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ABSTRACT

A mixer for mixing multi-phase fluids with various
substances. The mixer includes a rotor with a plurality
of blades extending within a chamber through which the
multi-phase fluids and substances continuously flow
while being mixed. The chamber of the mixer includes a
single rib for generating turbulence and may be
eccentrically located with respect to the axis of

"rotation of the rotor. In addition, the rotor blades

and the rib may be separately angled with respect to the
axls of rotation of the rotor.
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MIXER FOR MIXING MULTI-PHASE FLUIDS

Field Of The Invention
The present invention relates to mixers for mixing
multi-phase fluids with various substances and, more
particularly, to such mixers which include a rotor with
a plurality of blades extending within a chamber through

which themulti-phase fluids and substances continuously
flow while being mixed.

Background Of The Invention
Mixers may be used in a broad range of applications

involving the mixing of fluids with other substances.
For example, in the chemical processing industry, mixers
may be utilized to homogenize and emulsify various
multi-phase fluids. In one particular application,
mixers are utilized to mix clay kaolin into water for
use in making a number of products including paper and
ceramics. In another application, mixers may be used to
mix oxygen with waste products to facilitate
biodegradation. In these processing systems, mixing is
executed on a batch-by-batch basis in large retention
tanks or towers. Since these methods require that a
batch of substances be isolated for a given period of
time while being mixed, either large numbers of
retention tanks are required or the overall output of
the processing plant 1is limited.

Mixers have also been used in the paper-making
industry to mix fibrous pulp slurries with bleaching
chemicals such as sodium or calcium hypochlorite,
chlorine gas, hydrogen dioxide, etc. Some paper
processing plants utilize continuous feed mixers to mix
chemicals into fibrous slurries on a continuous basis as
the slurries move through the processing system. These
previous mixers work with slurries or suspensions having
varying consistencies of wood pulp content, ranging from
less than 1% to nearly 20% by weight. Some of the
continuous feed mixers do not include moving parts but
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force the fibrous slurry and the mixing chemicals into
narrow passageways which include sharp corners causing
the direction of flow to change abruptly thereby
disrupting the fibrous suspension and chemicals and
causing them to mix. These types of mixers have been
utilized in most cases to mix chemicals with fibrous
slurries having consistencies in the lower range from
below 1% to 4% by weight.

At certain points in the paper-making process, or
at all points in certain processes, it can be
advantageous to maintain the suspension at a high
consistency. In such situations, it becomes more
difficult to properly mix the chemicals into the fibrous
slurry on a continuous basis. This is due to the
tendency of the fiber suspension to create flocs or
clumps of fibers at higher consistencies which
inherently entangle to form networks or structures. To
achieve a uniform distribution of chemicals in these
situations without lowering the consistency of the
fibrous suspension, the fibrous network must be
disrupted.

Previous continuous mixers for mixing chemicals

"with higher consistency fibrous suspensions impart

turbulence into the fibrous slurry and chemicals to
effect mixing. Examples of these earlier mixers are
shown in U.S. patents 3,887,429 and 3,559,957 and
Canadian patent 1,102,604. In each of these earlier
mixers, a rotor including protrusions along its outer
circumference rotates within a chamber having
protrusions which extended in an opposed direction. As
the rotor rotates, shear forces are generated between

~ the rotor protrusions and the chamber protrusions

thereby disrupting the network of the fibrous
suspension. In some of these earlier devices, the axis
of rotation of the rotor is parallel to the overall flow
of fibrous suspension and chemicals through the mixer.

In other mixers, the axis of the rotor is perpendicular
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to the overall flow of the substances through the
device. In either case, these earlier mixers focus on
imparting turbulence to the slurry in order to disrupt

the network and allow the chemicals to become mixed with
the fibrous suspension.

While the earlier mixers can successfully mix
chemicals into a fibrous slurry on a continuous basis,
they have certain drawbacks and deficiencies. One
important overall shortcoming of the prior mixers is
that they require a substantial amount of energy to
maintain an adequate rate of flow for a given degree of
mixing. In addition, the earlier mixers create a
substantial pressure drop across the mixer as measured
at the 1nlet and outlet. These inefficiencies among
others explained below lead to higher costs of
manufacture and operation and added complexity of
machinery, installation and service.

A specific shortcoming of the prior mixers is that
the rotating device, in generating shear forces alone,
requires a significant amount of power not contributing
to the flow of substances through the mixer or reducing
the pressure drop from the inlet to the outlet of the

- mixer. As a result, the pressure at the inlet of the

mixer must be maintained at a higher level for a given

outlet pressure. Consequently, a larger, more costly,

punp must be utilized upstream of the mixer in order to
maintain the higher inlet pressure.

