; €3eS6S223T4: &5%$J666T6- i OWD 03/ 089123 DI FFUSER/ EMULSI FI ER BACKGROUND OF THE
LNVENTI ON 1. TECHNI CAL FI ELD PCT/ US02/ 12168 [0001] This invention rel ates
in general to diffusers and, nore particularly, to a mePhddSaHRIEHpar at us
for di WQeII1%Gr enulsifying 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 emulsify one material - gas or liquid - within a second '
material. Emulsification is a subset of the process of diffusion wherein
smal | gl obul es of one liquid are suspended in a second liquid with which
the first will not mx, such as oil into vinegar. One inportant application
of the diffusion process i PIFRUSER/EMITESIEIEINt nent. Many nunicipalities
aerate their wastewater as part of the treatnent process in order to

stinul ate biol ogi cal degradation of organic matter. The rate of biol ogical
di gestion of organic matter is very dependent upon the anount of oxygen in
t he wastewater, since the oxygen is necessary to sustain the life of the

m croor gani sms whi ch consunme the organic nmatter. Additionally, oxygen is
able to renove sonme conpounds, such as iron, nagnesi um and carbon di oxi de.

[ 0003 AThesROUND DIVEHBINVENTION of oxygenating water. First, turbine
aeration systens release air near the rotating blades of an inpeller which
m xes the air or oxygen with the water. Second, water can be sprayed into
t.he aﬁy t oPRRGeRSLL FIELI®Xygen content. Third, a system produced by AQUATEX
injects air or oxygen into the water and subjects the water/gas to a | arge

.scal e vortex, Tests on the AQUA j Sﬂaﬁmﬁ]@ , togpmethedend to 200%
di ssoll0d] dhisgareqtionir Sﬁ‘éﬁ%}e?a{%dlg%%‘%g‘g?’?}é&ger m | Ipron)) under i deal i

condi ti ons, Nat ug:ai |- ' Lexebsli@fid taty gemtemrlwat er are approxi matel y
10 pp@%ﬁ?%orﬁ&%%%ﬁgfgﬁg%@i ée?ed to@ibe a level of 100% di ssol ved oxygen.
Thus, the AQUATEX devi ce doubl es the oxygen content of the water. The

i ncregsed OBYERETION OF TWE RBLAZEP2ARPCT/ US02/ 12168 2 levels last only
mnutes prior to reverting back to 100/a dissolved oxygen |levels. Geater

oxygenation |evel s .. icdighee opémulsify bnemetesial g88Wien | evel s,
coul dqg{’@:iﬂg’ gaﬁplfllg%%ﬁ%’qgg%?e???iwn t.rea?i n?ﬁf\é\tﬁSt ewat er.. .. &{tant ly, the
ef fici - @ithiEscebdmiaterid]. FandsiBeationds a spese e pEqsgssafdt amount  of

time need for biological renediation l.d _decr : 4 WIR WAYdhnde Ginstt he
capaci wiereifi smﬂtglolaﬁ@roﬂqﬂéa\ﬂﬁgrﬂm ?%Bwvé)eﬁi%g.sgfogggﬁ]ﬁl%gggr dingly, a need has
arisen for a diffusing.mechani ; Pipplicitionsdfibe Biffpsiohgvadess 5f one or
mor e reteRqt R, ?%ﬁ&sﬁﬂd?tﬁy&%{?e@ | ai 1 p#ﬁ

in wastewater treatment. Many municipaliﬁes 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 oxygel;ation



WD 03/ 089123 3 BRI EF SLIMVARY OF THE | NVENTI ON PCT/ US02/ 12168 [0005J In the-
" present 'gane tion, a diffuser conprises a first nmenber hayi n/ﬂ' a surface- .
i ncor por (?Pgosglﬁ;’f ace di sturbances and a second nenber pog(?T 81783148l ati ve
to the first diffusing nmenber to forma channel through which a first:
material and a second material may flow The first material is driven
relative to the surface disturbanceg to create cavitation in the first
material in order to diffuse the second material into the first nmaterial.
[ 0006] The present invention provides significant advantages over the prior

art. Fidy3fs|ad BRIy Thinhfs pRist iokelaing BARaH206% di¥solRd dkg¥dcRvas.| ow di f fusi on

to occur at a Iecu%gﬁﬁl evel, i ncreasing the anmount "of infusion materi al
which will be held by the host material apd t.he persistence,of the

di ffus @WteYME%POF?L@eEi @}@PE&%PP%“‘&?% OEﬁ’& 1&‘?{8%?‘1\%%@ Els, Bg‘ﬂar oduced by
a rel at} .Sl g@&ﬁ@@l : L 1 frequenci es
of theﬂs%gé:{m @gal“g?o uce tﬁ%@ﬂ?‘?ﬁ@?@é%&ﬂ%@ﬁ&%@ﬁ%@%ﬁp| i cations,
ei t her ofganterdigdstiocn woulbpeinepcaseidrand theransount of timeinded for biotbgicalng structures.
Fourth, the cavitations and shock ves can bhe aproduced unifgirg}é%/

t hr ougFreRadiationsy@Hldl decresse, EMaYEE eR thefiapaaily; b vastewaler Geaanagpppiics:

PCT/ US02/ 12168 BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NGS

[ 0007J [0twd] Acomdingty)rieed Basiiten sdrardiffadngmetiemigm esgebie ofniffsingiighand t he
advant ages thereof, reference is now made to the follow ng descriptions

t aken iavelsofjoneer mere meteraks ieto aaetbaiyasgnaly dr awi ngs, in which: (0008]
Figures 1 and 1 a illustrate a partially cross sectional, partially block
di agram of a first enbodi nent of a diffuser; [0009J Figures 2ay 2b and 2c
illustrate the diffusion process internal to the diffuser; [0010] Figure 3
illustrates an expl oded view of the rotor and stator of the diffuser;

[0011] Figure 4 illustrates an enbodi nent of the stator; [0012] Figure 5 a
illustrates a cross-section view of the rotor-stator assenbly in a second
enbodi ment of the invention; [0013] Figure Sb illustrates a top view of the
rotor in the second enbodi ment of the invention;




* Lnvention; (0015] Figures 7a through 7h illustrate a

[0014] Figure 6 illustrates a cut-away view of a th‘l'llgd enbodi ment of the
ternative enbodi nents .

