/.

" toroidal cavi

- z{e3e(x(u\ (x6TIQ( p 3.NOV 2004 WD 0210~12~ PCT/ USO /21239 METHOD AND
APPARATUS FOR TREATI NG ‘FLUI DS BACKGROUND OF THE | NVENTI AANB NOWF28k d of t he

1 nventi wo @®ma1present invention relates to a nmet hod andecappar/aibss f or

treating fluids and, nore particularly, but not by way of limtation to a
vortex_nozzl e assenbly including inproved vortex nozzles. 2. Description of
the Related Art U.S. Patent No. 4,261,521 discloses a vortex nozzle
assenbly constructed _w | 0zz|l es_positioned within a
housi ng” i n opposed FEH&ARZANIAPPARAI] S L&4D3 he axial alignnments
of the nozzles and their respectlve nozzle exits and further, introduces
fluid into the vortex noZBAEKGRUIAIDIOF THEBR\GINTION i nterior tapered vortex
tube of each yort ozzl e.through a straight, round, port tangent to a
yﬁ %éﬂl é?(f’f‘ﬂ%ﬂ cavity is adjacent to a large end of the
t aper &d, coni mpmmntlﬁvenhbtbﬁlateam @ﬁeﬂ:@dﬁﬂfdﬁpﬂmﬁﬁﬁﬁﬁuﬂéﬁxﬁ@éﬂd fopxi s. The

"D_

fluid deparl t t or ction and pro ess .spirally out toward
a nozzl el @ i‘fs?’%} él))”v@f%tq, P E:’ TG BYfEE ASC peimpryed 1 ansi ti on

from t he vodexaiodaks. shape to the conical shape is cr|t| cal If the inside
edge of the cgn an e outside of the toroid, the fluid exits
too quickly tg '158 %%f%%éet%et‘agﬁifg’?age of the interior of the vortex tube.

,Conversel y, i1.8.Retentéd. d,e6ndfgled1ﬁﬂos%§1£v&iﬂﬂQoﬁle&&sfeﬁtbl@tcoﬁshﬁctéa%ﬁﬁ uadrant of

““the tgn

he 20 exi. interferes wth elncomng | ow and
causes m?ip{oéeeﬁng ot °‘3§§“F"]l’3{i’i”g‘l‘ qusing i pppsed prlatignsplp. Jhe husesh vortex tube,
c ? nL ri f ugedinteinethg yxill aagmﬁms fﬂm ﬂo@ubmndsmtrfs@emaé nd‘zﬂﬁ bﬁ:cs l&@%ﬂ&ér the si deI
of t he t apg Thi s, actjo elerates the fluid as it spirals-
out toward® (f%% g‘ﬂ‘f‘fﬁo V&ﬁ%ﬂ(’zﬁk’% ﬁ‘H@F’%‘ﬁS FHBEer tqnsted Forise bR afher . Waen
the flui cbaehmfnsxnmmmbhgamaignermﬁ;@ﬂwﬁm atomamahﬁy ahewrdiddi al | y
from one vortex

form ng cone. fI ui e

nozzl e i ?rcﬁlggils a(yva‘ieﬁ ?ﬁéar% SﬁiW‘tﬁe P’&?ﬁ? e% E’Flf‘lﬁrm%]rtf’ nozzl e

i nsi d& t hezHousds. r@eﬂmﬁd@barfscﬁ'dm;th& tbrou‘ml stefidnnediprogkasegirdiyanhiewad 4hi s cl osed
chanber de antial yac due t.g the.void c t he

centri fuga%ﬁég}gfagsf Of @ co’?/%u?‘é% n%ﬁg%hgﬁﬂg’@l ﬁa?)sf’ﬂopﬁé’mitﬁ% ’(Laa]t)‘%aﬂﬂhe t wo

hol | ow f |toitte conind shapa it digicgr Bikninsidoédge ol the sanb $d tapentad thy acdiderof éff ect s
changes t esi rab |aI for he fluid to
forma untl8 o#%egﬁgi (%1 %gfqluﬁc%f]y%?ﬂﬁ% °8mBL§e’°ﬁ‘éer%gﬁ8Pt§%§’leﬁ‘ﬁm ?fﬁ] e t he
surface drewendly.tifithe filside ddgeaf tHeeond états'tat fn{a botioen quadrbuiof i arbey the

Addi t i £ t liquid wall of
the vart o e St Bt 5oy SRS i bty i diri buted down

.o the walls of tﬁksélm@pécvreasﬂ Spma(ltyemt ta@hevomﬂetnba, ¢cneﬁ'llwbmbﬂg§ flmeaz @'pular
nstab || g5 ool SENELARL D05, LISk AR 51 et veen 25, L g Lo nozzl es

leading toi ne ICI
fluid Gt iEGu0P4rdiB G/ Gdtidg aﬁ’ﬁﬂ/mﬁath%ﬂaemﬂediambm mhentbelﬂade i nher ent

I1es 1n nozz |f|e5|n

e e e el bney oAy i SRRt relnEE ATSIRERY B P |

normal [y t e axi's o € nozzl & an fluid into
a -uni £or nolipwifiid donpfdmanes ubreex nosde maptsmﬂﬁasﬂuvgﬂmﬂleonb&mgtﬁe offer t he vortex
t ube ai ds,, d nore tune
to devel opdﬂ!gx;l eqﬂéléﬁ%évrlhgdgitn e&ﬁgﬁ% ort‘éjm"j[)]},n E c%s%cﬁ ge(ﬁ @&o Iengt h
greatly i ?haméersiegd@pm Sflbﬁit@!lalo’laamm drdethe vffﬂdemedwthQ ¢e@tné1gallengesf | essen the
i npact engg l [ col |i de,
thereby I1i mg%(rlte‘ﬁ’“?ﬂ%E&?#flé% g’%@%&o% {tﬁée%ogﬁz%g e?%t%ﬂegg]dﬂ! %ﬁi’sengt tﬁ%l SO

decr easessvbflantigbyacmich alferts ciargegip the Biidabl e, as the length nust be added to

the | 5ge end 1o qbplQhd fbhehithor DA TPk LEnh BhPbiT G 1 0N | ar ger

and 10 decreases the rot atl spee glven In vélocity. U S.
Pat ent NoSxpgsiagihe %@nawamowh@ﬁfh@wrfam jrereofhgriiuidio thelgEfedt of teegiotienozzl e to

. el i mi nat eciamBb MdfionHt {h?{lﬁﬁf‘ﬂ;ﬁro&‘ﬂm-ﬁmeéoﬂlﬁ‘&le%ﬁ%r f?ﬁi‘@%l?df vsﬁéa{ems' ‘i oned

particul arly when the paired vortex tubes are S|ze

rel ative ’E%Ct@aéﬁaﬁn&eheiﬁhe%@ﬁmﬁ@@ﬁémswbgfﬁéﬁw ‘c’!alb@ﬁihﬂamwilg of the

t andem degd:gR umemlleﬁuraﬁﬁgtﬁe ﬁ@zmeﬂhamhﬁéam%% MQB% &g&&m%%&%w' ly 15
determne the relatjve sizes and placenents as the rtex tube can

i nt er Per TP SYteazzlentsading o ipejciensich inrorale perfemence Frgss/irepilrifies in uid | ong fel t
need for a vortex nozzle assenbly that would provide for a nore uniform
filmthickness in the vortex nozzle. and allow for nore application design
| atitude, but in a |less conplicated arrangenent as was acconplished with
either the single 20 entry or the tandem nozzl e desi gn. SUMVARY OF THE

| NVENTI ON I n accordance with the present ;nvention,. a nethod and apparat us
for creating fluids includes a vortex nozzl e asserrbl y With inproved voxtex
I Al an _unprove /stem systeml




