
MIXING APPARATUS AND METHOD FOR MANUFACTURING AN
EMULSIFIED FUEL BACKGROUND The present invention
relates to a mixing device for manufacturing an
aqueous fuel, and more particularly to a specially
designed mixing device that creates a superior aqueous
fuel emulsion from a hydrocarbon fuel, water, and an
aqueous fuel emulsifier package. Recent fuel
developments have resulted in a number of aqueous fuel
emulsions comprised essentially of a carbon-based
fuel, water, and various additives, such as
lubricants, emulsifiers, surfactants, corrosion
inhibitors, cetane improvers, and the like. These
aqueous fuel emulsions may play a key role in finding
a cost-effective way for internal combustion engines
including, but not limited to, compression ignition
engines (i.e., diesel engines) to achieve the
reduction in emissions below the mandated levels
without significant modifications to the engines, fuel
systems, or existing fuel delivery infrastructure.
Advantageously, aqueous fuel emulsions tend to reduce
or inhibit the formation of nitrogen oxides (NOx) and
particulates (i.e., combination of soot and
hydrocarbons) by altering the way the fuel is burned
in the engine. Specifically, the fuel emulsions are
burned at lower temperatures than conventional fuels
due to the presence of water. This, coupled with the
realization that at higher peak combustion
temperatures more NOx are typically produced in the
engine exhaust, one can readily understand the
advantage of using aqueous fuel emulsions. As is well
known in the art, the constituent parts of such
aqueous fuel emulsions have a tendency to separate or
be unstable over time because of the different
densities or relative weights of the primary
components, as well as other factors including the
immiscibility of the compounds. As an example, middle
distillate hydrocarbon sources have a density of about
0.85 while water sources have a density of about 1.0.
Because the gravitational driving force for phase
separation is more prominent for larger droplets of
water, emulsions containing relatively smaller
droplets of water will remain stable forlonger periods
of time. Aqueous fuel emulsion breakdown or phase
separation is also influenced by how quickly the water
droplets coalescence,. or flocculate. The emulsion 



breakdown is also influenced by the environment in
which the aqueous fuel is subjected. Any breakdown in
the aqueous fuel emulsion can be extremely damaging if
not detected before use in combustion. Given the
microscopic nature of the suspended particles with the
discontinuous phase, aqueous fuel emulsions can look
acceptable to the naked eye but can actually be
considered unacceptable when subjected to quality
control standards to one skilled in the art.
Determining the amount of the emulsifier necessary for
creating a specific emulsion of a water source and a
hydrocarbon source can generally be calculated with
calculations common to the art based on material
densities, particle sizes of the discontinuous phase,
etc. Such measurements are typically summarized in a
particle distribution curve of the discontinuous
phase. It is commonly recognized that aqueous fuel
emulsions can be produced by mixing a liquid
hydrocarbon source, an emulsifier source, and a water
source. The art of making aqueous fuel emulsions
basically relates to three aspects: 1) The specific
chemistries of the aqueous fuel emulsifier; 2) The
specific sequences in which each of the ingredients
(or portions thereof) are mixed with the other
ingredients (or portions thereof); and 3) The specific
mechanical mixing procedures of the ingredients.
Chemistries for emulsifiers are generally composed of
surfactants or soaps, among other things, that
comprise a mixture of at least two components: one
that is predominantly hydrocarbon soluble and the
other that is predominantly water soluble so that the
surfactant is balanced such that the interfacial
tension between the hydrocarbon and water phases is
substantially zero. In other words, each of these
chemistries plays a critical role in breaking down the
surface tension between the oil and water so a bond
can form between the different molecules and to help
disperse the water particles (from attracting to each
other in the case of an oil phase). This is basically
completed through three different types of electrical
charged chemistries referred to as cationic (positive
charge), anionic (negative charge) and non-ionic
(neutral charge), or combinations thereof.In many
cases the emulsifier packages are designed to be
soluble in the discontinuous phase. The amount of the
emulsifier as a percent of the aqueous emulsified 