for gengyghispgise diffusion; and [0016] Figures 8a and @CTVUS024LI6AL e

~anot her alternative enbodi nent of the invention. pr WO 03/089123

DETAI LED DESCRI PTI ON OF THE | NVENTI ON PCT/ US02/ 12168 [0017] The present

invention is best understood in relation to Figures 1-8 of the draw ngs,

| i ke nuneral s being used for |ike & enents of the various drawi ngs. [0018]

Figures 1 and la illustrate a partially block diagram partially

cross-sectional view first enbodi nent of a device 10 capabl e of diffusing

or enBRIEASUNMMARY OF THE RRSSIEONr |iquid materials (hereinafter the

"infusion materials") into another gaseous or liquid material (hereinafter

‘the "host material"). The ho mat er i al 'Hidoth saefatsl materi al

whi ch lpgoﬁléaﬁwrﬁ?engwgﬁlwns&Sdtbﬁ‘bsc?’égér%%lﬁegg )@é&ﬁﬁagﬂﬁﬂgﬁi.gh or .Saseous state

- duri nginéo'?for faxfxeé bRk Hfsﬁ][f%xﬁ,% hiscPh on® heates podifidikdrelativetodhe fizsstconpri ses a
, generally cl

hol | ow CyTi N osed at both ends. S&aft | 4 and itnl. t 16 are
coupl eEffiiging hemberte fofmatvhanmsd $irough whichia fiyst Matetidl B AP BPR, pass

through inlet 16 into the. ipterior .of, rott A kateoupl ed to a
not or m& flow dhe ﬁ&tam%%nﬁﬁ%&?%FfaHYGQ‘gégﬁqfrf%% désp%)g@éﬁce‘%ﬂ%;%t-or 121 has a
plural i ty of .open ; hefelchestebnd alatetial into thedastanatadalai | in
Fi gur &aﬁ%ﬁmﬁ‘ﬁq‘ﬁ@ﬂgﬁ%ﬁ‘r%g’&&g%gdi ment, the openings 22 each have a narrow

orifice 24 and a | arger _borehp] e 26.. The .si¢ I e rgBol es 26
can ad000@ Thaproient Hapen Prﬁ?ﬂ‘{?ﬂﬂgﬁlﬁé’?{‘]‘ﬁd&?ﬁ&gﬁg L’Eﬂogﬁﬁpﬂy&i ngaéﬁg) , angl ed

(as shown in.Fi.gu Vi dic QIrrAisH Rtoecusd aanclecpaslees, t he rot or
12, I&W%’ﬁaggélﬁ%%g%q%}%gd%@ﬁe\agﬂwﬁhg&rgot or 1%ind the stator thr %ﬁ&gl whi ch t he

host n@EtRELAL tHERYnduUnowS infitorsmaterial BhichMaB ba&slddpetie heg pagerfd) about its

circunference. A housing 34 suyrounds the stator i 36 passes a

secondpsrsitensenf thedidfusion. tSGC%H{ gfeéﬁl%c%véﬁaﬁg%aqdh%ggl?g’tqgé&gg tbgn d the

housing 34. The host imater E£Ogghd) At Bleqichcy ot Gequemcehafinel 32.

Seal s %Qﬁ‘é‘?eél yc?rrﬁgazwslé’tbw efr?q%‘#eﬁgﬁgﬁegﬁm and’.lGﬁgﬁd_tKe housing 34. An

out | et 5 4QnHASHAR Prifuded Yy hedentedanibeansed inenateappéicatims; ther mhfgﬂlmz . where

it exits via punp outlet 44. The punp nay al soa;be grﬁihvezg‘é%)ﬁog_pm 18 or by

an auxdowncymplerstactufed ©2 igjaii in 6prAPEHNEFFUCHIERS: ) s8R device T ecei ves t he

- host material thraqugh inlet . o gh&ﬁﬁglgtéﬁgms@ﬂdjfﬁ;@bﬁp 42 dr aws
B ;

(DD

the hoShockyaves can RsPIpiae uctl on si in order to allow the host
material to pass through the channel at |ow pressures. The first and second
infusion materials are introduced to the host material through openings 22.
The i nfusion WO 03/089123 PCT/ US02/ 12168 6 materials may be pressurized
at their source to prevent the host material from passing



t hrough openi ngs 22. [0022] The enbodi nent shown in/Figure | has separate

inlets f 36 for the diffusion materials. This ar |l ows .
two di ff&P%&?’O@E usion materials to be introduced to the Egg@%%{}té?&?al.
Alternatively, a single infusion material could be introduced into both
inlets. [0023] In tests, the enbodi nent shown in Figure 1 has denonstrated
hi gh | evel s of diffusion of the infdsion materials) into the host naterial.
Tests using oxygen as the infusion material and water as the host materi al
have resulted.in |levels of 400% di ssol ved oxygen in the water, with the
i nCr e aSEREFYRRCR IPAVENSOF THE SEVERALAAEWS OB THE DRAEWINGSon for the high
efficiency and persistence of the diffusion is .believed to be the result ;
of mcro-cavitation, which is described in conpnection w.th Fiqgures 2a-c.

Whenev dP08T] ier amiart complete endsrstandingnfithe Rresenk myention, apd the adyan flowis

tablished. wi.th a.thin bound | i d [
oA e e ik Do BRAISR e bl B PRRR Rl RAIGD, verY
statloqég&ﬂgﬁgﬁgggmeggiﬁgﬂﬂgﬁgs 22, however, disrupt the lamnar flow and

can cause C si on and deconpression of the material. If the pressure

during the deco ession, cycle is.low enough ' | ' bbl es
w1 T GPRFRSERE hand s Qg nadinty AroRS Reng SLOgul BRYk balRtott B D),
patter é@nﬂkﬁhﬁmﬂo&ﬁr' .~ because the localized area of |ow pressure
dr aws pﬁ% Rost haterial and the infusion material, as shown in Figure 2a.

