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atom zer’. i'S particu y use uring rmup
Patent No. 4,582,731 issued on April 15, 1986 to Smith, discloses a supercritical fluid

20  molecular spray film deposition and powder formation method. The generation of particles
and seeding in laser velocimetry is described by James F. Meyers in the von Karman Institute
for fluid dynamics, lecture series 1991-08. This reference also discusses the increase in
accuracy of laser measurements when uniform size particles are used. A nebulizer device for
the delivery of medication is described in U.S. Patent No. 5,511,726 issued to Greenspan et

25 al. on April 30, 1996. The device uses a piezo-electric crystal and control circuit to apply a
voltage to a sprayed solution.

In addition to the above prior art atomizers, various methods and apparatus for
preheating or atomizing fuel have been developed over recent years. While some of these
devices are partially effective, there is still a need for an atomizer that can completely

30 vaporize the fuel, as well as raise the temperature of the fuel to avoid condensation
downstream of the atomizer. This is particularly useful during the cold start and warm-up

cycle of an internal combustion engine. After an engine has been allowed to cool
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cycle of an internal conbustion engine. After an engine has been allowed to
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vaporization system. SAE Technical Paper Series #900261 entitled “The Effect of
Atomization of Fuel Injectors on Engine Performance”, and written by Kashiwaya et al.,
discusses the use of injectors with swirl patterns. SAE Technical Paper Series #970040
entitled “Fuel Injection Strategies to Minimize Cold-Start HC Emissions”, and written by

25  Fisher et al., describes the effect of changing fuel injector and control parameters on cold-start
emission levels. SAE Technical Paper Series #1999-01-0792 entitled “An Internally Heated
Tip Injector to Reduce HC Emissions During Cold-Start”, and written by Zimmermann et al.,
is drawn toward measuring the effect of internally heated fuel injectors on HC emissions prior
to an engine reaching operating temperature.
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30 2 WD 01/21319 PCT/USOQ 26211 Summary of the Invention The present

I nvention involves controlled atom zation of |iquids for various
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| aser beanms to nmake velocity neasurenents, and is known as |aser Doppler
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vel ocity,.25 the parti.cles is neasured. ten, thi enent
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20 improving technology evolves. An advantage of laser technology is that the light is non-

intrusive and non-destructive and the condensed intensity inherent to laser beams allows for
very accurate sensing of very small particles making very small changes. One such
application is the use of laser beams to make velocity measurements, and is known as laser
Doppler velocimitry (LDV). The laser beam is directed at moving particles, and the velocity
25  ofthe particles is measured. Often, this type of measurement is used to study the velocity
characteristics of a gas flow, such as air, through a duct. To provide an object for the laser
beam to be reflected by in air and other gases, one must introduce some medium that is large
enough to be illuminated. In demonstrations, this is typically accomplished with smoke.
However, measurements such as LDV typically require a slightly larger particle in the sub-
30  micron to several micron range. In addition to the size sensitivity, the reflecting medium can
change the parameters that are being measured as well. To study the velocity characteristics

of a gas flow, one must ‘seed’ the gas flow with enough sub-micron to several micron

3



30 micron to several mcron range. In addition to the size sensitivity, the
reflecting medium can change the paraneters that are being neasured as

wel | . Toyeh przide velocity characteristics of a gas flowcrangonssi seed'
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r esul t Snstarive, tomeakeigh-sppeimceir ST ASEBUSEEHEE ST BRIPRRBRHFAMNG of
generat | nxgtlt}g ﬁ.l%gg 0 aqongvg\:nitngte.s rﬁileie’ rg%{g{enf ems%’aﬁ 'tl?eﬁ%eq{'&g & .pPéﬂli &%ﬁxlaf‘eat ed

t
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at C%Pn za 1|ﬂlo§rrlll.;laghl’ ﬁﬂ‘tf‘?“éngg’gg‘gg‘??ﬂ%ﬁﬁpg‘?’orﬁ zgti on, g pressurized |iqui olS IS
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LDV systens that are achieved using the present invention, can also be
expect egerating orpa hew based attmeiretitnsmethod ashenposdl toyrirtindured Agmizationpdn thecl e

seeding, such as wind tunnel testing.. To this end atonm.zep of the
o1 48 SupsHikatid anigaLon, ST Haghe ey 1o Bt (et ffhaco
par ti Clognizatids fd2s1k] elifing MSGtated s%ﬁ? thR 5 myRIresisthritad rdicondiempsiise Thist he 3-5

mcron size range. The atom zer achi eved excellent atom zation and thereby
uni f or meséstance proyes bafeficiakastthe atomizeddprayipiepagates focthe sepsyirerpent segtionst r eam i n
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produci ble with the atom zer. It has been denonstrated that the atom zer of

t h@0 pr eywems thatusapaviclecgeding shelyas wizdgunnel testing. To this end, the atomizer of the

present invention was tested for atomizing a liquid with suspended particles. The particles
used in the test were titanium dioxide in the 3-5 micron size range. The atomizer achieved
excellent atomization and thereby uniform entrapment of the titanium dioxide particles in the
air stream in a neutrally buoyant sense. These test results indicate that the atomizer can be

25  used as a smoke generation device for wind tunnel testing. A steady, dense, repeatable and
controlled volume smoke stream was easily producible with the atomizer.

It has been demonstrated thaf the atomizer of the present invention can achieve data
rates that are two-orders of magnitude higher than data rates obtainable with conventional
particle seeders. By optimizing fluid and gas flow rates, and the power input to the atomizer,

30 further improvements in sensitivity can be obtained for a wide range of materials and
particles. Furthermore, the use of the atomizer as a particle seeder for flow measurements

will allow precise, on-the-fly control of the droplet size and density. Currently, solid seeding
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rates that are two-orders of magnitude higher than data rates obtainable
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relagiv ' | t WhRke hed | B Al ection
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flames for AE spectroscopy such that rreasuregvfnts égre of. sensitivities
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I nt2€(9 ' a&dletce):gﬁonal?nqit)c.) plldPCXE %gg g Imrtllgﬁ greater sensitivity than AA, but is much more

expensive. It has been demonstrated that the present atomizer can produce flames for AE

spectroscopy such that measurements are of sensitivities comparable to the state of the art AA
results. This sensitivity was achieved without major modifications to the existing CCVD
setup, and the resulting system was far from optimum. Through optimization of fluid and gas

25  flow rates, atomizer settings, flame positioning, signal integration, and optics settings,
significant improvements to sensitivity can be obtained. The atomizer of the present
invention will achieve ICP AE quality results with an instrument that could very well sell in
the price range of an AA. In atomic spectrometry, the efficient nebulization of organic
solutions and the reduction of the mean drop size result in an increase of measurement

30  sensitivity and analyte transport efficiency. Furthermore, the kinetics of the vaporization
process that occurs in the measurement chamber are determined by the fraction of large

aerosols present in the chamber, which is directly related to the mean diameter of the primary
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significant inprovenents to sensitivity can be obtained. The atom zer of
the present invention will achieve ICP AE quality results with an
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n e
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nano-powder compositions that cannot be formed by conventional techniques. In liquid
combustion vapor condensation (LCVC), low-cost, environmentally friendly, metal-bearing
reagents are dissolved in solvents that also serve as combustible fuel. Using the atomizer of
the present invention, this solution is atomized to form sub-micron droplets, which are then

25  combusted in a torch, forming a vapor. The condensable species thus formed nucleate
homogeneously as aerosol nano-powders that are then collected in dispersion media or on a
solid collector. Premixed precursor solutions allow great versatility in synthesizing a wide
variety of nano-powder compounds of very uniform size and composition. The LCVC
method can produce nano-powders that are collected as colloidal dispersions, which is a

30 convenient form for handling and subsequent processing. Applications that can benefit from
the production of these nano-powders include near net shape ceramics, powder coating, and

rheological fluids. Other applications of these high quality, multi-component nano-scale
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precise particle size. Spray-dryin rocesses involve transfqorm ng a
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into a 11%{1}21' i a dry powder particle. This is achieved by atomizing the fluid into a drying

chamber, where the liquid droplets are passed through a hot-air stream and transformed into

solid particles through a mechanism controlled by local heat and mass transfer conditions.

These particles are then collected and stored for future use. The main objective of the
25  atomizer is to produce a spray of high surface-to-mass ratio, droplets that can uniformly and

quickly evaporate the water or other solvents. This step in the spray-drying process defines

the primary droplet size and therefore significantly impacts the quality of the produced

powder. In applications such as pulmonary delivery of protein and peptide therapeutics, the

drug must be delivered in small sized particles to prevent exhalation or deposition on the
30  upper airway. Other applications of the spray drying technique using the atomizer of the

present invention include tile and electronic press powders that play an important role in the

industrial development of high performance (advanced) ceramics. The ability to meet particle
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i nvVention 1s not
applications). When the engine is operated prior to reaching its normal operating temperature

(an action that is inherent to all engines that must be started), the ambient temperature internal
surfaces of the engine (particularly the intake path) prohibit the fuel vaporization process, and
even induce wetting of these surfaces. The non-vapor phase of the fuel does not burn, so a

25  reduction in the vaporization of the fuel results in an increase in fuel consumption and the
production of pollutants (namely unburned fuel), as well as a decrease in specific power
efficiency. By routing the fuel through a small bore tube or chamber and rapidly heating the
fuel in the tube, the present invention produces a finely atomized, heated fuel with droplets in
the sub-micron to micron range. This highly atomized fuel burns thoroughly enough to

30  reduce cold-start and warm-up emission levels to levels similar to those produced after the

engine has reached operating temperature.
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ne g engi ne. and
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fuel iHccg)g?lﬁgggﬁgﬁ%Pwﬁ%@eggﬁ?ﬁ%gﬁhﬁﬁ%ﬁe uEs)?ad ntto I nj ecgj fuétl3 1in sever al
di f f er eysterh, @0d kitlganas wicbinpletd, veriabigflowe, fuel detivery agstemonpph supphemadntal 0 i nj ect or
(i.e. cold start, | ng',ector), or as the primary fuel injector. Fuel can be
delld verdld-start fyekiRiection3ysle®: nani fol d, port or directly into the conbustion
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can be configured to operate in any conbination of these I|ocations as a
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e g 3 I B S A g 7 ey,
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toward gasoline burning, internal conbustion engines, the atom zer is fully
cap@bl endfP-8.pExauplenef wetapplitations| inglude twpeangifowr siiple E¥emalcoMbHSEyi ce and
W th Ogrtlg%esf Hl?xlla%es?%ir%ﬁllels and heaters. There are an unlimited number of fuels and
applications to which the present invention can be applied, and therefore it is not intended to
limit the fuel atomizer to any particular application. To this end, the terms “combustion
chamber’” and “fuel” have been used herein to refer to any device that burns fuel, and can
25  benefit from increased atomization of that fuel. As one of the most advantageous uses of the
fuel atomizer embodiments of the present invention, however, is to reduce emissions and fuel
consumption during start-up of internal combustion engines, this application has been the first
to be investigated.
The atomizer of the present invention can be formed as several different
30 embodiments. In the basic embodiment the atomizer is a heated tube or chamber. The

method of heating the tube can be chosen from a number of different methods, including, but

not limited to: direct electrical resistive heating (using a resistive tube or internal heating
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Lhe reqnfﬁfr@bareil P eharaiese FeR SRAEIPIER o8I PR Ay BE PAPPER RISS: FRYY <
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rel ati v na space. ectrically heated enbodi nent, an
el ect rilemd, khe 1e@gamtccmeéﬁcewoﬂﬁ|bw tWihide semedppiibaions sammmatewm; lengthuio’ t ube”

|s i nt ended to indicate a structure havjn { % §8 area that
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ratio can be exp esse as t square root of the average
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rat i 0 ésec}l&ul fred AT 1AM rb@ﬁ;euqmepeaaer@pﬁmtreqwadhthmw@m foro 15
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ratios 136! q%e othé% o?}/}{eda(taor}clfzgt?orn er\]lgce 1R4i&des one or more liquid ports for delivering the

atomized liquid to the required location, which is dependent on the particular application
(smoke chamber, in-take manifold, etc.). In electrically heated embodiments, an electrode is
attached either directly to an end of the device, to the connection fittings or to any conductive

