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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clainms
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2010, the disclosure of which is incorporated herein by reference.
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BACKGROUND OF THE INVENTION

[0002] This invention relates in general to emulsion. 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] This invention relates to real time in-line a 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.
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[0011]  Fig. 5B is a rear view of the system shown in Fig. 5A, showing inlet and
outlet ports for fuel, water and fuel-water 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.
[0014] Fig. 6B is a cross-section of the emulsion apparatus taken along lines B-B
in Fig. 6A.
[0015] Fig. 7A is cross-section of an injector 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] Fig.9 is a cross-section of a reactor, similar to that shown in Fig. 4, without
an O-ring or spring.
[0019] Fig. 10 is 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 system 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.
Although the system 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, a fuel and water mixing
junction 126, a reactor or emulsion apparatus 150, which may be near a point of



enmul sion system [00ll]Fig. 5B is a rear view of the system shown in Fig.
5A, showing inlet and outlet ports for fuel, water and fuel -water enul sion.
[ 0012] Fi gwo2@/129ws3f ront view of the systemin Figs 5A aou/ 531155306 ng a
punp drive. [0013]Fig. 6A is a cross-section of an enul sion apparatus with
inlet and outlet ports, an adjustable anvil, and a piezo electric drive.
[0014] Fig. 6B is a cross-section of the emulsion apparatus taken al ong
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installed in a cy i nder head of an engi ne.
circulating foop 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 droplets
163 in fuel oil 162. The viscosity of the emulsified fuel 160 may be changed by
introducing an atom, a molecule, or a particle at the center of the water droplets 163,
so 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 oil 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 illustrated 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 diverter 216, a fuel inlet valve 218, a water line
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.qg.,
a Tee junction), which may be connected to 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 emulsion isolation valve 276, an emulsion feed or combustion
line 277 connected to the load, and an emulsion return valve 278 connected 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
introduced via the water line 220 through the shut off valve 222 to 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 pressurize and deliver the fuel and water mixture to the emulsion
apparatus 250 where the fuel and water mixture may be constituted as an emulsion.



[0016]Fig. 7B is an enlarged view of Detail B shown in Fig. 7A [0017]Fig.
8 is a diagramof a fuel-water enul sion system show ng three-way val ves
and a fl usb2eygieesss [ 0018]Fig.9 is a cross-section of aPcgast@n/,2sneéi | ar to
that shown in Fig. 4, without an O-ring or spring. [0019]Fig. 10 is a

di agram of a fuel-water enul sion systemfor small conbustion devi ces.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT [ 0020] Referring now to the

dr awi ngs Frbhahg dnfuldibh %?bé@i&dzsm v gmuis@h Rlagentéh tﬁgre'hﬁﬂl%n %lrél)ﬂéﬁ@n 100
for producing an intimte emul sion of water in oil at the point of

combust i 699P WR&08; el higle-PrRRsErepiser & ek ket emul@@m@ur%attnarlégrg It anche
several Vh@Wsh the static mixer 272 and the pressure bypass valve 279, which may maintain

a desired delivery pressure through the emulsion to combustion line 277 via the fuel
line 210.

[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
to 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 rate 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 replenished by
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 276, which when
closed, may divert returned emulsion back to 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 installed in parallel with an existing conventional
fuel (e.g., a non-emulsified fuel) delivery system in order to facilitate rapid
changeover between the emulsion 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 shut down, and to 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 system is in parallel
and simply interrupts the existing conventional fuel supply and the return lines, the
change over between the fuel-water emulsion and the existing conventional fuel
supply may be accomplished easily as follows. During the emulsion mode of
operation, the fuel inlet valve 218, the metering valve 222, and the emulsion 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 return valve 278 are closed and the
fuel diverter valve 216 and the fuel return emulsion isolation valve 276 are open.

The changeover from conventional fuel to emulsion fuel may be automated by using
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val ve 2127Rsnapemdesirablesif the emulsion circulating loop 270 is suff|C|entIy long.
[0028] The emulsion that has been consumed is constantly replenished by the
proportional fuel and water supply. The fuel return line 214 is isolated from the fuel
supply by the isolation valve 276, which when closed, diveris returned emulsion back
to the low pressure side 272 of the emulsion circulating loop 270 to be maintained
along with the rest of the unconsumed emulsion.
[0029] In Fig. 3 there is illustrated a 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 diverter 316, a fuel inlet valve 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 line 375 connected 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 to the low pressure
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[0033] An exemplary process for assembling the reactor or emulsion apparatus
400 may comprise one or more steps selected from the group comprised of
providing or machining a substantially cylindrical anvil having an opening near a
working surface, adding an O-ring seal inside the opening in the anvil near the
working surface, providing or machining a shaft that is at least partially threaded,
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end-cap 4 B, an anvil 464, a threaded or partially

A, an outlet end-c

t hr eaded eé*l'%'fty'%a”&’eé Bt Rg @Fg‘@t%meé@é'HOWP'ﬂﬁﬂg sUsiaca K6 The ApPaftesct er nal
adj ust mengpo4ady b@r‘c&%ﬁrls@a stetuct Klet 81! Hagbisle AP colithyafadsinLer
entering the inlet pass through the orifice 4 nglnge on the
anvi | 464aley dreb 28, @ns%@stabmnmteyce@tr@t\@me eavi @éﬂoﬁbrpraﬁaéﬁ‘@ s A ailing
surface n 0, f The
enul si On%{@ﬁ%l/é]@r;(?:{& M%#E?%ﬁéﬁf'&@%b%ht%l 5er%\;”4%r(mg b g rF&{2:%0(%%1%1I n\%fgﬁ%ﬁe

errul si on adivspret@83 1 an FHjpstmartlockehdraepl 665 @tg aaﬂrmlr@raﬂdmaim salleah shaf t
465, whi ¢ { f 65 ma
al | ow fo%%%aég?ér%m?é&% WWCC{)& %@glssﬁ F]b gﬁ al%ggr gg(?leann Bzfgﬁ;d%%l %{%gnésndgf a g
st op- nut athraimmamabd)qurﬂngagﬁmbeB% @.g. haeoLIsIucemmprobh)af ’I’hls&ﬁnflguramrend cap
of the casing 450, .The shaft 480 [ OVI W ih a 47 sure
ol 1t uadTandol Faidhds "R meESler caBhG Bl By a0 oV clee PHET
adj ust membnvéfional faeldtmlivéry sgbteai puropt i num cavi tati on. [0032] The anvil 464
does not vibrate on the spring 466 but rather the velocity of