Wiaen the cavitation bubhles inplade,. extrenely high.press s result. As

t wo aIHBH@H]398ﬁ$%@§%ﬁ§gécéﬁgg§ﬁﬂﬁﬁ ,SEW§H%§%§P%%m?S%§§Vﬂ &) occurs,
generating significant energy. The energy associated with cavitation:

and. SUC[looﬂqiEigureB)dHasttd’m anrdkpided viewt efithetotenradistatortnfdhe diffiesri al to an
extrenely high degree, perhaps at the nol ecular |level. [0025 The ,

t angent its L0t QF . nunber of openings that pas
each oﬂp@#”éﬁbﬁgéfan%ﬁé |c.afgn?ﬁéo??%53§%éy at which the device operates.
It has been found that operation [n the, ultrasonic frequency can, be .
benef i ci012]i Figvredp iBpsirates aqresgSection igw BEH‘P@Q’QB‘SWP&@S BB RO devi ce
in the ultrasoni ¢ egion. of frequencies provides the maxi mum successi on
shock e%l?o&;m?zg ogﬁ?e‘f v ﬂgy ondi ng angl e of the fluid nolecul e, which
enables it to transﬁort addi ti onal _infusion. materj al ggicqéj woul d not
nor nal | POLH Eigwe Sbdllnsratesi togyiew ofiges W%&%C?H%§ A frequency
at which the diffuser operates appears to affect the degree of diffusion,
Ieadingmf’?}El th | onger persistence of the infusion material in the host
material. [0026] In some applications, a particular frequengy or

f r equeni90d4] Figyreteillusieatesacutawey aiaw olchihitd epbarimnent phihe Ny es, such as
in the case of water purification. In this application, multiple

f reque“ﬁ)??é] BEuRl 78 8560 H7ICAisteRe HE@Hative eiibedimansfor g¥nahtingaheres, ~ ' such
as VOCs (vol atile organic conpounds), into smaller sub-structures. QOzone
can be diffasiomsandne of the infusion materials to oxidize the sub-structures
at a high efficiency. [00Z7] O her sonochem stry applications can be
~perfor ”Wéllgglﬁi B8, dB8Y 86 AlukBate lafothie ifelative MBEMiRTERE bf the iis@ftied.t r asound to
assi st chenical reactions. Typically, the ultrasound is generated using a
pi ezoel ectric or other electro-acoustical device. A problem associated with
el ectro-acoustical transducers is that the sound waves do not provide

uni form sound. waves t hroughout the material; rather, the desired cavitation
is localized around the device itself. The present invention allows the

ul trasonic waves to be produced throughout a material using a sinple
mechani cal device. [0028] Figure 3 illustrates an expl oded view of an
enbodi ment of the rotor 12 and stator 30 where nultiple 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
openi ngs 22 are disposed circunferentially about the rotor 12. Each ring
has a di fferent nunber of openings evenly spaced about its circunference.
In simlar fashion, the stator 30 woul d have three circular arrays of

openi ngs 52 (shown individually as arrays 52a, 52b, and 52c). To ensure
that only one pair of openings between corresponding arrays will be
coi nci dent at any one tinme, the nunber of openings 22 in a given array 52
on the stator 30 can be one nore (or |ess) than the nunber of openings 22
in the corresponding array 50 of the rotor 12. Thus, for exanple, if array
50a had twenty openings evenly spaced around the circunference of rotor 12,
array 52 coul d have 21 openi ngs spaced evenly around the circunference of
stator 30. [0029] As the rotor 12 of Figure 3 rotates relative to stator
30, each array will create successions at a different frequency. By

o 1 . 1" r o,




in-a host liquid need to,be broken down and oxidized) [0030] Figure 4
illustrates a cross-sect?onal side view of an enbodi nent of a stator 30.
For snal 853/?49?‘%5'3ter stators, it may be diffcult to for mRATUNHAEKHE| e 26 on
the inside of 'Stator 30. The enbodinent of Figure 4 uses an inner sleeve 54
and an outer sleeve 56. The boreholes 26 can be drilled, fromthe outside,
of the inner sleeve 54. For each borehole 26 on the inner sleeve 54, a
corresponding aligned orifice 24 is’drilled on .the outer sleeve 56. The
inner sleeve 54 is then placed in, and secured to, the outer sleeve 56 to
formthe stator 30. O her nethods, such_as casting, could also be used to

f or m t hETANED DESCRIPOIGWOFTHERYEEIONnd 6 illustrate alternative

. enbodi ments of the diffuser 10. Were appropriate, reference nunerals from
Figure 1 are repeated in these figu - tofHigues 1 Bofithd diatvimgses an
cr oss- 987} Brrpressnd KRR St egﬁm%ﬁ%ﬁﬁn%% aﬁeroe ?lgg rotor 12 and stator 30

. are disk sha i 1 el dSdniAs faBe fariow dvaveingnf the di sk shaped rotor
| 2. Th@%?%%%?@ﬁﬁgﬂFgféne gLove and bel ow the rotor 12. Both the stator

12 and rotor 30 have a plurality.. ni fabtiBly Y-S fomal e i n

go_nnec{(]é)dﬂ]t WMSEi gﬁr@lﬁ‘}smtﬁ %H%&i&%@;@%fga gi%igag&y :SLZI% i Sh

riven e..mt or he remulSisy y have
i pDRREnEpr ¢ B8O CEbapl O ARG

-one op an“the corresponding array 50 in r%:{%tefligl in

order {;0,QhEMeMSs &e%MMWMéM’%@*@%O@MF@? QRAAmdRAeng, | ay.

The operniings 22 can be of the sane shape.as | ' RatdrialAviiich | ow

shaft gesrsinaftashe fhost mpterially Tbeﬂfﬁ-éma r@}pgy%g?l %ﬁggglclﬁ;: és(’g}&;hizlipréd rotor for

the first infusion material ... Sl af: asebestae dagihpgtlen the stator 30

and t hés '%Qt@ﬁw}sg@é?ci%sgdtt??‘e)g}sﬂe%%%ﬁdioﬁ?usi on material. As the host

mat eri g} -&y@m' : Ip?mgg, 32 between the rotor 12 and the stator 30, it

is_s_ubj%éfgy(la oﬁl?lhﬁggg%r ex generation at the openings 22, therebé cgusi ng a

diffusion of the first and secQ er JefbraliWeioled eboltoeddsnsheft ildland The

i nf usedWil?étAFPé‘P"e{% %qmw&%%zw@%‘ggﬁ&éf? 40. \{/\%0-33] Figure 5b illustrates a

top vi %ﬁef) {6 13R0lPER %o the-endPofid rdior EXeA first iﬂf“ﬂm'mﬁ?n@fca%pﬁimgglﬁ orns

concentrric arrays of openings on the r_ot.oré%tz. Each r@gicﬁ?o@ae“ edesired,

gener atjgles 86 lifs thzriatesivr of fotaridntShaft d 4 deeRUP .t°|aﬁn?tﬂ’é?%’re Sry er%)odi nent ,

