-way valves replace the
two-way valves 270, 278 in the system 200. The operation of the system 800 may
be similar to the system 200, except upon shutdown. When shutdown, the valves
817, 879 are returned to the fuel position. A diverter valve 804 diveris returning
emuision in the fuel to a return line 814, and back to the combustion device 803 via
fine 805, which may be connected to the fuel inlet line 810 for a time sufficient for all
emulsion 10 be consumed by the combustion device 803, at which time the diverter

9



[0043]In Fig.8, there is illustrated an emulsion fuel system 800, similar to system 200, utilizing
three-way valves and a secondary bypass 803 in order to avoid any unburned emulsion retutning to
fuel supply 809 UMk t 2rg"'cgiies-way valves replace the two-way valves 270, SrE Y wg?gm 200. The
operation of the system 800 may be similar to the system 200, except upon shutdown. When
shutdown, the valves 817, 879 are returned to the fuel position. A diverter valve 804 diverts returning
emulsion in theafiseta ectetolime Bk pantbbacknito dhaceomaysiomaieyice 8Asyiading 805, which
may be connagiedsindhe slnleLling G4 11 AIMRUTEeR 003 eMueRdakbe sansumed by the

combustion device 803, at which time verter valve 804 returns to position. This system

may be contr&%ﬁ%é%%@ﬁﬂy@ﬁ SRR WIR PO cUibs e IR 866iE "Phe load (e.g.,
the combustidi$tlerdce Be3)atanstidrhe eaduisiomurit80d rstaderclibedhsveswayvabres817, 879, 804

are in the fuelgosiges). 4QRAFHINIBIFRASIAT BESRBMICiveRS '%@%Tm?e\%em%égh §{8, 804 switch to
emulsion positign, dlvertlp%ofﬂel in III‘IF 810 thr?u h the emL#]smn unit 806 and iso atln%we fuel supply
Att 2 5

802 from retuff’ fine 814" ignﬁésgoe,t{?% ??)%dJ ?%D%ﬁﬂ 506“ SHSIOR. &8 sHult n, the
emulsion unit 889esHitsCBE\BA3 Th &g 208 uidls gy seradpstrieoafelisingl pabRbn. The diverter
valve 804 corgtuesdndived thesaiayndnesdliy mrdiauipad wa the fusnrss 806 anghall emulsion has
been CO”S“m%l\%’lﬁd%%l%%gé% BME‘?E(SH%'@B ring 40% fﬁﬁ@%@'?&é&’lﬁﬁ%& %s%'éégomgﬁue' supply 802.

When all emulsion has been consume iverter valve 804 returns to t osition and

combustion d&VRBUEBYIRTESFIGANTHBSA K £5Gase Rt RYCiliR patRirg BRJLEL &stilie of a reactor or
emulsion appétatds@0p swmldndb dinephe&0tor X40Mrwitheutudssiorimgps sreetinctndumed, dased anvil 964,
eliminating thenges JakaBd FrGSSRl (NI dBaYRASEEBILR SRR BEDG 08, RR0, as well as
other procesa@é@)ph?ﬁt'pnsgw]e reactor 90? %1ay include tatugglar housmg or CaISI_%%950, an inlet
960, an orifice ;an inlefery 05{399[83' Lfs R GUtfeEnd 83%;@% ,aargt%fﬁ%rn 'fyegﬁw 4 with a
cone-shaped SFRIGEAHYG GHfit 96 hearaddipAoB7wiveaRviPYsx andyriseidpporieseby a threaded
rod 965. The enlicesa6imiaxiag mejustaddymBaing oL xaitahagustirentPHe slbrseal 978 may
prevent leakagg,betyween threa d ne.Qr. more miscible or immiscible
liquids or soliqglilg;0 rhgy%/y&ﬁ?s%&th%%u%%ﬁité% 8?%%? g%g‘g@ '&%a%ﬁ%%éﬁggg ‘n;eﬁ e(%%ﬁ;%mgg% With an angle
correspondind f- fifePdHgit o EsRQ SR P A It %%Gfti@%g%lﬁﬂ‘s”ﬁ%%ﬂ‘@@ﬁ@ along the anvil
964 and arouft@iSthedip 9621 Ehis maydtiite siplessuyreadvd@oahicih magoesestepeavatation along