fuel will vary based on several factors which include
the type and amount of continuous and discontinuous
phase, the chemical composition of the emulsifier, and
the particle sizes of the discontinuousphase. While a
range of different sequences have been recognized, it
is generally understood that the principles of aqueous
fuel emulsions dictate that the emulsifier supply
should be mixed with the external phase of the aqueous
fuel emulsion first (or portions thereof) and then
with the discontinuous phase (or portions thereof)
second. For example, in the case of an oil-phased
emulsion, the emulsifier supply would be first mixed
with the hydrocarbon source before it is mixed with
the discontinuous phase of water. Conversely, in a
water-phased emulsion the emulsifier supply would be
first mixed with the water source (or portions
thereof) before it is mixed with the discontinuous
phase of hydrocarbon fuel (or portions thereof). In
the case where portions are premixed, the balance is
introduced at a subsequent point as the aqueous fuel
emulsion is manufactured. While there can be several
mixing stations during the emulsification process, a
highshear mixing stage is usually required when a
water source is mixed with a hydrocarbon fuel source.
Prior to the high-shear mixing, the various stages can
be mixed with less intense mixing devices, such as
in-line mixers or other common liquid agitators,
because the chemicals being mixed have relatively
compatible chemical properties. Because of the very
different chemical properties of water and oil,
significant amounts of mechanical energy are required
to reduce the discontinuous phase to sizes where they
can contribute to a stable aqueous fuel emulsion. To
date, high-shear mixers such as commercially available
rotor-stator units and ultrasonic devices have been
commonly referenced despite the fact that they were
designed and sold primarily for the emulsification of
non petroleum-related products such as foods products,
cosmetic products and chemical products. Several
related art references have disclosed specific high
shear devices for producing or blending a fuel
emulsion. For example, U.S. Patent No. 6,383,237 to
Langer discloses the use of a rotor-stator mixer, when
the hydrocarbon and water source are mixed, as does
U.S. Patent No. 5,873,916 to Cemenska. In both
patents, the use of the 



commercially available high shear devices from
well-recognized companies in the fluidagitation
industry as part of their multi-step and
multi-sequence fuel emulsion blending systems is
disclosed. Rotor stators basically provide shearing by
a combination of a spinning blade, flow forced through
a screen and/or a combination of both. Because the
particle size of the discontinuous phase is largely
determined by the shear rate of the high shear mixer,
it is common for the discontinuous phase to have a
wide range of particle sizes as a given portion is cut
with the blade, a different portion is forced through
a screen and another portion is subjected to both. To
compensate for this occurrence many high shear mixers
include dual or multiple staged rotor mixers or looped
circuits, which allow aqueous fuel ingredients to be
subjected to additional shear thereby increasing the
population of uniform dispersed phase particle sizes.
However, these additional high shear mixing devices or
looped systems are more expensive and less efficient
in terms of volume output, and are difficult to
control correctly. Despite the widespread use of high
shear mixers in the aqueous fuel emulsion industry as
well as other participants in the fluid agitation
industry, there is almost no fundamental basis by
which to theoretically predict o r experimentally
assess their performance. This fundamental is better
illustrated through a general review of the shear rate
and its calculation. Shear is a force that is applied
parallel to a surface, as illustrated in FIG. 1. The
forces are opposite as the square has to be in static
equilibrium. This shear tends to elongate a solid, and
in a liquid tends to create turbulence and eddies. The
shear formula that has been used for analysis of the
physical processes in making emulsified fuels is as
follows in FIG. 2 and Equation 1: Equation 1 Shear
force = VA u B gc Where: V is the velocity of the
moving plate A is the area of the plate u is the
viscosity of the fluid in question 



