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DESCRIPTION

APPARATUS, SYSTEM, AND METHODS FOR BLENDING CRUDE OILS

PRIORITY CLAIM

[0001] This application claims priority to U.S. Provisional Patent Application No.
61/834,801 filed June 13, 2013 which is incorporated here by reference in its entirety.

FIELD OF INVENTION

[0002] The present invention relates to a mixer for blending crude oils and, more
particularly, but not by way of limitation. to an extrusion mixer for blending heavy viscous

crude oil with a lighter crude oil.

BACKGROUND

[0003] Blending of different types of crude oils is a common process in the oil industry.
Such blending is done to achieve a number of goals, for example: (1) to reduce the size and
number of downstream process equipment by improving the viscosity and/or density
components of crude oil that must be processed; (2) to improve the pipeline transport
capacity of a heavy and/or viscous crude by mixing with a lighter, less viscous crude oil
so that the mixture has acceptable viscosity for pipeline transport; (3) to achieve certain
pipeline quality specifications, for example a crude oil that exceeds the pipeline
specification on elemental sulfur, total acid number (TAN) acid content can be mixed with
crude that is low in these components so that the mixture is kept below the pipeline
requirements; and/or (4) to achieve certain refinery quality specifications, a low quality
crude oil that is not acceptable can be mixed with a high quality one such that the mixture

fulfills such requirements and can be processed in the refinery.

[0004] Current systems for crude oil blending use either inline static mixers or dynamic
mixers for crude oil mixing. In general, the primary difference between static mixers and

dynamic mixers is that dynamic mixers require an external power source to drive the mixing.

[0005] Static mixers, such as the one depicted in FIG. 1, typically include one or more
mixing elements placed in the pipe downstream of the point at which the crude oils are
merged together into a single piping stream. Such mixers generally operate on the basis of
hydrodynamics where the mixing action is caused by energy created from pressure lost.

For low viscosity fluids, such mixers may be acceptable as the pressure loss over the mixer
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will be low or moderate, but where one or both of the oils have high viscosity, the pressure

loss over the mixer can be unacceptably large.

SUMMARY

[0006] The present mixers or mixing devices, systems, and methods can be configured to
mix heavy crude oils with lighter oils with a lower pressure drop or loss through the mixer
than has typically been possible with prior art static mixers, and/or without requiring

recirculation of mixed oils via pumping and re-injecting them upstream of the mixer.

[0007] The present embodiments can be configured to blend a heavy and/or more viscous
crude oil with a light and/or less-viscous crude oil. The present embodiments use an
unconventional static mixer design, having a pressure drop that is typically lower than prior
art static mixers, and permit a heavy, more-viscous crude oil to be introduced (e.g., extruded)
into a light, less-viscous crude oil by via a perforated portion of a dispersion member for a first
mixing step. In this step, for example, the heavy crude oil can be extruded as small
cylindrical “strips” into the light oil, distributed over a large portion of the pipe cross-

sectional area to facilitate dissolution of the heavy crude oil into the light crude oil.

[0008] In some embodiments, a second optional mixer may be placed downstream of the

first mixer to further ensure that the two crude oil fluids are homogenously mixed.

[0009] In some embodiments, a measuring station can be placed downstream of the
mixing stage(s), such as, for example, downstream of an optional second mixer. The
measuring station can be configured and/or used to measure physical parameters of the
mixture (e.g., density and/or viscosity) to ensure the quality of the mixture and/or, if
necessary, adjust the inlet flows of the crudes to the mixer to achieve a mixture with desired
properties. In case of multiphase flows (e.g., gas and/or water in oil) the measuring station
can be configured and/or used to isolate the non-oil components such that the physical
parameters of oil mixture can be measured. In some such embodiments, the measuring
station is disposed in close proximity to the mixer(s) (e.g., within 20, 15, 10, and/or fewer

feet), such as, for example, to reduce response time when adjustments are desired.

[0010] In some of the present embodiments, a basket-like insert having a perforated
portion is provided in a piping T-junction or T-element. The perforated portion of the insert

can include a number of holes of sufficient diameters to define an open area or total flow arca
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large enough so that the differential pressure from the inside to the outside of the pocket is

negligible (e.g., less than twenty, ten, or fewer percent of the inlet pressure).