trailing surfacg-@fiihe Al 964 shfigignioly Cramtean @@Mﬁ@ﬁb@rsgmh@ew? ghsalidsgvithin the liquid.
The area of the dsfggbce k@%;vggnetg% Q_IVIl 64 and the casin 95(6 mae¥ %f at least as %reat as the area
of the diamet&?of outlet 878" Ohce pro%%sge ,%ﬁ%ﬁ%ﬁé{l %%%%)8 S &@P?Hpgﬁbﬁ fie outlet 979.
[0045]Fig. 10 TiNgsHRAeS’ &rimpn BIsiantTiRakesn\aksiern 1lGadRa T ATatbeand etb Aan?ERBr combustion
devices. A stapar fuele shishiins beatingdue) agdredieselicnaafipasthipuglamewsing fuel inlet

line1002, whigh4s fi itheheck valve . V. i ' a t mixing tee 1006.
The water ma%%gé ?ﬁgggﬁ%d b r%%géw}éggr%%édmﬁéﬁ%ﬁ{tgo% |‘é%?85r/1’ ﬁ%?grl%%]it yé‘iﬁéé%fg] 0, which may
be normally c%/?%%ah%ﬁﬁﬂ’ (?r‘ik‘:‘l{lg%wg % BHERSHIBWSpER SR eI Bt e MR MR h A be controlled
by a fixed orifezetod Biedeitygey flolhie oot ealeea 11926 uTd drsizendfctinerepntralteyabréttdh6 may be

determined by g GanAgit.@idbGRBRMAteE: deMicRnTB! SXADRICH AIRILP YrBRkaam a one gallon

per hour nozzle and 15% emulsion is required, control valve 1016 may be sized at 0.15 gallons per
hour. The watoe?rs[%lhé" r\r'wvgt’enrg]aeralgfl'%eﬁ%‘%rgﬁﬁc@ﬁt 5 tﬁ%a?&e\%’%i‘ﬁésﬁa? tﬁ'é‘xr’n?%ga? eo6. The
proportioned F3EIDG SRS MAXREAWREPTRIVEIPRb asrifepiangighesdianeisn Ripaiet 874 tinsw rate of the
pressure purrmdk@&@eiﬁ greatar mmih@qbuéamater@ﬁbmﬁ@m@@qgdevigg, the mixture may be
re-circulated ]tlmg%. ’Q‘OSE]SQFHEQS ;‘]e%glg?b“sm%s)czggﬁéﬁ%wQ%egmgwé%fhagr%g%%sunzed, the

emulsion fuel flows to the burner nozzle or injector e shearing e ressure drop

across the no¥PRITFRT RIS LePeutBSruft R R &b areRIassaaed s énRjsieah ut@Xhe water
particles throdigivotit dhghemnudsisimonberéugadimett ARy Weichim dicliadeljtic ahdolistaide The4system 1000
may utilize a @Bt HAZRicBMAY RaSOANRSIes R e¥iEingeamRysHINHaKRRORUQTT controls. This

may automatit():alrIX open tpe s%ggoid va V% 1010 g ter the corr11bustion %ewce starts and close solenoid
valve 1010 a ShOrETime fb'e ore’ compust We%iég %'?8%3\.’9[8648]11%3" ’l]'ﬁ a@SHiEep%Bga%B, in which a
booster and a velocity transformer are engineered to withstand the compression pressure of a diesel
engine, will atomize the fuel ultrasonically as it paes its tip, since the pressures of the fuel and the
pressures in the combustion chamber are at or near equilibrium at the top of the stroke. The fine
atomization and precise control afforded by this device should improve efficiency and reduce
emissions. [0047]A process for emulsifying water-in-fuel may comprise one or more steps