25  object in electrical contact with the heating element portion of the atomizer. A voltage is
applied across the electrodes sending electrical current through the material around the
chamber, (or an internal heating element), to thereby heat the material that is in direct contact
with the liquid inside of the tube. As the liquid propagates through the device, its temperature
increases rapidly to a level above the boiling temperature of the liquid at atmospheric

30 conditions. However, since the liquid is kept at an elevated pressure, it remains in the liquid
phase throughout the heating chamber. The pumping pressure used to drive liquid through

the device acts to increase the boiling temperature of the liquid, thus allowing it to reach
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ext ren&f’g aﬂnﬁéeré?aé{hez‘ﬁaﬂ &1 a8¥ids 1o2f Pg‘ﬁffg@n 3t68?15@%e|n85’% 06‘0%?6%’& ied in
such aryRRRAY, srngth aflbdst skl wdrdtidkicdr ate the heating of the tube so as to
tailor the atom zation to the particular |iquid and/or application.

Fut$ her nor e n additioratdjthsbasisrambodimens, seuerel vasigtensere dijeloged heraimnA fugherr ol | ed

atom zatjon of different, |, quids nd/ or i ! - QU] {hat have
differ 8‘?#’0&3{68 L4 ff"lorrbé)&&ig}aéf‘?edﬁpgtfuc(t)éra (f%q{égieusﬁctgﬂgcérﬁedgkhgéja}? feg%d; si ze
and si gghdisSefanlielbi gassN@eedall BeéatingardG dléndnt axtemisplingahé mgitifinhle t he
basic enbodi ment ilTustrated herein has a strai 189,Ci rcul ar

. . . K3 . g ht ) -
cr oss- sxig of theaeragtia fubgutherebyeentasting and heavpa thed ik it Howh thiqughdthe sibe pent |

tw sted or rs.ca . S [ h@theAR4 S f

requir %‘??g%tfoél?[q@t% elgténga{eg;(;c%hg? g?%réﬁllcr egé P{?gltﬁi eg?‘ﬁéethtg %}tlgiel or c%an@ggg%ne i rcul ar
I @ Ofife-Heefitgd €l8memtthd GRO phevideg ytural strangtiLionthe hedtingprircad gleraent.  The
atom zer. may be nade of a wi._de range_ of different terials .dgﬁgndi ng on

t he deStheagmbpdinests ipslpde 2 spivally ghaped heatingayirehat $ plopg the in

surface of the chamber from one end to the other or within any section of the interior. Such a

configuration provides additional surface area of heating element per length of chamber, as
may be required for high flow rates or increased heating. One advantage of the ceramic or

25 insulated chamber embodiment is the ability to use a wire heating element made of more
efficient, yet potentially less robust material. Furthermore, the insulating material of the
atomizer could be electrically as well as thermally insulating, thereby reducing heat transfer to
surrounding components and increasing efficiency. As with the first embodiment, the
delivery end of the ceramic tube can include one or more liquid delivery ports.

30 The above-described embodiments can also incorporate additional modifications
designed to maximize the overall efficiency of the atomization device and the particular

application. Any of the above atomizers could comprise multiple, series or parallel tubes.
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15 In addition to the basic enbodi nent, several variations are disclosed
herein. A further enbodi nent has a tube or body that is constructed of a
non- el ectyd gdihp conductive material such as ceram c or gaagsooseeentral ,
heating wre or element extends along the |longitudinal axis of the ceramc

tube, thereby contacti and heat i h l.quid.. ' : rough the
t ube aﬂﬁs tb%fﬁ co %%fnaéﬁtleﬂlﬁ e i de? Ségf: !éljro gﬁeguﬁsb%e%fédég eEShIaeI ectri cal
and t hejoihstidhsdhbmbbORqhiedmeds driithdd EatdragF el example, dreduldso chamberdesild

structural strength for the heating wire or elenent. Qﬂher nbodi ment s
i ncl udebef spaseeutivelysmaabler digmgter.ygthwinitial fybss ORSHEBIREE B o (BRI e
surface_of th Ther ; iq@id Wbh Bk#nae section of
the int® iaﬁqa?@ﬁ%ﬁf@a%%{#%ur %ggngé}é%%gté%ﬂggdlﬁt i odr?gl slngace area of
heatsi ngtéthee® MheRpécitie bghbinadorcdfautzs haviag sinntay obdiffesan diagwtedrncrdss-gh f1 ow

rates or increased heating. One advantage of the ceram r.25 insul ated
chanberseetipnadrrahs, thigknepses.9nfigyrgtiqns (ﬁfg%ﬁab%t’rs@rﬂeﬁ’t"‘ﬁ%’%g ﬁ‘@ﬁ@’ﬁt et of
nore effi.i t ent. : robust material. Furthernore, the
i nsul atnlo%lgrsrlggge‘;v?%l? dgﬁé}{dh({e}lthg%%cé?ﬁcoul d be electrically as well as
thermal |y i anthetmodificitions eéjudeehkimiditpndanatenianed the outer senfgce ofithgi ng

conmponent s and_i ncreasi ng efficiency. A ith.the first. di nent, the
delrr}overa@l@ﬁﬁf- &heﬁen@a@é‘ﬁlé%?@dtbﬁlﬁ’éte 3%/?‘1 iwﬁ% tﬁnﬁ@agh@ggﬁn%?léﬁﬁ%) lljrlng)% del i very
POrs. i?f&e;EQ&nt%g%Ekrfé§§ OF HRO th £HRGH HHEEBES of @Bledd St sldR0@y (T fiérentaddi t i onal
nodi

fications designed to haxi'm ze the overall efficiency of the
at oni z ahiterinld@uélces msiive tenpaatuiecokiiciena (I §)anateads) seated dfonded oabove

atom zers could conprise multi.ple,..series or I wnd: 1/ 21319
o U shenis atachat g ouiEt Sugire G 5 Siger, Tt of UieREarells Y
Cross- %%%Fy EORb SRS iR rkhgh (¢ BEbusrhil abntibahaingae g biestaimkirs or ot her

S 0

factors. r exanple, the tubes or chanbers could be of consecutjvely
smal | erestnaiebetempeiatireistabilization, andler hemaskglasaical igpulatinn. ebheyamall ghaps: i on

and _a final tube with a straight conti ap.for targeting the liquid
upgﬁ e FWQO?&‘@ a?%gﬂ%‘g?gegﬂtémgﬁggqrg# %%&%%étion of tubes having
simlar or QiddyaiglenthaeRAlS ifay befussito ps@dlict dresvarioesiginysnentaiof thedigsils,
configurations (coiled, bent, spiral, nulti-tube tw sted, etc.) and nozzle
si zes \atamidercd e presant trventigsp| Thedweating element e 385, €2 487 BrdYi ncl ude t he
addi ti of erials o h ggdq;p' L qui

mat er i %@88% C%lgaﬁ%foé@}léfvggg%&% n?#éeriaga‘ﬁ?drt]?{rb&ggg ﬁd be ti%ﬁ.h'%1 ﬁg%f gfr:em of 10
i ncr easeghifedheattahil pkerass., PUC kreal iy beaiséchfor eniritainingof speci§it tamvieratures| eeves

Ta2dr | b8 wolblnaom b abaln Bt cieoPRBF S PLEHB PR R BT SLbT ace. of
the at %g‘d %gt{sfac-tm? résﬁﬂ&, tiljl Pe?m?%f E&ﬁﬁ&i\ﬂ@} Rt ﬁ'hﬁsféi?b&éilgth and liquid resistance.
In electrically insulated tube embodiments, the tube can be made of any electrically insulating
material that is not sensitive to the liquid atomized. Heat loss can be minimized by using a
thermally insulating material or air gap and/or increasing the wall thickness of the tube.

25 A number of atomizer power control methods may be employed to control the
temperature and pressure of the liquid, thereby changing the mean droplet size, droplet size
distribution and other application specific factors. In some applications, partial boiling of the
liquid may be preferred. As the temperature of the liquid increases, droplet size decreases
and the amount of gas and vapor state of the liquid increases. Depending on the application,

30 the wit% of these stable gases and vapors may be 1%, 5%, 10%, 20% or even as high as 40%
of the total fluid exiting the chamber. An optimal thermodynamic state of the liquid exiting

the nozzle (temperature and pressure) is selected on the premises of these factors. The level
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be any conbi nati on of adding strength to the overall atom zer, acting as a
heat sink or reservoir for tenperature stabilization, and/or

thermal /el ectrical insulation. The overall shape 15 and si e

at oni zer WBala3ht optim zed for the application. Many di ff@éﬂ%ﬂoh&léri al s
may be used to produce the various conponents of the liquid atom zer of

t he prefatnmizafioapnd diquidrfiew rseendyyopsraese Aireqthyidicates ths @owsr reuisemenief any

t hermal | y/el.ect i | y. ivelresishi I d IS not raded
byt ho 1 SEHIGE oS it pHoE B Ebe, BlerElih phEalTRLA'Y fyecklifid binpRLoliBRL 2120
f or maidohipariiting atal Fixs bwecttotdemiaeraat leve] of2floraizaticn asadetertiaadrbyimednhe art. In

the electrically heated tube enbodi ment]i, a}tﬁ i nl ess ﬁt$e| h’%’i Sgad

sati sf dEpRIpysizegadupiformigy pealigRidgyPe BhUEE £t %?ﬂ%éa?t P dPAUFRA'S Usiengt h and
|10yl d s bRl Biier, hbdl BhOE! faldllother BRI Pk deiR@ e ERAGITRIpEark et ubE
can be nmade of any electrically rnsulating material that is not Sensitive
t 0 t he dvenalatgeatngd dfgdweteatindso¥erydaw powensettings zesulthy averageptemizatiear nal | y

insulating material or air ga(;)) and/ or in&lr asi rl% thle vvalll. t hi ckness of the
tube. 29d AroplgipBytherange 6F20-4P0 BTy Migh Reeh LY ES FE IR SUIGPRA t o
control idre esati BEEHRA] REcdni ftidshstddbiab ¥ p&haRgsMg t he
mean dract)&ﬁﬁg%n&éll'ze, ﬁx%%ﬁg?gkgpgéf iso"t‘:wrelP eut%uF%% and gztsher apgl Pcati on

