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M XI NG APPARATUS AND METHOD FOR MANUFACTURI NG AN
EMULSI FI ED FUEL BACKGROUND The present invention

WO edoaa®46 0 a m xi ng device for manufacturi ng BET/US2005/000318
aqueous fuel, and nore particularly to a specially
desi gned m xi ng device that creates a superior aqueous
fuel emulsion froma hydrocarbon fuel, water, and an
aqueous fuel enulsifier package. Recent fue
devel opments have resulted in a nunber of aqueous fue
enul SIKINCCAPPARSEFUS 23N MEBIIYIPFOR mmmﬁﬂ\ig
fuel, water, and various additives, such
| ubricants, emul si f A®F EMUSLSTFERD &RIEL, corr05|on
inhibitors, cetane inprovers, and the |ike. These
aqueous fuel emulsions may play a key role in finding
a cost-effective way for internal conbustion engi nes
i ncluding, but not limted to, conpression ignition
engines (i.e., diesel engines) to achieve the

reduction in em ssion ndat ed | evel s

W t hout significant S%B?Jl%{)@ﬁyao t he engi nes, fuel

S Ve §i€senOinvenici teliles td @l mBedd ¥8fide fob biaastattiging a8 aqueous fuel,
Advant ageously, aqueous fuel enulsions tend to reduce

and mgre pﬁiﬁiCbiarIYttﬁ@ speeiAklY Hesignsd mixineodrairedhpidaRaigNOIPeHpRiaqueous
fuel &M)ﬁ: Hl S)Sc{rgc:aer (I’n% @%W %he ar a(q(u%&?stfu@]]%ulm ier %acgage

rocar e fu

I I’Rdchﬁﬁt ﬁj&g ldB@eloﬁ&@ﬁﬂsfha@/alrbwlteﬂhﬂ a‘ wehbanofl squenss fired emulsions

burned at_ | ower te eratures than conventional fuels
compgised tegsqntially, @k ancas %‘f‘ m%?ue LTwater, é%ima@euwaflﬁltwﬁ% such as

lubrlé'a?lf’é o diABrst B@tFa@hnt] &J"ﬁfsmﬁeﬁilﬁﬂﬁpr Ustdn@Nmprovers, and the like.

enperatures nore NOK are typically produced in the
Thes@iagums eublaermt]si@nsemenmplayeadiel yrolenvefisdiagd ¢dse-effective way for

1nterr;a(ﬂvan 5 ?qrﬁfgnéﬁ%sng}cﬁgiueo et ugiiﬁfipqégtﬁt gg%pregﬂglﬁ 1gn1t1(|)r|1 engines

(i.e., @%@peﬁglﬁé@l to€XBHiieOfhe 1’@@1\(&10’1\1 e 8BoMs tRlvE Bl afa@dfed levels
be unstabl e over tinme because of the different

withaie signifiesnt grodifitatiansgo\ibe ghgivesflugheysgamigrgrexisting fuel delivery
mfra%%r%fonents as well as other factors including the
7% bility of the compounds. As an exanple, niddle

dusaialniagte@udmy HoPeaiRe] SaUlsRAs diavie radeﬁrtﬁllthbﬂfth@ﬁmmhtlon of
0.85 while water sources have a denS|ty of abo

nitroggacetides (NExYpad PREITER <1&r,icwriign$tt5inc o9k aiaiii éwérocarbons) by
alten&%ﬁ%&%ﬂ @B b8 1B L ?ﬁ%ﬁl e?gf% i ea?? thg”f eﬁﬁﬁsuﬂfs are burned

enul St 6ns cont ai n
at loxﬂlérapinpémtmés t/kah&bnwﬂtionaleﬁma]srduetta h)]heeprﬁamﬂce n@ matqme flihag soupled

it G iAo S ek oF PIASS e ypicaty
prodie@Rh lcSeneh! SRaRACEhe callreddifafdbAIRd tHOSIVARES 0P Bsing aqueous
fuel emulsions.

As is well known in the art, the constituent parts of such aqueous fuel emulsions
have a tendency to separate or be unstable over time because of the different densities or
relative weights of the primary components, as well as other factors including the
immiscibility of the compounds. As an example, middle distillate hydrocarbon sources
have a density of about 0.85 while water sources have a density of about 1.0. Because the
gravitational driving force for phase separation is more prominent for larger droplets of

water, emulsions containing relatively smaller droplets of water will remain stable for
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breakdown is also influenced by the environnment in
whi ch the aqueous fuel is subjected. Any breakdown in
wo b@sagweous fuel emul sion can be extrenely daPemusmos600318
not detected before use in conbustion. Gven the
m croscopi ¢ nature of the suspended particles with the

longedp&ERRL dMNEAYS A&ﬂﬁ&ﬁs fiad] WeailSiohUstaleTow 5 bp?)ﬁayeagbﬂmi@n is also
acceptable to the naked eye but can actually be

influenesdshy bewdiuiekdy cepwaisk droifets enalgseenced ot dlogeidpier yThe emulsion
ont r ol,. st and one. skilled in. [ . .
break GRH o AP Rl e RS Simeh R BichiEe Thheows s gplected

Any beédbwhAdn ahes pQRohS Cuet BHuSi@N cof ba ewateklsdinean@itind detected
hydr ocar bon source can generally be cal culated wth i
beforecise diy PoInb@Hion c Sivasrihe gu¢mecopie ndaEeRf the sirperdqdgparticles with the
ol 55, BREKNHE FASPyLyh I S NG b o
actualpabé icohsideted tuhhdugpiable whew subjecticligodjustiontomususandards to one

. (gggse. It is coomonly recogni zed that aqueous fue
skille pgpns can be produced by mixing a liquid
hbg{e%ﬁ'ﬁ%@lesaﬁ%ﬁ of tﬁg eRISEL ﬂe%éss?ﬁ“{o? Creafilf a&p¥@ti€ tmulsion
sour ce. e art of making aqueous fuel emuls ons
of a whsisoatceyand el Iatdescattoont dvuer capgoiesallylhe Tdleulsfpdowith calculations

chem stries of the agueous fuel .enulsifier. 2).The
commp &R Hpiac ot oh e RO BALFHS Gt Ro b e abtigies phase,cte.
Such (¥asPRideh@Ngre! APIRNY) sidfiBarikE®n W bhrtiche dftABAtion curve of the
ingredients (or portions thereof); and 3) The specific

discontwobeaphesd. mi xi ng procedures of the ingredients.

emstries for enulsifiers ar eneral |y .conmposed.of . .
ST ST REY roPoeol o safhl 0 PRIRD Rtk (EHPAREH of mixing o
liquid GS/ABSdaB®nSsdiirod, Uh @niiflsiBér dR26d, dndia GAMRGDERES TIAN&t of making
that is predom nantly hydrocarbon sol ubl e and the
aqueops fiet emplstonp Sagicatlyapiatea i Ihyes\aiPe¢tssol ubl e so that the

sy f b . hakerfacial

téLs?%%§§%?%ég%%%ﬁg8§§%§%g@?%%ﬁ%%%gﬁag¥égﬂpha;es S

S ﬁbS_lTaaBtspaiiﬁg/ ie,a'qﬁufznilzes lmwbiche:achvolf te, ing%di’entksf (ot bgﬁi@ns tlr;]ereof) are
emstrie a critical role i reaki ng down the

sur f 888°d BRE I bu i EEHRRLoBPI gt AGEReDr 980 a bond

can ﬁ%@%&ﬁﬁéﬂﬁ%&hah&%l Qﬁﬁﬁggﬁ&tgdﬁ@g 8EHeERaRfflnts0 hel p

disperse the water partic fromattracting to each

other in the case of an oil phase). This is basically

C leted through.three different types of.electrica

ChAPpEIP oAt s Al gty EomeoseH it shieC et oPes: among
other B1@¢s0Bat cApAK £mixt8RASf Y RathBr@ @&»mﬁﬁﬁerﬁ@ dmk @R4tGs predominantly

(neutral charge), or conbinations thereof.|n many

hydrogarbew selhble sty Pther thatis prageosninpetl ywatey selybleosop@at the surfactant
s st B5H L BB S5, U B s
substantially zero. In other words, each of these chemistries plays a critical role in breaking
down the surface tension between the oil and water so a bond can form between the different
molecules and to help disperse the water particles (from attracting to each other in the case
of an oil phase). This is basically completed through three different types of electrical
charged chemistries referred to as cationic (positive charge), anionic (negative charge) and

non-ionic (neutral charge), or combinations thereof.
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fuel will vary based on several factors which include
the type and anount of continuous and di sconti nuous
w@b@so7oothe chem cal conposition of the emul si PCEUS20851000318

the particle sizes of the discontinuousphase. Wile a

range of different sequences have been recognized, it

| B0 @eNB8T ahdey tHdenslafier tfadkagdie apy idesigakestobeassl@bles in the
~ fuel erulsions dictate that the enulsifier supply o
discongipgonsapisee. ni ke ampuphok the cadsfigaps prarenbel theaqueenssmulsified

f. Lon first rt .
fuet wilt gy RS s BlritrE AR ehe\FbE Bhd Rl HBniinuous and
discori@aeuchhabe theeatrqit £ compoditién 68 8R edfuldifieniahd peasedcle sizes of the
. emulsion, the emulsifier supply would be first m xed
disconginppnsth@sty dr ocar bon source before it is nixed with

t A ti I el

B R O URHR PR N Rep s K ey anderstood
that the priviciptesk eflaquiciohs find enatlgonsdictate tharthpentulsfier supply should be
. thereof) before it is mxed with the discontinupus
mixed, W46 o <ipat Bease 55 g #BICOEH o) &Fﬂqﬁ% firpfelop gpytions fhereof) and
then WiltBth€ BREoMEHEs PRkd tcﬁgy%rt?c% 4851 x6Gnat he bal ance is

