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(57) Abstract: Animproved eductor-mixer system (1) in which pressurized working fluid is discharged through a cylindrical annular
nozzle as a translational high speed jet flowing longitudinally past a end of a solute tube inlet (7) into a tubular discharge passage
(17) having a uniform inner diameter (D3) greater than the outer diameter (D2) of the annular nozzle (21), for generating a vacuum
thereby to positively draw a pressure transportable material such as a granular, powdered, or other particulate solid, or a liquid or
a gas, through the solute tube inlet (7) and into the tubular discharge passage (17) for mixing with the working fluid to form a

dispersion.
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EDUCTOR MIXER SYSTEM
Technical Field
This invention relates to an eductor-mixer system particularly adapted for the
preparation of dispersions, solutions and slurries. More particularly, the eductor-mixer
system of this invention is an improvement over the eductor-mixer system disclosed in
my prior United States Patent Nos. 4,186, 772 and 3,777,775.
Background Art

An eductor-mixer system is designed to continuously mix a solute such as paint

pigments, fire retardants, liquids and gels, (e.g., a powder, particulate, or other pressure
transportable or fluidizable material, a liquid or a gas) and a solvent or working fluid
(e.g., a liquid or in some instances a gas) to form a dispersion, slurry, or solution.

The solute inlet of an eductor-mixer system is conventionally connected to the
discharge outlet of a fluidized container so that a vacuum generated within the eductor-
mixer by the flow of solvent (working fluid) through an internal nozzle cooperates with
the fluidized discharge of the powder from the container to positively draw the fluidized
solute into the eductor-mixer. Existing state-of-the-art eductor-mixer systems typically
include a conical, converging stream of working fluid, as most solutes used with these
systems require a relatively large diameter solute tube and conveying line (more than 1.0
- 1.5 inches) to be transported vacuum pneumatically without clumping or clogging.
With such large diameter delivery tubes, a conical nozzle is required to deflect the
working fluid stream into a discharge tube small enough in diameter to meet the cross-
sectional area criterion for vacuum generation and mixing. Although some solute
materials may be vacuum transported in smaller diameter tubes, these smaller diameter
solute tubes suffer from accretion of the solute material at the discharge outlet due to
small amounts of the working fluid splashing back into the solute tube from turbulence
formed at the conical deflector in the discharge tube.

Additionally, traditional eductor-mixer systems are thought to be somewhat

burdened by the introduction of an radial component of translational energy into the
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conical converging jet of working fluid, and hence are not as efficient as theoretically
possible in generating the vacuum to positively draws the solute thereinto. Reference
may be made to United States Patent Nos. 1,806,287, 2,100,185, 2,310,265, 2,695,265,
2,772,372, 3,166,020, 3,186,769, and to Canadian Patent No. 790,113, each of which
discloses various eductor-mixer systems and air conveying apparatus in the same
general field as the present invention.

In many known prior art eductor-mixer systems, the powder supply, even if it is
in a fluidized container, is required to be located above the level of the eductor-mixer
system because the latter is dependent upon gravity feed of the powder. In the systems
shown in the United States Patent Nos. 4,186,772 and 3,777,775, the eductor-mixers are
not dependent upon gravity feed because the vacuum within the eductor-mixer is
sufficient to positively draw the powder from the container into the eductor-mixer
systems, and thus these systems are not dependent upon the relative location of the
powder container and the eductor-mixer system.

The eductor-mixer system of the present invention is a significant improvement
of the aforementioned eductor-mixer systems and is capable of conveying a greater
amount of material and generating a higher vacuum pressure due to an improved nozzle
design. Furthermore, it overcomes problems associated with splash-back and clogging
of narrow diameter solute tubes commonly associated with the use of conical working
fluid jets.

Summary of the Invention

Among the several objects and features of this invention may be noted the
provision of an eductor-mixer system particularly well suited for either continuous or
batch preparation of dispersions, solutions, or slurries from a fine granular, particulate,
or powdered solute, or other pressure transportable or fluidizable material and a working

fluid or solvent;
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The provision of such an eductor-mixer system which is also capable of mixing
gas or vapor solutes with liquid or gaseous working fluids; the provision of such an
eductor-mixer system which thoroughly mixes the solute and working fluid;

The provision of such an eductor-mixer system which is self-flushing and which
effectively prevents back flow of the working fluid into the solute inlet;

The provision of such an eductor-mixer system which minimizes working fluid
flow losses therethrough and which is highly efficient in transferring momentum from
the working fluid to the solute and to the resulting dispersion;

The provision of such an eductor-mixer system which minimizes the
introduction of a radial component of translational energy to the working fluid stream,
maximizing the kinetic energy available to produce a vacuum capable of drawing the
solute through the solute tube;

The provision of such an eductor-mixer system which eliminates the need for
convergence of the working fluid stream, directing substantially all of the working fluid
kinetic energy in a longitudinal manner;