gc is the gravitational constant, 32.2 ft/sec B is the
separation distance between plates.This equation was
developed and is commonly used to determine the
viscosity of liquids by measuring the force created by
rotating a plate in the fluid of question. It is also
directly applicable to any situation where one plate
is moving in relation to another, such as in a colloid
mill. For flow between two surfaces, the physical
situation is as follows in FIG. 3 and Equation 2:
Equation 2 Shear force = 2 VA u B gc Where: V is the
velocity of the moving plate A is the area of the
plate u is the viscosity of the fluid in question gc
is the gravitational constant, 32.2 ft/sec B is the
separation distance between plates. Although the
linear velocity profile is an approximation (it is
known that the velocity profile is parabolic in
nature) it does provide a method for comparative
calculation. As shear is present on both plates, the
total shear force exerted on the fluid is about two
times that from Equation 1. One needs to recognize the
fact that these calculations are not precise, as there
are assumptions in their creation and in their
application. However, these calculations illustrate
the basic forces in fluid shear and can be used to
develop relative force values for different shear
modes. Due to the rather imprecise methods available
to calculate shear in commercially available unit
scale-up and operation of these high-shear units as a
component of a blending process of the aqueous fuel
emulsions is generally completed by trial and error.
Consequently, many of the commercial blending units
available for blending aqueous fuel emulsions are
configured around the limitations of the commercially
available high shear units. This is one of the reasons
the commercial aqueous fuel emulsion blending units 



require recirculation capabilities or multi-staged
shearing (despite their higher costs or impact on
lower capacity) to enable the water particles to be
reduced to the desired particle size.Because of
problems inherent with the commercially available high
shear mixing units such as the rotor stator, the
effectiveness of the shear mixing units can only be
varied by controlling the rate and frequency in which
the emulsion material is subjected to high shear
mixing. As stated above, the commercially available
units may not be capable of creating a consistently
uniform family of particle sizes of the discontinuous
phase in the most practical and cost effective manner.
This can create a fairly wide distribution curve for a
family of particle sizes of water and in most cases
creates a bi-modal curve. Having a consistent
discontinuous phase particle size is not only
important to create the foundation for a stable
emulsion but it is critical in determining the
required amount of emulsifier that is required.
Consequently, it would be desirous to have a mixing
system that creates a more uniform population of
particle sizes of the discontinuous phase. A narrower
particle distribution curve thereby creates an even
distribution of the emulsifier sources between
hydrocarbon source and the water source. SUMMARY The
present invention addresses the aforementioned
problems by incorporating a specially designed mixing
unit into a blending system and method for producing
aqueous fuel emulsions with consistently uniform
dispersed phase particle sizes with a relatively
inexpensive mixing device. Specifically, the present
invention relates to a specially designed mixing
device that creates an aqueous fuel emulsion from a
source of hydrocarbon fuel, a source of water, and a
source of said aqueous fuel emulsifier package by
incorporating a small area high velocity-mixing device
that produces the appropriate mixing environment for
the individual compounds to make an aqueous fuel with
relatively homogenous particle sizes of the
discontinuous phase. A mixing apparatus is disclosed.
The mixing apparatus comprises a mixing device having
a constant flow area. The mixing device is configured
to create a shearing environment. Another mixing
apparatus is disclosed. The mixing apparatus comprises
a fluid 



shear generator body having a first cavity with an
inlet having a predetermined flow area and a second
cavity with an outlet having a predetermined flow
area. The first cavity has an inlet configured to
receive liquids and the second cavity has an outlet
configured to couple the liquids mixed in the fluid
shear generator body. The mixing apparatus also
comprises a shear cone disposed between the first
cavity and the second cavity. The mixing apparatusalso
comprises a shear cone seat disposed between the first
cavity and the second cavity. The shear cone seat
matingly receives the shear cone and the shear cone
seat is parallel to an upper surface of the shear
cone. The mixing apparatus also comprises a control
stem integral with the shear cone. The control stem is
configured to adjust the shear cone. The control stem
is configured to control a gap between the shear cone
and a shear cone seat with the gap having a
predetermined flow area. Another mixing apparatus is
disclosed. The mixing apparatus comprises a disc body
having a first face and a second face opposite the
first face. The disc body has a disc wall disposed
between the first face and the second face. The mixing
apparatus also comprises at least one flow passage
extending through the disc body from the first face to
the second face. The at least one flow passage has a
constant flow area. The disc body is configured to
shear a fluid flowing through the at least one flow
passage. A method of producing aqueous fuel emulsions
with consistently uniform dispersed phase particle
sizes using a mixing apparatus is disclosed. The
method comprises disposing aqueous fuel emulsion
producing liquids into a mixing device. The mixing
device can be either mixing apparatus as discussed
above. The method also comprises flowing the aqueous
fuel emulsion-producing liquids through a constant
flow area of the mixing device. BRIEF DESCRIPTION OF
THE FIGURES Referring now to the figures, wherein like
elements are numbered alike: FIG. 1 is a prior art
figure illustrating shear force. FIG. 2 is a prior art
figure illustrating the shear formula used for
analysis of the physical processes in making
emulsified fuels between a moving surface and a
stationary surface; FIG. 3 is a prior art figure
illustrating the shear formula used for analysis of
the physical processes in making emulsified fuels
between two stationary surfaces; 