I ntroduced at a subsedquent point "as the aqueous fuel

e frol siaoplé, Sn miEncesaof an od-phaked emubséome thraembksifswsepply would be

st T Gt et BB SR 0, PSSt e o
Water."\@oﬁ(/e@é]y',ri%ea wateFhX A d \Woiulkicn MdERGRIIRS Ruppl§!wSOHHE First mixed

~Prior to the high-shear mxing, the various stages can
with thewatex saiired (oh ppaipss thereoskelogexit iigmikedivedsthe gligghntgnous phase of

o 5 (S RaR T RTTR, AR Bt e bt

is intr6@EB@KI DdBsEfiRA Fotht RrRPLfbes fueBemaliteh 9mdneacuaed.
different chem cal properties of water and oil,,

sVgilertherasen eseneral meicngstHiams liring ty gpulsification arqcees.  high-
shear 'i}ﬁxiﬁg gﬂdg@ istfaifl RGERLA Qg?&@ wBESBulg i$ frﬁfe?i ‘%Oﬁﬁ b &y iRRNrbon fuel
can ton e aqg uel enu T0

rirbute to'a sta aqueous SI on.
sourcelaPdor tu b Isgleaicanimiring, secharasiscapercan bk liyixad avithaleke intense

. .rotor-stator uni Lis and uItrartsbrc‘)?ni c devi ces. have beeg) b
mixing sy D1 & GhilBt THSS PeOTIFE PRUTOR ALY EJANEY decause the
chemf&R 'bgﬁig i8¢ heRd Iglaﬁrvél?%kﬂéﬁtiﬁﬁrchteﬁﬁca@ @}k%p%h'tﬁésg & dcikedf the very

non petroleumrel ated products such as foods products,
differeshenicel propettics of watr ek oil,cagnificod ponaintsSefpeddlanical energy are

art references geci fic

.rel ate ave di.scl osed hi
reauidel a8 fgd e AHER P Rab kgo ov 51 RGP ABCEEH e b o a stable
aquecBSEleP b@fAlsionor exanple, U. S. Patent No. 6,383,237 to

Langer discloses the use of a rotor-stator_ mxer, when.

t e dajedroglashrss mirerswacBrassommercatlly ayailagle gpfogsfator units and

ultrasgféi?'éiﬁ}ﬁ?%selﬁ%g Iﬂ%gré g%rﬁ%%ﬁ@%%fér@ne%%%@ﬁ#@thel fﬂctbtﬂgththey were designed
and sold primarily for the emulsification of non petroleum-related products such as foods
products, cosmetic products and chemical products.

Several related art references have disclosed specific high shear devices for
producing or blending a fuel emulsion. For example, U.S. Patent No. 6,383,237 to Langer
discloses the use of a rotor-stator mixer, when the hydrocarbon and water source are mixed,
as does U.S. Patent No. 5,873,916 to Cemenska. In both patents, the use of the

commercially available high shear devices from well-recognized companies in the fluid
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commerci ally avail abl e high shear devices from
wel | -recogni zed conpanies in the fluidagitation
WO p@a®taoye as part of their nmulti-step and PCT/US2005/000318

mul ti - sequence fuel emnul sion blending systens is

di scl osed. Rotor stators basically provide shearing b
agitatimnciodipitryass part of theis puridisieg didamelti-f¢ @uenterfoedemilsimaghlending

nd/ or a comnbi nati on of both. Because the

SW“”%%?%#%ﬁ’e i ze of the discontinuous phase is largely

dRLRY: G bQMCilEEE)I%QﬁEVShéﬁI@ 1 a EQBbIH Adn JTQADidHIXEblade, flow

it I's common he di sconti nuous phase to have a
forcedpildeughan gere@ﬂ apéhruacc@n@nzte@ e bethg| Benayserthe marticde sire of the

f t f
ciscoieliBp, Bfosd S 9P B o PR e b Bl e $ieer, it i
commA THERS aisBodtHiohd1pase ES Ve QRFiEe RERIZY olflfl Riad siaks 48 XgFen portion
include dual or nultiple staged rotor m xers or | ooped
is cut Offlﬂcmetlgademi differgnt EWUQQ uebueed tmughngrSé@ieé g apgthegs portion is
subjec%ﬁj 155 EdT{) %g)gh% h1§ %&% (%;Qee h‘x é ﬂlgﬁ ﬁ&? 'nﬂgelrs I'iﬁclude dual
opu it on ot oF m |s érse icre’srze

or mul‘ﬂi}ﬂ@‘dtaged thesaiaasdot icoped c1h1ugh @hlehralmvx hagode Vired éﬁgI@dlents to
systens._ are npre expensjve and Iess ef ficjent
be sulpjﬁctpg rtﬁsadgmopé] SheaT é@ﬁrﬁw 1ncaer@§1n§rtge dgrulatipn of ygniform dispersed
phaseg)%mcﬁeoglzé‘soﬁ%%%lyh eg?écﬂhﬁc%ai h\%gﬁ ﬁ’%d%@eso& 15‘6;9:'3 systems
ear m xers e aqueous I on | ndustry
are murel dxpessivet drelr lepasfticienpartesns cvf \toﬂmné butpht,aegldt at |d¢ﬁﬁ1c:ult to control
i ndustry, there is alnost no fundanmental basis by
correcilifi ch to theoretically predict o r experimental |y
apResite Heliddprha rdgertsfemgf{ hharf MOdREEABE dg®eb® BRI emulsion
illustrated through a general review of the shear rate
industancsiwell aaIO&mratartamparshelathq Huid sgitation halusirg, depd iseglmost no
ar al.l el c ustrated i
rondafnfil Sasit, By Bl B Jue FRulalyl BRicEr Sobb et Bgess their
perfor@ghdict. MhistnddmbsasRarttet BNOSattQ t1ebOSHAL Sendrd abvidw @Mlle shear
in a lHEUId tends to create turbul ence and eddies. The
rate aghisealgWatiaf a t hat has been used for analysis of the

PSfebigh eenerashal LR St LA iRl s
f ahe €orsesVie bpPogite aviier s&lu;u‘e! hias td beinvehiie eduilibfiumhh®his shear tends
novi ng pl ate, Aksthe area of t plate u.js the

o elo%@é%wlt% apd in dquid fgngs .tqqcra%regtrp%lﬁnce ana adis.

The shear formula that has been used for analysis of the physical processes in

making emulsified fuels is as follows in FIG. 2 and Equation: 1:

Equation 1
Shear force= VAu
B gc
Where: V is the velocity of the moving plate
A is the area of the plate
u is the viscosity of the fluid in question
gc is the gravitational constant, 32.2 ft/sec

B is the separation distance between plates.
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gc is the gravitational constant, 32.2 ft/sec Bis the
separation di stance between pl ates. This equati on was
waoelewsloopeel and i s conmonly used to determ ne tPET/US2005/000318
viscosity of |liquids by neasuring the force created by
rotating a plate in the fluid of question. It is also
dThisctqugtierppies devslepedoandniy commenly arsedtie deteomineptbatvascosity of
. ..is noving in relation.to anather, such, as in colloigd.
tiquid By Fioepgfber P ko rraen PupRohe rue 1R thd Mgk huiion s aiso
directlz' ApPBdttd Ayasutnl WMEe bfe plat is:-’m@{ﬂﬂéﬁﬂ W@hti®toinother, such as
quation 2 Shear force = 2 VA u B gc ere: Vis the
in a collgidwili.y of the noving plate Ais the area of the

pLatg u.s the viscosity,of the fl.uid in ion.