The provision of such an eductor-mixer system which is optimized for use with
smaller diameter solute delivery tubes;

The provision of such an eductor-mixer system which substantially eliminates
splash-back of the working fluid into the solute delivery tube due to turbulence;

The provision of such an eductor-mixer system in which relatively high vacuum
levels may be efficiently generated therewithin so as to positively draw fluidizable
material into the eductor-mixer system and so that the relative location of the eductor-
mixer system and the fluidizable material supply is much less critical,

The provision of such an eductor-mixer system which reduces undesired
turbulence adjacent the location of the fluidizable material supply;

The provision of such an eductor-mixer system in which the radial location of

the eductor nozzle is dependent upon the outer diameter of the solute tube, and the cross
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sectional area of the nozzle is proportional to the cross sectional area of the discharge
tube;

The provision of such an eductor-mixer system in which certain parts subject to
flow erosion may be readily and inexpensively replaced and may be adjusted relative to
one another to compensate for wear so as to lengthen the service life while maintaining
the desired flow characteristics through the eductor-mixer;

The provision of such an eductor-mixer system in which certain parts thereof
may be readily changed so as to vary the flow rate through the eductor-mixer system
within a predetermined range; and

The provision of such an eductor-mixer system which is of relatively simple and
rugged construction, which is reliable in operation, which may be retrofitted to existing
eductor-mixer systems, and which requires no special training or skill for use.

In general, an eductor-mixer system of this invention comprises an eductor body
having a working fluid passage extending therethrough for flow of a pressurized
working fluid from one end of the working fluid passage, constituting an inlet end, to
the other end of the working fluid passage, constituting a discharge end, the working
fluid passage being generally of uniform circular cross-section throughout its length.
The body has an opening therein opposite the discharge end of the working fluid
passage with the opening being coaxial with the discharge end and being of
substantially smaller diameter than the diameter of the working fluid passage. A insert
comprising a ring separate from the body, having inside and outside faces, and a central
opening therethrough from its inside to its outside face, is removably mounted in place
at the discharge end of the working fluid passage coaxial with the discharge end. The
central opening in the ring being of substantially smaller diameter than the diameter of
the working fluid passage. A cylindrical tube of substantially smaller diameter than the
diameter of the working fluid passage extends from outside the body through the
opening in the body opposite the discharge end of the working fluid passage and extends

forward in the working fluid passage from the inner end of the opening in the body into
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the central opening in the ring. The tube is open at its end in the central opening in the
ring, the open end of the tube constituting a discharge end. The tube is axially
adjustable in, and removable from, the opening, and is adapted for connection of its end
outside the body to a source of fluent material to be educted and mixed with the
working fluid for the flow of the material through the tube and out of the discharge end
of the tube. The discharge end of the tube is substantially coplanar with the outside face
of the ring. The inner periphery of the ring bounding the central opening in the ring is
formed in-part as a entrance extending from the inside face towards the outside face of
the ring and convergent in downstream direction from the inside to the outside face of
the ring, and in part as a cylindrical nozzle surface extending from the narrowest portion
of the entrance to the outside face of the ring. The narrowest portion of the entrance of
the ring surrounds and is spaced from the cylindrical exterior surface of the tube a
distance which is small relative to the diameter of the outer end of the entrance, the
cylindrical nozzle surface thereby providing an annular orifice between the exterior
cylindrical surface of the tube and the cylindrical nozzle surface of the ring for delivery
of the pressurized working fluid from the passage through the orifice. The pressurized
working fluid is delivered in the form of an annular jet. The gap between the exterior
cylindrical surface of the tube and the cylindrical nozzle surface of the ring is relatively
small and the length of the annular cylindrical orifice is relatively short for rapid
acceleration of the working fluid flowing through the orifice to a relatively high linear
velocity with low flow losses. Means separate from the ring providing a discharge
passage downstream from the ring at the discharge end of the working fluid passage in
the body in which the material issuing from the discharge end of the tube and the
working fluid cylindrically jetted through the orifice may mix, is removably secured to
the body at the discharge end of the working fluid passage in the body. The discharge
passage extends outwardly from the ring and has an external diameter at its end at the

outside face of the ring larger than the diameter of the cylindrical nozzle surface of the
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ring, the internal surface of the means lying outward of, and parallel to, the projection of
the jet throughout its length.

The foregoing and other objects, features, and advantages of the invention as
well as presently preferred embodiments thereof will become more apparent from the
reading of the following description in connection with the accompanying drawings.