7



the liquid and pressure drop across the face conbined with the shape of the
anvil 464 creates a substantially constant cavitation, which may roll down
the trai Iwogosuni®mee of the anvil 464. The spring 466 NMRETABROMARIBOE
constant pressure between the anvil 464 and inlet orifice 462 and act as a
pressure relief in case bl ockage occurs. [0033] An exenplary process for
assenbling the reactor or enul sion apparatus 400 nay conpri se one or nore

steps selpgsgd fi Oﬁgt e, s |§qmtﬂa$e%j apfsml%r Qdsdidetion Tl Bhiusich
substantial Iy cylindrical anvil having gé)enl ng near a working surface,

addi ng ar@pealfaiwfgﬁi@,%éakenr?é@rwetheri@eo‘br&ﬁnn@gi t $ovang, the tyehretyrRbAmihg ng
surface, e%ﬂéfbﬁ"?\ﬁle‘t‘”séﬁﬂcgh@'&ﬁuﬁa%a&ﬁvm %@twb@r?gt supasd é%”!h@' 'aM\ge 4

t hr eaded I nst a spring stop or adjustab nut on thé threa

shaft, sladiistgent Gﬁﬁramﬂgactw&tr@enwéclt AR aeRB68hehich tegatrnrpableeadivaimenbyer t he
t hr eaded e ' eal i ng
t he anvi IO?E%:IE@%% Y'hgn%haﬁ{bepggor ﬁﬁg%'g%cei%ﬁhcaw {j(;r(a/ae\rﬁ‘lvﬂS rIablé ﬁ%gqﬁ#anbrﬁ

provi di nggaimse i sidjustanie | @tvilp664, treating heavihtamb avithin txt duédli agd avatar eaded
et RS el R S, 5 HE o eV

i nstal | i rgsing&56mg teaQ-imy sdut 68Rat its aOdaipbmtv pressure si de of the chanber,

provi din mac hini hi gh. pressyre, side inlet th. an_inl et

Dot oo SaBRradi ik Sndte AL RAFRRI R 0bl o Gesk SHeon T B MR e ¢ e
h:‘ ghhpr 6$r$GFl‘g$ 6%, daowingethe ¢nel Amapsrmbomt&mo:tmé gbiasle guélld@htrolrmr e side
of the c connectijn e i t o ice a pu i sc

connect | foee e e et £20 somiplieduy Sherdkirbth RegBnERyaNe SasaE | n

Fi gs. SAchulsibheuBet 661 cbhisdoted sl e pRAP &R esBlsiorc Abimi perd 625UARd @k Syst em
500, which may be particularly suitable for smaller emulsion appl i cations.
The syst &WboorkRgSWaced®iri sed to a fuel inlet 510, a fuel return 514, a
wat er inl [@bBéZO’A rd&§§'f&9eﬁublsﬂ§iﬁg WGelﬁﬁ&er ﬂﬂa@é@?béhé&nwmdr@t o bf i

emul sion return 572, and a punp pulley or other suitable punp drive 590,
whi ch rra;SYﬁé”‘c@bﬁV@cméﬂ COBPEiBR ONeHH MOrh Siensngelerigd Femelhecarpur 8PMPHSRIF aul i ¢

or magne system
500 may b CNSRERAREmeRG, SRTRATLIAR B Inc A & IR, EREHRTASERM 206 may
conbi ne tand q@ntrplllmwateswoahmmﬂeiéwmIomrmormnﬂdsrmmrapp&reehau@V\@m 350 in

respoct 1 AP L Rt AREhE e thuBh dnlErfi iR £0uhS ihalid, ")

enul si on tioé rmxluw acrgsd amanvuﬂ 09357d na\EFiagen wiweh6iB, tutrhmrseltaimeemulsiiisatiat ed

The:syst o8y TRERhedireg Ty R BnBPER LR dBa2BLoB AT0uEe e orm

of a pi ezm&leecemulsnorahrity aulremelslamncutcutamnrgrlosp g semmesewith Ihé yung amdutieer wi t h

oot oo Busat Aorafls, HRIVEIDY e aRt Safiel oo el REE IR ¢ afo @ bind; .
wat er i nlgeboiedOa t@binadjutsdcay o otedr eevicentis@htinkph igel GlpplyareR@draph tigasi ng
650, an enul sion . outlet 661, an a%ustabl e anvil .or workin Sge@surf ce 664 an

ext er nal SAMS'PN ScHEtIRG APOR6TE-C! H‘Pu%’t‘ﬁ’rﬁﬁ?ro%%%{”%r?cﬂ‘ysé%ll’ 68MUE!Y!

| ocki ng an@ugieahé rmmbnir)to tA8 EAUIDh OBIrcURKHE No&Y I sRriBd XiithO tHar P fyl ng

chanber 680, an O-ring seal 682, and an ultrasonic piezoelectric probe 685

(e.qg. a@@@%ﬁ“@type probe) . This confi guration may not require its own

pressure [ysy, a3 Fids. W?@ethgfé seludardd e c,%?ﬁ‘u b 3gIf CORMRIRK ﬁ@f&elédﬂﬁé

delivery syst em punp. 011/ 129953PCT/ US2011/ 029306 [ 0036]In Fig. 6A

t here is alydgyen ét%waéersefﬂ@s@ﬂd@J@Ct@ééﬁt@m H10, tVﬂ‘éCf’eméleﬂt@ﬁlzﬁpﬁmr@ﬂW@r 600

t aken al

enul si on%lst{p@d félgpalr @tggﬂ Iggga%ﬁg %Sfﬁ;/"? ﬂetcB Pﬁgénséﬁ%ng%ée} 7% 4, Tﬁeﬂe anvi |

adj ust rrerwstew?@mmaadqeusmmpmﬁedl oic&ftmhdﬂ@te%ﬂlo @asatemleih?aoogamemelmhrabl e

adj ust e - Sif r | | iven

probe 68 e&%@”%@ﬁg?‘ g‘i %gt{&?ﬁ\é&%?‘ﬁ@t agﬁgo(@il%g‘[ﬁf%ggﬁﬂ%fgg{a%ﬁm@ rgé?tg rlz’atl on