Another related shortcoming of prior mixers arises
from the fact that each typically has a chamber with an
interior surface which is concentric with the axis of
rotation of the rotor. This concentricity does not
facilitate flow through the mixer while generating
turbulence. More specifically, the prior mixers include
protrusions symmetrically placed along the inner surface
of the casing such that substantially equal amounts of
turbulence are generated against the direction of the
overall flow of substances through the mixer as in the
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direction of flow. Consequently, the flow components
generated by the rotor element of the previous mixers
essentially cancel each other which results in a higher
overall resistance to flow through the mixer. Stated
another way, the rotation of the mixer’s rotor does
nothing to facilitate flow through the nmixer.

Another shortcoming of the prior mixers is that the
rotating device includes substantial structure located
directly in the overall flow path of the suspension
through the mixing chamber. More specifically, the
prior mixers include rotating elements having solid
cylindrical bodies with protrusions on their outer
surfaces and shafts extending through the chamber of the
mixer. Rather than merely facilitating the mixing of
the fibrous suspension with the chemicals, these prior
mixers present considerable resistance to the flow of
the substances through the mixer.

Yet another shortcoming of the prior mixers is that
the protrusions which extend from the continuous outer
surface of the rotating element only generate turbulence
with the protrusions on the inner surface of the casing.
The earlier mixers thus do not advantageously utilize
any interaction between the protrusions of the rotating
device. Consequently, the overall turbulence generated
by the mixer is limited and more power and more
structure is required.

Yet another shortcoming of the prior mixers is that
the shear forces are generated between protrusions which
are parallel to each other and with the axis of rotation
of the rotor. Consequently, the entire length of the
protrusions of the rotor and the chamber interact with
oﬁe another at the same time. Thus, the shear forces
generated by the interaction of the protrusions are
relatively concentrated in time rather than being
continuous and varying in nature.
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Summary of the Invention
Accordingly, a general object of the present

invention is to provide a continuous flow mixer for
mixing multi-phase fluids with substances which includes
a multi-bladed rotor for rotation within an eccentric
mixing chamber.

Another general object of the present invention is
to reduce the pressure drop across the inlet and outlet
of a continuous mixer during operation.

Yet another general object of the present invention
is to improve the level of mixing achieved by a
continuous feed mixer at a given flow rate.

Another object of the present invention is to
improve the turbulence generated by a continuous flow
mixer at a given speed of rotation.

Yet another general object of the present invention
is to improve the- enerqgy efficiency of a mixer for
multi-phase fluids.

The foregoing and other objects are, in the present
invention, embodied in an improved apparatus suitable,
for example, for mixing high consistency fiber
suspensions on a continuous basis with various other
substances such as bleaching chemicals. In the
preferred embodiment, the turbulence generating element
1s constructed with multiple blades which extend within
a mixing chamber defined by the inner surface of a
casing. Rather than having a solid or closed rotor
element with protrusions extending from its outer

surface, a mixer incorporating the present invention may

include an open rotor with a plurality of individual
blades providing surfaces for generating shear forces
while not presenting unnecessary resistance to flow of
substances through the mixer. A rotational element

- constructed in accordance with the present invention

offers the additional benefit that the individual blades
of the rotor are able to interact with one another
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during operation to generate additional shear forces
further facilitating mixing of the substances.

In accordance with one aspect of the present
invention, a casing 1is provided wherein its inner
surface defines a chamber which is eccentrically located
with respect to the axis of rotation of the rotor. 1In
accordance with this aspect of the invention, the inner
surface of the mixing chamber is disposed closer to the
blades of the rotor on one side than the other. Such a
chamber in accordance with the present invention may
have only a single rib for generating turbulence (i.e.,
disrupting the flow) rather than multiple protrusions
located symmetrically around the inner surface of the
mixing chamber. The rib may be located in the region
with the most clearance between the inner surface of the
chamber and the blades of the rotating element.

In accordance with another aspect of the present
invention, a rotor including extending blades may be
driven so that its blades are moving 1in substantially
the same direction as the overall flow of substances
from the inlet of the mixer to the outlet when such
blades pass the rib projecting from the inner surface of
the chamber. In accordance with the present invention,
when the blades of the rotor are moving in the arc of
the rotation counter to the overall flow of the
substances through the mixer, they are in close
proximity to the smooth and continuous inner surface of
the eccentric chamber. As such, the turbulence
generated by a mixer in accordance with the present
invention may be maintained in a manner which offers
lower resistance to the flow of the substances through
the mixer.

In accordance with yet another aspect of the

present invention, a rotor may be provided with multiple
blades which are angled or helically disposed with

respect to the rotor’s axis of rotation. In the
preferred embodiment, such blades are angled in the
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direction of rotation so that the distal portion of each
blade leads the remainder of the blade as 1t rotates. A
rotor with blades in accordance with the present i1nvention
generates additional turbulence in the chamber by among other
things imparting lateral or traverse movement to the
substances as they flow through the mixer. Consequently,
such a rotor produces greater turbulence while maintaining

energy efficiency.