Brief Description of Drawings

Figure 1 is an exploded perspective view of an eductor-mixer of this invention;

Figure 2A is a longitudinal cross-sectional view of a prior art eductor-mixer;

Figure 2B is a longitudinal cross-sectional view of the eductor-mixer of the
present invention;

Figure 3 is an enlarged cross-sectional view of a portion of the eductor-mixer
illustrating certain details of the eductor nozzle;

Figure 4 is an enlarged cross-sectional view of a portion of the eductor-mixer
illustrating enlarged solute tube wall thickness;

Figure 5 is a chart comparing the vacuum pumping capacity of an eductor-mixer
system of the present invention with that of the prior art, illustrating the improved
efficiency of the present invention.

Corresponding reference numerals indicate corresponding parts throughout the
several figures of the drawings.

Best Mode for Carrying Out the Invention

The following detailed description illustrates the invention by way of example
and not by way of limitation. The description will clearly enable one skilled in the art to
make and use the invention, describes several embodiments, adaptations, variations,
alternatives, and uses of the invention, including what we presently believe is the best
mode of carrying out the invention.

Referring now to the drawings, a preferred embodiment of the eductor-mixer of
the present invention, indicated in its entirety at 1, is shown to comprise an eductor body

or housing 3, having a curved passage therethrough for a working fluid or solvent from
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an inlet 5 at one end of the passage (also referred to as a first inlet). The housing is
adapted to be connected to a source of pressurized working fluid or solvent (e.g., to a
liquid line or a pump) and to convey the working fluid or solvent to the other end of the
passage, constituting a discharge end, and a second inlet 7 adapted to be connected to a
supply of pressure transportable or fluidizable material (also referred to herein as a
solute or fluent material). The passage is generally of uniform circular cross-section
throughout its length. However, passages having non-uniform cross sectional areas and
of different shapes such as “T” forms, may be adapted for use with the disclosed
eductor-mixer system, and correspondingly are considered within the scope of the
invention. As mentioned above, the solvent inlet may be connected to the discharge
side of a liquid pump or to another source of pressurized working fluid. Inlet 7 may be
connected via an appropriate hose to the discharge opening of a fluidized container.

Fluidized containers are used in transporting and storing “semi-bulk” quantities
(e.g., more than a bag full and less than a truck or railroad car full) of powdered, fine
granular, particulate, or other fluent or fluidizable material, such as powdered fire
retardant materials, paint pigments, cement, oil well drilling muds, barite, diatomaceous
earth, talc, lime, etc. It is often necessary to mix the powdered solute with a solvent
upon unloading of the solute to form a dispersion, slurry or solution. While the eductor-
mixer system of this invention described and claimed hereinafter will be referred to
primarily in conjunction with fluidized containers for mixing powdered solutes with
liquid solvents, it will be understood that the eductor mixer system of this invention
need not be used in conjunction with a fluidized container, and it may be used to mix all
types of solutes and solvents. It will be particularly understood that the eductor-mixer
system of this invention may be used to mix both liquid and gaseous solvents and
solutes.

The eductor-mixer system of the present invention is an improvement over the
eductor-mixer system shown in United States Patent Nos. 4,186,772 and 3,777,775,
illustrated in Figure 2A. Referring now to Figures 1 and 2B, the body or housing 3 of
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the eductor-mixer system of this invention is preferably cast or fabricated of a suitable
metal, such as stainless steel, and has the passage or plenum chamber 9 formed
therewithin in communication with solvent inlet 5. A sleeve 11 extends from the
housing coaxial with the discharge end of the passage. It will be understood, however,
that sleeve 11 could extend internally into housing 3. While housing 3 is shown to be
generally in the shape of a 90° pipe elbow, it will be understood that the housing may
assume other shapes and still be in the scope of the invention. Solute inlet 7 is shown to
comprise a cylindrical tube 13 of somewhat smaller diameter than the bore of sleeve 11.
Tube 13 is insertable into the sleeve so as to extend through plenum chamber or passage
9 with the pressurized working fluid or solvent filling the plenum chamber or passage
and surrounding the solute inlet tube. A receiving member, generally indicated at 15, is
removably secured to housing 3. The interior of this receiving member constitutes a
passage means 17 in which the solute is dispersed in the solvent and in which the solute
and solvent are mixed. An insert 19 is disposed within housing 3 at the discharge end of
the passage or chamber 9 between chamber 9 and passage means 17. This insert is
shown to be a flat ring having a central or nozzle opening 21 therein which receives the
inner or discharge end of solute tube 13. The nozzle opening 21 is somewhat larger
than the outer diameter of the discharge end of the solute tube and the latter is
substantially centered within the opening 21 thereby to define an annular nozzle opening
or orifice N concentric with the solute tube through which working fluid under pressure
in plenum chamber or passage 9 is discharged at high velocity into the receiving
member 15. The solvent is discharged as an annular jet J, and it generates a vacuum
within the passage means. The vacuum is in communication with the discharge end of
solute tube 13 and thus positively draws or sucks the solute into the passage means 17.
As best shown in Fig. 3, solute tube 13 is of substantially smaller diameter than
passage 9 and has uniform outer diameter OD and inner diameter D1 adjacent the
discharge end, thereby having a cylindrical exterior surface 23. Insert 19 has an inner