W t hi n t hip 728k cmpd73mtoemed umcrmnem'or bmef\mismiraegmt&mgetmas:aemgj Bousing The

ﬁgggle ggl%ﬁ ybﬁios%% 5 rlng he{l n78t2t1%n8aa{5n' Ulgraggrgc%\f plezo gle trlcr:'%rys"afgl st §<2 at its
probe 785. The combustion chamber 790 may be comprised of a cylinder head 792,



[0037]In Fig. 6B, there is illustrated a top cross-section taken along the
line B-Bin Fig. 6A, showing the fuel inlet 610 controlled by the

adj ust ablwof2oel12¢8t r ol val ve 615 and the water inlet 6P0Taseeinobk93es by the
adj ust abl e water control valve 625, the emul sion outlet 661 connected to
the load, the enulsion return port 675, and the anvil working surface 664.
[ 0038] A process for enulsifying fuel-water in accordance with any one of

the syst gmaRg¥ewaRYo4 OABIskSE708 earfel a @Bﬁr@eo‘ﬁh&%d 5@89%%%%%“7@6%@} oup
conprised of diverting and netering and control line into an

inlet, dénglyde aegnhiguraiamipr dhriinieation snei a{gmmﬂ@m o fich o I prgogvrer i ¢ ng
in prODOFWHséﬂsme%ra%deolJrﬁ@é e z%re|ecﬁﬁéahgw.véﬁlﬁuﬂ%emer Aé(ﬁ&el% m xture

into an | St on apparatus via a pu I mpl ngi n he m xture across an

anvi | paJQBn@reﬁévﬂQ Hrteucmn%ﬂ@mnchamberrwon esults in enulsification of

wat er- 1 gL, TSERYRC harae MR COUBE! Gew! fewR! BRSAT sfd AU | 1o 1 he
Waterlnf emul si sion circu |ng series wth the
punp and mmmleennlrelatwn H:pmermlmstldebhamberngThmelemeactncrprbhe|785rn£|Itrm on to a
| oad (e. ur L Ce)

a0l at | ndiacBlafRet oBp Rrdlis e ip Tk eV BRarcbi i iBE R tiuel Ag0p BB
re-circulpat sag)rmlmay@}mmtystberigelammeumm astivéredahraulgh diog fudl rdetpii® | nt o

t he emnul sij Ci uIa n_se he.enmul s ar.at us

[ 0039] 1 n 2 gus WaiétRlet PRa B%Poh o Bhediydlie ArdahuRTuL 2f0 BRIt LB

pi ezoel eehyli maalv(l;a/tledraruemniumeh?uww][erﬁﬁmudnéd oanc:l nateaiizen eiret®mintd0 thevhi ch
may atom ze an eliver | si ue irectly t S an
engi ne c SRBPSEHIYhCha B er s*?%ﬂq 768 IRdhe E@gﬁéﬁﬁﬁ@éﬁe&ro f uel
inlet 710’,856mwbérselalébahltrﬁr2%e Bo%l EE@@L/QIGé O- ﬁngﬂ?sgfalt 172! M@da{%oﬁ%;r tie check
val ve 716, a piezoelectric all riven ultrasonic injector tip 728, a cup

730 1 or mEHo0GEEh; AB8 CHP TOHBRADE ORGSR 46 46l PrOIrIe-AItesty ijo CRBSFIN or body

750, an Qnhinber 36®hnd 8% ctiRbediedd ’Fgé‘ﬁl%é%la%% R LERVBhRSHA | rEec%rY%L?é st ack
probe 785. The conbustion chanber 790 may be conprised of a cylinder head

792, a cy?imerercamaplpte7cembustionsiass caIBON QUi e BREdeshyeap@ndoRar The
system 7QBahdoB e piiG798 BH Hd el whih 9ol NTRELbARARE 184 oTb et on of

fuel at pressu varying viscosities and vol unes
pi ezo- el dtusirpiedlin yhedintevesi ofickaritysoni ¢ i I’lj ector tip 728, directl y to t he

combust i ;’[‘BOE AN 79% tg%r%%%%ﬂ?tﬁh%nl of rg{:&‘@ueﬁl Dt LE%EB\%E@@ ghde view

of the i or sy I ns atronto e co Fon thanber.
The pi ezshewagtthe cupﬁebéorm iofo thhénjectpelaayr 75y sitteoadhOid maybreadtbervtides ti p
728. A vi t of cycl es per second may enul sify the
fuel - é&r d ﬁdjﬂ”e 'nb%?%?ﬁ@ggpﬁ{?%uéﬁpggg fuel inlet 710 and the water inlet
720 throng42]he le hobedel \mﬂgm @rhGtidey thbehlghupnjé’éimm\/pmseunebenawmecas;ﬂatéﬁe wat er
are swmltaneouslye nd atom zed dir the co stion
chanber RRESE e R Pisnde MR 3% Bl 55 Boverk i, EedRe TS mmy be
seal ed Wiijbetdr bxeoTh0 ) Wy Ibhﬁn}écfd;ﬂﬂ@r&s&@re@taﬁma mewad opQitdrhizafiort he
probe 785. The cup 730 gﬂ be forned so protrude dlgqlteCtl i nto

as, t
conbust i &Rt 8How §0VigR aRgReOIY Pl tﬁ&@r“%?é’ad? oFdRstpnce Jistilatad.degidugls.

convent i @nalisibmd £6d SlrrieD4BUIdRITBY GO &4l ERMdKst i on, | ess carbon is
built up and |l ess wear and tear is experienced by the (gl ston 796 and the

cyl i nder [Raf$] 79&F'W@ré*‘%@rﬂﬁéﬁﬂrﬁ@dr%en?Qlﬁ'oinsfu?llqyﬁ%ﬁ”? gPeFimiartASYPi®MEr est  of
cl ari ty. JoBOUHA, g wE BB i ki AL adnagDliRbaRd YidhWooknPetai | B

shown in Fig. 7A;” show ng the cup forned’into th elniyector body 7
al t hough uinpurrmg W'@Pﬁéewfﬁ@g iQ)fUﬁééUPFPth&QQ i Hecthren-way valyes 4epase ithey t| p