openi ngs 22 woul d be forged on et ps 2D fhiged thérethrdizgh,

Cor r es potadiahg desirer isperd- Iratoﬁéa?‘gﬁ'?r@@mgﬁgeg%éﬁg{ggeﬁwthese ﬁp%&ilngs on

t he stator 30. /; B¢ pieftci 2hiddihansdhe Ppeungs 4 93 ust r at es
N

a cut an e of the invention where.the has a
coni cal . 80aRGroRUrTide!2® it atlargerBorelide 26t Ehe sdewé%sgka“ﬁbﬁ B%rpﬁ%é)% 2:iz)rfoe ni ngs
of the type described in _cgnnection w,th Fi 3 le8 Ra RS Gm i Feaeé ot her
as the asstroe vm@us§hqumufb9gﬁﬁﬁ@ghﬁﬁ%§h°“i%n§’g%‘?‘? %%n o '? he openi ngs ar ound
the ci rﬁjm‘ere ce of the rotor 12, there could al so be openings at the
bot t om &¥OtHE®Coni cal shape, with corresponding openings in the portion of

the stator 30 at the bottom As bef , for sétot and 8 may
have onf00apEAistajomdf} encomppesss thergior ?érge?‘g{l%?’ E@Fﬁg%r e ?&'?%e prevent

si mul t aneous succussj on .at i AE®. QEutér B devieasanpesings 22 fsmedw
shaft seplpedraesh ¥ chﬁ?eeﬁosié\ﬁ?egﬁ?ﬁg&pﬁﬁeﬁ%gr of the di sk shaped rotar for
't hg Ilh r gﬁodtﬂguﬁgrr feRBcB! AlousiigrB4l sarrbyndsahe steion 3@ 8ndaleiSoPasTe aSERGr 30
an e

ousi ng 34 receives the second i nfusi terig] .
mat er i alnfhiionmateeiaivecan arba3F bctmeemeémor&%a“&qg? g‘?‘“&%ﬁ 334 t%ﬁ‘%ﬂ‘gﬁa{e%g?ed to
the vortex generation_at .the eni. ngs e Betwbaigtha sletiffsf idsdndn  of
the fi r@%saﬁ@f@@dﬁﬁtﬁif”é‘?&ﬁ@%ﬁlﬁgt ﬁééﬁgﬁs?&rrg%ri al . The infused host
mat eri al pa§ ﬁf‘eﬁﬁﬁlﬁing%l rSotide 46 3838 the hottheatenid) dinmtherchagrel A2 {f BE™Ba- b
and 6, 8@3 se e drrays of openings 22 can bcfe;téf&rbneq3 %&){1%%}5&9
(di anet ens, wHeser alitsvia pimprottlst dhe The PHTTEPLASHRE THERCYPP 1T at @d.” 1t shoul d
be noted that any nunber of shapes could be used, including hem -spherical
and sphemkidiaty 9MEf¥es to realize the rotor 12 and stator 30. [0036j The

.di ffuser described herein. can be used in _a _nunber .af, a L Gatd ti mal
openi ng (802 Ihbperation,tht Giffusionfdeyise petelyge ﬂ@&”é%?@nglé?f&ﬁjl &ﬁcl% %7? r]%r%ﬁel

32, rotational. speed and rotor/stator di anet.er e’ epgstaas ingrder t he
appl i catpreferred emg@dlﬁ@%@émp[%?'fvsh’seh&é%s@'l aed&atggée, ﬁt he di ffuser 10, may

be e Ui Bidl T pls thbhgs sEepdneanomprsmies Jy 5 et

usion materials, The air/oxygen i.s.diffused
into t he WARkLANREALs afy nBbiesed tathetosiaaateriy though Pb?wn?é?éd g@‘&#‘?%‘gﬁ{‘i N
connection with Figure 1. It has been found that the diffuser can increase
t he oxygenation to approxi mately 400% di ssol ved oxygen, with greater
concentrations expected as paraneters are optim zed for this application.
In tests which circul ated approxi mately twenty five gallons of nunicipal




structured substance. [0039] For producing potable Wwater, ozone coul d be
used as the first and second infusion material to break down ang oxi di z8
cont ami n3¥R 83/08988640] Wil e the operation of the diffuser AOVHI¥/ 1388,

di scussed in connection with | arge applications, such as rmnuni ci pal

wast ewat er renediation, it could also be used in household applications,
such as drinking water purifiers, s nm ng pools and aquariuns. (0041] The
di ffuser could al so be used for other applications where diffusion of a gas
or liquid into another |iquid changes the characteristics of the host
material, . Yed i el 16 BeeveRtihg hbstahateigal tfiven passingeni zat i on of
mlls %atep%%&%é{gg%gﬁ on t??&o% l's. t%Esher appl i cations coujlxg i ncl ude hi gher .
effici gﬁ&iggsofeﬁingi 22.ng fuel and gases/liquids resulting in higher fuel
econony. .[0042] Figures 7a-b illustrate alternative enbodi nents for the
rotor St : o nFih $ tStldtOfor 18Qnabsdorthé ates; in this,
case, f@ﬁ?&aa@h@%&%‘ﬁg’%‘&c e | Bs dcpfiraleinfitfor 160ns 089123 11

PCT/ USQ2:52h 681616416 NUBIS tarreisemenh siloves tata different mfisiorainatepieledo bet ween t he
rotor 12 and stator 30. In Figure, 7b, one_of _ei.ther, the rofor. 12 st at or
30 doeintroducadae sheakost Aratesiab nA-ﬂGR‘%‘F‘f g atsﬁ}%%’d‘lﬁ“sﬂ‘?%mé‘%ﬁg??é’ﬁ({be(lpﬁo |J§ﬁl re 7b
only t-h% hotﬁ}or %asses an infusion material); the conponent which does not
pass aff'? P S}p]g "material has its openings 22 replaced by cavities 58 to

produce the turbul ence. The cavities 5 S cogl d gﬁr%@gg‘g Si m'otarly to the
bor ehol[@23b & testshibe embpdimens shayaripiigue | ies dggopsira V¥R Ok gure 7c, the
orifice,24. thr h which the | i telial ri Reohgh the rotor
12 or ﬂtﬁis&nojgﬁg?ﬁﬁb@}wlg _glés)%@?ﬁe?fgosfe ?S?enlg%ﬁ%e 2% ggyag%her. than in the
bor emlix?fu%@n ﬁrﬁtérﬁd REEWhiOHSs RO inRRETA havé resilcad il Ibelaft400% dissolvede pri mary
purpose of the borehole 26 is to disrupt the |aninar flow of the host

mat er i akygendndhd Wates withtbe insreas¢reonygem fevels laghiag Jen4ays- 30. The conpressi on
and rarefaction (deconpression) of the host material causes the

