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t he maxi mum anount of the surface "area of ect o
vort ex 20  to the conical shape is critical. If the inside edge of the cone is tangent to the outside of the

toroid, the fluid exits too quickly to form complete coverage of the interior of the vortex tube.
Conversely, if the inside edge of the cone starts at the bottom quadrant of the torrous, the
exiting fluid interferes with the incoming flow and causes much turbulence.
As fluid is forced spirally out each vortex tube, centrifugal energy flattens a circular
25  section of fluid against the side of the tapered vortex tube. This action accelerates the fluid as
it spirals out toward the exit, creating a void inside the vortex tube chamber. When the fluid
exits the walls of the vortex tube, it accelerates radially forming a hollow fluid cone. The
hollow fluid cone from one vortex nozzle impacts with the hollow fluid cone from the other
vortex nozzle inside the housing, which forms a liquid lined, closed chamber. This closed
30  chamber develops a substantial vacuum due to the void caused by the centrifugal energy of
the vortex. The energy from the impact of the two hollow fluid cones in the presence of this
substantial vacuum effects changes to the fluid.
It is desirable and beneficial for the fluid to form a uniform and thin film, thus
exposing the maximum amount of the surface area of the fluid to the effect of the vortex

35  chamber. Additionally, this thin film of fluid becomes the interior liquid wall of the vortex



35 chanber. Additionally, this thin filmof fluid becones the interior
liquid wall of the vortex WO 03/049862 PCT/ US02/ 39145 2 reaction chanber.
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apparatus for treati g fluids inclu ousi ng i ncluding therein
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support  adagisperting aPRIdT b vbR& WRSIE adBHbIy h¥@edtherein. The improved fluid delivery
system more efficiently transports fluid to pcrmit a more uniform film thickness in an
individual vortex nozzle of the vortex nozzle assembly. The improved fluid delivery system
further provides greater application design latitude but in a less complicated arrangement as
25  was accomplished with either the single entry or the tandem nozzle design.
SUMMARY OF THE INVENTION
In accordance with the present invention, an apparatus for treating fluids includes a
pump, a housing including therein a first vortex nozzle positioned in opposed relationship to
a second vortex nozzle, and a manifold that delivers a flow of fluid from the pump and to the
30  housing. The pump includes an inlet coupled with a fluid source and an outlet coupled with
the manifold. The pump resides on a pump support adapted to permit rearward and pivotal
movement of the pump. In addition, the pump may be oriented vertically to permit the
staging of pump impellers. A frame that supports the housing also supports the pump to

prevent loading of the pump by plumbing connecting the fluid source to the pump.



novenent of the punp. In addition, the punp nmay be oriented vertically to
permt the staging of punp inpellers. A franme that supports the housing
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connecting the fluid source to the punp. WD 03/049862 PCT/US02/39145 3 The
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create a first rotating fluid flow. Similarly, a second fluid flow is inlet into a cavity
surrounding the second vortex nozzle, and fluid from the second fluid flow is inlet into the

25  second vortex nozzle to create a second rotating fluid flow. Finally, the first rotating fluid
flow is impinged with the second rotating fluid flow in a collision chamber.

In a method of manufacturing a vortex nozzle adapted to provide vacuum
measurements, a conduit is inserted through an aperture in a housing having the vortex nozzle
therein. One end of the conduit is placed in a cavity of the vortex nozzle, and a self-actuating

30 seal is secured over the aperture.

It is therefore an object of the present invention to provide an apparatus for treating
fluids with sound dampening qualities.

It is another object of the present invention to provide an apparatus for treating fluids

that is easy to service.



30 seal is secured over the aperture. It is therefore an object of the
present invention to provide an apparatus for treating fluids with sound
danpeni ngwoualokdsses. 1t is anot her object of the present ipaTArsn2/s9144 0
provi de an apparatus for treating fluids that is easy to service. WD
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to provide an apparatus for treating flyids that nore efficiently
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treating fFEROBSeMONIRER|Qf gn aPparas Iy R AUWSn view il lustrating an inl et
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embodiment of an apparatus for treating fluids.
Figure 9 is a top view illustrating a fluid delivery system according to a second
embodiment of an apparatus for treating fluids.
Figure 10 is a front view in partial cross-section illustrating a fluid delivery system
20 according to a second embodiment of an apparatus for treating fluids.
Figure 11 and 12 are perspective views illustrating a vortex nozzle of an apparatus for
treating fluids.
Figure 12 is a perspective view illustrating a vortex nozzle of the apparatus for
treating fluids.
25 Figure 13 is an elevation view illustrating an inlet side of a vortex nozzle body of a
vortex nozzle.
Figure 14 is a cross-sectional view illustrating a vortex nozzle body of a vortex
nozzle.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
30 As illustrated in Figures 1 and 2, a cabinet 50 of an apparatus 5 for treating fluids
according to a first embodiment includes a top cover 51, sidewalls 52 and 53, a front wall 59,
and a rear wall 54. The top cover 51 of the cabinet 50 is supported by the sidewalls 52 and
53, the front wall 59, and the rear wall 54, which in turn are supported and secured to a base
6a. The sidewalls 52 and 53, the front wall 59, and the rear wall 54 of the cabinet 50 are all



