WO 03/ 089123 PCT/ US02/ 12168 DI FFUSER/ EMJLSI FI ER BACKGROUND OF THE

| NVENTI ON 1. TECHNI CAL FI ELD [0001] This invention relates in general to
di f f user swanad/osymse particularly, to a nethod and appar atrea/fsoe/12li68f usi ng
or emulsifying a gas or liquid into a material. 2. DESCRI PTI ON OF THE
RELATED ART [0002] In many applications, it is necessary to diffuse or
emul sify one material - gas or liquid - within a second materi al.

Ermul sification is a subset of the process of diffusion wherein small

gl obul es of one liquid are suspended in a second liquid with which the

first wll not mx, such as e inportant application of
the diffusion process is %ﬁ%&ﬂﬁgﬁw Many municipalities
aerate their wastewater as part of the treatnent process in order to
stinmul at e bi ol ogi cal degradation of organic matter. The rate of bi ol ogi cal
di gestion of organic matter is very dependent upon the anount of oxygen in
the wastewater, since the oxygen is necessary to sustain the |ife of the
m croor gani sms which consunme the organic matter. Additionally, oxygen is

abl e t o BN Oﬁiﬁ\@ﬁ(ﬁﬂm lﬂQq,? as iron, magnesi um and car bon di oxi de.
[ 0003] Frﬁxere gre severa Bm&*t %\I&I;ibg] oxygenating water. First, turbine
aeration systens release air near the rotating blades of an inpeller which

m xes the ai TR gﬁg\iféy@fe h the water. Second, water can be sprayed into
the air to i ncre xygen content. Third, a system produced by
AQUATEX injects air or oxygen into the water and subjects the water/gas to
a | ar ge [@W4] hisanvastion Telgtes lmgﬁmmétQ«tﬁfAS'eES(aIdhmurepMVeladmdm nagthod and

i rrprovenent t0.200% di ssol ved ox X | mate 0O ppm (parts per

m | i onfRPaAtHRfor fé@éﬂg Yot fl%?%‘g qgﬁﬁﬂ}@n@c%w | evel s of oxygen in
water are approximately 10 ppm naxi mum which is considered to be a |level
of 100%di sSPRSERIPAHINOF THEREIAEED ART

[0002] In many applications, it is necessary to diffuse or emulsify one material - gas or
liquid - within a second material. Emulsification is a subset of the process of diffusion
wherein small globules of one liquid are suspended in a second liquid with which the first
will not mix, such as oil into vinegar. One important application of the diffusion process is
in wastewater treatment. Many nunicipalities aerate their wastewater as part of the
treatment process in order to stimulate biological degradation of organic matter. The rate of
biological digestion of organic matter is very dependent upon the amount of oxygen in the
wastewater, since the oxygen is necessary to sustain the life of the microorganisms which
consume the organic matter. Additionally, oxygen is able to remove some compounds, such

as iron, magnesium and carbon dioxide.

[0003] There are several methods of oxygenating water. First, turbine aeration systems
release air near the rotating blades of an impeller which mixes the air or oxygen with the
water. Second, water can be sprayed into the air to increase its oxygen content. Third, a
system produced by AQUATEX injects air or oxygen into the water and subjects the
water/gas to a large scale vortex. Tests on the AQUATEX device have shown an
improvement to 200% dissolved oxygen (approximately 20 ppm (parts per million)) under
ideal conditions Naturally occurring levels of oxygen in water are approximately 10 ppm
maximum, which is considered to be a level of 100% dissolved oxygen. Thus, the

AQUATEX device doubles the oxygen content of the water. The increased oxygenation



AQUATEX devi ce doubl es the oxygen content of the water. The increased
oxygenation WO 03/089123 PCT/US02/ 12168 2 levels last only m nutes prior
to revertwuogosmagk3t o 100% di ssol ved oxygen | evels. G eat eaCTovSganEsi on

| evel s, and | onger persistence of the increased oxygen |levels, could
provi de significant benefits in treating wastewater. Inportantly, the
efficiency of the organic digestion,wuld be increased and the anount of
time need for biological renediation would decrease, inproving on the
capacity of wastewater treatnent facilities. [0004] Accordingly, a need

has arisen for di ffusi ng mechapi sm f diffusing high |evels of
one or 1Bfle lar?é?lg?/inapgteﬁ REGF I ABY g‘ﬁ%ﬁ&?@‘ﬁ ‘f‘}%" §?18§?é%e?%e\9§/ US02/ 12168 3
BRI EF SUMMARY OF THE | NVENTI ON [ 0005] In the present invention, a diffuser
conpr i s6seaterfokysdnatiemteselshand loggen pswsrsfeaceof thadureasedoxyggndenelsaeeld

di sturbances and_a second nmenber positioned relative to the fdirst
di f f usi ARGVt Pﬁ’regﬁtsaméﬁaﬂ% ai‘“ﬁ‘?’%@ﬁ‘%ﬂ‘?ﬁ&ﬁﬁ%\{% “hgt @.rtfl%l and a
el ! osti W oL laBY indiBEschiahé Ine/HRidHnt 8f tin® nédd feBidIghahi ve to the

surface di'sturbances to create cavitation in the first material in order
to diff teheedidtienseniddearedse igpiroving on thegapaaitytof mastewiater treath@o0Briliflee pr esent
i nvention provides significant advantages over the prior art. First, the

m Cr O- Cgin [ : I : ' Onehind bRLIUFTRGEREUIgRt a

mol ecul gqﬁo%‘g\%‘é’?&ﬁm%ﬁgr%@gé‘?ﬁﬁsb%ﬁg‘bgoﬁgﬂf&%?? %n%f usi onéér%![)%ﬁ al Whichowi Il be
hel d byldvBR offioat onmbses materials dntb heothpenstesslence of the diffusion. Second,
the mcro-cavitations and shock waves can be produced by a relatively

si npl e mechani cal device. Third, the frequency or frequencies of the shock
wave produced by the device can be used in many applications, either to
break down conplex structures or to aid in conbining structures. Fourth,
the cavitations and



shock waves can be produced uniformy throughout a material for consistent
di ffusion. WD 03/089123 PCT/ US02/ 12168 4 BRI EF DESCRI PTI ON OF THE SEVERAL
VI EW5 OF WdED3DR¥AE NGS [ 0007] For a nore conpl et e under st arrdimgsoefi2ztche
present invention, and the advantages thereof, reference is now nade to
the follow ng descriptions taken in conjunction with the acconpanying
drawi ngs, in which: [0008] Figures l,and 1 a illustrate a partially cross
sectional, partially block diagramof a first enbodi ment of a diffuser;

[ 0009] Figures 2a, 2b and 2c illustrate the diffusion process internal to

the diff X I i trates an expl oded view of the rotor
and sta@%ﬁ&%ﬁ@ggﬁﬂ&%t Figure 4 illustrates an enbodi nent of
the stator; [0012] Figure 5a illustrates a cross-section view of the

rotor- S@%ﬂr P%ﬁéﬁﬂ%@érx ihRnBors @GR TGk er 8RpHiTR HrstGherhbé@ Hanlngnisueface [ 0013]
Figure 5b 1'llustrates a top view of the rotor in the second enbodi nent of
the i nivesrpbrating F@Gicé]disFrhenass 6nd b berond atedenpesitionpdaglativetn the figstt hi r d
enbodi nent of the invention; 015]. Figur 7a_t hr.ough 7h il .nate

al ter na‘il?@émé eﬁ%@?“@o‘ﬂ”ﬁ‘é%%i“&?%hﬁ@ﬁ@%ﬁﬁit??tﬁlg?l ,gaasﬁ%‘mfdh%{%’?glﬁ gur es
8a and %%y g@fﬁ%&g&lﬁf& AREGA8E dd dnSERALE ¥hE el WstirbRicek Recredteent i on. VO
03/ 0891 / 12168 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0017]

The pr essitatiominghé fiest miasertad &t ordederdiffoedhd secord matevial ngo Wedustasatariad. of t he
drawi ngs, |ike nunmerals being used for like elenments of the various

dr aw N9%006] The present invention provides significant advantages over the prior art. First, the
micro-cavitations generated by the device allow diffusion to occur at a molecular level,
increasing the amount of infusion material which will be held by the host material and the
persistence of the diffusion. Second, the micro-cavitations and shock waves can be
produced by a relatively simple mechanical device. Third, the frequency or frequencies of
the shock wave produced by the device can be used in many applications, either to break
down complex structures or to aid in combining structures. Fourth, the cavitations and

shock waves can be produced uniformly throughout a material for consistent diffusion.