speci f ithe ftamizer By sitnply chimpgmgphé vatagoappliep & thie aatdrail bf thyg abdmizérsor thé qui d may
be preferred. As the tenperature of . the Li cluid i.ncreases size

drop) et.
dedPeadiatingglemente THEBAWET SSHINgLESulls ip 3 BgErula maximym ERRiafye f’géhlei'ﬂ}“éias es.
Dependiyighiffhet LAY i YerRfchiiBss Thid MRidaH8mpREuMAPOr S
may be @%‘H%%ﬁ%wg%‘&ﬁg#&23%%95@9%‘33%{613 C40%8&2]‘ the t(l)t al fllﬁf?d exiting
t he chamdydre. sustaineg farrashott hengtioofititasfromdtastiensadf atrhidlisecend t@ Gl erithy  t he
nozzle (tenperature and.pressure) i | ected on th rem ses. of these
fact or §.g°°T‘ 0T BPete mi‘?“b%d(ﬁli ‘?ﬁ%@or’é&‘? f%@?esféf’_(in asglpg%{a oM Zat6h and
| qui d dehQMideBrth@ BdnRERRA Prdpefries S BRAIGuI £ wdlPdsaRe f1b® rpeWabugieti r enent  of
t he devi ce. with prior art devices, the required power level is

detl&r nichadbdsy Tha pressuse ppthe liquishnteriagitheechambeyisialso copipiied: (By gheupseamynd

| evel of atom zation term ned by..me I i i Lty per
| aui o PEReT P Se Ao i S o BEo HF e enfiehin Bt e it Y, PO
at om z@f thehBambér, 20%0 si drép Map Bl ad¥iqhgte; Hodadver, SO pdin €0@ipsiio€ evénsa 300pmb| e of
operating over a |arge range of power settir{’l/gs. Very | ow power settings
resul t Presswe drapgaaysberedyised. oYariatinn ofiE by aad CTWhtorlpreth gatigs cat borsed 6o m
However,,_.hi i - i ] QR previ ously
dosr k2 Ft SBEEAOE e nd SSUEA pAR iR SOAR of ATAPALRaidy P EY

at 01 z ropeytics ithnp isteahind thergqiited températyeesapd bresciréesointlode Hgnidmhdigasof t he
atom zer or the 10 heating el enent. The power setting results in a

part i c(FTBPETFsE and prossurs elaiqnshipg fsuch as foe Eeﬂl&g point), surface tension, viscosity,

and level and size of any suspended solids that may be in the liquid.

Accordingly, it is a first object of the invention to provide a controllable liquid
atomization method for producing specific mean droplet sizes and droplet size distributions,

25  depending on the specific application.

Brief Description of the Drawings
Figure 1 is a combined schematic diagram and cross-sectional view of a liquid

delivery system and an embodiment of the liquid atomizer, respectively, the cross-sectional
view showing details of the atomizer of the present invention.
30 Figure 2 is a schematic of a spray delivery system using the atomizer of the present

invention.
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Wi thin the chanber (usually just as the liquid exits the chanber). This
maxi mum tenperature nay be sustained for a short length of tine from
fractions of a mllisecond to 0.01 or 0.1 second, or nay be naintained for

one second®O%8!3dconds or even as long as one minute, degéid/$¥§ 284t he
atom zation properties of the liquid as well as the flow rate through the

15 chanber . Higered isss isoenetic tiene of aupihat earbodimeantof the lighid mbumizersofahe o
controll ed ggé t he upstream punp or pressure regulator), to provide a
speci f | FEPPEEYERYr op bet ween the entrance and exit of the chanber. A 10

psi drop mayriBgrearis @H dofetrltOMBN BF yetAHother embddimeritiof BHe IR atdmBAP oPlhe
pressure drop may be required. Variation of CiWand CIWto length ratios
can be pressgt inyentawal | ze the desired flow rate and desired back pressure.

So of the Liquid ato ation .20 pr [t .er.qi .t he required
teg§er at ur eslélgﬁrﬁ &8&0&1}} élqun%?luvdee P?tglgid%flgezﬁgﬁd]‘géfﬁ?fé%g}a&?ﬂ%%' and pressure
rel ati onshi pEgl®WCdhods tH1ED VP @ésuit Bbthi@kbdbying & pribeatatb@ivation devitspsi ty, and

| evel and size of any suspended solids that may be in the |iquid.
Accor dipagtigle s¢edings a first object of the invention to provide a

controll abl ezl | qui o i ] . r ] ifel lﬁgﬁ dr opl et
si zes and d‘ra%ﬁﬂJ rgtdbI S%P‘zvgghcﬁr%éﬁlwbsﬁpls oné‘?ggﬂ%’,g%g‘%éﬁ‘g‘ﬁ%%@n&?ﬁg ofsflpt)}ge I |§t

appl i cabbveiionBoi gitiddes@dingt i on of the Drawings Figure 1 is a conbined
schemati c di_agram and cross-sectignal vi seag@ gvui d fﬁlel ' ég,ry system and

f |
an ®nbodi nerkiZee Sshews deppley sige diffribyion for gf’]i%él W PG laninder | onal
Vi ew sk%%%g%%?ﬁdﬁl&glsw catduu&er of the present invention. 30 Figure 2
chemat’ p

is as c of ‘a spray delivery systemusing the atonizer of the present
i nvention. 1HgW®9h6R4 3&AmRGTVEISHM Q6122 Histdbugion dorldobobat a fhowrette 6£4 vi ew of

anot her enbodi nent of the liquid atom zer of the present invention. Figure
4 is armbagRder seyergl RapesAnnpbievels i HEP OB di nent of the |iquid atoni zer of

the presentg; ' ighleEsize distriBufibPidh iDbRYH d1edHl atvd BYWw fdte bhe
del i very endFlgé}gﬁﬁteShW%ﬁ?%f%?g%i Szler.l Fiugljure é gh\g\%s t he ﬁDV resulets

obtldi netmiighingfornsqverabpowertintt devielsdo theratefuizece for particle seeding. Figure
oaone e e T et Rl PRy o7 Sl B Bl R Rl S5raf badd B
a high atomization level at different axial locations.
Figure 12 is a picture showing the atomized spray produced using the atomizer of the
present invention.

20 Figure 13 is a graph of hydrocarbon emissions of an atomizer-equipped engine
running at low, steady-state RPM, under full load, as a function of electrical power supplied
to the fuel atomizer, and hydrocarbon emissions from a modern conventional electronic fuel
injection (EFI) system under similar conditions, for comparison.

Detailed Description of the Preferred Embodiments

25 In figure 1, a generic liquid delivery system is indicated generally as 2. The delivery
system 2 includes a liquid source 6 that contains the liquid that is to be delivered, the specific
liquid used being dependent on the particular application. A liquid supply line 8 supplies the
liquid to the input of a pump 12 via a pre-pump filter 10. The pump 12 directs the liquid
through a post-pump filter 14, a regulating valve 16, and a flow meter 18, and finally to the

30 input 42 of the atomizer 4. An electronic control unit 3, receives input signals from the flow

meter 18 as well as other application-specific feedback signals. Based on these feedback

signals, the control unit 3 determines the appropriate power to deliver to the pump 12 and to
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10 Figure 8 shows droplet size distribution for alcohol at a flowrate of 4
m/mn for several power input levels to the atom zer. Figure 9 shows
accunul aty,§e1/805pp! et size distribution for alcohol at a flpewisab@e9f 4
m./mn for several power input levels to the atom zer. Figure 10 shows nean

droplet size distribution for isoprop aIc flowrate of 15 4
nL/ mi n fheRtaRzedie cepFrlbothihe fiapid yaf%ast‘ﬁ %taﬁfqgrofaﬁwa?@nﬁ $hows

dropl et ﬁx?ﬂhéledéil:ﬁﬁ({d'bt%}bt& W i ere%ﬂa@r{govrm\?@fd 28y B@éléct%dﬁf‘caﬁ?% ylstssle%o at a

hi gh atom zation 1 evel axi al | ocat1ons. gure IS a picture
showi ngthahthe adwtril nei SSrm}eopnpolaHu tiguid pséssgret ‘he-thet-yii ileuldalﬁls bh desqmdes ent

t 20 Fi I. b
o e ok B lagly s ont GRAP Aeat Of B a0 ARy P T caRs it SR |
| oad, rié id %E&'wat% £ 86t g@adz iRONYBY b1S&PSY AR s dfrébtécﬂﬁtof é’ﬁifst axoom ger, and

hydrocarbbon em ssi ons ¥fom a hodern conventional electronic fuel | nj ection
(EFl) syedramiclorgibass aibaidd aWithom thetderansic tﬁh@r4405)£rp@ﬂqul@ntlng:écraentdd tﬁz;scrl pt i on

Oyt om PSR et of e EraRS ke 43 (norpEiafiy g e oGy dieieeds Fleme s
liquid lﬁ@%‘é&?slﬁ)v&rnﬂaks ﬁ‘%glqﬁﬁdqéaxleﬁeddv&rﬁﬂb dutlehfatit is%rég?es@ﬁe%ehﬁé@ E&E’chlévlée

specific 1Iiquid Used g dependent on the particul ar "application.
liquid thupmmedltmnmﬂumﬂﬂﬂeﬂlqmdtdms tHei tglod 44 atahe pidet fmdtﬁﬂ apfl lsafop‘mﬁiﬁhnghll aa

"ot 7Syl e B o R 0 AL e PR e
30 | np';(iefcr‘}a%ség dHE t&?}h@rﬁ%ﬂoﬁ%ss‘}n ¥ boRé s,@tarne Rib6n EAfAE Ble bBR 32 & outl &G, #RS | nput

si gnal romt ow neter 18 as well as other application-specific
f eedbagitesupnltise lidad étd)pmrapidiysmearﬁlsenthacssures thys aﬂoguzmgn&ledmmdr tolpredvice 3

01/ 213 solmsipEleniFae aielS¢ pl Sish o4 biocks 15 maf of SEoBEIR PRaf g e ow
rate asan\ﬂﬁhélu@esb&&%d ﬁYrEJserﬂBn 8 &@eﬁ% b0Re 8ating eldmént & TKISSHEE 6bathybel ow. I n

addi tion, regulating ve 16 may be electronically adjustable so that the
coritir ol onlybe aermmyal (bhnd bare st hetd elqmnetepnﬁbﬂﬁlia@ yebsitlk netaurs and'holdhthgleadofi s be

desired, A rtlcul ffici nt e of .L.h q tonhzer is
i ndi cat"B‘Elc%iE‘% eW’ %/"E'%fmc ‘fﬁtéivd{ﬂgg agdPHﬂetbO(gH’ z}é{rfgsﬁgl g?nput 42 in
inl et bl Ble Q@Qsdr&w%ﬁﬁﬁéa@@d béeOalehouih Sﬂleﬁﬂl‘d’teﬂ&s afay ba us&l) @bhrecr gl ass
tube 44. Wthin the ceramc tube 44 is a coiled heating el enent 46 that

ext endslectric Wsﬂg641andf 66 th¢hecippetrfibcand ovépud 44 binskerespretiveli It shoydbenetedof t he
heat | nQhat wethe wire g4 is shown connected to ground and wire 66 is connected to control unit 3,
20  other configurations may be used. For example, it may be desirable to attach the control wire
to input block 56 and have outlet block 54 contact system ground directly (such as an engine
head in fuel injection applications).
A fuel delivery system 70 using the atomizer of the present invention is shown
schematically in figure 2. A fuel tank 72 provides a storage container for the fuel (gasoline,
25  diesel, JP-8, or other fuels), that is supplied to the inlet of a pump 78 via fuel line 74 and fuel
filter 76. The pump 78 supplies fuel to a regulator 80, which returns excess fuel to the fuel
tank 72 via return fuel line 82. A fuel flow meter provides a signal indicative of the fuel flow
to atomizer 86. A control unit 88 supplies power to the atomizer based on the level of
atomization required, fuel type and other conditions. The flow meter 84 may provide a signal
30 to the control unit 88 to compensate for the fuel flow rate. The atomizer delivers a fine spray
90 to the combustion chamber, intake manifold or other engine locations, depending on the

specific application and engine type. While the pump 78 and control unit 88 have been
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has been shown). As the liquid travels down the tube 44 it is progressively
heated to achieve the desired tenperature. The liquid exits the tube 44 at
the ot heyy£fih 7@ and is forced through 10 a fine bore 52 pardbdisb1ibl ock

