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METHOD AND APPARATUS FOR TING FLUIDS

BACKGROUND QF YHE INVENTION

1. Ficl of the Invention

The present invention relates 10 ameihod and apparatus tor treating fhuids and, more
particularly, but not by way of limitation to 8 vostex nozzle aysembly including improved
voricx nozzies.

2. Deseription of the Related Art

U.5. Patent No. 4,261,521 discloses a vortex nozzle assembly constructed with 2 pair
of vortex nozzies positioned within a housing in opposed relationship. The housing
maintuins the axial aliznments of the nozzles and their respestive nozzle exils and, further,
introduces Fuid into the vartex nozzles. The fluid enters an intericr tapersd vorlex tube of
each vortex nozzle fwough a straight, round, port tangent io a toroidal cavity. The toroidal
cavity is adjacent to a large end of the tapered, conical vortex tube, which is rormal e ke
nezzle axis. The fluid departs (rom this troidal section and progresses spiraily out toward a
nozzle exit as nrore fuid continuously enters the port. The transition from the toroidal shape
to the conical shape is critical, If the tnside «dge of the conc is tangent o the outside of the
toraid, the fluid exits tao quickly to form complete coverage of the interior of the vortex tube.
Conversely, if the inside edge of the cons starts a1 the bottor guadrani of the torrous, the
éx iting fluid interferes with the ingoming flov and causes much turbulence.

As fhuid is forced spirally ouf each vortex tube, centrifugal enersy flaftens a circular
section of fhuid against the side of the tapered vortex whe. This sction accelerates the fluid ag
it spirals cut toward the exit, creating a void inside the vortex tube chamber. When the flaid
exits the walls of the vorfext tube, it accelerates radially forming a hollow fluid cope. The
holfow fluid cone ftom ong vortex nozels impacis with the hollow fluid cone from the other
vortex nozele inside the housing, which formg a liguid Ened, closed chamber. This closed
chamber develops a substantial vaenumn due to the void cavsed by the contrifugal energy of
the vartex. The energy from the impact of the twe hollow finid cones in the presence of (hig
substantial vacunea effeors changes to the fnid.

Itis desitable aod beoeficial for the fhuid to ferm a uniform and thin fitm, thys
exposing the maximum amount of the surface area of the fuid to the effect of the vortex
chamber. Additionally, this thin film of fiuid becomes the interior liguid wall of the voriex
reaction chamber. If the fluid fs not uniformly distribrted down the walls of the tapercd
vortex tube when it sxits the nozzle, instabilitics wilt develop in the impact pattern between

the two nozzles leeding to inefficiencies in nozzle perforuance, These irregulariiies in fuid

JP 2004-502529 A 2004.1.29
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2
distribution arc inherent when one starts with a single, circular flnid exoss-section entering

normally Lo the axjs of the nozele and atiempts to develop that flaid inte 2 voiform, thin-
filmed anoular section.

Increasing the length of the vortex tube aids in the uniform film development by
allowing, the fiuid more tine (o develop u stable fow patiern; unfortunately, the additivnal
length greatly increases the frictional losses. These frictional Josses lessen the impact energy
when the two hollow fluid cones exiting the nozzles collide, thereby Yimiting the efficiency of
the nozele. The added length also decrcases the centrifugal energy available, as the length
must be added to the large end of the vortex tube. This makes the toroidal section larger and
decreases the rotational speed for a given inlet velocify.

U.5, Patent No. 5,435,213 ad» another inline vortex mbe to each noxzle to climinate
a singular extrance port. This bas some beneficial effect, particwlarly when the paired vortes,
tubes are praperiy sized and positioned refative to each ather. However, properly sizing and
positioning of the tandemn design nozzle pairs can prove challenging. Gne orust carefully
determine the relative sives and placernents os the vortex tube can interfore rather than,
amplify cach other.

Accordingly. there is a long felt. need for o voriex nozzle assembly that would provide
for a more uniform film thickness in the vortex nozzle and allow for more application design
latitude, but in a less complicated arrangement as was accomplished with either the single
eulry or the tandem nozzle design.