[0018] Figures 1 and 1 a illustrate a partially block diagram partially
cross-sectional view first enbodi nent of a device 10 capabl e of diffusing
or enul si o osgpsone or two gaseous or liquid materials (haaa/vsktersst he
"infusion materials") into another gaseous or liquid material (hereinafter
the "host material"). The host material maybe a nornmally solid materi al
which 1is heated or otherw se procesged to be in a |liquid or gaseous state
during the diffusion/emnulsification process. [0019] A rotor 12 conprises a
hol  ow cyl i nder, generally closed at both ends. Shaft 14 and inlet 16 are

coupl ed i i i rial can pass
throughBﬁ?&EAEg%@%ﬁﬁf@h@ﬁ@ﬁ%ﬁ%ﬁ@@ﬂ%%ﬁ s coupled to a
notor 18, which rotates the rotor at a desired speed. The rotor 12 has a
plurali 100091 FOPLMoRISondA ete M ABStah NGBS BF the PickBnt inS&HHOR, 4rfdl t8E 8daatagaet @i | i N
Figure 1 a. " In the prefierred enbodi nent, the openings 22 each have a

narr ow drerdafaefePehca nmnaw hrdgér the dolvdhe dessriptitres tekaangbhigngi@ngrith the
borehol es 26 can .assune.varijous shapes including straight (as shown in

Fi gure &?Pnﬁﬁﬁ?B%dﬁﬁgnthhﬁ£Wﬁ:Figure 1) or curved. [0020] A stator 30
enconpasses the. rotor 12, leaving a channel 32 between the rotor and the
st at or {0008)Fizuvdsi lcindt hllhsiste apatnilptrosssectionaly pattidlybedkatiaggamafeo has
openi ngs, 22 for med abg, its circunference. A housing 34 surrounds the
stat or Sstgmgodigest obg gﬁ@?%s a second infusion material to an area 35

bet ween the stator 30 and the housing 34. The host material passes through
i nl et 370009] Figubes 2uh2in aed 28AustBaa ke GHusiorplooessentetat toetba diffisershafts 14 and
16 and the housing 34. An outlet 40 passes the host material fromthe
channel : 3 gﬂ\/@ﬁ; [ {18l bRr BEIR Fhe punp may
al so be[@@Pig#ﬁgﬁyggFgé%i orlg$&gﬁg%§E§F¥P%¥y soagggtﬁ%éggT?’ln operation
the diffusion. device receives. the hostf1t terial through inlet 37. In the

pr ef er r 8001 Eigred Hiustaicsgn gobadigeat ¢ Eg%‘ﬁg’l?’ material on the punp's suction
side in order to allow the host material to pass through the channel at

| ow pr eg6012¢ Figutd1Sa fllusshatennn drosesatidn view of the rotor-stator assembly in a second

embodiment of the invention;

[0013] Figure 5b illustrates a top view of the rotor in the second embodiment of the

invention;
[0014] Figure 6 illustrates a cut-away view of a third embodiment of the invention;

[0015] Figures 7a through 7h illustrate alternative embodiments for generating the
diffusion; and

[0016] Figures 8a and 8b illustrate another alternative embodiment of the invention.



infusion materials are introduced to the host material through openings 22.
The i nfusion WO 03/089123 PCT/ US02/ 12168 6 nmaterials may be pressurized at
t hei r souwmeostosopsevent the host material from passing thrcugsvzopeai ngs
22. [0022] The enbodi ment shown in Figure 1 has separate inlets for 16 and
36 for the diffusion materials. This arrangenent allows two different
infusion materials to be introducedcto the host material. Alternatively, a
single infusion nmaterial could be in?roduced into both inlets. [0023] In
tests, the enbodi nent shown in Figure 1 has denonstrated high | evels of

di ffusi of ' ' j ' the host material. Tests using
oxygen i&Tﬁ%ﬁgmmﬁw&Q%@M as the host material have
resulted in levels of 400% di ssol ved oxygen in the water, with the

i ncr easagh19xK TH@EISE&Y Shventies Is et Mgrs%ﬁﬁn rdl D Flf\ged ERSTMhd @bwidge, hi gh

efficiency and rsistence of the diffusion is belreved to be the result

of m cr tike amhéralsibeing wshd 6or like ethmsants dfeble varicws drayebgsun Wit h Fi gures 2a-c.
Whenever a material flows over a snpboth surface, a rather lamnar flowis

Cabl i . \ ' rha . o :
establi E@ghggﬁ%&f 1?@*‘1!&11?&1‘5‘99@%&&115@@6(}1& Biabrahs Eyﬁféﬁﬂy@ﬂ% YeddoniIONEWg VEry

sl ow y e surtrace tension between ~nmoving fluid and the
st at i ondiry esbodianat oflihéevdge) cupabl2 df diffwmngenr enilsiyingt onteh tw gagenas off | ow and

can cause conpression and decgnpr.ession. of the erial. 1f..th ressure
duri ng TREIEETRT GSEigHIE 19 ATRSOR S EHEUY IO FRTRE ey LI TN es)

wi l | for(@é%iﬂ?flieEgne;[?EﬁhL%O'?l”g enLiRRg ﬁlaﬁg%wwhﬁén@eﬁwoﬁa%a@emwéh flow

pattern or na ecause t | ocal i zed aréa of | ow pressure

dr aws t hehdatdtor oteewisalprarasked ebé mfailsjuidongesevisatate deringsthown i n Fi gure 2a.
When the cavitation bubbles inplode, extrenely high pressures result. As
two al i gHEuiomramlsfsatinls BTO6A%- anot her, a succusi on (shock wave) occurs,
generating significant energy. The energy associated with cavitation and
succussi[@n19[riAxesort Ie:oiniiirisss ®hollow cylinder, generally closed at both ends. Shaft 14 and

inlet 16 are coupled to the ends of the rotor 12. A first infusion material can pass through
inlet 16 into the interior of rotor 12. Shaft 14 is coupled to a motor 18, which rotates the
rotor at a desired speed. The rotor 12 has a plurality of openings 22 formed therethrough,
shown in greater detail in Figure 1a. In the preferred embodiment, the openings 22 each
have a narrow orifice 24 and a larger borehole 26. The sidewalls 28 of the boreholes 26 can
assume various shapes including straight (as shown in Figure 4), angled (as shown in Figure

1) or curved.

[0020] A stator 30 encompasses the rotor 12, leaving a channel 32 between the rotor and the
stator through which the host material may flow. The stator 30 also has openings 22 formed
about its circumference. A housing 34 surrounds the stator 30 and inlet 36 passes a second
infusion material to an area 35 between the stator 30 and the housing 34. The host material
passes through inlet 37 into the channel 32. Seals 38 are formed between the shafts 14 and
16 and the housing 34. An outlet 40 passes the host material from the channel 32 to a pump
42, where it exits via pump outlet 44. The pump may also be driven by motor 18 or by an

auxiliary source.