728. 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 diverts returning
emulsion in the fuel to a return line 814, and back to the combustion device 803 via
line 805, which may be connected to the fuel inlet line 810 for a time sufficient for all
emulsion to be consumed by the combustion device 803, at which time the diverter



[0042] I n di esel engine practice, the high injection pressures nmay
necessitate very precise punps and in order to atom ze the fuel at a very
hi gh preswore11/iehes3i nj ect or system 700 nmay use | ow i nj e@CIras2@nogsos es and
a nethod of atom zation that would allow a wi de range of fuel to be used.
For instance, distillates, residuals, enulsions and slurries could all be
used with equal facility. [0043]In Fig.8, there is illustrated an enul sion

fuel systamedfd redirAd kdthed RiePY8difin. 20Ris sybichi Ala)bd FeRRI¥@ MU atRaINANdD a
secondary bypass 803 in order to avoid any unbufned enul sion retutning to

b
fuel supply2 gople qigelrenie é‘@c%\yitwmaﬁe&owiea?{%‘% Fh@lqaﬂde\ﬂa,ythwpwysm, 278
i n the syslesehdf staae ﬁ%éﬁ&!s@dﬁ 9%%6? sﬁéf%t. eﬁh@ﬂﬁﬁ&%&%hﬁsf@ﬂﬁ%?bo t he
system 200, except upon shutdown. en shutdown, the valves 817, 879 are
ret ur ned 804 aréén theefuelhpasitidno.oad ranigg reacterapressigods gehievads Tha valweng

enul si on g4 - r n lilne 814. ar ta Lt 1.on
device 8 i],I?ViISZg’I ?ﬁ‘g S%tgb q\?\h%ﬁlg@ayﬂ)c&gm@b?ﬁvﬁﬁd gK? A@efé&a ﬁ?ﬁq@fméﬁne 810
for a tiremnusiohiunitedt! ana isldtingntbe Suelinsupplp 802 dresumetdribiing 184 coftbtiet | on

device 8 a i J Y va tyurns. to. fuel

posi ti on%?‘aﬂ%’ ihés@&%r;srgégruhgﬁg gdnq §@PEL°@ ' altlj_{‘ %#ﬁ?lég\gﬁ’l {;éeb%m Lélg'g bg‘g]'teéﬁ

el ect r onisbuisi down. t The thned-hvay fvalviee di1ig8T D gaturn tdhiee Fushdogitiory. The bivedenbust i on

devi 803 ts,. Th Tul Si it 8 tarts. The .th - . 817,

875, 50 vae Yo doRtingdicio BT hRSR M Ingi® T g ToadURhe gl e ful °°

?ch: eyedl.a_llﬂnwggm hﬁ§ bééﬂcor%h%eoﬁﬁﬁ_ Bpidced byggmesémerirﬁ@ajetmemﬂled!jngalrt i ng
uel in line, thro the e Si uni t .and isolating t ue

Gl v oIOrRTY R O ShbRY: BO2.Ar PR A1 eSYSIOT et il Sguines i ng on

enul si on.divEptep halte G0¥Wetutrido @MBHLSI BEBitEN dndBébntsilzbe deeve 803 BRu 0GR Way

val ves 817, 879 return to the fuel position. The diverter valve 804

conti nuedOP#ldi })%r'fig-t He thase up nllysiEed A4 CRS818CEPN BhQ@ (83R1AThY BYRLRIQD 805
until allapgaished 900 RRiIPEENNE F8SABRD0GNHiIthAR! ASEShP U@ iWGudiNGla &BS&S I ng the
fuel inlet |ine 810 directly from fuel supFI y 802.” When al | 'enul si on has
been co _n%‘%854,@@'@ﬁtmérth@ﬂeeﬁlfQi@f‘B@zt'nﬂeﬁte@ 5 r\l\@_'ctfbmﬁh@ef%éﬂ ”btﬁ?l syst®Nsand
combust | @odarhCBoFO3s SPUIE 85 ARMEL Pt[o.@Qé’s‘M 'aglg)ﬁ:dagion ), FReTEadiS bbd Qﬁé ated a
cross-section of a reactor or enulsion apparatus 900 simlar tot react or
400, wit lalwdeaa gmilatdoaningion chsidy R§0.aartintes &60aav pIific@eIR2, @niimiehend ¢ap t he
need for 0-ri edd s i d,Ln ste 2 0 800, as
wel | as (?t% Eér aBr g@!&%s&ﬁg%@pﬁégﬁ 8%?9”%‘&&']?@;1%%9’%‘08 ﬁnyez %%(?Ieéd%nda

t ubul ar Hoeedinggprifice ©a8) and 83, 96/ Tind atvib86¥ may @ shippoeteddy, a thweaaddet end

cap 963A, utlet er 3 . i anviJ i e- shaped
end cr eatr?(ﬁ% 6§'r i Jfki?ecgﬁ@%zjéggﬁrga@ag? i‘%“%@ b%@%ﬁv&l é’%%rﬁgﬁ%@"“%@”e?ﬁgz-r ted by
a t hr eaddthersechl 985.mahprevent ieakads Betvmenhtbreadied soe @6byanveamds cap 968Ber nal

adj ust e 967. The .seal 978 may. prevent |eakage between threaded.rod 965
and end. Q S681° SR GrorunRil Biiopr FRHEERERESE Taaree B S ds may
pass t hr @sgh Theeriticé D62 endYtdneEhaped ivith @ DGR coesponding fapedngid &f an angl e
corresponding, to the . ngl e_Pf %ane-sh ed anvil 964. The || quids Cﬁ;

sol i ds a@%?-gha@ aNYhgot netEnliyidn6n Sqieh arcsipiaia RONPitpe 8!l Spdi %y
create a ph@RSHedipdo®R. TWRI Ghy BRAIE heFbss Fa\drd@twneh MH[Neebicaddvitatorsur f ace
of the anvil 964 sufficient to create an enul sion or breakdown of solids

within t IRONG ERIiNg surfRce4fdbe gnvit Re4 spifieienbior ¢leals %%@m&ﬁiﬂnl Orgy gAYVt he

casi ng 930 JoR¥s WahA! theCiRflid. BPhel BRA ofthdl BSacl BawRbntie dhivRrRluean®lnout | et
979. Once processed, material may exit the reactor through the outlet 979.