selected from the group comprised of assembling an emulsion chamber with plurality of inlet and outlet
ports, diverting fuel from an existing fuel supply line to the inlet port of ti% i hamber,
introducing ngtge)rz?%ﬂn%qg% to 30% volume with respect the fuel volume ce)& ﬁ@%ﬁg{’%’g? , cavitating the
mixture in the emulsion chamber resulting in emulsification, circulating the emulsion in an emulsion
circulating loop around the emulsion chamber, delivering a smaller part of the emulsion to a load on
demand, recigmdedingnexcessk eratision sadha&@mpisientaireuiatingieopasaiiaiegigaier than maximum
demands of the g, EPIEHAOINGIARE ETBURoRn 1B EERiHsIoRIeHiRIngHoQRrgmabe emulsion

chamber, and rep enlshln% fuel and water s,ugdp y at the inlet ports. , ]
2011/129953BRFIUEYE 1 DT85 8 CEHBTH R HolELapGF b S8ING RgPHTIP AR, EBnitfise the step of
delivering waterapi ol fe.@il bydrerchabon doelsaiiofpeidaor otrefrel)tdaprappanats in the form of

a reactor or e,qmﬁggp ﬁgg@%sd%iqlamayagrgg@ﬁgfgp@% @g@&ﬁgrﬁ@l%@pnﬁ@m@@yitaﬂon to create
[

an emulsion v¥1 out the pse of chemigal S rfa%[ar?ts or emulsifiers. The e{nul%f'%d fuel may be
. .1 Hs {netﬁre may be intro uceéjto a Tuel ﬁtr am al %e mixing Jlee é . .lhe
delivered directly tothie burner or an injéctor purmp, which may draw on“demand, with excess

emulsified fudlpeoEiNAAMRT-WAK THKBUIG MEYEI A FaPATLS TSNS OrRfEe AWEIRAONS: I60peat a greater rate
than the maxmswmaieguirepestuef shejoad ®isapplicaticam hHbeapparatisHercorgaisngncavitation may

be comprised,gf g, SACiaRAETPION ANRILS AKDiGh{ue! Auapter paierangfiice and impinge

on a specially shaped, sprlng?99 ed anvil, which encloses the spring so as not to interrupt the flow of

cavitation buBPREEXjHE4 TS ERAASHBE FHIARhy N5 TRHRIB W Y P URICUNRCAPATS) feed the load
(e.g., an engineindioiléd2a. tUHsisbeftingordEcoamiincesdendcidplhgupp ipencere $0@6rmand, the
emulsified fuelsmaybeaneircliaies thiaughdbe aRRasabus, akikahited iy agsidre gnghiew. Due to the

thixotropic nagure of the emulsjon and the cavitation effect of the apparatus, this process may also be
used to reduéttewﬂ%]é)h ﬁ%%@%t?/mo ?'l?gfs“ine(r)er[é%orntg nrﬁ%{ktéet%r?ﬁg sgrf)fc?rge%r%lb E‘la"’le'. S%ﬁ%rg apparatus may
include a strutfdfert@agitiae thecri@liatér vaicreatey dak/itRNBeLisrhierer P Ineh e di®hamber
comprising tweasgiusiaeanged flaidlage suwhicicannvesgenio domors flahepertoran&ressurized

fuek water may coyiaie langLhese Hiadas dye.lo dhe sfiene f the dlades, i1 giihe fuel- water

through a flat aperture, and the impingement of the fuel-water on to a third adjustable flat blade,
causing all thFEEBISHRE 48" A ARBS causing cavitation within the mixture to form a finely dispersed
stable emulsigboéiih rétacetlasiztositybe/ (85 LinThacy stentsicippar atusierid retfousedescribed above

may produce g8 elniBr4repigtsizedhalhasless s asnaticranefteelan thagacongary atomization
or micro explozions that. may occur when the water turns to syper heated s am in the combustion

chamber. Wafat dfopls é“c?? IS TR NS S it OF DI G btRer fiel ars Mora effective in
causing micrd"&XPRISIVRS BribeARETvSIAR G TRTRRIAIZiB)theeRIAITHRE YRS PRIGRSFdRIel surface area
for a more cosnpleie TN iarmitesivltingdndess ¢ ndautine difidedashightiiansaites showduced emissions