[0021] In operation, the diffusion device receives the host material through iniet 37. In the
preferred embodiment, pump 42 draws the host material on the pump’s suction side in order
to allow the host material to pass through the channel at low pressures. The first and second

infusion materials are introduced to the host material through openings 22. The infusion



material and the host material to an extrenely high degree, perhaps at the
nol ecul ar level. [0025] The tangential velocity of the rotor 12 and the
nunber of wap@nissgs t hat pass each other per rotation di ctrtreusobazfesequency
at which the device operates. It has been found that operation in the
ultrasonic frequency can be beneficial in many applications. It is believed
that operating the device in the ultgyasonic region of frequencies provides
t he maxi num succussion shock energy to shift the bonding angle of the
fluid nol ecul e, which enables it to transport addi tional infusion

material s V\:hl ch it woul d normal Iy be a a W, 03/ 089123
PCT/ USO‘?PtPZ?LB@ay'PefW%Sﬁ gft‘ g%“’i/ﬁ?%’ﬁ FREVH! tﬁ%@%slt a%)%lirag# 8;sglgappe%lr s to
af f ect ?gé)fz diffusion, leading to nuch |onger persistence of the

i nfusion rrgt e? I'n"the host material. [0026] In sone applications, a

particul ar frequenc or frequencies be desi quﬁ own certain

conpl exI082HeERq @abodimenf shewpin ?%‘I‘Qtlaga ie? ’f?? i%g)ﬁglel nthis

app' ica éigg% 196 %&Bfa&@é’eﬂtﬂnﬁ@fbnt}ﬁawﬁﬁsﬂtot& br eak
Iex‘th!giagiayfé?Jdllrté;erisaﬁ)4 ers}&gc%q @%@Za vg latile organic conpounds), into

smal | er 1n&U@uc&tllt¢lﬂielHoeSmat&le)lne%l@amth’ely, asiaglednfusiva mitetitleoiidbedniseduead er i al s

to oxidize the sub-structures at a high efficiency. [0027] O her

sonochemoslﬁqtblr&ﬁtﬁ{ ications can be performed with the device 10. In general,

sonochem stry uses ultrasound to assi st chem cal reactions. ygl cally, the

ultras 0[00;13]1 B teg§ B¢ ahbollinghngowvn(in Exgned bbay dmn@mtramﬂémghelb@is acousti cal
device. A problem associated w.th electro-acoystjcal transducgrs is that

the soudidfusianes thegnfistongpuciials) inte frerhespaistal wWeRsB ISIg BYEHLE 1F he
mat er i al ioar;[ I?‘g reiqat 08 988! 466 ﬁ«?ﬁ\f Ha?etl{aﬁﬂa\}esreélﬂ&@ L 7R EIs 300 didisiveevi ce

itself. I'nvention a e ultrasoni c waves to be produced
t hr Oughﬁ’kbtgeﬁ-m ﬂﬁtvﬁu’cératvﬁh?elhm@c&aﬁﬂdmb/geﬂﬂemah!stmg fotelayce. [0028] Figure 3
illustrates an expl oded view of an enbodi ment of the rotor 12 and stator 30

melr:ie g EkHOtZéPJTﬁe TaSSIHRY ﬁ{eerﬁglgrgﬂic}féﬁc:}p Q{@ﬁé?ﬁgeﬁée GF 154 BighBioh s BdlicPbdlo peel oci ty.

the result of micro-cavitation, which is described in connection with Figures 2a-c.
Whenever a material flows over a smooth surface, a rather laminar flow is established with
a thin boundary layer that is stationary or moving very slowly because of the surface tension
between the moving fluid and the stationary surface. The openings 22, however, disrupt the
Jaminar flow and can cause compression and decompression of the material. If the pressure
during the decompression cycle is low enough, voids (cavitation bubbles) will form in the
material. The cavitation bubbles generate a rotary flow pattern 46, like a tornado, because
the localized area of low pressure draws the host material and the infusion material, as
shown in Figure 2a. When the cavitation bubbles implode, extremely high pressures result.
As two aligned openings pass one another, a succusion (shock wave) occurs, generating
significant energy. The energy associated with cavitation and succussion mixes the infusion

material and the host material to an extremely high degree, perhaps at the molecular level.

[0025] The tangential velocity of the rotor 12 and the number of openings that pass each
other per rotation dictate the frequency at which the device operates. It has been found that
operation in the ultrasonic frequency can be beneficial in many applications. It is believed
that operating the device in the ultrasonic region of frequencies provides the maximum
succussion shock energy to shift the bonding angle of the fluid molecule, which enables it to

transport additional infusion materials which it would not normally be able to retain. The



three circular arrays of openings 50 (shown individually as arrays 50a,

50b, and 50c) of openings 22 are disposed circunferentially about the
rotor 12. weeashnssizag has a different nunber of openings ewsn/ysospawed about
its circunference. In simlar fashion, the stator 30 would have three
circular arrays of openings 52 (shown individually as arrays 52a, 52b, and
52c). To ensure that only one pair of openings between corresponding arrays
will be coincident at any one tine, the nunber of openings 22 in a given
array 52 on the stator 30 can be one nore (or less) than the nunber of

openings 22 in t ondi n rra h . r
exanpl oleqiensy poyish P G ERrRanTg oo peegs “Drei by St o iind &

ci rcunf ﬁ@ﬁ'ﬁﬁg&f érQEt@ﬁce]@fthé‘fnrﬁ?stﬁ%at%ﬁhﬂhﬁ thelvdt sbtedfaBni ngs spaced evenly
around t C|rc nference of stator 30. [00291 As the rotor 12 of Figure 3

rotates r ive to t or arra widl creat u t a

gi ]1: ]1: er e[ﬁogﬁfélﬁ‘é‘?ﬁ: 1‘15%503;)%41118}3@&6 Odiéﬁq&?‘é"ﬁ?s rﬁ%ye%eu‘ge%ié?‘g{s"%gal? and
iffere r b of vedt&3urifi@atdonM e &his pect rum of

frequenggggba#ﬁﬁtégg)0%?%%%%% a%%##%%%g%gf%%B %ﬁipec?runlof frequenci es

can be Q@ﬂﬁﬁh@1ahﬂhnwﬁhnymamnkﬁsamu&mwlmhéﬁswahkﬁwm$1mﬁnkxﬁﬁﬁ%mﬁﬂn a host

|l iquid need to be broken down and di zed 4 il]ustrates a
Cross- sé‘l?@llaéﬁ/efpc%fvd’éatﬁ‘? eI capre }i“ﬁ@rﬂna s%t%‘f eS3 JZOPE A Shal | er

di .
o:‘ agf;tegsreﬁtag 6)95 ?ﬁtﬂe 1%%}1212%?’1%% {oCdkidizd the sﬁB-@rﬁ&ﬁre@ of £highefié@erRy. t he inside

Figure 4 uses an inner sleeve 4 and an
outer sleeve 56. The_. borehol es 26 ca ut si de, of the
i nner s [Q27E Ofter sppgchemistryiRPEFAbIORS oL ed??rgoﬁré‘ (#Wr‘u%‘rt{‘%ﬁ? YiSFe 2“ ggnerel
cor r espondi t d56. The
Coner - oraflRt iy 8ERk G o Adhcl Sheftibal cELHA. TIRIAMAhe BIBSIMIT . o6 to

formt hgeﬁﬁé@umn@a ple(%hlectnmet' bt’mdselecstm:hnoastlaahéww@ Agpmbllﬁn atsooiated used to

formthe stator 30. [0031] Figures 5a b a Eld 6 i Iustratg ernatlge
enbodi rré‘ﬁ‘thsel‘%ﬁ’fotaﬁéuﬁloﬁ* ’qygtsgluq_e@s 1s soun waves do not provide uniform soun

waves throughout the material; rather, the des1red cavitation is localized around the device
itself. The present invention allows the ultrasonic waves to be produced throughout a

material using a simple mechanical device.