[ 0045] Fi gasing 950Inay peekksaghasaisht pother yep of dip eipgietai of 0otett W2 @Rse be used
on snal | i | f as heating fuel or

bi odi eseﬁo%%ﬁ%%@ﬁﬂ?ﬁé(gﬁﬁiﬁe@%ﬁ”‘tﬂg{@néﬁgIbmlegtéﬁ i ne1002, which is
fitted wil0ad4%dhedio.vil astiaies an Emeulsioe fugtepniersionxEPOvihahmamtoerused aofi xi ng
tee 1006. I +RY, L Ntyr 1 - r ed by a
sol enoi d S\Tgn\g/%x%Qﬁtlgﬁmqegﬁe%hﬁ %g%‘%{r}rﬁg 1%%2% o@%aé'%bgﬁ%]ogﬁgoéﬁ&\%lr@@ or back
fl ow pr evient taroughldn eXisengvdwedriniet tme 1002, iahoist fitteld with loheek alxed 00di fi ce or

Dol e type.fl.0 ntraol. val 1016, The siz he ntrol valve 1016 may
e det of mTdE AL hE R EutE yelkt s ad BaTed So R VERE mBcne Butiufa! s Mo
oi | bur néy rhaansaofdire tE08 contpded bowr solerdd @arkped 0iH%waithl mapbeirermellui r ed,
the control valve 1016 nmay be sized at 0.15 gall ons per hour. The water
thus nmetered may be introduced to the fuel streamat the m xing tee 1006.
The proportioned fuel -water mixture md§ flow into an existing pressure punp
1018. If the flowrate of the pressure punp 101 8 is greater than the burn
rate of the conbustion device, the m xture may be re-circul ated nmany tines.
A shearing effect enulsifies the mxture. Enulsified and pressurized, the
emul sion fuel flows to the burner nozzle or injector 1020. The shearing

o a o S " o o a ~ NN S M



[ 0047] A process for enulsifying water-in-fuel may conprise one or nore
steps selected fromthe group conprised of assenbling an emul si on chanber
wi th pl ursiDizby/epossnl et and outl et ports, diverting fuelPCirruseoian2sré sti ng
fuel supply Iine to the inlet port of the enul sion chanber, introducing
water from5%to 30% volune with respect the fuel volume to the inlet port,
cavitating the mxture in the emul sion chanber resulting in emulsification,
ci rcul at ichgetihangraHeek QAN 0P BaEUoH Brovehtef Uloali Nhé %eﬁ"fl@%nﬁ]a?hﬁé
enmul si on chanber, delivering a smaller part of the enulsion to a' | oad on
dermand, cegireltegl B ﬁrf@‘eéx‘?!é@@ srRelgityie flewtaeatrenyales dﬁ1@| rTé‘l?I ¢ R thoop at a
rate gregbRfrol AR rﬂagyrt;@a@t% ey e chodt 5U¥iBA dbligeeFyt Ston in
t he emJIS|orrtOC| rcul ati 00 qur%t e eﬁu Slg ﬁ%la er, | reelenlshl ng
fuel and examgte, supplojl kitrnembas al @ne gahtqnsperv\hptzrouqzztez99@3@@%@3@@1/@29306
[ 0048] Th e [ \/ t p \)?ﬂ ivering
wat er ange@jl%%' il é&{trdpgglgggroggnrﬁ?%gﬁ Zrégl%t&ﬁﬁéhﬁ@rs %ﬁhetrﬁf J@F H) an
appar at uShUIsnrrtetthed anay bé introcimetidp tbe feelsteiaon ahpipainaxiog ,teeliO6B. nHye creat e

ffici ' i i t hout
e uce oAb AT, A Rt SRR AT THLE ] B ey e
del i ver edlodi naexdf ty\etpmesslmee bunnpetr016r|s gredter] tah dre purmpatendii tob cnmbudmaw on
d d, th df t back t h t.
Comar i udelifestETRBAGRME) bedF gt nRnk EiMeSy A Snea T A HS et rum
requi r enmeg ﬁtl)Qurgt Emlisifidd and @mysunﬁéd LTS erﬁbl@uoapparfl@tmsaotm b@meﬁh(bﬂgi] o
cavitation e Co | reactor or enul sion arl us |I.n | C
uel - and Savertontnds e Serine elarianimeagie SPRAc PR Ty e nasad™epr | ng

| oaded arghle, td\hulftﬂieret@du@éeﬁartuble SiPei A Vel BREriKUR thé elatePtpdritged | ow of
cavi tati on bubbl es 0049] The enul sified fuel may be sent to a storage

t ank, \/\hﬂ@ﬁ“ﬂ'@@ﬂtfﬂé%amt‘ﬁ@ﬂ YARGTUPOY It Man beﬁameélat%ly seMmpesieda Thasypisa
furnace, 19bohApLLifRYhhtrol ﬁoﬁ}'FWrWh WSQ%oﬁﬁé@é‘@’to thatisgbriblsfsh fuel

may be re-circul ated through thé apparatus at reduced pressure and fl ow.
Due to t EeVicRiondff epnieclinatliieemgy auiemaiinalyiopandhel soleaoklavalyeat Poh aéef ect  of

the appargd gémbhgt'lo% Bé\%ﬁ%??rlfjéafén&'c‘?&eb%lgﬁﬁ&é‘ \;aﬁloe{) ggi—t‘[‘r% EhKit YihiRCB&Totey Of

fuels in order to make t el's nore nobi he apparat us nay
i ncl ude ®ogwueikarudeyvigeostags-t ate the fuel -water to create cavitation, which

may i ncl c P SN LSt I whi ch
conver gelﬂte@@or m%gb@fr% %gtfdﬁrg?é’\éﬁe@ﬂ%ﬁ?zwsﬁuw Eq/e dcﬁg t&g?@?@gt e al ong
t hese bl ades=sngireered tihevititstgrel tfe chepldsabes prasheref bb\m dfesteIhenglueJ willvat er

b rdad L2 B el i Brq ey AL pREER Thn piofe et s o HELLE AL ng
\(/:\nat“h t ?te |CI 3tme wesbunestnhtmamomwsﬂoh@hhmlbm aref atrmlqeadeqm&bmﬁnl asthebtbe ofhd si on