[0011] Some embodiments of the present mixing devices (e.g., for mixing a first oil fluid
with a second oil fluid of a different viscosity and/or density) comprise: a body defining a
first inlet, a first outlet, and a first flow channel extending from the first inlet to the first
outlet, the body further defining a second inlet having a longitudinal axis that is disposed at a
non-parallel angle relative to a longitudinal axis of the first flow channel; and a dispersion
member configured to be coupled to the body such that a sidewall of the dispersion member
extends into the first flow channel with an upstream portion of the sidewall facing the first
inlet and a downstream portion of the sidewall facing the first outlet, the dispersion member
defining a second flow channel in fluid communication with the second inlet; where the
downstream portion of the sidewall extending into the first flow channel includes a perforated

portion.

[0012] In some embodiments of the present mixing devices, the dispersion member is
configured to extrude a second oil fluid from the second inlet through the perforated portion
into the first flow channel to mix with a first oil fluid having a lower viscosity and/or lower
density flowing in the first flow channel from the first inlet. In some embodiments, the
perforated portion includes a plurality of perforations. In some embodiments, the plurality
of perforations each includes a circular opening through the sidewall. In some embodiments,
the plurality of perforations each has a maximum transverse dimension and is spaced from at
least one other one of the plurality of perforations by a distance that is smaller than the
maximum transverse dimension. In some embodiments, the plurality of perforations
includes more than ten perforations. In some embodiments, the plurality of perforations
includes more than thirty perforations. In some embodiments, the plurality of perforations
have an open area that is greater than thirty percent (e.g., greater than fifty percent) of an
arca of the perforated portion. In some embodiments, the area of the perforated portion does
not differ from the cross-sectional area of the first flow channel by more than thirty percent
of the cross-sectional area of the first flow channel. In some embodiments, the plurality of
perforations have an open area that does not differ from the cross-sectional area of the first
flow channel by more than fifty percent (e.g., by more than thirty percent) of the cross-

sectional area of the first flow channel.

[0013] In some embodiments of the present mixing devices, the non-parallel angle is

between 70 degrees and 110 degrees. In some embodiments, the non-parallel angle is

-3-
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between 80 degrees and 100 degrees. In some embodiments, the upstream portion of the
sidewall extending into the first flow channel is not perforated. In some embodiments, the
second flow channel has a cross-sectional shape that is curved. In some embodiments, the
second flow channel has a cross-sectional shape that is circular. In some embodiments, the
dispersion member has an outer cross-sectional shape that is curved. In some embodiments,
the dispersion member has an outer cross-sectional shape that is circular. In some
embodiments, the body further comprises a second outlet in fluid communication with the

first flow channel.

[0014] Some embodiments of the present mixing devices (e.g., for mixing a first oil
fluid with a second oil fluid of a different viscosity and/or density) comprise: a body
defining a first inlet, a first outlet, and a first flow channel from the first inlet to the first
outlet, the body further defining a second inlet; and a dispersion member configured to be
coupled to the body such that a sidewall of the dispersion member extends into the first flow
channel with an upstream portion of the sidewall facing the first inlet and a downstream
portion of the sidewall facing the first outlet, the dispersion member defining a second flow
channel in fluid communication with the second inlet; where the downstream portion of the
sidewall extending into the first flow channel includes a perforated portion with a plurality of
perforations having an open area that does not differ from the cross-sectional area of the first

flow channel by more than thirty percent of the cross-sectional area of the first flow channel.

[0015] Some embodiments of the present systems comprise: an embodiment of the
present mixing devices; and a second mixing device coupled to the first outlet of the first

mixing device; where the second mixing device is different than the first mixing device.

[0016] Some embodiments of the present methods (e.g., for mixing two fluids having
different viscosities) comprise: introducing a second fluid into a second flow channel defined
by a sidewall of a dispersion member having an upstream imperforate portion and a
downstream perforated portion, such that the second fluid is extruded through the perforated
portion; where the dispersion member extends into a first flow channel having a first fluid
flowing through the primary channel, a longitudinal axis of the second flow channel is
disposed at a non-parallel angle relative to a longitudinal axis of the first flow channel, and
the viscosity and/or density of the second fluid is greater than the viscosity and/or density of

the first fluid.
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[0017] Some embodiments of the present methods (e.g., for mixing two fluids having
different viscosities) comprise: introducing a second fluid into the second flow channel of an
embodiment of the present mixing devices; where the viscosity and/or density of the second

fluid is greater than the viscosity and/ro density of the first fluid.