nozzl e. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 30 As il lustrated
in Figures 1 and 2, a cabinet 50 of an apparatus 5 for treating fluids
accor di ngwbm3a4d86z st enmbodi nent includes a top cover 51, ®cdawat/ba4H2 and
53, a front wall 59, and a rear wall 54. The top cover 51 of the cabinet
50 is supported by the sidewalls 52 and 53, the front wall 59, and the
rear wall 54, which in turn are supportad and secured to a base 6a. The
sidewal I s 52 and 53, the front wall 59, and the rear wall 54 of the cabinet
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50, those of ordinary skill in the art will recognize that the top cover lip 51a may be secured

to the sidewalls 52 and 53, the front wall 59, and the rear wall 54 of cabinet 50 or that the top
cover 51 may not be secured at all, but instead rest atop the sidewalls 52 and 53, the front
25  wall 59, and the rear wall 54 of the cabinet 50.
A sound wall 57 secured to the base 6a resides within the cabinet 50. The sound wall
57 in this first embodiment is constructed from two sections 57a and 57b that each contain a
semicircular gap such that, when secured together, an opening is formed to allow a pump
housing 7a for the pump assembly 7 of the apparatus 5 for treating fluids to pass through. In
30 addition, the front wall 59, the forward sections 52a and 53a, the sound wall 57, and the top
cover 51 in this first embodiment are constructed so as reduce or eliminate noise created by
fluid moving within a manifold 8 and a housing 9 of the apparatus 5 for treating fluids. The
front wall 59, the forward sections 52a, 53a, the sound wall 57, and the top cover 51

preferably do not include openings or apertures so as to reduce sound and are preferably



A sound wall 57 secured to the base 6a resides within the cabinet 50. The
sound wall 57 in this first enbodinent is constructed fromtwo sections
57a and 5¥b oBhaserach contain a semcircular gap such thacr/ushespisecur ed
together, an opening is formed to allow a punp housing 7a for the punp
assenbly 7 of the apparatus 5 for treating fluids to pass through. In 30
addition, the front wall 59, the forwarg sections 52a and 53a, the sound
wal | 57, and the top cover 51 in this first enbodi ment are constructed so
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the pump housing 7a to perform maintenance or repair (e.g., replacing a seal or repacking
bearings), the pump motor 7b may travel rearward along the pump support 70 towards the
rear wall 54. Further, the pump motor 7b may be pivoted on the pump support 70 to permit
25  access into the interior of the pump motor 7b. The movement of the pump motor 7b about the
pump support 70 allows the rest of the apparatus 5 for treating fluids to remain assembled
during maintenance or repair of the pump motor 7b or pump housing 7a, thus shortening
repair times. The pump support 70, accordingly, is longer in length then the pump motor 7b
to allow a reasonable range of travel so as to give greater access to the pump motor 7b or the
30 pump housing 7a.
The apparatﬁs 5 for treating fluids includes a housing 9 having a vortex nozzle
assembly 10 disposed therein and a manifold 8 that fluidly connects the outlet 11 of the pump
| assembly 7 to the housing 9. The frame 6 supports the housing 9 via a support shelf 72 and a
brace 76. The frame 6 via the support shelf 72 and the brace 76 supports the housing 9 and
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72 and the brac supports the housing 9 and WO 03/ 049862 PCT/ US02/ 39145
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nut - shaped dgth g tAdtebehia@naperture of the brace 76, thereby securing the
brace 76 to the support shelf 72 whi|e providing sound 15 danpeni ng

t her ebet ween. Afithegh this firssembodimeng diselesereqpnd dprapaningeos absorhies tishipenidag or

absor bi ng HBROLNDEindF skill il @S Bre Will QA RN Yhat Wekd ard shyld@iba df s¥hrddl  Under st and
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20 includes a plurality of connection slots movenent of
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directly t % ﬁé?ﬁit%eas%&r%g of the support shelf 72 directly to the brace 76.

Referring now to Figures 3, 4, and 6, the manifold 8 includes an inlet 12, a flow

divider 13, elbows 14 and 15, and flexible couplings 80 and 81. The inlet 12 connects to the
outlet 11 of the pump housing 7a using any suitable means, such as a flange and fasteners, to

25  receive a fluid flow from the pump housing 7a. The inlet 12 fits within an inlet of the flow
divider 13 and is held therein by friction, welding, glue, or the like, to deliver fluid into the
flow divider 13. The flow divider 13 receives the fluid flow and divides the fluid flow into a
first fluid flow and a second fluid flow by changing the direction of the fluid flow
substantially perpendicular relative to the flow from the inlet 12. The flow divider 13 in this

30 first embodiment is “Y’ shaped to allow for a smoother transition of the fluid flow from the
inlet 12 into the first fluid flow and the second fluid flow. The flow divider 13 therefore
prevents the abrupt stopping and redirection of the fluid flow, thereby reducing the discharge
head pressure created by this type of redirection and further allowing for an increased

pressure into the two resulting fluid flows.
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fl exi ble cou |II’]§LS 80 and é)l in this first er iment are constructed of a
fl exi bl e mapr}] tgthopsng Ymayibe wilizedjfdeo, althouph tisfirstembedimentdisdiases f sound to
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coupling brackets -8 i y necessary in applic ons ere sound
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Rousi ng o Fayepine o ook 3tk s hgle o) ehiaiRe T e BuiBiurtit S oces
mani f ol d 8hbwingdeinsteasrafend pdrtiord. f | ow i nto t he housing 9, those of ordinary
skill in the ar Il“hé"finoluging 9 includes inlets 21 and 22, an outlet 23, detents 25 and 26, end caps 86
and 87, and a cylinder 88. The housing 9 defines a bore 20 along its central axis and a bore 24
25  positioned approximately central to the midpoint of the housing 9 that communicates with the
bore 20. The housing 9 attaches to flexible the couplings 80 and 81 by means of the coupling
brackets 84 and 85 to receive the first fluid flow at the inlet 21 and the second fluid flow at
the inlet 22. The outlet 23 is connectable to any suitable fluid storage or delivery system
using well-known piping, and, in this first embodiment, the outlet 23 is an elbow that quickly
30 redirects the fluid flow horizontally so as to reduce outlet pressure loss by preventing a
discharge head pressure in the bore 20 and the bore 24 while maintaining a flooded condition
within the bore 20 and the bore 24. Although the upward discharge design is desirable,
designs with other angles may also be used.