M Cr 0C 3y qtine Reashh it ihPhigH iefiierch andlperbistigs efthotiffiisidrLis believed dalbeed by
the device. During , deconpression, voids (cavitation bubbles) are produced
in t he fleossultref midradcavimtien,cedich istdeseribsd i cemnegieRWHR 8B 4%t (or i npl ode)
subject to the stresses induced by t fre CLES Si@NS.
Irrpl»osi%h@eﬁ?r%@ﬁep%fﬁw ‘P)‘(PBBIS@QO%%%%%% af%gggﬁ,rgdﬁq{m %%s%%lgs???bute to the
hi gh d ' 1anisQfatiolfryiob févirp veiptlowiypbscanset of thdwrfacs tensimher i al
as it g‘g‘é@g)g%%%géﬁ§?ﬁglschaanagr032. Thusd,@so I%n_g as the infusion ~

mat er i Yetverndhd mevingFuidrandthi atationary sirfase. Jthe openipgs 22, baweyes, dF@PERGi t ati on-
and resul tant shock waves are occurrjng, the diffysio Sefi gve wi | |
r esul t .lamipgrnHpwmang g cauge P?IPB%CP%*%&@&@F%%WE‘PH@E evm%*?@ t%@‘?ﬁﬂ??‘g m Xxi ng
of the pos ' i |, 95143 QR taRSERUIMICE) Will R iarhed

out si deWééﬁeﬁélhgbgwﬁpgﬁfﬁsg%g frent (Sl Mlazzi e di ff?Jser 60 (or other
devi ce)mitsrials Glhelcavipgioh dubbled genernitd 4 sotanyifiavnpattein 46dikieraftomade begausei al s)

and the host material. The mxture_is i.nput.intog_the chann«%[g?.ajz. bet ween t he

rotor e lealizedaresrofow pigseutsideithe hogauatenial and thenfisionmatenaleas o

cycl es di scussed abovg i C ' ! ] 38601, S
e R O g L
gener at A ORyP41ignb8 opéihgsiiakOOndtdilfeh Alducimics(sheukl waves opmnd, gemarstingsi ng
structures which differ fromthe boreholes 26 shown in the enbodi.nents
above. shenificant eterapoVis energy #seciied with zavigtionsd FACHSHOR IS Wt ch

i-nmpede the .lam.nar. flow of .the host t.efi I : j f the
channel matstial ar?dlgﬁ%h‘?sémf‘&naﬁop%?&ﬁ eglﬁflg% 8%@?%%%36 e?ggﬁ%ﬁgﬁged as a
surface disturbance in place of or in conjunction with th borehoges 26.

> W0 ezsisTiengaTaUstedy s miordAand shamaberof SReBE I PASTEISHs coul d .

For med stherars roigch Site e RedEney AruCh R Gk ok SO o Bth il bt
shock }["@}%’e‘?ﬁion[iﬂ%htrés%n?é ﬁécﬁﬂn@)b&)ﬂ% bRRLAiGAlin aRRY aplidatioss. Mebetievedor

benef i rom the generatioh of° shock waves at a particular frequency.
Ther ef ofhat operatingcthedevies inrths tiimsmiGkgivaudf frequensiesiprotidestho mMegIMEN (or ~ ot her

surface disturbances) arranged such that a white,noise was. pro r at her
than a peewsstom shpck enesgiciesh ﬂ’ﬁz"%@&é{l&#@gth%fgﬁd F{S"@PEaWB“ﬁﬁé‘a gﬁ{[ %tion
need no | iRfusidh L Gie i 6&61 bk Qb RREr@4in! MBer ot or 12
or stat%?ggﬁﬂ\%h{h?%g%lﬁrggs. he cav %ﬁc@%‘@%ﬁ?ﬁﬁ onaaF1 , as shown in Figure
79, it may not be necessary for both the surface of the rotor 12 and the
surface of the stator 30 to create the cavitation; however, in. npbst cases,

operation of the device 10 will be nore efficient if both surfaces are
used.
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[0047] Figure 7h illustrates a enbodi nent where the yrovement which causes
the cavitation is proviAdéd by the host material (optionally with entrained
i nf used‘%ge%i%) rather than by relative notion of the PETAFS03/2218%d st at or
30. In R I ment of Figure 7h, the channel 32 is forned between two
wal s 66 which are static relative to one another, one or both of which
have surface di sturbances facing the channel 32. The host material is
driven through the channel at high 7speed using a punp or other device for
creating a high speed flow. One or nore infusion materials are input into
t he channel, either through orifices 24 or_ by mxin t f{ml? jal with
the | nfdiabmsy AwieeH e diffasopopeaticd GPPEHE te Hﬁﬁﬂé@gﬁeﬁﬁ%eg‘?#%ﬁugs}%zée 0 £%dhe host
., material” relative to the walls. 66 cau es@ > shhafepagavi t ation and
succussudrisngepersisiense H5 FeanfusiogIateiE U S Anpl e, one or nore of the walls
66 could be a fine nmesh, through which the infusion te‘qeibsl%golfﬂleglws to mx
_with thﬁ%ég%tsoﬁﬁta@bﬁédtidnﬂ, 4 faetioultar freghier8sy, or reguenfesREY ff SPlirvances in the
mesh woU cause mioro-cavitations. and succussiansigasudfemhgist materi al
f1 ows quear cdriain cemplenmaleqptesseh as cﬁee%uﬁ%ncﬁ of the succussi ons woul d
depend upon_ the resol ution. of & ichreakcafiplek etrizedsresmat eri al .
Once a@@'lﬁa}thlh@@Wlﬁgegﬂe%?gf%%%gﬁvﬁT%%%sfe use in%tg tléi’azqggg%ﬁ gteri al at
t he nol egul bihmsR), ihtatsnailes subesiTuciuyesq 992! 8a and 8b
il ust?“éfﬁélsgfﬁ%élié@aéﬁ%g%%,ﬁlbv\her_)e{ arotati ng%rmnge%oﬁfﬁge WO 03/ 089123
PCT/ 15324 34 68thb3nflistonanateriali toroxadige t S At ed by ot or 73.
The host material and infusion materials) are m"életg ia?ﬁ}:%i@cl%%ﬁis%ﬂnh
upstre th Wale] ¢4h bsperGrmeliiwth the r 0t her
B Qg oo PRGtREs oih v02