The vortex nozzle assenbly includes a first vortex nozzle including a
passageway therethrough and a port or ports that inlet a(fﬁﬁﬁV Johyi d flow
i nto the was@ageway. The first vortex nozzle inparts a rﬂ%ﬁ?%ﬂﬁlf t he
first fluid flow thereby creating a first rotated fluid 3 ow. Tile
vortex nozzle assenbly-further includes and a second vortex nozzle
positi-oned in opposed relation the first vortex nozzle. The second vortex

nozzl e incl udes a passageway therethfo@gh and a port or ports that inlet a
second f | uft§OREQR feimBeren avhism eue-stpetouaiph A shgle, sievbm Buid oroseseciimrzantesing npar t s a
rotation tfod@y $eEe Rds dfltht i1k M ALEHEB Yevel B A rpiated fluid
fIOM/coIIiaggaw?L& the?first rotategﬁ?Iui8&5?2%%ﬁ%€QW§§§?ﬂ§n§g%nent of the
35 passage dagpulasetiogor t ex nozzle is tapered, .and the port or ports are
tangenflal to tRherchafahe lendty &Mﬂ%}ggﬁeMQﬂa{egﬂﬁgmjﬁhﬁ%{e&@%&% 239 of the -
. passageway and enter . the _as;ggfmay at an angl e substanti y equal to the
angl e of tACVEBER Toid If%ﬁraa HeomastabiBioRmabES ORI TGN, OF d#ETRAW NGS
Figure 1 i fenphiR&8pafetchdts mdiseiiohd! hags%]&. b ot I%Qeéﬁe%éeﬂ%?é R aétrﬁ.%é} ng_
fluids. Figure 2 is a cross-sectiona "View taken a ong 11 Nes 2, 256f Fi gure
1 illust raWSﬁ'thﬁﬁW%bﬁQWaﬂ‘%ﬂsCOp@ﬁrexlﬂﬂéﬁlF norgles tallidgstherptiygimigng3the effisieprafpect i ve
vi ew i | | ustieaiolAe %e\ﬁﬁﬂédQ%gﬂ%%!ﬁcr%esm%g&gﬁ%ﬂ%ﬁéf r{vgﬁabicr £9ht i?a,%gt{]' ui ds.

Figure 4 is a perspective viewillustratin he v ex noz t he
appar at us POt epdieddg thedgeg endiofithe verfeythbe. Bhis maken the taxeidalisention lagger and
i |1 ust 1@t i Becradled it RhatishalSpettf fofta ¥OLiiRY vBREH. € body of the vortex nozzle.
Figure 6 is a cross-sectional view taken al'ong lines 6,6 of Figure 5
i | lustrating thE-3EpEERoNHI35.Y 3 sedppnesher tohine vasiex tike tooadh wzzlg & dDiETte. ED
DESCRI PTI Obl ik /R pERRER: FVEGRL BN\t byStlal Sled e B\l 2nd: 2
an apparatuiFS for treating fluids includes a frane Flor upporting a punp
7 and a mafoeHEg ProPeeTied And ppsitienedapistive te ceeliteer.aHowevarproperiyesizisg argluch  as
br acket s OGNS ndm iRt Pk LASE ARSI Fhe %a?e%léro the

0 di sed in a housin

nanifolg 8 .and a vortex nozzle assenbly Spo 9. 20 The
purp 617 nc AttgEEng the gilstive sizes andiplacemsntygshesiorterivbecap invfoocaptibl thaof  punpi ng
fluid frohh@@ﬁﬁuﬁal§gyfce t hrough the apparatus S. Fluid, in this preferred
enbodi ment, 1Is ggg flowable |iquid or gas or solid particul ates deliverable
under pressuri zE&EYLBeHhas g gilepedeliared iy 2 taiggrozels assepble thet wedd eravisei nent

di scl oses forfiififre Bniffh MR RiM@EdsOhE Lt Sozzie %ﬁo@{feﬂﬁ&% Q@’H}fatﬁ)%id%%g% 2 tzg;e

art wll rgfpggiég many ot her suitable and equi val ent neans, suc

pressuri ze i &leEcemphigated pmanesresntps gvap preproplishedawitti eithestthd dngle. di vert er

13; andoeleﬁmﬁoﬂmgﬁmmmﬁﬁﬁﬂgh@h&plet 12 couples to the outlet 11 ofthe punp

6, using any suitable nmeans, such as a flange and
SUMMARY OF THE IN \ ON

In accordance with the present-invention, a method and apparatus for freating fluids

-includes a vortex nozzle assembly with improvéd voi‘tex nozzles. Also provided are an

improved overall system, system layout, elbow design, and methods for a vortex system.

25-  Also provided is an access port and methods for measuring physical properties at the fluid
flows. Also provided is a frame assembly for a vortex system. -

The vortex nozzle assembly includes a first vortex nozzle including a passageway

therethrough and a port or ports that inlet a first fluid flow info the passageway, The first
vortex nozzle imparts a rotation to the first fuid flow thereby creating a first rotated fiuid

30  flow. The vortex nozzle assembly further includes and a second vortex nozzle positioned in
opposed relation the first vortex nozzle. The second vortex nozzle includes a passageway
therethrough and a port or ports that inlet a second fluid flow into the passageway. The
second vortex nozzle imparts a rotatic:: to the second fluid flow thereby creating a second
rotated fiuid flow collided with the first rotated fluid flow. At leasta segment of the

35  passageway for each vortex nozzle is tapered, and the port or ports are tangential to the taper
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““di scl oses a naRIEFAds BPERectiye ey dhstgng e verinazss ofilr arRaraig