54. Upon entering the bore 52, the pressure of the liquid decreases due to

the friction loss in the po 2, and upan exi.ti th 2..at _outl et
e ety PEUBC b B B BB STl O
at om zcfpbd fi8d histatitheldd tRE OEHIAE type ahd pEvide@PbRigespray. Inlet 56 and outl et
54 bl ocks are nmade ofg el ectrically conductive material and_include bores

60 for i nseTuingrg toffigure3 artttailed vieweofhsimplaperabedimant ofghe atawizgpR@iss0 may 15

only be an igternal ..blind.bore s S | A |.e _still
ret ai n%ﬂ’ﬂ" h ?jerf‘ﬁ%dlglﬁat IBPaSI?aﬁlé( aﬁ’(?ﬁ?‘g(tﬁuo%?gt(%l%%e -eerﬁewhtth % ?%?S%)E{ act wth
thesi nk&iioﬁ,'?ﬂjthgﬁgﬂ &herldh@8ds Tan be (128}, BRdhg & Tengltsh oadinteeriat disneter Dy aavdli N a
t hreaded bore, although other fasteners may be used) connects _electric

Wi res 6ickanss Bantinlet éral 2Tandtanswtigrrd 38+ prbe22 can be kiade eEpycaleciagal. | t
shoul d be noted . that whileg wire 64 is nd wire
66 is 8%8%‘(“'2’ SIStV SBAETS) tﬁﬁr’ﬁl‘?e‘fi?s ‘Eée%f%%c‘g@%%g%&’zﬁ g‘%ggﬁrra See{aused. For
exanpl gerdtirofi@y TR Aasi frakiial ised & depaiichien theoierall sizk b€ thetatorhiaputiqhidock 56
and have outlet block 54 contact systemground directly (\{sﬂgchiﬁgas an engi ne
head i ppedhehtingjeauireraents spd pthsr fasiew) altheueh staindess steel Brs DyQed sptiEAtYng t he

atom zer of e present Li.nventi i ' | e 2. A
Fub £ 2hnsthof lfesfi G0 2 Qb Oed 3 ar IOz 5 IR CaE Rideud 4 a2

di esel gneldtelch &@id. Athbnfatte 28 and 24 8dn Bescominkapdd tedhd mbe RS by mebdingf a punp 78
via fuel line 74 and fuel filter 76. The punp 78 supplies. %el to a

r egul asadderdg, ongayother suiggblemeanse 45 ap irtperalpartef HGRINE F RAICY® via return
fuel |ine . .A fuel .f] | ' Watall ' f uel
low | PRupt o, W dTREEGADRUL I HE8 pltioh 6ol P (1
based gereberdviieal grofind edmastticat toothe catat methe olitie entlyif éheatnibe 28. hlarthis

conditions. The flow neter 84 may provide a si 83?: é? to.the.cgn rol unit
8813 0 ewrsuratian.c single eleatricalqonnecsan 23 aithe inlet eadl Gdiis A thabisre@iedaln i ne spray
90 to the c Al a | ' OLRGRd 8P4 B&tdapcat i ons,
depend%ogheé%%tgﬁéﬁdeg‘gggﬁ%é%%’b?%ﬁ@o%ﬁ &{e’fr%ﬁ?ﬁé ype. Wiile the punp 78
and cogdnhedtionrB7tprévdidesy eoltge Potkhtia\OCerttal t3ikcRGTI VSO A624dd cleseotm as bei ng

powered by 12 VDC it shoul d be understood that other vol tages can
be useepnaegiondidnthembyipmseasiag the esisianes boﬁ%eear%wmn%%&g%%ég%r ning to

figure 3, a L | ' di’m;ﬂlte Qs ih Ao @tc@%'n;er 20 is
shown. def:magmgﬁl%%ﬁ%lgteqﬁ%@ tl)ee\gyg%ls@gg%cﬁghsgﬁho I"ow tu eSZSS 1(sh.orwn here with a
ci 7@ ul AswingGetvden $6aidctions 31 dnd@4gindatvodevethafiiesting B pheating the lidvad/atrg a
length L, an internal dianmeter D, a, \/va}Il

higher level closer to the outlet end 28, the likelt

tube is reduced. The physical mounting of the tube 25 can be provided by internal or external

olod of extended boiling the liquid in the

threaded portions of the tube 25, press fitting the tube or any other method that provides
adequate strength while allowing liquid to freely flow therethrough.

25 In operation, liquid enters the inlet end 27 of the atomizer 20. Electrical current is
passed through the tube 25 of the atomizer, thereby heating the material of the tube as well as
the liquid in the tube, which is in direct contact with the internal walls of the tube 25. As the
liquid continues through the tube 25, it remains in liquid form while increasing in
temperature. Upon exiting the outlet end of the tube 25, the pressure of the liquid drops

30 rapidly, resulting in atomization of the liquid. The atomized liquid thereby produced is
comprised of extremely small droplets (on the order of a few microns) and is elevated in

temperature, which reduces the possibility of condensation on internal surfaces of the testing
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thickness T, an inlet end 27 and an outlet end 28. Tube 25 can be nade of
any electrical conductive/resistive material that increases in tenperature
when el ecthpfdsgurrent i s passed therethrough. The act uglcrdofhial used

I s dependent on the overall size of the atom zer, liquid type, heating
requirenents, and other factors, . althou stai nl ess_steel, has oved

sati sf ZPPHAS- ?@?‘%‘ﬂﬂ er““ﬂ?’“@?‘iﬁﬁ&’fé‘?m%g%@rse %ggf%cr%a(%%dﬁté’é{’%amwg&?tﬁe t ube
25, by GloSiabd A (SQRE 8fd Sas? Sardtdurdt the ABE oRht &6 Mighletemparngenthact s 23 and
24 can bge@gnnect éda{}o th%as_ube 25 by welding, soldering, or any other

sui t ablliuidmay be fempletelynvapgrizdd nesmltingoin a:gas e¥PRhgWhie figFamay e  manuf act uri ng

apparatus,. the outlet. end 28 .coul d cont DAr 1 f...Lhe apparatus
to t h&pBBEPt‘BP%V#S@%Sdﬁ%lﬁﬁ%’l?:’c?ﬁﬂ@& Td&ﬁg%é?gﬁtﬁgaﬁgnﬁ%agphgﬁ r%ﬁrétt outl et end
of tshe jhikifioR % the BbAify & cllaﬁtrslczﬁéﬁlawi@t IO abality iiigktonek ertliquichVapotipesast i on 23

at the inlet end 27 i's all that is required. |n _another enbodi ment, both
connectfounstors cxmepleaniesraf thegparteantas anatesialr Hligodissodved Rasdnre s HKelYi on 37
providegs a voltage potential .. t.ral IRihod theARd PR w BRALE®L! oser
to co ﬂ@ﬁetcfpétﬁ%ez‘%,thgﬁ“ebree Y/al’l"ﬁé%@sﬂé‘?i‘ erfqﬁlg&%ggicgt f%ce Eet ween coffnections 37
and 23 nibi. | £ sledRCIPGEIdABionAlEmstesdl SiBedndisiiedener thernietiénptisoBmba§io24. Thi s
results in nore current 20 fl ow ng between Qonpections 3; and 24, and two

| evel s ooy #leeg & pertioppf thedubedp. { Fhe sleeye 29 can simplypdgispctea grengthyiodhe o t he
out.l.et end. 28, the |ikelih . R P ihE Ui s t ube
s 105 RERiER0, bp ok PRSI or Bt BRLalBO bR gl Jopiaa

I nt er NYth@apHarhts Bethporehtseaded portions of the tube 25, press fitting the
tube or any other method that provides adtgt uat e st r?rh%t h while allow ng
liquid to fridgurg4fillesiyatenafuther stgpdimest 3¢o g%fi‘&ml%ﬁ’i O (EEESINIIRY RN he
inlet end 27 of.th ' . FEl | ' ugh the
t ube 25-0f THhEKtBh O?Eergfegttztﬁéﬁ eg‘i}z &R H%%Et de&%%(g@%aquﬁ%%f)?ﬁé ﬁ%gﬂégs wel |
as thenlii3guhdah Butldi@nd BBEIn thizientboidinénn hbiweeert tube 31 acprefarabiy cdmstrictedr nal

wal | s of the tube 25. As the |iquid conti.nues through th tltlbe 5 it
rerti nofpanelegiically Gimdugia TBAPTR SRS RGO SrhBIaDU OB RUBE FETiAE! 1 he
Ot et 80l b 4REAER NP ST THifugh e ealih UEMCATBRRUIELE grani dl v,

resul tifng”in a zati1on of the e atomzed liquid thereby

pr oducegntesin sefRROMERFatidnsE XPovesred thedeating dernpit@6ds promided by eledicabf a f ew
mcrons) and is elevated in tenperature, which I’egél es t(re tg}oglsi bility of
condeng¥irasdd, which aresonaected foreeleendyt theacafing elepgnt sEREr g1 Shtaq glement

PCT/ USQQ/ t I BT TN BAlund BénrleBHREBHelUr € can
be inc(r}'gééagﬁ;et Snﬁ%gﬁp%ia#ﬁet?]l#&rég%ﬁt\g\%%ase fﬁ%‘\?ﬁ?ﬁqui d aﬁraﬂegas) can occur
i n20he ehddef thOheating @leRienh 3§ by bet smppetedthyrextensions of thetibg Jtatselfeordyrtid et el y

vapori zed resulting in a gas output. Wi le . there be, .
P fittings that suppo?-t the tube 31. By ispposing the heating € emegPZ}/S within the tube 31, the

liquid completely surrounds the heating element 35, thereby increasing the efficiency of the
heating element 35 as opposed to heating the entire tube, which is only contacted internally by
the liquid. Tube 31 provides structural strength to the heating element 35, while insulating

25  the heating element 35 from electrically conductive apparatus components. Also in figure 4,
an alternative heating means 98 is shown. Heating means 98 may comprise any number of
radiant, conductive or other heating means as previously described. Depending on the heating
requirements, these heat sources 98 may be used in conjunction with, or instead of, the
electrically resistive heating means described above.