The vortex nozzle assembly 10 resides within the bore 20 and, in this first
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9 define cav 41 that recejves the second fluid fl fromthe inlet 22

and del i ve&rei o YER #r3acyld b vnderstaqd that the yoriexmogle ﬁ%zszde@tlgeé in ¢egignher nor e,
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of the2Pj r 30 of thgheusingRingppesed felatigrshing the vortex mzaln 23 e teditateranpiingementr at ed
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p 30. For the purposes o I sclosure onIy e vor e 27
will be defartheyeatex nozzle 27 is preferred, those of ordinary skill in the art will recognize that the
vortex nozzles disclosed in U.S. Patent Nos. 4,261,521 and 5,435,913 may also be utilized.
The nozzle body 29 in this first embodiment is substantially cylindrical in shape and
25  includes tapered passageway 31 located axially therethrough. The tapered passageway 31
includes an inlet side 32 and decreases in diameter until terminating at an outlet side 33. The
taper of the tapered passageway 31 is greater than 0° and less than 90°, however, more
preferable tapers are greater than 5° and less than 60°.
The nozzle body 29 includes a shoulder 34 having a raised portion 35 with a groove
30 36 therein. The shoulder 34 is sized to frictionally engage the interior surface of the housing
9, while the raised portion 35 abuts detent 25, thereby rendering the vortex nozzle 27 exactly
placeable within the housing 9. The groove 36 receives a seal therein to fluidly seal the

nozzle body 29 and, thus, the vortex nozzle 27 within the housing 9.
The nozzle body 29 further includes ports 37-39 for introducing the first fluid flow
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passageway tapered Aéﬁéwgeweh 1.I'he endreapafl dﬁaﬂhes tiegherend of the nozkfe IR@y 29 defining 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.

25  Although this first 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 substantially trapezoidal
shape, those of ordinary skill in the art will recognize that the inner face of the end cap 30 and
the end of nozzle body 29 defining the inlet side 32 may reside at any angle.

30 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 first embodiment, the
boss 42 is 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 face of



defining the inlet side 32 includes a taper the sane angle as the taper of
the tapered passageway 31 to ensure the ports 37-39 each define a

subst ant i wblog/otgsapezoi dal shape. The end cap 30 abuts theremdiSot/3dihe nozzl e
body 29 defining the inlet side 32 to seal the inlet side 32, thereby
permtting fluid to enter into the tapered passageway 31 through 20 ports
37-39 only. Accordingly, the inner faceipf the end cap 30 that abuts the
end of the nozzle body 29 defining the inlet side 32 includes a taper the
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o ad; adr dieahes SBRLFBE bR ARE ANt RILEBERohdM:Guigl St 36 Fiel RESRATE: o
passageway 43,]1herébypd1:ﬁsam@\mhg/co¢ﬂurt puideighl 46tdver thoeml ¢ 4C andmhscomtzgsw t h a

cavity 44 L he center of the outer face of WD 03/049862
PCT/ US02/ 3 uﬁgpeg%fﬁqr’:‘gt'%ﬁge iap 30. A conduit 45, as illustrated in Figure
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t aper ed passageway 31. dui t eal 46 thin an end cap 47
that secur éas"eg’g p?%%gewan gyég ei%\%@?rfr&tge Bt ﬁ’é‘ii \I%Wé‘hf}‘e 2ot Shi%
means, 1sucRiaage @vttm@a@emeimgmﬂ&m ARhisthddGhro@gh thé Elithinkfon HFMehetd® end cap
47 and the conduit 5 2UI de seal 46 include an openi ngpwo al |l ow t he
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wi thin t he retainedlpid flow fiatitravslsclown dhedaneesd passeeaway 31 endsesdts its putlet gideidd-t 45
Wi thin the paapdr3 749 deliVés sa&@kuh Bnqy néﬁ flofafth éﬁgehﬁalf;‘/%sé n@ﬁ&augid tgg and

wor ks together with the end cap 47 such that fluld ure o t he i nner
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provides for a more intense and stable impact of rotating fluid flow exiting the outlet side 33

of the tapered passageway 31.

25 Additionally, in this first embodiment, the cross-sectional area of the ports 37-39 is
less than the cross-sectional area of the inlet side 32 of the tapered passageway 31, which
creates a vacuum within the rotating fluid flow. Nevertheless, those of ordinary skill in the art
will recognize that the size of ports 37-39 may be varied based upon particular application
requirements. The amount of vacuum created by the ports 37-39 maiy be adjusted utilizing the

30  boss 42 to alter the force vectors of the rotating fluid flow. Illustratively, increasing the size
of the boss 42 (i.e., either diameter or length) decreases the volume within the tapered
passageway 31 fillable with fluid, thereby increasing the vacuum and, thus, providing the
rotating fluid flow with more downward and outward force vector components.