Tn accordance with the presentinvention, & mefiod apsd appatatus for teating fluds
imcludes a vortex nozzle assembly with hnptnvéd vortex nozdes. Also provided are an
improved overall system, system Jayout, elbow design, and methods for a vortex system.
Ala provided is an access port and metheds for measuring physical properties at the fluid
flows. Also provided is & frame assembly for 4 vortex: system. .

The vortex nozzie assembly inclodes a first vortex nozsle including & passagoway
therethrough and a port or ports that inlet a first finid How wnto the passageway, The first
vortex nozzle inpiris = migtion to the fixsi fuid ﬁow fhercby creating 2 first rotated Auid
flow. The voitex nozzle assembly further includes and & second vortex nozzle positionsd in
opposed telation the first vortex nozzle. The second vortex nozele includes a passageway
therethraugh and a purt or parts that inlet 2 second fuid Sow into the passageway, The
second vortex pozzle imparis a rofatic. t thy second Suid ow thereby creatiug a second
rotated fluid flow collided with the Hirst rotated fluid fiow. At least a segment of the
passapeway for cach vortex nozzle is fapered, and the pott or ports are fangential to the taper

JP 2004-502529 A 2004.1.29
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of the passageway ang enter the passageway at an angle substantially equal [o the angle of the
taper of the passageway.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective vicw illustrating an apparatus for treating fluids.

Figwwe 2 is a cross-seclionzl view wken along lines 2,2 of Figwe | Dustiuting an
apparatus for treating fluids.

Figure 3 is a perspective view illustrating a voriex nozzie of the apparatus tor treating
fluids.

Figure 4 iz a perspective view illustrating the vertex nazzie of the apparatus for
treating fluids,

Tigure 5 is an elevation view illustrating &n inlet side of 2 vortox novzle body of the
vortex nozzle

Figure € s a eross-sctional vielw taken along lines 6,6 of Figure 3 illustrating the
vortex nozzle body of the vortex nozxle.

DETAILED DES: [IGH Ok THT PRECERRE y

As ustrated in Figures ! and 2, an apparatus 5 for treating fluids incledes & frame 6
for supporting a pump 7 apd a manitold & thereon, using any suitable attachment means, such
ag brackets. The apparatus 3 further ingludes a housing 9 sectred to the manifold 8 and a
vortex nozzle assembly 10 disposed in a licusing 2.

The purnp & iecludes an outlet 11 wnd is any suiizble purap capable of pumping Auid
from a fluid source through the apparatus 3. Fluid, in this preferred embodiment, is any
flowable liquid or gas or solid particwlates deliverable vader pressurized gas or liquid flow.
Although this preferred embodinent discioses 2 pumop 6 for delivering flvids, those of
ordinary skill in the art will recognize many other suiable and equivalent means, such as
pressurized gas canisters,

The manifeld 8 incledes an inlet 12, a diverter 13, and efhows 14 and 15, The infet 12
couples to the outlet 11 of the punp &, using any suitable means, such 2z 2 flange and
fasteness, to receive a fluid flow from the pump 6. The inlei 12 Gt wifhin an inlkt of the
diverler 13 and is held therein by friction, welding, plue, or the like, to deliver findd into the
diverter 13. The diverter 13 receives the fluid flow therein and divides the fiuid flow into 2
first fluid flow and a second fluid How by chunging the direction of fluid fow substuntially
perpendicolar relative te the flow from the inlet 12. The diverter connects to ihe elbows 14
and 15 by ftiction, welding, glue, or the Kie, o deliver the first fluid flow to the elbaw 14
and the second fluid flow to the elbow 15, Fach elbow 14 and 15 reverses its respective floid
Mow received from the diverter 13 to deliver  the fhaid How to the housing 9. The elbow 14