The h i bed
thove. masiae TS TRk doridtem ardipuiiied SBRo RRARS LY BN SRl S L

ef fect ompmemﬁgray]daé@mgzmmgangr m cro expl osi ons that may occur when
t he wat er turns to su%a heat eﬁ)@steam in the conbustion chanber. \Water
dropl et s [@P4{len %P[Psce &rorpfauisihdng wvaterrinifyg! Jpay, CPMBHSH PR O fIRXP SIPRS or e

ef f ect i veeicltcearsh ek @ﬂo@b%oﬁ?ﬁﬁb@@ bp@s?seﬁfbllﬁgﬁhte?ﬁmg@n @H@'rnb@r\ﬁ'ftt@mulahtyg t he
fuel. Thi s presents nore fuel surface area for a nore conpl ete conbustion,

resul tin@f artteua@gsombmrtﬁeawteamg i fEHn ep Srisfing &1 fePRIE IR KHhefIesRBhs and
fuel congyiy éMbisionAPadibel NBRSIRITEPNSIePRERESA 18 B09NIlRe IRPALEEALT tHERY
assure a constant supply of substantially uniformenulsion at the desired
wat er anduglyglumeato the indak rart, 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, 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
loop from the emulsion chamber, and replenishing fuel and water supply at the inlet

ports.
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di spersion, or droplet size to the load (e.g., an engine, a boiler, a
tur bi ne, furnace, or other device), which may ot herwi se be unstable but for
t he emul sworronmizedsai ned in the circulating | oop. [0053] PCTAlsoul1629366
appreci ated that the shape and size of the apparatus or system may be

nodi fied, as may the shape and size of the various conmponents, including

the anvil. Additionally, the pressure across the anvil may be vari ed.
Further, [bgg appﬁ‘feaéraées}%&bﬁr BRdléIng BudIohaY &imﬁlééytﬁé %%HBf%eWertHgtvmépm ¢
device, a CO||OI |1, a cavitating valve, a liquid whistle, or other

sui t abl e 3e\Allde-& Héxdr@reavb% Bl It Gl O1ORT (GFISb{haR PBELiR e yorghange in
charact efpti r%aét%?'or""@ﬁﬂsudﬂ %?%F‘aitus [@/ﬁéﬁ] mEQect%% rs‘i’:"ff nt SH ?e{Hné

process my be saf e, Secure, egant, sl ee est etica
pl easi ng cormapt eRytatien t@a@ryateoanramfsmn wﬁ@oututhguae jof ch,@élcak swta@taaﬂttsaor and

service CmicHi itk atfle emﬁyﬂé@%gpﬁagfbfe'déh@%%d o%E Bﬁhé%u Bﬁ‘inj}‘?&{)ﬁ‘c“ ve.

They may ong l'ast1 ng and rovi e rugge |ab| y. They
may have palrﬂpowhmkgmayﬂhawtoméemendve&wth 'éacé&srmulsﬂ‘h@yue’rﬁgz dtreuletmg/ baek st or e

d shi ti j I t
R R e R R o Sl A
p][ o;:esz mwlmgmumqwes:eh;[js of ?pqz)llbaxatdroappﬁlo?thnr 0\(;Tmh lagpzfmgjsgjorfueamg types
0oadas an 1 NCOor rate | N, 0 es O 0ads | NCl udil ngl nes,
Doi 1 900 iR TRaP B fioinisth i % taato? a2 hueSi Bhpotdis, MouPERTIRLAR L ea up
or down iwat&i greter dierifdtUArRd TpimgEyoha s@peraay Ehmeddebmgeroaded anwlvitign e

| oads. [0056] The appar at us ste 0Cess ser friendly so as
to be SLIepalg}s%sg’@ pgﬁﬂéf?laéé‘oé \/\/Equ“pé fﬁ)%pfsqug%q t user. TKey may

be i ntui t[w (}and'HéS@rhufﬁsméGSD@Irmay bessel th abtordge &MUl WBEhnPapdeéd kanal
trai ni ng. 57] The appar at us gstem and process maES mai nI standard of f
|

he Shabfodtea uan BAGING. @ di%6: h I DIBBIHETRSRY &1 OlMHgeViRe)- HeSUPRVECaPds

in-line aenamdOFY &RDRITREYSel rﬁ¥)$b@%%frcmﬂéfé@etﬁ%ulgﬁrthé‘%péﬂraﬁfst S /ERLK&) or
retrofit apparatus, system or process Into oad environment. They may

utilize SESUININDAPYs Deainr ineltBixokerianatra s thsemalsiangand Kiecenyitation
obvi ati ngy J@&yoF et BsSardd,8) ﬁflé‘?ro%sé rF‘r?‘e}onI%!'a HeOliSed B“?éﬁu@@%h@?us%gt%ﬁgg?d as an

i ntegrated unobtrusive conpact nmodul ar apparatus, system an They
may be ndidRis of ordedigl raakebhwjoele mase NHde. may be nmanuf act ured and mai nt ai ned

o o= SopT8 TR S Db eRato I R RERg M fghhe =hel”
[ 0058] Theadipgi@natwiégh syest mmibajledapmfmm cayprisaditivy  ddiicdtable aarglednflat hi ng
back blades, which converge to form a flat aperture. Pressurized fuel-water may cavitate
along these blades due to the shape of the blades, the flow of the fuel- water through
a flat aperture, and the impingement of the fuel-water on to 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 heated steam in
the combustion chamber. Water droplets of ten plus microns inside a film of oil 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 unburned fuel which translates to reduced emissions
and fuel consumption.