In operation, the manifold 8 is assembled as previously described and connected to



t apered passageway 31 via the ports 37-39. Delivering the first fluid flow
to the ports 37-39 15 via the cavity 40 provides a significant advantage

t hrough twie ogb49ssnati on of the need to orient the ports 3P€BASW/IN4T espect

to specific fluid entrance points. The tapered passageway 31 receives the
fluid therein and inparts a rotation to the fluid, thereby creating a first
rotating fluid flow that travels down tige tapered passageway 31 and exits

its outlet side 33. Each port 37-39 delivers a portion of the fluid flow
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into the rakgeplar bpr@mgmrh@rﬂueq Qnthpergdttcrten | sige@f plidpattiulates pdthinfthe fleidf | ow and
the second | Hbaqeof hlgavthemﬁtsﬁhmret px| ﬁnﬁe %%Llh%g fiid frzW:élsft{) b Slitablelugly T 1 0W into

the cavity 40 of the housing 9 and t secon urd ow I nto the cavity
41 of the H@[ﬁgﬁngdﬂélvef}’tﬁﬁswmrﬁ fluid flow enters the vortex nozzle 27 from
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the vortex nozzles 27 and 28 are not disrupted by previously discharged fluid flows that may
25  splash back into the collision chamber 89 during entry into the outlet 23 as can occur in non-
flooded collision chamber designs.
As illustrated in Figures 7-10, an apparatus 105 for treating fluids according to a
second embodiment includes a pump 107 oriented in a vertical position so as to allow
staging of impellers, which provides for greater pressure while requiring less horsepower.
30 Although vertically oriented pumps have pressure limitations, they nevertheless are
sufficient for most applications while providing a distinct power saving advantage. The pump
107 includes an inlet 160, which provides a connection point for a fluid source, and an outlet
111. The pump 107 is any pump capable of pumping fluid from a fluid source through the

apparatus 105. Fluid, in this first embodiment, is any flowable liquid or gas or solid



the fluid, thereby creating ,a second rotating fluid flow that travels down
the vortex nozzle 28 and exits its outlet side into the collision chanber
89. Due twotobe49spposed rel ati onship of the vortex nozzl eeC2UsSansh128, the
first rotating fluid flow inpinges the second rotating fluid flow 15 within
the collision chanber 89, resulting in the treatnent of the fluid through
the breaking of nolecular bonding in the fluid or the reduction in size bf
solid particulates within the fluid. The treated fluid then exits the
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between the pump motor and pump 1mpellers

The manifold 108 in this second embodiment is located in a substantially horizontal

plane and includes an inlet 112, a flow divider 113, elbows 114 and 115, and flexible

25  couplings 180 and 181. The inlet 112 connects to the outlet 111 of the pump 107 using any
suitable means, such as a flange and fasteners, to receive a fluid flow from the pump 107. The
inlet 112 fits within an inlet of the flow divider 113 and is held therein by friction, welding,
glue, or the like, to deliver fluid into the flow divider 113. The flow divider 113 receives the
fluid flow and divides the fluid flow into a first fluid flow and a second fluid flow by

30 changing the direction of the fluid flow substantially perpendicular relative to the flow from
the inlet 112. The flow divider 113 in this second embodiment is ‘Y’ shaped to allow for a
smoother transition of the fluid flow from the inlet 112 into the first fluid flow and the second
fluid flow. The flow divider 113 therefore prevents the abrupt stopping and redirection of the
fluid flow, thereby reducing the discharge head pressure created by this type of redirection



10 source to the punp 107 does not rest upon the punp 107, which protects
the punp seal, punp bearings, and the punp shaft from damage caused by
verti cal wowenmss2 resulting from excess weight on the corgeatShosibet ween a
punp notor and punp inpellers. Athough not illustrated, those of ordinary
skill in the art will recognize that the apparatus 105 may include a
cabinet simlar to cabinet 50. 15 The apparatus 105 for treating fluids
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separate connections to the housing 109 or a single pump delivering ﬂUId mto side portions
of the housing 109 instead of end portions.

The housing 109 includes inlets 121 and 122, an outlet 123, detents 125 and 126, end
25  caps 186 and 187, and a cylinder 188. The housing 109 defines a bore 120 along its central
axis and a bore 124 positioned approximately central to the midpoint of the housing 109 that
communicates with the bore 120. The housing 109 attaches to flexible the couplings 180 and
181 by means of the coupling brackets 184 and 185 to receive the first fluid flow at the inlet
121 and the second fluid flow at the inlet 122. The outlet 123 is connectable to any suitable
30 fluid storage or delivery system using well-known piping, and, in this first embodiment, the
outlet 123 is an elbow that quickly redirects the fluid flow horizontally so as to reduce outlet
pressure loss by preventing a discharge head pressure in the bore 120 and the bore 124 while
maintaining a flooded condition within the bore 120 and the bore 124. Although the upward

discharge design is desirable, designs with other angles may also be used.