In accordance with another aspect of the present
invention, the mixing chamber may be provided with a rib
angled with respect to the axis of rotation of the rotor,
rather than being parallel thereto. The rib may be angled 1in
accordance with the present invention so that 1t extends
generally in the same direction as each rotor blade as 1t
becomes substantially aligned with the rib. In the preferred
embodiment, the rib is at a greater angle than are the blades
of the rotor. Thus, the proximal end of each blade passes
the angled rib before its distal end. The interaction of the
blades and the rib, including the lateral forces, generates

additional shear forces which facilitate mixing.

In accordance with one aspect, the invention
provides a mixer for mixing at least two substances, said
mixer comprising: a mixer casing having an inlet and an
outlet, each having an opening and a center axlis which
extends axially through the center of the opening, said inlet
for receiving a stream of unmixed substances under pressure;
a motor, including a rotatable shaft, adapted to be mountable
on said mixer casing; a rotor mounted on saild rotatable shaft

for rotation about an axis of rotation and including a

plurality of elongated blades which extend at least partially
in a direction perpendicular to the center axis of said inlet

or said outlet:; and a mixing chamber housing said rotor and
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defined 1n part by an inner surface of said mixer casing,
sald 1nner surface having a contour which 1s in closer
proximity to salid blades on one side of said rotor than on a

generally opposite side of the rotor, said inner surface and

sald blades of said rotor thereby defining respective regions
of lesser and greater clearance between each other, said

mixing chamber further including an elongated rib protruding

from the inner surface of sailid mixer casing in said region of
greater clearance and extending at least partially in a
direction perpendicular to at least one of the center axis of

sald inlet and the center axis of saild outlet.

In accordance with another aspect, the invention
provides a mixer for mixing substances, said mixer
comprising: a mixer casing having an inlet and an outlet,
each having an opening and a center axis which extends

F

axially through the center of the opening, said inlet

receiving a stream of unmixed substances under pressure; a
mixing chamber defined in part by an inner surface of saild
mixer casing and in communication with said inlet for
receiving said unmixed substances from said inlet, said

mixing chamber including a fixed elongated rib protruding

from the inner surface of said mixer casing and extending at
least partially in a direction perpendicular to at least one
of the center axis of said inlet and the center axis of said
outlet; and an open rotor mounted on a shaft and rotatably
disposed within the mixing chamber, the shaft arranged
substantially perpendicular to the center axes of said inlet
and said outlet of said mixer casing and defining an axis of
rotation for said rotor, said open rotor including a
plurality of spaced blades, each blade extending at least
partially in a direction perpendicular to said stream of

unmixed substances, each blade also disposed radially outside

of and being spaced away from the axis of rotation such that
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a substantially completely open space is defined near the
axis of rotation of said rotor through which said stream of
unmixed substances may flow, said blades interacting with
sald elongated rib to generate turbulence within said mixing
chamber whereby said stream of unmixed substances is

substantially homogeneously mixed before moving into said

outlet of said mixer casing.

In accordance with a further aspect, the invention
provides a mixer for mixing substances, said mixer
comprising: a mixer casing having an inlet and an outlet,
each having an opening and a center axis which extends
axlially through the center of the opening, said inlet
recelving a stream of substantially unmixed substances under
pressure; a mixilng chamber defined in part by an inner

surface of said mixer casing and for receiving said unmixed

substances from said 1nlet, said mixing chamber including a
smooth and continuous region corresponding to said inner
surface and a fixed elongated rib protruding from said inner
surface which extends at least partially in a direction
perpendicular to at least on of the central axis of said

”

inlet and the center axis of said outlet; and an open rotor

mounted on a rotatable shaft and rotatably disposed within
the mixing chamber, the shaft arranged substantially
perpendicular to the central axes of said inlet and said

outlet of said mixer casing and defining an axis of rotation

for said rotor, said open rotor including a plurality of

spaced blades extending at least partially in a direction

perpendicular to said stream of unmixed substances, each
individual blade disposed radially outside of and being
spaced away from the axis of rotation such that a
substantially completely open space 1s defined near the axis
or rotation of said rotor through which said stream of

unmixed substances may flow, each individual blade
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interacting with said smooth and continuous region of said
mixing chamber while moving in a direction opposite the
overall flow of said substances from said inlet of said mixer
casing to said outlet, each individual blade also interacting
with said elongated rib while moving 1in a direction of the
overall flow of sailid substances to generate substantial
turbulence 1in said substances while tending to facilitate the

overall flow of substances through the mixing chamber.

