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(54) Title: IN-LINE VENTURI

(57) Abstract

A plate (10) supports a venturi (11) within a conduit (20) and divides the fluid flow streaminto a first stream which flows through the venturi tube (11) and a second stream which bypasses Othe venturi tube A variety of adjusting mechanisms are disclosed for varying the cross-sectional area of the bypass flow. The apparatus is adapted to allow the back pressure withinthe venturi tube (11) to force an increasing proportion of the flow stream to bypass the venturitube (11) in order to maintain a relatively constant aspiration rate within the venturi tube. The 4 tadjustment mechanisms disclosed include a second plate similar to the first plate whichis manually rotated and a blocking ring (60) which moves responsive to changes in rate of flowof the fluid flow stream. Helical passages (605) may also be provided at the outlet to promotemixing.
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IN-LINE VENTURI

RELATED APPLICATION:

s This application is a continuation-in-part of U.S.application Serial No. 08/336,065, filed 4 November 1994.

FIELD OF THE INVENTION:

The invention relates to a venturi tube apparatus.

BACKGROUND:

Venturi tubes are well known in the art forintroducing a second fluid into a first fluid. Typically,
the inlet of the venturi tube is attached to a conduit for
the first fluid, and the second fluid is introduced through a
second inlet, hereafter called an aspirator inlet, so that
the combined fluid exits through the venturi's outlet. Inoperation, the gas or liquid to be introduced is sucked into
the venturi through the aspirator inlet, as the fluid flows
through the venturi tube. For a given venturi-tube, the
aspiration rate depends on the flow rate of the fluid whichpasses through the venturi inlet and the viscosity of the
fluids.

One of the major problems associated withconventional venturi tubes is that any single tube can only
operate over a narrow range of fluid flow rates. This is in
part because back pressure produced within the venturi
increases greatly with increases in the fluid flow fate. It
is known that this problem can be overcome by connecting anexternal bypass system to the fluid conduit, in parallel to a"venturi tube, so that a portion of the fluid flow stream
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flowing through the conduit bypasses the venturi by flowing
through the bypass system. Conventional bypass systems haveseveral limitations including being costly, bulky and
requiring complex plumbing which hinders easy installation inassociation with an existing fluid conduit.

There exists a need for a simple venturi tubeapparatus which can be added easily to an existing fluidcarrying conduit and which can operate over a wider range of
fluid flow conditions.

SUNMMARY OF THE INVENTION:

The invention provides for the insertion of aventuri tube directly within a fluid flow stream. A broad
aspect of the invention provides an apparatus for use withina conduit for a fluid flow stream comprising a venturi tube
having an inlet, an aspirator inlet and an outlet; and
supporting means for supporting said venturi tube within saidconduit in such a manner that said venturi tube is aligned
axially in the direction of said flow stream with the
aspirator inlet not in contact with the fluid flow stream.

Another aspect of the invention provides a fluidflow control means which divides the fluid flow stream into afirst stream which flows through the venturi tube and a
second stream which flows around the venturi tube. The fluidflow control means is adapted to allow the back pressure
within the venturi tube (which increases as the fluid flow
rate increases) to force an increasing proportion of the flowstream to flow around the venturi tube in order to maintain a
relatively constant aspiration rate within the venturi tube.This permits a relatively constant and consistent operation
of the venturi tube over a wider range of fluid flow rates by
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increasing the flow rate of the second stream rather thanincreasing the flow rate of the first stream as the rate ofthe fluid flow stream increases.

In another aspect, the invention provides means forinducing a vortex in the second stream, preferably at or nearthe venturi tube outlet. This induced vortex produces asurprising increase in the venturi effect and reducesbackpressure at any given fluid flow rate. In addition, thevortex increases the mixing action of the first and secondstreams. The induced vortex permits more constant flow ratesin the first stream, yielding a satisfactory venturi effectover a wider range of fluid flow rates.

Another aspect of the invention provides forreduced pressure at the venturi tube outlet by means of anincreased pipe diameter at that point relative to thediameter of the fluid flow inlet pipe. Preferably, thisincreased pipe diameter persists over a distance of about 1to about 4 pipe diameters extending from the venturi outlet;even more preferably, over a distance of about 2 to about 3
diameters from that point.

In another aspect the invention is directed to anaspirator inlet having, at its point of intersection with theventuri tube, a diameter selected so as to achieve a desiredflow velocity (or range of flow velocities) as the secondfluid is introduced into the first fluid. Preferably, theinner diameter of the aspirator inlet will be selected so asto achieve, in conjunction with the other components of theinvention as described herein, high flow velocities, whichmay be subsonic, sonic or hypersonic, over at least a portionof the operating range of fluid flow rates for -a given
system.
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In a preferred embodiment of the invention the in-line venturi comprises vortex inducing means and increasedfluid flow outlet diameter relative to the fluid flow inletpipe diameter. In a particularly preferred embodiment, the
aspect ratio is adjusted so as to provide for optimal vortex
formation under the particular flow conditions of the system,
and the aspirator inlet comprises an aspirator tube.

In a preferred embodiment of the invention theI0 supporting means comprises a plate or disc inserted withinthe conduit (or integral therewith). The fluid flow control
means comprises first passage means through said plate ordisc for allowing said first stream to flow through saidventuri tube and second passage means, preferably in the formof at least one aperture, through said plate or disc, for
allowing said second stream to flow. The aspiration rate ofthe venturi tube, for a given fluid flow rate, is determined
by the cross sectional area of the venturi tube relative tothe cross sectional area of the second passage means. Thecross section of the second passage means can therefore be
preset for a given venturi tube to be used within a fluidflow stream having a given flow rate, in order to achieve a
desired aspiration rate.

Preferably said fluid flow control means further
comprises adjusting means for adjusting the flow rate of thesecond stream, typically by adjustably blocking (orunblocking) said second passage means, in order to maintain arelatively constant flow rate through the venturi tube. Thusthe total cross sectional area of the at least one apertureof the second passage means, relative to the cross sectional
area of the venturi tube, can be adjusted by varying theextent the apertures of the second passage means ar6blocked.
This allows for a greater range of flow rates of the fluidflow stream to be used with a given venturi tube to produce a
desired aspiration rate.
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In one embodiment, the adjusting means allows for
adjustment of the extent to which the second passage means is
blocked.

In another embodiment, the adjusting means includes
regulating means, responsive to changes in the fluid flow
rate for regulating the flow rate of the second stream. In
one such embodiment, the regulating means comprises ablocking means which is biased towards the plate (or disc) by
some resilient means, so as to block the second passage
means. The blocking means is moved away from the second
passage means, against the bias of the said resilient means,
by the fluid flow stream as the flow rate (and resulting
pressure) increases. Furthermore, both such adjusting means
can be utilized together, if desired.