JP 2004-502529 A 2004.1.29
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4
includes elbow fittings 16 and 17, which conbect together using any suitable xueans, such as a

fange aud fastener. The clbow filing 17, in this preforred embeodiment. includes a second
flange to permit commection of the elbow fitting 17 to the housing 9, Similarly, the elbow 13
includes clbow Attings 18 and 19, which conmect together using any soitable meaps, such as a
tlange and fastener. The elbow fitting 19, in this preferred embodiment, includes 2 second
flange to permit connectiom of the elbow fitting 17 o the honzing . Although this prefemed
embodiment discloses a manifold & for debivering fiwnd fiow inio the housing 9, those of
ordinary skifl in the art will recogpize many other suitable and exquivalent means, such as two
pumps aid separate cormections to the honsing 9 or a single pump delivering fluid info side
porticns of the housing 9 instead of end portions.

The housing 9 inclndes inleis 21 and 22, an outlet 23, and detents 25 and 26. The
heusing 3 defines a bore 20 along its central axis and & bore 24 positioned approximately
central to the midpoins of the hovsing % and communicating with the bore 20. “The housing 9
attaches between elbows 14 and 15, using amy suitable meaus, such as flanges and fastercrs,
(o receive the first fluid flow atintei 21 and the second fluid flow at inlet 22, The oudet 23 is
copmentable to any switable Juid storage or delivery system using well-known piping means.

The vortex nozzle assewbly 10 resides within the bore 20 and, in this preferred
erubodiment, includes vortex nozzles 27 and 28, which are positioned within the bore 20 of
the housing 9 in opposed relationship to inipinge the first fluid flow with the second fluid
flow, thexeby troating the Sowing fuid. With the vortex nozzle 27 inserted into the housing
9, the vortex nozzle 27 and the housing @ define a cavity 40, which receives the first flid
flow from the elbow 14 and delivers the first finid flaw to the vortex nowsde 27. Similarly,
with the vortex nozzle 28 inserted into the housing 9, the vortex pozzle 28 and the housing 9
define a cavity 41, wiich receives the second flurid flow from the elbaw 15 and delivers the
secund fluid fow to the voriex nozze 28.

As ustrated in Figures 3-6, the vortex nozzle 27 includes a nozle body 25 and an
end cap 30. For the purposes of disclosure, only the vorex nozzde 27 will be doseribed
Berein, however, it should be understaod that the vortex nozxle 28 is identical in design,
constraction, and operation to the vortex nozzle 27 and merely positioncd within the bore 20
of the housing 9 in opposed relationship to e vortex nozzic 27 to facilitate impingement of
the second Auid Bow with the first Suid Row.

The nozzle body 29 in this preferred cmbodiment is substantiatly cylindrical 1 shape
and inchules tapered passageway 31 located axially therethrough. The tapered passageway
31 includes ap et side 32 and decreeses in diameter until tenninating at an outlet side 33
The taper of the tapered passageway 31 ia greater than 07 and less than 90°, bowever,

JP 2004-502529 A 2004.1.29
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s
marc proferable tapers arc preater than 5° and less than 60°.

The nozzle body 29 includes a shovlder 34 having a raised portion 35 with a groove
36 therein. The shoulder 34 is sized 1o fricfonally engage the interior surtace of the housing
4, while the raised postion 35 abuts detent 25, thereby rondering the vortex nozzle 27 exactly
placeable within the housing 9. The proove 36 receives a seal therein to fluidly seal the
nozzle body 29 and, thus, the vortex novle 27 within the housiog 9.

The nozzle body 29 further includes ports 37-39 for introducing the first fludd How
into the fapered passagewsy 31 of the vomex nozzle 27, In this preferred embodiment, the
ports 37-39 are sabstantially iraperoidal in shape and are cqually spaced radially about the
nozzle body 29 heginning at the infet side 32. Although this preferred embodiment discloses
three substantially trapezoidally-ghaped poits 37-39, these of ordinary skill in the art will
recognize that eoly onc port is actually necessary and that any number of ports may be
ytilized. Furthermore, the ports 37-39 may be any shape suitable io deliver fuid into the
tapered passageway 31, such as elliptical, triangular, D-shaped, and the Kice.