Other objects and advantages wilill become apparent
from the following detailed description when taken 1n
conjunction with the attached drawings. Moreover, while the
invention will be described in connection with a certailn
preferred embodiment, it is not intended that the 1nvention
be limited to the specific embodiment but rather that 1t be
accorded a broad scope commensurate with the claims and
consistent with the prior art. For instance, while the
invention is described in connection with the mixing of
fibrous slurries with chemicals, the inventlon relates
generally to the mixing of any multi-phase, non-newtonian,
highly viscous fluid with other substances such as gases,

liquids or solids, or a combination thereof.
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Brief Description Of The Drawings
FIG. 1 1s a fragmentary top view of the preferred

embodiment of the invention, shown in partial cross
section;

FIG. 2 1s a partial top view of the same embodiment
of the invention as shown in FIG. 1, except that the
motor for the rotor is shown in partial cut away and the
casing has been partially removed:;

FIG. 3 is an rear elevational view of the inside of
the casing chamber after the rotor as shown in FIGS. 1-2
has been removed;

FIG. 4 is a partial bottom view of the casing and
mixing chamber depicting the angled rib, shown in cross
section;

FIG. 5 1s an upper left perspective view of the
casing and the mixing chamber wherein the chamber is
partially cut away.

FIG. 6 is a top perspective view of the mixer with
a partial cut away to show the mixing chamber and the
blades of the rotor;

FIG. 7 is a front cross-sectional view of the
preferred embodiment;

FIG. 8 1s a diagrammatic view of the outer
circumference of the blades as they rotate during
operation and a contour corresponding to the inner
surface of the mixing chamber.

Detailed Description Of The Preferred Embodiment

Referring to FIG. 1, there is shown a preferred
embodiment of the present invention in the form of a
mixer 10 including a rotor assembly 15 mounted to a
casing 20. The mixer 10 may be utilized at any point in
a processing system where the mixing of one or more
substances 1is desired on a continuous or discontinuous
basis. The mixer 10 is especially useful in mixing

- multi-phase, non-newtonian, highly viscous fluids with

gases, liquids and/or solids. In the preferred -
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embodiment, mixer 10 is utilized to mix chemicals with a
fibrous slurry on a continuous basis.

Generally, the mixer 10 is coupled at one end to a
feed line (not shown) and at the other to a discharge
line (not shown). The mixer casing 20 is made of a
sturdy material such as cast iron. The feed line is

mounted to the inlet flange 22 and the discharge line is
mounted to the outlet flange 24 by conventional means
such as bolts which fit within holes 25. In the
preferred embodiment, the substances to be mixed with
the fibrous slurry are injected into the line upstream
of the inlet 26 of the mixer 10 by conventional means.
As shown in FIG. 1, the collection of substances
including the fibrous slurry and chemicals flows into
the mixer 10 through inlet 26 where it is mixed in the
mixing chamber 28 and exits through outlet 30. The
mixer operates such that the solution exiting the mixer
10 is substantially homogenous in that the chemicals or
substances are substantially evenly dispersed throughout
the fibrous suspension. To facilitate such mixing, the
rotor assembly 15 includes a rotor 32 and a motor 34.
In the preferred embodiment, the motor 34 includes a

bearing frame and a frame adaptor of conventional

construction and placement. The motor 34 is mounted to
the mixer casing 20 by flange 36 and bolts 38. Removal
bolts 39 are provided for facilitating the separation of
the motor 34 from the mixer casing 20. It is noted that
other means of coupling the rotor assembly to the mixer
casing 20 such as welding may be used.

The rotor assembly 15 has a surface 40 formed 1in a
stepped configuration which substantially corresponds to

a receiving surface 42 of the casing 20. Although it 1is

not shown, a gasket may be provided between surfaces 40
and 42 to form a seal therebetween when the rotor
assembly 15 is mounted to the mixer casing 20.

The casing 20 includes an access port 46 on its
front panel. An access port cover 76, which may be of
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any sturdy construction such as steel, is mounted to the
mixer casing 20 by bolts 72 which screw into hole 70.
The access port cover 76 may be removed at appropriate
times to perform maintenance of the mixer 10 such as

changing the rotor 32. Where access to the mixing
chamber 28 is not required, the port cover 76 may be
welded to the casing 20 or the mixer casing 20 may be

cast as a single construction without a port 46.

In one embodiment, the port cover 76 is constructed
of transparent plexiglass. Consequently, an operator
can examine the interior chamber 28 of the mixer 10
during operation. As with the rotor assembly 15, the
viewling port cover 76 is provided with a gasket which
forms a seal with the surface of the mixer casing 20,
thereby preventing leakage of substances out of or air
into the mixer 10.

As shown in FIG. 2, the rotor 32 is mounted for
rotation on shaft 48 which is driven at predetermined
speeds. Any suitable motor 34 may be used to drive the
rotor 32. In the preferred embodiment, such a motor may
be utilized to drive the rotor 32 of the mixer 10 at
3600 rpm to mix chemicals with a 16% consistency fibrous
suspensioh at a rate of up to and including 2,000
gallons per minute (GPM).