and fuel COnswg%%%ffi@%]am‘?éﬁ§%mﬁé? oard or ons te apparatus may assure a constant
I 0 [

supply of substantially uniform emulsion at the desired water and fuel ratio, water
[0047] ~ A process for emulsifying water-in-fuel may comprise one or more steps

selected from the group comprised of assembiing an emuision chamber with plurality
of intet and outlet ports, diverting fuet from an existing fuel supply line to the inlet port
of the emuision chamber, introducing water from 5% to 30% volume with respect the
fuel volume to the inlet port, cavitating the mixture in the emulsion chamber resulting
in emutsification, circuiating the emuision in an emulsion circulating loop around the
emulsion chamber, delivering a smaller part of the emulsion io a ioad on demand, re-
circulating excess emulsion in the emulsion circulating loop at a rate greater than
maximum demands of the load, replenishing the emulsion in the emulsion circulating
foop from the emulsion chamber, and replenishing fuel and water supply at the inlet
ports.
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dispersion, or droplet size to the load (e.g., an engine, a boiler, a turbine, furnace, or other device),
which may otk‘k%vzvdlstﬁ%})ﬁ]s%nstable but for thg emulsion maintained in thepﬁ‘fﬁ}élz% |992$9£%p..[0053]lt
should be appreciatedthat the shape and size of the apparatus or system may be modified, as may
the shape and size of the various components, including the anvil. Additionally, the pressure across
the anvil may be varied. Further, the apparatus may be in the form of a Hydrosonic or ultrasonic

device, a collgidh4vjll, asapiaiing rvaledaciguiduwhisilecongiberastabls dewvieethattsay produce

cavitation or %%eswtarf]g;ngamx FRENAR SORACIS B BRIk Me.{A%H {he apparatus,

system and process e safe, secure, simple, elegant, sleek and aestheticaltlgypleasing. They may

be easy to m&hFalaRie’ iRkt AN HER b rPBpREIS; Al EeRfve BrfiaIRtN o Phey I Befficient,
affordable andocesineffadtivion Thesearaprbenolsiprasting aing daeadilehemidah roviganigged reliability.

They may hayg,gdawdighmeansiaehaweepdalivesd UrewumaRemasy 1 sfarpeaed ship for

portable applications, They mayprovide an altapative o sosiiexhaysLade emissions management
[0055] The a[%'?r%tl‘ﬁv ,'Csys B &hd process may be universal in app‘lllcatlon?or pr walng energy for all

types of load$repHinEEs RRREIMIS Al ppeiadfsieldatingcleringt ch@ifae véterdafuBime, furnaces,
and other deviggsndhepdqoryniegasilyiigcaled up gpmiowdnn site Bbeemulstoncreaynge operate or

delivered to mylfipie 1oad5 L0001 L0E APRAAIMS. GYSIIRBRAMALESS MAKAR tisphdgendly so as to

be suitable for a novice as well as sophisticated expert user. They may be intuitive and user
transparent, SURAT RRALIARQURSSARE LeRINGSR &aRseeY B efrseagpioarst andy 8 and process
may mainly staiierd tff tpershaifanoditainpantst dnelfothet coftasonént®hidhey may be integrated in-line

as an OEM apgad@usTaRY IRMABrares8aPbasan aftarnaag! ahrelpiiamaarausrystem or
d environment utilize existin s, control odulesd%nd operating

process into the Joa They / arts, | S

procedures, o%?ﬁjaclfﬁr‘?g’ gﬂye ?ﬁ'r?ﬁerat?gl%lrh%%ang’ é%rggg{emosr. h%ryé?ﬁlgy? beEPpsggré?é{geéaegs an integrated
unobtrusive cegnsact Mo GNasEpP AratRBYShS et ERIRTEINGYIT s, 3PRe HesrahtRs $efodular
components. grasyureaydacnamifacturedtanst opainiairedivib easeichngy maychatuger friendly and

use mainly St%%g%@g{&%%ﬁ/@?@%rg %@Eé@gwda%@% CUDP RIS WS viscosity of

2011/129953 / 8] The apparatus, system and process may readily facilitate
switching backehi SHF RS RERVERTOREPIGe! delivery system and an emulsified fuel system
automatically E9%3 to Te Gpesstdrstrans rarient. AAsiditivnally  afisyentay ftetiveee Bresatematic switch in