In some applications (for example in cases of highback pressure downstream from the venturi tube), it is
desirable to increase the pressure drop across the venturi
tube. This acts to increase the aspiration rate of the
venturi tube. Consequently, another aspect of the invention
provides for an optional constriction means for reducing thepressure at the venturi tube outlet, by constricting the flow
of the second stream, in the vicinity of the venturi tube
outlet.

In another embodiment, the invention comprises a
venturi support body having, at the fluid inflow end, a
concave face which acts to direct the incoming fluid stream
toward a central aperture and therethrough into a venturi
tube which is partly integral to the venturi support body and
partly a separate tube held in close apposition against a
mating surface on the venturi support body, in which the
separate venturi tube further comprises one or more flow
directors which cause the formation of a vortex in a portionof the fluid stream which is diverted through a series of
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apertures surrounding the central aperture as a function ofincreasing back pressure within the venturi tube, and inwhich the diameter of the fluid flow outlet pipe is greaterthan the diameter of the fluid flow inlet pipe over adistance of not less than between about 2 and about 3 outlet
pipe diameters beginning at the venturi tube outlet.

These foregoing aspects of the invention, togetherwith other aspects and advantages thereof, will be moreapparent from the following description of the preferred
embodiments thereof, taken in conjunction with the following
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 is an exploded, perspective view of apreferred embodiment of the present invention, with the
conduit shown in partial cutaway.

Figure 2 is a cross sectional view of the assembled
parts illustrated in Figure i.

Figure 3 is a cross sectional view taken along line
3-3 of Figure 2.

Figure 4 is an exploded, perspective view ofanother embodiment of the present invention, with the conduit
shown in partial cutaway.

3o Figure 5 is a cross sectional view of the assembledparts illustrated in Figure 4, but with the tube 17 omitted
for clarity.

Figure 6 is an exploded, perspective view of avariation of the embodiment shown in Figures 4 and 5, showing
an alternative regulating means.



Figure 7 is a cross sectional view of the assembled parts illustrated

in Figure 6, but with the tube 17 omitted for clarity.

Figure 8 is a front plant view of the alternative regulating means of

Figures 6 and 7.

Figure 9 is a cross sectional view along line 9-9 of Figure 8 with the

spokes 215 shown in phantom.

Figure 10 is an exploded, cross sectional view of a preferred

embodiment of the invention.

S"Figure 11 is a cross sectional view of the assembled parts shown in

10 Figure 

Figure 12 is a perspective view of the embodiment shown in Figures

"i 10 and 11, with flow directors 605 shown in partial cutaway, omitting

adjusting means 650 and conduit 500 for clarity.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:

Figures 1 and 2 show a preferred embodiment of the present

S" invention installed within a conduit 20 through which a fluid can flow in a

stream. In this embodiment a venturi support body, shown generally at 

comprises a disc 24 which is sized to closely fit within cylindrical conduit

Any suitable means for securing disc 24 in a sealing relationship within

the conduit 20 can be used (for example, a suitable adhesive, a shoulder, or

disc 24 and conduit 20 can be molded as one integral unit). The securing

means should be sufficiently strong to withstand the pressures of the fluid

flow stream and to keep the support body in sealing relationship with the

conduit. In the preferred embodiment shown in Figures 1 and 2, an inner

seating ring 300, attached to the inside of conduit 20, prevents

9/4/99



downstream movement of disc 24, while allowing withdrawal of the unit,

in the upstream direction, for maintenance if necessary. A key 301,

attached to the inside of conduit 20, fits through keyway 302 in disc 24 to

prevent rotation of disc 24.

Face 23 of disc 24, which faces the fluid flow stream, is preferably

concave. Preferably located centrally within face 23 is aperture 25 leading

into pipe 26 which extends axially from disc 24 on the side remote from

face 23. Pipe 26 can be integral with disc 24 or connected thereto. Disc

24 also has apertures 27 which allow the fluid flow stream to pass through

10 disc 24. Disc 24 acts to obstruct the fluid flow stream so that all the flow

must be through apertures 25 or 27. In the preferred embodiment shown,

apertures 27 are circular holes through disc 24, arranged in a circular

pattern around aperture 25. Apertures 27 can vary in size, shape, and

"orientation.

Preferably an adjusting means is included to adjust the flow rate of

the second stream the portion of the fluid flow stream which flows

around the venturi tube), by adjustably blocking (or unblocking) apertures

o *27. This adjustment means can either be adjustable, automatic 

responsive to changes in the fluid flow rate) or a combination thereof.

In the preferred embodiment shown in Figures 1 and 2, adjusting

means, generally shown at 12, allows for the external adjustment of the

extent to which the apertures 27 are blocked. In this embodiment,

adjusting means 12 comprises a disc 30 which is able to rotate with

respect to disc 24, such as by being journalled on pipe 26. Disc 

includes central aperture 35 for receiving pipe 26. Disc 30 also has

apertures 31 which preferably are similar in size and spacing to apertures

Q4> 27 of disc 24. Disc 30 obstructs

9/4/99
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the flow of the fluid stream through apertures 27, except forflow through apertures 31, which depends on the extent towhich apertures 31 are in axial alignment with apertures 27.By rotating disc 30 with respect to disc 24, the degree ofaxial alignment of apertures 31 with respect to apertures 27,and thus the extent apertures 27 are blocked, is adjusted.
Figures 1, 2, and 3 show one form of rotation means forrotating disc 30. In this embodiment, disc 30 includes athreaded hole 40 adapted to receive actuator 14. As can bei0 seen in Figure 3, actuator 14 extends outwardly through slotof conduit 20, gasket 16b, gasket 16a and washer 16c.Actuator 14 comprises a threaded bolt for engaging threadedhole 40, a handle which acts as a lever, and a shoulder 14bfor engaging gasket 16b. Keyway 303 ensures that disc 30 isnot obstructed by key 301 as the disc is rotated or during

withdrawal of the assembly.