The rotor 32 includes a plurality of blades 50
which extend from the proximal portion 54 of the rotor
32. In the preferred embodiment, the rotor 32 includes
three symmetrically spaced rotor blades 50. However, it
is contemplated that any number of blades could be
provided. Alternative embodiments might have as few as
a single blade or as many as desired while still
generating the turbulence required to mix the chemicals
and fibrous suspension. The blades 50 of the rotor 32
are angled with respect to the axis of rotation of the
rotor 32 in a substantially helical pattern. In the
preferred embodiment of the present invention, the
blades 50 are angled in the direction of rotation of the
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rotor 32 while maintaining their radial orientation.
Thus, the distal ends 52 of the blades 50 lead the
remaining portions of the blades as the rotor 32
rotates.

There are numerous blade configurations that are
within the scope of the present invention. For example,
it is contemplated that the angle of the blades 50 with
respect to the axis of rotation could vary
substantially. For example, the distal ends 52 of the
blades 50 could be angled so that they trail the
proximal portions 54 of the blades as the rotor 32
rotates. In another permutation, the blades 50 could be
formed substantially parallel to the axis of rotation of
the rotor 32. In still other variations, it is
contemplated that each of the blades 50 could have a
diamond (or other shape) cross section rather than a
rectangular cross section as shown. In yet another
variation, the blades 50 may be provided with serration

which may or may not correspond to serration on a rib 62
which is described in detail below in relation to FIGS.

3-5.

As shown in FIG. 2, rotor 32 includes repeller
vanes 56 which protrude from the rear surface of base
portion 58 of the rotor 32. The forward surface 40 of
the motor 34 includes a substantially flat area 60
directly outside of where the shaft 48 extends. The
radially extending repeller vanes 56 rotate in close
proximity with the flat area 60 so as to protect a seal
between the shaft 48 and the motor 34. The repeller
vanes 56 impart circular motion to any substances that
might enter the area between the rear surface of the
bése portion 58 of the rotor 32 and the flat area 60 of
the forward surface 40 of the motor 34. The centrifugal
forces caused by the circular motion force the
substances to move outwardly, thereby generating a low
pressure area centrally with respect to the vanes 56.
This iower pressure protects the seal between the shaft
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48 and the motor 34 by providing a low pressure

environment which is isolated from the pressure present
in the mixing chamber 28.

In addition to generating a low pressure area to
protect the seal between the shaft 48 and the motor 34,

the repeller vanes 56 also generate forces which help to
counteract the axial force on the rotor assembly 15. In

general, there 1is an imbalance of pressure along the
axis of the rotor assembly which leads to axial force

‘being placed on the bearings of the motor causing them

to wear prematurely. The low pressure zone generated by
the repeller vanes 56 tends to balance and equalize the
axial force.

FIGS. 3-5 show the mixer casing 20 from a variety
of views. As explained with respect to FIG. 1,
substances under substantial pressure are provided at
inlet 26 of the mixer 10, they move into the mixing
chamber 28 where they are mixed and leave the mixer 10
through outlet 30. Generally, there is a pump of some
form upstream of the mixer which pumps the substances to
the inlet 26. The pressure of the substances at the
inlet 26 is therefore determined by the upstream pump.
Any number of pumps suitable for pumping fibrous |
suspensions of the consistency to be mixed may be used
such as a centrifugal pump, a displacement pump, etc.

As shown in FIGS. 3-5, the mixing chamber 28 is
provided with a rib 62 which protrudes from the inner
surface of the casing 20. In the preferred embodiment,
the rib 62 extends diagonally across top portion of the
chamber 28 and 1s shaped so that its inner side 64 is
straight rather than curved like the inside surface of
casing 20. As a result, the rib 62 looks similar to a
half-moon when examined independently of the casing 20.
Referring momentarily to FIG. 7, it is shown that the
distance between the inner side 64 of rib 62 and the
outer contour of rotor 32 varies from one end of the rib
62 to the other. Thus, the shear forces generated
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between the blades 50 of the rotor 32 and the rib 62

vary as each blade passes, the maximum amount of shear
force being present when the clearance between the rib
and a particular blade 50 is at a minimum.

Although the inner side 64 of rib 62 is straight
and the rib 62 1s placed diagonally across the inner
surface of casing 20 in the preferred embodiment of the
invention, it is within the scope of the invention that
the rib 62 could take on any number of shapes and be
placed in a number of locations. For example, the inner
side 64 of rib 62 could be shaped to maintain a constant
or a varying distance from the blades 50 of the rotor
32. In an embodiment where the inner side 64 of rib 62
1s maintained at a constant distance from the blades 50,
the shear forces generated between the rib 62 and each
blade 50 as it passes are relatively constant. However,
in such an alternative embodiment, the shear forces do
not increase and decrease relatively gradually but begin
and end relatively abruptly.