PE8} fio¥ el SRt of ahisiCailafiph do 8 BRI EFIG. 3 ana
Equati®@ar ation distance between plates. Although the

linear velocity profile is an approximation (it is

known that the velocity profile is parabolic in

n it does provide a nethod for conparative

cﬁhlggﬁi%)gtjl on. As shear is present on both plates, the

t Shealr feabear forxE¥Aexerted on the fluid is about two

times that from Equation 1. One needs to recogni ze the

fact that these &&f cul ations are not precise, as there

a asunpt | I BIobRE bE e kil and in their
aggﬁe?ezati onWQ@%v&ftE&e cépgg}aati ons illustrate
t he basi c fAricts area dflthe plashear and can be used to

devel op rel atiye force val ues f.or different shear
modes. Due ¢& %ﬁEISF%ﬁ‘W&f?@ﬁWQ&P%CWhOdS avai | abl e

to cal cul at g ghE@ErabRattAIT®SIAt, |30 AL abl e uni t
scal e-up and operation of these high-shear units as a

conponent of iatholsepedatinn distaanesketween pleteaqueous f uel

ALt e R prorfig M e P 2 4 o ffime velocity

profil@‘i/ﬁjfoz!irabd)m: frofiatiile® idddey previgedSmktiRld Mdosipangivar®lculation. As
contigured around the limtations of the comerciall ﬁg _
shear i preseab e baihgpatehdhe tqipl shear fpreesexestedfm the fluidis bogbiko times

that frEHl%cﬁﬁHHF'i?i al aqueous fuel enulsion blending units

One needs to recognize the fact that these calculations are not precise, as there are
assumptions in their creation and in their application. However, these calculations illustrate
the basic forces in fluid shear and can be used to develop relative force values for different
shear modes.

Due to the rather imprecise methods available to calculate shear in commercially
available unit scale-up and operation of these high-shear units as a component of a blending
process of the aqueous fuel emulsions is generally completed by trial and error.
Consequently, many of the commercial blending units available for blending aqueous fuel
emulsions are configured around the limitations of the commercially available high shear
units. This is one of the reasons the commercial aqueous fuel emulsion blending units
require recirculation capabilities or multi-staged shearing (despite their higher costs or
impact on lower capacity) to enable the water particles to be reduced to the desired particle

size.
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require recirculation capabilities or nulti-staged
shearing (despite their higher costs or inpact on
wo oas7@agpaci ty) to enable the water particl esP€DUB®05/000318
reduced to the desired particle size.Because of
probl ens inherent with the commercially avail abl e hi gh
sBeansdTbK pripldnly inbeenc kvithsthe @nimdroiallg atdinbletiigh shear mixing
. effectiveness of the shear m xing units can only be .
units sygh poEeFPos S otheichigel Yaessaeidthe abear puKnEnesits ¢inygly he varied
. S n t . i . S h . .
by cofglF el BhieRly P whE) B oBitich Pl Ripjected to high
shear tixihg. ey startl dbeveapakbanadfrciallgahitablauciarsnasyt eot by capable of
uniformfamly, article sjizes of ng di sconti nuous

. ] of . :
creatingnd ensivieRthe NS Byttt artighaSiesst! @f dasqniigungnpgse in the
most pletl% CAR O5&RfeLtife fndhddry TMsdcﬁn dtd 4 %&H}‘ QN HIhhukiBh cBrve for

an1?y of particle sizes of water and i'n nost cases
a famity efipasick diresnufdadterc and/in midsiviases ereatonsibsitmotial curve. Having a
[ nti nuous phaseﬁgarticle size. is _not on

. di sco .
consisRp G SRRIPRS RPEREUTIASIZP G PRI ORI LT he foundation for
a stab®MEthiti8R bRkt ik brifidal Gf Idblef@lnih D 1k EFdNIRBuANSS emulsifier that is

requi red amount of enulsifier that is required.
requir@bn€enpegnertly, itiwould bk dlepisousdoihaves migingaaestem thgdi areptes a more

.. System that .creates.a re uni for.m popul ati on of .

niforf BoPH Ao o FaREE Sigds GHCRe HrorBbibRie. X Bpmgwgy pastcte
distritR@bh icalve Wekby ichtidsOih 6¥HnV@istribRtiOR Y f CliecaitrREsifiBr 880es between

di stribution of the emulsifier sources between
hydro¢pymowarascnd Spuweter specet he wat er source. SUMMARY The

present invention addresses the aforenentioned

probl enms by incorporating a specially designed m xi ng

unit into a bl endi ng sysieARY net hod for producing

a;cllueous fuel emul sions with consi st e&{ I ytgni farm .

di Bperasert iprerionpaddressppths sfpengniigned piablemydyyincorporating a

SRS Yexih X ey i It ¥th S forPr6SRAM

specidfSRERS Kk Kaldp SR bRAQIAGRIhL BRI b S REESRR agueous
fuel edmlsions whhtconsistantds uaifor despased phhseeprntisleorizéy pnthaa relatively
. sour ce .of hydrocarbon_f U@é ha sour ce of .vvater,tantd a all
inexpehsiyec BIENE 38V Caq FRBLCF NI EIFRIY iYL Sfaicyto @ specially
desiged TR RQ RYicAGhA cBdiRlslanlgBEoRIfEE IR Fr¥niThXbie €Wy &Rcarbon

that produces the appropriate m xing environnent for
fuel, ahsoureediotiwatal, ashpoinvdes 106 Yak @qaerusqgiedusmplrsfiesypapkage by
. relativel y. ho nous..par.ticl [ fy.t . .
incorgf s @ b ie R s ek ik sy Rl 38 oS theamppapsipee mixing

envirddigen £6k NBe dp@RIALYSOEPINHIS €5 mBakd Xi PGuaevs daehaxnibng:latively
a constant flow area. The m xing device is configured
homogenopy patigle sizehabibp discOMIOBhARMSE. Anot her ni xi ng

ARPALLY Sppavarll RiQI6Ld. TR M DrARRY SoMPriCQPHiRRS device
having a constant flow area. The mixing device is configured to create a shearing
environment.

Another mixing apparatus is disclosed. The mixing apparatus comprises a fluid
shear generator body having a first cavity with an inlet having a predetermined flow area and
a second cavity with an outlet having a predetermined flow area. The first cavity has an
inlet configured to receive liquids and the second cavity has an outlet configured to couple
the liquids mixed in the fluid shear generator body. The mixing apparatus also comprises a

shear cone disposed between the first cavity and the second cavity. The mixing apparatus

6
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shear generator body having a first cavity with an
inlet having a predeterm ned fl ow area and a second
we@awsHyows t h an outl et having a predeterm ned PECDWS2005/000318
area. The first cavity has an inlet configured to
receive liquids and the second cavity has an outl et
also c6@pfise@Ur sitat OorosHat dispbeedlbeaniedsthaifivetcavityt el fheledond cavity.
shear generator body. The m xi ng apparatus al so .
The sheaigsmesed mpatigbareceiderehe skgsp sens dithe shearigeng sgat is parallel to an
n . X S
upper 33Habe of B¢, Uikl IBRET NI af Bty B0 BERAIEL AR stem
integralavith yheashedart dodes dbenrdnicel\vdtdny is ddifigsinedto adjns theahear cone. The
matingly recejves the shear cone and the shear, cone X
controk ggp 1§ g0 rguasd to|copolmeapdisbecs i 6P el & pheg cone seat with
'Efl(]l]'jﬂﬁ RALAE us al so conprises a control
the gagggﬁnn%%?gegg{a W tdh thegés'hear cone. The control stemis
cAnbdthgumedng epadjtusis disebossdhedhe mining apharaosrongirises & disc body
havin;;a; él%%r}gc},?gag{deg éﬁtqgngg%%rq%i;ﬁtetgtﬁg f%i&!ﬁegc;rhg Slas% '?)%%gf hca:tg g%isc wall

disposg& %gtl%e@ﬁ Pedt fabOWh AIE RecofB PAde ThEIS xRS ARRRAAE HiSo ggr)rllprises at

i scl osed. The m xi ng apparatus conprises a disc b

least oha fliomgpaasdge estendling éhrangh the disc dody frave thepirssiace ta the second face.
first f . Th ' b di I [ d

mhe bt A6 o S BENLA8R P B S0P s

a fluidRRANn A Bu g &0 af RARIINE EdwAasdagast one fl ow passage

extendi ng through the disc body fromthe first face to
t Aametbed Atipfadoeing Phecqs fd gswlvens witbwopsisieady unierm dispersed

5. IS IS | e
.
aqueo@ AR gRwlsforpiodacingfligpide diuoi angidag deuref ke wirihgidovise can be

. WwWith consistentl i uni f orm di spersed phase particle .
cither gixdag gBPHGIa a6 dHisrisehphrva udhp efhod s gompyises flowing the

, I S&ERirtH | eBHRahiURlw SRl ot Imixing device.
aqumg?%%ﬁ%?ﬂg@%ﬁ?%é 1?1 o&atﬁ%ugﬁ %geigsg%/llflce.wT e mxi %Xmg eviee
devi ce can be either m xi ng apparatus as di scussed

Fuel “emil st ob BTk B GETrn BRsARES Cnetant
f R@f@!r;t%g}%v@to R @i gfitesi HBerbigVike lenBRt Fhre HERMEREGATAIR: OF
THE FI GURES Referring now to the figures, wherein |ike

eFEprelnis @ petioe artdigoes dlgstedting sheaff@ce.1 is a prior art

frgure.illustrating shear .forge.. Fl 2 1S pgiQr 1
g 24 iRt o RGeS 7 sy TorBulfoaftol e of the

physickdtehses @h nidkengPbielsTR MHEIOGRBRRE 4 MdVakd B@face and a stationary
emul sified fuels between a noving surface and a