the case of a sya{gmfailifen MAKeravidereasy dterdRton eginsialationMitheut substantially
modifying the ?x{%stin oad with little gown '{Qe an evegr‘%Sesrg)rigeo&(vfrej eﬁime in the cas;[eatof redundant

|
. i aperiure. -water may cavitaie
conventional fi&1de |\;}é?y ?/ns\fgrr%es.to orm a perid y
along these blades due 1o the shape of the blades, the fiow of ine fuel- water through

a flat aperture, and the impingement of the fuel-water on 1o a third adjustable flat
blade, causing all three blades to vibrate, causing cavitation within the mixture to
form a finely dispersed stable emulsion with reduced viscosity.

[0051] The systems, apparatus and methods described above may produce an
ultra fine droplet size that has a less dramatic an effect on the secondary atomization
or micro explosions that may occur when the water turns to super heaied steam in
the combustion chamber. Water droplets of ten plus microns inside a film of off or
other fuel are more effective in causing micro explosions or scattering and re-
atomizing the fuel. This presents more fuel surface area for a more complete
combustion, resulting in less unburmed fuel which transiates to reduced emissions
and fuel consumption.

[0052] These simple onboard or onsite apparatus may assure a constant supply
of substantigly uniform emulsion at the desired water and fuel ratio, water
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[0059]Start-up, shutdown and emulsion flush cycles may be automated and also controlled by
management system or computer of the load, or by simple timers, or by other suitable devices. Water
and fuel ratios a%y b&*&itrolled by the management system or comput"é‘f’%‘ﬁf?é%%?& fe g., an engine,
boiler, turbine, furnace and other device), or by real time emissions monitoring devices. [0060]The
emulsion system pump may replace the existing or conventional fuel delivery system pump, which

may function aggedisndanirepleasikdp m&oﬁe&;@n@iié@b{n@r@%@w torGiaadeGRuidation may be
e one STl A AP NEPOPUSIFL BT AL LS PR BT ceran AR caons e
ulsi ue

fuel and water ma Slivery System pump. of by an atomization device, once
delivered by tH& E‘Ifﬁﬁll%ti'ﬁﬂ I@Ff%ulatlng loop. [0061]The apparatus, System and process may provide
uniform emulsjficzijon {Tsteypihay Emviekemutsifiectfaehin read thae oh tlenappataitheyr may circulate

emulsified fue} a&d%@a&eanaaa%;s&eagernap fmeggﬁfé@ra%%;29%9{9&9%&@9&%9@&@61” the demands
of the load. [0 62]All t)(ﬁﬁ)es of fuels, inc udmagrg rocarbon fuel sé? ? fossil fuels), biofuels, and other

fuels, any be SRt Btk aﬁ}Sngécf[}@"ys S P pPEEss ! dﬁﬁ%r%?ugaré%%tem and
process may hefethéhalsiipar@usdfoat Waierthatiorforos peldidlregiplicatiotisasnisatievice. etween

economy andeemtianmentalRaifdelivRe o1YiseosHY IRy bﬁh@h%‘&ﬂ&ﬂebMéﬁH@Mi%ﬁn atom,
molecule or Oé &Eu%g%"’ﬂ'&%%p?%% w‘é‘éé LS L%I‘  WRLRIEoR etruqthe{emat‘?”a's such as

powdered limestone, may be added 10 an aqu ous 296 10 Serve as a vehicle Tor St sulfur, which may
then be captuféePsh th@%ﬁﬁﬁ%’@ﬁ‘éﬁd@%ﬁ?ﬁmﬁé’@m@ §§@o§¢8ﬂ%l§@3&%5@%ﬁthe case of
hydrocarbonssiBituand racfi08 8 Flh e lepgiagat Taeg ysie et processumayrasaditlie additional energy