[0052] These simple onboard or onsite apparatus may assure a constant supply

of substantially uniform emulsion at the desired water and fuel ratio, water
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and forth between a conventional fuel delivery systemand an emulsified
fuel systemautomatically so as to be operator transparent. Additionally,

t hey may weacnivtegse an automatic switch in the case of &CTyust@motsné ur e.
They may provide easy interruption free installation w thout substantially
nodi fying the existing load with little down tine and even zero down tine
in the case of redundant conventional fuel delivery systens.

[0059] St afdonetton, Tk IIANG REMR] @ [ hiiBRuAYCA 88T WhSInBUkARERGedr and

al so control | ed managenent systemor con‘gut er of load, or by sinple
tinmers, (gthqude(ytqe rwiigh gy @thé@%%@@ UNGERDES Odini@r ﬁ%?mﬂﬁﬂqu@amn%m

control | ¢ Yedidif rrgébagerrent system or conputer of the load (e.g an
engi ne, blgelpc 8 I'ne, furnace and ot her device), or by real t| me

er,
em ssi onslORBHi td’fr Bh@'déﬂﬁi @ppreciatab tarnbe eshapsi and §§Z§t @fnﬂmmpp&ifawsr epl ace

t he exi sty Y ianal,  f e e i function
as redun%é(%ttg nﬁ@a&%ﬁ@%‘if%@h%s rﬁﬁ é&né@%/p\%ﬁn?%%%e@sﬁrgemﬁngwgrcga € cavi tation
may be adilediegl thy awilst Additiohalyf uled ndessuveragrasgsthenapuimayr be heariedj ect or
punp. In jcat] he f d . I ed. by the
Puer del b e BBRRISTR, M8 be, s 4, 25 VB ShalY MFafil BiiEas ot by
t he emul soliid anitic al eevitatind ealpe, pARGL Whistieppaiodtenssuitayist devicnthapmomess nay

e on deinkie Coo™ A T Bisul A slRtod rEefe ™  Hae Bl Bl at o
gL ealt erdo[ooM]r Otheadppardies,$ystean and Beycess nrrmg:m $atidedecubnizinmple, degamds of
t he oa

f fuels, I d bon f uel
Fossi |1 GEREPACHRICRD BRaSBEndrer JBRk5e 29y B TG P oS EEo”

appar at U%peﬁa\fét ans HNdcHrNCRIFRSN. Tf‘rﬂeﬁprﬁay el BfficRnst Qﬂ@r@ﬁﬂlepéﬁ@%%t may
have the ability_to adjust water ratio for special p@ i cations as bal ance
Ve

bet ween @@8%% dhay éﬂ%’y rbﬁnlﬁﬁﬁtlas’[mea'?%glur%%ea’@ﬂ PRVt §499pdmig)iaity changed

by i ntrodygl MhyaRa’t 2 Bw H@herﬁélér?tlmé SRkWEdn %‘HHHe‘éa|ﬁfé5/ rﬁ’%{ b @hsy & stohe center
of the water droplet. O hér materials, such as wdéred |inestone, may be

added toaad Sﬁtmfébggrt%ﬂi%ﬁéplt@t@@? th%vSmay PEQYIQS @0 a@rngwertemosvmemauﬁﬁy t hen
be capt urg %é}ﬂ,sglgﬁsﬁ;‘qﬁ?gﬁﬁ]gﬁﬂ de. They may reduce fuel viscosity, for
: ;

exanple, 1n e case 0 rocarbons, Bitumen. [0063] The apparatus, system
and pr oce§85%tay Tlheeamnaratue, ayfiem| anehprosass giewbe ninyvergedrire @pplicatine fpot ent i al

savi ngs. pT&ﬁé’in&Béﬁerr&ﬂ‘f'&real?Wﬁe? 8Pﬁ7adge£+&cﬁ10t)}b%lrated into all types of loads,

including engines, boilers, turbine, furnaces, and other devices. They may be easily
scaled up or down in size. The emulsion may be operate or delivered to multiple
loads.

[0056] The apparatus, system and process may 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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consunption of the |oad, and otherw se be environmentally friendly. They
may reduce mai nt enance and hence reduce life cycle cost of the | oad.

[ 0064] Thewapparpasd, system and process nmay neet all fe@eraiSoigad3es | oca
and ot her private standards guidelines, regulations, and recomendati ons
Wi th respect to safety, environnment, and energy consunption. They may be
reliable, such that risk of failure is mnimzed, require little or no

mai Nt enanpggsaandrHasx s RatLOVsyERAH énurmo@&tswmap ré@dnly%&ﬁtatemwcrr@' ph& | ong

| asti ng made from durabl e nateri al ey may be physically safe in a nornal
envi r onmERg fardh Retweeasa ¢onvapionsd ﬁi%ﬁe%\detr Y aYstomand aueByiskisd dvl Syaiem

funCt'On%uﬂicméﬂ&%ll)‘ﬁES%rtBrBé:ép@’E%rQ%WsP egt.aﬁﬁ%bﬁél d Myt Ray If‘é‘cllﬁé)@aér‘?‘t us,

syst ens or processes al so e nodi ) . rat us, syst em and
process raaforhaligeswiightin meeca@@ezf aj systerailare. afRy raaay praviget eaﬁysn@rraptlon

ci rcunst f e they
may b adasy gl Feu SiaumBNP ARG 1% R A8 N pERATRIS:
cosmet i candaeven lzerd idken pm%@] rehease dngdendand ctorasniiorst Heeli dslivand
substltut g%? %f newer materials, as they becone avail able, which

substanti y performthe sanme functlon I n substantially the sanme manner

w t h subg0as]i aIStartmbeslaadmNm aad lemulgid i Buth cheﬂesamam@efaumcvmatbe appiaisda of the

i nvention |.n accordance rOVI ions of the

ot bl by R Sagdre SR RS fordhe Pab G ol emetr on nave
been explotdreitand delvicest meetteudammeel Ratipk ﬁ?fﬁ@/f m@dorﬁrdmedluvahé mdragement it