[0018] In some embodiments of the present methods, the first fluid flows through the first
flow channel at a first flowrate, the second fluid is introduced into the second flow channel at
a second flowrate, and the second flowrate does not differ from the first flowrate by more
than fifty percent of the first flowrate. In some embodiments, the second flowrate does not
differ from the first flowrate by more than thirty percent of the first flowrate. In some

embodiments, the first and second fluids each comprise crude oil.

[0019] The term “coupled” is defined as connected, although not necessarily directly, and
not necessarily mechanically; two items that are “coupled” may be unitary with each other.
The terms “a” and “an” are defined as one or more unless this disclosure explicitly requires
otherwise. The term “substantially” is defined as largely but not necessarily wholly what is
specified (and includes what is specified; e.g., substantially 90 degrees includes 90 degrees
and substantially parallel includes parallel), as understood by a person of ordinary skill in the

EE 1Y

art. In any disclosed embodiment, the terms “substantially,” “approximately,” and “about”
may be substituted with “within [a percentage] of” what is specified, where the percentage

includes .1, 1, 5, 10, and 20 percent.

[0020] Further, a device or system that is configured in a certain way is configured in at

least that way, but it can also be configured in other ways than those specifically described.

[0021] The terms “comprise” (and any form of comprise, such as “comprises” and

“comprising”), “have” (and any form of have, such as “has” and “having”), “include” (and

any form of include, such as “includes” and “including”), and “contain” (and any form of

contain, such as “contains” and “containing”) are open-ended linking verbs. As a result, an

apparatus that “comprises,” “has,” “includes,” or “contains” one or more elements possesses

those one or more elements, but is not limited to possessing only those elements. Likewise, a
» e

method that “comprises,” “has,” “includes,” or “contains” one or more steps possesses those

one or more steps, but is not limited to possessing only those one or more steps.

[0022] Any embodiment of any of the apparatuses, systems, and methods can consist of
or consist essentially of — rather than comprise/include/contain/have — any of the described

steps, elements, and/or features. Thus, in any of the claims, the term “consisting of” or
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“consisting essentially of”” can be substituted for any of the open-ended linking verbs recited
above, in order to change the scope of a given claim from what it would otherwise be using

the open-ended linking verb.

[0023] The feature or features of one embodiment may be applied to other embodiments,
even though not described or illustrated, unless expressly prohibited by this disclosure or the

nature of the embodiments.

[0024] Some details associated with the embodiments described above and others are

described below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The following drawings illustrate by way of example and not limitation. For the
sake of brevity and clarity, every feature of a given structure is not always labeled in every
figure in which that structure appears. Identical reference numbers do not necessarily
indicate an identical structure. Rather, the same reference number may be used to indicate a
similar feature or a feature with similar functionality, as may non-identical reference
numbers. The figures are drawn to scale (unless otherwise noted), meaning the sizes of the
depicted elements are accurate relative to each other for at least the embodiment depicted in

the figures.
[0026] FIG. 1 depicts a typical example of a prior art inline static type mixer.

[0027] FIG. 2 depicts a conceptual diagram of a side view of a first embodiment of the

present extrusion mixers.

[0028] FIG. 3 depicts a conceptual diagram of an end view of the first embodiment facing

an outlet port of the extrusion mixer.

[0029] FIGS. 4A depicts a perspective view of a second embodiment of the present

extrusion mixers.

[0030] FIGS. 4B and 4C depict side views of first inlet and first outlet ends, respectively,

of the second embodiment.

[0031] FIG. 4D depicts a side cross-sectional view of the second embodiment taken along

the line 4D-4D of FIG. 4C.

[0032] FIG. 5 depicts a crude blending system including the mixer of FIGS. 4A-4D.
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0033] FIGS. 2-3 depict conceptual diagrams of a first embodiment of the present
extrusion mixers or mixing devices. In the embodiment shown, heavy crude oil can be
introduced in the inlet arm of the branch connection of a T-clement that is connected to an
internal basket, while the light oil is introduced into a run arm of the T-element. The
arrangement 1s such that the basket is fully immersed in the light oil and the perforations or
holes in the basket are mainly oriented toward the common outlet end (opposite run arm) of

the T-element.

[0034] The operation of the mixer can be described as follows. The mixer is designed to
“extrude” the heavy oil into the light oil through a number of holes in the basket. This basket
is immersed in the light oil stream, and thereby the heavy oil is well distributed into the
light oil stream immediately, producing a large surface contact arca between the extruded
heavy oil and the light oils flowing through the run arm of the T-element. This helps the
heavy oil to quickly dissolve into the light oil. The light oil is directed around the outside of
the basket between the basket and the interior of the T-element wall toward the center of the

outlet run arm, increasing the mixing action between the two oils.