and delivers the second fluid flowto the flexible coupling 181. The el bow
115 includes an elbow fitting 118 that connects to flexible coupling 181
by neans wb oa/oemsapl i ng bracket 183. 10 The housing 109 i nelcadse2/aikdusi ng
fitting 117 that connects to the flexible coupling 180 by neans of a
coupling bracket 184 to permt the delivery of the first fluid flowto the
housi ng 109. The housing 109 further ingkudes a housing fitting 119 t hat
connects to the flexible coupling 181 by nmeans of a coupling bracket 185
to pernit the ddhfyertex norzle prscrsily dHdresiflgsyvithin thelored 20 hud, frothisisegnd 09. The
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redirects the fluid flow horizontally so as to reduce outlet pressure |oss
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i ncl udes vortex nozzles 127 and 128 are positione w thi e bore
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into the housing 109 as previously described, and the housing 109 is connected to the
manifold 108. The pump 107 pumps fluid from a fluid source and delivers the fluid into the
25 manifold 108, which divides the fluid into the first fluid flow and the second fluid flow. The
manifold 108 delivers the first fluid flow into the cavity 140 of the housing 109 and the
second fluid flow into the cavity 141 of the housing 109. The first fluid flow enters the vortex
nozzle 127 from the cavity 140 via the ports of the vortex nozzle 127. The vortex nozzle 127
receives the fluid therein and imparts a rotation to the fluid, thereby creating a first rotating
30  fluid flow that travels down the vortex nozzle 127 and exits its outlet side 133 into the
collision chamber 189. Similarly, the second fluid flow enters the vortex nozzle 128 from the
cavity 141 via the ports of the vortex nozzle 128. The vortex nozzle 128 receives the fluid
therein and imparts a rotation to the fluid, thereby creating a second rotating fluid flow that

travels down the vortex nozzle 128 and exits its outlet side into the collision chamber 189.



sui tabl e means, such as friction, a coupling, welding, glue, or the like,
to forma first side of the housing 109. Wth the vortex nozzle 127

i nsert ed wotos/04d98e2 housi ng 109, the vortex nozzle 127 andprChashmsmisng 109
define a cavity 140 that receives the first fluid flowfrominlet 121 and
delivers the first fluid flowto the vortex nozzle 127. Simlarly, the
vortex nozzle 128 10 inserts into the bqge 120 until it abuts the detent

126, and the end cap 187 attaches to the «cylinder 188 using any suitable
means, sucHPuedo thejapppssa relatiopdipef theyvorigs magzigy, 129 prdbl 28gthe fipse rdtatiog fluid 0 form a

second si denod infgifelMdSiddad Dtativ tﬂhidtfm%&a WiRkih e c'aﬁ&r%h%a%éﬁea gﬁ? ?Jsﬁl‘ﬁﬂ% lpto the

housing 109, the vortex nozzle 128 and the housi ng ne a tavity 141
that recei VB&treatiaens eEtha duidsthropgh the bigakingef molecuilan bendingia teerfibidier theer s t he
second f 1 uirglfcliGintse o Gol it Riafl@ 9 Rhia thihui A e | tioning
of the vortrex riozéllse$e 127l ;b;ld 151'839i n fopt) osé%fjfr%g:t:ﬂg{nluc:ﬁég%geﬁk{}ﬁfﬁ&ﬁhe bore
120 cr eat esl23 of the hpusingnl 00 isadrisavels18 9 syitadledluihsoragirrdgkiveensysief. t he fir st
fluid flow with;ther L d: t nozzl es. 127 and
128 are i dentical El‘ésﬁ??ﬁefw%ai"ﬁﬁ% il B vor kiRl 13 P8 5T

nozzl es 27 tapustaisa deodsd eeriditiniwithitethe collision oliatther ¥889f laraddicien, ttie Upwgut es 5 and

11-14. Altey I - Var | din M. S..Patent 20 Nos.
4261, 521 Qe K e ARNR chaoel DBTRTNELRRL PRFGalr? i S o0
108 i s assaerhtinsiflensled dernigsbrsdpgratiors of thb eateamdzadeni2@ ahd tP 8t This efitangdsmie 107.
Each ofi4th 12 e inserted i osed rel ationship
Tnto g nSbEas, BRAEVSRORIBN0 BRELAY BaySe BiRE R BB G arksS fan
connect ed ttiee tdnex nozeisflaT ahdlI28 arcTitoe distupted bY preplongls dfsthaigdd fluRinMoavsfhagi d

source and delivers th | uid .int,o the 25 mani fol.d 108, which divides the

fluid into *Wesl’]rag‘rbs%&‘fﬂ %{hﬁ °?‘ﬂ8&5‘ %ﬂ?&‘tbf% sdé'EB%EPt‘FYHﬁﬁoéhef‘l“Hﬁi 23 s cangghits ol d

108 del i verisnéhifodded sdllifibnictemberalssighs. 0 t he cavity 140 of the housing 109

and the second uid flowinto the cavity 141 of the housing 109. The

first fluid floﬁﬁth?l‘lgg‘rﬂ%e RIFRSTLBYePEgn h%%ﬁ"zﬁ S?Eg’?d ff'rtamwg’ecfa%wg 140 via the

ports ab tkmbudimertssuthdedchiptichhas Bhea fQxb@laE Bes oAk mﬂ,%@@iﬂﬁ@aﬂfdﬁ?entl ui d
a

therein and jnparts.a rotation to the flujd, thereby creating irst
tilln

rotating 36° Hee of ordinapy F arb anany QUARRLVRR cquYales. A variations pf waing xi t s
its outlet degree wilFall Witkin teQcope Q¥ tePrddbnt GRRAMSG. ThiSscopa ddbdrdinbly, is hitgo Second

fluid flowenters the vortex nozzle 128 fromthe cavity 141 Via the ports
of the vortbék‘mrﬂtﬁiﬂ a8y Tespect inthe Ipgaing desariptian; Tathery is iscdefined anbebyfthei¢laimst her ei n
and i npart shaafdieivation to the fluid, thereby creating a second rotating
fluid flow that travels down the vortex nozzle 128 and exits its outlet
side iAo the collision chamber 189. WO 03/ 049862 PCT/ US02/ 39145 16 Due to
t he opposed rel ationship of the vortex nozzles 127 and 128, the first
rotating fluid flow inpinges the second rotating fluid flow wthin the
collision chanber 189, resulting in the treatnent of the fluid through the
breaki ng of nol ecul ar bonding in the fluid or the