During normal operation, actuator 14 is screweddown in its tightened position. Shoulder 14b presses againstgaskets 16b and 16a which serve to seal against leaks throughwasher 16c and slot 45 respectively, and also frictionallymaintains disc 30 in a fixed position. In order to rotatedisc 30, actuator 14 is externally loosened sufficiently sothat it is free to move with respect to conduit 207 but sothat a portion of it remains within threaded hole 
Actuator 14 is then moved, as shown by arrows 47 in Figure 3,in order to rotate disc 30. Actuator 14 is then retightened
in order to prevent further rotation of disc 30 with respectto disc 24. Alternative rotation means can be implemented.For example disc 30 can be provided with a one part of a wormgear or bevel gear arrangement (not shown), with the matinggear arrangement on a member (not shown) which extendsthrough the conduit 20. Thus, by rotating the member fromOutside the conduit, the gear arrangement will rotate the
disc 
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A locking nut 13, screwed onto pipe 26 against ashoulder, maintains disc 30 in close proximity to disc 24,but with a sufficient gap so as to allow disc 30 to rotate.Pipe 26 is connected, for example by means of a threadedconnection and optional locking nut 304, to the inlet of the
venturi tube 11. In this embodiment, the venturi tube issupported within the conduit by pipe 26, which is in turnsupported by disc 24, and aperture 25 acts as an inletpassage through disc 24 leading to pipe 26, and hence to theio venturi tube inlet. Locking nut 304 prevents rotation of theventuri tube with respect to the pipe 26. Alternativesupporting means can be provided while remaining within thescope of the invention. For example, the venturi tube 11 canbe directly received and seated in aperture 25 of disc 24,with disc 30 journalled on venturi tube 11. Alternatively,

pipe 26 can be flexible, and the venturi tube can beSupported by spacer arms or struts which extend from it to
the conduit wall.

Tube 17 leading to aspirator inlet 18 of venturitube 11, is used for introducing a gas or liquid into theventuri tube. Tube 17 leads to an external source (notshown) of the gas or liquid to be introduced or canadditionally include a pressure gauge (not shown), ifdesired. Depending on the application, tube 17 can eitherextend directly through a bore hole in the conduit 20 (notshown), or penetrate through the wall of the conduit through a conventional compression fitting (not shown) at a
convenient point along the conduit 

In operation the fluid flow stream within conduitis diverted into inlet passage 25 and apertures 27 of disc24 by face 23. Preferably face 23 is concave ini-order tohelp funnel a portion of the fluid flow stream thefirst stream) through inlet passage 25 and consequently intoventuri tube 11, by means of pipe 26. For any given flow
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rate of the fluid flow stream, the flow rate of the first
stream, and the flow rate of the second stream theportion which flows through apertures 27) depends on therelative cross sectional area of the apertures 27 compareds with the cross sectional area of the venturi tube 11, and theback pressure produced within venturi tube 11. As the fluidflow rate increases, the resulting back pressure within
venturi tube 11 increases, thereby forcing a largerproportion of the flow stream to flow through apertures 27increases the flow rate of the second stream), ratherthan increasing the flow rate through venturi tube 11. Thus,although any given venturi tube can only operate effectively
for a narrow range of flow rates, the invention allows foroperation of the venturi tube over a greater range of fluidflow stream flow rates than would be possible with theventuri tube alone, by keeping the flow rate of the firststream relatively constant over the greater range.

If the flow rate of the fluid flow stream isapproximately constant, the size of apertures 27 can bepredetermined to produce a desired flow rate through the
venturi tube 11.

However if the flow rate of the fluid fi-ow streamis variable, then optional adjusting means 12 is preferably
added for adjusting the effective cross sectional area of theapertures 27 (in relation to the cross sectional area of theventuri tube 11). In the preferred embodiment shown inFigures 1 and 2, this adjustment is made by rotating disc changing the axial alignment of apertures 31 and 27, therebyadjusting the degree to which apertures 27 are blocked bydisc 30, as hereinbefore discussed. These adjustments change
the relative cross sectional area of the apertu es 27 inrelation to the cross sectional area of the venturi tube.This accordingly will change the relative proportions of thefirst and second streams for any constant flow rate of the

I
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fluid flow stream. Thus for any constant flow rate, for agiven set of fluids, the flow rate of the first r- andhence the aspiration rate, can be set by appropriately
rotating disc 30. Furthermore, this aspiration rate can bemonitored by means of a gauge (not shown) located on tube 17,
without visual access to the interior of the conduit andwithout opening the venturi tube assembly within the conduit.

In some applications (for example in cases of highback pressure downstream from the venturi tube), it isdesirable to increase the rate of flow through the venturitube. Consequently, another aspect of the invention provides
for an optional means for reducing the pressure at theventuri tube outlet, by constricting the flow of the secondstream, in the vicinity of the venturi tube outlet. Thisoperates to increase the drop in pressure across the venturitube, thus increasing its aspiration rate. A preferred means
for reducing the pressure at the venturi tube outlet is shownin Figures 1 and 2 as the optional flow diverter 15 affixedto the outlet of the venturi tube. Flow diverter 15 narrowsthe effective size of the conduit 20 in the vicinity of theventuri tube outlet. The second stream is therefore forcedthrough the gap between the diverter 15 and the conduit 
This increases the flow rate of the second streaiT as thesecond stream flows through the gap between diverter 15 andconduit 20, thus increasing the suction at the outlet end ofthe venturi tube. Flow diverter 15 is preferably conically
shaped, in order to reduce resistance to the fluid flow.Other means for reducing the effective size of the conduit inthe vicinity of the venturi tube outlet can be employed. Forexample, a ring extending radially inward from the inside
perimeter of the conduit (not shown) can be utilized.

An alternative adjusting mechanism, not shown, forthe rotating disc 30 is a blocking mechanism, for blocking
apertures 27, which moves axially towards or away from the
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disc 24. In this embodiment, rather than rotating theadjusting mechanism, the effective size of the apertures 27(in relation to the diameter of the venturi tube 11) isadjusted by axially moving a series of blockers (one for eachaperture 27) away from, or closer to, the apertures 27. Each
blocker can, for example be conically shaped and sized tototally occlude each aperture 27 if fully inserted withinaperture 27, and partially occlude aperture 27 if Partiallywithdrawn. Each blocker can conveniently be attached to acentral hub by a spoke, for example, as illustrated inFigures 8 and 9. The hub can then be axially moved in orderto vary the gap between the blockers and the apertures andthus the effective size of the second passage means through
which the second stream can flow.

Figures 4 and 5 illustrate another embodiment ofthe invention, wherein an automatic adjustment means forregulating the flow rate of the second stream, responsive tochanges in the fluid flow rate, has been added to the
embodiment shown in Figures 1 and 2. In the embodiment shownin Figures 4 and 5, this regulating means, generally shown at100, is illustrated for use in conjunction with the manuallyrotatable disk 30 of Figures 1 and 2. It should be notedthat the regulating means 100 can also be used witfout disk30. Figures 4 and 5 show essentially the same apparatus asshown in Figures 1 and 2, with the corresponding partslabelled with the same numbers as that of Figures 1 and 2,except for a change to the thread and shoulder arrangement onpipe 26; the addition of automatic adjustment means 100; and
the removal of locking nut 13.