SurfaCSI ationary surface; FIG 3 is a prior art figure
SR RSN A R ol LR s o e
physidagpreedied Manasitiag emaBificdSu]§ Beresen two stationary surfaces;
FIG. 4 is a schematic representation of an exemplary manufacturing system for an
aqueous fuel emulsion;
FIG. 5 is a cross section of an exemplary mixing device;

FIG. 6 is a frontal view of another exemplary mixing device; and

FIG. 7 is a side view of the exemplary mixing device of FIG. 6.
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FIG 4 is a schematic representation of an exenplary

manuf acturing system for an aqueous fuel enul sion;
WO-R@5/0%046 a cross section of an exenpl ary m XPEmUS2005/000318

device; FIG 6 is a frontal view of another exenplary

m xi ng device; and FIG 7 is a side view of the

exenpl ary m xi ng DETMEEDfDIES(CRIPﬁ“IDETAI LED DESCRI PTI ON
Those of ordi nar]ﬁ]cskl [l inthe art wl reali ze that

tHeose off| wvdinggy akidkin phe o Wil Taabgs dhait 'iheefOélrﬂvvnarf%?Sﬁréﬁﬂon is
illustrist{l}féagée}ﬁ{(vxgﬁed%e talng%v aqs uc‘L ,cg n@ﬁéln@rﬁﬁédlﬂ{ehlts I%qjeadﬂy suggest

. ed persons
themsdlVdsus kucki skdlled poedoasrat i ¢ representation of a
manuf acturi ng system 10 for an emnul si on.

prIEr ¢ Hivgtratah d GrEmRtic ICRESSERIAPRE armwf%%%wystem 10 for an
emulsﬁﬂerfﬁt % dﬁéfeﬁgﬁ!e%od‘fﬁ&ﬂ! }ﬂeoﬁlﬁ % t@‘fﬁ bPfes at ambient

conprises a series of or the raw
condmmt; eﬂ“ha mnufaoturiing lsysemai comppisespo sees of mlets foP the raw materials.

r d hyd f et 14 i.d .
T R T
emulsﬂ‘@Y ?Eclégg SRNRE 1GORRSHeed dofrdens \%Qt@f? hAd l:&nd;%sécﬂﬁi@&ed to the

evice 32 at an appropriate place. Inlets
spec1a]a\y1designeﬂmmr@edealch@arat)alaapmnprian@plaamd an enul sifi er

ka t 8 .di d at

PRET BF and BEBRSidetr b rpisfachitse Cang i B Do 2RG0E, Rlgggtively,

to a fuley ﬁhm@lll@pd@&shﬂ anfesinferded@oh BE &R 1RomMdf Letvitnad 26, The fuel
enmul sifier package to a m xing station punp 22 at a

pump $& frensfend thd lmlr@cml@n fﬂhbanﬁ)lb‘? oanisHish Paskdse Y R gpifing station pump

22 at eﬁ? ect%&ie 1&13% rr%tg ﬁle (ﬁ{)c rﬁl &Bul@ﬁ %a&(a?% &&hh%%v Fte{t rate of

a capacl

about 0f37a80Idhs @elgmmutabx(gﬁn@mnrmaanmelmﬁng sglava\eltB(h C@acny of about 1
adapted to control the flow of the hﬁj@r ocar hon fue

gpm. AnHowHMasTIPIERt draideatils araRied o eanfat thedlaw %tl%%%‘/dfocarbon fuel
and erﬂ]éféifﬂ:g \yﬁ%l@%e%x@lﬁ%i%g%ehcﬁ&ﬂ Qh%ﬁkfﬁ%ﬁs@ﬁi@n ud: 24 B e mixing
provi de nmp 20

a source of water
devicet3™. ough | ead 26. The water punp 20 directs the source

0 ter through a f| ow neasurenent d C 8

ot Yororoes o Siufe b SATEER SRIT g S Gadliaf . The water
pump Q@Sdl&B%C{h@kéﬂreg ofl $¥Miet fhrdagiah fRvS ﬁie@ﬁir@ﬂeﬁt' (QEW’IE@QS Tha&low of

wat er woul |ow at a rate of about O. pmin an

water enthks Mfaysfc:gecky)stbe ispesiially @stgp@@tmcylggievmg atja @eﬂeﬁted flow rate.
f I
The vlgh Fookd B8t % Of 8o hi sl T R PRI B SRR R g capaciey

of aboq@§g§1|ﬂed m xi ng device 32. The materials may be
tzréx%tgf ffl%(;vrn?gd through the flow measurement devices, leads 24 and 26 direct the

materials to the specially designed mixing device 32. The materials may be transferred
using existing pumps (as illustrated), using additional pumps (not shown), by gravity, or by
other methods known in the art.

Following creation of the emulsion, the emulsion can be used immediately after
manufacture or directed through a lead 34 to a holding tank 36 for future use.

The above-described blending system is particularly suited for preparing a water
blend fuel or aqueous fuel emulsion. Specifically, fuels such as hydrocarbon petroleum

fuels, blends of hydrocarbon petroleum fuels, blends of hydrocarbon fuels with derivatives

of bio mass, derivatives of bio-mass, and other forms of calorific bearing liquids. The
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usi ng existing punps (as illustrated), using
addi tional punps (not shown), by gravity, or by other
woregosod®4known in the art. Fol | owi ng creati on PET/URM05/000318
emul sion, the enul sion can be used inmediately after
manuf acture or directed through a lead 34 to a hol ding
preferte@l%l&ﬁeﬁ‘rmrraﬁ@bﬂcaeomﬁ@beafmg 1ROV e-Wascisidbedt BO%I’tdialbgut 99% of
stemis particularly suited for preparing a wat

the toqaf‘éﬂamﬁ@é theprquagitfeldaserysione e gpblﬁletrgp@&q ?fcaé]IdFtV’eS is less than
fuel |
sbout |01 UGB G5 PRIEE LIRS 5y SRS cmtsion

addltn‘/eselsed \ih tie ﬂiﬁfvle\t&t%ﬂ/;ﬁﬁm&fankhe&hﬁﬁﬁl&wﬂg nmgmatlle\n% (cafcombinations
i 0- mass, and ot her forns of calorific bearin

thereqf} inaleding sRER RIS, pRBISIEEdaeRENtS A dls- Boweréaﬂlg%r}w@ corrosion
I t to about 99% of
inhibi S b Edcr iR SRR B b R e T et on. The
val mivng devicats disaddsedd ditiei masng deviessliehan aaﬁxeaning%‘hmnment

whereﬁﬁoglglagr% Eq}%@%&hg%gé? égé}%esd " m?l{y taggn glggg\r;gg q at ﬁle beginning,
mlddlEI %ﬁ@ Eh@bF e ﬁﬁﬁné’ Sedhdry. OBSI‘%‘MeHgmgQHé esbeAt 8f &Rk in contact with
i nations thereof) i'ncluding surfactants,
the 1ngmsﬂh@1t$ |tér: sproaehss duag @iﬁﬁestlvqig-ln@amdghe Ishéari barne by mcreasmg the
i nhi bi tors suc

variab§ U R S, AR fomdRini IS cbiBhd Hifiod g 4§ Snsured s0

long abN@le Fow RdedI@¢i BSint@hddeSonean® ENER bXEnSIBY tHeOWTBELy profile, the
where the anount of m xing energy as defined b

distangg) betieom the twe stabionaryayaias. veas designaskdyiserhom ghe Wé@m@r Bew rate of
the syg{éﬂl ﬁ{us{rggdrﬂl)ﬁ@g3ge1?5$ﬁﬁ%rst§(¥d g5 ?{%d\l,gl {32 ﬁr&ﬁg %?tshggr forces

n cont fedien ess ha

could eﬁilgcbe iekdase¢dor @aseded bssealtﬁaahe fdesid YayuhRCsRAS dfghe aqueous
the variable A in Equation 2. Wth no noving parts
fuel b{eﬁfi@gcsom@nst%ﬁtﬂaﬁvxﬁhﬁ §heasfercpsscqumd be sbpngsd) byn‘gm%& anygf a range

of dlft?Ath EdiFohnidnts {He ﬂdﬁﬁ% g%ﬁ&%ht eﬁﬂréﬂ}hénteﬁﬁ'r%bﬁng such as

e velocity profile; i stance between the t
narrowmgtth&)mcg/bq:imemme twasudasis gnbehdiesthd path afhifow.
parti r flowrate of the system.i.l | ustrated
B e W et fuaduene T8l Sivigh BraRS pESlgEL fER method
Complfl% (To?e%dfr%UA flowas liquRenjdisdestnatleOrittl g GloRAsLEh DRGRE IR Package
the desired vol unme output of the aqueous fuel blending

and aﬁwt efwaiSr ta foam 3 first Imixisire alNettotheanetbodi Fontpeisehdiniepsiang the first
rnlxtu\rl%l.n!’:J B‘?}gng )c(fgssgl nggrgau%gqgetﬁf: fgslr%f fi i§fy gnEo nVItflg QEE@%&? fuel eﬁmlsmn