[0028] Figure 3 illustrates an exploded view of an embodiment of the rotor 12 and stator 30
where multiple frequencies may be obtained at a single rotational velocity. In Figure 3,
three circular arrays of openings 50 (shown individually as arrays 50a, 50b, and 50c) of
openings 22 are disposed circumferentially about the rotor 12. Each ring has a different
number of openings evenly spaced about its circumference. In similar fashion, the stator 30
would have three circular arrays of openings 52 (shown individually as arrays 52a, 52b, and
52¢). To ensure that only one pair of openings between corresponding arrays will be
coincident at any one time, the number of openings 22 in a given array 52 on the stator 30
can be one more (or less) than the number of openings 22 in the corresponding array 50 of
the rotor 12. Thus, for example, if array 50a had twenty openings evenly spaced around the
circumference of rotor 12, array 52 could have 21 openings spaced evenly around the

circumference of stator 30.

[0029] As the rotor 12 of Figure 3 rotates relative to stator 30, each array will create
succussions at a different frequency. By properly choosing different frequencies, a sum and

difference interference pattern will result, creating a wide spectrum of frequencies. This



appropriate, reference nunerals fromFigure 1 are repeated in these
figures. [0032] Figure 5a illustrates an cross-sectional side view of an
enbodi nenwomMs@sei26he rotor 12 and stator 30 are di sk shapedvusezgerce 5b
illustrates a top view of the disk shaped rotor 12. The stator 30 is
formed above and below the rotor 12. Both the stator 12 and rotor 30 have
a plurality of openings of the type gescrlbed I n connection with Figure 1,
whi ch pass by each other as the rotor 12 is driven by the notor. As
before, for each array 52, the stator 30 nay have one opening nore or |ess

than the corr ndi n arra n.rotor 12.in r t rev.ent..

S ml ¢ AU DEeRdss G B haess o e bR G era o BRE BB bRfRy s 22
can bepupf hbdi aﬂ%eélf@p@bﬁﬁeﬁmaﬁabﬂﬁwe 1. A hollow shaft serves as
the inlet 16 to t he |nter|or of the disk shaped rotor for the first

f | | 5. Db t 30 th
nousi ng 090} Bisufe 4 dtishalega ctner SFoipOS ule view af PR ool FeRe S oteor Ao ar
flows i glaﬁl?%i ({fﬂﬁ&&eétatgl?s R?ﬁ Nifelt rt@fd?fn the bafRHolt P8 onltAL RAlsiddOf sfatori S

subj ect vortex gene atlon at the openings 22, thereby causing a
di f f usi 86. @he tinbodiirent oﬁlﬁguxsdammjan matesléek S4wint hn bhier Sleste fGatBre al . The

i nfused host. materi al sses out]ets 40 [ 003 | ates a
top vi eRPEROkREO £31 B d11 §§mct f Opfsidecrfih egmﬁ; %F?i% 42 %gf ea%g@ hr‘?g“si or ns

concent g, ¢, ALhAYFeeIt 59 p§&l g; ﬁ%‘ﬂé&) bificel?4 is %‘i"'ﬁ'lﬁd 8h 'ﬁ?eyownﬁ@l'rklee'vggé.e_s i red,
generate secussions at’ d| ent uencl es. e preferred enbodi nent,

openi ngThe Znnenslebvk Smelsftthrmgbedm tahé séampem;ithb@uteo sheefe 3thie foah dre stRor
Correspondi ng openi ngs woul d be forned above and bel ow these openings on

the st ad8r Ofler mgthests/ #ish s gaspingy qoutbaliobegsed do faymahs stgiogdfe 6 i1l ustrates a

cut away view of an enbodi nent of the invention where the rotor 12 has a
coni cal [GI3dpFigubed 3a-b h@dthhtsaatehﬁema‘dvermbrrdnﬁentbaﬁmeaﬁﬁﬁhs&r a0.i Wheof openi ngs
of the type described in connection with Fi % i ch pass by each
ot her asPRIRBriptE IgFeraEemymerpls Hoim Migre Aarqisp ed1I 0 hes§disiSn to t he openi ngs
around the circunference of the rotor 12,

[0032] Figure 5a illustrates an cross-sectional side view of an embodiment where the rotor

12 and stator 30 are disk shaped. Figure 5b illustrates a top view of the disk shaped rotor
12. The stator 30 is formed above and below the rotor 12. Both the stator 12 and rotor 30
have a plurality of openings of the type described in connection with Figure 1, which pass
by each other as the rotor 12 is driven by the motor. As before, for each array 52, the stator
30 may have one opening more or less than the corresponding array 50 in rotor 12 in order
to prevent simultaneous succussion at two openings within an array. The openings 22 can
be of the same shape as shown in Figure 1. A hollow shaft serves as the inlet 16 to the
interior of the disk shaped rotor for the first infusion material. Similarly, an area 35
between the stator 30 and the housing 34 receives the second infusion material. As the host
material flows in the channel 32 between the rotor 12 and the stator 30, it is subjected to the
vortex generation at the openings 22, thereby causing a diffusion of the first and second

materials with the host material. The infused host material passes to outlets 40.

[0033] Figure 5b illustrates a top view of the rotor 12. As can be seen, a plurality of
openings forms concentric arrays of openings on the rotor 12. Each array can, if desired,
generate secussions at different frequencies. In the preferred embodiment, openings 22
would be formed on the top and bottom of the rotor 12. Corresponding openings would be

formed above and below these openings on the stator 30.



there could al so be openings at the bottom of the conical shape, with
corresponding openings in the portion of the stator 30 at the bottom As
before, fwo®ashizarray, the stator 30 may have one openi rermmsoe/10168| ess
than the rotor 12 in order to prevent sinultaneous succussion at two
openings 22 on the sane array. A hollow shaft serves as the inlet 16 to
the interior of the disk shaped rotgj for the first infusion material.
Simlarly, an area 35 between the stator 30 and the housing 34 receives
the second infusion material. As the host material flows between the rotor
12 and the stator 30, it is subjected to the.vort ener.ati gn t the
openi nd8034 Figye 0aHysteaiesst Gty 252 Vem iaﬁﬁnﬁpﬁim@mfﬁ?tqn%%g%?&%ﬁat erials
witht ' The i ' 40.
(003s] PiprdAd REREbShpne’ BB UARE 13250 rdTH SV HARRES, (R0MILEE

openi ngfe 8e @ageribed if eommcticat wittnBigass], whicl payebgeach afberess dlid ofprdR isul ti pl e
frequencies maybe facilitated. It should be noted that any nunber, of
shapes &tighdyiske metey, I addiien tedhaenanings geqynd he %Fﬂmfgrﬁﬂ%fr?%]é? KE‘Pifa{?es to
realize,the rator ,12 and 341.. i ff: ibed herein
can be thgrgﬁwﬁasontﬁen??gpmé tag%g ?cog?iogﬁ%c%@&nlaa é’ ‘%lgg‘ﬁ{“}? %?Iﬁi;ﬂ (for both

the oridjesiigd th M8 PoRmITAhestdB) 30 ¥ tHé Botedm c hamefire, 32; eachtamty, dixastatopeed  and
rotor/stator dianmeters may be dependent upon the application_of the device.