Iu thiz preferred embodiment, the ports 37-3% arc tangential to the inner surface of the
tapered passageway 31 and enter the tapered passageway 31 at the same ange as the taper of
the tapered passagewsay 31, which enhances the delivery of the first fluid flow into the
tapered passageway 31 and, nltimately, the distribution of the first fluid flow around the
tapercd passageway 31. Although this preforred embodiment discloses tangential ports 37-39
angled with the taper of the tapered passageway 31, those of ordinary skdill in e art will
recognizc that the ports 37-19 can enter the tapercd passageway 31 at any angle relative to fhe
taper of the tapered passagewsy 31. Additionally, the end of the nozzle body 2% detining the
inlet side 32 includes a taper the same angle a9 the 1aper of the {apered passageway 31 to
enstre the ports 37-39 cach define 4 substantially trapezoidal shape.

Ths end cap 30 abuts the end of the nozzle body 29 defining the inlet side 32 fo seal
the inket side 32, thexeby penmitting fhuid to enter info the tapered passageway 31 through
ports 37-39 enly. Accordingly, the ioner face of the end cap 30 that abuis the cnd of the
nozzie hody 29 defining the infet side 32 includes a taper the same angle as the taper of the
tapered passageway 31. The cnd cap 30 attaches to the ond of the nozzles body 29 defining
the inlet side 32 vsing any suitable means, such as fastening screws, glue, or the like.
1Tiwever, it should be understaod that the end cap 30 may e formed integratly with the
nozzle body 29. Although this preferred embodiment discloses the inner face of the end cap
30 and the end of noxzle body 29 defining the inlet side 32 as Including @ taper the sante
angle as the taper of the tapered passageway 31 to ensure the ports 37-39 cach define 2
substantially trape=oidal shape, those of ordinary skill in the art will recognize that the

JP 2004-502529 A 2004.1.29
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]
inner face of the end cap 30 and the end of nozzle body 2% defining the nlef side 32 may

reside at any sngle.

The end cap 30 includes a boss 42 formed integrally therewith or attached thereto at
approximately the center of the inner face of'the end cap 30. In this preferred embodiment,
the boss 42 35 conical in shape and extends into the tapered passageway 31 to adjust the force
vector components of the fluid entering the tapered passageway 31, A passageway 43
through the boss 42 communicates with a cavity 44 at approximately the center of the outer
foce of the end cap 30. A conduit 45 (ses Figure 2) fits within the cavity 44 1o pmni;:
measurement of vacuum within the tapered passageway 31.

A flew of fluid delivered to the vortex nozzic 27 enters the tapercd passageway 31 via
the ports 37-39 The tapered passageway 31 receives the fluid therein and imparts a rotarion
fo the fuid, thereby creating a rotating fluid flow fuat travels down the tapercd passageway
31 and exits its outlet side 33. Each port 37-39 delivers a portion of the fluid flow both
fangentially and normally to the tapered pussageway 31. This tngential and normal entry of
the fluid n ooutziple bands distributes the fluid uniformly in & thin totating film about the
tapered passageway 31, which minimizes Duid lesses due (o inlenal turbulent motion,
Accordingly, the vortex nozzie 27 provides for a more intense and stable impact of'rotating,
flnid flow exiting the outler side 33 of the tapered passageway 31,

Additionally, in this preferred embodiment, the cross-sectionsl zrea of the ports 37-30
ia less than the cross-sectional area of the inlet sids 32 of the tapered passageway 31, which
creaies 2 vacuum within the rotating fluid flow, Nevertheless, those of ordinary skill in the
art will recogrize that the size of ports 37-3% may be varied based upen particular application
requirements. The amount of vacuum created by the ports 37-39 may be adjusted utilizing
the boss 42 1o alter the force vectors of the rotating fluid flew. Ilustratively, increasing the
size of the boss 42 {i.e., sither diameter or length) decreases the volume within the tapered
passageway 31 fillable with fluid, therchy increasing e vacunm mnd, ths, providing the
rotating fluid flow with more downward and outward force vector compoaents.