when compargghigrihe RPEGURESBYIRGMIIREY FRY [das COMSRIANSHSG M. T cost
effective. They may be long lasting and durable, and provide rugged reliability.
They may have a low high mean time between failures. They may be easy to sfore
and ship for portable applications. They may provide an aliernative to costly exhaust
sige emissions management
[0055] The apparatus, system and process may be universal in application for
providing energy for all types of lpads and incorporated into all types of loads,
including engines, boilers, turbine, furnaces, and other devices. They may be easily
scaled up or down in size. The emuision may be operate or delivered to multiple
icads.
[0056] The apparatus, system and process imay be user friendly so as to be
suitable for a novice as well as sophisticated expert user. They may be intuitive and
user transparent, such that it requires no additional training.
[0057] The apparatus, system and process may mainly standard off the shelf
modular parts and other components. They may be integrated in-line as an OEM
apparatus, system or process, or as an aftermarket or retrofit apparatus, system or
process into the load environment. They may utilize existing parts, controls,
modules and operating procedures, obviating any further training of the operators.
They may be packaged as an integrated unobtrusive compact modular apparatus,
system and method. They may be made of modular components. They may be
manufactured and maintained with ease. They may be user friendly and use mainly
standard off the shelf modular parts and other components.
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consumption of the load, and otherwise be environmentally friendly. They may reduce maintenance
and hence reduce life cycle cost of the load. [0064]The apparatus, system and process may meet all
federal, state,%%?ﬂ%ﬁ Other private standards guidelines, regulations, %ﬁﬂ?&’é@%ﬁ%ﬁdmmns with
respect to safety, environment, and energy consumption. They may be reliable, such that risk of failure
is minimized, require little or no maintenance, and have a low mean time between failures. They may

be long Iastingam@;de o shyablesmatasal a}l{@@ymy b@pm@jwﬂy{gﬁ,@d@ im@m@@é@nvironment as
well as in acci g&g}é%nsa c[: g%ligg% oS AN n% £ EQee%I ﬁ? and controls

associated with the apparatus, systems or rocesse € mo paratus system
é%;?jjéff

and process rﬂ‘é{?‘ﬂ%‘{%‘mﬁﬂlﬁFet%@sqfi’PéaWTd@Fﬁﬂaé%’f Ri“r?é!yar‘i'é%lfﬁ?ﬁh{@%{ﬁ@ésanrhey may easily
adaptable for atheraisesitEiomaranyse ofeyysiay faduedlapted faryusevideagppljcationstisuch as

emulsiing fopd paale aSATEce 20k RORSION L Shanges, AT eadpsIpRics and

bstituti f t | th bstantiall rform the same
functon in SuBGIaTETy A8 2o Ao Rr G larAg e SR BB RS Binting from the

spirit of the iIn®¥#€®A-may be made. [0067]In accordance with the provisions of the patent statutes, the

principle and noogs) of et@@ttaﬁomqm i@\tﬁ@ﬁi@@,ab@msﬁe@ea@M@%@%E&@@%&ﬁ@éﬂ its preferred

embodiment. ngeh anar, |t H%Qﬁe ! t%gg%g éh tuftlé 1%85' rglraag %a%ced gt erwise than as
rsc

specifically ex alne us rate out depa tlng om its spirit at id claimed is:
other su:tabie devsces Water and fuel ratios may be controlied by the management

systern or computer of the load (.g., an engine, boiler, turbine, furnace and other
device), or by real time emissions monitoring devices.

[0060] The emuision system pump may replace the existing or conveniional fuel
defivery system pump, which may function as redundant or back up pump.
Alternatively, oressure to create cavitation may be achieved by existing the fuel
delivery system pump or the injector pump. In ¢eriain applications, the fuel and
water may be emulsified by the fuel delivery system pump, or by an atomization
device, once delivered by the emulsion circulating loop.

[0061] The apparatus, system and process may provide uniform emulsification.
They may provide emuisified fuel in real time on demand. They may circulate
emulsified fuel in a loop at a rate greater or far greaier {€.g., an order of magnitude)
than the demands of the load.