FIG. 4 is a schematic representation of an exemplary
manufacturing system for an aqueous fuel emulsion;
FIG. 5 is a cross section of an exemplary mixing
device; FIG. 6 is a frontal view of another exemplary
mixing device; and FIG. 7 is a side view of the
exemplary mixing device of FIG. 6.DETAILED DESCRIPTION
Those of ordinary skill in the art will realize that
the following description is illustrative only and not
in any way limiting. Other embodiments will readily
suggest themselves to such skilled persons. FIG. 4
illustrates a schematic representation of a
manufacturing system 10 for an emulsion. In the
preferred embodiment, the manufacturing system
operates at ambient conditions. The manufacturing
system 10 comprises a series of inlets for the raw
materials. For illustration purposes, inlet 12
provides a hydrocarbon fuel inlet 14 provides an
emulsifier package, and inlet 16 provides a source of
water and can be connected to the specially designed
mixing device 32 at an appropriate place. Inlets 12
and 14 provide a hydrocarbon fuel and an emulsifier
package, respectively, to a fuel pump 18 disposed at
the intersection of inlets 12 and 14 with lead 24. The
fuel pump 18 transfers the hydrocarbon fuel and the
emulsifier package to a mixing station pump 22 at a
selected flow rate. The hydrocarbon and emulsifier
package would flow at a rate of about 0.87 gallons per
minute (gpm) in an emulsifying system with a capacity
of about 1 gpm. A flow measurement device 30 is
adapted to control the flow of the hydrocarbon fuel
and emulsifier package mixture directed from the
mixing station pump 22 to the mixing device 32. Inlet
16 provides a source of water to a water pump 20
through lead 26. The water pump 20 directs the source
of water through a flow measurement device 28. The
flow of water is then transferred to the specially
designed mixing device 32 at a selected flow rate. The
water would flow at a rate of about 0.13 gpm in an
emulsifying system with a capacity of about 1 gpm.
After flowing through the flow measurement devices,
leads 24 and 26 direct the materials to the specially
designed mixing device 32. The materials may be
transferred 



using existing pumps (as illustrated), using
additional pumps (not shown), by gravity, or by other
methods known in the art. Following creation of the
emulsion, the emulsion can be used immediately after
manufacture or directed through a lead 34 to a holding
tank 36 for future use. The above-described blending
system is particularly suited for preparing a water
blend fuel or aqueous fuel emulsion. Specifically,
fuels such as hydrocarbon petroleum fuels, blends of
hydrocarbon petroleum fuels, blends of hydrocarbon
fuels with derivatives of bio mass, derivatives of
bio-mass, and other forms of calorific bearing
liquids. Thepreferred volumetric ratio of calorific
bearing liquid to water is about 50% to about 99% of
the total volume of the aqueous fuel emulsion. The
volumetric ratio of additives is less than about 1% to
about 5% of the total volume of the hydrocarbon fuel.
The fuel emulsion additives used in the above
description can be the following ingredients (or
combinations thereof) including surfactants,
emulsifiers, detergents, de-foamers, lubricants,
corrosion inhibitors, anti-freeze inhibitors such as
alcohol, and the like. A mixing device is disclosed.
The mixing device relies on a shearing environment
where the amount of mixing energy as defined by
Equation 2 is about equal at the beginning, middle and
end of the mixing geometry. By extending the amount of
area in contact with the ingredients, the process has
effectively increased the shear force by increasing
the variable A in Equation 2. With no moving parts
this consistent mixing rate is ensured so long as the
flow rates are maintained constant. In this example,
the velocity profile, the distance between the two
stationary plates, was designed based on the
particular flow rate of the system illustrated in FIG.
3. It is understood that the velocity profile or shear
forces could easily be increased or decreased based on
the desired volume output of the aqueous fuel blending
system. Similarly, the shear forces could be changed
by using any of a range of different environments
which provide a consistent environment for mixing such
as narrowing the space between the two surfaces or
bending the path o f flow. A method for manufacturing
an aqueous fuel emulsion is also disclosed. The method
comprises blending a flow of a liquid hydrocarbon fuel
with a flow of an emulsifier package and a flow of
water to form a first mixture. Next, the method
comprises directing the first mixture into a mixing
vessel and mixing the first mixture to form the
aqueous fuel emulsion. 



