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APPARATUS FOR DISPERSING PARTICLES IN A FLUID AND METHOD

Technical Field

The invention relates to an apparatus for dispersing particles in a fluid, where a
flow divider separates fluid with particles into two fluid streams that are allowed to
collide in a collision zone of the apparatus. A method for dispersing particles in a fluid is

also described.

Background Art

In @ number of industries there is a need of mixing particles into fluids. This

includes industries such as dairy, food, cosmetic, beverage, pharmaceutical, chemical,
plastic, building construction, pulp and paper, oil and gas industries. The purpose of the
mixing is to achieve e.g. homogenization, particle size reduction and dispersion of
particles in the fluid. A number of technologies for obtaining adequate mixing are used,
including rotating shear units, conventional stirring techniques, vibration based
techniques, techniques were fluid streams collide etc. The mixing is performed in one
or more stages and is typically effect in one or more shearing zones where fluid
undergoes “shear”, which happens when fluid travels with a different velocity relative to
an adjacent area or fluid volume.

One example of a mixer type is shown in patent document US3833718 which
describes a so called jet mixer. This mixer is used for providing high shear mixing of
fluids such as in the preparation of slurry solutions for well treating. The mixing
principle is based on forming a shear zone at the confluence of opposing streams of a
mixture of fluid and particles. The mixer is based on separating the fluid into two
streams and then directing the streams towards each other and jetting the two
opposing streams in a mixing zone to form a shear zone at the confluence of the
merging streams. The streams are directed into the mixing zone from a location
substantially at right angles to each other, which effectively accomplishes mixing
(shearing).

The described mixer seems to provide adequate mixing. However, it is
estimated that a mixer of this type may be improved, for example in respect of its
capability to effectively mix particles at a wider range of flow rates of the fluid. Also, it is
desirable that the described type of mixer should be able to efficiently mix a greater

variety of fluid types and particle types.
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Summary
It is an object of the invention to at least partly improve the above-identified prior

art. Another object may be to obtain proper mixing for a great variety of fluid types and
particle types.

To solve these objects an apparatus for dispersing particles in a fluid is
provided. The apparatus comprises: a flow divider for receiving the fluid and for
separating the fluid into a first fluid stream and a second fluid stream; a first fluid
branch for receiving the first fluid stream; a second fluid branch for receiving the
second fluid stream; and a branch joining section for receiving the first and second fluid
streams from the first and second fluid branches, the branch joining section having a
collision zone for allowing the first and second fluid streams to collide. A first nozzle is
arranged in the first fluid branch and a second nozzle is arranged in the second fluid
branch, the first nozzle comprising an orifice that is followed by a fluid diverging
section. The second nozzle may be identical to the first nozzle, even though it is
possible to use different nozzles. The diverging section may have a linear divergence,
a curved divergence or another shape for the divergence. The diverging section is
advantageous in that it gives a relation between a fluid velocity and a pressure drop
that appears to improve the dispersing of particles in the fluid.

According to another aspect a method of dispersing particles in a fluid is also
provided. The method comprises: introducing fluid with particles in an inlet of an
apparatus that comprises: a flow divider for receiving the fluid and for separating the
fluid into a first fluid stream and a second fluid stream; a first fluid branch for receiving
the first fluid stream; a second fluid branch for receiving the second fluid stream; a
branch joining section for receiving the first and second fluid streams from the first and
second fluid branches, the branch joining section having a collision zone for allowing
the first and second fluid streams to collide and thereafter flow towards an outlet;
wherein a first nozzle is arranged in the first fluid branch and a second nozzle is
arranged in the second fluid branch, the first nozzle comprising an orifice that is
followed by a fluid diverging section. The method comprises measuring a differential
pressure over the inlet and the outlet of the apparatus, and adjusting, in dependence of
the measured differential pressure, a flow rate of the fluid with the particles that are
introduced in the inlet.

The apparatus may include a number of different features as described below,
alone or in combination. The apparatus that is used in the method may include the
same features. Objectives, features, aspects and advantages of the invention will

appear from the following detailed description as well as from the drawings.
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Brief Description of the Drawings

Embodiments of the invention will now be described, by way of example, with
reference to the accompanying schematic drawings, in which

Fig. 1 is a rear view of an apparatus for dispersing particles in a fluid,

Fig. 2 is a cross-sectional top view of the apparatus if Fig. 1,

Fig. 3 is a side view of a nozzle that is arranged in the apparatus of Fig. 1,

Fig. 4 is a cross-sectional side view of the nozzle of Fig. 3,

Fig. 5 is a front view of the nozzle of Fig. 3,

Fig. 6 is a rear view of the nozzle of Fig. 3,

Fig. 7 is a cross-sectional perspective view of the nozzle of Fig. 3, and

Fig. 8 is a schematic diagram of a method of dispersing particles in a fluid.