In operation, the mapifold § is agsembled as previously described and connested to
the pump 7. Each of the voriex nozzles 27 and 28 are inserted in apposed relationstip into
the housing 9 as previn.us]y deseribed, and the bousing & is connected to manifold 8. The
pump 7 pumps fuid from a fluid source and delivers the fluid into the manifold 8, which,
divides the fluid into the first Suid flow and the second fuid fow. The manifold § delivers
the first fluid flaw into the cavity 40 of the housing 9 and the second fluid flow into the
cavity 41 of the housitig §. The firet fluid Jow enters the vortex nozzle 27 from the cavity 40
via the ports of the vartex nozzle 27, The vartex nozzle 27 recelves the fluid therein and
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imparts a rotation to the fluid, thercby creating a first yoialing fluid flow that fravels down the

vortex nozzle 27 and exits its outlet side. Similarly, the second fluid flow entees the vortex.
nozzle 28 from the cavity 41 via the ports of the vartex nowsde 28, The vortex nozzle 28
receives e fluid therein and imparts a rotation 1o the fluid, thereby creating a second rotating
tinid fow that travels down the vortex nozzle 28 and exits its outlet side. Due to the opposed
relationship of the vortex. noxzles 27 and 28, the first rofating fluid flow impinges the second
retating fiuid flow, resulting in the weatment of the fuid through the breaking of molecular
honding in the flwid or the reduction in size of solid particulates within the fiuid. The ireated
Auid then exits the outlet 23 of the housing 9 apd wavels 1o a suitable fluid storags or delivery
sysiem.

Although the present invention has been described 1n terms of the foregaing
embodiment, such description has beent for exvmuplary purposes only and, as will be apparent
ta those of ondinary skill in the art, many alternatives, squivalents, and varations of varyving
degrees will fall within the scope of the present invention. That seope accardingly, is not o
be limited in any respect by the foregoing description; rather, it is defined only by the claiins
that tollow.
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1 claim;
L A vorlex nozzle, comprising:

atipezle body inchuding a passapeway therethrough and a phuality of porta that inlet a
fnid flow into the passageway; and

2n end cap attached te the nozzle body.
2. The vortex nozzle according in claim 1 wherein the passageway is a tapered
PassageEway.
kN The vortex nozzle accotding to claiin 2 wherein the tapered passageway includes an
nlet side and an oudef side.
4. The vortex nozele according to claim 3 wherein, the inlet side of the upe.m.d
passngeway inciudes a taper at an angie substantiatly equal to the angle of the wper of the
tapered passageway.
3. The vortex nozzle secording to clalm 2 wherein each of the plurality of ports is
tangendal to the tapered passageway.
6. The voriey nozzle according o claim 2 wherein cach of the plurality of pmts coters
the tapered passageway at an anghe substantially equal 10 the angle of the taper of the tapered
passagewny.
7. The voriex nowiele aceording to claim 3 wherein the cross-sectional arez of cach of the
piwality of ports is less than the cross-sectional area of e inlet side of the tapered
passageway.
8. The vortex nozzle aceording to ofaim 1 whercin the plurality of ports is substamtially
equally spaced radially about the nozzle bady.
9. The vortex. nozzle aceording to claim 1 wherein the plurality of ports s substantially
trapezeidal in shape.
10.  The vorizx nozzle according to claim 2 wherein the end cap includes an inner face
having 4 taper at an angle substantinlly equal to the angle of the taper of the wpered
passageway.
11, The vortex nozele according to clain 1 whercin the end cap includes a bass that
exttends into the passapeway and is adapted to adjust foree vector componeats of the fidd
flow entering he passagesvay.
12, The vertex nozzle aceording to claim ) wherein the noszle body is substantially
eylindrical in shape and includes 2 shoulder havitg a raised portion.
13, A vortex nozzle, comprising:

a nezzle body ineluding a passageway thereibrough and a port that inlets a fluid flow
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9
into the passngeway, whereby the port is tangential to the passageway; and