[0035] FIG. 3 illustrates the outlet port of the extrusion mixer through which the heavy
crude oil is extruded. The mixing ratio between the two crudes can simply be adjusted

by control valves upstream the mixing element (not shown in the figures).

[0036] FIGS. 4A-4D depict various views of a second embodiment 10 of the present
extrusion mixers or mixing devices. In the embodiment shown, mixer 10 comprises a body
14 that has the shape of a T-element. In this embodiment, body 14 defines a first inlet 18, a
first outlet 22, and a first flow channel 26 extending from the first inlet to the first outlet. In
the embodiment shown, body 14 further defines a second inlet 30 that is directly or indirectly
in fluid communication with the first flow channel (e.g., via a dispersion member, such as is
described below). In this embodiment, second inlet 30 has a (e.g., central) longitudinal axis
34 that is disposed at a non-parallel angle 38 relative to a (e.g., central) longitudinal axis 42
of the first flow channel. Angle 38 is shown substantially perpendicular but may, in other
embodiments, be between 70 degrees and 110 degrees (e.g., between 80 degrees and 100
degrees and/or between 85 and 95 degrees). In this embodiment, axis 34 and axis 42 are
substantially co-planar. In other embodiments, axis 34 and axis 42 need not be co-planar as

long as axes 34, 42 are arranged to permit the functionality described in this disclosure.
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[0037] In the embodiment shown, mixer 10 further comprises a dispersion member 46
configured to be coupled to body 14 such that a sidewall 50 of the dispersion member extends
into first flow channel 26 with an upstream portion 54 of the sidewall facing or oriented
toward first inlet 18 and a downstream portion 58 of the sidewall facing or oriented toward
first outlet 22. In this embodiment, dispersion member defines a second flow channel 62 in
fluid communication with second inlet 30. For example, as shown, second flow channel 62
extends through second inlet 30 and is also in indirect fluid communication with second inlet
30 via first flow channel 26. While dispersion member 46 defines second flow channel 62 to
extend through second inlet 30 in the depicted embodiment; in other embodiments, second
flow channel 62 need not extend all the way through the second inlet. In some embodiments,
second flow channel 62 has a cross-sectional shape that is curved (e.g., circular, as shown).
In the embodiment shown, dispersion member 46 may be described as basket-like as it
resembles that shape of a basket having an open lower end. In other embodiments, the lower

end of dispersion member 46 may be partially or entirely closed.

[0038] In the embodiment shown, downstream portion 58 of the sidewall that extends
into first flow channel 26 includes a perforated portion 66. In this embodiment, dispersion
member 46 is configured to extrude a second (e.g., higher-viscosity and/or higher-density) oil
fluid from (i.e., entering body 14 through) second inlet 30 through perforated portion 66 into
first flow channel 26 to mix with a first oil fluid having a lower viscosity and/or lower
density flowing in the first flow channel from (i.e., entering body 14 through) first inlet 18.
For example, in the embodiment shown, upstream portion 54 of sidewall 50 is imperforate
(not perforated) and is substantially solid such that a first fluid flowing into the first flow
channel via first inlet 18 must flow around dispersion member 46, increasing velocity of the
first fluid and creating turbulence downstream of dispersion member 46 to assist with mixing
with a second fluid that can be extruded through perforated portion 66 of extrusion member
46. In some embodiments, dispersion member 46 has (e.g., sidewall 50) defines an outer
cross-sectional shape that is curved (e.g., circular, as shown), such as, for example, to reduce
or minimize turbulence upstream of and in the vicinity of upstream portion 54 of dispersion

member 46.

[0039] In the embodiment shown, perforated portion 66 includes a plurality of
perforations 70 (e.g., each including a circular opening through sidewall 50, as shown). In
general, the relationship between the open area of perforations 70 and the cross-sectional

area of primary flow path 26 will affect pressure drop of fluid flowing through or across
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mixer 10 (between first inlet 18 and first outlet 22). For example, for substantially equal
flow rates of first and second fluids into first inlet 18 and second inlet 22, the closer the ratio
of the open area of perforations 70 to cross-sectional area of first flow channel, the smaller
the pressure drop across the mixer will be. The open area of perforations 70 (the aggregate
open area of all perforations) can be adjusted by varying the size and number of perforations
70, provided that structural integrity of dispersion member 46 and sidewall 50 should be
maintained. For example, in the embodiment shown, each perforation 70 has a maximum
transverse dimension (e.g., diameter for the circular perforations of this embodiment) and is
spaced from at least one other one (e.g., multiple ones) of the other perforations 70 by a
distance that is smaller than the maximum transverse dimension (diameter). Stated another,
cach perforation 70 is wider than the distance to the one or more of the nearest other
perforations 70. In the embodiment shown, the plurality of perforations 70 includes more

than ten perforations (e.g., more than thirty perforations).