cylindrical nozzle surface 25 concentric to the cylindrical exterior surface 23, which
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defines a central opening or nozzle 21. The insert 19, at its inside face (toward the left
in Figs. 2B and 3), has a conical entrance 26 converging toward the cylindrical nozzle
surface 25. The latter extends from the narrowest portion of the conical entrance 26 to
the outside face (toward the right in Figs. 2B and 3) of the ring. The diameter of
opening 21 and the length of cylindrical nozzle surface 25 in the direction of flow
through the nozzle depend on the desired flow conditions through the nozzle. It will be
appreciated that the flow rate through the nozzle is similarly a function of the pressure
within plenum chamber or passage 9 and passage means 17 and the cross sectional flow
area of nozzle N. The latter is the cross-sectional area of the gap G (see Fig. 3) between
cylindrical exterior surface 23 of the solute tube and the cylindrical nozzle surface 25.
The vacuum generated by the jet discharged from the nozzle into the passage means is
dependent upon the velocity of the jet.

The eductor-mixer 1 of this invention is particularly well suited to efficiently
accelerate the working fluid from plenum chamber or passage 9 into the passage means
17 in several important ways. First, the cross-sectional area of the plenum chamber or
passage is quite large in relation to the cross-sectional area of nozzle N. This allows
working fluid to flow through the passage at a speed much slower than it flows through
the nozzle so that there is little or no energy lost by the flow of the working fluid
through the passage. The length L of the nozzle in the direction of the flow
therethrough is relatively quite short. This permits the solvent to be almost
instantaneously accelerated to its discharge velocity in a short distance, thus minimizing
the flow losses while flowing through, and discharging from, the nozzle at high linear
velocity. At one extreme, nozzle surface 25 may be a sharp knife edge having an
extremely short effective length L (e.g., a few thousandths of an inch) in the direction of
flow through the nozzle. In other instances, the nozzle surface may preferably have
longer length L approximately equal in length to the width of gap G for purposes that

will later be described. It will be understood that as the nozzle length L increases, shear
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(and related energy loss) in the nozzle is increased. Shear, of course, is also greater with
narrower nozzle gaps.

Second, it has also been found that the ratio of the nozzle length L to the gap
thickness G (i.e., L/G) preferably should range between about 0.001 for a knife edge
surface 23 and up to about 10 for a cylindrical nozzle surface 25 which is parallel to the
exterior cylindrical surface 23 on tube 13. As shown in Figs. 2B and 3, receiving
member 15 comprises a constant-diameter discharge conduit 16 abutting the outside
surface of the nozzle member 19, defining passage means 17. The diameter D3 of the
inner end or bore of the discharge conduit 16 is slightly larger than the outer diameter
D2 of nozzle opening 21.

A third way in which the eductor-mixer system of this invention minimizes
energy loses is to equalize the areas into which the jet of fluid passing through nozzle N
can expand. To provide approximately equal areas of expansion, the cross sectional

area of the discharge conduit 16, as seen in Fig. 3, which is inside the jet at the surface

of the annular nozzle N, having the diameter OD of the solute tube 13, must

approximate the cross sectional area of the discharge conduit 16 which is external to the
jet at the surface of the annular nozzle N. This second cross sectional area is defined as
the annular area between the inner diameter D3 of the discharge conduit and the outer
diameter of the annular nozzle N, defined by D2 at the outer surface of the nozzle N.
When these two cross sectional areas are of nearly equal size, the jet of fluid passing
through nozzle N can expand in a uniform manner in all directions while minimizing
energy losses due to wall friction or mutual interference.

The eductor-mixer system of this invention minimizes energy losses is that the
internal surface of discharge conduit 16 adjacent nozzle N lies outward of and parallel
to the projected path of the cylindrical jet J (as indicated by the dotted lines in FIG. 3) as
the jet is discharged from the nozzle. This insures that frictional wall losses along the
passage means walls are minimized as the jet flows at high speeds into the passage

means. Further, the diameter of the discharge conduit at any point there along is larger
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than the diameter of the projected path of the jet so as to insure that the walls of the
discharge conduit are clear of the jet. In accordance with this invention, the cross-
sectional area of the discharge conduit 16 downstream from passage means 17 is about
3 to 10 times the cross-sectional area of gap G larger for higher discharge velocities and
on the low side for lower discharge velocities.