30 Several different porting options for the outlet end of any of the above-described
embodiments of the atomizer are illustrated in figure 5. While for extremely small diameter

tubes, the outlet end may be completely open, in larger tubes, the outlet end is closed and
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applications where this is desirable, a major advantage of the atom zer of
the present 5 invention is the ability to control droplet size. This

ability iwolpsiz®nce the liquid vaporizes to form atons gicvdageligs of
the particular material. Al so, dissolved materials are nore likely to

precipitate on the tube.at v ' j e Sts WHrGH i | uid

flowt hlp%gﬁ e efﬁgggu@dglf%%@é?io%@géd ???%’gg‘?{ﬁﬁmﬁseri al ﬁ%&ﬁ%%l@?}rl]é(st all ed

over theagnt tleRehep@iiting the pbigs $Halofig therluyer abniog of theantletenddi0 ehdtstimbe 25.

The sl eeve 29 can sinply add structural tregl? th to.the 10 atom zer 20, or
A r?i‘?ﬁ‘i‘

may pr oVisneesiag detliquichthatin glosest tHBe heating therefQRe Bigheia tENBFFRYELS 20
and ot j i : odi nent
30" of *rHEN RRRALH i AP AE e, h BHAE ebbdidfl iin AP Eadulitius G0 T

t he sat offbwige aistghpoaitrallg loeated poa 9HpWhidmint athxer eBibotiianentsgtheriodatibetnumbed 32 and

an outlet end 33. In this enbodi nent, however, tuhe .31 i ref er abl
const r Rdeani gration of thepatspaychy adjustesitq W’V@eﬁtﬁ%ﬁ?‘gﬁmysﬁéﬁe demizet-ahi c. A

central | y.dl; ki RPPPNASS, BleQYbris2 HBPUMLA sided S Of
t ube 314%3%@5%8’&%6&?%%@@9%&5%3%5 t%E%S coul d’be%(;i%‘- center inSISorre

conf i guwith dian®)ers KRBT twtice thixeo fhleapdrticesloaveid cl@Fing provi ded by el ectri cal
wires 34, which are connected to each end. of, the heati,ng..el enent .. . &t her
end of the e’?‘éﬂ‘ﬁﬂlerc‘@@%‘iabg%pEBﬁ%Etpgﬂqu@ngeWﬁ? : (i Bsgfit“ﬁgha pa & par at us

to jgr owd il i QniaRdiginAér dffag ali@aiobile epifeeThe 35 can
be 1?upp 9?%]30%gleg%{g?g%g?ﬂgﬁi&g?a?ﬁy?uagen31 itserlf, gr by thgﬁ%lfi ttiengs t hat

suppor tveldoity meaguréhentByrediasie s cogrdinhgomhwith iengine rrapkshaft pesitipr.hinthe he t ube

31, the liguid conpletely surrounds th atin e . r
i ncr eas‘ioﬁﬁegggn%@fq ‘?’ zhé‘i‘f'yaﬂfre’i“ﬁ‘éts WREST A hgeerﬁ%"%? %gﬂg‘g’hé’ggi %d&tvglﬁﬁeat ing
the entdfeddtuRGicatiyl B of fhe ORI dtaCRIMSCTREL e iréuRts Sdw the yadedinicsiofusifly Tube 31

provides structural” strength to the heating el ement 35, while insulating 25
t he heahé pgoraireatemizaBén devaen fot saetingcal | y conducti ve apparat us conponents.

Al in figyre 4 |ternative heatin : I S.: j means
98513&y comﬂ?gléedéﬁvm 8t <9 g“fraﬁai’a ttffmgson %@?f%@afgﬁll%t{?ﬁggcﬁgg?ﬁ g neans
as prevy, shdmBessr thdpidsenPaieAtbgad@stt e Therbiltigre stogui indtigae 3, It hese heat
sources 98 may be used in conjunction with, or_instead of,

. ! t
el ect r iongintiputedest periode 1,600 megsureraenis Wers@chisesd using be a‘QH“@é\?E ﬁ’&l PIEfeR% er ent
porting options for.the ogutlet en < i
enbodi ﬂ’@?ﬁ ogfs?ﬁeeedg'[god%vfg'r a‘foél?ﬁagltg{s “ha ég}tir%]sm fg%?‘)éﬁ%‘%%ﬁ.é Fgﬂa or
ext r emyrysept@vice Pravi@isa/ery digiificant ghifs Lpdridle scedingaThbe incremdedt el y open, in
| ar ger tubes, the outlet end is closed and. 17 V\D((l)ll 21]|31 eéﬁl%J:T{]‘#SOO’ 26211
i n@Pudereaguiements areindicatiys of thrslargeamupbse pt witgbly si7qd garticie et s

wher el n,LIg. Hﬁ?}?pxjoﬁerimzed particles reflect the laser to provide data measurements, while

not affecting the air flow itself.

Droplet size measurements with the atomizer using organic solvents and using water
were conducted. The measurements with organic solvents were made using a laser
25  Fraunhofer diffraction system (Malvern Instruments Model 2600c), while a Phase Laser
Doppler Analyzer (PDPA) was used to simultaneously determine droplet size distribution and
velocity for experiments with water. Figure 8 shows that the droplet size distribution can be
controlled through adjustments of the atomizer power input. For the experiments discussed
with respect to figures 8-10, 100% of atomizer power is equal to 40 watts, although it should
30  be understood that power levels above 40 watts may be used to provide the desired

atomization.

18



heati ng el enent, providing the ports 92 along the outer portion of the
outlet end 50 results in dispensing the liquid that is closest to the
heat i ng nd therefore higher in tenperature thanﬁ@yﬁl haw.d in the
center osbﬁﬂggéﬁ%e. In sone enbodi nents it may be advantageou§#@ggggprovide

a single, centrally located port 94, while in other enbodinents, the
| ocat i orflsqwithaespeetriel figaues 80y teifdlpvang shpaldlg ratedimy be adj usted to

maxi m ze the.effjci f .th (Mol . J: i in the
liquid incl uc’igg 35583@%%%‘%5'???% }e)rsv0 eefé’gg%r%?‘?% gé%aﬁé’&r?gé?%f\é@ﬁ%eesi zed with
di amet er s at hofiasitaltsehle 6 thé partiole siZeeirpatcromst es to avoi d cl ogging. A

commercially avail able, prior ar t at om zati on devi ca was used with a nodern
LDV 10 syst dwiigerefhe vericaljseale isravelume foy all patielss below 3 napicikas sizgspdr of an

aut ogobil e e ; LV r; r’%‘%r' ' iPN Wi th
engi ?,"; cr ankg%a%zgg{saﬁﬁa}éﬁ% %%ﬁ%hcgé?:%ﬁgg%ﬁs %II:)IZO m nut%?hp%ggi;rgdad:ﬁgtér)rent S
were made. Thettspalibf the pareclsharerbelow 4ingerons 6, size);tahd each dot i ndicating one
of the 78 data_points, These results show the.inadequaci es, of usin t he
prior art at Mg‘érteilgﬁh?j@ﬁl@gsq 1s 20631 (AFRP etf?"'l“ﬁ"’t‘ﬂ@%sa&‘ﬁéﬁiwzto&aﬂ Schle
configurati oriwshglgza/ggggvasinﬁgtﬂ_e prior art atom zer depicted in Figure 6, the
atom zer of the present 1nvention was tested. The results are shown in

Fi gur e 7Thisleaibilimén salevting theadsoplptesizeds imp@tad0id mayAppheasions suel & Prd) eved

using the atom zer of .the present |nventi seedi device..In
Cont as: S RiAcle cotting TarRBe NIt predta AR BaRR B S5 P o B avi co
provi dessMAf JropleBikie &b tyIRIn2Sn the R rhicFnGaSRemd belowlthe detettivh [@afpehn20

measurenents are indicative of the | arge nunber of suitably sized particles
fed i nt obe gemerited indhe kighar ridipe ! ptooypizer idgvise peerpaputs. cias yerydpwaower figput aser

to provi ata ,reasurenent.s,. while not aff i ! Low itself.
Dr opl et @:3%3 %gé%?eéﬁgﬁgg“%'#‘ﬁnlsh%wsattw&ﬁr%?ungg 0 %{brgég)r‘?? %:6 E%Pvent s and
Usi Ng Wedc@bmpii 6@ with I ideripeall REJITPRS Sk DOYS 100 fifh. Whkarthe analixe desicaer e
made using a | aser 25 Fraunhofer diffraction system (Mlvern |nstrunents

Modéf  26Gmovesr is inkreaseddo PA%s the|pgaksrare shifierd owaphwmaliee dropisbiizgs agdsthe msiprt o

si mul t anegusl etermn roplk e ize disiri i for

experi r‘re?*ﬁag l%\%ﬁnﬂﬂs\ﬁ?gwae?:ﬂrgnuﬁgn%r %é%&%%faﬂg ctQ ﬂ&elhgéhbgpg% thé‘??g%o(’) gt ri bution
can be woaheOdf tReladrbdod ighdiamptest oTRess shapf4 e Figurerd)zdaspipothe fadt tiptho For t he
experinments discussed w.th respect to figures 8- 1g, 100% of af ofmngir power
i s equal effast isgnagdste sorrest fos smgneous regdings &or dooplefsizes BelpWi lop My HALS BEREkEr

| evel s aﬂa%g@? @%’8%%3 fmuhsn VSR Aba LR\ Gfett [R-EPRIaE) B:q5WZRWePN- 18 WO

01/ 21319 1}
20 inputs, to smaller droplets (2-10 microns) for modest power input. For higher power inputs,

the majority of droplets are in the sub-micron range and the Malvern instrument was unable
to properly capture droplet size distribution. Results presented here demonstrate that the
aerosol produced by the atomizer device of the present invention is distributed over a very
narrow range of droplet sizes and that the majority of the droplets are in the sub-micron

25 range (below instrument detection) at higher power levels.

The mean droplet size decreases with increasing power input; thus, the atomizer
performance can be optimized for different flow-rate and spray chamber requirements.
Results indicate that mean droplet size decreases exponentially with increasing power input
(Figure 10). Measurements of the mean droplet size for different solvent flow rates (1-5

30 mU/min) indicate that smaller primary droplets result from increasing flow rate. Preliminary
results indicate that the droplet size distribution is significantly narrower than in

conventional pneumatic and ultrasonic nebulizers. Even under sub-optimal operating
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Also with respect to figures 8-10, the follow ng should be noted: in figure
8 the vertical scale is %volune for particular size particles and the

hori zont lLe.is the particle sizes in mcrons; in fig ertical
scale i s%k/g)\%}g?lﬁ?& for all particles below a particular si ;Féceréﬁsc?to}agni{he
horizontal scale is the particle sizes in mcrons (so for a power input of
100% ( 4@ondigenssthe distrikytionted dpepletisizeeysing e praseny atomizer is hignited tepfy ; and in

figure t he vertical scale, is nmean.dr te Sj ' ' 1 he
ot zonPaPeRe o gvte 14 S Beishle AN HHORR of Ay pthPh e BBl | e

dropl et sgttiAg (dowet fHPAF £ A0twaktts) 4RI theehtefl Bleiof fite, spRdyC TR etftabicale Ither yi ng,
particle coating, nanopowder production, and liquid fuel combustion.