fasteners, to receive a fluid flow fromthe punp 6. The_ inlet 033 fits
- within an inlet of the diverter 13 and is held therein 339 NGV 2 on,
wel di ng, wad epmiar the like, to deliver fluid into the 3gcduvartiesw 13. The
diverter 13 receives the fluid flow therein and divides the fluid flowinto
a first fluid flow and a second fluid flow by changing the direction of
fluid flow substantially perpendicular relative to the flow fromthe inlet
12. Tlie diyverter connects to the el bdws 14 and 15 by friction, welding,
gl ue, or toﬁée PRRAgeV AT e1ipn f Pagsags Y plap apgle supstpntislly e@at iodheanglswf ™8 and t he
second fl tﬂipérgﬂﬂ@\@gagsg%Mﬁ el bow 15. Each el bow 14 and 15 reverses its
respective fluid 35 flow received fromthe diverter 13 to deliver the fluid
flow to the housing 9. THEERPESGREXION O TEEDRAWINGS3 Nov 2004
- PCT/ USO1/ 21239Figiié h tsleserbdaontid Aliteis AGpadshddts walhehug@nnect toget her
usi ng any suitable neans, such as, a flange and fastener. The el bow fitting
17, in3this prEedeZell LHpudrdtent Viepfaegalraedings 24 ~f PEun deliverafing # t
connect i OppHrathdYor wlaliMnfidst ti ng 17 to the housing 9. Simlarly, the el bow
15 includes elbow fittings 18 and_19, which connect together_ using any
sui t abl e meansFBE§AHS g @ergpective Migiyglusipipe pyofietzzle ehibe aPpsis it Bsah82 19, in
this pref gu®d enbodi ment, includes a second flange to permt connection of
-.the elbow fitting 17 to the housing 9. Although this preferrgg ' enbodi nment
ing 9, those
of -or dignarpeasdg tidsi N the art will r-ecognize many other suitable and
equi val ent neans, such as two, pupps and separate connectiqons to the housing
9 or a single PHEH dem Jevrionyiey Pnstatngap miqt gide ofr youtex pegrle B9ty PHEC housi ng 9
i nst ead ofvegBfing@@eti ons. The housing 9 includes inlets 21 and 22, an outl et
23, and detents_ 25 and 26. The housing 9 defines_ga bore 20 along its
central axis a Eﬁ“ﬁ*%?é’oﬁszfeﬁﬁgﬁlWﬁﬁ‘ﬂgﬁﬁ‘l%W§ pEYgue lysipingdts he ni dpoi nt
of the housirtagnéziaBedCamuidiiGabiag W th the bore 20. The housing 9 attaches
bet weep el bows 14 1 Sing.a iLtabl ans, .S fl anges and
fastengsr s, 15 to ' &19110&)/05 S%MMDFMBQL—bCJ&E%*d t he second

CTTTTOC LI | AV} LAY Tt —Z41L4dArl

fluid flow .Stl | Alidstrated in FipRred U brldet, aieiﬁapixs ! QM%&@QM&momayshzéﬂﬁ@@l e flui FI
storage of_.delivery systemusin - known pi ping. mneans. The vortex nozzle
assenbl y BT FERPRLa Dbt #d A manE & beorhRine foy ShERBLe AUASRISFBERS O, rent
i ncl udes v@treXets) ORt2laparshis sHtheZBoludds b Boushg® spasddlio cieechnyblifdiaadthe bore 20
of the housing 9 1n o .relationship to inpinge the first fluid flow
with the s%%g8°?Z|3&F§?B’§%S]18ﬁﬁwse‘ﬁﬂ§$‘8wgsr eating the flowing fluid. Wth the
vort ex2;mozzl e Zlheptdg 6 uRbhdésizh Outle Bl 430 ikSini gnifdble bladp vapable vf p@dpiheldd and t he
-housing 9 define.a cavity 40, which_ receives the first fluid flow fromthe
ol bow 14 affFadiGaRes biel o wperpn s RGN PP SR g A
Simlarly, flgwibtle g or gid @ Xolid@ZitutatadReliveabletv@der ipfebsrikdiozal otiiquithflOv.ne vort ex
nozzl e 28 t he. housi efine a cavity 41 _which receives the second
Vot d 1 owANbeieR Db e B hpadii Sl At 6 6 g S T8FE | ow to the
vort ex nozzidmag8killAs thelaltwsil feadghigle tnnyfdilgtisaiablS al eqhivalematidaay swhzal e 27
i ncl udgi a _nozzl a boq%jaéQ and an end cap 30, For the purposes of

r

di scl o&Ur e FHI BRI EFPex nozzle 27 will be described herein, however, it
shoul d be underBicaadifolldtnchides aaridta, adbertrd 328 dickhovd @htund . The idetdi2gn,

construction,,and, o i to the vortex. nozzle 27.and rely positioned
W thi ot heonisid RpPAREH s biiot Sintie BBl i ARt 0" he

vor t ex noz fdsendy, id sedieeci fluid fivefrannibi myan® ritheaflet 1B ditssweithin én foletiptkhé | ow Wi t h
the first fluid.tlow . The nozzl.e .hod 9 i1.n this.oreferr hodi rent i s
substanti afighe PRt el Befliel aBe Rugig, ki, S L B NS EBAMOET

"| ocat e@0axidedkityr 18 hEneadivarewihreceiléncshd ipdfiedihpansad divalgs 8¢ fluiidlandie® an i nl et
side 32 an cr ss'ndiﬁ{n%trunil.tr'.nt'n i de 33.
.35 The tap%fsqgwd?ﬁg%?%%%erc e Eas@ggbg\ﬁagafg{?%%}e;&r S%Siéto gg‘%?f@gvsgﬁ%ﬁg@%ss t han
90, howev e perpendicular relative R0 MG fORY e hEPIR. AGE AvEGIr cERES talibe dBowHIPL5 30 nore
pr ef er abl e . t , . - 4 body 29

i ncl udes aa%‘ﬁgﬁ%%?&%ﬁ%lgéé’ gue’é’@rﬁ{a%i]%eég&%gr?%ﬁ%nﬁggﬂlvﬁ%wgglg?%gﬁhgq t her ei n.
The shoul dend 84 sicgndsfluidflow v thedltowi Ion Bhdhyelbongdged i heversdsirepective flaide of t he
housi ng<9, iLes ' i 5 : AE ndering

t he VO%’[S ex ﬂr@zr%%gggﬁoé%ct ?é}g?f%’c%g ‘%e %Qgﬁllﬁr?gﬁtﬁ(g (1)1u5| r%ﬁgfh%%g&gr oove 36
receives a seal therein to fluidly seal the nozzle body 29 and, thus, the
vortex nozzle 27 within the housing 9.
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The nozzl e body 29 further includes ports 37-39 for introducing the first
fluid flowinto the tapered passageway 31 of the vortex p@zme2f. In this
pref erreqiegtegdisnent, the ports 37-39 are substantially brapcspigal in
shape and are equally spaced radi ally about the nozzle body 29 begi nning at
the inlet side 32. Although this preferred enbodi-nent discloses three
substantially trapezoi dally-shaped por%s 37-39, those of ordinary skill in

the art will] .recogni ze at | y. one port is actually necessary and that
any nunbe ?nci%'fiespegqu’gg'ﬁ%ftlgén%ﬁjw onneqt PRthsTyEig aphvitehle meang Fudhgs ey be
any shape fisuictiabiageten el dibserfitfihgii 7] i MishrébRed FRVIIBRRATRAGENRYondl, Such as
eIIipticaItmtrian | ar, D-SP e%, d the like. In this preferred

enbodi nment S REPEEY pankeiong @ESI Pﬁ%ﬁ]ﬁaﬁ’ thechoupiag P fsplady; tegthewdt tire
tapered parsageimy fBiagnd aRnie vhidiohRBebedhRASHR ARy AN medns shgh 238 angl e
as the ta%ﬁ of ]{a et erﬁ{%ﬁpﬁssa&?v\a .31, which enhances the delivery of
the firPst i PR HES thng, & drithis prefagedpgbosimens docluges 4 sseand| y, t he

di st ri but iflegead pdrini2 cérineetion bf té eibblvaiid BUBEhd RRsihaDE KashupR B3386uaY 31. '
Al t hough this..preferred emhodjpent di scl gses tangéntial ports 37-39 angl ed
with the t‘“"é‘h‘é‘?‘gﬁgd’ﬁﬂ‘éﬁf QB‘éﬁ”g’gA é’ﬁ'g‘@%ﬁ%ﬂsﬂﬂQWﬁgéhﬁhowanmsyoéki Il in the
art will osthegnkien teait Wil ecp@iitesmad ot SARbLRIMNG bqliPed ABSE 8HcPRISGIEWaY 31
at any angle relative to the taper of the tapered passageway 31.