reduction in size of solid particulates within the fluid. The treated fluid
then exits the outlet 5 123 of the housing 109 and travels to a suitable
fluid stovegeowmssdel i very system It is preferable to nai rCaiusodsdaehar ges
fromthe vortex nozzles 127 and 128 sufficient to sustain a flooded
condition within the collision chanber 189. In addition, the upward

di scharge fromthe collision chanber 1897into the outlet 123 ensures the
collision chanber 89 remains flooded during the operation of the vortex
nozzl es 127CIaMM¥S128. This enhances the 10 effectiveness of the vortex

nozzl es 127 and y flows discharged from the

vort ex nozzll es 1%‘%%gggﬁggg%gétg]tgg%%dggmmrp”hﬁ%d by previously discharged fluid
flows that nayappmadiclusinganiinletcoupled wish hlflgldcsnumhmm@rouﬂ&&hﬂefrdnng entry
into the outl et ol I'i sion chanber designs.
Al t hough the pr eilé'%stl 'H\g}g‘?}?é}gg CXHOEZIQQSQ%;' gnd%'llén terms of the foregoing
15 enbodi ment, suwhifoldsouplgt todire dutist dfderpuﬁtpranékﬂhpham&gpwhqwﬁﬂ& ntenlfgldand,

as wll t inary skill in the art, many

al ternati vegmg{egﬁ/dﬁl&%tasﬁ]owg \}%%tg l?ogﬁlégof varying degrees will fall
within the %cop&h@apWMSﬁoﬁmnng fluideastarding tol¢lsiin 5 dfier edg@isiigaguyp i S not
to be limg n e e foregoing description; rather, it is
defined onl ygp%“"tg e josn 0“(%%‘%%‘%{“9@%% 20 WD 03/ 049862 PCT/ US02/ 39145 17
CLAIMS 1. An aerhcr aﬁpamtlfsd‘d)r ttenthad fluids debardidg to ALIND, imdieRGY thep@hiFuppsre! udi ng an
i nlet cl(aup ed ¥M sto r,ce and an outlet therefrom a Igou5| ng

i ncl uding &V Str%%fwﬁrgﬂqvgmﬁg L tH5IRY™Pherein: and 5 a manifol d coupled to the
outl et of tdhe pﬂ‘h@a@ﬁﬂﬂtsd’oﬁtf&tuﬁpﬂlﬁdmcor&?ﬂgEcﬁctlﬂmti”lﬁvheﬁﬂi th@%ﬂnp ppardlapted to
deliver a flow g o the housing. 2. The apparatus for treating

f1 ui ds acc@F’&‘?‘ﬁd’“ﬁo&ngf’ MEPYMPE r t her conprising a punp support adapted to

support the, punwhé Wﬁﬁﬂ fordreatl AEEMAGRRERENS td Adiml I, RAbleRGhE puthHR oﬂ&ﬁ&f d' ng to
claim 2, wherei port 10 pernits rearward novement of

punp. 4. THEMS BéPQP‘UEW‘%FtagIP%%R“mj’ impelless according to cl a| m 2, wher e| n

the punp Swpporirhe %’éﬂds?orme‘é@ﬂé MGdsccdriifg RIERm 2 furthdfcd gor
treatlngflwds according to claim1, Wnerelnthe ente

vertically %o péhsinpatatis Tertegiingfluds asearding rapriimes; SVherggl the ﬂmsuaptprt:srthﬁ us for
treating fluhng% AeeRt Halidg bOthe bﬁhm)ylplulfnUfn% Ie&gne&ﬂ{énﬁé fhiB9oucd th H%ump.

8. The apparatus for treating fluids according to claim 6, wherein the frame supports the
housing.
20 9. The apparatus for treating fluids according to claim 8, further comprising bushings

between the frame and the housing to prevent the transfer of noise from the housing to the
frame.
10.  The apparatus for treating fluids according to claim 1, wherein the manifold receives a
fluid flow from the pump and divides the fluid flow into a first fluid flow and a second fluid
25  flow.
11.  The apparatus for treating fluids according to claim 1, wherein the manifold
comprises an inlet coupled with the outlet of the pump. '
12.  The apparatus for treating fluids according to claim 11, wherein the manifold
comprises a flow divider coupled with the inlet, whereby the flow divider receives a fluid
30 flow from the pump via the inlet and divides the fluid flow into a first fluid flow and a second
fluid flow.
13.  The apparatus for treating fluids according to claim 12, wherein the flow divider is
Y-shaped to provide a smoother transition of the fluid flow from the inlet into the first fluid

flow and the second fluid flow.