[ 0037] smepbeve dnedpabiog alore Arless than therotpy 14k onder toduevanbsimpipBOUser at i on.
In this enbodi ppnt ait oxYy,

ar, en is e [ : ond
i nf usi or°REE SR, ‘?Oﬁfﬁléngsﬁzroflotg?%aé%e ?ﬁé%d%glg}é&égg%ﬁ %?Yéﬁgg %&?@%?gf (or
ot her Wit §liediistitnadigle élﬁg)@s@mto@f@r fRIEEl inARionMmatealNSthilafy, wh bfeaBisgure 1. 1t
has been found that the diffuser can increase the oxygenation to

appr oxi ewedn/thd s@ser d0swd itheapusiog géeceiyes thagecandinfiesinnampterial ivike BFect ed
as paraneters., are optim zed r IS I\ication, . | ' .

circul a?’%t&nélp%?%&l?‘??é’g@} etr%_QﬁI%lrfqt @‘8 St_agdiﬁoo & SPIseted ﬁ%?lge§0§tv?a%@g;ﬁé}g % bi ent
tenper aﬁt'fﬁeeépeﬁﬁd@s bahledbl sl PdifRsieh 08 1 firSard Gec shidsaatbigs witkyen)

t hrough the 'device for five mnutes to achi eve 390% di ssol ved oxygen

cont ent host matesiah dhloeifisod besttaderiad passes oxopdiets 40evel s remmi ned above 300%
di ssol ved

[0035] In the embodiments of Figures 5a-b and 6, because the arrays of openings 22 can be
formed at increasing diameters, generation of multiple frequencies may be facilitated. It
should be noted that any number of shapes could be used, including hemi-spherical and

spherical shapes to realize the rotor 12 and stator 30.

[0036] The diffuser described herein can be used in a number of applications. Optimal
opening size (for both the orifice 24 and borehole 26), width of channel 32, rotational speed

and rotor/stator diameters may be dependent upon the application of the device.

[0037] As described above, the diffuser 10 may be used for water aeration. In this
embodiment air or oxygen is used as both the first and second infusion materials. The
air/oxygen is diffused into the wastewater (or other water needing aeration) as described in
connection with Figure 1. It has been found that the diffuser can increase the oxygenation to
approximately 400% dissolved oxygen, with greater concentrations expected as parameters
are optimized for this application. In tests which circulated approximately twenty five
gallons of municipal water at ambient temperatures (initially having a reading of 84.4%
dissolved oxygen) through the device for five minutes to achieve 390% dissolved oxygen
content, the enhanced concentration of oxygen levels remained above 300% dissolved

oxygen for a period of four hours and above 200% dissolved oxygen for over 19 hours.



oxygen for a period of four hours and above 200% di ssol ved oxygen for over
19 hours. WO 03/089123 PCT/ US02/ 12168 10 After three days, the dissolved
oxygen cowtcesstossrsai ned above 134% In these tests, frequamues/iofsl69 kHz
were used. The sizes of the openings were 0.030 inches for the orifice 24
and 0.25 inches for the borehole (with the boreholes 26 on the rotor having
sl oped sides). Cooler tenperatures gould significantly increase the
oxygenation | evels and the persistence. [0038] Also for the treatnent of
wast ewat er, or for bio-renediation of other toxic materials, oxygen could
be used ne of the.in ion_mate d as the

ot her ﬁ?rtf egﬁla%&léerﬁhgqo VPR BT LE Q2 re%%e&o%égg?%@& t[fg g}%@e " to oxidize
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m croorganism Further, as described above, a set of frequencies (as

det er i oéfibeldy dnde). 21 inakyes fof the ﬁaemhnlgs(wnth thtboreloles 20 on ﬁwaot% faviag skpsd coul d

be used .to prOV|de an destructi.ve. rferenc attern |.d break
down maﬁﬁ Sbf Pwsr oS (L pR A HOR e PR R T it
Al tern o If the treatnent was directed towards oxidation of a single

known zar ous substance, it would be possible to use a single frequency

whi ch K fully break d h
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ghly stance 39] For producing potable water, ozone
coul d b@afuss@tmateribhdnfthis saseauhd ozelmmduld e usédoto oxndizehdzatdous stmc@aks #own and

oxi di ze contam nants. [ 0040 e the o eratian o e di 10 has
been di hedesiaaatenale et g@P@%m‘EﬂﬂEW@gplgﬂgﬂﬂéﬁ% %hn|C|pa

wast em}i hegge‘? dk ﬁ'te@?é?lmek gas%wlr%hvﬁ r%%?a:l‘rh%@ df bger{?ﬁgésiﬁ‘ gl l%toralQFHnHC ations,

such as i ng wa Ifrers ng “pool s and aquari uns.
stator 30) could be used to provide an destructive interference pattern which would break

down many of the complex structures into smaller substructures. Alternatively, if the
treatment was directed towards oxidation of a single known hazardous substance, it would
be possible to use a single frequency which was known to successfully break down the
structure. Conversely, a set of frequencies which result in a constructive interference
pattern could be used to combine two or more compounds into a more complex and highly

structured substance.

[0039] For producing potable water, ozone could be used as the first and second infusion

material to break down and oxidize contaminants.

[0040] While the operation of the diffuser 10 has been discussed in connection with large
applications, such as municipal wastewater remediation, it could also be used in household

applications, such as drinking water purifiers, swimming pools and aquariums.

[0041] The diffuser could also be used for other applications where diffusion of a gas or
liquid into another liquid changes the characteristics of the host material. Examples of such
applications would include the homogenization of milk or the hydrogenation of oils. Other
applications could include higher efficiencies in mixing fuel and gases/liquids resulting in

higher fuel economy.

[0042] Figures 7a-b illustrate alternative embodiments for the rotor 12 and stator 30. In

Figure 7a, the “stator” 30 also rotates; in this case, the frequency of the successions will be



[0041] The diffuser could al so be used for other applications where
diffusion of a gas or liquid into another |iquid changes the

charact erwsxosmsond the host material. Exanples of such amudn/cseiiowss woul d
i ncl ude the honogeni zation of mlk or the hydrogenation of oils. Oher
applications could include higher efficiencies in mxing fuel and
gases/liquids resulting in higher ;Pel econony. [0042] Figures 7a-b
illustrate alternative enbodi ments for the rotor 12 and stator 30. In
Figure 7a, the "stator"™ 30 also rotates; in this case, the frequency of the

successjons Wil b 03/089123 PCT/,US02/ 1.2 nt t he
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has its openings 22 replaced caviti.es t oduce. t ce. The
cavi t i €9e5BORISS E’é“%?{hlﬁé@ngll% IltétoPV_“P%s %p%8$c£%‘faé'§1§f§% WP %)Itlb(r)dﬁ? ¢ ﬁﬁe
acconpapyi g 0r Thi ERHic%s bRl shbpeddidtiay #0the bbeholkt D6 Gathdd: thér ough whi ch
the infusion materiral 1s passed through the rotor 12 or stator 30 is

posi t i aieesmpawing @ifidee 2bor ehol e 26, rather than in the borehole 26 as in
previ ous enbodi ments. It should be noted that the prinmary purpose of the

b hol | Sae ' : . ) ! h
oreno 0 tfﬁ?lg%?g?,' t%é Ugfr’%%é HemkSBRAicH {R%hSbioh et s ﬁ@ééﬂrthﬁiugﬁltmg t he

surfac stator- 30. The conpression and rarefaction
( deconpbeFIR@R tabdr J0He pbuitsdnetaket toahe bartlses 26 rether theoin thabordiplestd, aswhi ch

i des the high d f diffusi duced by the deyi ce. i
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the stres reguencies o e succussions. |nplosions of
cavi t at3@nTiydRRessRiashdarefao o (deronytptobdion) afdint dsbmiteripboaus¢sshtimyérodegr ee
of diffusion of the infusion materials_ into thg hg%t naéenial as it passes
cavitation, which provides the high degree of diffusion produced by the device. During
decompression, voids (cavitation bubbles) are produced in the host material. The cavitation
bubbles grow and contract (or implode) subject to the stresses induced by the frequencies of
the succussions. Implosions of cavitation bubbles produce the energy which contribute to
the high degree of diffusion of the infusion materials into the host material as it passes
through the channel 32. Thus, so long as the infusion materials and the host material are
mixed at the point where the cavitation and resultant shock waves are occurring, the

diffusion described above will result.