Ext r enelpgrticlepapnt, whie thethorizenfal sealeds droplehdiz g misranse Notise Hiabthgdreplsige and
bel aw t il | . - i ed| |

at o zer 2t REHbE R Yk P Bl IROREGR L P S A 108t 11 o
si ze di dttuicbul iand3 siioneds hndthpreanOuere v proalets latpet than 3Gnjengns. dhe Sagemi ed

15 poweiviets HivpRECEwis e/he i a7 sersed ROTBAn O LNe LTI R er i op et
si zes a%&?&ﬁm%{% a&% yﬁ‘?&é 25ty A poth therhd2 e, H[E?'?pnfiiﬁ.sﬁ’ ARgrating

conditions, nore t vol une) “of the aerosol had dianetefs of |ess
t han 4 (from(the gowzie.9), despite the fact that no effort is made to correct

for,_ erroneo readi pngs.faqr droplet size elo 2 pm.lt is found. that
t hdOr opl et U@‘FZ‘ OV ‘Eeg?’? % ﬁesgiﬁ? ’F’fhfatFrtg%%Fyaﬂ’géﬁﬂ?lBﬁﬂl%ﬁre@ IR g
for | oWedMethidld v he§ atohBz& Pk eSredhORY @tion ( ekcdBeric6Hited) DY nfe@s dRPRESt

power input. For hig power inputs, the nmajority of droplets are in the
sub- m izerand drupéet sizd distributiah cen he feakzadu Pomer naut igrthd ptemizes can bpearied, capt ur e

droplet size distribution. Result resent ed. here .denpnstrate that the
aer osot®s e dul Gtk teaneremdreintan or&ss L0TR Fidhhgitl

di stri hbgupddd ®he Spplidhtion. WY préWohs§ @6scAbed] AL andli it@ifbeRbLktht binizdior
majority of the droplets are in the sub-m cron 25 range (bel ow i nstrunent

detléct jabamyizertports ysrsrcap basnstbriast Sor thiepartiewlar lifuig pearplicationd dor exasepe,w t h

' ' ' t;-.th t h t pm i m d
For a 1% Stk BRI ok AFouiattic Bl 8T omb8tot AbaRRE AR iR PGP 227
that megfloW ABhEdifRtche pSEichESENRS aticRbRaR teatd. yinwniallet fividdsi tegs,pipts | nput

(Figure 10). Measurenents of the nean droplet size for different solvent
f1 ow r ateseizery nBy Be adequaten)Whentiestflasvsivagt frempoind fo peinhdifferentsBeet s resul t

fromi rl?cnr%?%r% Fﬁgtole QUed aqtd?ff?r:e:)xgtg)lﬁkll%ﬁ' 0 roJi&éfﬁletn?osit Qﬂé&@ ﬁa&!&f&t the dropl et

size di's n 1s signi narrower than i1n conventional pneumatic
angoul tdisksitiofis. ek prodicionf@anspoieders sizepfiow metks, ppeeninpuiand outlet port

size can all be adjusted to produce the mean powder diameter and size distribution desired.

The ability of the different embodiments of the atomizer of the present invention to
produce extremely small droplets is dramatically illustrated by the photograph shown in
figure 12. The atomized spray exiting the atomizer has been illuminated to show the

25  atomized liquid in contrast to the dark background. To the right of the photograph the
atomized liquid has dispersed to the point of appearing as a “smoke”, which is particularly
useful in a number of the above-described applications.

Testing of the basic embodiment of the atomizer for use in fuel atomization was
conducted using a fully instrumented, twin cylinder, overhead cam, internal combustion

30  engine coupled to an engine dynamometer. To simulate engine warm-up, tap water was used
to cool the engine during steady-state operation until the water exiting the engine block

stabilized at 20°C. Although engine warm-up is a transient event, the tests conducted are
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19 WO 01/ 21319 PCT/ US00/ 26211 conditions, the distribution of droplet

sizes using the present atomzer is limted to a few mcrons. Figure 11
shows theglg@Rkpt size distribution for water at the hi ghegirngbeezati on
setting (power input = 40 watts) and at the centerline of the spray. The

verti cal le.is the .parti.cl.e count. whjl i scale is

dr opl etvaéﬁ% 8“??*“%16 @P%LI{.) tIRg ffiring ’f’ﬁg{m{lﬁlg céf‘r:lg'pltrg?téép‘g(% ée écfﬁggreﬁg%s T8n is
Very napedrRvén Dtardlatd djdcir ah@@RlatddiSer fo14n etite rdintipg et 1200RPNevith & cent er ed
between 1 and 3 microns and there are very few droplets |arger than 5

ni cr onstelatively Sightlead (19fixibshi Braslestriqal pewer dslivernd ta e Atpmizey taRscW#id nonent  of

the droplet.,size distributi [ J I 0.5"
away f r‘g%eg Rgtwr?g% it perif;mtni(;a eé;_r 26%}7? %ﬁ%?@%ﬁg%{/ﬂg}égﬁnﬁiﬁﬁr&r@ﬁ%&e E:g] ‘e above
desar i baghidabsdald iadighfes HON ¢l @inepaite per hitlianbpth) carsli thpherizontal sabeitidicates

atomi zation results achieved with the atom'éer. of ”51'? gr efent i nvention,
excel | SMtWes iUt t) the ptomizes Ty Waks- gkor tRs dlectrome RYFlJpIegtor.diG VAt but i on can
be realj P i t o \B8er w fluid
(11 qui deBthod SRRy |G100)brk, BRGRE IGAT, RE e ler wat e e

r esul t sapprox@iuatelyB900 ppinhehengpitiovet I0omattsAs powervasiddliveredde theltainizethe si ze
and nunber of the atoni zers or 15 atS%er .’%orts (yse .caﬁﬁ%&l cust om zed for
the partibe haPoOwsTdR the AOMIZELVAIRETERIRd o CTRSSIARSITEsucet {Ew YHRdRber s used

Forypaergdy, | f‘far{s%%fa{o%zeﬁ;owéﬁbﬁf th@ff pAht AT TR WY mRBsudsBatotu BIVOWpnAi 1

fl ow al ong erent portions of the article being tested. In snaller fluid
fl ow t emtisljd sitmeduee sizhifivamtéyr whemmatomizenpevgraras inapasad akoye 180 sxattsvBry from

poi nt t int, different .size atom zers nmay,be us [ t. _positions
to pro ﬂ‘glgtbﬁémﬂ?ﬁtf’o‘ifhfaéﬁ‘t‘? NE "baércﬂq% Cge%sﬁg%)?g?tﬁﬁg %&?&%’%gﬁ%?egducti on
of nanerRoNEe SignifithdiGedidionor B SnisHE¥ERow Rt lcal BEl epeclediduing the asiuaP can
all be adjusted to produce the nean powder dianmeter and size distribution

desi r edold-shme ofithielengine wfithiththe dirst few annutenafsaEiREPPEralen-t he at omi zer of the

t i ti t d i i call
DTS at o T R SRS B R o P S DA BB
exi ti NGahiQ1areRBbdifeniiasnPARITs hbi iHfEhded 16 bellimithgwit st bhoted that, aedsddi qui d

in contrast to the dark background. To the rifght of thea&o ograph the
(§)

. o, "y 1 " (] p .
at oni zdul thei spe¢ification anil shreappertied slame thosingulytoapH Sar 13g te"lgaﬁﬂ%", whi ch

is particul arl usef 1N . therdRave- descri bed applications.

Test i nd’hg% ' eég%%%'igss;&ln%%odﬁt%égifégﬁof H]tc%gesgt om gg'r for use in fuel atom zation

was conductRgoighbiahi abplidayiohnslierelpeblicationstant refarghdeddbe disdoambesf cam

i nternal conbustion 30 engi ne coupled to an eH%i ne de}/lnan?n&t er. .T(%. simul ate
ce info lication

engPne these prilicationginiheieentifgtics eehereby incorporated by refer 1S app

to more fully describe the state of the art to which this invention pertains.

21



to cool the engine during steady-state operation until the water exiting
the engine block stabilized at 20C. Al though engine warmup is a transient
event, the tests conducted are 20 WD 01/21319 PCTI USOQO 26211 valid for a
singl e pYAV3131% i ne during the warmup cycle. The test cBhpaPAY243H

em ssions between a standard injector and the atom zer for an engi ne
running at 1200 RPMwith a relatively high load (19 ft-1bs). The

el ectrical r. l.iyvered to the atom zer tube was varied between

appr oxi mat e% §g’§%{n\¥\£¥sts. Results of the test can be seen in figure 13.
The 5 vertical scahrthioddbrcaétiinddiduid;shid methgaasohsprismg the stepsoot: (ppn), and
the horizontal scale indicates ﬁower input to tggﬂ(?ton‘i zgr in watts. For
the el ectronic fuel i kpaEevdingachasbenhavingadirstss 28RN &B%r oxi mat el y

10, 100 ppm Eni ssi on k}ﬁ)\‘,’\rlﬁ{éﬁnﬁfﬁésshﬂfedaﬁ(g%& R (0% HPBPHE Cflarber

approxi mately 8900 pp ust over watts of power was delivered to
the atom zer tube. Agc)ieuting thelitjid vtlomiteehambe; amicr eased, HC eni ssi ons

reduced significantly up to 10 about 180 tts of atam.zer, power.. AL that
point HC levels were @é’é’ﬂ? ngt BSS‘?EFC?G\A\%%?R“%WS °tdfglf Tfpyd Etetggﬁ’é‘t of
significantly when at g Z9mbBONEK tHiRthe MG RSHE sPRANE thelBopRi dige |t shoul d

be understood that this test was conducted at steady-state on a slightly
war m engi ne. The nos distitguio o€ thetatongided liqwe arsfmaigamed sithame dediedever, can
be expected during the actual cold-start of the engine within the first
few mnutes of engine§Eration. 15 It is to be understood that the

ter m nol ogy sused ThgRiHbdi of 18 § WeeRif PABSre@terdRS@ heintGoplBesitd 1§ Uésar
enbodi ments only and is not intended to be limting. It nust be noted that,

as used in the ¢$pwgintimieonon and t he appended cl ai ns, the singular forns

i etatos of ferwi s PRt ghoEn fPlerdf s BBt EE Rt GeBRRNEE L T o0 Y

referenced, the geskbR$Uh&S ndtroRd these publications in their entireties
are hereby incorporated by reference into this applicatjon to nore fully
descri be t hé- st aflbe ofethadeof SHlaim; bwhereirsaidpredgteryunadimsrnsieplst $ize is21 wo
01/ 21319 PCT/ USC%ZGZl ﬁ\{\?&}ni&?ﬂﬂ aimed is: 1. A nethod for atom zing

t S

liquid, said ne FeED i ng & steps of: (a) providing a chanber

having a firsst emieaitthod oFEtaindl @hekein thb)iquidud heatedibygassing areelettriali d i nt o
the first end of the t(t:lrrgtr:&erga;lteria(llcs)urrggr?(}irilgn gxetcna?mﬂ)gr, Eergb}\'N{'xéartlljng t}tlehl(laqtﬁganber :
and curren
in the chamber.
6. The method of Claim 4 wherein the electrical current passed through the
material surrounding the chamber is varied to adjust the heating of the liquid
to:
(a) control the mean droplet size and the droplet size distribution of the
atomized liquid;
(b) adjust for varying liquid flow rates; and/or
(c) adjust for different liquids having different atomization properties.
7. The method of Claim 1 wherein the liquid is heated by passing heated fluid
over or through a thermally conductive material that is thermally connected to
the chamber.