Finally, by discharging the solvent in a concentric cylindrical jet J, as opposed to
a converging conical jet as described in the referenced patents, the radial component of
the jet’s energy is substantially eliminated, and the translational kinetic energy available
to produce the vacuum is correspondingly increased. Eliminating the converging jet
further results in substantially eliminating backsplash of the solvent towards the
discharge end of the solute tube 13, preventing accretion of the solute and clogging of
the tube. Displacement of the jet away from the opening in the discharge end of the
solute tube 13 may be further accomplished by a uniform increase in the wall thickness
of the solute tube as shown in Fig. 4, adjacent the discharge end, and a corresponding
radial enlargement of the cylindrical nozzle surface 25 outward to maintain the cross
sectional area of gap G within the desired range. One skilled in the art will recognize
that the resulting structure will have an annular nozzle of a larger diameter, a gap G of
narrower width, and no corresponding change in cross sectional area of the gap.

These improvements result in a dramatic increase in the efficiency of the
eductor-mixer system over the systems described in the referenced patents, as can be
seen from reference to Fig. 5, which compares the vacuum pumping capacity of the
eductor-mixer system disclosed in United States Pat. No. 4,186,772 with that of the
present invention. In Fig. 5, at a predetermined working fluid pressure, both the volume
of gas drawn through the solute tube and the flow rate of the liquid exiting the discharge
conduit were measured to produce a ratio representative of the vacuum pumping
capacity. For example, with a working fluid pressure of 40 psig measured at the first

inlet, the prior eductor-mixer system yields a vacuum pumping capacity ratio of 0.23
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scf/lusg, whereas the present invention at the same fluid pressure yields a vacuum
pumping capacity ratio of 0.34 scf/usg, a 48% improvement in efficiency.

As described above, the vacuum generated by the educator-mixer system 1 of
this invention is more efficient than the prior art eductor-mixer system shown in the
above United States Patent Nos. 4,186,772 and 3,777,775 in positively drawing more air
and consequently even more solute into the eductor-mixer system. Thus, the eductor-
mixer system of this invention is able to induct a greater quantity of powered solute or
to be located at a greater distance from the powdered solute in the solute fluidized
container than had been heretofore possible. Accordingly, the location of the eductor-
mixer system and the solute supply even less critical that had heretofore been the case
with the prior art systems.

It will be understood that the surfaces 23 and 25 on the solute tube and insert,
respectively, may be hardened (e.g., carburized or nitrided) to provide a hard wear-
resistant surface for resisting flow wear abrasion by the solvent and solute flowing
therethrough at high speeds. It will also be understood that, alternatively, these surfaces
may be hardened by making them of a special material which resists flow wear abrasion.

As heretofore described, solute tube 13 extends into housing 3 through sleeve 11
with the sleeve having an inside diameter slightly greater than the outside diameter of
the solute tube. The latter has one or more circumferential grooves 28 for receiving an
O-ring seal 29 which in turn seals the solute tube relative to the bore of the sleeve when
the former is axially inserted into the latter. This seal permits the solute tube to be
moved axially in and out of the sleeve while remaining sealed relative thereto. As is
best shown in Fig. 2B, the sleeve 11 is substantially coaxial with nozzle opening 21 in
insert 19 and with mixing tube 15. Preferably, solute tube 13 is inserted into housing 3
via sleeve 11 and through plenum 9 so that the discharge end of the tube is generally
coplanar with the downstream end of nozzle surface 25 and is coaxial with nozzle
opening 21 so that the gap G is of uniform thickness around the tube and so that the
solvent in the plenum surrounds the solute tube. A plurality (e.g., three) of threaded
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fasteners 31 is threadably carried by sleeve 11 for engagement with the outer surface of
solute tube 13. With all of the fasteners 31 engaging the outer surface of tube 13, the
tube is firmly secured in place relative to the sleeve at any desired axial position within
the sleeve. By adjusting the various fasteners 31 in and out, the end of the tube may be
readily adjusted relative to nozzle surface 25, and secured in position when the tube is
properly centered within the nozzle opening with gap G being of substantially uniform
thickness around the outlet end of the solute tube. It will also be noted that in the event
the cylindrical exterior surface 23 of the solute tube becomes worn so as to affect the
flow geometry through the eductor-mixer, fasteners 31 may be loosened and solute tube
13 may be readily removed thereby to enable resurfacing of cylindrical exterior surface
23 on the tube, or the solute tube may be moved farther into the housing thereby to
accommodate the wear of the solute tube and/or the wear of nozzle surface 25. With
fasteners 31 located in sleeve 11 clear of the insert 19 and plenum 9, solvent flows
through the plenum and the nozzle opening without encountering any resistance from
the fasteners. It will also be noted that in its preferred embodiment, the nozzle opening
or orifice through the eductor-mixer of the present invention is a continuous annular gap
around the solute tube with no supports, flow dividers or other restrictions in the nozzle
which would block or otherwise impede the flow of fluid therethrough. In this manner,
the concentric solvent jet is a continuous annular jet as it is discharged from the nozzle.
It will be understood, however, that flow dividers could be placed between the outer
surface of the solute tube and the inner surface of the nozzle for supporting or centering
the outer end of the solute tube in the nozzle opening. If this is done, the solvent jet
discharged from the nozzle will not necessarily be a continuous annular jet, but rather
would be a series of separate cylindrical jets within the passage means. These separate
jets are considered to be within the scope of the present invention. |
As heretofore mentioned, insert 19 is a ring-like member and, as best shown in
Fig. 3, has a shoulder 41 in its front face toward chamber 9 and an outwardly projecting