[0044] Figure 7d illustrates an embodiment where the initial mixing of the host material and
one or more infusion materials is performed outside of channel 32. In this embodiment a
Mazzie diffuser 60 (or other device) is used to perform the initial mixing of the infusion
material(s) and the host material. The mixture is input into the channel 32 between the rotor
12 and stator 30, wherein undergoes the compression/rarefaction cycles discussed above,

which cause cavitation in the mixture, and is subjected to the frequency of the shock waves.

[0045] Further, the generation of the cavitation and shock waves could be performed using
structures which differ from the boreholes 26 shown in the embodiments above. As stated

above, the boreholes 26 are surface disturbances which impede the laminar flow of the host
material along the sidewalls of the channel 32. In Figure 7e, a protrusion, such as bump 62

could be used as a surface disturbance in place of or in conjunction with the boreholes 26.



t hrough the channel 32. Thus, so long as the infusion materials and the
host material are m xed at the point where the cavitation and resultant
shock wave® @vosIrscurring, the diffusion described above rdT/USozasI6Bt .
[0044] Figure 7d illustrates an enbodi mrent where the initial mxing of the
host material and one or nore infusion materials is performed outside of
channel 32. In this enbodiment a Mjazie diffuser 60 (or other device) is
used to performthe initial mxing of the infusion material(s) and the
host material. The mixture is input into the channel 32 between the rotor

12 and gtator .30, wherein under | es
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cavitation and shock waves coul d be performed using structures which

di ff er $hooknwtalves.bor ehol es 26 shown in the enbodi nents above. As stated
above, the boreholes 26 are surface di sturbances whi ch i npede the | am nar
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[0047] Figure 7h illustrates a embodiment where the movement which causes the cavitation

is provided by the host material (optionally with entrained infused material) rather than by
relative motion of the rotor 12 and stator 30. In the embodiment of Figure 7h, the channel
32 is formed between two walls 66 which are static relative to one another, one or both of
which have surface disturbances facing the channel 32. The host material is driven through
the channel at high speed using a pump or other device for creating a high speed flow. One
or more infusion materials are input into the channel, either through orifices 24 or by mixing
the host material with the infusion materials external to the channel. The high speed of the
host material relative to the walls 66 causes the micro-cavitation and succussions described

above,

[0048] As an example, one or more of the walls 66 could be a fine mesh, through which the
infusion material(s) flows to mix with the host material in the channel 32. The surface
disturbances in the mesh would cause micro-cavitations and succussions as the host material
flows over the mesh at high speed. The frequency of the succussions would depend upon
the resolution of the mesh and the speed of the host material. Once again, the infusion
materials would diffuse into the host material at the molecular level at the micro-cavitation

sites.

[0049] Figures 8a and 8b illustrate another embodiment, where a rotating member 70 is



of the rotor 12 and the surface of the stator 30 to create the cavitation;
however, in nbst cases, operation of the device 10 will be nore efficient
if both swd@mssizare used. [0047] Figure 7h illustrates a rbosienerss where
t he novenent which causes the cavitation is provided by the host materi al
(optionally with entrained infused material) rather than by relative
notion of the rotor 12 and stator 3q3 In the enbodi nent of Figure 7h, the
channel 32 is fornmed between two walls 66 which are static relative to one
anot her, one or both of which have surface disturbances facing the channel

32. The_ host erial i rive o cha | at,hi ed using a
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mat er i agiAhRs) APHixddh thd BRAGH AN ABbireati frhiRkhd IOEAG AN T0asIngh or by
m xing the host material with the infusion materials external to the
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channel e surface disturbances in the nesh woul d cause
m cr o- cdigtusasd ahnse,ahecbycanmgiadngh degredef diffstiombeteeemthe rhatonals.oVlks t he mesh

at high speed. The frequency .of the _succussins woul end upaqn he
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anot her thershast afehd rotatingrdevize cotld tdravg theemdienialy throwghibe 08489123
PCT/ US02/ 12168 13 di sposed within a conduit 72 and rotated by notor 73.

pst r el BPbh Blss R e bR o gl ot e D o 8 P e
devi ce. mli6-caolt@ions gematbe by teldeslich @lloW diffiesicantol cecurput apedlbarar level,
increasing the amount of infusion material which will be held by the host material and the
persistence of the diffusion. Second, the micro-cavitations and shock waves can be
produced by a relatively simple mechanical device. Third, the frequency or frequencies of
the shock wave produced by the device can be used in many applications, either to break

down complex structures or to aid in combining structures. Fourth, the cavitations and

shock waves can be produced uniformly throughout a material for consistent diffusion

[0051] Although the Detailed Description of the invention has been directed to certain
exemplary embodiments, various modifications of these embodiments, as well as alternative
embodiments, will be suggested to those skilled in the art. The invention encompasses any

modifications or alternative embodiments that fall within the scope of the Claims.



or auger shaped. On the surface of the rotating nenber 70 has one or nore
surface disturbances 76, such that the rotation of the rotating nenber 70
creates tw®ososyrsavitati on discussed above, thereby causiamusnzheghk degree
of diffusion between the nmaterials. The shape of the propeller blades and
pattern of the surface disturbances 76 thereon could create the cavitation
and succussion at a desired frequen?X for purposes descri bed above.

Further, the shape of the rotating device could draw the materials through
the conduit. [0050] The present invention provides significant advantages
over tgf‘gﬁé§r art. First, the mcro-cavitations generated by the device
al | ow d¢¥ on to occur at a nolecular level, increasing the anmount of
infusion materjal which.will be held by the host material and the

per si stlence %ﬁlfgﬁg%ﬂmﬁrﬁg}%n. Second, the micro-cavitations and shock waves
can be produgef Byg ﬁa%%d MBfabe RicBRIoStRGHERNCRumaMEge. Third, the
frequency or frequencies the shock wave produced by the device can be
used i n manya speid mambanssiteinedeslative th said Kirstdoffssingmpmbsr wtipueeures or to
aid in conmbining structures. FQ rtH t he cavit tioHiiand shock waves can

be proddewes! tHprrg whishadpsigrent ad dseeqndmaterifl M9 ent  di f f usi on

[0051] At NGyl iem bRk atia dirfensEda i@ ldplaid Banhaueniion hasabees direct ed
to certain ‘exenplary enbodi nents, various nodifications of these

enbodi n#gthihanes tovetchteaaviddtionrin asid\iest neatbuad itordififuse saifl s¢copd majgripdsited t o
those skilled in the art. The invention enconpasses any nodifications or

al t er nateid/@rsemglsgirlrent s that fall within the scope of the Cainms. WO

03/ 089123 PCT/ US02/12168 14 CLAIMS 1. A diffuser conprising: a first
menber having a surface incorporating surface di sturbances; a second nenber
positioned relative to said first diffusing nenber to forma channel

through, whi cfy a4k LS L rIREEN her@AQaid sSEHRANErTE: @lsodlas BRYrfhdeQUborporating

surface disturbances.

3. The diffuser of claim 1 wherein ones of said surface disturbances comprise
impressions.

4. The diffuser of claim 3 wherein said impressions comprise boreholes.

5. The diffuser of claim 4 wherein said impressions comprise grooves.

6. The diffuser of claim 1 wherein said surface disturbances comprise protrusions.
7. The diffuser of claim 6 wherein said protrusions comprise bumps.