The mixing vessel incorporates the specially designed
mixing device, which relies on a shearing environment
where the amount of mixing energy as defined in the
shear rate is about equal at the beginning, middle and
end of the mixing process. FIG. 5 illustrates a
schematic representation of an exemplary mixing device
32. In the preferred embodiment, the mixing device 32
is a plastic or metal device. The mixing device 32 is
preferably a metal material that is non-corrosive to
the liquids encountered when utilizing the mixing
device 32. The mixing device 32 preferably operates at
ambient conditions. , With reference to FIG 5, the
mixing device 32 is composed structurally of a fluid
shear generator body 38 having two cavities 40, 42
that are open for the transfer of liquids through the
fluid shear generator body 38. The fluid shear
generator body 38 has an inlet 44in a first cavity 40
for the liquids to be passed into the fluid shear
generator body 38. The liquids pass through the first
cavity 40 to the second cavity 42 through a shear cone
46 and shear cone seat 48. The liquids are mixed and
passed through an outlet 50 of the second cavity 42 to
the end use or storage (not shown). Within the center
of the fluid shear generator body 38 between the first
cavity 40 and the second cavity 42, is the shear cone
46. The shear cone 46 is adjusted by the control stem
52 to control the distance (or gap) 54 between the
shear cone 46 and the shear cone seat 48. The shear
cone 46 and the shear cone seat 48 are designed such
that the gap 54, the distance between the shear cone
46 and the shear cone seat 48 are equal to the gap 56.
The height of the gap 54 may be varied by adjusting
the shear cone 46 with the control stem 50 by means of
a set-screw in a manual mechanism, and the like, or in
more automated versions with a hydraulic or pneumatic
pump (not shown), and the like. The size of the shear
cone 46, the shear seat 48, and the gap 54 is
dependent upon the flow rate of the liquids to be
processed in the fluid shear generator body 38. For
example, at a flow rate of about 1 gallon per minute
(gpm), the sheax cone 46 is about 0.15 inches in
height with a diameter of about 0.23 inches to about
0.31 inches. The shear cone 46 is sized such that when
the control stem 52 is adjusted to set the shear cone
46 in the shear cone seat 48 so that the shear cone 46
is completely flush with the upper surface 58 of the
shear cone seat 48. The shear cone seat 48 is always
parallel to the shear cone surface 60. 



FIGS. 6 and 7 illustrate a schematic representation of
another exemplary mixing device 32. In the preferred
embodiment, the mixing device 32 is a plastic or metal
device. The mixing device 32 is preferably a metal
material that is non-corrosive to the liquids
encountered when utilizing the mixing device 32. The
mixing device 32 preferably operates at ambient
conditions. The mixing device 32 illustrated in FIGS.
6 and 7 is composed structurally of a disc body 62
having a first face 64 and a second face 66. Between
the first face 64 and the second face 66 is a disc
wall 68. The disc body 62 has several flow passages 70
extending through the disc body 62 from the first face
64 to the second face 66. The flow passages 70 have a
constant flow area. The size of the disc body 62 and
flow passages 70, and the number of flow passages is
dependent upon the flow rate of the liquids to be
processed in the disc body 62. For example, at a flow
rate of 10 gpm, the disc body 62 can have 110 flow
passages 70 having a diameter of about 0.03 inches.
The disc body 62 can be about 1 inch thick. The size
of thedisc body 62 can be extended by making the disc
body 62 thicker or b y utilizing several disc bodies
stacked upon one another. Referring to FIGS. 5 and 6,
the mixing device 32 relies on a shearing environment
where the amount of mixing energy as defined in the
shear rate is about equal at the beginning (gap 54),
middle and end (or the gap 56) of the mixing process.
By extending the length of time the ingredients are
exposed to a consistent mixing environment, the
process has effectively increased the shear force by
increasing the variable V i n Equation 2. With no
moving parts, this consistent mixing rate is ensured
so long as the flow rates are maintained constant. In
FIG. 3, the velocity profile, the distance between the
two stationary plates, was designed based on the
particular flow rate of the system illustrated in FIG.
5. It is understood that the velocity profile or shear
forces could easily be increased or decreased based on
the desired volume output of the aqueous fuel blending
system. Similarly, the shear forces could be changed
by using any of a range of different environments that
provide a consistent environment for mixing. For
example, multiple tunnels could be introduced rather
than a single tunnel. This could increase the capacity
as well as the amount of mixing depending on various
factors well known to those in the art. 