ViTo or nmrxing

The rﬁtSu al¢soul MgorpbeatePieespbeib g @Bsiphel niking Lﬂefv@@e@&vlﬁéh relies on a
ing the path o f flow. A nethod for pmanufacturing

shearlaa %ueﬁmémf Whtre dhe RBTOBA psMitias CBEE | SEdinctHa the shew rate is
about\‘/éﬁ@%g gD oglngpl & RSadte {;ACP s e ;gg%grgg%gr ocar bon f uel

an enul si |er pac a flow of
VVEI(GIS fltustratemasschemsatic represemtationNefdn exelnepl at ixing dev1ce 32. In

the DGR TAMATHPRG HIS RRGAS AP SES B B SPESt Of BRgiaL frgice. “The mixing
devic@3Y 60 YsetbHBly §'Hfét§l' fBterial that is non-corrosive to the liquids encountered
when utilizing the mixing device 32. The mixing device 32 preferably operates at ambient
conditions. ;

With reference to FIG 5, the mixing device 32 is composed structurally of a fluid
shear generator body 38 having two cavities 40, 42 that are open for the transfer of liquids

through the fluid shear generator body 38. The fluid shear generator body 38 has an inlet 44
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The m xi ng vessel incorporates the specially designed
m xi ng device, which relies on a shearing environnent
wob@se7toke anount of m xing energy as defi ned PET/UR®05/000318
shear rate is about equal at the beginning, mddle and
end of the mxing process. FIG 5 illustrates a
in a flﬁﬂblﬁﬁ@MOdeiQm BGENS @t heopasedd @b &P&&Iﬂ&ﬂ&hyarrgememﬂmﬂydﬁ The
In the preferred enbodi ment, the m xi ng_ device 3

liquids @S&ﬂpp@&h th@ figpt Gamitn 0 &mWCOWVWﬁ%@I@@h %@1163@0%6 46 and
shear cﬁl%fﬁ%‘[itaﬁ)é Y1He T Eﬂg ap@felagi aindt ﬂeﬁgﬁd thr& } %?Bﬁﬁec‘t ¥Pof fe second

ui'ds en ounter 1ZIn

cavity devo e eaa usd bestofiaxé (gt @lmwn)e 32 preferably oper at es at
anbi ent conditijons. reference to

ni¥xintythe giterotzbe ﬂgldcsaﬁw@@aragqr PaeY af éaer‘veeaftg%\ figt gty 40 and
the sec%ﬂ& AhvigPRe i akQr h@cﬁ) g% nefo. NP GQat %Vlb Hﬁéthé% tﬁgc ntrol stem
Fi qui ds thr og g ?1

are dpen for the transfer o
52 to cohtrokths Hstemcg éorgnp)t BF bdbwelyn 188 sheBheond 46 dndtheahear cone seat 48.
ner at or

s an inlet 44in a.first cavity 40
e ghear wr&ﬁ%@dttee ap SeRcetral 18 Brer fesignedisyel Fhias fle gap 54, the
dlstan&e&%&/@érpﬂhe RASY 3f 49 Hd {He%ﬂéﬁscoﬁé@éatmrﬁé' eauatms the $25556. The
cavity 40 to the second cavity 42 through a shear cdne

height4% tlmngarsﬁémayd)@rvens@hy ad@su@@elsmﬁn abme #bdevith Kedcaatngl stem S0

as e hrou h an tIe econd cavity 4 o .
by megRt o Elo e gu bt E A s 15y O A S Rgie Yersions
with aqafydltahﬁc Bf yﬁaﬂlnﬁiﬁ@@ﬁmgqmrsawm Redied&dret ween the first

cavity 40 and the second cavity 42, is the shear cone

4Ehe sitreofthe aleat eone 466 thesshaasj saait4Se amy thergapdns depengeriripon the
flow reﬁ% ﬁleclf)d%ﬁc[s?ltg b B Eg aoc?%1 {8 f‘u% sk%gpé 1?6‘%%?9 B(‘.?@g 8%, iag‘r example at

ear CO ear cone s

a flowCRREoHbound gdman @hﬁﬁﬁmﬁ@ igpagahe diarrconeldsiig rabduts(m (t:h inches in
that the gap t he di stance between the_shear cone

height #gtip ! ot @h?ut Oetenghestio abouk Oe Iciaghes- t1dier sheaigage 4§ is sized
such tliﬂg Svﬂ%ﬁ'twéorﬁlfol tstg@ aé‘ﬁﬁt@@% B8 s c@er @@inut‘ﬁE lshthr cone seat

shear cone e control stem 50 by neans of
48 so that the-shearenune A6 ds mnplaﬂely‘rﬂmmmt]s the lq)pd:r sindade 586Qf the shear cone

ut omat ed ver.si.ons Wt aulic or tic
seat 44 He S i capy® el s ar iy do (bTHRA e QrurRRSAtIn L
CRIES. 46 and MEilBSERAE aSRA IS réekeh@icRasr Afbthst exemplary mixing
dependent upon the flow rate of the | :S%UI ds to be

deVlC€p32) chsthedréfarred empodimgnt W@Qanmge& dediico B2p@yplavic qranetal device.
r.ate o

The n‘tlﬁlélﬁ) Aevlicf?gg?sﬁ ggg?eé%bnlg 4%16{2% ergatl ]tagﬂssl 2dh- Ec?rrrosq]vé’] W the liquids

encouft@tedRihen dthizen %dhaﬁﬁilﬁg d@ﬁc@B@ UTh@nﬁﬁnﬂg%hRﬁ Raprefenibly operates
0. 31 inches. The shear cone 46 is sized such that when
at ambieqd cepditipdl. stem 52 is adjusted to set the shear cone

oL B SPERoR TN AT FRISIR M RSBy e i
body 6héavinganfirss €ade @i8andlheesindaface 66€ Bﬁateeri&he $irstl faey 64 and the
secong ?arcg|6|661|s atd?sct \ggll %2? e'{ﬁle 81052 %o r6]5¢2 %as sevelal flow passages 70 extending
through the disc body 62 from the first face 64 to the second face 66. The flow passages 70
have a constant flow area.

The size of the disc body 62 and flow passages 70, and the number of flow passages
is dependent upon the flow rate of the liquids to be processed in the disc body 62. For
example, at a flow rate of 10 gpm, the disc body 62 can have 110 flow passages 70 having a

diameter of about 0.03 inches. The disc body 62 can be about 1 inch thick. The size of the
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FIGS. 6 and 7 illustrate a schematic representati on of
anot her exenplary m xi ng device 32. In the preferred
weedvsaremant , the m xi ng device 32 is a pl asti cPOF/URBIDED00318
device. The m xing device 32 is preferably a netal
material that is non-corrosive to the liquids
disc bofy 62 BArEl sk tariied byitnhdkiiZd the dideebodyy L nigclete vi &8 BAizingheveral disc
~mxing device 32 preferably operates at anbi ent
bOdw%ﬁﬁéﬁgmﬁﬁ%QHQ%%mﬁ¥xing device 32 illustrated in FIGS.

6 7 is r .di b . .
KOt PG RRE She ML Pl SE PRI R2 pyironmen

wherd e dmowit dfateibd caagyt iedsbodnth fhacshefitrats ia abtiost equal at the
wal | 68, The disc body 62 has several flow passages 70

begingipg &7 Mgy PitdiYH aLOHIbS €28 8 OB FHERE PHRCTSSr Sty geirdling the
engif 1% RRERR LS5yl 1% O RA5ABHES, EORBHE R proces
has effdctivelp asseged theGhearfdree by incrodmdrg the vitidble Pasdagmsion 8. With no

.dependent upon the flow rate of the liquids to be oL
oY 561 LU PHS LI 88 P terB9tecep fongas it HOw, fuck pep appintained

constdrl $n pr.%otlﬁpJBlo_cti@%)rQﬁES:thQ Qf¥arRe vedfel Aawld QtalibAWy plates, was
passages 70 having a di ameter of about 0.03 inches:

desigfiddastidsan the gyrtiéelac finwireteaf g systeimidlhsttatgdcia. Fithed. si ze

of, thedisc dy .62 can, be t ended maki t he .di.sc

ol S Rp R (G 800D AL TP s o
decrede@CHAEd WROheOB&iRA0tdI8me Raper bf fige hQudohGSfued WBLifg system.

~ _the mxing device 32 relies on a shearing environnent
Similafpr thet Beaarforass esiuldribei plpnesdryy vaiggdar aEdaimnghef different
. shear. ' 0 I LR pg .

e O e3P RO REME by P B 501ANE0 LR RN, mutipe
tunneBycoa it wn@iro@udei @athengiah acingdlé rmntlh eTHin grudd i aoteaseathe capacity as

exposed to a consistent m xing environnent, the )
well g5rtge amguI-L Tt deRFaAipSi YA RYR e VSHIHO WD i &5y in the art.