Blocking ring 60 is mounted on pipe 26 for axialmovement towards and away from disc 30. A helical -sring 
and a locking nut 80 are mounted on pipe 26, with locking nut80 adjacent pipe shoulder 50. A second locking nut 304,adjacent locking nut 80, prevents the venturi 11 from
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rotating. Spring 70, which is held in place by locking nut
biases blocking ring 60 against disc 30 such that ring blocks apertures 31. The pressure of the fluid flow stream

within the conduit 20 exerts a force on blocking ring 
against the bias of spring 70. As the pressure increases, sodoes the force. Thus, under low flow stream rates, spring biases blocking ring 60 against disc 30, blocking apertures
31, thus forcing the majority of the flow stream (or all theflow stream if blocking ring 60 totally occludes apertures31) into the venturi tube. As the flow rate of the flowstream increases the resulting pressure increase acting on
blocking ring 60 moves blocking ring 60 away from apertures31, against the bias of spring 70, allowing fluid to flow
through apertures 31. Thus, as the pressure increases, theproportion of the fluid flow stream flowing through the
apertures 31 increases until blocking ring 60 has movedsufficiently away from ring 30 so as to offer no significant
resistance to the flow.

In this embodiment, the disc 30 is rotated in orderto adjust the initial effective sizes of the apertures
through which the second stream can flow. The blocking ringwill then regulate the actual flow through the apertures,
allowing increased flow through the apertures as-the flowrate (and resulting fluid pressure) increases, and allowing
decreased flow through the apertures as the flow rate of thefluid flow stream decreases. Thus as the flow rate
increases, the portion of the fluid flow stream flowingthrough the venturi tube will remain constant, but the second
stream will increase. If disc 30 is not utilized, theblocking ring 60 is biased towards disc 24, in order toregulate the flow through apertures 27. Furthermore,
alternative resilient means can be substituted for 9ring 
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An alternative regulating means is shown generallyat 200 in Figures 6, 7, 8 and 9, replacing the blocking ringof Figures 4 and 5. This alternative regulating means 200comprises a series of blockers 220 sized and shaped to blockapertures 31, or alternatively apertures 27, if disc 30 is
not utilized. These blockers are supported by spokes 215which extend radially outward from a hub 210. Blockers 220
are resiliently biased against apertures 31 by a resilientmeans, such as helical spring 70, as shown in Figures 6 and

io 7.

In this embodiment, a means is necessary tomaintain alignment of blockers 220 with apertures 31 if discis rotated. As seen in Figures 6 and 7, disc 30 is
provided with an axially extending sleeve 330 which surroundspipe 26. As shown in Figure 8, key 205 extends radially
inward from hub 210 for sliding axial movement within keyway
206 (as shown in Figure 7) of sleeve 330. Thus, hub 210 canmove axially along sleeve 330, but key 205 within keyway 206prevents rotation of hub 210 with respect to disc 30. Inoperation, regulating means 200 works in the same manner as
blocking ring 60 in Figures 4 and 5, but provides easier flowfor the second stream once the pressure of the fluid flow
stream has moved the regulating means 200 away from-the disc30. Alternatively, hub 210 can be fixed in place, withspokes 215 longer than shown and constructed from asufficiently resilient material so as to act as a livinghinge, with the resiliency of spokes 215 biasing the blockers
220 to block apertures 31.

Figures 10, 11 and 12 show another preferredembodiment of the present invention. In this embodiment aventuri support body, shown generally at 400, cornhIrises afluid flow inlet 405 having a diameter approximately equal tothe diameter of the fluid supply inflow pipe (not shown),
venturi support body 400 being removably sealably connected
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to the fluid supply inflow pipe by means of a standardcompression fitting using threads 410. Any suitable meansfor securing venturi support body 400 in a sealing
relationship with the fluid supply inflow pipe can be used.
For example, the base 415 of venturi support body 400 mayhave a concentric groove sized so as to receive an O-ringwhich seals against a suitable face of the fluid supply
inflow pipe (not shown).

0 In the preferred embodiment shown in Figures 10 and11, venturi support body 400 comprises a face 420 which facesthe fluid flow stream and is preferably concave. Preferably
located centrally within face 420 is aperture 425, having adiameter approximately 0.100" less than the inlet diameter ofintegral venturi 430 to which it leads, resulting in shoulder
433. As shown in Figures 10 and 11, beginning at shoulder
433, integral venturi 430 is cylindrical at the point ofentry of aspirator inlet 440 and for a short distance beyondaspirator inlet 440, after which it is frustoconical. Face420 also has apertures 435 which allow the fluid flow streamto pass through venturi support body 400. Face 420 acts to
obstruct the fluid flow stream so that all the flow must bethrough apertures 425 or 435. In the preferred embodiment
shown, apertures 435 are circular holes througH venturi
support body 400, arranged in a circular pattern aroundaperture 425. Apertures 435 can vary in size, shape andorientation. In the preferred embodiment shown, aspirator
inlet 440 is sized to receive aspirator tube 445 by means of
a threaded connection.

Venturi support body 400 is sealably removablyconnected to conduit 500. In the preferred embodiment shown,
the sealable, reversible connection means comprisde-atching
left-hand thread 450 on venturi support body 400 and conduit

3s 500, and shoulder 455 in venturi support body 400 which cansupport an O-ring (not shown) against which the end of
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conduit 500 sealably bears as it is drawn toward shoulder
455. Any suitable sealing means may be employed; forexample, shoulder 455 itself can act as the sealing surface
against which the inlet end 505 of conduit 500 may bear whenconduit 500 is threaded onto venturi support body 400.
Threads 530 allow conduit 500 to be sealably, removablyconnected to the fluid supply outflow pipe (not shown) bymeans of a standard compression fitting. Any suitable means
for securing conduit 500 in a sealing relationship with thei0 fluid supply outflow pipe can be used. For this purpose, forexample, outlet end 540 of conduit 500 is preferably sized tomatch the diameter of the fluid supply outflow pipe and
includes a concentric groove sized to receive an O-ring (not
shown) which seals against a suitable surface of the fluidsupply outflow pipe (not shown). Fluid flow outlet 520 ofconduit 500 has a diameter which, in the preferred embodimentshown, is greater than the diameter of fluid flow inlet 405
of venturi support body 400.

Shoulder 510 of conduit 500 bears against venturitube 600, which, in turn, fits in closely mating surfaces of
venturi support body 400. In the preferred embodiment shown,venturi tube 600 comprises flow directors 605 which areangled with respect to the direction of the second streamthe portion of the fluid flow stream which flowsthrough apertures 435). Adjusting means 650 comprises disk655 and helical spring 660.