Alternatively, the straight tunnels could be bent or
curved in a variety of ways to enhance the mixing
energy. The above-described apparatus can be used to
create an aqueous fuel emulsions with consistently
uniform dispersed phase particle sizes. Aqueous fuel
emulsion producing liquids are disposed into a mixing
device. Any of the mixing devices as discussed above
can be utilized. The aqueous fuel emulsion-producing
liquids are transported through a constant flow area
of the mixing device. The flowing of the liquids
through the mixing devices creates an aqueous fuel
emulsion having consistently uniform dispersed phase
particle sizes. Example 1 In this example, the Rotor
Stator Mixer used is a Silverson(tm) model 150 L with
a fine mesh screen (having a hole size of about 0.02")
powered by a 60 HZ motor at about 100%. The individual
ingredients and aqueous fuel emulsion were subjected
to recirculation within the rotor stator mixing five
times. At the end of each pass, a sample was taken for
measurement.The mixer used is illustrated in FIG. 5.
The individual ingredients and aqueous fuel emulsion
was moved at a rate of 1 gpm and the height of the gap
was about 0.03 in. The individual ingredients of the
aqueous fuel emulsion were subjected to the
specifically designed mixer mixing one time. A sample
from the first pass was taken for measurement. The
aqueous fuel emulsion was prepared under the general
method described previously with the constituents also
described. The particle sizes of the discontinuous
phase (or the water) were measured by an accoustizer.
Referring to Tables 1 and 2, the accoustizer provided
measurements of the water particles suspended for four
data points. The first data point is DlO, which
quantifies the percentage of particles under a given
micron size relative to the entire population of
discontinued particles. For example, 10% of the
particles measured will be less than the DlO reading
while 90% will be larger than the DlO reading. The
second data point is D50 which quantifies the
percentage of particles under a given micron size
relative to the entire population o f discontinued
particles. The third data point is D90, which
quantifies the percentage of particles under a given
micron size relative to the entire population of
discontinuedparticles. The fourth data point is the
mean of all the data points, which is the average size
of all particles measured. 



Table 1 Present dlO d50 d90 mean Invention Mixer Pass
1 0.1223 0.4935 1.9920 0.934The objective of this
example is to match the two mixing devices with an
equal amount of energy and shearing as best as could
be determined using the previously described formula
in Equation 2. The aqueous fuel emulsion product made
by the specifically designed mixing device had a mean
size that was generally smaller when compared to the
rotor stator shear mixing device with other variables
such as flow rate and temperature being constant. In
addition, the specifically designed mixer demonstrated
that a single pass is generally sufficient to achieve
particle sizes that are smaller when compared to
multiple passes of the other mixing devices. It is
believed although not confirmed that this relates to
the extended time in which the liquid is subjected to
mixing in the chamber. The specifically designed
mixing device involves less processing time and less
energy. Furthermore, the specifically designed mixing
device creates a more narrow population of particle
sizes, which will allow for a more efficient
distribution of the emulsifier package, as well as a
more stable aqueous fuel emulsion. Rotor stators
basically provide shearing by a combination of a
spinning blade, force through a screen and/or a
combination of both. Because the particle size of the
discontinuous phase is largely determined by the shear
rate of the high shear mixer, it is common for the
discontinuous phase to have a wide range of particle
sizes. Some of the particles are cut with the blade,
some of the particles are forced through a screen and
some of the particles are a combination. This is
demonstrated in Table 1, which illustrates the three
different shearing environments to which the water
source, the emulsifying package and liquid hydrocarbon
solutions are subjected. Additionally, it is believed
although not confirmed, that the larger variance in
the particle distribution curve as noted above
supports this notion. In fact, as the emulsified fuel
is re-circulated through the rotor stator the
population of larger particles generally becomes
smaller with each pass while the population 