In addition to the various shapes the rib 62 may
take on, it 1is also contemplated that its placement
could be altered. 1In particular, the angle of the rib
62 with respect to the axis of rotation of rotor 32 can
be modified. 1In one such alternative embodiment, the
rib 62 could be placed parallel to the axis of rotation
of the rotor 32. 1In such an embodiment, the shear
forces generated between an individual blade 50 and the
rib 62 would be more like a pulse rather than a gradual
increase and decrease. In another specific alternative,
the orientation of the rib 62 could be reversed so that
it extended diagonally across the inner surface of the
casing 20 in the opposite direction.

As further shown in FIGS. 3 and 5, the mixing
chamber 28 as defined by the inner surface of the casing
20 (not including the rib 62 or the inlet 26 and outlet
30) 1s non-circular. The non-circularity of the mixing
chamber 28 1s due to the lower surface 66 which extends
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from the inlet 26 to the outlet 30 with a substantially
greater radius of curvature than the upper surface. The
lower surface 66 is continuous with the inner contour of
the mixing chamber 28. Along this portion of the inner
surface of the casing 20, no rib is provided to interact
with the blades 50 of the rotor 32 to generate shear
forces. Consequently, a more stable flow is permitted
along the lower surface 66 as the blades 50 re-circulate
the substances. The lower surface 66, thus provides for
a greater forward circulation overall of the substances
toward the outlet 30 of the mixer 10.

FIG. 6 shows the interaction between a blade 50 and
the rib 62 as the blade 50 moves past the rib 62 during
operation of the mixer 10. As shown, the blade 50 is at
1ts closest point to the inner side 64 of the rib 62 and
thus the shear forces are the most intense in this
position. With regard to the orientation of the rib 62
and the blade 50, it is noted that they are each angled
in the same direction; however, the rib 62 is angled
slightly more than the blade 50 with respect to the axis
of rotation of the rotor 32. Thus, in addition to the
shear forces generated because of the circular motion
imparted to the substances by the blades 50, the angled
nature of the blades 50 imparts a lateral (with respect
to the overall flow of the substances into and out of
the mixer 10) component of motion which provides
additional shear forces. 1In that the blades 50 of the
rotor 32 are curved rather than just angled, the lateral
component of shear forces increases as the blade 50
moves further along the rib 62.

| It will be noted in regard to FIG. 6 that the
blades 50 move in a direction from right to left as they
pass the rib 62. Thus, the blades 50 of the rotor 32
urge the substances in the overall direction of flow
through the mixer 10 when the substantial turbulence is
generated. As shown in FIG. 7, the fibrous suspension
and the chemicals enter the mixer 10 through inlet 26.

et Lot o ol EE T
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As the substances reach the mixing chamber, the blades
50 of the rotor 32 urge the substances to flow in a
counterclockwise direction past the rib 62. As the
blades 50 pass the rib 62, substantial turbulence is
generated within the substances causing them to become
mixed. After the blade 50 passes the rib 62, some of
the now mixed substances move into the outlet 30 and out
of the mixer 10. A substantial amount of the mixed or

partially mixed substances are urged in a
‘counterclockwise direction around the bottom of the

mixing chamber 28. As the substances move past the
inlet, they pick up more unmixed substances. Then, as
before, the substances are moved past the rib 62 where
substantial turbulence causes them to mix. Repeating
the previous cycle, some of the mixture is delivered to
the outlet of the mixer while the remaining amount is
recirculated.

Some of the substances to be mixed pass through the
center of the mixing chamber 28. Those substances are
subjected to substantial shear forces and turbulence as
a result of the interaction of the blades 50. 1In
particular, the radially inner surfaces of the blades 50
interact with one another in the center area of the
mixing chamber 28 to generate substantial turbulence in
substances which are present. This added turbulence and
flow increases the efficiency of the mixer 10 by
lowering the resistance of the mixer 10 while increasing
the degree of mixing.

As is shown in FIG. 7, there is substantially more
clearance between the blades 50 of the rotor 32 and the
rib 62 than between the lower inner surface 66 of the
casing 20 and the blades 50. The area of separation
between the blades 50 and the rib 62 was chosen to
optimize the generation of shear forces and the
resulting turbulence. The close clearance between the
blades 50 of the rotor 32 and the lower surface 66 of
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the casing 20 was chosen to maximize recirculation while
presenting little resistance to flow.

FIG. 8 demonstrates the eccentric nature of the
mixing chamber 28 relative to the rotor 32 of mixer 10.
The circle defined by the radius r defines the outer

circumference of the rotor 32 as it rotates. The circle
defined by radius R relates to the overall location of
the mixing chamber 28. As is readily apparent, the
center of the circle relating to the rotor 32 is located
in line with the inlet 26 and outlet 30. On the other
hand, the center of the circle relating to the contour
of the mixing chamber 28 is displaced from the center
point of the rotor 32. Essentially, this drawing shows
that the overall flow path through the mixing chamber 28
is skewed towards the rib 62. Taken in the context of
the rotational dynamics described above, it can be seen
that the overall flow characteristics of the mixing
chamber 28 favor flow through the mixer 10. Thus, the
resistance of the mixer as measured as a pressure drop
across the inlet and outlet of the mixer has been
substantially diminished.