Addi t | ona% Ds ol SOPRALF cgRucriipRs Ffb’gli heussR orasingds prpmdelverieyiddnte sidge 32

i ncl udids gottiaaf tHehousi Eingad|of e@bpdriéhst aper of the tapered passageway 31

to ensure,the ports.37-39 each define a substantially trapezoi dal shape.
The end cap 30 Psé“%?'l’é’d@%d“g?m?ﬁ ‘ﬁ%?z?‘l’@“tllféa?/: apg defents 2 #9§ 2610809 nl et si de

32 to sealhotsi 9 defisds 29203 Rng ih esrBAY R A Yord 81 pdsttofled BpRfikRtdy Nt O t he

t apered passage .31 .t hrough ports 37-39 only. Accordin , thé inner face
of the en&“”%&%“’%ﬁ%‘{'ﬂté’iﬁﬁ]ﬁ O'iSEP@ T corIgEsating vith the by 2 -9¥féfé1°f—1ﬁ§131% t he
inlet sidettRBesteticateBbows 1ape 5, MibsSayEiabR NS shdhts AR aldindtdigs! aper ed
passa body 29

way 31. The.end. 30 .attaches to the end of the nozzle body
defi nigf?g Yoy ‘Ié]‘i ﬁfétir}g’é‘f o ‘Eféﬁ'lﬁfgzlaﬂﬁ'a the seeond Tuid ow at inlet 22 The owtlss?3dm| ng
screws, glctmectable tohey hiifsble fiia\WRYAe or h&ﬁv@ﬂmyhﬂmbﬁmg%ﬂfﬁémﬁ inP&leardshe end
cap 30 may be iﬁ)rn%d int egral J§‘¥ \ﬁnth t he pozz| e body 29. A {)hough this
preferred embodihEHT* H2elepsently dfaesidss sithinthe bose 20 ped. éHlis prfms® and t he end
of nozzl e embodimaQ, iﬁk&i&e@hﬁtﬁtxh@ﬁl&s@@hd§3,dﬂﬁ§2ar@-§o§iﬁtﬁ:ﬂe&'%tﬁlﬁﬂﬁ:bbﬁ%rof the same
angl e as thetgg_g%eg. of th& ggge;}{ed passageway 31 to ensure the ports 37-39
each defi ¥ LeRPOSHT Telafiprship ig Ampigecihe Tk Hpid flopypitthe seconddluithr y ski | |
i n_t he2tar tlow, ihbrebyeeatng the Abwiag fbide WiAhOvorbObiAd 27 inkediPhie 88 fousing
PCT/ 11501/92é1239 inn%[d;gacg of the §n cap 30 and the end of nozzle body 29
defi ni ng thE°SFATELOE 39 hiphousing @ CAVRY Hh gibish regsvesdthpifistiido i ncl udes:
a boss 42 floorfroetithe eibegn 4 biddelies i) A0 i RERSEbrick ab2I07akindRAY,0Xi Mat el y
the center 3{ th%ino%r Eacg@af_ tghe end cap 30. In this preferre
enbodi nent™ B eyortgt ey 28 fnserted inte the hopsiug, Sufhe vorexapdn it thedorsing & aper ed
pﬁs sagewaydefide doa\dq/diluﬁhié:ti fheepi\'frdslﬂi‘eese\tﬁﬁtf@ﬁcz %Wﬁt@ﬂﬁﬁ% slbﬁa‘v 1% b1 Jeiieé&ﬂh@ ntering
the t re sage : assageway t hrough the boss comruni cat es
with %av%@aﬁwggf%g%wg%eﬂgﬁﬁgghe center of the outer face of the end
- cap 30. A condds flugdfatedse BighiegBHopthe yoftexitzite DR iftiideea fék¥ie bdyDd sh@aer mi t
measurerrenetdgf 3Y)a§gt$n W t hi nft he tag:trgfd gassageway 31. 10 Aflow of fluid
del i ver ed POPRE § BT PLRITPYSALdisslpsurpyoufyathe Kertex nozrie 47 pilkhedstonhsd 31 via t he

ports 37- 3ercihbovwenpeit eibupite Sageweyd Bt (hee@icy @5zA88 & lidthekal ih%:ﬁﬁ%;:ﬁ and
inmparts a ro a(t.’ion ﬁio the fluid, theréag crfating a rotating fluid flow
that travelE SR PARPTAIEIRYe Satey; §7§‘1 WAL gngdvith the ke 20 ge 33,
Each ﬂmt ca‘mea@umtgh i IQiuegls)séﬂ Platidriship tgfhe'fvbﬁe:i hasizd 2f7|t@ﬁc%¥iﬁié”imd53ﬁ§§ﬁ‘éﬁli bl l'y an]gi'
normal ly t t ed passage 1. This tangential and normal entry o
15 the fl u@ﬁefﬁdﬁuﬁﬁoﬁ%ﬁg‘ﬁﬁﬁgt%@%W%ut es the fluid uniformy in a thin
rotating fil m Abonzle hedyt@pethedrpRash@Mbdinat is 30Bitadtiang @inﬁa:i’esﬁnfsﬁagéd | osses
due to int bul.ent noti Accor.q4j ngl th ortex nozzle 27

or ovi des. 0 Mgk SRl R opalff et iHebiegodl e bt et ow

exi ting tHd indidesdn isletdde3? and déchersdsdp dapdtcp ARt agaiaYindd an ARt fidomal |y, in
this prefegr emhodi nent . the cross-sectional eg of the ports 37-39 20
is | es%§t ﬁ%hﬁ%a& e crega §¥e§@3§3?5?ﬁ'ﬁy 5gF’ea oge?tﬁretgfﬂh&reﬁm%s‘?sagm%go oPOYRE: t aper ed
passageway 31, which creates a vacuumw thin the rotating fluid flow _
Nevert hel ess, those of ordinary skill in the art will recognize that the
size of ports 37-39 may be varied based upon particul ar application

requi renents. The ampunt of vacuum created by the ports 37-39 may be

adjusted utilizing the boss 42 to alter the force vectors of the rotating
[ lustratively, increasing the 25 size of the boss 42 (i.e.,

o T — e T T Ty T e s o e g = 5.8 T e



WO 02/ 04124 s CLAIMS | claim 1. A vortex nozzle,- conprising:

PCT/ US01/ 21239 a 3 Nov ~ooa a nozzle body including a plssrevis:

t her et hrwogoamtd a plurality of ports that inlet a fluiaclvsm/gbstantially
tangential and normal to the passageway; and an end cap attached to the
nozzl e body. 2. The vortex nozzle according to claim1l wherein the
passageway is a tapered passageway. 3.. The vortex nozzle according to claim
2 wherein_ the tapered passage incl.udes an.Jj nl et side and an outl et side.
4. The vor??“é?er?(r)ag’gelm “RECOFd ﬁlé}g%/rbé cﬁngweﬁ?%ﬁ%r‘ei n the inlet side of the

t aper ed passagbwezzie halydbescladdsapboulddr 34 hadngd missdppstardsSivahlayreaeal to t he
angl e of .aper. of the,taper.ed ssagway. 3. .The vortex nozzle accordi ng
to cl ai mifqgﬁ%éel?‘glﬁ}? Sie{%ué%er g# ! lzeedg %%%P‘%“"tﬁg G agf)g'retl%terfc% S‘F%ﬁeggmeﬁlﬁ?sulgo t he
‘tapered pysdigbeesed fortidinds vimitd detenn 27, theeebgcanledngtte toatec harlaP2 exatayr ei n each

of the.plurality..of rts ehters the.tapered age - at angl e
_Subst a5nt iéﬁe@blee‘élgg? mggc’lfsﬁl;%nvg}e&r%?veé hé cflgf)sezf gafﬁﬁ?%é%@? S(S%rhbeassageway. 7.
The vort eaozriebaly@9aad dud) thg vortexaloail &2 Bwithia thed iousitgd.cr oss- sect i onal area of
each of the plurali f rts .i ess .t he cross-.sectianal area of the
inl et side of T?‘?lléo fé%g‘?ye%é) ‘85%%"&602\%’??0%? J%e}c’{/'&uf’ mﬁ@#%hgg??f?di ng to
cl ai m 1 winwrthd inpardiepagshgovalyisi yof i vpaet sozide 23.Ubsthia piefealed ymedingnt, thespaced
. radially about .the nozzl ody. .9.. The vortex nozzle according.to claim1l
" her oi 1" RES a0 R RS S Rplaidh i Rl b RS P R TR P ok ape 10,
The vo@t exozple badye2degioniog motht miet kide A2.2Almapk this fréfarredneibodipent dztlodes an
I nner facg_having. aper. n I stanti.al.ly egual .to the angle of
t he taper%f)efe S?V%Jég?azlﬁtgrage Olggﬁﬁ%ﬁg%;&rgﬁgg %Se\?g?ﬁdgleryﬁ%;ﬁ@c% ding to
cl ai m 1 wieergnizn thahenlyeod podis acneliy deesarsoas shat hat nvetbeed gerts itydbet he
passage - | t 1) rce.vector.copponents of. the fluid
flow enﬂﬁggtﬁr@%%ggaégﬁé% éﬁyl%%%{ég%n rSP K S%Ig%%ﬁ%%g%g%rgi}.' |mnt§ ﬂ%eo claim1l
wher ei n t heeradbrzdagevizydy, sush sudibptoal, ivehgylarcPishamtrj apditheilike.shape and i ncl udes
a shoykder hayj | ' / rte e risi,ng: a
nozzl gkbody [ \r?léﬁsoll% F\%é%ds%gbs@%éé}\‘m%% Q%‘g? g?ﬁ%%u%gé%%gégﬂep%?ef gﬁé%eto !thﬁl ets a
fluid fl owpered@s@2¢very B2 4n@ETeiBOhpate BFsage@aNi\at ABBAm¢ aigls at the taparfageway,
wher eby t ' L al ' passageway;
and an’ enie el pisSeg Bl AU A b L AAERLLBY 108 AORIR 0ok Bl B P Saoar l ng
to cl ai m ERerphpasegevaylid apdodmsvlsy/the diswibbtgrefde fosi dodfowayound he The vort ex
nozzl e ac | t i ' . i udes an
nozzl e acealdh Plsdsf| ! Rididud\ils et ddentsBRAAFLARIIHGIR foRlE3 1P
20  angled with the taper of the tapered passageway 31, those of ordinary skill in the art will
recognize that the ports 37-39 can enter the tapered passageway 31 at any angle relative to the

taper of the tapered passageway 31. Additionally, the end of the nozzle body 29 defining the

inlet side 32 includes a taper the same angle as the ta'per of the tapered passageway 31 to
_ ensure, the ports 37-39 each define a substantially trapezoidal shape.

25 The end cap 30 abuts the end of the nozzle bbdy 29 defining the inlet side 32 to seal
the inlet side 32, thereby permitting fluid to enter into the tapered passageway 31 through
ports 37-39 only. Accordingly, the inner face of the end cap 30 that abuts the end of the
nozzle body 29 defining the inlet side 32 includes a taper the same angle as the taper of the
tapered passageway 31. The end cap 30 attaches to the end of the nozzle body 29 defining

30  the inlet side 32 using any suitable means, such as fastening screws, glue, or the like.

However, it should be understood that the end cap 30 may be formed integrally with the
nozzle body 29. Although this preferred embodiment discloses the inner face of the end cap
30 and the end of nozzle body 29 defining the inlet side 32 as including a taper the same
angle as the taper of the tapered passageway 31 to ensure the ports 37-39 each define a

35  substantially trapezoidal shape, those of ordinary skill in the art will recognize that the




16. The vortex nozzle according to claim 15 wherein the inlet side of the
t apered passageway i ncludes a taper at an angle subst antp Alhy ggual to the
angl e of Wwanrlapgr of the tapered. passageway. 17. The VOpER¥siPA3lE
according to claim 14 wherein the port is tangential to the tapered
passageway. 18. The vortex nozzle according to claim 14 wherein the port
enters the tapered passageway at an angle substantially equal to the angle
of the taper of the tapered passageway.® 19. The vortex nozzl e according to
cl ai m 15 whBidRas of e s 6as30sad thespdpf napaebody 29 frfinies the inlgt side3a malyan t he
cross-sect{ega@gtaapgﬁglg_f the inlet side of the tapered passageway. 20. The
vortex nozzle according to claim13 wherein the port is substantially

trapezoi dal in E¥&pe capil ingtdes § s 8% lovmodinieeralix berewifyoraackediberetdat wher ei n
the end Caﬁbpkd’ﬁi:&t@l?&h@&nief‘&ﬁﬁeiﬁ]ﬁ&?acgéf"ﬂx@&d@a}:;ﬁ?‘iﬁ ﬂlﬁ;)r&'&eﬁ%g%g' tantially
f th ed passageway. :

equal to the_ angle of the taper o e tape j & vortex
nozzl e accHfAPTiF2dbeauioa] imshape apbpsiands inlpdhedpngred apssieawhidicio adiugs desfordeat

extends i N{Qtdr BOMPHRERBEWR YiuRerelite BEARE&DaE L 9B tA bk or :
component s _of theﬂﬁ%ui d flow enteg% ng t h‘ggpasggseg&gae[way. i)23&%"?1 e%f/ortex nozzl e

accor di ng HEPgh dierhossAdpramuicaienitho sarite 44y gprosmeliy S entizafl fhg coteri ndr i cal
in shape apde bfBd P30S AQBhARIISHAY FRGre3) £ WES ﬂﬁ%ﬁéﬂy%-t ﬁegmitA fluid
treati ng appar at us conprising. a first vortex nozzi e 1 nc? Ing a
passageway TEHEFEERt Sf A uERItn e tapsied passagewayGit s that inlet a first fluid -
flow inho the PATRAGTEN deYiREEED YhelvbRexld sﬁg&l ] t .
rotation tqg the first fl uied flow tehergﬁiy?%%zgeﬁ%%g_ [ rsp?ség%%&%?ggvﬁ uid
flow and HePerbHtr3?rhedspered passigepastlirisiverthe Auid fissinead frapags poglatidne fir st

vort ex Nozi fhe AkiAShSREPBEathR b kGNind IR Rt L MlisigwAHD B3 8RE e ret hrough
and a pl urali%é of porjtas Etihgt&l inlet a second fluid flﬁin?o te%’%?