[0040] In the embodiment shown, perforated portion 66 has an area that can be defined
by the area enclosed by the smallest polygon that circumscribes all of perforations 70, such
that the open area of perforations 70 can be described relative to the area of perforated
portion 66. For example, in some embodiments, perforations 70 have an open area that is
greater than thirty percent (e.g., greater than fifty percent, as shown) of the area of
perforated portion 66. The area of perforated portion 66 and/or the open area of perforations
70 can also be defined with reference to the cross-sectional area of first flow channel 26.
For example, in some embodiments, such as the one shown, the area of perforated portion 66
does not differ from the cross-sectional area of first flow channel 26 by more than thirty
percent of the cross-sectional area of the first flow channel (e.g., the area of perforated
portion 66 is not less than 70 square inches, and not more than 130 square inches, for a first
flow channel with a cross-sectional area of 100 square inches). By way of further example,
in some embodiments, such as the one shown, perforations 70 have an open area that does
not differ from the cross-sectional area of first flow channel 26 by more than fifty percent of
the cross-sectional area of the first flow channel (e.g., the open area of perforations 70 is not
less than 50 square inches, and not more than 150 square inches, for a first flow channel
with a cross-sectional area of 100 square inches). In some embodiments, perforations 70
have an open area that does not differ from the cross-sectional area of first flow channel 26
by more than thirty percent of the cross-sectional area of the first flow channel. With these

and other variations of number, size, and/or shape of perforations 70, the open area provided
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by perforations 70 can be adjusted and, thus, the pressure drop across mixer 10 can also be

adjusted (e.g., reduced, which is likely to be desirable in many applications).

[0041] In most embodiments, dispersion member 46 is configured to extend a majority
of the distance across first flow channel 26 to, in use, distribute extruded fluid across a
majority of at least one transverse dimension of (e.g., diameter, for the depicted circular
cross-sectional shape shown for) first flow channel 26. For example, in the embodiment
shown, a lower end 74 of dispersion member 46 extends to within 0.5+0.5 inch (e.g.,
0.5+0.25 inch), of an interior surface 78 of body 14 that defines first flow channel 26. In
this embodiment, lower end 74 is also contoured to match the contour of the nearest portions
of surface 78 such that a gap, if provided as in the depicted embodiment, is substantially

constant across the perimeter of the lower end of dispersion member 46, as shown.

[0042] In some embodiments, such as those with a gap between the lower end of
dispersion member and surface 78, dispersion member 46 and/or body 14 are further
configured to resist rotation of dispersion member 46 relative to body 14 (e.g., to maintain
the orientation of dispersion member 46 such that perforated portion 66 is substantially
centered around axis 42). For example, in the embodiment shown, a guide bar 82 extends
upward from (e.g., is coupled via a weld to) surface 78, and lower end 74 of dispersion
member 46 defines one or more notches 86 (e.g., two notches 86 on opposing sides of the
dispersion member) configured to receive bar 82 when the dispersion member is coupled to

body 14, as shown.

[0043] In various embodiments, mixer can be configured to be removably coupled to
various other conduits and/or components of various systems (e.g., crude oil mixing and/or
treatment systems). For example, in the embodiment shown, body 14 comprises a first inlet
flange 90 through which first inlet 18 is defined, a first outlet flange 94 through which first
outlet 22 is defined, and a second inlet flange 98 through which second inlet 30 is defined.
Flanges 90, 94, and 98 can each be of known construction in which a plurality of bolt holes
are provided around the circumference of flange to connect the flange to a similar flange of
another component. In other embodiments, the flanges may take any form that permits
connection of mixer 10 to conduits or other components, or the flanges may be omitted
entirely body 14 may be directly welded to conduits and/or other components at one or all of
first inlet 18, first outlet 22, and second inlet 30. In some embodiments, flange 98 is
configured to cooperate with dispersion member 46 and an adjacent flange to secure

dispersion member 46. For example, in the embodiment shown, dispersion member 46

-10 -
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comprises a flange 102 secured (e.g., via a weld) to an upper end of sidewall 50 and
configured to be pinched or compressed between flange 98 and a flange of an additional
component that is secured to flange 98. In some embodiments, a gasket 106 can be disposed
between flange 102 of the dispersion member and flange 98 of the body, and/or between

flange 102 and the flange of the additional component that is secured to flange 98.