flange 43. Shoulder 41 has a diameter substantially the same as the circular inner bore
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of housing 3 and thus the step is readily received within the open end of the housing so
as to center the nozzle opening relative to the longitudinal center line of sleeve 11 and
solute tube 13 inserted therein. Housing 3 and receiving tube 15 each have respective
flanges 45 and 47 adapted to be sealingly secured together in face-to-face relation. With
the receiving tube flange 47 in sealing engagement with nozzle flange 43, insert 19 is
held captive in a desired position relative to the housing and the receiving member. A
circumferential groove 49 is provided on the outer face of flange 47 for receiving an O-
ring 51 which seals the receiving member to the housing. Flanges 45 and 47 each have
sloped outer faces and are adapted to be drawn together by a sealing hoop clamp 53,
such as is commercially available from the Aeroquip Company of Los Angeles,
California. Upon tightening clamp 53 on flanges 45 and 47, these flanges are drawn
into face-to-face sealing engagement with the O-ring 51. It will be understood,
however, that means other than clamp 53 may be used for releasably and sealably
securing the mixing tube 15 to housing 3. It will thus be appreciated that eductor 1 of
this invention may readily be converted from one flow rate capacity to another merely
by exchanging one insert 19 for another having different nozzle opening dimensions and
exchanging receiving member 15 to maintain a desired ratio between the gap cross
sectional area and the passage means cross sectional area.

In accordance with this invention, the length L" of the conduit 16 is preferably
about 5 to 50 times longer than its diameter D3, and even more preferably, is about 15
to 30 times longer than its diameter so as to enhance the mixing (i.e., dispersion) of the
solute and the working fluid within the conduit. Expressed in another manner, the ratio
L’/D3 preferably should range between about 5 and 50 and even more preferably
between about 15 and 30. It will be understood, however, that this ratio could be varied
considerably and even be outside the above-stated preferred ranges and still be within
the scope of this invention. This ratio depends upon many factors, such as the physical
characteristics of the solute and solvent being mixed, the flow rates and pressures, and

temperatures of the solute and solvent, and many other factors. Thus, this ratio could
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vary considerably and satisfactory mixing of the solute and solvent could still be
attained within the eductor-mixer system of this invention. The above-stated preferred
ranges indicate ranges which for many materials have been readily and satisfactorily
mixed by the apparatus of this invention.

In view of the above, it will be seen that the several objects of the invention are
achieved and other advantageous results are obtained. As various changes could be
made in the above constructions without departing from the scope of the invention, it is
intended that all matter contained in the above description or shown in the

accompanying drawings shall be interpreted as illustrative and not in a limiting sense.
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Claims:

1. In an eductor-mixer system consisting of an eductor body with a passage
extending therethrough for the flow of a pressurized working fluid from one end of the
passage, constituting an inlet end, to the other end of the passage, constituting a
discharge end;

an annular insert within said passage and adjacent the discharge end;

a solute tube of smaller diameter than the diameter of said passage, said solute
tube extending from outside said eductor body into said eductor body with the inner end
of said solute tube being substantially coaxial with respect to said annular insert and
with the inner end of said solute tube terminating substantially coplanar with the
downstream face of said insert;

a discharge tube connected to said body downstream from said insert; and

said solute tube and said insert opening defining an annular nozzle, said
pressurized fluid, upon flowing through said annular nozzle undergoing a substantial
increase in velocity so as to generate an area of low pressure within said discharge tube
downstream from said annular nozzle, said solute tube being adapted for the conveying
of a flowable material which can be a granular, powdered, or other particulate solid, or a
liquid or a gas, therethrough for mixing with said pressurized working fluid downstream
from said nozzle;

an improvement comprising:

an outer surface of said solute tube in the region of said annular nozzle having a
uniform cylindrical outer surface; and

said inner surface of said insert defining an outer surface of said annular nozzle,
and said outer surface of said solute tube defining an inner surface of said annular
nozzle, said annular nozzle having a uniform cylindrical opening coaxial with said
solute tube so as to maximize the longitudinal velocity component of the working fluid

as it emerges from said annular nozzle into the discharge tube.
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2. The eductor-mixer system as set forth in claim 1 wherein the
improvement further comprises a first cross-sectional area defined by a diameter of said
outer surface of said solute tube, a second cross-sectional area of an annular region
bound by said inner diameter of said discharge tube and a diameter of said outer surface
of said annular nozzle, said first cross-sectional area approximately equal to said second
cross-sectional area.