passageway 2! Bifs Phiet side $h Fagloparedd-3sislivers o nepien oEtha fividdlawibeth t o t he
second f | ukgleddiany AiBXRRNYIGH @Rt r LUl AdVeeQl Jel ded
With the firer rorated fho gl onr pacle 82!/10%%3@ éﬁ%%%%ou S8 &3 nov
2004 23> Al Ppytiple pande disibutpthe Buid uniforalyin 3 Gingefating fimabeutthsr t ex nozzl e

i ncl udi ng @phRs pageR4y BISHEH HhiRisd es AGH 16s Bhd to bitdhal itbBld mdndd. T st fluid
fl ow subst anti I%&gngentl al and nornmal to the passa?evvay, ereby the
e

first vort &¥°HORE YRR oz2e £ ppratiflesdorageorgatepseraad stable impagtiopintatingr eby

creating a fluidfidw ¢ @86 otitletididt 33! P e 1BEA PosH@ERFSB1VOr t ex nozzl e positioned
in opposed relati.on the first yortex nozzle, the second vortex nozzle

i ncl udi ng a pas&g ¥ dippstenerpnbodipent (e prosssaeiions! grea o tha pertscingf 1 ui d

f1 ow swost aleésahdnythé aragLdbticakl AAGT e i8tkidd 2 JFRR thR%S 3ReNRYay Y VLEDY the
d fluid flow thereby

second vortex nozzle i ar{h? a rotation to the secon ) Jc

creating acgeéii‘?ﬁﬁ&a%?’a‘g@&“ tRtiieg g fow Nevsehelgssthose plordiparg skill i teed £ 1 ui d

flow 26. Hreviflketognits BattheGeaB patsH79 nde 66V BaskPupoh infitdR phiREGSD t he

port of -the first vo,hgiex nozngle inlets the first fluid fl ow normal to the

passageway SeBFe LATRPURY L YRGUHT CEEATSS PRiROoTE 4GP B1aK e adiugadatifiving wher ei n

the port ofthdYe8s $200id: 1O fdré@vebtons of e tomiad Suid NEw SEBEARHVY, Wctbabihmenor mal to
fluid, conmprising; positioning a

t he passageway..28. A_nethqod of heatin 3

st v ¢ SPebysbRst Y (b?;p%@%fd{'ﬁn@r%ﬁ It docspases dhsTaioips OBIR Ui pered
inletting gaisagestayf3il bt ity ilnidl BerabyiBG SSigLINS Yacahim bIE Huk [p¥évidlel thex nozzl e
via a pl urale’a&a/ ﬁ)f. orts_of the fi%]st vortﬁg nozz| e, whereby the first
vortex nozZPBEiiie fiewynhypare foypyard qod Quippe greq Yegiopompgiraiser eby creating a
first rotated fluopstrdtionythe maaifold$ & iiskibledas proRaddy fdsetivdd hhDitnhddtea t8
passageway of th cond _vortex ngzzle via a pluralit f poris.of the
second vorttg‘%(p 1 ?QI a}cg\ﬂg&gé’ﬁ'i}exﬁ‘?ég%sééﬁ‘ﬁ%dwlf’ e‘{fﬂfﬂﬂ’%eqoﬁﬁlﬁg?qs PAPot at i on

t o t he ¥ecdchahdusing @ a lpoardcutie desbiybed, 24 the housig 9eC@Rbtcled tahadfofd 8)i Thef | ow
collided w the first.rotated fluid.flow .29 . A nethod of treating a
fluid, conﬁﬁ%&%@%@qé%? ﬁliaéo‘Fﬁagflq%?f@ﬁ%ﬂlgﬁgg‘eW%%s%% elation to
a second vatitides timothuiti dto thelfiest fivid flow ahd ths tecdnld dutl fldwo VWhs wlasif@d 8 detveys :
t angenti al el t. passage of .the first vort npzzle via a port
of the first ver e@ﬁ‘é"g‘?‘f’?}ﬂ&ﬂ%ﬁ@@%ﬁ%@%Pg?%%ﬁ%%@%%%@q{b%rts a
rotation tocaviget!f ofitbe hdusing @. Thofvst flult @lwentersabt vonigx gozble 23 frofmahadaetdy #0 ui d
flow, i ' nd fluid.flow substantiglly. t nt.al .and nor mal
to a pgés.sgagg%\g%ﬁ)gl?sg?%gégog%% rrll%nl?:)ipt g{Ale noz SX{}?%{G ?be(%g]{’esgﬁeqﬁ‘ﬂ‘ih@@@b vort ex
nozzl e, whereby the second vortex nozzle inparts a rotation to the second
fluid flow thereby creating a second rotated fluid flow collided wth the
first rotated fluid flow. 30. The nethod according to claim 29, further
conprising inletting the first fluid flow nornmal to the passageway of the

first vortex nozzle via the port of the first vortex nozzle. 31. The nethod
' i rther conprising inletti i




WO 02/ 04124 PCT/US01/ 21239 3 NOV 2004 11 normal to the ﬁgi?ageway of the
second vortex nozzle via the port of the second vortex €. . A net hod
of rotatiwigozofizei d, conprising: inletting a fluid.flowpsunsoanizeal | y
tangential and nornmal to a passageway of a vortex nozzle via a plurality of
ports; and rotating the fluid fl ow Wthe passageway. 33. The net hod
according to claim32, further conprising inletting the fluid flow
tangentially to the passageway. 34. Thé met hod according to claim 32,

wher ei n t HEPRESRLGFERRL e ‘F‘éﬁ@?@ﬁ cregiing a diperofating Guif fewthasirpvelsalowathean angl e
subst ant i addrigx QerR) 27t0d b8 ith BRRE sided @mﬁﬂ?&ﬁm&na fﬂmﬁ%ﬁrtehﬁﬂs the fdﬂé d,

conprising: inl ett| a substanti al l ential and nor mal fIOW|nto

a passagewFA6R3 Fopdhs eyttt e e P‘aﬁé&{ﬁhm’ e pepder8. Theyagierx p@wlqiﬁs t he

passagewayrecedfes thd Tiid@értia anﬁﬁﬁﬁﬁéjd RB8tidi%o AlePuld Bereby dx‘é 5 &8P ota8h
fluid fl ow normal t he passageway he nmet hod ccor di ng

inletti ng:éhg
to clai‘m 38" \ﬂﬁ@ﬁ@tﬁa‘?ﬁé‘%&%é@éwzﬁhszgta&é@ﬂ@éis OWEFIQ%@“ﬁItQﬁhG opposed i s i nl et

at an angleafiohbipaititlebhok R 27604 iﬁ"ﬁeﬁﬁ?ﬂ@ﬁﬁaﬁng’;ﬁmd ﬁo%(ﬂflﬂlﬁ s'ﬁ%zs%éo‘ﬁd
conprising: a ngzzle body_ including {)assa eas ment of the

passagewayrof?é'i“ﬁ&‘“flélﬁﬁfr’é ““&ﬁ%lﬂlﬁtfﬁq‘iﬂ?nép tb?ﬂ‘ﬁgﬂwghﬂlebwabﬂg ﬂf%@lﬁ #luid flow
subSt ant i abduplinah B Akidak the ReubRh Wiz bPsdi B85S RGRH A he 84, ?ﬁkﬁnﬁé t it ex
ural |