an end cap ettached to the nozxle body.
14.  The vortex nozzle according in claim 13 wherehn the passageway is a tapered
passageway.
15, The voviex nozele according to claim 14 wherein the tapered passagensy includes an
inlet gide and an outlet side.
16, The vortex nozzle according o claim 15 whereln the inlet side of the tapered
passageway includes a taper at an angle substantially equal to the angle of the taper of the
tapered passapeway.
17 The vortex nuzzle according to chaim 14 whersin the port is tangential to the tepered
passageway.
18.  The vortex norzle according to claim 14 wherein the port cnters the tapered

i

passageway al 2n angle ially equal to the. angle of the tper of the tapered

passageway.

19. The vortex nozzle aceonding to clabn 15 wherein the cross-scefional atea of the port is
less than the cross-scolional area of the inlet side of the tapered passageway.

20.  The vortex nozzle according to claim 13 whersin the poit is substantially ttaperoidal
in shape. .

21.  The voriex nozzle according to claim 14 wherein the end cap includes an inmer fave
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 inciudes a boss that
extends into the passageway and is adepted to adiist force vector camponents of the fluid
flonw entering the passageway.

23, The voriex nozzle according to claim 13 whergin the nozzle body is substantially
eylindrical in shape and includes a shoulder having a raised purtion.

24. A fluid eating apparatus, comprising:

a first vortex nozzle including a passageway therethrough and a plurality of ports that
inlet a Grst fluid flow inte e passageway, whereby the Orst vorlex nozele imparis a rolation
to the first fluid flow therehy creating a firgt rotated fluid flow; and

a second voriex nozzle positioned in oppased relation the first vortex nozzele, the
second vartex nozzle including & passageway therethrough and & plurality of porfs thut jnlet a
second fluid flow into the passageway, whereby the second vortex nozzle imparls & rolation
fv the second fluid fow thereby creating a second rotated fluid flow callided with the first
ratated fluid Aow.
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23, Afluid weating apparatus, comprising:

& first vortes nowzle including a passageway therethrough and a port that inlets a first
fluid flow tangentially 1o the passageway. whereby the first vortex nozzle imparts 4 rotation
10 the livst fluid flow thereby creating a first rotated fluid flovw; and

a seeond vortex nozzle positionad in opposed relation the first vortex novsle, the
second vortex nazzle including & passageway therethrough aod a port that inlots a second
fhuid flow fangentially to the passageway, whereby the second vartex nozxle imparts a
otalion to the sccond fiuid flow thereby oreating a secend rotated Puid Haow collided with the
first rotated fluid fiow.

26, The fuid treating apparatus uccording 1o clait 25 wherein the port of e first vortex.
nozzle inlets the tirst finid flow pomal to the passageway.

27. ‘Il flwid reating apparatus according to claim 25 wherein the port of the second
vorlex nozzle infets the second fuid flow normal to the ﬁassagcway.

28, Amcihod of treafing a fiuid, comprising:

positioning a frst vorbex nozzle i appesed relation to a second vortex nozzle;

inleiting a first fluid fow inte a passagevaay of the first vortex noerle vie a plurality
of ports of the first vortex nozzle, wherehy the first vortex nozzle imparts a retation to the
first fuid fow therely creating a first rotated fluid flow; and

inletting a seeond fivid flow intu a passageway of the second vortex nozzle viaa
plarality of ports of e second vortex nozzle, whereby the secend vortex nowsle fmparts a
rotation to the second fuid flow thereby creating 4 second rotated Muid fow collided with the
first rotated Auid flow.

9. Amethod of treating & fiid, comprising: )

positioning a frst vortex nozzle in opposed relation o 4 second vortex noxzle;

infetting a first fluid flow tangentially into a passagewny of the first vorex nowzle via
aport of the first vortex nozzle, wher;aby the first vertex nozzle imparts a rotation to the Grat
fuid How thereby creating & frsi rotated fluid flow; and

inletring a second fluid flow tangentially jole a passageway of the second vortex
nozzle via a port of the second voriex nozzle, wheteby the second vortex pozele impasts a
rotation to the sceond fluid foty thereby creating a second rotated fluid Jow collided with the
first rotated fluid flow.