A direct consequence of the lowered pressure drop
across the mixer 10 is that the pressure required at the
inlet 26 of the mixer 10 may be less than previously
required. Thus, a substantial reduction in energy
consumption can be realized in a processing systen
incorporating the present invention. Therefore, the
overall costs are reduced while the efficiencies are
improved.

While the invention has been described in relation
to a preferred embodiment, it is to be understood that

there are numerous other possible structural

configurations. For example, while the placement of the
inlet 26 and the outlet 30 has been described in

connection with the preferred embodiment where the inlet

26 and outlet 30 are 1n line with each other, other
placements of the inlet 26 and outlet 30 are within the

- . -
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scope of the invention. In particular, embodiments are
contemplated where the center lines of the inlet 26 and
outlet 30 form an angle with each other rather than
being in line. 1In other alternatives, the inlet 26 may
be located in the front panel of the casing 20 where the
access port 46 is located as in the preferred
embodiment.

In another alternative, the inner contour of the
mixing chamber would be modified to more closely
correspond to the circle with the radius R in FIG 8. 1In
still other alternatives, the rotor assembly 15 would be
mounted off center and the mixing chamber would be
concentric with the circle with the radius r.

What is claimed is:
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CLAIMS:

1. A mixer for mixing at least two substances, said

mixer comprising:

a mixer casing having an 1nlet and an outlet, each
having an opening and a center axis which extends axially
through the center of the opening, said inlet for receilving a

stream of unmixed substances under pressure;

a motor, including a rotatable shaft, adapted to Dbe

mountable on said mixer casing;

a rotor mounted on said rotatable shaft for
rotation about an axis of rotation and including a plurality
of elongated blades which extend at least partially in a
direction perpendicular to the center axis of saild inlet or

said outlet; and

a mixing chamber housing said rotor and defilned in
part by an inner surface of said mixer casing, sald 1inner
surface having a contour which is 1in closer proximity to said
blades on one side of said rotor than on a generally opposite
side of the rotor, said inner surface and said blades of said
rotor thereby defining respective regions of lesser and
greater clearance between each other, said mixing chamber
further including an elongated rib protruding from the i1inner
surface of said mixer casing in said region of greater
clearance and extending at least partially 1in a direction
perpendicular to at least one of the center axis of said

inlet and the center axis of said outlet.

2. A mixer according to claim 1, wherein said blades
and said elongated rib interact within sald region of greater

clearance to generate turbulence whereby the stream of

1 =1 A MMM P I 1 3 0 10 -4 50T AR 4 A AN AR AR 5
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unmixed substances 1s substantially homogeneously mixed

before leaving said outlet.

3. A mixer according to claim 1, wherein salid mixing

chamber includes a center axis which is offset from the axis

of rotation of said rotor.

4, A mixer according to claim 1, whereln sailid motor
includes a bearing frame and a frame adaptor, said bearing

frame being coupled to said frame adaptor which 1s mounted on

sald mixer casing.

5. A mixer according to claim 4, whereiln said blades

of said rotor are symmetrically positioned with respect to

the axis of rotation of said rotor.

6. A mixer according to claim 1, wherein said inlet

and said outlet are coaxial.

7. A mixer according to claim 1, wherein the blades of
said rotor are spaced from one another and are spaced

radially from the axis of rotation of said rotor.

8 . A mixer according to claim 1, wherein said blades
of sad rotor are disposed radially outside of the axis of
rotation of said rotor and spaced from each other 1n an open

configuration.

9. A mixer according to claim 1, wherein each
individual blade of said rotor interacts with said elongated
rib to generate turbulence while each individual blade 1s
moving in the direction of overall flow of said substances
from said inlet to said outlet thereby tending to facilitate

the overall flow of substances through the mixing chamber.
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10. A mixer according to claim 1, wherein the inner
surface of saild mixer casing defining said region of lesser

clearance with saild rotor blades is smooth and continuous.

11. A mixer for mixing substances, said mixer

comprilising:

a mixer casing having an inlet and an outlet, each
having an opening and a center axis which extends axially
through the center of the opening, saild 1nlet receiving a

stream of unmixed substances under pressure;

a mixing chamber defined 1n part by an 1lnner
surface of said mixer casing and in communication with said
inlet for receiving said unmixed substances from saild inlet,
said mixing chamber including a fixed elongated rib
protruding from the inner surface of said mixer casing and
extending at least partially in a direction perpendicular to
at least one of the center axis of said inlet and the center

axis of said outlet; and

an open rotor mounted on a shaft and rotatably
disposed within the mixing chamber, the shaft arranged
substantially perpendicular to the center axes of sald inlet
and said outlet of said mixer casing and defining an axils of
rotation for said rotor, said open rotor including a
plurality of spaced blades, each blade extending at least
partially in a direction perpendicular to sald stream of
unmixed substances, each blade also disposed radially outside
of and being spaced away from the axis of rotation such that
a substantially completely open space is defined near the
axis of rotation of said rotor through which said stream of
unmixed substances may flow, said blades interacting with
said elongated rib to generate turbulence within said mixing

chamber whereby said stream of unmixed substances 1s
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substantially homogeneously mixed before moving into said

outlet of said mixer casing.