The preferred embodiment of Figure 10 is shownassembled in Figure 11. Venturi support body 400 and conduit500 are shown sealably drawn together by means of left-hand
threads 450. Shoulder 510 forces venturi tube 600 intoventuri support body 400 such that venturi tube 60O-forms an
extension of integral venturi 430. It is not necessary thatventuri tube 600 mate precisely with venturi support body 400as shown in Figure 11; for example, where an O-ring is
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interposed between shoulder 455 of v,.cjuri support body 400and inlet end 505 of conduit 500 to effect a seal (notshown), a gap between the mating surfaces of venturi supportbody 400 and venturi tube 600 will exist which is equal insize to the compressed O-ring diameter, and such a gap willnot impede the desired venturi effect. Helical spring 660biases disk 655 against apertures 435 of venturi support body400, and simultaneously biases venturi tube 600 againstshoulder 510 of conduit 500.

In operation, the fluid flow stream from the fluidsupply inflow pipe enters fluid flow inlet 405 and isdiverted into apertures 425 and 435 by face 420. Thepreferred concavity of face 420 assists in funneling aportion of the fluid flow stream the first stream)through aperture 425 and into the venturi formed by integralventuri 430 and venturi tube 600. At a given fluid flowstream flow rate, the first stream flow rate and the secondstream flow rate the rate of the flow of that portionof the fluid flow stream which flows through apertures 435)is a function of the ratio between the cumulative cross-
sectional area of apertures 435 and the cross-sectional areaof aperture 425, and of back pressure produced within theventuri tube. These values typically will be seTected inorder to achieve a desired (preferably, a relativelyconstant) amount of venturi draw or suction over theanticipated operational range of fluid flow stream flow rates
for the system.

In practice, the cross sectional area of aperture425 typically will be selected in order to achieve thedesired venturi draw at the low end of the operational range.At low fluid flow stream flow rates, disk 655 is biasedagainst apertures 435 by helical spring 660, with the resultthat apertures 435 are occluded and substantially all of thefluid flow passes through aperture 425. As the fluid flow
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rate increases, the increase in back pressure within theventuri tube forces an increasing proportion of the fluidflow stream through apertures 435, which are progressivelyopened as the force of the second stream flow overcomes thes bias of disk 655 against apertures 435 from helical spring
660. Adjusting means 650, then, acts to maintain arelatively constant fluid flow rate of the first stream over
a range of second stream flow rates. Thus, where the rangeof the fluid flow rates is known for a given system, thei0 characteristics of helical spring 660 may be selected suchthat adjusting means 650 produces an acceptable flow rate of
the first stream through the venturi tube over that range.

In the embodiment shown, the ratio of the crosssectional area of aperture 425 to the cumulative cross
sectional area of apertures 435 is approximately 1:2, andtypically will be selected such that the first stream flowrate and the second stream flow rate are approximately equal
over the operational range.

As described above, it is frequently desirable toincrease the rate of flow through the venturi tube. In thepreferred embodiment shown in Figures 10-12, the pressure atthe venturi tube outlet is decreased due to the fact- that thediameter of the fluid flow outlet 520 is greater than the
diameter of the fluid flow inlet 405. While any increase influid flow outlet 520 diameter over fluid flow inlet 405diameter will produce increased flow rate through the venturitube, it is preferred that the increase in pipe diameter bebetween about 25% and about 75%; more preferably, betweenabout 35% and about 65%; and even more preferably, about The length of the increased pipe diameter, measured from theoutlet of venturi tube 600 (which, in the embodiment shown,
corresponds to the location of shoulder 510), should be a
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minimum of between about 1 and about 4 pipe diameters;preferably between about 2 and about 3 pipe diameters.
Longer lengths will, of course, also work.

As shown in Figure 12, venturi tube 600 comprisesflow directors 605 which are oriented at an angle to the
direction of the second stream as it emerges from apertures435 and passes disk 655. As the second stream passes through
flow directors 605, a vortex is created in the fluid flowoutlet 520 portion of conduit 500. The angle at which flowdirectors 605 intersect the direction of the second streammay be varied over a wide range, for example, between aboutand about 95"; preferably between about 10" and about 
more preferably between about 15" and 85'; even morepreferably between about 20" and about 80"; more Preferablystill, between about 25' and about 75"; yet more preferably,between about 30" and about 70", or between about 35" andabout 65", or between about 40" and about 60"; mostpreferably between about 45" and about 55", in order toachieve a satisfactory vortex. In the embodiment shown, theangle of flow directors 605 is about 45". In practice, thevortex formed in the second stream by flow directors 605 canextend for a considerable distance into the fluid supply
outflow pipe (not shown) beyond outlet end 540.

This induced vortex produces a surprising increasein the venturi effect and reduces backpressure at any givenfluid flow rate, and contributes to the unexpected andsurprisingly wide operational range of the embodiment shown.The vortex also contributes to improved mixing of the firststream with the second stream as the first stream emerges
from the outlet of venturi tube 600. Formation of an optimalvortex is dependent upon a number of factors, including theangle and cross sectional area of the flow directors and theincrease in diameter of fluid flow outlet 520 over the
diameter of fluid flow inlet 405.
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In the embodiment shown in Figure 12, flowdirectors 605 are a series of radial fins formed at an angleof about 45% to the direction of the second fluid stream asit emerges from apertures 435, and arranged in a circularpattern around the outlet of venturi tube 600. The size andshape of flow directors 605 may be varied. The cumulative
cross sectional area of flow directors 605 may be smallerthan, larger than, or equal to that of apertures 435. Thechoice of flow director size and shape, but Particularlysize, will affect the characteristics of the vortex induced
in the second fluid stream as it emerges from apertures 435.Preferably, the cumulative cross sectional area of flowdirectors 605 will be no larger than that of apertures 435;even more preferably, the cumulative cross sectional area offlow directors 605 will be equal to or, most preferably,slightly less than that of apertures 435. Flow directors 605may comprise circular angled holes. Alternatively, flowdirectors 605 may take the form of the radial fin shown incutaway in Figure 12 which extend all the way to the innerwall of conduit 500 and rest directly on shoulder 510, suchthat the outer wall of flow directors 605 is effectivelyformed by the inner wall of conduit 500 as opposed to beingan integral part of venturi tube 600 as shown in Figure 12.

In another aspect the invention is directed to anaspirator inlet having, at its point of intersection with theventuri tube, a diameter selected so as to achieve high flowvelocities as the second fluid is introduced into the firstfluid. Preferably, the inner diameter of the aspirator inletwill be selected so as to achieve subsonic, sonic orhypersonic flow velocities over at least a portion of theoperating range of fluid flow rates for a given system.

Selection of the inner diameter of the aspiratorinlet is varied depending upon the fluid flow rates for whicha given system is designed, so as to achieve a desired second



fluid introduction flow velocity over the operating range. The flow velocity

at which the second fluid is introduced into the first fluid will affect the

degree to which the second fluid (either the first or the second liquid may

comprise a gas or a liquid) is incorporated into the first fluid, and can be

varied, then, to achieve a desired degree of incorporation.