30.  The method according to claim 29, further comprising falering the first Suid Dow
normal to the passagevay of the first vortex nozzle via the port of the first vorisx novale.
35 The methnd according to claim 29, further comprising mletiing the second fluid fiow
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narmal te the passageway of the second vortex nozzie via the pert of the second vortex

32, Amethod of rotating a fluid, comprising:
inleiting a fluid flow info & passageway of a vortox nozzle via a plurality of ports; and
rotating the fluid fow in the passageway.
3. The mmethod according to claim 32, further comprising inletting the fluid fow
tangentially to the passagcway. ’
) 34. The method according to elaim 32, wherein the passageway is tapeted, and the
fluid flow is inlet at an angle substantially equal to the taper.
335, A method of rotafing a flwid, compriging:
infetting a fluid flow tangentially mto a passagewsy of a vortex nozzle; and
rotating the fluid flow i the passageway.
35.  The method according to elaim 35, firther comprising inletting the fid fow normal
1o the passageway.
37.  The method aceording to claim 35, whersin the passageway is tapered, and the {uid
Bow s inlet at an angle substantially equal to the taper.
38. A vortex. nozzle, comprising:
4 nozze hody including a passageway;
at least 1 segment of the passageway being tapercd, and
" aplurality of ports that iulet a fluid flow inte the passageway.
39, The voriex. nezae according to claim 38, wherein at least one of the plurality of ports
is tangential to the Lapered passapeway.
40.  The vortex nozzle according to olajin 38, wieyein at least one of the plurality of ports
enters tie lapersd passageway at an angle substantizlly equal to the angle of the faper of the
tapered pagsageway.
41.  The vortex nozzle according to claim 38, wherein the nozzle budy is substantially
cylindrical in shape and includes a shoulder having a raised portion.
42, A vortex nozzle, comprising:
anezzle body including 2 passageway;
at least & segrnent of the passageway being tapered: and
a port that intets a fIuid flow inta the passageway, the port being tengentisl to the
PAssAgEWAY.
43, The vortex nozzle according to claim 42, wherein the port enters the tapered
passageway af an angle substantlaily squal to the angle of fas taper of the tapered

(ASIAECWEY.
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44, The vorfey nozzle according to claim 42, wherein the nozzde body is substantially

eylindrical in shape and includes a slroulder having a raised portion.
45. A fluid freatment system, comprising:
& purmp;
two opposed vortex nozzles;
a manifold for receiving tluid from the pump and directing it i the no-zles; and
a ffame, wherein the pump, nozzles, and manifold are mounted to the frame. 7
4. The systern according io claim 45, wherein the menifold comprises two clbows, and
each of the elbows comprises two elbow fittings.
47. A fluid weatment sysism, comnprising:
a pp;
two opposed vortex nozzles; and .
a magifold for receiving fluid from the pump and dirccting it to the nozzles,
wherein the manifold comprises two elbows, and each of the ¢lbows comprises
iwo ethow filtings.
48, The fluid treatmont system according to claim 47, further coraprising a frame on
which the nozzles, pump, and manifold are mounted.
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Invenrive coneept under PCT Rule 13,1, Inarder for ail inventions © be cxamned, the appropriste additions] exapioation fess ramat
be paid.

Grovg I, elaime 1-12 and 38-41, drawn to & vartsx mzle incltiing & nozzle body with & pussagewey Heretheoagh and a phrality of
peris that mlet 3 fivid fiow inin the passegevay.

Group 1L, claiins 13-23 and 42-44, drawn 1o drawn 1o 6 vortex noxzle ineloding 4 nozzle body with « passagewsy therathrouph and
taugeatial part that inlets 2 fnid Sow into the passagewny.