7. The apparatus for treating fluids according to claim®6, wherein the
frame supports the punp to prevent |oading of the punp by plunbing
connect i rwotohe4dsb2ii d source to the punp. 8. The appar at u®cfrarsot/sdas i ng
fluids according to claim®6, wherein the frame supports the housing. 20 9.
The apparatus for treating fluids according to claim8, further conprising
bushi ngs between the frane and the houggng to prevent the transfer of

noi se fromthe housing to the franme. 10. The apparatus for treating fluids
accor di ng tld- cl Zherepparaisderdreating-Ruidraspdrding to dajm Mewhereinftheunahifoldow from t he

punp and. dickhfiicss b e blobb doddi il aBw i ahd atlaflich %ch herFRAGA Tl ul d

25 flow. 11. The apparatus for treating |UI
wher ei n t hdlowani fol d conprises an inlet coupled with the outl et of the

punp. 12 18¢ aRRALRHRS S rehfifiifGeldrithl®, AR AGh BSh AL, wher &l n

the mani fold conprises I'vider couple wher eby t he
f1 ow di vi depmprisse vesondiclbdéwicehpBd Withahe ﬂm\mdivﬁdeearpiadpptvdaredce/elthd setondnd

di vides the f{gif flowinto a first fluid flow and a second fluid flow
13. The apparatus for treating fluids according to claim 12, wherein the
flow dividds. i sThé(a;mhapmdoxttmathgﬂuidkaceoréingmdﬁm 4 whartinhitiemaiifoldhe fl ui d
flow fromthe i.nle

the first. fl uj f | ow,an h d fluid fl ow
W0 031 046560 RISt Eies PplibeCoublel Plim et boxy WeRB0y foF Ty S5O NG TEPFYSys
accordi ng tle faktefiuid i@y andédalieem thelfrst fimid ﬂmﬁbthe:lmnpingses a first el bow
coupl ed ,wi the, flow a r.ec the first fluid flow
TP o i b B srprefis Sortehu iR EEBRe i (B Bertip e Sumligiy ¢ ho
m;nl folOI d 5ﬂexamertoseaa%ahsemmgoﬁohﬁmfé&?ltﬂwlﬁdnmdt%t]ﬁetm@hgw di V:c der and
adapted to recejive the secon ) e apparatus for treating
fluids accdfdi nghet ?:Ppé‘iaﬁﬁsﬁc?rﬂ?a“%f{é%‘% aﬁcoc"ﬁgg FPaCE?‘?‘o‘ISdW hereifphie rawifold £ ¢ st
coupl i ng ceoipiess Ysdcbnd Estipling supled WWtheW@&fnG@bboWhﬁhéréHy&Be §codl oliflingecei ves
the first flurd flow and delivers the first fluid flowto the housi ng. 10

17. The apP¥FaFuSe sespnq Huddlongnd delivae thecseemdithiyl o & the beueBE: wherein the

first qauplibng TRe apph@itls l%r‘i‘reﬁ%gr R GBcdrdifg ¥or A 19! wﬁ’érelﬁ?dérkgcokﬂ esgihg
manifold to the housing. 18. The apparatus for treating fluids according to

clai m 15, Wéﬂ%twrﬁ@cmﬁawﬂ OféQHﬁ*ﬂ fiogethe manifld ithebensingng coupl ed with
the second gl boye WAGRRR YorltfaGti SRR cERMRE o aim 10, wherein the housing includes

a first inlet that receives the first fluid flow and a second inlet that receives the second fluid
flow.

20° 21.  The apparatus for treating fluids according to claim 20, wherein the vortex nozzle
assembly comprises a first vortex nozzle positioned within the housing in opposed
relationship to a second vortex nozzle also positioned within the housing.
22.  The apparatus for treating fluids according to claim 21, wherein the housing defines a
first cavity that delivers the first fluid flow to the first vortex nozzle, whereby the first vortex

25  nozzle receives fluid therein and imparts a rotation to the fluid, thereby creating a first
rotating fluid flow.
23.  The apparatus for treating fluids according to claim 21, wherein the housing defines a
second cavity that delivers the second fluid flow to the second vortex nozzle, whereby the
second vortex nozzle receives fluid therein and imparts a rotation to the fluid, thereby

30 creating a second rotating fluid flow.
24.  The apparatus for treating fluids according to claim 21, wherein the positioning in the
housing of the first vortex nozzle in opposed relationship to the second vortex nozzle defines
a collision chamber where impingement of the first rotating fluid flow with the second

rotating fluid flow occurs.



receives the second fluid flow and delivers the second fluid flowto the
housing. 15 19. The apparatus for treating fluids according to claim 18,
wherein tWweosmemnz coupling is flexible to reduce the traogfiso2/sd145ound
fromthe manifold to the housing. 20. The apparatus for treating fluids
according to claim 10, wherein the housing includes a first inlet that
receives the first fluid flow and a secognd inlet that receives the second
fluid flow_ 20, 21. The apparatus for treating fluids according to claim
20, wher ei rt5t he Th®aRpasatus §orAreatingfluidsaseording aaimed. wherpinghe cplisiomehember| e

posi ti oned chinhfahRatkdRith QS Rf the RRBAsed rel ationship to a second vortex
nozzl e al so positioned wthin the housing. 22. The apparatus for treating

flui ds accdfdi ndhe epparatiis ferareating-firids agcardiag ouaing, whdreindlee qutletfis osate¢avi t y
that del i vepsvelhiecdilisichichhmbirfo b g&l&@d Eér{dﬁfon‘(ﬁ{hﬁrﬂﬁe BAR&bEehaliBEr €DY the
first vortex 25 nozzle receives fluid therein and inparts a rotation to
the fluid, 27her &bganppratusiforgreating fluids aceasdiag taxdaim| 23; wherkinwhe @@et comprisgspar at us
for treatingeflbliths hadontafl MAits filid! quc,m L using defines a
second cavi t37 t hat (l:]el I verg t_re %cho'rfllgl'vf. UI%}Q?@@%&%% bg';')second vort ex
nozzl e, whé@Beby Thhepparatus derdreating fhidsrooardiag teedainvie whereini thie hdusing includes
inparts a r, i o i nd_rptating
AR hl?ﬂ&@g%@?sa%@k ek 30 %‘%S‘Q*f%h?'ﬁéhe Yok mae BehBhol 21,
wher ei n t h@9posiThe apparatys ifer techting thidssicengdiog tot dedmf28y whereio thechousiog inkldésn
opposed,r el _at I ] VoI nozzle defines a collision
chanbeﬁomggéllf%%g%}%185%2R%Jﬁg@g?ﬁg&g}eﬁg%&u‘?ét ating fluid flowwth the second
rotating fl30i d Thosppeats fer.tredihgXB/id4086&in OISR/ BRih thelsBlfACtuatigaeal