of smaller particles remains relatively unchanged.
Consequently, it appears that the recirculation is
reducing the larger population of particles
disproportionately to the populations of smaller
particles. By way of example, the smallest population
of particles (or DlO) decreased by only about 12%
while the medium population (or D50) decreased by
about 20% and the largest population decreased by
about 27%. To compensate for this occurrence many high
shear mixers include dual and multiple-staged rotor
mixers or looped circuits, which allow emulsion
ingredients to be subjected to additional shear
thereby increasing the population of uniform water
particlesizes. This was proven in Example 1because
after one pass about 90% of the particles were about
4.5 microns or less but after five passes about 90% of
the particles were about 3.25 microns or less.
However, these additional high shear mixing devices or
looped systems are more expensive and less efficient
in terms of volume output and overall effectiveness in
reducing the particle size of the discontinuousphase.
The mixing apparatus of the present invention i s less
expensive to manufacture and operate. The simplicity
of the operation of the mixing apparatus is desirable
because there are no moving parts that can result in
costly failures of the apparatus. The resulting
emulsion is a more cost-effective and stable fuel.
While the invention has been described with reference
to an exemplary embodiment, it will be understood by
those skilled in the art that various changes may be
made and equivalents may be substituted for elements
thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the
teachings without departing from the essential scope
thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment disclosed
as the best mode contemplated for carrying out this
invention, but that the invention will include all
embodiments falling within the scope of the appended
claims.What is claimed is: 1. A mixing apparatus
comprising a mixing device having a constant flow
area, said mixing device configured to create a
shearing environment. 2. The mixing apparatus of Claim
1, wherein said shearing environment has a constant
mixing energy throughout said mixing device. 3. The
mixing apparatus of Claim 1, further comprising: 



a disc body having a first face and a second face
opposite said first face, said disc body having a disc
wall disposed between said first face and said second
face; and at least one flow passage extending through
said disc body from said first face to said second
face, said at least one flow passage having a constant
flow area; wherein said disc body is configured to
shear a fluid flowing through said at least one flow
passage. 4. The mixing apparatus of Claim 1, further
comprising: a fluid shear generator body having a
first cavity with an inlet having a predetermined flow
area and a second cavity with an outlet having a
predetermined flow area, said first cavity having an
inlet configured to receive liquids, said second
cavity having an outlet configured to couple said
liquids mixed in said fluid shear generator body; a
shear cone disposed between said first cavity and said
second cavity; a shear cone seat disposed between said
first cavity and said second cavity, said shear cone
seat matingly receives said shear cone, said shear
cone seat is parallel to an upper surface of said
shear cone; and a control stem integral with said
shear cone, said control stem configured to adjust
said shear cone, said control stem is configured to
control a gap between said shear cone and a shear cone
seat, said gap having a predetermined flow area. 5.
The mixing apparatus of Claim 4, wherein said
predetermined flow area of said inlet, said
predetermined flow area of said outlet, and said
predetermined flow area of said gap are the same. 6.
The mixing apparatus of Claim 4, wherein said
predetermined flow area of said inlet, said
predetermined flow area of said outlet, and said
predetermined flow area of said gap are constant. 7.
The mixing apparatus of Claim 4, wherein said
predetermined flow area of said inlet, said
predetermined flow area of said outlet, and said
predetermined flow area of said gap are equal.8. The
mixing apparatus of Claim 1, further comprising:
liquids flowing through said shearing environment to
create an emulsion. 9. A mixing apparatus comprising: 