Groog 10, cteinss 24 and 28, drewn to 2 ukd weadog igpatatos and method of wing the supe, the Huid reating upparstics coroprisiog
« firet vurlex neizle including 2 wizele body with u possagevay therelbrough and a plurality of parts that inlet a fluid flow int the
passaprray; und a seeond vorlex noezle positioned in opposed ndaconship i e first vortex gauzle, the second vortex qozale
inchuding # nozzls body with & passagewsy therethrough and a plurality of ports that intes a second flaid flow jnta e passogeway,

Gronp [V, clalms 35-27 deawn to & fluid wealing apparans cotipslsing a st vorid nozle incliding e nosile body with
paszagewny thersthrovph and 2 port that infets 3 (Tuid flow tangentially (o ihe passagewny; and 2 second vorlex noxzle pasitioned in
opposed refationhip 10 the first vories nozzle, te seoond vorlex apzzle tneludipg @ gozale bedy with.a passapevay therethrough, and
& part that inlete 2 second foid flow tangentially it the passagaway.

Gretp V., claims 25-31, drawn i 3 flwid Cesting method comprising positioniug & First variex auzzle in opposed reltjonship 1o a
second vortex anazle; inletfing a first Auid Aow tangenrally into a passageway of the fiest varax noxzle; and inleltng a second fruid
Low tammtieily Tto & passapeway of @ stoond virtex oosde,

Grovp Vi, clairss 32:34, drawn to a mathod comprising inletting a Daid flow txngentially ko & pusssgewsy of  vonex ncre via a
plucaliey of paris,

Geoip VI . claims 35-37, drawn 10 a method conprisiog inleiting o fuid Bow tangentially inio o passageway of o vartex nozzle,

Grow VI, slaing 45-48, dnawn to a Mukd (reatmest systsm wngpri{tpg a purg and o manzfald foc repaiving flaid from tbe prop and
directng it ta wo appesed vortek powzles.

The inventions listed ax Gronps I-VITI do not relats i s single penerdl oveplive coeept upder PCT Rule 13,1 Secauze, yader PCT
Fule 13.%, tyey lack the same ar correspanding special ecimical famures far the foltawing rensans:

The Speeial Technical Fentuse of Graops 1and ¥ is the vortex nozle inchading a nozzle hody with a pissugeway therethrongh and 2
piurality of poris that infer a fuid flow into the passageway. The Special Technical Feuturs is shown in US Patent Number 5,556,259;
Iherefore the Special Techmica] Featire docs not defioe & contribation over te griot art,

Tt Spesial Technical Feuture of Gronps 11 apd VI is the & vorisx aozzle including a povzle body with & passagewny ersihrough
a0d 7 tangeacial port st etz 8 Doid How into e prssgesy. The Speeisl Tecknieal Feowre is shown in U8 Paweot Nunber
4,151,521 and US Paremy Ruwber 5,556,259, derefore tye Sperial Techaical Fraore docs non doline 3 conuibuion over the prioe
.

The Speciel Techmical Feature of Groop [H s i Grst vortex narzlc inciding a mizzls budy with a passageway thersthrough ind =
glirelity of geris Gt inlet « Guid Sow o the pusstgessy; and the seoond vortsx norle positioned i epgrased celationsip ta the
Sirst vortex nozzle, e second vorter fozzle inchuding & nozzle bady with o Dassapsway (berethrough and a phurality of ports tiat tolet
+ sevend, fuid fow ino G passgewey.
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The Special Techaical Fasturs of Groups [V and VI & fhe firal vorta, nozzke ineluding a nezzle body wilk a passageway thersthrough
aad & port that inlets & flwid Rew wngentially to the pussgewary: aod the scernd vestes nozzle pusilizasd in opposed reladionship to
the first vorkex, npeaie, the second wrtex nozzle indlnding 3 nozzle body with & passasewny Herethrough ol 2 port that infets
second flwid flow wngeotily it the pusswgewsy. The Spevial Techmical Foaiure is shown by US Patont Nustber 4,261,52);
therstore ths Speciel Technical Feabure docs not define a contritention over the privz art.

The Special Techrjcal Fenture of Group V1T is a purgp sud 2 meifold for receiving fuid from the parop and directing It to two
opposed vorok ancdes.
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