Fig. 9 is a cross-sectional view of an embodiment of an apparatus for dispersing

particles in a fluid.

Detailed description

With reference to Figs 1 and 2 an apparatus 1 for dispersing particles P in a
fluid F is illustrated. The apparatus 1 has the principal form of a triangular piping
component, with an inlet 2 at a center of the base of the triangle, and with an outlet 3 at
the top of the triangle. The fluid F includes the particles P when it enters the inlet 2 and
when the fluid F is inside the apparatus 1, then the particles P are dispersed in the fluid
F, as will be described in detail below, before the fluid F leaves the apparatus 1 via the
outlet 3. The particles P may to some extent be dispersed in the fluid F when it enters
the apparatus 1. After the fluid F has passed though the apparatus 1 then the particles
are much more, or even fully, dispersed in the fluid F.

In detail, the apparatus 1 comprises a flow divider 10 in form of a t-section pipe
where the inlet 2 is the base of the flow divider 10. From the inlet 2 the flow divider 10
separates the fluid F into a first fluid stream F1 and a second fluid stream F2. The
apparatus 1 has a first fluid branch 11 that is connected to the flow divider 10 for
receiving the first fluid stream F1. A second fluid branch 12 is connected to the flow
divider 10, on a side that is opposite the side where the first fluid branch 11 is
connected. The second fluid branch 12 receives the second fluid stream F2.

The first fluid branch 11 comprises a straight section 121 that is connected to
the flow divider 10, a 90° pipe elbow 122 that is connected to the straight section 121,

an angled elbow 123 that is connected to the pipe elbow 122, and a second straight
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section 124 that is connected to the angled elbow 123. The angled elbow 123 is angled
by half the angle a.

The second fluid branch 12 comprises a straight section 131 that is connected
to the flow divider 10, at an opposite side of the flow divider 10 from where the straight
section 121 of the first fluid branch 11 is connected. The second fluid branch 12 is
similar to the first fluid branch 11 and has a 90° pipe elbow 132 that is connected to the
straight section 131, an angled elbow 133 that is connected to the pipe elbow 132, and
a second straight section 134 that is connected to the angled elbow 133. The angled
elbow 133 is angled by half the angle a.

The second straight sections 124, 134 of the first fluid branch 11 and the
second fluid branch 12 are connected to a branch joining section 14 that receives the
first and second fluid streams F1, F2 from the first and second fluid branches 11, 12.
The branch joining section 14 has the shape of a y-section pipe. The branch joining
section 14 comprises the outlet 3 and the branch joining section 14 has an internal
collision zone 141 where the first fluid stream F1 and the second fluid stream F2 meet
and collide. When the fluid streams F1, F2 collide they undergo shear since the
streams F1, F2 travel with a different velocity relative each other when they meet in the
collision zone 141. Generally the velocities of the fluid streams F1, F2 are the same in
terms of flow rate, but they have different directions which effects the shear. The
collision zone 141 may also be referred to as a shearing zone.

The parts of the two fluid branches 11, 12 are typically made of metal, such as
steel, and may be joined to each other by welding. However, the second straight
sections 124, 134 of the two fluid branches 11, 12 are typically joined to their
respective adjacent parts by two conventional clamps. For example, a first clamp 113
joins a first end of the second straight section 124 of the first fluid branch 11 to the
angled elbow 123. A second clamp 114 joins the other end of the second straight
section 124 of the first fluid branch 11 to the branch joining section 14. Two similar
clamps join the second straight section 134 of the second fluid branch 12 in a similar
manner to its adjacent angled elbow 133 and to the branch joining section 14. The
clamps may have the form of any conventional clamps that are suitable for joining pipe
components, and the sections 123, 124, 14, 134, 133 that are joined by the clamps are
fitted with conventional flanges that are compatible with the clamp. By virtue of the
clamps, it is possible for an operator to remove the second straight sections 124, 134
of the first and second fluid branches 11, 12.