Alterﬁa@i%lﬁ?ﬁl.% 'ggajgﬁletuﬁl?élé enlig e/ bént'dr EHMaE .irpﬁlvﬁ*ietw&f Ry 3R to enhance the
noving partS, this consistent mxing rate 1s ensured
mixingenei@gpg as the flow rates are maintai ned constant. In
F , the velocit rofil e, e di stance between the .
D abara drerepprtel GhbeGised Bietr e BT RSHR G SnitiBns win
consif@htly GHIf8m idiPeatha tpbﬁi%lé)s’&&f—f MAduksgst fradlesnbiRidnl froducing
5. It is understood that the velocity profile or shear
liquids erecdisposediingd & asking dewice.ndng & thy wikingaisvicas ed disgassgd gpove can

t.he sired v ne_qut put of . t he agueous f j
be ueligf, OB Ao G P B e lbine Ful @ FE g Heg ThE0Eh A onstan
flow BieaUsi thg ndRdedevice! aTBE flotvitd bf BiechjuienttiroapRehE Snikhat devices
provi de a consi stent environment for m Xxing.

. ! . For .~
createseganeous iyl emplsion kivie coneistendly Haiferat digpeisedPhase patticle sizes.

than a single tunnel. This could increase the capacity
as well as the anobunt of m xi ng dependi ng on vari ous
Exandpiect ors wel | known to those in the art.

In this example, the Rotor Stator Mixer used is a Silverson™ model 150 L with a
fine mesh screen (having a hole size of about 0.02’”) powered by a 60 HZ motor at about
100%. The individual ingredients and aqueous fuel emulsion were subjected to recirculation
within the rotor stator mixing five times. At the end of each pass, a sample was taken for

measurement.
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Alternatively, the straight tunnels could be bent or
curved in a variety of ways to enhance the m xi ng
wer@sgy4dhe above- descri bed apparatus can be PSEUS1005/000318

create an aqueous fuel emulsions with consistently

uni form di spersed phase particle sizes. Aqueous fuel

TR 1BixeR ufidad ilbisagtell QIG5 aTke didipidasidinprediens andxdqgugous fuel

device. Any of the m xing devices as discussed abagve
emulsign rwag aneied| 3t 2agte ofhlespmg e (ke hedght efthesgapnwpy aRit O}y in. The

1nd1Vlciufa‘i1 lf’lﬁ%%?ﬁ%){}&néf gfésﬁqgl%fgﬁ}erf feﬁﬁfgm rc])% g/?fés %}@d}f:ct&h %" tH¢ SPecifically

designéd ity Inikihg diieXinkg Aleatiysie sroaf thatfast pss &qsl eedms fcbnmbasmement

enul si on having consistently uniform di spers
oEh a@m@% el S, ss DrPRATE | WS, Spneta] dnbdog described

prev1o§§l?.tv9 iih M ﬁ&nsﬁ%ﬂts aZi Faddchived S opyd rtﬂ&dfﬁe%ép tle (Ws&ghtmuous
a fine Screen (havi ng a hole Size o .
phase pavehe e@ht&ly v@ere@rlddﬁlmlbﬁ)granaaccamwerlatwkrriﬁgetm ’ﬁa:hlm liuaati 2, the

i ngredi ents and fuel enulsion wer bj ecte .
accoust g0y B K AR BH ALY e MR SIS QPSR Ty b it poins.
The fifst SRS Pofﬁ{ 1st15‘ﬁ) %@chﬁuaﬁ@ﬁ& tH@ﬁ&ceﬁ'tagé‘ prt‘)ﬁ*tl&\l_%§ uh@éf%rgsffé?f micron

measuft enent . The m xer used 1S illuStrated in
size reldtevei todhe iedtia pomgat@dlclfrdlgloahdu@l} pediigtesf UEdr expmpd¢.olp% of the

pricr SRV o2 e RN 8 P 2T 53

readin@d48E ldécdcnﬁeiatae htsﬂs ‘DSOVW‘E@h %u&ﬁﬁéﬁﬂe tperdehge of part1cles under a
Specifically desig m xer mxing one tine. A's

given foieyam size rélpiive tOpﬂ;s @nu\v@spopala@ﬁn od rdlwéa%m@rﬁwﬁtwlesrh‘E e thlrd data

point 1%@[%@ Whi hu an@ﬂ‘éésj tﬁé %cgo\lﬁtgglg({:&%g%ﬁ glﬂg%:] aS%lik} n gﬁ?&gﬁ%}ze relative

to the E@EE pbﬁuﬂdﬂonﬁiﬁh@@hﬁmﬁ@aﬁid@s Tafe fohah damamirtiintheusean of all the
phase_ (or the water) were neasured by an accousti zer.

data pmafseVRIchds the avaigeesize obglhpasticles, MegsWsdist i zer provi ded
nmeasurenents of the water particles suspended for four
data points. The first data point is DO which
quant | f| es the per cent ag&able lpartl cl es under a gl ven

ral ati van o—t ho_Aon
| O LIL| \,Ill.IIC 'JU IU.LI ull UI
cii%@@’h??% pamq’cl es. FSPO exampl e, d?g% of | t he®ean
partigigs neasured willl be less than the D D reading
while 90% wW Il be larger than the DO readipg. The
je
f

ecdrugs dat a poDr1t713s [)50 Qudi48h qliant4.4636s t he 2075

ar caont ona narti \..n s ||nln|r\r S jl v erof—st

ol Kas5e thgbigﬁ(?l re Ejp@vlalti on 11%]23001“ G%BS
a”]!’astQS rheglighg d dat g pont 1Is DP&bswhi £h 1716
uantifies the percentjage of parflicles under a given

i cribmysdi ze| reldiP¥e to thE0dntine poprdati on of.514

¢

N

dH—scontinye -lnnrfn cl ac The forrth dat
oo ot T_ 1o A\ | L

i

reant @t dal | thQ 1&9?,3 p0|l rqgm‘s\‘;\hl ch i %9;??:: gler a]géiil ze

f—alt—particles measured.

Table 2
Present d10 dso0 doo mean
Invention
Mixer
Pass 1 0.1223 0.4935 1.9920 0.934
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Table 1 Present dl O d50 d90 nean I nvention M xer Pass
1 0.1223 0.4935 1.9920 0.934The objective of this
wez@spr®4é s to match the two m xi ng devi ces wi PET/ER2005/000318
equal anount of energy and shearing as best as could
be determ ned using the previously described fornula
| ThEQURICH o o2 thi keadpléeious rhateh theuivei mixipg devices wattiean equal
b€/ the specifically designed m xing device had a pean
amousf 9k ep¢rgy ansls Shyanas 3| lgﬁsgmm qoaid e AcieampRretsing thppreviously
descn{)&} ﬁ)ﬁ‘mﬁfa?{l%ru 3y mxing device with other variables
W fate and tenperature being constant. In -
ad‘de tions filed empBinf prodidt ynade diyghe dpevifieallydiesipnad mikmg dev1ce

that a S|ngle pass._is generally suff|C|ent to achi
had awp.smeé haiiwaseeneratly smelleniheterompard do F&S’a‘i‘oé‘%? gjor shear mixing

r
soiof Y PhE RRARES LI LNE nSIBARYSERR sl ddiin.
the spehificelty deslgned miveeridemolnbicdted hlmtla ginglt passssiigeratby stlﬁlment to

mxing int e chanb The s |cal desi
achiofh BrRGe téon Wt S BRIGLhCoprarebiecmulihis Rseh i the ther mixing
dev1céasn af 8¥beliéHeatMBHERT fot cBﬁ‘@m%Qiecﬁhtfth@ﬂelaﬁfe%%b@&&%d@dﬂrﬂ@1n which
device creates a nmore narrow popul ati on of particle
the 11<13m¢3§pbm¢ta@m mixihg @l theehdnarera rmr e efficient

ngi ri b %P f th enul sifier | k TR wel as. a . 41
s serdtbp e ettt RS ey ARSI Brodfbyaf el and tess
energh 2SFE@ldroR, Qlé @Pecﬁﬂ@ﬂly A6siBYe® neiRHY BaticORr&teRa more narrow
spi nning bl ade, force through a screen and/or a
populgBeriof axartisie dtzeﬁoWhIChBé’db@élQWt f papefecpidicignt edigiribufign of the
emuls%%é)%l{ag?, %ﬁellp%%srﬁoﬂe%tdb% legusdﬁlteFéﬂlﬂ?Oql by the shear
ear m xe it 1s comon for the

diReeantdtsry (buﬁcdll}epiﬁvide sh@e\tﬂlga)y\l\a dembangen of appirningy Blade, force
sizes. Sonme of the particles are cut wth the bl ade,

through e sefeeR w&d&grﬁlmn%ﬂ@ 5B t icsayte s daBdfie atige of the
{phMQQS @ﬁ%&l#ccha?&nﬂﬁéﬁ |DALh@MF RO g §hear mixer, it is

enDns rated | I C lustrates the three

comnutinf foe thendiseintianousgpheny ta hmmemmdd: oangei Qﬂpa;rhelewaztesr Some of the

. sour ce, e.emul sifyin ack and |iquid hydrocarbon
partcl G P TUtaE Py SVPBR: PRt e gretiy bt B and some
of the?pdrNABE BreNPEoRBiRhidnTe dhid ﬁaderﬁd}@tﬂaﬁéﬁgﬁrTa\b?é il 2GR H Mustrates the

the particle distribution curve as noted above
three sufﬁ@mttsbearmgsenmonm@ntmtﬂ Whieh theawatesovien) Biefqnegsifyiap package
and hr%b ﬁ cﬁp%aﬁ d ;23: a?rgg?lmec Ral %(2(%1&1?%@’)5 1% esglgerlrlgged although not
confirghed, tHRE the lﬁﬂgeﬁ%}fan@@ﬁﬁhwﬁphﬂtﬂd diecrfppivh @uiveras noted above supports

disco

this notion. In fact, as the emulsified fuel is re-circulated through the rotor stator the
population of larger particles generally becomes smaller with each pass while the population
of smaller particles remains relatively unchanged. Consequently, it appears that the
recirculation is reducing the larger population of particles disproportionately to the
populations of smaller particles. By way of example, the smallest population of particles (or
D10) decreased by only about 12% while the medium population (or D50) decreased by
about 20% and the largest population decreased by about 27%.