devi ce I'hg me coul d be, for exanple,. opel uger
shaped Bo@&hérﬁi%tﬁlﬂ’sém&amunﬂ heassist chemrigal FR3AHERS- 7%%@%&% “!cl)t?g[sﬁglﬁde%s urface

di sturbances 76, such that, the_rotation . L aigreblemndssuciatéd cr eat es
the ni gewerated nsingepierosteqlisay ohsh et REY gg{’/ﬁ?gﬁ@i ng %dhi g.hf degr ee, of

di f fusiqn hetween the ' -thatBe Sdimdavaies b aoppropi e naifor QY and
patter H"lﬁ’f3?%'%???’?%%%%@%‘?%%&%5 %6 t her eon ¢oul % creat e thejcayitation
and su%%ihﬂ uPthe esdterdd; father) Wendesirkd cayitatign dLloc ized ATQrAG MR-
~Further,” the shape of the rotating_ device cou gnrdRblsdtal- s through
the congift The pREeyt iffvention elevs ther\\'/‘é‘??PP’(S’rW‘bvrﬁﬁ\kfl’ déjeél%ééll%eﬁl fi c%ﬁ advant ages
over the prior_ art. Fjrst thg1 lfe0-cavitations generated by the device

al | ow dnaterialivsingasippis PedpniSd SVES Ul ar | evel , increasing the amount of

i nfusion material which will be held by the hpst i ANghdtshor 30

per si st{g0zs] FigutelEillbtratesdnexpladst FHY Of FHe® S avi % ?Aornls and ghock waves
can be produced by a rel ativel ' gﬁ@@g&h&ﬁiﬂdﬂd&i@ehﬁg’mﬁ » the

fi equen@ﬁﬂgm‘ﬂ?ﬂﬁ ?%686?&3{%%%%16@&%% produced by theqnae i ce.can be
used in ”q‘%ﬁ anp %ﬁfstggq%gnmgg $d@howa itdieidkaltioasartayspae 208 e or to
aidin % ng structdres. Fourth, the cavit i%g?%ﬁng §41§)gilffe\f@1\fes can be
pr oducegbéﬁmgfsqardrydjsbdssadgimumfewnm&éﬁb@}tﬂ%@"@ Si P2 RS 40 on [ %g)Slj

Al t hough the Detailed Description of t.he i I [RidRE fashéon, therstatoedd t o .
certai nnmb@t'mf@ﬂ)ymé%é‘fﬁ“fbbm“ge,dﬂ%gﬁlgsuél&nogl %?‘ggati ons of these egbodirents,

as wel |l _as alternati i BESYcninewisk | (stvavisindiyedtaliyl as arayio<d 3% Fied in
the art WO lﬁvﬁ&%%%f%ﬁl@;%% bggggee?ma%#y rgodi fications .orm% : %i ve ‘
enbodi Mepd)s Tt sudecthat onily drerpaittvd opeRipes BetWesCQTesPoRdInE %g% 89123 14

the number of openings 22 in a given array 52 on the stator 30

coincident at any one time, .
less) than the number of openings 22 in the corresponding array 50 of

can be one more (or
around the

12. Thus, for example, if array 502 had twenty openings evenly spaced
' around the

the rotor
circumference of rotor 12, array 52 could have 21‘ openings spaced evenly

circumference of stator 30.

[0029] As the rotor 12 of Figﬁre 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




CLAI M5 PCT/ US02/ 12168 1.) A diffuser conprising: a fijrst nenber having a
surface incorporating surface disturbances; a second nenber positioned -
rel ati veWQ)Ofg&i%P?'fl rst diffusing nember to forma channel P??fﬂé‘iﬁﬁl%i ch a
first material and a second material may flow, nmeans for noving said first
mat eri al through said channel relative to said surface disturbances to
create cavitation in said first mategial to diffuse said second material .
into said first material. 2. The diffuser of claim1l wherein said second
menber al so has a surface incorporating surface disturbances. 3. The

di ffus | fin i {aRiofis fhat UhRARGEEnmRITRE | Se

i npress Bhe éﬁﬁ%‘;en#aﬁ%s%rb%g?ﬁm@ E‘?%%E@réeaiﬁn Ssalﬁ i mpressi ons conprise
bor eholigg ho&t.liqhidenebdftd bs brokef dowaiand dxidivedei n sai d i npressi ons conpri se
grooves: 6. The diffuser of claim1 wherein said surface disturbances

conpr i gﬁoagyg%éﬂé §9ﬁ§%ua¥egl }P&S %ét{dfm{m%egl Gl efhnolifict Br £ &hafbr BOOELHSI ONS

COI'TpI’I er alm whereln said protrusi ons

conpr i %ﬁlanewaﬁleter std¥ors, §3hABEEId Bickbt 1B e DoichbkR2 6on thhdnsille dfistator of clai m
1 wherein either or both of said first nenber and sai d second nenber has

one or 3fohesmbpdinent pbFigke 4 pes an fneb slseiesd &aid Anodics sleckar@r 188 i nto sai d

channel ff I r bot h
irot nerbies 2igaf e gHBEL stip fiellsiick B Tude Bobyd 56 Trfieor GUrblle 28, 010",
sai d chafhelmeddleevE B2, 8 cbrkdsporiding alednatl Brificandl i drillddon thoower sleevg 56. punp f or
drawing said first and second material s t hrough said channel. 12. The

di f f usdiednnesisleeve 34 isribier plageddn, andisprured iny the Giliersloews Seifq frmdhesiatorf i r st
gnd Seggn q}ther mgtﬁog S, suéhhars,%asqgg,s %ﬂd &Q@BQ ﬁéed to ‘fonn the stator 30.

[0031] Figures 5a-b and 6 illustrate alternative embodiments of the diffuser 10. Where

appropriate, reference numerals from Figure 1 are repeated in these figures.

| [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 lesé 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 fhe 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 subj ected 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 Sb 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. Correspondmg openings would be

formed above and below these openings on the stator 30.