The first fluid branch 11 and the second fluid branch 12 are arranged to direct

the first fluid stream F1 and the second fluid stream F2 towards each other by an angle
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a of 60° - 120°. As a result the first fluid stream F1 and the second fluid stream F2
meet in the collision zone 141 by the same angle a of 60° - 120°. The collision angle a
between the fluid streams F1, F2 is accomplished by angling each of the angled
elbows 123, 133 by half the angle a.

A first nozzle 30 is arranged in the first fluid branch 11 and a second nozzle 40
is arranged in the second fluid branch 12. The second nozzle 40 may incorporate the
same features as the first nozzle 30, such that they are similar, or even identical. Thus,
every feature that is described for the first nozzle 30 may also be implemented for the
second nozzle 40. Each of the nozzles 30, 40 is removable from the fluid branch 11, 12
they are located in. This is accomplished by releasing the clamps from the second
straight sections 124, 134. The nozzles are located in the second straight sections 124,
134 and by taking the nozzle out from removed straight section, the nozzles may be
replaced.

The first nozzle 30 has an orifice 33 that is followed by a fluid diverging section
36. The diverging section 36 may have a linear divergence, a curved divergence, a
combination thereof or another shape for the divergence. The diverging section 36 may
also have a step wise divergence. In this context “diverging section” may be
understood as a section with a cross-sectional area that increases in a direction of a
flow of the fluid (the direction of the first fluid stream F1). A linear divergence or a
slightly curved divergence is preferred, since this gives an advantageous relation
between a fluid velocity and a pressure drop when the fluid passes through the first
nozzle 30.

With further reference to Figs outlet 3-7, the first nozzle 30 has an inlet 301 into
which the first fluid stream F1 flows, and an outlet 302 from which the first fluid stream
F1 leaves the first nozzle 30. As may be seen in Fig. 2, the first clamp 113 is located at
a position of the first fluid branch 11 where the inlet 301 of the of the first nozzle 30 is
located. The second clamp 114 is located at a position of the first fluid branch 11 where
the outlet 302 of the of the first nozzle 30 is located. The first nozzle 30 has an outer
elongated, cylindrical surface 303. This cylindrical surface 303 abuts an inner surface
112 of the first fluid branch 11, when the first nozzle 30 is located in the first fluid
branch 11. More specifically, the inner surface 112 of the first fluid branch 11 is an
inner surface of a straight pipe component 124 that is part of the first fluid branch 11.

The first nozzle 30 has an intermediate flow section 35 that is located between
the orifice 33 and the fluid diverging section 36. The intermediate flow section 35 has a
constant cross-sectional area. The first nozzle 30 has a fluid converging section 32 that

converges towards the orifice 33. Thus, the fluid converging section 32 is located, as
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seen in a direction of a flow of the first fluid stream F1, before the orifice 33. The fluid
converging section 32 has a cross-sectional area that decreases in a direction towards
the orifice 33. The converging section 32 may have a linear convergence or a curved
convergence, or a combination thereof.

As may be seen on Figs 5 and 6, the orifice 33 has a central region 331 and a
plurality of angularly spaced-apart, outer regions 332 around the periphery of the
central region 331. The outer regions 332 provide, when a fluid flows through the outer
regions 332, a vortex flow pattern that provides a shearing effect and thus improved
dispersing of the particles in the first fluid stream F1. The orifice 33 is for the illustrated
embodiment formed in an orifice component 34 that is arranged in the first nozzle 30.
The orifice component 34 is fixed to the first nozzle 30 by a set of screws 39, and is
removable from the first nozzle 30. This allows the orifice component 34 to be replaced
by another orifice component. The orifice component 34 may be omitted in the sense
that the orifice 33 may be made as an integral part of the first nozzle 30.

The first nozzle 30 comprises a circumferential flange 38 that abuts the first fluid
branch 11. This fixes the first nozzle 30 relative the first fluid branch 11, as seen in a
direction of a flow of the first fluid F1, i.e. in a direction along the first nozzle 30.
Typically, the first nozzle 30 is made as one integral unit that includes the converging
section 32, the orifice 33, the intermediate flow section 35 and the diverging section 36.
The first nozzle 30 is typically made of plastic.