8. The diffuser of claim 7 wherein said protrusions comprise ridges.



means for noving said first material through said channel relative to said
surface disturbances to create cavitation in said first material to

di ffuse swicdsmserad material into said first material. 2.pCimesodittfemser of
claim 1l wherein said second nmenber al so has a surface incorporating
surface disturbances. 3. The diffuser of claim1l wherein ones of said
surface di sturbances conprise inpregsions. 4. The diffuser of claim3
wherein said i npressions conprise boreholes. 5. The diffuser of claim4
wherein said i npressions conprise grooves. 6. The diffuser of claiml

wher ei n ssai d surface di st.urban C. rj t. L WSi,ONs 7 i ffuser of
claimé 9\'/\/ner i d%@lfsar ?ﬁ%@r ugi%’ﬁge%%?)lﬁb@f’}s@%@ﬁ%%@ lf%s.t?nlenr%beéiapg lgjlsigrs éjc8¥Kficl aim7
wher ei N psephtshr RAPSHUSH NS oPiPidRY fobBed tHEERS 10 PAEY Shdd Otdhad srReibl 1P ddid 2168 15

9. The diffuser of claim1l wherein either or both of said first menber and

sai d sesbahel.nenber has one or nore orifices forned therein to pass said
second material into said channel. 10. The diffuser of claim9 wherein
orifices are fornmed in both first nenber and said second nenber for
passing two different materials to said channel. 11. The diffuser of claim

1 and fyrther,C risi a pu for .drawing said fi and , second

et or i a0t nASCONTes B SR derepSbrifel U PRl in th B BEo R REOR her
conpr i Siseghnd nHber F@ padéihy tvi@ dFRiréht iiatdalsab daidsBe@g. material s through said
channel . 13. The diffuser of claiml1l wherein said first nenber has a

cylindrical shape. 14. The diffuser of claim1l wherein said first nenber
has a di sk shape.

11.  The diffuser of claim 1 and further comprising a pump for drawing said first and

second materials through said channel.

12.  The diffuser of claim 1 and further comprising a pump for driving said first and

second materials through said channel.

13.  The diffuser of claim 1 wherein said first member has a cylindrical shape. |
14.  The diffuser of claim 1 wherein said first member has a disk shape.

15.  The diffuser of claim 1 wherein said first member has a conical shape.

16.  The diffuser of claim 1 wherein said first member has a spherical shape.

17.  The diffuser of claim 1 wherein said first member has a hemispherical shape.



15. The diffuser of claim1l wherein said first nenber has a coni cal shape.
16. The diffuser of claim1l wherein said first nmenber has a spherical
shape. 17woOlis@sei2Bf user of claim 1 wherein said first mempoT/isz/12168

hem spheri cal shape. WO 03/089123 PCT/ US02/ 12168 16 18. The diffuser of
claiml1 wherein novenent of said first material against said surface

di sturbances generates shock waves at: one or nore discrete frequencies. 19.
A nmethod of diffusing a first nmaterial with a second material, conprising
the steps of. inputting said first and second materials into a channel

for med t we f i St . second. menber s : n .sai d.f]rst and
second lri’gnb e &gle ﬂgﬁsﬁrggfg&%lﬁjr fgfflgre.mutflé?%%% ﬁﬁéeaéé ﬁgst%: ?Thagergaé IQ%a H?:ﬁ? zsa%% 5Hf§cae nd
novi Ng  YhEbdrcEsben®hit&y dhotk walatd ¥ee 6:0n6Ri discpdte fidg@endies! Ur bances to cause
said first and second naterials to be conpressed and deconpressed

resulting in cavitation of said first material. 20. The nmethod of claim19
wherein said inputting step conprises the step of inputting said first and
second materials within a channel forned between said first and second
menber s 19whePempidpf obflifiiing & fistmaigriel it peond mearinl.iapwrising e geps

di sturbances facing said channel. 21. The nethod of claim19 wherein said
i nputti r?g step conprises the step of inputting said first and second

material s W idpufting GIBAREANT RESROmBEHNS &ito S¥hehdel Foiinea vt Gingd andenber s,
at least one of said first and second nenbers having a surface with

i npr essisenosd nfeprhessd at leestoing of gaid firsh endrischadimembersdiamings: sinéeei n sai d
i nputti siep c rises.the.step of inputting said first and second
mat er i a{‘}g“ﬁﬁﬁlﬁ%?agpncgﬁﬁwﬁ%ﬂm%ﬁ@d bet ween said first and second
moving said first material relative to said surface disturbances to cause said first and
second materials to be compressed and decompressed resulting in cavitation of said first

material.

20.  The method of claim 19 wherein said inputting step comprises the step of inputting
said first and second materials within a channel formed between said first and second
members, where both of said first and second members have surface disturbances facing

said channel.

21.  The method of claim 19 wherein said inputting step comprises the step of inputting
said first and second materials within a channel formed between said first and second
members, at least one of said first and second members having a surface with impressions

formed therein.

22.  The method of claim 19 wherein said inputting step comprises the step of inputting
said first and second materials within a channel formed between said first and second
members, at least one of said first and second members having a surface with boreholes

formed therein.



menbers, at |east one of said first and second nenbers having a surface

w th boreholes formed therein. WD 03/089123 PCT/ US02/ 12168 17 23. The
met hod of wal @iasy1k® wherein said inputting step conprises tH@E/B30e2168
inputting said first and second materials wthin a channel fornmed between
first and second nenbers, at |east one of said first and second nenbers
having a surface wth said surface di,)sturbances positioned in an array to
conpress and deconpress said first nmaterial at a known frequency. 24. The
met hod of cI ai m 19 wherein said inputting step conprises the step of

{1t and soqdnaiibef Qe B Vgt nuind i PP T s bl or s

havi ng @alalffr&%a s¥drd ﬁétéﬁﬁ@%tﬁinsé&faﬁﬁé]Q@ﬁnedﬂ%h&dn%@&bﬂd@e@orﬂ'rﬁérﬁbér&y of
arrays to conpress and deconpress said first naterial at respective

di scr et et fengquent s&d firdBnd seadind mwwﬁrSdmng ajunfyce withoaidsutfacerdigyianogsi ch a
first material, and a second mater.i at abl.e havi ng a
sur f ace pPﬁEB’i‘?%‘Pé‘Plaﬁ‘&yé‘hF‘?r%@sscﬂng d%fm%&saﬁgﬁrsfmagqq L% “@ﬁeﬁq&@? Wit h
said first and second materials; nmeans for rotating said rotatabl e nenber
such that said surface di sturbances create cavitation in said first
material to diffuse said second material into said first material. 26. The
di f fusenqof GhRIMEN &aibi'19 Qﬁéreﬁ%ﬁﬂﬁhﬁhtﬂﬁg 8tef QUinpHsdsAhe Sk bihpaaing fi rst

and second materials prior to contact wth said rotating nenmber. 27. A
met hod ehiddirktf angisacprel thategals withiora cllanpgltfbrnsedshetwern fr‘mtmdmconddnﬁlpbﬁs,l ng the
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positioned in a plurality of arrays to compress and decompress said first material at

respective discrete frequencies.

25. A diffuser comprising:
. a conduit through which a first material and a second material may flow;
a rotatable member having a surface incorporating surface disturbances for rotating
in contact with said first and second materials;
means for rotating said rotatable member such that said surface disturbances create

cavitation in said first material to diffuse said second material into said first material.

26.  The diffuser of claim 25 and further comprising a device for mixing said first and

second materials prior to contact with said rotating member.