3. The eductor-mixer system as set forth in claim 1 wherein the length of
said annular nozzle is about 0.10 - 2.0 times the distance between the outer wall of said
solute tube and the inner surface of said insert in the region defining said annular
nozzle.

4. The eductor-mixer system as set forth in claim 1 wherein said discharge
tube has an inner cross sectional area 2-10 times the cross sectional area of said annular
nozzle opening.

5. In the eductor-mixer system as set forth in claim 1 wherein the length of
said discharge tube is about 10 — 40 times the inner diameter of said discharge tube.

6. The eductor-mixer system as set forth in claim 1 wherein said annular
nozzle is configured such that the velocity of said working fluid emerging from said
annular nozzle ranges between about 30 feet/second and 300 feet/second.

7. In an eductor-mixer system having an eductor body including a working
fluid passage extending therethrough for flow of a pressurized working fluid from one
end of the passage, constituting an inlet end, to the other end of the working fluid
passage, constituting a discharge end, and said eductor body having a tube receiving
opening therein opposite said discharge end, said tube receiving opening being coaxial
with said discharge end and of substantially smaller diameter than said working fluid
passage;

an annular nozzle member comprising a ring separate from the eductor body and
having front and rear faces, a central opening therethrough from its front to its rear face,

said ring being removably mounted in place at the discharge end of said working fluid
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passage, coaxial with said discharge end, said central opening being of substantially
smaller diameter than the diameter of said working fluid passage;

a cylindrical tube of substantially smaller cross-sectional area than said working
fluid passage extending from outside said eductor body through said tube receiving
opening in said eductor body opposite the discharge end of the working fluid passage
and extending forward in said working fluid passage from the inner end of said opening
in the body into the central opening in the ring, said tube being open at a first end in said
central opening in said ring, said open first end constituting a discharge outlet;

said tube being adapted for connection a second end outside the body to a source
of fluent material to be educted for flow of said material through said tube and out of
said discharge outlet;

the discharge outlet being substantially coplanar with the outside face of the
ring;

a means separate from the ring providing a discharge passage downstream from
said ring at the discharge end of the working fluid passage in said body in which the
material issuing from the discharge end of the tube and the working fluid may mix;

an improvement comprising:

said tube having a cylindrically uniform exterior adjacent said discharge outlet
and thereby having a cylindrical exterior surface;

said inner periphery of the ring bounding the central opening in the ring forming
a cylindrical nozzle surface extending from the downstream edge of said entrance to
said outside face of the ring, said cylindrical nozzle surface coaxial with said exterior
cylindrical surface of said tube;

said cylindrical nozzle surface of the ring surrounding and being spaced from
said cylindrical exterior surface of said tube a distance which is small relative to the
diameter of the outer end of the cylindrical nozzle surface, thereby providing an annular
nozzle between the cylindrical exterior surface of the tube and the cylindrical nozzle

surface for delivery of the pressurized working fluid from said working fluid passage
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through said nozzle in the form of a hollow jet directed in the downstream direction
from the outside face of the ring;

an area defining said annular nozzle between the cylindrical exterior surface of
the tube and the cylindrical nozzle surface of the ring being relatively small and the
length of said nozzle being relatively short for rapid acceleration of the working fluid
flowing through the nozzle to a relatively high linear velocity;

said discharge passage being removably secured to said body at the discharge
end of the working fluid passage in the body, extending outwardly from said ring and
having a uniform internal diameter at a first end abutting the outside face of said ring
larger than the outer diameter of said cylindrical nozzle, the internal surface of said
discharge passage lying outward of and wholly clear of the projection of said jet
throughout the length of said jet.

8. The eductor-mixer system as set forth in claim 7 wherein:

said ring includes a peripheral flange engaging the end of said body at the
discharge end of said working fluid passage;

said discharge passage comprises a discharge conduit having a length of uniform
diameter, said discharge conduit abutting and retaining said ring in the discharge end of
said working fluid passage; and

means removably securing said discharge conduit to said body.

9. The eductor-mixer system as set forth in claim 7 wherein the cross
sectional area of said discharge passage is proportional to the cross sectional area of said
annular nozzle, and the radial location of said annular nozzle is dependent upon the
outer diameter of the cylindrical exterior surface of said solute tui)e.

10.  The eductor-mixer system as set forth in claim 7 wherein a first cross-
sectional area of said discharge passage contained within said annular nozzle is
approximately equal to a second cross-sectional area of said discharge passage

surrounding said annular nozzle.