[0044] In the embodiment shown, body 14 further comprises a second outlet 110 in
communication with first flow channel 26. In this embodiment, second outlet 110 is disposed
on a lower side of the first flow channel such that second outlet 110 can serve as a drain, such
as, for example, for cleaning and/or maintenance of the mixer. In the embodiment shown,
body 14 includes an additional flange 114 through which second outlet 110 is defined.
Flange 114 is similar to flanges 90, 94, 98, with the exception that flange 114 will be smaller
in most embodiments because second outlet 110 will typically be blocked during use. For
example, a valve can be coupled to second outlet 110 (e.g., via flange 114 and/or an
intervening conduit), and the valve can normally be kept closed to prevent flow through

second outlet 110.

[0045] The dimensions of mixer 10 can be adjusted for various embodiments and
applications. For example, in the depicted embodiment that is adapted for mixing crude oils,
the first inlet 18, first outlet 22, and second inlet each has a nominal inner diameter of 12
inches (e.g., 12+0.5 inches), dispersion member 46 defines second flow channel 62 with a
nominal inner diameter of 9 inches (e.g., 9£0.5 inches), and second outlet 110 has a nominal
inner diameter of 4 inches (e.g., 4£0.5 inches). Other embodiments can have any suitable

dimensions that permit the functionality described in this disclosure.

[0046] FIG. 5 depicts a crude blending system 150 including mixer 10. In this
embodiment, system 150 also comprises a second mixer or mixing device 154 coupled to first
outlet 22 of mixer 10. While shown directly coupled, mixer 10 and mixer 154 can also be
indirectly coupled, such as, for example, via an intervening conduit. In the embodiment
shown, mixer 154 is different than mixer 10. Mixer 154 may, for example, include a known
static mixer (e.g., a ProMix Mixer, offered by ProSep, Inc. of Houston, Texas). In other
embodiments, mixer 154 can include other types of static mixers or dynamic mixers. In the
embodiment shown, system 150 further comprises a measuring station 158 downstream of
mixers 10, 154. Measuring station 158 can comprise various sensors and controllers (e.g.,
processor, programmable logic controller (PLC), and/or the like) can be configured and/or

used to measure physical parameters of the (e.g., density and/or viscosity) of the mixture to
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ensure the quality of the mixture and/or, if necessary, adjust the inlet flows of the crudes to
mixer 10 to achieve a mixture with desired properties. In some embodiments, the measuring
station is disposed in close proximity to the mixer(s) (e.g., within 20, 15, 10, and/or fewer
feet), such as, for example, to reduce response time when adjustments are desired. In some
embodiments, the controller(s) of measuring station 158 is configured to actuate an inlet
valve 162 (which controls flow to first inlet 18 of mixer 10) such that the flow of light and/or
lower-viscosity crude to mixer 10 can be automatically adjusted responsive to the properties
of the mixture measured by measuring station 158. In other embodiments, the measuring
station can be configured to actuate a valve to control the flow of fluid to second inlet 30 of
mixer 10 such that the flow of heavy and/or higher-viscosity crude to mixer 10 can also be

adjusted.

[0047] Some embodiments of the present methods (e.g., for mixing two fluids having
different viscosities) comprise: introducing a second fluid (e.g., a heavy crude oil) into a
second flow channel (e.g., 62) defined by a sidewall (e.g., 50) of a dispersion member (e.g.,
50) having an upstream imperforate portion (e.g., 54) and a downstream perforated portion
(e.g., 58) , such that the second fluid is extruded through the perforated portion. In such
embodiments, the dispersion member can extend into a first flow channel (e.g., 26) having a
first fluid (e.g., a light crude oil) flowing through the primary channel. In some such
embodiments, a longitudinal axis of the second flow channel is disposed at a non-parallel
angle relative to a longitudinal axis of the first flow channel. Some such embodiments use an
embodiment of mixer 10. In some embodiments of the present methods, the first fluid flows
through the first flow channel at a first flowrate, the second fluid is introduced into the
second flow channel at a second flowrate, and the second flowrate does not differ from the
first flowrate by more than fifty percent of the first flowrate (e.g., for a first flowrate of 100
gallons per minute (gpm), the second flowrate would not be less than 50 gpm and not more
than 150 gpm). In some embodiments, the second flowrate does not differ from the first

flowrate by more than thirty percent of the first flowrate.