[0062] Al types of fuels, including hydrocarbon fuels {e.g., fossil fuels), biofuels,
and other fuels, any be emuisified by the apparatus, systems and processes. The
apparatus, system and process may have the ability {0 adjust water ratio for special
applications as balance between economy and environment. The fuel type or
viscosity may be changed by introducing an atom, molecule or other squivalent
particle at the center of the water droplet. Other materials, such as powdered
limestone, may be added to an aguecus phase 10 serve as a vehicle for sulfur, which
may then be captured on the exhaust side. They may reduce fuel viscosity, for
example, in the case of hydrocarbons, Bitumen.

[0083] The apparatus, system and process may use little additional energy when
compared 1o the potential savings. They may reduce emissions, reduce fusl
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1. A real time in-line water-in-fuel emulsion system comprising: a reactor device; a fuel intake
connected to said reactor device; a water intake connected to said reactor device; a pump connected
to said reactoWd)e%?{:lé 2 a circulating emulsion reprocessing inline ISB’S @SHA ?%d to said pump
and feeding a load as needed in real time, wherein said reactor device comprises a non-vibrating anvil
shaped to create cavitation sufficient to emulsify water-in-fuel from said water intake and said fuel

intake. 2. dheueplisimer indingawaterinitehReWsi eRvayatasaafClaindlywhesein majd circulating

loop circulates ata frlr%' ate [eate g%\e ,Igoe &j:_q.%( mucrig é%%fjo (%Héjl (;;‘ltgﬁents 3. The real time in-line
Water-in-fuel E [esmn em of claim 1 ada r a mob| e aE cation and installed on-board a

watercraft.  [#¥%the Fé\'ﬁl HPRR A AneY et A RJ%‘F%[E‘I@YO’H%"}F fRosfiaiRe RERRIA said
water-in-fuel erhetsiamincitchesrascanhielinpartietelatithe eenterctereotiationd witheegaldime in-line

water-in-fuel ggulpign SRS SRR hURPESI SRR Bses. saAblRas G aRd selected

from a group conastmaﬁof boiler, diesel enl{%lne internal combustion en%ne and turbine. 6. The

real time in-liHE Wt effeFEHﬁﬂFﬁﬂn%% rﬂt%‘? L% TRRFRPEIReS %)f?aﬁdﬂvfsr%?ﬁ’?stant

time between failures. They may be long iasting made from durable material. They
may be physically safe in a normal environment as well as in accidental situations.
[0065] Features and functions of the electronics and controls associated with the
apparatus, systems or processes may also be modified. The apparatus, system and
process may have multiple uses in a wide range of situations and circumstances.
They may easily adaptable for other uses. For exampie, they may be adapted for
use in applications, such as emulsifying food, paint, cosmetics, and the like.

[0066] Other changes, such as aesthetics and substitution of newer materials, as
they become available, which subsiantially perform the same function in substantially
the same manner with substantially the same result without deviating from the spirit
of the invention may be made.

[0067] In accordance with the provisions of the patent statuies, the principle and
mode of operation of this invention have been explained and illustrated in its
preferred embodiment.  However, it must be understood that this invention may be
practiced otherwise than as specifically explained and illusirated without departing
from its spirit or scope.
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7. The real time in-line water-in-fuel emulsion system of claim 1 wherein said cavitation is along an

outside edge \(%)cosflilq/?zrs':\s{i-l' 8. The real time in-line water-in-fuel emuLségﬂjg%ﬁiﬁdgs gclaim 1 wherein
said cavitation'is e?long a:’frailing surface of said anvil. 9. The real time n-line water-in-fuel

emulsion system of claim 1 wherein said reactor device comprises a cylindrical chamber with an inlet
orifice for fuel and water, which pass through said orifice and impinge said anvil at a pressure and
velocity to cregtaisaigl-aavidaiion. 10. The real time in-line water-in-fuel emulsion system of claim 9

wherein said cavitajion anrﬁgf%qg_wxg%tggﬁigﬁ@m%@ﬂ %@H%&%@iﬂ&d trailing surface of said

anvil. 11. The real time In-line water-in-fuel emulsion system of claim 1 wherein said circulating

loop is isolated frorf (R&FRIARGFly. 12. The real time in-line water-in-fuel emulsion system of
claim 1 wherein a rativebinthieewaterand ttheaidietdstadjestable. 13. The real time in-line

water-in-fuel emulsipg systam Ot siaisd Wwhengin dispeisiea:of water in fuel is variable to suit the

installation or application. he reaal time ig-line water-in-fuel emulsion system of claim 1 further