For example, where the first fluid is a liquid such as water and the

second fluid is a gas such as ozone, selection of the aspirator inlet inner

diameter, as well as other variables of the design of the apparatus as

S. "described herein, may be determined in order to maximize the incorporation

S 10 of ozone into the water, thereby minimizing unincorporated ozone offgas.

Similarly, where it is desired to introduce a solute into the first fluid, the

choice of flow velocity, and thus of the inner diameter of the aspirator inlet,

will vary depending upon the nature and properties of the solute. Thus,

less soluble solutes may require higher flow velocities to be incorporated

into a first fluid at a desired concentration.

In the preferred embodiment shown in Figures 10 12, venturi

support body 400 comprises integral aspirator inlet 440. Because aspirator

.inlet 440 is an integral part of venturi support body 400, it does not come

into contact with the second fluid stream. In the embodiment shown,

aspirator inlet 440 is formed such that shoulder 433 is uninterrupted; it is

also preferred to form aspirator inlet 440 completely through venturi

support body 400, such that shoulder 433 is interrupted (not shown).

Aspirator inlet 440 is sized to receive aspirator tube 445 by means of a

threaded connection. Aspirator tube 445, which is replaceable, is

fabricated from a material having sufficient tensile strength to withstand

the forces exerted in operation upon aspirator tip 448 where it enters

integral venturi 430;
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a preferred material having suitable characteristics for thispurpose is stainless steel. It is preferred that aspiratortip 448 have a slight conical depression formed therein asshown, and that it be slightly below the surface of integralventuri 430 in operation. Where the second fluid is ozonegas, aspirator tube 445 is preferably constructed of 316stainless steel. It will be appreciated that aspirator tube445 of the embodiment shown may easily and economically bereplaced if it should become worn, or in order to optimizeio the apparatus for a particular first fluid, second fluid or
both.

The inner diameter of aspirator tube 445 may bevaried as described herein. In the embodiment shown, theinner diameter of aspirator tube 445 is about 0.25" at theinlet end, and is reduced to about 0.046" at aspirator tip
448. The embodiment shown was designed to consistently drawbetween about 15 ft3/hr and about 17 ft3 /hr at first fluidflow rates of 40 gal/min or greater. It has been shown todraw within these specifications at first fluid flow rates as
great as 120 gal/min, giving it a surprisingly wideoperational range of at least 80 gal/min. Based upon theresults of testing performed so far, it is expected that thisembodiment will continue to draw within specifications atfirst fluid flow rates in excess of 120 gal/min. Moreover,the embodiment shown has been demonstrated to draw nearspecifications at first fluid flow rates as low as 35 gal/min, and to continue to draw at first fluid flow rates as lowas 18-20 gal/min. The embodiment shown has a fluid flowinlet 405 diameter of about a fluid flow outlet 510
diameter of about and an aperture 425 diameter of about
0.625".

The preferred embodiment shown in Figures 10 12is Particularly well suited for introducing a second fluidcomprising ozone gas into a first fluid comprising water.
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Unexpected and surprisingly high incorporation of ozone intowater has been observed in the operation of this embodiment.
Further, while not wishing to be bound to a particulartheory, it is believed that the flow velocities achieved ataspirator tip 448 in the operation of this embodiment effecta chemical change in the ozone as it is incorporated into thewater, which may include the conversion of ozone to hydroxylradicals. This embodiment is particularly useful for the
purification of water by ozone.

The above embodiments can be used for fluids thatcan be used with a conventional venturi. As is known in theart, the fluids must be sufficiently viscous so as to beaspirated. For example, the invention can be used as anozonator for introducing ozone into water. Preferably, thevarious parts of the above mentioned embodiments are formed
by injection molding of a suitable thermoplastic which ischemically inert with-respect to the fluids used. The above
described embodiments are designed for installation withinexisting conduits. For facilitating such installation, the
apparatus can be pre-installed in a section of conduit, withthe said section of conduit subsequently inserted within an
existing conduit.

It will be apparent that many other changes may bemade to the illustrative embodiments, while falling withinthe scope of the invention and it is intended that all such
changes be covered by the claims appended hereto.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

i. Apparatus for use within a conduit for a fluid flow
stream comprising

a venturi tube having an inlet, an aspirator inlet
and an outlet; and

a disc positioned within said conduit in a sealable
relationship therewith, said disc having a first aperture in
communication with said venturi inlet and a plurality of
second apertures which are not in communication with said
venturi inlet, said second apertures arranged in a circular
configuration around said first aperture, said disc has a
concave face which divides the fluid flow stream into a first
stream flowing through said first aperture and a second
stream flowing through said second apertures; and

means for supporting said venturi tube within said
conduit in such a manner that said venturi tube is aligned
axially in the direction of said flow stream with the
aspirator inlet not in contact with the fluid flow stream.

2. Apparatus as claimed in claim 1 further comprising
constriction means for reducing the pressure at the venturi
tube outlet by constricting the flow of the fluid flow stream
which flowed around said venturi tube through said second
apertures in the vicinity of said venturi tube outlet.

3. Apparatus as claimed in claim 1 further comprising
adjusting means for adjusting the flow rate of the second

stream.
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4. Apparatus as claimed in claim 3 further comprising first
locking means for preventing rotation of the disc within the
conduit and second locking means for preventing downstream

movement of said disc within said conduit.

io 5. Apparatus for use within a conduit for a fluid flow
stream comprising

a venturi tube having an inlet, an aspirator inlet

and an outlet;

supporting means for supporting said venturi tube
within said conduit in such a manner that said venturi tube
is aligned axially in the direction of said fluid flow

stream;

fluid flow control means, comprising first passage
means for allowing a first stream to flow and second passage
means for allowing a second stream to flow for dividing said
fluid flow stream into a first stream which flows through
said venturi tube and a second stream which flows axially

around said venturi tube; and

vortex inducing means in said second passage means
for inducing net axially symmetric vorticity in said fluid
flow stream.

6. Apparatus as claimed in claim 5 wherein said vortex is

induced at said outlet.

7. Apparatus as claimed in claim 5 wherein said vortex is
induced near said outlet.

26
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8. Apparatus as claimed in any of claims 5, 6 or 7 wherein

said vortex inducing means comprises one or more flow

directors.

9. Apparatus as claimed in claim 8, wherein said one or

more flow directors is oriented at an angle to the direction

of said fluid flow stream.