PCT/US02/13468

WO 03/092900

1/5




PCT/US02/13468

WO 03/092900

2/5

k:_

__\

it

1ldv g0Idd

B

N

vc 914

=)
WHHI! //////,U

\\\ \\\\\\\\\\\\\N\\\\\\\\\\\\\\\\\\\\\\\\\ﬁ\q\\ﬂ

_

T Sl L L L L L LTIl L L L Ll L L

y

U — ||H\\\ NNNNNNN

TT

T e



PCT/US02/13468
3/5

WO 03/092900

e T

€S | '
6T A 2 /I
[ITe] €1
\k% 62

) - L W U W . W W WA W
- HJ L Ll 2 02X 22722222222 2282284802020 888 0 8 L8 L8nLLllyY LA
T+
S

S !
]

1 T

VA AT \\\\\\\\\\\\\\\\\\\\\\\\\ 243

N.—. 7///%// %V//f/r//f »||\\\\ SONS N NN\ \=
mak /
1€ 8c
. 1T




WO 03/092900

4/5

PCT/US02/13468

53 -
45 \ 47
49 \\Q 1 43
g 2l 3 W)/ /[ /19
25 15
//. %/ - / 17
23 ' |
- N . ‘ }
77777, L '
13 op| b1 = "‘"GL |
777, rrrrrrriB N 03
L23 /\ SAONSNSSNSNSNASNANSANNNNNENS NN NANNANNNNNANNNNSNANT
7/
//\ 25
26 49
3 SOANNN 43 19 .
>t i FI1IG. 3
45 ( 47
(514,43
19 RS 19 15
g 21 2 ? / -
W // 25 17
23 //\/\((/\(\\\\\\\\\\\\\\\ SONSNNEN)
7777777777 /////f “)
(13-< ob| DI — <G—L 03
/,
14{2_1
23-———“"", S \\\\\\\\\\\\\\\\\\\\\\\\ TCSSNSSY
( %
49 7z 1\25
3 26"1“’ x;/z\\ g 19
/5w FIG. 4




PCT/US02/13468

WO 03/092900

5/5

M3IN-GZ——
010-02 --e---

S 9I4 030-87

MIN-GT— —
010-0T -&--
| MIN-O0T —o—
H3XIW 0L AHLN3 QINOIT LV 9ISd
09 0s o o€
" ¢ 0
..................................................................................................................... MWHUo HU

-
-
-
-
-
lllll
|||||
-
-
-
.-
-m

NOILN3ANI IN3S3dd "SA H3IXIW HOLI3/r3 LYV HOIYd
ALIJVdAV] ONIdWNd 340 NOSIHVAWOJ

CT°0

WANJVA LINVISNOD 1V Wd9SN/W4IS



International application No.

INTERNATIONAL SEARCH REPORT

PCT/US02/13468
A.  CLASSIFICATION OF SUBJECT MATTER
IPC(7) BO2C 23/26
USCL 241/5, 9, 39

According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S. :241/5, 9, 39

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.  DOCUMENTS CONSIDERED TO BE RELEVANT
Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X, E US 6,402,068 B1 (HANDLEMAN) 11 June 2002, Fig. 2B 1-10
Y US 5,577,670 A (OMATA et al) 26 November 1996, Fig. 1 1-10
Y US 4,860,959 A (HANDLEMAN) 29 August 1989, Fig. 1 1-10
Y US 4,186,772 A (HANDLEMAN) 05 February 1980, Fig. 2 1-10
Y US 3,368,849 A (CHEELY) 13 Februayr 1968, Fig. 1 1-10
Y US 3,276,821 A (EDWARDS) 04 October 1966, Fig. 1 1-10
Y US 3,186,769 A (HOWLETT) 01 June 1965, Fig. 2 1-10
Y US 2,695,265 A (DEGNEN) 23 November 1954, Figs. 1 and 3 1-10
Y US 1,901,797 A (BLACK) 14 March 1933, Fig. 1 1-10

[l

D Further documents are listed in the continuation of Box C. See patent family annex.

* Special categaries of cited documents: “T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
“A”  document defining the general state of the art which is not considered to be principle or theory underlying the invention
of particular relevance
“X" document of particular relevance; the claimed invention cannot be
“E” earlier application or patent published on or after the intemational filing date considered novel or cannot be considered to involve an inventive step
when the document is taken alone
“L”  document which may throw doubts on priority claim(s) or which is cited to
establish the publication date of another citation or other special reason (as “y" document of particular relevance; the claimed invention cannot be
specified) considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
“O”  document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art
“P"  document published prior to the international filing date but later than the “&" document member of the same patent family

priority date claimed

Date of the actual completion of the international search

04 September 2002 (04.09.2002)

Date of mailipg of the international search report

EP 2002 :

Name and mailing address of the ISA/US

Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No. (703)305-3230

Authorized officer
-

William Hong

) -

Telephone No. 703-308-1078

e

Form PCT/ISA/210 (second sheet) (July 1998)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