[0048] The advantages of the mixing principle or approach utilized in the present mixing
devices, systems, and methods can include, for example, any one or more of the following
benefits and advantages. First, the construction is very simple, rugged and low-cost to make
(relative to prior art static mixers). Second, the mixer allows the heavy oil to have very
high viscosity (several thousand cP) without requiring a large differential pressure for

injecting and mixing the heavy oil into the light oil. Third, a very large surface contact arca
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is produced by extruding the heavy oil into the light oil, which allow mixing to occur by
dissolving the heavy oil into the light oil. This happens because the light hydrocarbon
components in the light oil will act as a solvent for the heavy oil, and a large part of the
mixing action is derived from this dissolving process rather than by mixing action caused
by fluid-dynamic phenomena (turbulent eddies, shear flow etc). In contrast, mixing via
turbulence/shear requires a significant pressure loss when one or both of the fluids are very
viscous (> 50-200 cP), such that the pressure drop through the present mixers can be
significantly lower than prior art static mixers. Fourth, turbulence or turbulent energy is
generated by directing the lighter oil around the outside of the basket or dispersion element
between the basket and the interior T-element wall as the lighter oil flows toward the center
of the exit port. Fifth, the reduced pressure drop through the present mixing devices allow
the present mixing devices to be coupled to one or more additional downstream mixing
devices without creating an unacceptably large pressure drop across an overall mixing
system. Sixth, the present mixing devices allow two fluids of similar flow rates to be
effectively mixed, which contrasts with many known mixer designs in which the flowrate of

one of two fluids must be much smaller than the flowrate of the other fluid.

[0049] The present mixing devices can also be used in applications other than those for
crude-oil blending in which a first fluid is mixed with a second fluid of lower viscosity and/or
lower density than the first fluid. The present mixing devices are particularly well suited for
such other applications that involve a blending fluids to adjust physical properties (e.g.,

where one fluid can act as a solvent for the other fluid).

[0050] The above specification and examples provide a complete description of the
structure and use of illustrative embodiments. Although certain embodiments have been
described above with a certain degree of particularity, or with reference to one or more
individual embodiments, those skilled in the art could make numerous alterations to the
disclosed embodiments without departing from the scope of this invention. As such, the
various illustrative embodiments of the methods and systems are not intended to be limited to
the particular forms disclosed. Rather, they include all modifications and alternatives falling
within the scope of the claims, and embodiments other than the one shown may include some
or all of the features of the depicted embodiment. For example, elements may be omitted or
combined as a unitary structure, and/or connections may be substituted. Further, where
appropriate, aspects of any of the examples described above may be combined with aspects

of any of the other examples described to form further examples having comparable or
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different properties and/or functions, and addressing the same or different problems.
Similarly, it will be understood that the benefits and advantages described above may relate

to one embodiment or may relate to several embodiments.

[0051] The claims are not intended to include, and should not be interpreted to include,
means-plus- or step-plus-function limitations, unless such a limitation is explicitly recited in a

given claim using the phrase(s) “means for” or “step for,” respectively.
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CLAIMS

1. A mixing device for mixing a first oil fluid with a second oil fluid of a different
viscosity and/or density, the mixing device comprising:

a body defining a first inlet, a first outlet, and a first flow channel extending from the
first inlet to the first outlet, the body further defining a second inlet having a
longitudinal axis that is disposed at a non-parallel angle relative to a
longitudinal axis of the first flow channel;

a dispersion member configured to be coupled to the body such that a sidewall of the
dispersion member extends into the first flow channel with an upstream
portion of the sidewall facing the first inlet and a downstream portion of the
sidewall facing the first outlet, the dispersion member defining a second flow
channel in fluid communication with the second inlet;

where the downstream portion of the sidewall extending into the first flow channel

includes a perforated portion.

2. The mixing device of claim 1, where the dispersion member is configured to extrude
a second oil fluid from the second inlet through the perforated portion into the first flow
channel to mix with a first oil fluid having a lower viscosity and/or lower density flowing in

the first flow channel from the first inlet.