a fluid shear generator body having a first cavity
with an inlet having a predetermined flow area and a
second cavity with an outlet having a predetermined
flow area, said first cavity having an inlet
configured to receive liquids, said second cavity
having an outlet configured to couple said liquids
mixed in said fluid shear generator body; a shear cone
disposed between said first cavity and said second
cavity; a shear cone seat disposed between said first
cavity and said second cavity, said shear cone seat
matingly receives said shear cone, said shear cone
seat is parallel to an upper surface of said shear
cone; and a control stem integral with said shear
cone, said control stem configured to adjust said
shear cone, said control stem is configured to control
a gap between said shear cone and said shear cone
seat, said gap having a predetermined flow area. 10.
The mixing apparatus of Claim 9, wherein the mixing
apparatus creates a shearing environment having a
constant mixing energy throughout said mixing device.
11. The mixing apparatus of Claim 10, wherein said
liquids flow through said shearing environment to
create an emulsion. 12. The mixing apparatus of Claim
9, wherein said predetermined flow area of said inlet,
said predetermined flow area of said outlet, and said
predetermined flow area of said gap are the same. 13.
The mixing apparatus of Claim 9, wherein said
predetermined flow area of said inlet, said
predetermined flow area of said outlet, and said
predetermined flow area of said gap are constant. 14.
The mixing apparatus of Claim 9, wherein said
predetermined flow area of said inlet, said
predetermined flow area of said outlet, and said
predetermined flow area of said gap are equal. 15. A
mixing apparatus comprising: a disc body having a
first face and a second face opposite said first face,
said disc body having a disc wall disposed between
said first face and said second face; and at least one
flow passage extending through said disc body from
said first face to said second face, said at least one
flow passage having a constant flow area;wherein said
disc body is configured to shear a fluid flowing
through said at 



least one flow passage. 16. The mixing apparatus of
Claim 15, wherein the mixing apparatus creates a
shearing environment having a constant mixing energy
throughout said mixing device. 17. The mixing
apparatus of Claim 16, wherein said fluid flows
through said shearing environment to create an
emulsion. 18. A method of producing aqueous fuel
emulsions with consistently uniform dispersed phase
particle sizes using a mixing apparatus, comprising:
disposing aqueous fuel emulsion producing liquids into
a mixing device, said mixing device comprising: a
fluid shear generator body having a first cavity with
an inlet having a predetermined flow area and a second
cavity with an outlet having a predetermined flow
area, said first cavity having an inlet configured to
receive liquids, said second cavity having an outlet
configured to couple said liquids mixed in said fluid
shear generator body; a shear cone disposed between
said first cavity and said second cavity; a shear cone
seat disposed between said first cavity and said
second cavity, said shear cone seat matingly receives
said shear cone, said shear cone seat is parallel to
an upper surface of said shear cone; and a control
stem integral with said shear cone, said control stem
configured to adjust said shear cone, said control
stem is configured to control a gap between said shear
cone and a shear cone seat, said gap having a
predetermined flow area; and flowing said aqueous fuel
emulsion-producing liquids through a constant flow
area of said mixing device. 19. The method of Claim
18, wherein the mixing apparatus creates a shearing
environment having a constant mixing energy throughout
said mixing device. 20. The method of Claim 18,
wherein said predetermined flow area of said inlet,
said predetermined flow area of said outlet, and said
predetermined flow area of said gap are the same. 



21. The method of Claim 18, wherein said predetermined
flow area of said inlet, said predetermined flow area
of said outlet, and said predetermined flow area of
said gap are constant.22. The method of Claim 18,
wherein said predetermined flow area of said inlet,
said predetermined flow area of said outlet, and said
predetermined flow area of said gap are equal. 23. A
method of producing aqueous fuel emulsions with
consistently uniform dispersed phase particle sizes
using a mixing apparatus, comprising: disposing
aqueous fuel emulsion producing liquids into a mixing
device, said mixing device comprising: a disc body
having a first face and a second face opposite said
first face, said disc body having a disc wall disposed
between said first face and said second face; and at
least one flow passage extending through said disc
body from said first face to said second face, said at
least one flow passage having a constant flow area;
wherein said disc body is configured to shear a fluid
flowing through said at least one flow passage; and
flowing said aqueous fuel emulsion-producing liquids
through said constant flow area of said mixing device.
24. The method of Claim 23, wherein the mixing
apparatus creates a shearing environment having a
constant mixing energy throughout said mixing device. 