Apparatus as claimed in claim 9, wherein said angle of

said one or more flow directors is between about 5' and about

s 95 

11. Apparatus as claimed in claim 10, wherein said angle of

said one or more flow directors is between about 10 and

about 

12. Apparatus as claimed in claim 11, wherein said angle of

said one or more flow directors is between about 15' and

about 

13. Apparatus as claimed in claim 12, wherein said angle of

said one or more flow directors is between about 20" and

about 

14. Apparatus as claimed in claim 13, wherein said angle of
said one or more flow directors is between about 25" and

about 

Apparatus as claimed in claim 14, wherein said angle of

said one or more flow directors is between about 30" and

about 

27
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16. Apparatus as claimed in claim 15, wherein said angle of
said one or more flow directors is between about 35* and
about 

17. Apparatus as claimed in claim 16, wherein said angle of
said one or more flow directors is between about 40" and
about 

18. Apparatus as claimed in claim 17, wherein said angle of
said one or more flow directors is between about 45" and
about 

19. Apparatus as claimed in claim 18, wherein said angle of
said one or more flow directors is about 

20. Apparatus as claimed in claim 8, wherein said one or
more flow directors comprises a one or more radial fins as
shown in Figure 12.

21. Apparatus as claimed in claim 8, further comprising
fluid flow control means for dividing the fluid flow stream
into a first stream which flows through said venturi tube and
a second stream which flows around said venturi tube.

22. Apparatus as claimed in claim 21 wherein said fluid flow
control means comprises:

first passage means through said venturi support means
for allowing said first stream to flow; and

second passage means through said venturi support means
for allowing said second stream to flow.

28
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23. Apparatus as claimed in claim 22, wherein said first
passage means comprises at least one first aperture through
said supporting means, and wherein said second passage means
comprises at least one second aperture through said
supporting means.

24. Apparatus as claimed in claim 23, wherein the cross
sectional area of said one or more flow directors is equal to
or less than the cross sectional area of said at least one
second aperture.

Apparatus as claimed in claim 23, wherein the ratio of
the cross sectional area of said at least one first aperture
to the cross sectional area of said at least one second
aperture is about 1:2.

26. Apparatus as claimed in claim 5, wherein the diameter of
said conduit at said venturi tube outlet is greater than the
diameter of said conduit at said venturi tube inlet.

27. Apparatus as claimed in claim 5, wherein the diameter of
said conduit at said venturi tube outlet is between about 
and about 75% greater than the diameter of said conduit at
said venturi tube inlet.

28. Apparatus as claimed in claim 5, wherein the diameter of
said conduit at said venturi tube outlet is between about 
and about 65% greater than the diameter of said conduit at
said venturi tube inlet.

29
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29. Apparatus as claimed in claim 5, wherein the diameter of
said conduit at said venturi tube outlet is about 50% greater
than the diameter of said conduit at said venturi tube inlet.

Apparatus as claimed in claims 26, 27,-28 or 29, wherein
io the diameter of said conduit at said venturi tube outlet is

greater than the diameter of said conduit at said venturi

tube inlet for a distance no less than between about 1 and
about 4 pipe diameters beyond said venturi tube outlet.

31. Apparatus as claimed in claim 30, wherein the diameter

of said conduit at said venturi tube outlet is greater than
the diameter of said conduit at said venturi tube inlet for a
distance no less than between about 2 and about 3 pipe

diameters beyond said venturi tube outlet.

32. Apparatus comprising a venturi support body having, at

the fluid inflow end, a concave face which acts to direct an
incoming fluid stream toward a central aperture and
therethrough into a venturi tube which is partly integral to
said venturi support body and partly a separate tube held in
close apposition against a mating surface on said venturi
support body, wherein said separate venturi tube further

comprises one or more flow directors which cause the
formation of a vortex in a portion of said fluid stream which
is diverted through a series of apertures surrounding said

central aperture as a function of increasing back pressure
within said venturi tube, and wherein the diameter of the
fluid flow outlet pipe is greater than the diameter of the

fluid flow inlet pipe over a distance of not less than
between about 2 and about 3 outlet pipe diameters beginning

at the venturi tube outlet.
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33. Apparatus comprising:

a venturi support body comprising:

a fluid flow inlet having a diameter approximately equal
to the diameter of the fluid supply inflow pipe, said venturi
support body being removably sealably connected to said fluid
supply inflow pipe;

a concave face which faces the fluid flow stream, having
therein a central aperture, said central aperture having a
diameter approximately 0.100" less than the inlet diameter of
an integral venturi to which said central aperture leads; and
having radial apertures which allow said fluid flow stream to
pass through said venturi support body;

wherein said venturi support body is sealably removably
connected to a conduit, said conduit having a diameter which
is greater than the diameter of said fluid flow inlet;

wherein said venturi support body removably supports a
venturi tube, said venturi tube comprising flow directors
angled with respect to the direction of the portion of the
fluid flow stream which flows through said radial apertures;

and wherein said venturi support body further comprises
adjusting means comprising a disk biased against said radial
apertures by a helical spring, said helical spring also
biasing said venturi tube against a shoulder on said conduit.

34. Apparatus for use within a conduit for a fluid flow
stream comprising

31
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a venturi tube having an inlet, an aspirator inlet and
an outlet;

supporting means for supporting said venturi tube within
said conduit in such a manner that said venturi tube is
aligned axially in the direction of said flow stream;

fluid flow control means for dividing the fluid flow
stream into a first stream which flows through said venturi
tube and a second stream which flows around said venturi
tube;

wherein said supporting means comprises a plate
positioned within said conduit in a sealable relationship
therewith, said fluid flow control means including:

first passage means through said plate for allowing said
first stream to flow; and

second passage means through said plate for allowing
said second stream to flow;

adjusting means for adjusting the flow rate of the
second stream;

constriction means for reducing the pressure at the
venturi tube outlet by constricting the flow of the second

3o stream in the vicinity of said venturi tube outlet;

wherein said constriction means comprises a conically
shaped flow diverter connected to said venturi tube outlet.

35. Apparatus for use within a conduit for a fluid flow

stream comprising

32
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a venturi tube having an inlet, an aspirator inlet and
an outlet;

supporting means for supporting said venturi tube within
said conduit in such a manner that said venturi tube is

0io aligned axially in the direction of said flow stream;

fluid flow control means for dividing the fluid flow
stream into a first stream which flows through said venturi
tube and a second stream which flows around said venturi
tube;

wherein said supporting means comprises a plate
positioned within said conduit in a sealable relationship
therewith, said fluid flow control means including:

first passage means through said plate for allowing said
first stream to flow; and

second passage means through said plate for allowing
said second stream to flow;

adjusting means for adjusting the flow rate of the
second stream;

wherein said second passage means comprises at least one
aperture through said plate and said adjusting means
comprises:

a second plate, rotatable with respect to said first
plate, said second plate having at least one aperture axially
alignable with the at least one aperture of said first plate;
and

33
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means for rotating said second plate in order to vary the extent to
which the at least one aperture of said second plate is axially aligned with
the at least one aperture of the first plate.