When the first fluid stream F1 flows through the first fluid branch 11 it enters the
first nozzle 30 via the nozzle inlet 301, experiences an increased flow velocity as it
passes through the converging section 32, is subjected to increased shear as it passes
through the orifice 33, passes through the intermediate flow section 35, experiences a
decreased flow velocity as it passes through the diverging section 36, and leaves the
first nozzle 30 via the nozzle outlet 302. Both the converging section 32 and the
diverging section 36 increases the shear of the fluid, which improves the dispersing of
particles P in the fluid F. Corresponding situation applies for the second fluid stream F2
when passing through the second nozzle 40 in the second fluid branch 12. When the
first fluid stream F1 and the second fluid stream F2 collide in the collision zone 141
then the fluid is subjected to further shear.

Turning again to Fig. 2, the apparatus 1 has at the inlet 2 a first pressure
sensing interface 71 and has at the outlet 3 a second pressure sensing interface 72.
The pressure sensing interfaces 71, 72 may have the form of openings to which
pressure sensing devices are connected. A reason for connecting pressure sensing

devices to the apparatus 1 is that the performance of the apparatus 1, i.e. its capability
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to effectively disperse particles P in the fluid F, depends on the differential pressure
over the apparatus 1. The differential pressure over the apparatus 1 is the difference
between the pressure at a position near the inlet 2 and a pressure at a position near
the outlet 3. For example, if the pressure at the inlet 2 equals 100psi and if the
pressure at the outlet 3 equals 60psi, then the differential pressure is 40psi (100psi —
60psi).

Thus, in order to measure the differential pressure the apparatus 1 has a
pressure sensing device 77 for measuring the differential pressure over the apparatus
1 when the fluid F is flowing through the apparatus 1. The pressure sensing device 77
is a conventional differential pressure gauge and has a first pressure inlet port 73 and a
second pressure inlet port 74 that are attached to the pressure sensing interfaces 71,
72, for example via two pressure conducting lines 75, 76. The differential pressure
gauge performs the operation of pressure subtraction through mechanical means,
which obviates the need for an operator or control system to determine the difference
between the pressures at the pressure sensing interfaces 71, 72. Of course, any other
suitable pressure sensing device may be used for determining the differential pressure.

During operation of the apparatus 1 the differential pressure in monitored and
the flow rate of the fluid F is adjusted so as to obtain a predetermined differential
pressure that is known to provide proper dispersion of the particles P in the fluid F.
Exactly what the predetermined differential pressure should be may depend on a
number of factors, such as the size of the apparatus 1, the type of the fluid F and the
type of the particles, and is preferably empirically determined by adjusting the flow rate
until the particle dispersion is satisfactory. The differential pressure that then can be
read is then set as the predetermined differential pressure for the apparatus 1 and for
the types of fluid F and particles P that were used.

The pressure sensing device 77 must not necessarily be a differential pressure
gauge. The pressure sensing device 77 may also have the form of two conventional
pressure meters that are connected to a respective pressure sensing interface 71, 72.
These pressure meters then indicate, e.g. to an operator, the differential pressure over
the apparatus since the operator may easily determine the differential pressure based
on the readings form the pressure meters. It is also possible to indicate the differential
pressure to a control system, for example by applying conventional electronic
communication techniques. The control system can then adjust, in dependence of the
measured pressure readings, i.e. in dependence of the differential pressure Ap, a flow

of the fluid F with the particles P that are introduced in the inlet 2 of the apparatus 1.
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With reference to Fig. 8 a method of dispersing the particles P in the fluid F is
illustrated. The method comprises introducing 701 the fluid F with particles P in the inlet
2 of the described apparatus 1, measuring 702 a differential pressure Ap over the inlet
2 and the outlet 3 of the apparatus 1, and adjusting 703, in dependence of the
measured differential pressure Ap, a flow of the fluid F with the particles P that are
introduced in the inlet 2. The apparatus 1 that is used for the method is the same as
described in connection with Figs apparatus 1-7. The adjustment 703 is performed until
a predetermined differential pressure Ap is obtained. In detail, the flow, or flow rate, of
the fluid F with the particles P, may be adjusted 703 by changing the speed of a pump
that feeds the fluid F with the particles P to the apparatus 1. A change in the pump
speed changes the pressure at inlet of the apparatus 1, which in turn changes the flow
(flow rate) of the fluid F with the particles P through the apparatus 1. The flow may also
be adjusted 703 by e.g. throttling a valve that controls the flow of the fluid F with the
particles P.

Fig. 9 shows an alternative embodiment of the apparatus 1 for dispersing
particles P in a fluid F shown in Figs. 1 and 2. The apparatus is basically the same as
the embodiment shown in Figs. 1 and 2, with only a few differences discussed below.