- nozzl e accg 8| ng to claim38, wherein at [east one of the p y of
ports is tomg&Dexis WWWFF@W&B’@#‘@W%&@%‘&E%?aWHW Foregest dsbyery e
accordigng #@iesl.ai m3 8, wherein at |east one of the plurality of ports

enters the tapered passageway at an angl e substanti aIIy equal to the angle
of the taper of%@&éﬁ%‘iﬂ% t g yentonusgpn deseribed rctespasrof g foregoings according to

cl ai m 38, m@hmtsh@h dReFBlich 100 Gdknifst e%ﬁy%rﬁﬂﬁfxﬁéé dﬁl)ﬁa\‘xh'a@%]!l B@!ipp'a.t@nls hape and
i ncl udes a %goulg havjng a raised gprtlon Avortex nozzl

conpri si ng™ 1805 8% ondigany el o the prkdnany al %&E@é@%@‘s a@dwa@@mnsafmnt of the
passagewaydégaeee@m DB theddbbedf BR plesdnf@bentif. @itngt Roge! auéo&ﬂdlﬁéls?ws h&ft& t he

passag&?gyb rt bei ng substantially tan enti al normal to

passag © émVBﬂFg yﬁEﬁ?@@“%ﬁ%ﬁWﬁF 6¥%¢ﬁﬂﬂ2mbWﬁ@h@ﬂwﬂﬁhe port
enters theﬂﬁa@gﬁed passageway at an angle substantlally equal to the angle
of the taper of the tapered passageway. WO 02/ 04124 PCT/ US01/21239 G 8
tdOv 2004 12 44. The vortex nozzle according to claim42, wherein the
nozzl e body is substantially cylindrical in shape and includes a shoul der
having a raised portion. 45. Afluid treatnent system conprising: a punp;




‘two opposed vortex nozzles; a manifold for receiving fluid fromthe punp
and directoamgpands to the nozzles; and a frame, wherein the prgusonezases,

and manifold are nounted to the frame. 46. The system accor @idggygygl ai m
45, wherein the manifold conprises two el bows, and each of the el bows
conprises two el bow fittings. 47. A fBuid treatnment system conprising: a
punp; two opposed vortex nozzles; and a manifold for receiving fluid from
the punp and directing it to the nddAdS;, wherein the manifold conprises
‘two el bows, and each of the el bows conprises two-el bow fittings. 48. The
fluid tréaiaﬁ%nt system according to claim47, further conprising a frame on
whi ch the nozzl es, purrp and manifold are m)unted 49. The fluid treati ng
appar at us- of cﬂr‘éﬂrﬁ?i‘Q‘B"“vﬂ@i@P’é‘-i“]% the first vortex nozzle includes a plurality

of ports. 50 akaez1d body ﬁilclhﬂlﬂ@-zﬁ bdﬁﬁg@ﬁ@@feﬁiﬂ#&g@ﬁn&dﬁtlrmt)zgfp\bﬂsﬁthﬁhlﬂet%he second
vortex. no 'ngsltlﬁv]ﬁ@ %t ahlt% ports. 51. The met hod of treatlng a
fluid i n Y sHertaniipe e R Y £e §1tt°§’8rﬂa§9<geﬁ’8%f?% includes a plurality of
ports to i nI etanfehdidag attbBed tdthe novelehody. of treating a fluid in claim?29,
wherein t |nc Iuralt of ports to inlet
R I ¥ 1 G LT X N S B S

"le@- ~<maasag¢wvny d”*Y] ca] c™a] ca] cal ca] ca] ca] ca] ca] ca] c’\a] calca]ca]ca]ca]calc

. aU] ca] ca]ga] Caﬂh@ @&%h@ﬁ]e%@&o?@ﬂ&@h&n@é—ﬂvﬁ@é FRALG réﬁass\ﬁgway Inci#ER) §R

"@o*p, g. | wnm caJ ca] ca] calca] ca] ca] ca] ca] ca] cal cal ca] ca] ca ca]tca] ca] ca]
ca] cal ca]s&ea]cta] e]tc'%‘&] ca] ca] ca]ca]ca]ca]cal g. t///////00056H9d
, <+<8<H<<v>? Gak Véndoabividclurttddiy plkintd Wl ed talntalisadraligRles adscatwal cal cal cal

g@@%ﬁ@%ﬁwﬁi@“ﬁg@ sleakilacherlralsorblca %T - aaii cal caca

] ca] ca] caj ca] cakoajaabei]acalda © ahica] seddaiendiibd gbalealoa] & ahgdhalic$al cal F_
b_Af f h<i 'tblth\élta ol

m mymn' g qrr é?{ ?aﬁewa\ﬁ wrnhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca]ca] ¢
a] ca] ca] @] ca]'ﬁla]velﬁ]xclai]%@]:@at]lw]) clalcapecadic el of theadleraljte of roes eutexs thdr<i i i j vj

kj] kl'l tapered passageway at an angle substanti ally equal to the angle of the taper of the tapered
m mymmn' g_grrrrsssttuuuw] w mhc” Y] | (] ca] ca] ca] ca] ca] ca] calca]cal ca] ca]ca]c

a] ca] ca] d&Pé&"@4] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] caRH }[<V10% & ()-!
C 10%, &1)- THRGARYxlcdkcéording latkDYahebeid the crossjs@&ﬁmil ada (Deachl@¥e & () - @ n4

| #$" 10% | @"1095$& ()-1*" I #" 1098 1 "109
WXSL.' ?;:B f;'gp ﬁrhl%r Si) pf)y(c%j;sfé 1%!:{%_@ (%Ws-gctu])h%l aréqsagéf g e inlet si%le ofthe tape)red‘]pas#éag:!égaéf& ()-Jt"10%
10, V6! 1098. & () FHe#MMdx DOSR: acordidld Bin( ) wirkED MR pludatitylol $ortk @4ubsin{iglly-

equally spaced radially about the nozzle body.