appar at us fcor Lreat iiggsefa[ ud'adtsd goc t%iﬁlii n%%na claim 24, wherein the collision
chanber  cSARENIR 2RSS Wit 12BRC Sut'1 e &Mousi ng. 26. The apparatus for
treating fI30i dsTheappadiugfortteatidgefuids2bcordihg tosdlaimt il Gurtheit dodiprisiag b 0sbaiedd above
the collisign chanber to_maintain.a fl ogaded condition withip the collision
chanber 5337 HACHRpmhS 1 dentith B aspgs 1 o s BOr R e Be Rl 25,
wher ei n5t hgowdivaitha astdsTOBe cRite@bPAid b ingRahiz@e indhifod bePihé B&lstmgf | Ui d
flow fromthe collisi oqr}.ﬂchanber. 28. The apparatus for treating fluids

accordi ng ¢ cl Aimsthod qirsptime s Huid cABRRSIHY | ncl udes an aperture that

pernmits the neapeyitinmila Mt VoAGLRR, MWK BipdsddtBlatichhifXo HQLEAEYARR RENY - 29
The apparatus for treating .fluids according to claim 28, wherein the

housi ng i ncl udeleting afirgiffiid Hew inte # Fey iy surouding thedieqoBwerozelie aperture.
30. The appar at uﬁetilfi@rﬂaia BahitRIAS iR GROTH IR vbRexGlogh It Jeard i€ N t he

sel f-actuating sea
20  rotating fluid flow;

inletting a second fluid flow into a cavity surrounding the second vortex nozzle;
inletting fluid from the second fluid flow into the second vortex nozzle to create a
second rotating fluid flow; and
impinging the first rotating fluid flow with the second rotating fluid flow in a collision
25  chamber.
34.  The method of treating a fluid according to claim 33, further comprising outletting
fluid from the collision chamber through an outlet located above the collision chamber.
35.  The method of treating a fluid according to claim 33, further comprising:
providing a fluid flow from a fluid source;
30 inletting the fluid flow into a manifold that divides the fluid flow into the first fluid
flow and the second fluid flow.
36.  The method of treating a fluid according to claim 35, wherein the manifold includes a
Y-shaped flow divider to provide a smoother transition of the fluid flow into the first fluid

flow and the second fluid flow.



conprises a guide seal adapted to fit within an end cap. 31. The apparatus
for treating fluids according to claim1, further conprising a cabinet.

32. The appasatass2 for treating fluids according to clai mBCI/ushesmin the
cabi net includes a 15 sound wall that reduces noise created by fluid
noving within the manifold and the housing. 33. A nmethod of treating a
fluid, conprising: positioning a first rtex nozzle in opposed
relationship to a second vortex nozzle; inletting a first fluid flowinto
a cavity sifr oufibl mehodef tfeating a fhod aeserdingzta kclajm 35,hetdin thg nfahifold ifchues t he
first fluid flowinto the fjrst .vor nozzle to create a first 20
rotating f Icﬁli'pc!imﬁ téé\}r,arﬁi t%‘fxé l? *orFéové essé)%lgar(]%a'?ﬁeﬁlfl flowinto a cavity

sur roundi n@8i he Asegtiovichf waaht faxturigyz Vetex nozrleddapteditofgronide ¥acaum t he second
fluid flowinto the second vortex nozzle to create a second rotating fluid
flow, and "MPBTHRYIRG tHEPFINEst rotating fluid flow with the second rotating
fluid fbow i n aingelihg Seamduit Sboughanberturedd a hdising v ing theoforttx s@izlenkereinf | ui d
according to claim33, fuyrther c risit tletting fluyid fromthe
col I'i si on chanbB “P%?%U@HOE eSﬂVﬁﬁ?“?@%ﬁ?8ﬁ%55 & 1o e’c,a%‘bllision chamber .
35. The nethod ekuriigeddel fagtuatifg sealbvaabosditing. to cl ai m 33, further
conprising: providing a fluid flowfroma fluid source; 30 inletting the
fluid flowinto a manifold that divides the fluid flowinto the first fluid
flow and the second fluid flow. 36. The nmethod of treating a fluid
according to claim 35, wherein the manifold includes a Y-shaped fl ow
divider to provide a snoother transition of the fluid flowinto the first
fluid flow and the second fluid flow WD 03/049862 PCT/US02/ 39145 20 37.
The nethod of treating a fluid according to claim 35, wherein the manifold
includes couplings that are flexible to provide sound danpeni ng. 38. A
nmet hod of manufacturing a vortex nozzle adapted to provi de vacuum
measurenents, conprising: 5 inserting a conduit through an aperture in a
housi ng having the vortex nozzle therein; placing one end of the conduit
in a cavity of the vortex nozzle; and securing a self-actuating seal over
the aperture.