must be under st ood t hat i i ract ced otherw se than as

tl
Coosi 11 o Emeao SRR ghiie 1oRd Bk St cUpHROGe R ATy AR AT SNED. 1 ¢ or

SCOpe.  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 as redundant or back up pump.
Alternatively, pressure to create cavitation may be achieved by existing the fuel
delivery system pump or the injector pump. In certain 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 emulsified fuel in real time on demand. They may circulate
emulsified fuel in a loop at a rate greater or far greater (e.g., an order of magnitude)
than the demands of the load.
[0062] All types of fuels, including hydrocarbon fuels (e.g., fossil fuels), biofuels,
and other fuels, any be emulsified by the apparatus, systems and processes. The
apparatus, system and process may have the ability to 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 equivalent
particle at the center of the water droplet. Other materials, such as powdered
limestone, may be added to an aqueous phase to 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.
[0063] The apparatus, system and process may use little additional energy when
compared to the potential savings. They may reduce emissions, reduce fuel
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What is clainmed is: 1. Areal tine in-line water-in-fuel emulsion
system conprising: a reactor device; a fuel intake connected to said
react or ow0i208/129958at er i nt ake connected to sai d react oPCHASREE/02B0OUNP
connected to said reactor device; and a circul ating enul sion
reprocessing inline | oop connected to said punp and feeding a | oad as
needed in real time, wherein said reactor device conprises a non-vibrating

anvi | Sh%BﬁﬁjrﬁSM&f BAk: ¢@a§6 tadl Qfﬁeﬁ/%é g 6H\T/|rdr9né?ﬁéz||y5frﬂ°e)ﬁdwﬁt ﬁ’hey ﬁniyJe| from
said water i ntake and said fuel intake. real "'tine 1n-1ine

wat er - i nTedie raginiesiapee §9@h@fﬁﬁ%ﬂedé$%l'fﬁ1WCW§b‘Pfﬁh§éﬂaéll circul ating | oop
| at
circula e[@ 64) @ Heoﬂﬁﬂa?étﬁs Qéy%%trﬁ%ma? o eég%%ﬁgpéﬂ lca@fhi rﬁ%{iéafo%ﬁpéﬁos

3. Therea ti me VMater-in . Syst em of I'm 1 adapted
for a m)mﬂm rijypla standayds puirdlines, aepeldtions, marr@cgmmméamrwfwﬂh respect 4 The

water-1 n Sarcth AFAREnt b LA b KD, il thaf tR Ehd b BIR Raf 2
5. The reisk on‘ifali‘ené e Mimienizeat eequine- ftlelor @auhsintenasgstand bévechdownnieather ei n
e P RORGEBR Tt ThAP R SR BAE LB O Byl oA =0

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 example, 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 substantially 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 statutes, 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 illustrated without departing

from its spirit or scope.
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6. The real time in-line water-in-fuel emulsion systemof claim1 wherein

said cavitation is constant. 7. The real tine in-line water-in-fuel
enul si on wWo2aMm20453cl ai m 1 wherein said cavitation is alPomgiSanioed3gé de edge
of said anvil. 8. The real time in-line water-in-fuel enulsion system
of claim1l wherein said cavitation is along a trailing surface of said

anvil . 9. The real tinme in-line water-in-fuel enulsion system of

claim1 wWhg4i8s Bapmedlist eact or device conprises a cylindrical chanber with an
inlet orifice for fuel and water, which pass through said orifice and

i npi nge sai d Anv\ Neaklimg iplineswatesingtug! Q@Pgtﬂnt%)’ste@ €PBAt¥NGai d cavitation.

10. The real 4iBEtbfgdvidee water-in-fuel emulsion systemof claim9 wherein
said cavitation is creatéd within liquid around an outside edge and
trailing surfadeelditakaacenngstad to said reactondewiers real time in-line

wat er - i n-fuel a%’ﬁféﬁh%ﬂe?é%ﬁﬁéd’{o é‘a{iﬂ%i'oﬂ?j%girc@f n said circulating loop is

isolated fromthe fu real time in-line
wat er - i n- f uel agunipstammestgdtie saidfreadtai weviceMasdei n a rati o of the water and

t he fuel i ' : . T ' in-Li er-jn- I

emil si on syst BriiHERS mtsiom drcsg s oo RebleiTor @ E B P, | o o

to suit tiéedingatiedd at heedenr inapalltineatwhamein said reattbr détiee cemlprisesra non- | i ne
ter-in-fuel |.si t f claim1l th ising. f

ow toni nd'Ba0e BHU B BetiRetn BB sHhiies B SRRl PP EERNTGTo £1 ush

t he | oad seidwatptineakewsid d26d fuekingdkaet down. 15. The real time in-line

wat er-in-fuel enulsion systemof claiml wherein said circulating | oop
circulating ermul sified product intersects nmeans of atom zation as cl ose as

possi bl e to the Tpeirahl he FRIAUWhIcR-fURl BfmURIon $yster iof tlamh @ hditinadaid | ush
with pure fuel to avoid water separation in punps and |ines.
circulating loop circulates at a flow rate greater than the maximum load

requirements.

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-fuel emulsion includes a carbon particle 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 emulsion 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.
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16. The real time in-line water-in-fuel enulsion systemof claim1l wherein
said anvil is a stationary anvil wth a cone-shaped end, which at | east
parti al | ywoebimesssan orifice, and an annul ar recess at a&cChaseoiof243he
cone-shaped end defined between the base of the cone-shaped end and an
outer lip, wherein water fromsaid water intake and fuel fromsaid fuel

I nt ake passing through said orifice accelerates along said cone-shaped

ag;/g andf ar Ognd‘h%%QI #rh® in-ficeRbicRsh-Ral EmeRYIr §fsteh of Blafid | \Whdr¥inSaid
r-in-fuel
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 circulating loop is isolated from the fuel supply.

12. The real time in-line water-in-fuel emulsion system of claim 1 wherein a

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 to suit the installation or application.

14. The real time in-line water-in-fuel emulsion system of claim 1 further
comprising means for switching back and forth between emulsion and existing fuel
supply to flush 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 accelerates
along said cone-shaped anvil and around said lip, creating said cavitation to emulsify

said water-in-fuel.
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