The method of Claim 7 wherein the heated fluid is an oil.

9. The method of Claim 7 wherein the heated fluid is water.
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(d) controlling the pressure and tenperature of the liquid at the exit of
t he chanber such that the nean droplet size and the droplet size

distri but‘{,ﬁgl 9f4 he atom zed liquid are maintai ned W thi n pgi@pbhed: 'ange.
2. The net ocf % Claim1 wherein said predeterm ned nmean droplet size is

| ess than one mcron. 3. The nmethod of Caim1l wherein said predeterm ned
mean droplet size is between 1 and 5 mcrons. 4. The nethod of daim1l
wher ei n sai dir edEhemeihog df CRan 7dviapéia thshearedifhuid Beflysobn 5 and 20 ni crons.

5. Th thod of Claim1l wh inthe liquidis heated b [
oi ectrical burr Fhe ASUGHCIH drphareia i Beaied T Frid RHERGER NabHer eby
heating the {jquifp, h&h&@gfﬁﬁm%l%%gn tH WealBRREis hebleBighy 4 Wherein the

el ectrical current passe rough mat eri al surrounding the chanber is
vari ed to adjlist Thembthad bfiGlaifi 1twieeréin gaitil baibng ¢ecurscwithin e ¢chambrean

SO DSt for - vidvr nEe mehetof Clsgn 4 qrisesin G pellig g i shmensdh; &
| 1qui ds-having o bletetlio STbARLONAY BRRHAISS he domR0FBE Bodigala, Ot ai m 1

wherein the |iqui eate assing heated fluid over or through a
t hermal |y cohduct Theemethbdof @lairh Havherein thediquid atythe exineftthe dhamber istia thshanber .

8. The net hod of ai 7 erejn.the heated fluid js an.oil 9., The net hod
of Cl aim 7 wherei ”Ff?g]d‘F?é’gtt]%‘b‘et#‘T Bﬂ‘ﬂgi% W\ﬁgtaéy?pori?iﬁﬂsﬁs%) ghefh fgori the
PCTI USOQO 26211  Lghuidhe nmethod of Claim7 wherein the heated fluid is

glycol. 11. The nethod of Claim7 wherein the heated fluid is a
l'i qui d- based!§:| anEhe method ahGlaimtl hohersin thezstablergagercand; viapems arerad sheeqxitrafui d i s

o Teated 925, 13 Toe e LU RLRL B REOAIRLRIEHES, ooFUs
solid particjes spsRfHEsf Claim 16 wherein the stable gases and vapors are at the exit of
the chamber are composed of at least 5 wt% of the atomizing liquid.

18.  The method of Claim 17 wherein the stable gases and vapors are at the exit of
the chamber are composed of at least 10 wt% of the atomizing liquid.

19. The method of Claim 18 wherein the stable gases and vapors are at the exit of
the chamber are composed of at least 20 wt% of the atomizing liquid.

20. The method of Claim 19 wherein the stable gases and vapors are at the exit of
the chamber are composed of at least 40 wt% of the atomizing liquid.

21.  The method of Claim 1 wherein the liquid is at a first pressure at the first end
of the chamber and is at a second pressure at the exit of the chamber, the first
pressure being at least 10 psi above the second pressure.

22.  The method of Claim 21 wherein the first pressure is at least 50 psi above the
second pressure.

23.  The method of Claim 22 wherein the first pressure is at least 100 psi above the
second pressure.

24.  The method of Claim 23 wherein the first pressure is at least 300 psi above the

second pressure.
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therein, said solid particles being dispersed by the atom zation of the
liquid. 15. The nmethod of Caim1l1l wherein the liquid at the exit of the
chamber iwsohthsite formof droplets of the liquid as well pegrkapess and
gases forne romthe liquid. 16. The nethod of C aim 15 wherein the

stabl e gases and vapors are at the exit of the chanber are conposed of at
least 1 wt% of the atomzing liquid. 17. The nethod of Caim 16 wherein the
st abl e gases2and Viapmethod o€ Chtimt Iheheeein thediquid iset e pantiowlar tenmperatrpesthed of at

|l east 5 W% of the.atom zing ligujd.. 18 The nethod of aim.17 wherein the
stabl e gases and %\bﬁ?‘g}' é?aé‘%rff tﬁ?lféqué?}ntthﬁfhm’?t??ég’ﬁlﬂﬁﬁg%rrgg?"é@%rrposed of at
| east 10 wt % of tR@ etk Zr16ks!thaWnd mide. The nmethod of C aim 18 wherein

the stabl e gases and vapors are at the exit of the chanber are conposed of
at | east 20 . % ofhamethad ofiChkim@SIwhstdinithediguidiip et aparHedanemprrature dtdheher ei n

t he stabl e gases and rs.ar t the exit qf h [ .are conposed of
at |east 40 wt % o‘?x‘tt?féﬁg%mbff’%&‘qud " .eﬁtlafnonfﬁgglrr%gta ﬁgrga@g? °B%im 1 wherein
the liquid is at @mbpkfasire Rir9&s WA 18tseédnds.f i rst end of the chanber and is

at a second pressure at the exit of the chanber, the first pressure being

at |east 10 $hi aBwmethnd ofElaimdoprhemeinithe liqpi is FhauparteHatemperaius # the
pherein the f1 st GIRY Gnlkt: Hhe [ RPh ROcRRoe BAKE of Si%posehRNd Pressur e.

23. The net hod of ai-m érein presstre is at Teast 100 psi
above the secondempesfié for 1654 thahltvae s@bhdd of C aim 23 wherein the first

pressure is at |east 300 psi_abagve the s?,co,nd pressurﬁ. 23 WO 01/ 2%319
PCT/ US00/ 262281 JEhe mefhodif Glaam 37 whersimhihe lighidiig ptp palcylprjgmperature gt the

particul ar tenpergature aty ?rg ﬂ?g%ﬁp{n tﬁg&a?xg,r}ppgéé a{ﬂgdr?b{,ggliisd_ in the

chanber being at or above erature one mnute. 26.
The met hod of C atmpeatundforddss tHahd.l seqeridd is at a particul ar tenperature at
the exit of the chanmber, the.liquid in_ the chanber being at or above this

d
t enper at ur e Por |”@§§ngth%o§@1agggg%§r_en?tﬁe Ligpid 158 Hpartc! PSS RS ei n
the liquid is at G;Ratid Gidhfber, HRRREAHURE MYl Being at or above this

temperature for less than 0.01 second.
30.  The method of Claim 1 wherein the liquid is heated by:
(a) providing a heating element within the chamber; and
(b) passing an electrical current through the heating element, thereby
heating the liquid in the chamber.
31.  The method of Claim 30 wherein the electrical current passed through the
heating element is varied to adjust the heating of the liquid to:
(a) control the mean droplet size and the droplet size distribution of the
atomized liquid;
(b) adjust for varying liquid flow rates; and/or

(c) adjust for different liquids having different atomization properties.
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exit of the chanber, the liquid in the chanber being at or above this
tenperature for | ess than one second. 28. The nethod of C aim 27 wherein

the |iquiwlppsrilio @ particul ar tenperature at the exit of gdhgusoagdier, the
liquid in the chanber being at or above this tenperature for less than 0.1

second. 29. The nethod of Claim28 wherein the liquid is at a particular
tenperature at the exit of the chanber, the liquid in the chanber being at
or above thi¥- t efyslevige faratdmaizingdiqyid; spch deviceiconeising: 30. The net hod of
Claim1l wherein the ligujd i . . ) oL QY di .a heating el enent
wi thin the chanber; an@wfgljlangbaegggh%g%ﬁy%Flcga(gtafl?ggf%ogg?g%’nt t hrough t he

heating el ement, ther ey meheabiheg thdiéquid giithth said ¢Haembelh aviesdin thdliquidie met hod
of Claim 30 wherein the el ectrical current 1:{)assed t hrqugh the. heating
T

el ement is varied to aWpnked under pressiredg said firstend japd the lignd gtamizepas ol t he
mean dropl et size and éxﬁ*t@sﬂﬁ?@éoﬁ&eﬁ&é@sﬁﬁ%b@y%ﬁm of the atom zed

liquid; (b) adjust for varying [I1qui ow ratés; and/or (c) adjust for
di fferent |iquids havi(epmeadsffer entroting nhezptssore gddpmpdratase of tRelig@d 01/ 21319

PCT/ US0O0/ 26211 32. A device for atom zing |iquid, ,sai.d devjce caonprising:

(a) a chanber having asuF]i’Fl?fthéﬁ%ﬁa_“&Fﬂr;leés g@Bﬁllug‘e_éﬂﬁ?let(sbﬁecﬁﬁﬁh%mt“cP t the

liquid within said ch leéd b Gt miiRRided it b QesitdRdeed under pressure
[

to said first end and the quid atomzes as it exits said second end of
sai d chanber33. andltealevive afi €ldimr32overein kdid mpan$ e heatthe ligeidaothptisesper at ur e of

the liquid such that the.nean droplet size and ih | et size

di stribution of the A?W?EaeTmﬁagicmgoﬁaPmﬁﬁ%%%aﬁ “a desired range.
33. The device of O aiB) BdechhtPtiBitAcal BbshcdBANSl0h®sIE Bhanitte ahd SPale FOMPT i ses:
(a) a first electrical connection along end of said chanber; (b) a second

el ectrical connectiddirstdlentrcat edronectirapded and spaced from said first

electrical connection ’(c)aans%urce of electrical power for providing a voltage across said

electrical connections; wherein the voltage across said connections induces an
electrical current through material surrounding said chamber, thereby heating
the liquid within said chamber.
34.  The device of Claim 33 wherein the voltage across said connections is varied
to adjust the heating of the liquid to:
(a) control the mean droplet size and the droplet size distribution of the
atomized liquid;
(b) adjust for varying liquid flow rates; and/or
(¢) adjust for different liquids having different atomization properties.
35.  The device of Claim 32 wherein said means to heat the liquid comprises:
(a) a heating element within said chamber, said heating element having
first and second electrical connections;
(b) a source of electrical power for providing a voltage across said
electrical connections; wherein the voltage across said connections induces an
electrical current through said heating element, thereby heating the liquid

within said chamber.
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(c) a source of electrical power for providing a voltage across said

el ectrical connections; wherein the voltage across said connections induces
an electrical current through material surrounding said C*Q%UQ r her eby
heat i ng Wﬂ@”ﬂ"’ﬂﬂli d wthin said chanber. 34. The device of §e 2641 yherein
the vol tage across said connections is varied to adjust the heating of the
liquid to: (a) control the nean droplet size and the droplet size