36. Apparatus as claimed in claim 35 wherein said adjusting means
further comprises regulating means, responsive to changes in the fluid flow
rate, for regulating the flow through the at least one aperture of said
second plate, allowing the flow through said at least one aperture to
increase as the flow rate of the fluid flow stream increases and decrease as
the flow rate of the fluid flow stream decreases.

37. Apparatus as claimed in claim 36 wherein said regulating means
comprises: blocking means for blocking the at least one aperture of said
second plate; resilient means for biasing said blocking means towards the

at least one aperture of said second plate.

S. 38. Apparatus as claimed in claim 37 wherein said supporting means
further comprises a pipe extending axially downstream from said first plate,
said venturi tube supported axially by said pipe, said pipe forming a channel
from said first passage means to said venturi inlet; said second plate is
journalled on said pipe; and wherein said blocking means comprises a
blocking ring mounted on said pipe between said second plate and said
venturi tube for axial sliding movement on said pipe towards and away
from said second plate.

39. Apparatus as claimed in claim 37 wherein said supporting means
further comprises a pipe extending axially downstream from said first plate,
said venturi tube supported axially by said pipe, said pipe forming a channel
from said first passage means to said venturi inlet; said second plate is

ALi- journalled on said pipe; and wherein said blocking means comprises a
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number of blockers equal to the number of apertures of said second plate,
each blocker sized and shaped to block one aperture, each said blocker
supported by a spoke extending radially from a hub, and means for
mounting said hub on said pipe in order to allow for axial movement of said
hub but prevent rotation of said hub with respect to said second plate.

Apparatus for use within a conduit for a fluid flow stream

comprising:

a venturi tube having an inlet, an aspirator inlet and an outlet;
supporting means for supporting said venturi tube within said conduitsee:

in such a manner that said venturi tube is aligned axially in the direction of

said flow stream;

S" fluid flow control means for dividing the fluid flow stream into a first
stream which flows through said venturi tube and a second stream which
flows around said venturi tube; wherein said supporting means comprises a
plate positioned within said conduit in a sealable relationship therewith,

said fluid flow control means including:
first passage means through said plate for allowing said first stream

to flow; and

fsecond passage means through said plate for allowing said second
stream to flow;

adjusting means for adjusting the flow rate of the second stream,
said adjusting means comprises regulating means, responsive to changes in
the fluid flow rate, for regulating the flow through said second passage
means, allowing the flow through said second passage means to increase
as the flow rate of the fluid flow stream increases and decrease as the flow
rate of the fluid flow stream decreases;

wherein said regulating means comprises:

blocking means for blocking said second passage means;
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resilient means for biasing said blocking means towards said second
passage means;

wherein said supporting means further comprises a pipe extending
axially downstream from said first plate, said venturi tube supported axially
by said pipe, said pipe forming a channel from said first passage means to
said venturi inlet; and wherein said blocking means comprises a blocking
ring mounted on said pipe between said plate and said venturi tube for axial
sliding movement on said pipe towards and away from said plate.

41. Apparatus for use within a conduit for a fluid flow stream

comprising:

a venturi tube having an inlet, an aspirator inlet and an outlet;
S.*0.

*o supporting means for supporting said venturi tube within said conduit
s..

in such a manner that said venturi tube is aligned axially in the direction of
said flow stream; fluid flow control means for dividing the fluid flow

stream into a first stream which flows through said venturi tube and aS..

second stream which flows around said venturi tube;
wherein said supporting means comprises a plate positioned within

said conduit in a sealable relationship therewith, said fluid flow control
means including:

first passage means through said plate for allowing said first stream
to flow; and

second passage means through said plate for allowing said second
stream to flow;

adjusting means for adjusting the flow rate of the second stream,
said adjusting means comprises regulating means, responsive to changes in
the fluid flow rate, for regulating the flow through said second passage
means, allowing the flow through said second passage means to increase
as the flow rate of the fluid flow stream increases and decrease as the flow

\rate of the fluid flow stream decreases;
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wherein said regulating means comprises:

blocking means for blocking said second passage means;

resilient means for biasing said blocking means towards said second

passage means;

wherein said second passage means comprises at least one aperture

through said plate; said supporting means further comprises a pipe

extending axially downstream from said first plate, said venturi tube

supported axially by said pipe, said pipe forming a channel from said first

passage means to said venturi inlet; and wherein said blocking means

comprises a number of blockers equal to the number of apertures of said
second passage means, each blocker sized and shaped to block one
aperture, each said blocker supported by a spoke extending radially from a

o *hub, said hub mounted on said pipe between said plate and said venturi
0000

tube for axial sliding movement on said pipe towards and away from said

plate.

Sel

0. 42 Apparatus for use within a conduit for a fluid flow stream

comprising:

S* a venturi tube having an inlet, an aspirator inlet and an outlet;
supporting means for supporting said venturi tube within said conduit

in such a manner that said venturi tube is aligned axially in the direction of

said fluid flow stream;

fluid flow control means, comprising first passage means for

allowing a first stream to flow and second passage means for allowing a
second stream to flow for dividing said fluid flow stream into a first stream

which flows through said venturi tube and a second stream which flows

axially around said venturi tube, wherein the aspirator inlet is not in contact

with the second stream; and

vortex inducing means in said second passage means for inducing

net axially symmetric vorticity in said fluid flow stream.
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43. Apparatus as claimed in claim 42 wherein said net axially symmetric

vorticity is induced at or near said outlet.

44. Apparatus as claimed in claim 43 wherein said supporting means

comprises a plate positioned within said conduit in a sealable relationship

therewith, said fluid flow control means including:

first passage means through said plate for allowing said first stream

to flow; and

second passage means through said plate for allowing said second

"°stream to flow.

Apparatus as claimed in claim 44 further comprising adjusting means

for adjusting the flow rate of the second stream.

U Uo

46. Apparatus as claimed in claim 45 further comprising constriction0o

means for reducing the pressure at the venturi tube outlet by constricting

the flow of the second stream in the vicinity of said venturi tube outlet.

o.

S 47. Apparatus as claimed in claim 45 or 46 wherein said second passage

means comprises at least one aperture through said plate and said adjusting

means comprises means for varying the cross sectional area of said at least

one aperture by adjustably blocking said at least one aperture.

48. Apparatus as claimed in claim 45 wherein said adjusting means

comprises regulating means, responsive to changes in the fluid flow rate,

for regulating the flow through said second passage means, allowing the

flow through said second passage means to increase as the flow rate of the

fluid stream increases and decrease as the flow rate of the fluid flow

stream decreases.

9/4/99



39

49. Apparatus as claimed in claim 48 wherein said regulating means

comprises:

blocking means for blocking said second passage means; and

resilient means for biasing said blocking means towards said second

passage means.

Dated this 9th day of April 1999.

TI PROPERTIES, INC.

By its Patent Attorneys

PETER MAXWELL ASSOCIATES
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