27. A method of diffusing a first material with a second material, comprising the steps
of:

inputting said first and second materials into a conduit;

rotating a rotating member having at least one surface with surface disturbances
formed thereon against said first and second materials to cause said first and second

materials to be compressed and decompressed resulting in cavitation of said first material.



formed thereon against said first and second materials to cause said first
and second materials to be conpressed and deconpressed resulting in
cavitati owoods/sai2d first material. WO 03/089123 PCT/ US02/ 1ueés02/481628. A

di ffuser conprising: a first menber having a surface incorporating surface
di sturbances; a second nenber having a first side positioned relative to
said surface of said first nmenber tpforma channel therebetween through
which a first material provided froma first inlet into said channel flows
substantially w thout interruption and into which a second nateri al
provideg frog&g @F%ﬂﬂgﬂ%@l into a second side of said second nenber is

i ntrodu éd ]ﬁ g said first material through said channel

| at i d fi
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first materi al i.ff FHF(nb
al so has a s&rSF%lo m?rﬁﬁfggjﬁ t% %&a Sé%e Ogggng‘?g%%ghg%lg%%&ﬁ%e fuser of
G ai m 2&eM1 @ for@Necind@iettwedl tHrough waich difist thaaLesvriedions e first
inpressions. 31. The diffuser of Caim30 wherein said inpressions conprise

bor ehol @get inBpsaidi¢handélffaveseubssant@llyivwitont intaruption 9ad inte Mhtdasieserd conpri se

grooves. 33. The user of .Cl.a 28 wher e u C t ur bances
conpri s& %P%Vﬂ%qqséom:?ﬁec%énla% 1?1}%%% 0 ‘iméF 8??‘%1%\%60 %ﬁlélcg};b%ggl d

prot r usiQpsauegpri se bunps. 35. The diffuser of Caim 34 wherein said
protrusi ons conprise ridges. WD 03/ 089123 PCT/ US02/ 12168 19

means for moving said first material through said channel relative to said surface

disturbances to create cavitation in said first material within said channel to diffuse said

second material into said first material.

29. The diffuser of Claim 28 wherein said second member also has a surface

incorporating surface disturbances.

30.  The diffuser of Claim 28 wherein one or more of said surface disturbances comprise

impressions.

31.  The diffuser of Claim 30 wherein said impressions comprise boreholes.

32.  The diffuser of Claim 31 wherein said impressions comprise grooves.

33.  The diffuser of Claim 28 wherein said surface disturbances comprise protrusions.

34.  The diffuser of Claim 33 wherein said protrusions comprise bumps.

35.  The diffuser of Claim 34 wherein said protrusions comprise ridges.



36. The diffuser of Claim28 wherein either or both of said first nenber
and said second nenber has one or nore orifices forned therein to pass
sai d seconw® osesensal into said channel prior to m xing WRdT/G2M216B I St
material. 37. The diffuser of Claim36 wherein orifices are formed in both
said first menber and said second nenber for passing two different
materials to said channel prior to nmigxing with each other. 38. The

di ffuser of Claim28 and further conprising a punp for drawing said first
and second materials through said channel. 39. The diffuser of C aim 28

and far in r n i rials
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menber RagiRr B ddd3drinford osheRFormetltherbitoPabd dagbdecoid fehrtin A wiker ei n sai d
first menber has a disk shape. 42. The diffuser of Caim28 wherein said

first nelepeel rias tandping vath ssidfirst mategal. The di ffuser of C aim 28 wherein
said first nenber has a spherical shape. 44. The diffuser of C aim28
wherein said first nmenber has a hem spherical shape. 45. The diffuser of
Cl aim 28 wherein novenent of said first material against said surface

di st ur baRces Thediffustres Glhioe k6 wherein erifieps @raformed in hiitls &afléﬁéstm@é}a?éﬁe‘il es. WO

03/ 089123 PCT/ US02/ 12168 20 46. di_f.f |
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mat er i al,dpiRerd channel formed between a first nember and a first side of
a second nenber; inputting said second material froma second side of said
second nenber into said channel, wherein at |east one of said first and
second nmenbers include surface disturbances

38.  The diffuser of Claim 28 and further comprising a pump for drawing said first and

second materials through said channel.

39.  The diffuser of Claim 28 and further comprising a pump for driving said first and

second materials through said channel.

40.  The diffuser of Claim 28 wherein said first member has a cylindrical shape.
41. The diffuser of Claim 28 wherein said first member has a disk shape.

42, The diffuser of Claim 28 wherein said first mgmber has a conical shape.

43.  The diffuser of Claim 28 wherein said first member has a spherical shape.

44.  The diffuser of Claim 28 wherein said first member has a hemispherical shape.

45, The diffuser of Claim 28 wherein movement of said first material against said

surface disturbances generates shock waves at one or more discrete frequencies.



facing said channel; and noving said first material in a flowin said
channel substantially without interruption and relative to said surface

di st ur bane@sostosorrause said first and second materials to lrT/CsIpeE®ssed and
deconpressed resulting in cavitation of said first material. 47. The nethod
of Claim46 wherein both of said first and second nenbers include surface
di sturbances facing said channel. 48;45The method of O aim 46 wherein at

| east one of said first and second nenbers includes a surface with

i npressions fornmed therein. 49. The nethod of C aim 46 wherein at |east one
of said first, an e nenber .0 [ e . W for med
t her ei n.4650. AI' & toﬁglgﬂlg]‘n @ﬁ%@&%ﬂ%ﬁﬁ@?rﬁ@cgﬁ d f%agés}.[al’\(l)gr?é{bg Eﬂfggﬁggt?? ¥st and
second mggnbers includes a surface with said surface disturbances
positioned in an array to conpress and deconpress said first naterial at a
known frequenRgphitiflsaidliit ARidkatings a Chainsl Mmadighwtéh afirst araibepned firssai d
first and second nenbers includes a surface with surface disturbances

posi t i osalg ofa secquidumenbery of arrays to conpress and deconpress said first
material at respective discrete frequencies. WO 03/089123 PCT/ US02/ 12168

21 52. A di f fiputingwithsacendpatesial fromta seeersesidenafispidgegond member inteowidbor at i ng
surface di sturhances;. a,secopd. er . havi a,first surface.incorporating
surface® ?‘Ig‘tegr Fa at 195 oFf g?‘?é(gglfrgg Fad ?%“‘f‘%e%f’f& H?“fl?(iet S@ﬁ%glrs%ga&%% m a
channel ghroughcmhhehad first material flows substantially without
interruption between said respective nenber surfaces, said second nenber

further havi ngykd ddi€ A nlfatefﬂa[ fit 2 16V & sdIB BREINECsubBRbARANCRtIS: chibrinition

material into said channel; . .
and relative to said surface disturbances to cause said first and second materials to be

compressed and decompressed resulting in cavitation of said first material.

47. The method of Claim 46 wherein both of said first and second members include

surface disturbances facing said channel.

48. The method of Claim 46 wherein at least one of said first and second members

includes a surface with impressions formed therein.

49, The method of Claim 46 wherein at least one of said first and second members

includes a surface with boreholes formed therein.

50.  The method of Claim 46 wherein at least one of said first and second members
includes a surface with said surface disturbances positioned in an array to compress and

decompress said first material at a known frequency.

51.  The method of Claim 46 wherein at least one of said first and second members
includes a surface with surface disturbances positioned in a plurality of arrays to compress

and decompress said first material at respective discrete frequencies.



a second inlet means to introduce a second material into a second surface
of said second nenber such that said second material is input through said
orifices wa@/msaizd channel to mx with said first materi aCcr/eswd/1z1680t or to
nove one of said first and second nmenbers relative to the other to create
cavitation in said first material while said first nmaterial is within the
channel to diffuse said second materjjal into said first material. 53. The
met hod of Claim46 wherein said first material is a liquid and said second
material is a gas.

52. A diffuser comprising:
a first member having a surface incorporating surface disturbances;

a second member having a first surface incorporating surface disturbances
positioned relative to said first member to form a channel through which a first material
flows substantially without interruption between said respective member surfaces, said

second member further having orifices;
a first inlet means to introduce said first material into said channel;

a second inlet means to introduce a second material into a second surface of said
second member such that said second material is input through said orifices into said

channel to mix with said first material; and

a motor to move one of said first and second members relative to the other to create
cavitation in said first material while said first material is within the channel to diffuse said

second material into said first material.

53.  The method of Claim 46 wherein said first material is a liquid and said second

material is a gas.