14.

comprising means %?Wtﬁﬂ’?ﬂﬁ%eii? 3R FeH ngﬁg?nulsion and existing fuel supply to flush the
load with pure fuel beftrelaingt @ravigion repseTHOrEANG leeArcHPRERHCR PR SLETAABTON system of
claim 1 wheregingaid-oetiadined@aichsalatingweinulsifed praducidoter seelsigreansdaf atomization as
close as possible.jo.he polpt ef.eompistion Inerelerfaciitale. A gk, lish i pugs fuel o avoid
water separation in pumps and lines. 1(?. e real time in-line water-in-fuel emulsion system of
claim 1 whersiWGHRICAMVANE 2PStBRIB 4RV AARAL with a cone-shaped end, which at least partially defines
an orifice, and an annular recess at a base of the cone-shaped end defined between the base of the

cone-shaped end and -, QUIER R WRI GRS ATeMLRRH WRlEHIBIdkERAd AepbiTerisaid fuel intake

passing through said orifice accelerates alon% said cone-shta e% anvt'l and around ?aig lip, creating
said cavitatiof [B-Bi3siRPRal GiRlGSindu&, oW rate grealel than fhe maximum loa

reqguirements,

3. The real time in-line Water-in-fuel Emulsion System of claim 1 adapted for
a mobile application and installed on-board a watercraft.

4, The real time in-line water-in-fuel emulsion system of claim 1 wherein said
water-in-fual emuision includes a carbon pariicie at the center thereof.

5. The real time in-line water-in-fuel emulsion system of claim 1 wherein said
load comprises is at least one load selected from a group consisting of boiler, diesel

engine, internal combustion engine and turbine.

6. The real time in-line water-in-fuel emulsion system of claim 1 wherein said
cavitation is constant.

7. The real time in-line water-in-fuel emuision system of claim 1 wherein said
cavitation is along an outside edge of said anvil.

8. The real time in-line water-in-fuel emulsion system of claim 1 wherein said
cavitation is along a trailing surface of said anvil.

16



WO 2011/129953 PCT/US2011/029306

9. The real time in-iine water-in-fuel emuision system of ciaim 1 wherein said
reactor device comprises a cylindrical chamber with an inlet orifice for fuel and water,
which pass through said orifice and impinge said anvil at a pressure and velocity to
create said cavitation.

10. The real time in-line water-in-fuel emulsion system of claim 9 wherein
said cavitation is created within liquid around an outside edge and trailing surface of
said anvil.

11, The real time in-line water-in-fuel emulsion system of claim 1 wherein
said circuiating loop is isolated from the fuel supply.

12. The real time in-line water-in-fuel emulsion system of claim 1 wherein g
ratio of the water and the fuel is adjustable.

13. The real time in-line water-in-fuel emulsion system of claim 1 wherein
dispersion of water in fuel is variable fo suit the installation or application.

i4. The real time in-line water-in-fuel emulsion sysiem of claim 1 further
comprising means for switching back and forth betwsen emulsion and existing fuel
supply to fiush the load with pure fuel before shut down.

15. The real time in-line water-in-fuel emulsion system of claim 1 wherein
said circulating loop circulating emulsified product intersects means of atomization
as close as possible to the point of combustion in order to facilitate a quick flush with
pure fuel to avoid water separation in pumps and lines.

16. The real time in-line water-in-fuel emulsion system of claim 1 wherein
said anvil is a stationary anvil with a cone-shaped end, which at least partially
defines an orifice, and an annular recess at a base of the cone-shaped end defined
between the base of the cone-shaped end and an outer lip, wherein water from said
water intake and fuel from said fuel intake passing through said orifice acceieraies
along said cone-shaped anvil and around said lip, creating said cavitation to emuisify
said water-in-fuel.
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