To compensate for this occurrence many high shear mixers include dual and
multiple-staged rotor mixers or looped circuits, which allow emulsion ingredients to be

subjected to additional shear thereby increasing the population of uniform water particle
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of smaller particles remains relatively unchanged.
Consequently, it appears that the recirculation is
WO e@aorege t he | arger popul ati on of particles PCT/US2005/000318
di sproportionately to the popul ations of snaller
particles. By way of exanple, the smallest popul ation
sizes. Thisp@dstprovedsin(Exanipldd) betaasec e dnd passdhouabovt of]tﬁ%aartlcles were
while the nedlun1?opulat|on (or D50) decreased
about 4§JBIcTTER 4P Ri@ tplafl@%ﬁ%SSﬁoﬁ&muéPO b o ther R tElgs Wre about 3.25
2
microf s fithucle:, RATPERREHEY bR bl B FL 1L AOCSy TBaRec s are
more etﬁp&ﬁﬁﬁe and lese r&éﬁﬂmeﬁltrmueﬁns, ofmlcineadlitput emdibgerall effectiveness in
redi ents to be subjected to additional shear

ledUC“@&%\eé’BVlcﬂen%Fe%fsthﬁSlsﬁwnﬁﬁbﬁﬂhéﬁq on of uniform water

YEftionisH¥ diDE e R Rufact d
SRR S N S US4 e o
operatéd. Thesionmicity @f thesgerition ffthe mifingeappassesisaleoinable 0esayie there

the particles were a out cron r | ess .
are. noL B DAL, B2k CARAPLY bHIaFO%ﬁf/gﬁrTgﬁ%P% e PREG; o Lhe gpsulting
emulsbﬁ?@@ﬁoﬁ‘)/&;s@&@e&fvg 2APEEbIEFRENSi ve and | ess efficient

in ternms of volune output and overall effectiveness in

r Wihile itreginy éngiopeas ibednedestrieedoith tefertinge eman examplpiyseyebodiment,
Th t t ' |
v % B0 S50 o U6 PLERF g MM o ot

equiva®intd Ry BB efikihasd er cldientd theRe! aRQRduATSriisy S8l thaktepe of the
because there are no noving parts that can result in
mventmstllnwdﬂamnu magy apodifieatiopp Bextbggnadp o pdapy|apaggcular situation or
C I I
e G P TS SRS UL s SRR o,
intendéd thANthXevaRkian oe bdHaited® ri the iparticulldr diﬁ)dﬂmﬁhenlsdlmidsekiyis the best
those skilled in the art .that various changes ﬁﬁe
mode gerfemgkedetaiicaEy g At iy IBEnEapsP T theb e Bve i dnclude all
ope of the
embo&%\@/gtﬁ? lec%# W&M gg ?@gtﬁm& a%)&[r?gg :&??%gt ions may be made
to adapt a partlcular situation or material to the
teachi ngs without departing fromthe essential scope
thereof. Therefore, it is intended that the invention
not be limted to the particul ar enbodi nent di scl osed
as the best node contenplated for carrying out this
i nvention, but that the invention will include al
enbodi nents falling within the scope of the appended
clainms. What is clainmed is: 1. A m xing apparatus
conprising a m xing device having a constant fl ow
area, said mxing device configured to create a
shearing environment. 2. The m xi ng apparatus of C aim
1, wherein said shearing environnent has a constant
m xi ng energy throughout said m xing device. 3. The
m xi ng apparatus of Claim 1, further conpri sing:
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a disc body having a first face and a second face
opposite said first face, said disc body having a disc
wowlos/odiogposed between said first face and sai BCHESINE000318
face; and at |east one flow passage extendi ng through
said disc body fromsaid first face to said second
wWhea,clamediaat | east one fl ow passage havi ng a const ant
flow area; wherein said disc body is configured to
shear 4 PHKIRSRPPRIGINSTEIPHPBEHMEHNE dsyice BAPE Gronsippiflow area,
. . 1 X d . im1, further
said n@%ﬁ%@%’iﬁn@ﬁ%@ﬂ% glles é?@gﬁ‘g‘%@‘ﬁnﬁ%gy havi ng a
fi.r st Tivinbyngvapparams of ICiinhaywherein paid dbtaing eratdrobewt has a
area_and a second cavjty with an outlet having a
constap BEHESEFI Sl TIEBAM SAEANXENE 8°HFS st cavity having an
9l et pon| §5@kiYS 1| hitofSompiliflg:second
c%vi ter avﬁ%gggﬂ)a%agﬁ et c\c()lﬁfll' gur ed ?Igﬁlg%u%l e said ‘
| i qui dsdist kedly havisga dirst fadechrsihesacoge fimeatpppsitosiyd figst face, said
. . shear cone di spqgsed tween sajd frrst cavity and said
dise bGBABIRECLI Yo Joemederine Sabiryleh sl fin seeRrElnte
first gauidhndthv phdaSCeQBHAIRmBMhidghSRAkd dRb vy 6 said first
seat matingly receives said shear cone, said shear
face tacsaibsesewt facs, spiarad ldast onedloan pagspes having acenstint Slgvgarea;
shear cpne; and.a control stem..ntegral ow.t [ .
shear yggﬂrgi,n Ss‘f‘écfﬁls% gﬂ%f' o8 lgﬁ{egotﬁfsgg%rraegu&doﬁ]%‘%]‘?lgg{mu‘gh said at
least oh@if@wS8@econe, said control stemis configured to
control a gap between said shear cone and a shear cone
séat, The BigapapnivatngoClame defwther ARMPI$IBE ar ea. 5.
The m xi r f LM el n:.Sai . havi
or ectot ST SHOE AR ok b fle, RER AR5l an inlet baving o
predetefraided o aed ahtl avsecaombcofitysaiith aubhtbdt, hasing & pieletermined flow
redetermned flow area _of said re_the sane.. 6.. .
area, Syideli SavHY hapiparayst %ﬂfi@%dﬁé?g%%ﬁ%‘f?ﬁs’ $gjfdecond cavity having
' L QW dAloaRIs xS sl sdiikRid sieat tor body;
an out%?gglg%gg?ﬁ tlrz}g%u{)]l ow arqgla Sof Xsaildsolutl ets,' an%engglai1 d y
pr edet eshmanechef dispusad briwedn sad dirgapvidy endemd seoond cavity;

gp:dg é:sﬁngq gzggf? F%%zspgged%e%ig/g{a% ’s?i\[a'lf}eér{st? clzag/é%galn% said second cavity,

said sRea8d6hEseat ﬁﬁﬁngp%e@xfe@ Raidfshedd brRybdigishea@ns 8édl is parallel to an
predet erm ned ow area of said gap are equal.8. The

upper wunfhaepf apidsheargenesfandl ai m 1, further conpri sing:
liquids flow ng through.sai L NV] fi dt
creat eagﬂm@#uﬁt%? 6%%%9‘)‘/@ %nagdl %Ig}:%gﬁ%%? 5? lgsdogl %ﬁg?‘?{%ﬁ énogl 1gured o
adjust said shear cone, said control stem is configured to control a gap between said shear

cone and a shear cone seat, said gap having a predetermined flow area.

5. The mixing apparatus of Claim 4, wherein said predetermined flow area of
said inlet, said predetermined flow area of said outlet, and said predetermined flow area of
said gap are the same.

6. The mixing apparatus of Claim 4, wherein said predetermined flow area of
said inlet, said predetermined flow area of said outlet, and said predetermined flow area of
said gap are constant.