In this embodiment, the flow is reversed compared to the previous embodiment,
meaning that the inlet 2 is arranged where the outlet is arranged in the embodiment
shown in Fig. 2, i.e. at the top or apex of the triangular piping component, whereas the
outlet 3 is arranged where the inlet is arranged in the embodiment shown in Fig. 2, i.e.
at the center of the base of the triangle. Thus, the flow divider 10 for splitting the flow
into a first fluid stream F1 and a second fluid stream F2 is arranged at the apex, and
the internal collision zone 141 where the first fluid stream F1 and the second fluid
stream F2 meet and collide, is accordingly arranged at the outlet in the base.

Furthermore, when the flow is reversed as compared to the embodiment
discussed in relation to Figs. 1 and 2, the first nozzle 30 and second nozzle 40 are also
reversed. This means that the inlet 301 to the first nozzle, as well as the converging
section 32 and orifice 33, are arranged facing the inlet 2 at the apex, i.e. upstream of
the diverging section 36 as seen in the direction of the flow of fluid stream F1. The
diverging section 36 and outlet 302 are thus arranged facing angled elbow 123 of the
first fluid branch 11. Accordingly, second nozzle 40 is also reversed in a similar way, as
seen in Fig. 9.

Moreover, it is to be understood that when measuring a differential pressure

using pressure sensing device 77 in the embodiment of Fig. 9, the pressure at the inlet
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2 is measured using pressure sensing interface 72 whereas the pressure at the outlet
is measured using pressure sensing interface 71.

From the description above follows that, although various embodiments of the
invention have been described and shown, the invention is not restricted thereto, but
may also be embodied in other ways within the scope of the subject-matter defined in

the following claims.



CLAIMS

1. An apparatus for dispersing particles in a fluid, comprising:

a flow divider for receiving the fluid with the particles and for separating the fluid with the
particles into a first fluid stream with some of the particles and a second fluid stream with some
of the patrticles,

a first fluid branch for receiving the first fluid stream with some of the particles,

a second fluid branch for receiving the second fluid stream with some of the particles,

a branch joining section for receiving both the first fluid stream with the some of the
particles from the first fluid branch and the second fluid stream with the some of the particles
from the second fluid branch, the branch joining section having a collision zone at which the first
and second fluid streams collide,

a first nozzle arranged in the first fluid branch at a position between the flow divider and
the branch joining section and a second nozzle arranged in the second fluid branch at a position
between the flow divider and the branch joining section, the first nozzle comprising a first orifice
followed by a first fluid diverging section, the first orifice and the first fluid diverging section
increasing shear of the first fluid stream to improve dispersion of the some of the particles in the
first fluid stream:;

the second nozzle comprising a second orifice followed by a second fluid diverging
section, the second orifice and the second fluid diverging section increasing shear of the second
fluid stream to improve dispersion of the some of the particles in the second fluid stream; and

an apparatus outlet though which the first and second fluid streams which have collided

at the collision zone flow to exit the apparatus.
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2. An apparatus according to claim 1, wherein the first nozzle comprises an intermediate
flow section that is located between the first orifice and the first fluid diverging section, the

intermediate flow section having a constant cross-sectional area.

3. An apparatus according to claim 1, wherein the first nozzle comprises a fluid

converging section that converges towards the orifice.

4. An apparatus according to claim 1, wherein the first orifice comprises a central region
and a plurality of angularly spaced-apart, outer regions around the periphery of the central

region, so that a fluid flow through each of said outer regions develops a vortex flow pattern.

5. An apparatus according to claim 1, wherein the first nozzle is made of plastic and is

arranged inside the first fluid branch.

6. An apparatus according to claim 1, wherein the first nozzle comprises a
circumferential flange that abuts the first fluid branch so that the first nozzle is fixed relative the

first fluid branch, as seen in a direction of a flow of the first fluid.

7. An apparatus according to claim 1, wherein the first fluid branch and the second fluid
branch are positioned relative to each other to direct the first fluid stream and the second fluid
stream towards each other at an angle of 60° - 120°, so that the first and second fluid streams

meet in the collision zone by said angle.

8. An apparatus according to claim 1, wherein the first nozzle comprises an outer

elongated, cylindrical surface that abuts an inner surface of the first fluid branch.