3. The mixing device of claim 1, where the perforated portion includes a plurality of
perforations.
4. The mixing device of claim 3, where the plurality of perforations each includes a

circular opening through the sidewall.

5. The mixing device of claim 3, where the plurality of perforations each has a
maximum transverse dimension and is spaced from at least one other one of the plurality of

perforations by a distance that is smaller than the maximum transverse dimension.

6. The mixing device of claim 3, where the plurality of perforations includes more than

ten perforations.

7. The mixing device of claim 6, where the plurality of perforations includes more than

thirty perforations.
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8. The mixing device of claim 3, where the plurality of perforations have an open areca

that is greater than thirty percent of an area of the perforated portion.

9. The mixing device of claim 8, where the plurality of perforations have an open areca

that is greater than fifty percent of an area of the perforated portion.

10. The mixing device of claim 3, where the area of the perforated portion does not
differ from the cross-sectional area of the first flow channel by more than thirty percent of

the cross-sectional area of the first flow channel.

11.  The mixing device of claim 10, where the plurality of perforations have an open area
that does not differ from the cross-sectional area of the first flow channel by more than fifty

percent of the cross-sectional area of the first flow channel.

12.  The mixing device of claim 11, where the plurality of perforations have an open area
that does not differ from the cross-sectional area of the first flow channel by more than thirty

percent of the cross-sectional area of the first flow channel.

13.  The mixing device of any of claims 1-9, where the non-parallel angle is between 70

degrees and 110 degrees.

14.  The mixing device of claim 13, where the non-parallel angle is between 80 degrees

and 100 degrees.

15.  The mixing device of any of claims 1-9, where the upstream portion of the sidewall

extending into the first flow channel is not perforated.

16.  The mixing device of claim 15, where the second flow channel has a cross-sectional

shape that is curved.

17.  The mixing device of claim 16, where the second flow channel has a cross-sectional

shape that is circular.

18.  The mixing device of claim 16, where the dispersion member has an outer cross-

sectional shape that is curved.

19.  The mixing device of claim 18, where the dispersion member has an outer cross-

sectional shape that is circular.
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20.  The mixing device of any of claims 1-19, where the body further comprises a second

outlet in fluid communication with the first flow channel.

21. A mixing device for mixing a first oil fluid with a second oil fluid of a different
viscosity and/or density, the mixing device comprising:

a body defining a first inlet, a first outlet, and a first flow channel from the first inlet
to the first outlet, the body further defining a second inlet;

a dispersion member configured to be coupled to the body such that a sidewall of the
dispersion member extends into the first flow channel with an upstream
portion of the sidewall facing the first inlet and a downstream portion of the
sidewall facing the first outlet, the dispersion member defining a second flow
channel in fluid communication with the second inlet;

where the downstream portion of the sidewall extending into the first flow channel
includes a perforated portion with a plurality of perforations having an open
arca that does not differ from the cross-sectional area of the first flow
channel by more than thirty percent of the cross-sectional area of the first

flow channel.

22. A system comprising:
a first mixing device of any of claims 1-21; and
a second mixing device coupled to the first outlet of the first mixing device;

where the second mixing device is different than the first mixing device.

23. A method for mixing two fluids having different viscosities, the method comprising:

introducing a second fluid into a second flow channel defined by a sidewall of a
dispersion member having an upstream imperforate portion and a downstream
perforated portion, such that the second fluid is extruded through the
perforated portion;

where the dispersion member extends into a first flow channel having a first fluid
flowing through the primary channel, a longitudinal axis of the second flow
channel is disposed at a non-parallel angle relative to a longitudinal axis of
the first flow channel, and the viscosity and/or density of the second fluid is

greater than the viscosity and/or density of the first fluid.
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24. A method for mixing two fluids having different viscosities, the method comprising:
introducing a second fluid into the second flow channel of the mixing device of any
of claims 1-21;
where the viscosity and/or density of the second fluid is greater than the viscosity

and/ro density of the first fluid.

25.  The method of any of claims 23-24, where the first fluid flows through the first flow
channel at a first flowrate, the second fluid is introduced into the second flow channel at a
second flowrate, and the second flowrate does not differ from the first flowrate by more than

fifty percent of the first flowrate.

26. The method of claim 25, where the second flowrate does not differ from the first

flowrate by more than thirty percent of the first flowrate.

27.  The method of any of claims 23-26, where the first and second fluids each comprise
crude oil.

28. A mixing device as shown and described.

29. A method of mixing two fluids of different viscosities as shown and described.
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