13." The diffuser of claim 1 wherein said first menbeiy has a cylindrical

" shape. 14. The diffuser of claim1l wherein said first nenber has a disk
shape. 1‘200&]@91 i ffuser of claim1l wherein said first nemsErU$a42¥8coni cal

shape. 16. The diffuser of claim1 wherein said first nmenber has a

spherical shape. 17. The diffuser of claim1l wherein said first nenber has
a hem spherical shape. WO 03/089123 16 PCT/ US02/ 12168 18. The diffuser of

" claim1 wherein novenent of said fik¥st naterial agai nst said surface

di sturbances generates shock waves at one or nore discrete frequencies: 19.

A method of diffusing a first material with a secgond mater npri sing

i gl 0]
the s gm] @i gird pullizstragessacutl aviy viewaofansadwdimentod thedpeentiop Iéi"q%?"%ﬁ’ﬁn nel

. forned between first and second rs, . at | ot oF and
secondotoe hd basa mcaﬂgh@pesBpﬂgggsgfgﬁgﬂﬂgﬁ%%%fg%‘?en grg;ﬁ @%@ggﬂ%ﬁ and

nmovi ng, sai d .fir.st,materi r ' | feagitottlbsdsthdmiarekl 50 cause
.said f %‘{}’PS\HBSCEBE%HH“}?EF rolna‘ﬁg??%ef’%%gassgg’g andodecon}:)ressed imesulti ng
in caviial bomdthofRl th Addifién wRheopenings2Bountitbe cecimlsrease of e K190 Laher ei n
said inputting step conprises the step of,ig utti ngl?sai_d fidciﬁ and second
mat er ithdrs ceildhilso e aieainge bt the baiemied theomicah hppe; VER CUFAPYESSnd nenber s,

where both of said first,6 and secq r Ahendy shysttices

f aci ngPPEamgEs Bhtéi‘ﬁﬁ’é?}"!"“ﬂftherﬁr t°ﬁ§§ ﬁ{;‘g‘eg‘ﬁﬂg‘ﬁau %*%gﬁﬁfg?gl n sa?lﬂt;nnput ting step
conpri S o HROtE bf R8s Sidth the Totdit] 2dn drdoe toprvend sERUlEANSOWG t hin a
channﬁ@@ﬁ%&%&&&g&%&sal dbﬂérgsst and second nenbers, atrdgea?tt 1%’%6 of said
first sashssiOaANHvoBpiEng: 222 thy samsamaych ballew shath par¥es 45,5as nict 1010

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 between the rotor 12 and the stator 30, itis subjected to the vortex generation
at the opcningé 22; thereby causing a diffusion of the first and second maten’als with the

host material. The infused host material passes to outlets 40. |

[0035] In the embodiments of Figures 5a-b and 6, because the arrays of openings 22 gan 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 applicatiops. 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 ébove, the diffuser 10 may be used for water aeratiqn. 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.




formed therein. 22. The hethod of claim 19 wherein %ai d inputting step
conprises the step of inputting said first and second mat gt L thin & .
channel M YKt ween said first and second nembers, at %%@%@(/)l\r%ﬁegsof sai d
first and second nenbers having a surface with boreholes formed therein..
WO 03/089123 17 PCT/LTS02/12168 23. The method of claim 19 wherein said

i nputting step conprises the step dfd i nputting said first and second
materials within a channel forned between first and second nenbers, at

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

sur f acg fdj B4 095 ARS diResIvEd uygeh tontam remaingd soveddp¥eds thesdtestsconpr ess sai d
first material at a known frequency. 24. The net hod 2)5 clc?i rrgq}_% wherei n

sai d i fipguenvieyofl@pkdpsrs wed Thesigeshf the opanings Yerg 093P s ¥ g second

mat eri al,s wi t hi channgl fqrned,bgt. ' at

| east %ﬁ“b?‘{ %Qi{' Qj% H‘CSFS g?ﬁ&“@’é’ér%r?ﬂf @éﬁﬁ@??%@%@%"%g@gnsur%c% Iﬂ?:o?ﬁcrlf ace -
di stur e b ' Rignifdahily imefeadé thyygenatiomiavelsand e deconpr ess
sai d flplrag‘sﬁ r%f:aofefeb?;ta &g?q?égsragggt Ive di s%ret e frequg%ci es. 25. A diffuser

conpr i gémitenge.condui t. t hrough which a first material and a second materi al
may flow, a rotatable nmenber having a surface incorporating surface

di stur E(ﬁﬁ%fﬁflgoofor R Eddfntiof wasteivaet, opifdrbis-aédediatici ofvtibri@dontitermlsr i al s;
means for rotating sard rotatabl e menber such that sajd surface

di st ur beygaonlddrtused ay dnef toninfesiemmatetipls end paenrs qoald heused a8 theethsing

second material jnto said first materjal. 26. The. di m 25 and
f ur t heinfosippmatenaly a3% theiZoRe ?Nloﬁtﬁﬁieaﬂsﬁé H?’gﬁlzghégag%@%ﬁ %tg%eglruimal s
prior to .contact. wi ' gé'_r{rég' ism? FiRthBRds désceibéd usi ng a
first m}éqspgﬁage\%\ﬁaWﬁﬁ%l %ﬂgﬁ%%ﬁgte |%1°Irﬁ,§ﬁci§1rr?8rrgl%§lisﬁng t he stepsS(,:of ‘inputting
sai d f i;pg¥e, AR6t cTTEQNENdIR! (88 dddrmined oy the aoayboftopeniogsini thg refor B and ng nenber
having at least one surface with surface disturbances %?rmed ﬁgleer on
agai nsstaseri3®) could be agerl togwovide Fmdestrgie W@rééﬁ?g%pé]‘gﬁnﬂw Ghoyoud cond
materials to be conpr ti hdtiveRyiftied i on of said
ﬁﬁm%ﬂy_ oﬁﬁ%ﬁ@gg %@%&g@&?&éﬁiﬁﬁeﬁmﬁ%ﬁﬂs AlfbrhdtiveByiflt

first

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 | o
structure. Converéely, 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 applicatibns 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