di stribution3gf tiBe dei@Ef2Q4in 3 DWhekein(thy vawagés&roﬁpgaid/afnmkmnk liheHriddf | ow
rates; and/or (c) adjust for different liquids having different atom zation

properties. 35. juse thedatrg afithg hgwd teiher ei n sai d neans to heat the

| iquid conprises: (a) heat i -5 hi J Sal ting
el enent having first (:ap] ngreotl:g%dg %ﬁg@p@%‘ﬁg&@gﬁ%@?ﬁgﬂ% ‘?‘%Tbgﬁé’gﬁrcg of
el ectrical power for p4emiAdngui; vol tage across said electrical
connections; wherein the voltage across, said connections induces an

el ectrical current thr®iadivgdervansagiliggiddloyates; aaddr eby heating the liquid

within said chanber. 2&5%&13%62&%%%85%%%@6%ﬂsf&engd@orafggﬁ%rggeg})%egf Claim

35 wherein the voltage 0SS sal vari e ust the
heating of tB® |i The device:of CldimcIfivherkintdar npting elempitebmprizes sasubsthindallyr opl et
size distribution of the atomzed |i qi‘g:ﬁg; gbr) adj ust for varying liquid
flow rates: and/ oftraighf wargimauntedsyithinspidicOAMLEL qui ds havi ng di ff er ent

atom zat! on g OPefhd Eice of Claitkf'> WEMEMIaR! heflifll dbriontUBRRALE S BARL | NG

el ement conprises a substantl ally straight wwre mounted within said
chanber. 38. The newitedwithinGaal dmabemher ei n sai d heati ng el enent conprises

o oL o 5 TN, M R o8 el 28y DG S gR Bl G 7,
32, wherein g@i d PECANGSPEIHM DAWheFNREH@ Sechiid SldsTRgd AREbEMS Llegas at
| east one port to allowthe liquid to exit said second end of said
and includes at least one port to allow the liquid to exit said second end of said
chamber.
41.  The device of Claim 40 wherein the liquid includes suspended particles the
particles having a particular diameter, said at least one port having a diameter
at least twice the diameter of the suspended particles.
42.  The device of Claim 40, wherein said at least one port includes a plurality of
ports.
43.  The device of Claim 32, further comprising a sleeve surrounding said
chamber.
44, The device of Claim 32, wherein said chamber is circular in cross-section.
45. A method for atomizing fuel, said method comprising the steps of:
(a) providing a chamber having a first end, a second end and a length to
characteristic internal width CIW ratio of greater than one;
(b) routing pressurized fuel into the first end of the chamber; and
(c) directly heating the fuel within the chamber; wherein
the fuel atomizes as it exits the second end of the chamber.

46.  The method of Claim 45 wherein the chamber has a length to CIW ratio of
between 10 and 200.
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chanber. 41. The device of Caim40 wherein the liquid includes suspended
particles the particles having a particular dianmeter, said at |east one

port haviwg e fiigneter at |east twice the dianeter of thepSHesRREAT
particles. 42. The device of Caim40, wherein said at | east one port

includes a plurality of ports. 43. The device of O aim 32, further
conprising a sleeve surrounding said chanber. 44. The device of Caim 32,
wher ei n sai 4% hanfier method bf Claira ¥6 wherziroths chaubsrdwas a lepgth to, GR tatid of or

atom zing fuel, said rrei ho% §8rrpri sing the steps of: (a) providing a
chanber having a b5tve 13%econd end and a |l ength to characteristic

internal w dig C'Wé;ﬁ&ﬂled of CLAIBaY Ghefeilahe Chnbdrihhs & Qi ne gImesssiglorzed fuel
into the first end of the chanber; and (c) directly heating the fuel

wi t hi n the chanbéretwedneYOzind 108e fuel atomizes as it exits the second end of

t he chanber. m 45 Leln |l ength to
ClWratio of? bet’&éeéﬁgﬁﬁggﬂgﬁgﬁgg w h‘é“ﬁ%%ﬁ@%@%%’@?%@ﬁﬂ&b The
nmet hod of O ai m 4Qnehehfiugh hbiferahaRhding shexchafiber, theksbydinéétlphdating the

bet ween 20 and 150. 48. The nethod of C aim 47 wherein the chanmber has a

length to CIWratﬁldloﬁhe@@mhefen 50 and 100. 49. The nethod of C aim 45
wherein the el 4s .h i ugh
B! PR P R St S NS

mat eri al surroundi ng ? uel in the
chanber. 50. The xﬁabxhaduﬂbmﬂl@ the 4amifee iseianied headitis cerlieatihg ofithe éwdl tpassed
through the material surrounding the chamber is varied to adjust the

heating of the fuel tda) Pf()él}ced?’éﬂﬁfdémﬁe’n]é?’e oPf ABWHREPY| evel s of
atom zation; (b) adj ug{)hgcﬁlﬁst\{&%ﬁﬁpﬁo‘“g& Lades: and/or (c) adjust for
[

different fuels havin erent m zation requirements. 51. The nethod
of O aim45 wherein the)ddjsst fordiffieeaitdaelbyaving different atomization requirements.
51.  The method of Claim 45 wherein the fuel is heated by:
(a) providing a heating element within the chamber; and
(b) passing an electrical current through the heating element, thereby
directly heating the fuel in the chamber.
52.  The method of Claim 51 wherein the electrical current passed through the
heating element is varied to adjust the heating of the fuel to:
(a) produce finer or courser levels of atomization;
(b) adjust for varying fuel flow rates; and/or
(c) adjust for different fuels having different atomization requirements.
53. A device for atomizing fuel, said device comprising:
(a) a chamber having a first end, a second end and a length to
characteristic internal width CIW ratio of greater than one; and
(b) means to directly heat the fuel within said chamber; wherein the
fuel is supplied under pressure to said first end and the fuel atomizes as
it exits said second end of said chamber.

54. The device of Claim 53 wherein said chamber has a length to CIW ratio of
between 10 and 200.

27



(a) providing a heating elenent within the chanber; and (b) passing an

el ectrical current through the heating elenent, thereby directly heating
the fuel in the chanmber. 52. The nmethod of C aim51 wherei {{B | ectrical
current p‘é@s"é’&qlﬂr ough the heating elenent is varied to agf gooleq Theati ng
of the fuel to: (a) produce finer or courser |evels of atom zation; (b)
adj ust for varying fuel flow rates; and/or (c) adjust for different fuels

having diffexent gheabhad bMalne s wheRRI¥akd chamber RasdEvh &R td CIWah@d1dZi NY
fuel, said device conprising: (a) a chanber having a first end, a second

end and a | ength betweemaPand &30.stic internal width CtWratio of greater

t han one; and_(b) ns to.directly he i L by ﬁj]d hapber ;
wherein the g?‘uel ngggﬂﬁepﬁfglal%%‘e&%ﬂ&ngtsg%&%@%%é%imfhg?ﬂgt en@ggﬁgbt he fuel
atom zes as it ekétveessd dandempnd end of said chanber. 54. The device of

Cl aim 53 wherein said chanber has a length to CIWratio of between 10 and

200. 27 WO 0%7-2137he peyreasgEipipe 53 whersh sairfeans o dsedly heptthefush coprmisssn sai d
chanber has a | ength tﬁagglﬁfgtreﬁéchi)cap%onn (ﬁ{?\qug&&%%t/era%ﬁ %rlég?ndﬁg's?ﬁhe devi ce of

Cl ai m 55 wherein the chanber has a l'eng etween 50 and
100. 57. The devi ¢eanter;Cl ai m 53 wherein said neans to directly heat the
fuel conprises: (a) a first electrical connection proxi mate said first end
of said chanber: (b) ©&)@seend clacical ¢anaectionprutmatsalsssondeand o€ s2id second
end of said Cha”B%E—:ibe ngdq(c) a source of electrical power for providing a
vol tage across sal el’ectrical connections; wherein the voltage across

sai d connecti ons i nducg$ aaourcebpeleatiicah powerr foeptovidmgaybitage henossdaid

surroundi ng said chanber, thereby directl heating.the fuel within said
chamber . 58, The HETEA comeehaRsmbeTelibr ¥ HeREras P Gemstiops didpgan

connections is vagt&fcal current through material surrounding said chamber, thereby directly
heating the fuel within said chamber.
58.  The device of Claim 57 wherein the voltage across said connections is varied
to adjust the heating of the fuel to:

(a) produce finer or courser levels of atomization;

(b) adjust for varying fuel flow rates; and/or

(c) adjust for different fuels having different atomization requirements.

59.  The device of Claim 53 wherein said means to directly heat the fuel comprises:

(a) a heating element within said chamber, said heating element having

first and second electrical connections;

(b) a source of electrical power for providing a voltage across said
electrical connections; wherein the voltage across said connections induces an
electrical current through said heating element, thereby directly heating the
fuel within said chamber.

60. The device of Claim 59 wherein the voltage across said connections is varied
to adjust the heating of the fuel to:

(a) produce finer or courser levels of atomization;

(b) adjust for varying fuel flow rates; and/or

(c) adjust for different fuels having different atomization requirements.
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to adjust the heating of the fuel to: (a) produce finer or courser |evels
of atom zation; (b) adjust for varying fuel flow rates; and/or (c) adj ust
for different fuels havi ng different atonization requirements. The
devi ce oV@IHHAI%B3I wherein said means to directly heat thé’CfTGéql"O/E@ﬁbrl ses:
(a) a heating elenent within said chanber, said heating el enent having
first and second el ectrical connections; (b) a source of electrical power
for providing a 'ﬂ%ﬁ@&?ce%?@ﬁﬁl@a\b eifi|sBiRtHeht el%&ﬁ%ﬁ&?ﬂ%as%&%rﬁlaﬂ the
vol tage across sai d connections induces an electrical cCurrent ouéh sai d
heati ng el enent, Stmgmlwrednmmmdl\ylt}haaaidngmnlm fuel within said chanber.

60. The devige of d erein the vaglta cross sai.d con ti.ons is
varied to aé% ust T é’?c\r(% nli‘%elf‘lﬁélﬁh%t &SI SATRESSs A fot e ‘i?"’rEourser
| evel s of atom z%bﬁﬁcdw(tg}lsag&ygﬁlbg,or varying fuel flow rates; and/or (c)
adjust for different fuels having different atom zation requirenents. 28

WO 01/21319 &CT/ LBaoiezﬁzzpiCIaam 53Twhengmnsaidesegdndaingi afissid ohmebmmom d heating

Chanber . 62 oo THRABCSF Clich 7y uEeTLREl se i e A b S ses

a coiled wire rr%atl&dudustahleast%ﬁe o1% BRATRRY the Gl td Bt Ms&en@ég&@am 33,
wherein said second end of said chanber is open. 64. The device of Claim

53, wherein saidchemberd end of said chanber is closed and includes at
| east one p ow, t I f | anber .
65. The dev?6rcse 019”’6!45 g& gér‘lefvﬁerg%sél QI%eas%%gﬁégagd%%pz@#ag eogha
plurality of pordogts. 66. The device of Caim 53, further conprising a

sl eeve surroundi ng said chanmber. 67. The device of Caim53, wherein said
chanber is 6 culThe detice pbSkumSat fusther copprising a sleeve surrounding said

chamber.

67. The device of Claim 53, wherein said chamber is circular in cross-section.
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