9, The vortex nozele according to claim 1 wherein the plurality of ports is substantially
trapezoidal in shape.
10. The vortex nozzle according to claim 2 wherein the end cap includes an inner face having
a taper at an angle substantially equal to the angle of the taper of the tapered passageway.
11. The vortex nozzle according to claim 1 wherein the end cap includes a boss that extends
into the passageway and is adapted to adjust force vector components of the fluid flow entering

- the passageway.
12, The vortex nozzle according to claim 1 wherein the nozzle body is substantially

* cylindrical in shape and includes a shoulder having a raised portion.
13. A vortex nozzle, comprising:

a nozzle body including a passageway therethrough and a port that inlets a fluid flow
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1098&' () -1 10Tl?qsvwe&'neazle|ascprd1@}@ glaigm) k! wl@@%hf(gassagw\#####@méc 10!
1098 () - agsg%seq,g & ()-i 10%& ()- 10" 10" 10"9P"109% & ()-3- 109B& ()- g} $$U&
i oR' o/R' 0, o/R' 0, o/R' 0, o/R'
%%O/ggp (C) 10! a %gréﬁp%%z;g@%%{cﬁ‘@(h)} clla:lm/ldiow{lqg‘:‘regn) the tapédr'e% gELssa(tg)eway 11{(3119déqs&a11( gﬂet
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1l 0 1 1l 1 —~
, PP 10%& 1(5) ﬁe ]\?9 eX ng)gzleta/céo/r in to /cl/aim—]@wherein the inlet side of the tapered passageway
includes a taper at an angle substantially equal to the angle of the taper of the tapered passageway.

17. The vortex nozzle according to claim 14 wherein the port is tangential to the tapered
passageway.
18, The vortex nozzle according to claim 14 wherein the port enters the tapered passageway

at an angle substantially equal to the angle of the taper of the tapered passageway.
19. The vortex nozzle according to claim 15 wherein the cross-sectional area of the port is

less than the cross-sectional area of the inlet side of the tapered passageway.

20. The vortex nozzle according to claim 13 wherein the port is substantially trapezoidal in
shape.
21. The vortex nozzle according to claim 14 wherein the end cap includes an inner face

having a taper at an angle substantially equal to the angle of the taper of the tapered passageway.

- 22 The vortex nozzle according to claim 13 wherein the end cap includes a boss that extends
into the passageway and is adapted to adjust force vector components of the fluid flow entering
the passageway.

23. The vortex nozzle according to claim 13 wherein the nozzle body is substantially
cylindrical in shape and includes a shoulder having a raised portion.
| 24, A fluid treating apparatus, comprising:
a first vortex nozzle including a passageway therethrough and a plurality of ports that
inlet a first fluid flow into the passageway, whereby the first vortex nozzle imparts a rotation to

~ the first fluid flow thereby creating a first rotated fluid flow; and _

a second vortex nozzle positioned in opposed relation the first vortex nozzle, the second
vortex nozzle including a passageway therethrough and a plurality of ports that inlet a second fluid
flow into the passageway, whereby the second vortex nozzle imparts a rotation to the second fluid

flow thereby creating a second rotated fluid flow collided with the first rotated fluid flow.
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26. The fluid treating apparatus according to claim 25 wherein the port of the first vortex
nozzle inlets the first fluid flow normal to the passageway.
27. The fluid treating apparatus according to claim 25 wherein the port of the second vortex
nozzle inlets the second fluid flow normal to the passageway.
28. A method of treating a fluid, comprising:
positioning a first vortex nozzle in opposed relation to a second vortex nozzle;
inletting a first flmd flow into a passageway of the first vortex nozzle via a plurality
of ports of the first vortex nozzle, whereby the first vortex nozzle imparts a rotation to the first
fluid flow thereby creating a first rotated fluid flow; and
inletting a second fluid flow into a passageway of the second vortex nozzle via a plurality
of ports of the second vortex nozzle, whereby the second vortex nozzle imparts a rotation to the
second fluid flow thereby creating a second rotated fluid flow collided with the first rotated fluid
flow.
28, A method of treating a fluid, comprising:
positioning a first vortex nozzle in opposed relation to a second vortex nozzle;
inletting a first fluid flow substantially tangential and normal to a passageway of the first
vortex nozzle via a port of the first vortex nozzle, whereby the first vortex nozzle imparts a
rotation to the first fluid flow thereby creating a first rotated fluid flow; and
inletting a second fluid flow substantially tangential and normal to a passageway of the
second vortex nozzle via a port of the second vortex nozzle, whereby the second vortex nozzle
imparts a rotation to the second fluid flow thereby creating a second rotated fluid flow collided
with the first rotated fluid flow.
30, The method according to claim 29, further comprising inletting the first fluid flow normal
to the passageway of the first vortex nozzle via the port of the first vortex nozzle,

31. The method according to claim 29, further comprising inletting the second fluid flow
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nozzle via a plurality of ports; and

33.

rotating the fluid flow in the passageway.

The method according to claim 32, further comprising inletting the fluid flow tangentially

10 the passageway.

34,

The method according to claim 32, wherein the passageway is tapered, and the fluid flow

is inlet at an angle substantially equal to the taper.

35, A method of rotating a fluid, comprising:
inletting a substantiaily tangential and normal fluid flow into a passageway of a vortex
- nozzle; and
rotating the fluid flow in the passageway.
36. The method according te claim 35, further comprising inletting the fluid flow normal to

the passageway.

37, The method according to claim 35, wherein the passageway is tapered, and the fluid flow

is inlet at an angle substantially equal to the taper.
38. A vortex nozzle, comprising:
~ anozzle body including a passageway;
at least a segment of the passageway being tapered; and
a plurality of ports that inlet a fluid flow substantially tangential and normal to
the passageway.

39, The vortex nozzle according to claim 38, wherein at least one of the plurality of ports is

" tangential to the tapered passageway.

- 40, The vortex nozzle according to claim 38, wherein at least one of the plurality of ports

enters the tapered passageway at an angle substantially equal to the angle of the taper of the.
tapered passageway. |
41. The vortex nozzle according to claim 38, wherein the nozzle body is substantially
cylindrical in shape and includes a shoulder having a raised portion.
42, A vortex nozzle, comprising:
a nozzle body including a passageway;
at least a segment of the passageway being tapered; and
a port that inlets a fluid flow into the passageway, the port being substantially
tangential and normal to the passagewéy.
43, The vortex nozzle according to claim 42, wherein the port enters the tapered passageway

at an angle substantially equal to the angle of the taper of the tapered passageway.
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: 46. The system according to claim 45, wherein the manifold comprises two elbows, and each
of the elbows comprises two elbow fittings. .
47, A fluid treatment system, comprising;
a pump;
two opposed vortex nozzles; and
a manifold for receiving fluid from the pump and directing it to the nozzles;
wherein the manifold comprises two elbows, and each of the elbows comprises
two elbow fittings.
48. The fluid treatment system according to claim 47, further comprising a frame on which
the nozzles, pump, and manifold are mounted.
49, The fluid treating apparatus of claim 25, wherein the first vortex nozzle includes a
plurality of ports,
50. The fluid treating apparatus of claim 25 wherein the second vortex nozzle includes a
plurality of ports. |
51. The method of treating a fluid in claim 29, wherein the first vortex nozzle includes a
pturality of ports to inlet fluid.
5. The method of treating a fluid in claim 29, wherein the second vortex nozzle includes a

plurality of ports to inlet fluid.