18 .28. A diffuser conprising: a first nember having @ surface i ncor porating
surface disturbances; PCI/US02/ 12168 a second nenber having a first side
posi ti ongg ¢sRkabs ve to said surface of said first menber REIEIRAYBchannel
t her ebet ween through which a first material provided froma first inlet
into said channel flows substantially without interruption and into which a
second material provided froma setffnd inlet into a second side of said
second nmenber is introduced; neans noving said first material through
sai d channel relative to said surface di sturbances to create cavitation in
said first material within said ch 2] d|ff e gaeri al
i nto gepehdbntrponithe @atgp)rotggona}ﬁgeeg%e Biing oty 2o %&Q o glﬂ(r%;séal d second
. menber_al so a,surfa NCQL | r qﬁﬁsﬂhsﬁaeﬂmm%h The

di ffugbrm%ﬁ"%‘fiﬁﬁhﬁéo%gfgﬁ el Q@Ht?ésﬂb@gﬁéé afnsa| d surface distur B& ces

conpr i 8hgloné1{(g geu% nBlthe Tot6r gastsémanﬁmiononatsmmohmnmn?n
o nmpr ess se

borehol es. 32. The diffuse said
i mpr esﬁega&mﬁmmmﬂtmsl hag 3ts opprings 24 ;aagg:,ce%py e ?ﬁ%tg\bﬁeé@%l%ghgal d
surface disturbances co | tr & b wgioudtheCl ai m 33
wher eitnrbylenge.p e Ffﬂ’é‘i“?f Hfﬁlﬁ? E@Qﬁ%g irl%&gllof fuser of Cl aim 34

wherein sa 0 S conprise ridges. WO 03/089123 19 PCT/L1S02/ 12168
36. Tﬁé"%‘?’f’ﬁﬁ“ &ﬁﬁéﬁgl m 28 wherein either or both of said first nenber

and said second nenber has on ri. Fibitoigh thass said
secono[Oﬂﬂ]eIniFa'\guriB Aeothg an’é%%ﬁm‘?gl‘p%’? ﬂ}edn'ﬁ%%%%r%&\%mﬁiaqs ggglgg fi rs%1 mat eri al .

37. The diffus blbi26eRiRE Gahdn HebdrehcddoR6 as ai d
first REFIOrS rggﬁapgéécong%e%tﬁé %I‘raﬁpasm ng two di fferentho r| als to

sai d chgpnGbuPerhBEdiments) Rishouldibe Inowdhatdhehpnmary purpose of the bore
to disrupt the laminar flow of the host material along the surface of the rotor 12 and stator

30. The compression and rarefaction (decompressmn) of the host material causes the micro-
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 111ustrates an embodiment where the initial mixing of the host material and
one or more infusion materials is performed out51de 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 embodlments 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. Tn 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.




38. The diffuser of Oait 28 and further conpri sing Ja punp for drawing said -
first an mat eri als through said channel. 39. The gk f cam -
28 and f&?ﬁ@% 3npri sing a punp for driving said first aﬁ%f@%é&

material s through said channel: 40. The diffuser of Caim 28 wherein said
first nmenber has a cylindrical shape. 41. The diffuser of C aim 28 wherein
said first nenber has a disk shape.1?42. The diffuser of O aim 28 wherein
said first menber has a conical shape. 43. The diffuser of C aim 28 wherein
said first nmenber has a spherical shape. 44. The diffuser of C aim 28

wher ei Qhegs @tier (e romided shipres caulfialsodetsed. cAs shovimipdliguys. 75, preovss f#user of

Clai m 28 wherein novenent, of said _first paterial against saigd surface
~ di st ur bidges 64 gewldbgfernad g dhe THIRF a&f‘f °6ﬁg?°6§’bjﬁ%g§neg$§ @?ee(fai(ﬁ? roenq%ignci,es.

WO 03/ 0@9 23 %CT/ USO02/ 12168 20 46. ~ A method of diffusing a first materi al
with aSe¥EH frateri al , conprising the steps o inputting said first '
material into a channel fornmed between a fiyst nmber, and a,.first, sjide of a
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of the rotor 12 and the surface of the stator 30 to create the cavitation; however, in most

cases, operation of the device 10 will be more efficient if both surfaces are used.

[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 ié formed between two walls 66 which are static relative to one another, one or both of
which have surface distufbances facing the channel 32. The host material is driv'en_ 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 ﬁ;de mesh, through which the
inﬁisioﬁ material(s) flows to mix with the hoét material in the channel 32. The surface
disturbanceé 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
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[0050] 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, thg 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.
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2. The diffuser of claim 1 wherein said second member also has a surface incorporating
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.
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9. The diffuser of claim 1 wherein either or both of said first member and said second
member has one or more orifices formed therein to pass said second material into said

channel. -

10. The diffuser of claim 9 wherein orifices are formed in both first member and said

second member for passing two different materials to said channel.

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. Tﬁe diffuser of claim 1 wherein said first member has a cylindrical shape. |
14.  The diffuser of c?aim 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.
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disturbances generates shock waves at one or more discrete frequencies.

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

inputting said first and second materials into a channel formed between first and
second members, at least one of said first and second members having a surface

disturbances facing said channel; and

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.
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said first and second materials within a channel formed e{ween first and second members,
at least one of said first and second members having a surface with said surface disturbances

positioned in an array to compress and decompress said first material at a known frequency.

24, The method of claim 19 wherein said inputting step comprises the step of inputting
said first and second materials within a channel formed between first and second members,
at least one of said first and second members having a surface With surface disturbances
positioned in a plurality of arrays to compress and decofnpress said first material at

respective discrete frequencies.

25. A diffuser comprising:
' - a cbnduit 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 2 device for mixing said first and

second materials prior to contact with said rotating mernber.

77 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 méterials to cause said first and second

materials to be compressed and decompressed resulting in cavitation of said first material.
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a first member having a surface incorporating surface disturbances;

-a second member having a first side positioned relative to said surface of said first
member to form a channel therebetween through which a first material provided from a first
inlet into said channel flows substantially without interruption and into which a second
material provided from a second inlet into a second side of said second member is
introduced,
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 Cla:im 31 wherein said impressions comprise grooves.

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

35.  The diffuser of Claim 34 wherein said protrusions comprise ridges.
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channel prior to mixing with said first material.

37.  The diffuser of Claim 36 wherein orifices are formed in both said first member and
said second member for passing two different materials to said channel prior to mixing with

each other.

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 difﬁser of Claim 28 wherein said first member has a disk shape.
42.  The diffuser of Claim 28 wherein sai@ first mc?mber 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 §hape.

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.
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of:
inputting said first material into a channel formed between a first member and a first

side of a second member;

inputting said second material from a second side of said second member into said
channel, wherein at least one of said first and second members include surface disturbances
facing said channel; and

moving said first material in a flow in said channe] substantially ﬁvithout interruption
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.
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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 w1th111 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.
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