7. The mixing apparatus of Claim 4, wherein said predetermined flow area of
said inlet, said predetermined flow area of said outlet, and said predetermined flow area of

said gap are equal.
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a fluid shear generator body having a first cavity
with an inlet having a predeterm ned fl ow area and a
wa@ewsnmoeavity with an outlet having a predet eP@i/nsz05/000318

flow area, said first cavity having an inlet

configured to receive liquids, said second cavity

rvi Nnorymiidd ipatoinf dfgilsiad]  tortesephepristngd | i qui ds

m xed in said fluid shear generator body; a shear cone

di spodinvidsdicueas thigpeh ai¢ sheaiing, sRREORARETS &6 greals @8 fgpuision.

vity, . i sposed between said first

gvi tyAg%éﬁngd?éarg@gg%%(ﬁgée ty, said shear cone seat

mat i ngd Yluidesleday @ensaiod widgdravaene firsaicdvisyhedth amrielet having a

seat is parallel to an upper surface of said shear |
predetergpiped AW 2t and orecyidesAvity vag an offleh having asl?fsg?tefmmed flow

t . i i i . .

aves, st ARULHARE RIS BHREIP IONEAR: LR U3 &R cavigy having
an outlet gafigheidve eouseasad dlhews ndonkinanid fhaddhsireneratimdody;

seat, said gap having a predetermned flow area.. 10.

The mi &HIFgT PSRBT ReFweanAp1 fst Ry spideseriond ey itys

appar af Us.af b6 &3t BispHRaHeRteed WMid BFYTRAVItPAKE Rid&econd cavity,

constant m xing energy throughout said mXing device.
said stbdr coffessent matiglppEaivas said sheaClcanansdidl shwlhae eerdearseghisgparallel to an

liquids flow through said shearing environnent to
uppergr%&{té)?%dgl}ﬁ}rg?%gnqz_ The nixing apparatus of Claim

9, whey gbdirctaieth ﬁft@%islt Wwisaedhédr @oh@[ &ad @bntséli sterh Rbefigured to

said predetermned Tl ow area of said outlet, and said

adjust ppidcbea erinnethid Foniral st ifcopbidreddp qanérol Reap hepveenssaid shear

e i xi ' . \ .
oo RIS S5 e i R p
pr@det erdidigidgfdpputattsest Ofirh &, dvietdihethe aixdng apphratus creates a

predeterm ned flow area of said gap are conat ant . d14,
shearingh@nWoRMSE! Ry ReQstagt MEying FRe0ZY HFRYEIGYL §3fl gnixing device.

pf gdet '?ﬁmrﬁﬁgghlpgﬁ\faﬁfsetﬁ Ohin? Qb,dwh&leffé’saﬁiaﬁ%lids flow through said

predet er m ne w area of said outlet, and said
shearipy edetoanennecrédtom anelioof said gap are equal. 15. A

1 Xi ng aratus conprising: ,a_¢gdi sc body having a )
1ot FaE Ry reatas aBLoSphuER STeHtrERss oy arca of
said inlé ehid !p?éﬁe&?&)’neﬁeﬂ/é\ﬁ‘ dre@ ofis8i8 oMb, afld SPRspRdBeiMBeR flow area of
sald first face and said second face; and at | east one

said gép owtlpassmge ext endi ng through said di sc body from

said first .face to sai ecopd [
Pow phEE kR arbRats S QERRA ST PR ofbielfel giiParca of
said ifletS §ail Pt mERaf fl@v hRA df @aighedet, andll saidipleliereimied flow area of

t hrough said at
said gap are constant.

14.  The mixing apparatus of Claim 9, wherein said predetermined flow area of
said inlet, said predetermined flow area of said outlet, and said predetermined flow area of
said gap are equal.

15. A mixing apparatus comprising:

a disc body having a first face and a second face opposite said first face, said
disc body having a disc wall disposed between said first face and said second face; and
at least one flow passage extending through said disc body from said first

face to said second face, said at least one flow passage having a constant flow area;
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| east one flow passage. 16. The m xi ng appar atus of
Claim 15, wherein the m xing apparatus creates a
W@ b@airegs envi ronnent having a constant m xi ngPENERYPY5/000318
t hroughout said m xing device. 17. The m xi ng
apparatus of Caim16, wherein said fluid fl ows

t hr ougtwhé&@intkaihéiss body Bneonfigoreno shearcs faidefl@nming through said at
emul sion. 18. A nethod of produci ng agueous fuel
least ogprflo%i RASEREHI t h consi stently uniform di spersed phase

partic o : c a . CLsina:
0L PSS IR, R0 SO R BIARy s s
shearigg enviionghediehavig, a SaisAntiniking edergy tieroagingrt isaid moixing device.

fluid shear, generator body having a firs avi Wi .t h )
ah’i ni ‘Ebe RU¥INE FPRAI3HIS KRt Qfarﬁrhé@ %P%‘W“a?%_ g ot itprieen said
sheaxi%?éé%xﬁ%nﬂ&e&&g%?ea@é&ﬂ &hulgﬁ}r\flll. ng a predeterm ned flow

, sal irst cavity having an inlet configured to
r é8ei vA method df predicihgs eqaetais davl ¢mubsanisngitconsistertly uniform

. configured to couple said liquids mxed.in said fluid
disperSoinlioSeRATHe S 187 YRR 2 MEXORARPAABRCUMRNAE bet veen

sai d f Ssirfgaéd;’léé/usaﬂﬁgl SAhRicnesemetig@Uis ifo SBRInLAR e, said
seat di ss%ose et ween sai d fiqfrst ca%i !t]y and said &

mixing deGegicampising: sai d shear cone seat matingly receives
sai d shear cgne, .said shear. cone seat ... s parall.el t.o .
an upper  suf TAELSIEE SAPEAH R TR S cAPED Rt flet having
Sk gradeRtBE@ koW dréh 5 Ms&doaaica it @ithsal chleOdvigy a pteddiermined
configured to adjust said shear cone, said contro i
sflewnaren, syAfirgpesdy haviasmorislet gorfigirebtauespive diqyidshaad second

L T P

epetlesitombqdypduci ng i quids through a constant flow
area of said m xing device, 19. The nethod of Cl,ai m -
18, wher ei na tFar fRnE digpospd Betuteqs suAdusteavily andsais serond cavity;

envi ronnent , bgul REn@ s CORAIFRRED BLtRE sGRICHRY cANFOMINOHE second
said m xing device. 20. The nethod of C aim 18,

whariei sid shedr prredetienatimgy rédeoves anideshodr @aiedsaidblear cone seat is

sai d. predeterm ned flow area of said outlet, d id
pP%faB@éPﬁ?HBWFWE e sa egra‘?oa‘eg%ﬂﬁldare tﬁe sgnme. >4

a control stem integral with said shear cone, said control stem
configured to adjust said shear cone, said control stem is configured to control a gap
between said shear cone and a shear cone seat, said gap having a predetermined flow
area; and

flowing said aqueous fuel emulsion-producing liquids through a constant
flow area of said mixing device.

19.  The method of Claim 18, wherein the mixing apparatus creates a shearing
environment having a constant mixing energy throughout said mixing device.

20.  The method of Claim 18, wherein said predetermined flow area of said inlet,
said predetermined flow area of said outlet, and said predetermined flow area of said gap are
the same.

21.  The method of Claim 18, wherein said predetermined flow area of said inlet,
said predetermined flow area of said outlet, and said predetermined flow area of said gap are

constant.
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21. The nethod of C aim 18, wherein said predeterm ned
flow area of said inlet, said predeterm ned flow area
wo@boosarm4out | et, and said predeterm ned fl ow aPe€rUSL005/000318
said gap are constant.22. The nethod of C aim 18,
wherein said predetermned flow area of said inlet,
s@.d prigdet@baionethifd T8y vakasinahidpiedetothined floanstes af shid inlet,
predeterm ned flow area of said gap are equal. 23. A
said pregatproeinest flpw eemacaimgidaptleb ad said pr propiperstlgpiarea of said gap are
consi stently uni form di spersed phase particle sizes
usi ng a m xi ng apparatus, conprising: disposing
arpleous rhetdbd effpredueingdimeoas fgell érgulsttmsiwittlo cansisteiting uniform
device, said mxing device conprising: a disc body
disperseg\Bhass r@rw@ we&% HAUIAS YRBYARST CRPIEIHsi t e sai d

first I G85L
bet WeeJn1 l{i t?glc%ﬁgﬁaﬁg)al %gsslg%gaédﬁ? g%{)e a el g&o e, sad
mixing w&deamq)rfsingw passage ext endi ng t hrough said d| sc

body fromsaid first face o said second face, said at.. .

| east one % BicHRdEdd mlgai’vqL R facecéli‘fg?éﬁfonfdl %\XFQPB%SHG said first

V‘#&@é &al ﬁ £ God %Vﬂ%dey disg v?e@l‘i‘fd'l &ﬂbé@ve%ﬁes‘afd ArdiltHédand said
owi ng t roug | east f ow passage; and

fdeomadhfpcsand aqueous fuel emnul SI on producing i qU| ds

t hrough said .constant flow are vi.ce, .
b CThe ot e il essse el lling Birdodl i iscB0u From saia
APRAFAL YS s£HQBLER RcSNART dt NGaf Dk TWPRisaf@Mhviflg @ constant flow

constant m xi ng energy throughout said m xi ng devi ce.
area,

equal.

wherein said disc body is configured to shear a fluid flowing through said at
least one flow passage; and
flowing said aqueous fuel emulsion-producing liquids through said constant
flow area of said mixing device.
24.  The method of Claim 23, wherein the mixing apparatus creates a shearing

environment having a constant mixing energy throughout said mixing device.
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