9. An apparatus according to claim 1, wherein the first fluid branch comprises a first

clamp that is located at a position of the first fluid branch where an inlet of the first nozzle
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is located, and a second clamp that is located at a position of the first fluid branch where an

outlet of the first nozzle is located.

10. An apparatus according to claim 1, comprising a straight pipe section in which the
first nozzle is located, the straight pipe section being attached to the apparatus by a first clamp
and a second clamp.

11. An apparatus according to claim 1, comprising a first pressure sensing interface at

an inlet of the apparatus and a second pressure sensing interface at the outlet of the apparatus.

12. An apparatus according to claim 1, comprising a pressure sensing device for
indicating a differential pressure over the apparatus when the fluid is flowing through the
apparatus.

13. An apparatus for dispersing particles in a fluid, comprising:

an apparatus inlet into which is introduced the fluid with particles;

a flow divider that receives the fluid with the particles introduced into the apparatus inlet
and separates the fluid with the particles into a first fluid stream with some of the particles and a
second fluid stream with some of the particles;

a first fluid branch that is connected to the flow divider and that receives the first fluid
stream with the some of the patrticles;

a second fluid branch that is connected to the flow divider and that receives the second
fluid stream with the some of the patrticles;

a first nozzle positioned in the first fluid branch and comprising a first nozzle inlet through
which the first fluid stream with the some of the particles enters the nozzle and a first nozzle
outlet through which the first fluid stream with the some of the particles exits the first nozzle, the
first nozzle also comprising an orifice and a fluid diverging section that expands in size towards
the first nozzle outlet;

a second nozzle positioned in the second fluid branch and comprising a second nozzle
inlet through which the second fluid stream with the some of the particles enters the nozzle and
a second nozzle outlet through which the second fluid stream with the some of the particles
exits the second nozzle, the second nozzle also comprising an orifice and a fluid diverging

section that expands in size towards the second nozzle outlet;
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a branch joining section connected to the first fluid branch and the second fluid branch
for receiving both the first fluid stream with the some of the particles and the second fluid stream
with the some of the patrticles, the branch joining section including a collision zone at which the
first fluid stream with the some of the particles and the second fluid stream with the some of the
particles collide and are subjected to shearing to produce a sheared fluid stream in which the
particles are dispersed,;

an apparatus outlet through which the sheared fluid stream flows;

a first pressure sensing interface at the apparatus inlet that measures pressure at the
apparatus inlet;

a second pressure sensing interface at the apparatus outlet that measures pressure at
the apparatus outlet; and

a control system receiving information identifying a pressure differential between the
pressure measured at the apparatus inlet and the pressure measured at the apparatus outlet,
and controlling a flow of the fluid with the particles introduced to the apparatus inlet based on
the pressure differential so that pressure differential which produces a desired dispersion of the

particles in the fluid is achieved.

14. The apparatus for dispersing patrticles in a fluid according to claim 13, wherein the
second nozzle includes a fluid converging section that decreases in size away from second
nozzle inlet, an intermediate flow section of constant size larger than a size of the orifice in the
second nozzle, the intermediate flow section being positioned between the orifice of the second
nozzle and the fluid diverging section of the second nozzle, the orifice of the second nozzle
immediately following the fluid converging section of the second nozzle, the intermediate flow
section of the second nozzle immediately following the orifice of the second nozzle, the fluid
diverging section of the second nozzle immediately following the intermediate flow section of the

second nozzle.

15. The apparatus for dispersing particles in a fluid according to claim 14, wherein the
first nozzle includes a fluid converging section that decreases in size away from the first nozzle
inlet, an intermediate flow section of constant size larger than a size of the orifice in the first
nozzle, the intermediate flow section of the first nozzle being positioned between the orifice of
the first nozzle and the fluid diverging section of the first nozzle, the orifice of the first nozzle

immediately following the fluid converging section of the first nozzle, the
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intermediate flow section of the first nozzle immediately following the orifice of the first nozzle,
the fluid diverging section of the first nozzle immediately following the intermediate flow section

of the first nozzle.

16. An apparatus according to claim 15, wherein the orifice in both the first nozzle and
the second nozzle comprises a central region and a plurality of angularly spaced-apart, outer
regions around the periphery of the central region that have a greater radial outward extent than
the central region so that fluid flow through the outer regions produces a vortex flow pattern.

17. An apparatus according to claim 13, wherein the apparatus outlet is configured so

that the sheared fluid stream which flows through the apparatus outlet exits the apparatus.
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