12. A mixer according to claim 11, wherein said blades

of sald rotor are symmetrically positioned with respect to

the axis of rotation of said rotor.

13. A mixer according to claim 11, wherein said blades
and sald elongated rib are angled with respect to the axis of

rotation of said rotor.

14. A mixer according to claim 13, wherein said blades

are formed in a substantially helical shape.

15. A mixer according to claim 13, wherein the angle of
said blades substantially matches the angle of said elongated
rib when said blades are substantially aligned with said

elongated rib.

16. A mixer according to claim 13, wherein the angle of
said elongated rib is greater than the angle of said blades
with respect to the axis of rotation of said rotor when sald

blades are substantially aligned with said elongated rib.

17. A mixer according to claim 13, wherein the angle of
said blades has the tendency to impart lateral movement to

said substances while imparting substantilial turbulence.

18. A mixer according to claim 11, wherein the spaced
blades of the rotating rotor define a circular contour, and
wherein the elongated rib includes a flat face facing the
rotor, whereby the clearance between each individual blade

and said elongated rib changes as each individual blade

passes said rib.
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19. A mixer according to claim 11, wherein said blades
of said rotor interact with one another to generate

substantial turbulence therebetween.

20. A mixer according to claim 11, wherein said inner
surface of said mixer casing defines an inner contour which
1s 1n closer proximity to sailid blades on one side of said

rotor than on a generally opposite side of the rotor.

21. A mixer according to claim 11, wherein said 1inner
surface of said mixer casing and saild rotor define regions of
lesser and greater clearance between each other, said
elongated rib protruding from the inner surface of sald mixer

casing in the region of greater clearance.

22 . A mixer according to claim 11, wherein each
individual blade of said rotor interacts with said elongated
rib to generate substantial turbulence in said substances

i

while each individual blade is moving in the direction of

overall flow of said substances from said inlet of said mixer

to sald outlet.

23. A mixer according to claim 22, whereiln each
individual blade, in interacting with said rib while moving
in the direction of the overall flow of said substances,
thereby tends to facilitate the overall flow of sald

substances through said mixing chamber.

24 . A mixer for mixing substances, said mixer

comprising:

a mixer casing having an inlet and an outlet, each
having an opening and a center axis which extends axially
through the center of the opening, said inlet receiving a

stream of substantially unmixed substances under pressure;

1NN 131 IRk v a4 RO MY 40 LT R IR ) Yo GAENEINRE 30 AR £ M MR BT e S P MY AEYUCRUMTLAMARIE FAPAARS LML T AR 4O 1 e

U CU M ad e UL 2106 =R aand s gt aats ‘.



77183-2 CA 02158522 2000-05-08

23

a mixing chamber defined in part by an inner
surface of said mixer casing and for receiving said unmixed
substances from saild inlet, said mixing chamber including a
smooth and continuous region corresponding to said inner
surface and a fixed elongated rib protruding from said inner
surface which extends at least partially in a direction
perpendicular to at least on of the central axis of said

inlet and the center axis of said outlet; and

an open rotor mounted on a rotatable shaft and

rotatably disposed within the mixing chamber, the shaft
arranged substantially perpendicular to the central axes of
said inlet and said outlet of said mixer casing and defining
an axis of rotation for said rotor, said open rotor including
a plurality of spaced blades extending at least partially 1in
a direction perpendicular to said stream of unmixed
substances, each individual blade disposed radially outside
of and being spaced away from the axis of rotation such that
a substantially completely open space 1is defined near the
axis or rotation of said rotor through which said stream of
unmixed substances may flow, each individual blade
interacting with said smooth and continuous region of said
mixing chamber while moving in a direction opposite the
overall flow of said substances from said inlet of saild mixer
casing to said outlet, each individual blade also interacting
with said elongated rib while moving in a direction of the
overall flow of said substances to generate substantial
turbulence in said substances while tending to facilitate the

overall flow of substances through the mixing chamber.

25. A mixer according to claim 24, wherein said 1nner
surface of said mixer casing is in closer proximity to sad
blades on one side of said rotor than on a generally opposite

side of the rotor.
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26. A mixer according to claim 25, wherein said inner
surface and saild blades of said rotor thereby define
respective regions of lesser and greater clearance between

each other, said elongated rib disposed in the region of

greater clearance between said rotor and said inner surface.

27 . A mixer according to claim 26, wherein said

elongated rib is formed integrally with said mixer casing.

28. A mixer according to claim 24, wherein said inlet

and sald outlet are coaxial.
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