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FLUID FLOW CONTROL DEVICES AND SYSTEMS, AND
METHODS OF FLOWING FLUIDS THERETHROUGH

PRIORITY CLAIM
This application claims the benefit of the filing date of United States
Provisional Patent Application Serial No. 13/840,906 filed March 15, 2013, for “Fluid
Flow Control Devices and Systems, and Methods of Flowing Fluids.”

TECHNICAL FIELD
The present disclosure relates generally to fluid flow control devices. More
particularly, embodiments of the present disclosure relate to devices configured to

reduce a pressure and energy of a fluid passing therethrough.

BACKGROUND

In many areas of industry, it is often necessary to reduce the pressure and
energy of fluids (both liquids and gases) within a pipeline or valve. One or more
control devices may be employed for this purpose. Various designs for control devices
have been presented in the art. For example, a device may be employed to divide the
flow through the device into a plurality of separate streams configured as a plurality of
tortuous fluid flow paths within the device. As fluid passes through the tortuous fluid
flow paths, the fluid changes direction many times. Furthermore, as the fluid travels
through the tortuous fluid flow paths, the overall cross-sectional area of the fluid flow
path may increase to provide a decrease in the velocity of the fluid within the flow
path. The fluid pressure and energy of the fluid is partially dissipated along such paths
as a result of losses caused by friction between walls of the path, rapid changes in fluid
direction and expansion or contraction chambers. These devices may include what are
commonly referred to as “tortuous path trim devices.”

A fluid flow control device is often provided within a body of a valve, such as a
control valve, having a body that is conventionally configured to direct the fluid from
an inlet towards the hollow, cylindrical fluid flow control device. The valve may also
be configured to direct fluid passing through the fluid flow control device to the

exterior thereof towards a fluid outlet. The valve may include a piston, ball, disk, or
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other device configured to be inserted into a central region of the valve to interrupt
fluid flow through the valve and to close the valve.

Pressurized fluids contain stored mechanical potential energy. A fluid flow
control device dissipates this energy by reducing the pressure and velocity of the fluid.
As the fluid flows through the fluid pathways, the fluid flow may be turbulent.
Turbulent fluid has associated pressure and velocity fluctuations that act upon the
structural elements of the pipes and fluid control devices in which the fluid is flowing.
These pressure and velocity fluctuations are generally accompanied by other problems
such as erosion, noise, vibration, and cavitation. In many applications, these
accompanying problems arc undcsirable or unacceptable charactceristics of a fluid flow
control device. Conventional fluid flow control devices have not adequately limited

problems associated with pressure and velocity fluctuations associated with fluids.

DISCLOSURE

Various embodiments of the present disclosure comprise fluid flow control
devices that overcome many of the problems of conventional fluid flow control
devices. The present disclosure describes embodiments of flow control devices that
include fluid paths configured to better control cavitation, vibration, and other
problems associated with fluid flow control.

In one or more embodiments, a fluid flow control device may comprise a
substantially cylindrical body that extends along a longitudinal axis and that has a
sidewall. The cylindrical body may include at least one first channel extending
longitudinally along the sidewall and at least one second channel extending
longitudinally along the sidewall. At least a portion of one of the at least one first
channel and the at least one second channel extends longitudinally at an oblique angle
with respect to the longitudinal axis to form a pattern of channels for improving the
flow characteristics of a fluid through the channels.

In a further embodiment, the at least one first channel and the at least one
second channel extend at least substantially longitudinally from a first end of the
cylindrical body to a second end of the cylindrical body. In a further embodiment, the
at least one first channel and the at least one second channel intersect. In yet a further
embodiment, the cylindrical body is a first cylindrical body, and the fluid flow control

device may further comprise a second cylindrical body concentrically situated in an
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interior cylindrical cavity of the first cylindrical body. In other embodiments, one or
more additional cylindrical bodies may each be concentrically situated in an interior
cylindrical cavity of another cylindrical body. In one embodiment, the first cylindrical
body and the second cylindrical body each have a curved sidewall such that the first
cylindrical body and the second cylindrical body form a substantially spherical ball
valve.

In further embodiments of the flow control device, the at least one first channel
intersects a plurality of other channels. In one embodiment, the at least one first
channel and at least one second channel may be configured in a cavitation pattern to
control cavitation of a substancc passing through thc first channcl and the sccond
channel. For example, the least one first channel and the at least one second channel
may form an offset brick pattern on the sidewall, or the at least one first channel and
the at least one second channel form a diamond pattern on the sidewall. In a further
embodiment, at least one of the at least one first channel and the at least one second
channel extends longitudinally along the sidewall in a zigzag pattern. In a further
embodiment, the at least one first channel and at least one second channel do not
intersect.

In various embodiments, the channels may be configured in various shapes and
sizes. In one embodiment, at least one of the first channel and second channel has a
rounded interior surface. In another embodiment, at lcast one of the first channel and
second channel has a squared interior surface having two wall surfaces formed
substantially orthogonal to a bottom surface. In yet another embodiment, at least one
of the first channel and second channel has an angled interior surface comprising two
wall surfaces intersecting at an angle. In a particular embodiment, at least one of the
first channel and the second channel has a varying depth with respect to a surface of the
sidewall. In a further embodiment, at Icast one of the first channel and the second
channel has a varying width along the longitudinal axis. In another embodiment, the
cylindrical body 1s configured as a plug, and the fluid flow control device further
comprises a seat ring situated around the plug.

Additional embodiments include methods for forming a fluid flow control
device. In one or more embodiments of such methods, the methods include forming at

least one first groove in a surface of at least one substantially cylindrical body, the at
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least one first groove extending longitudinally along the at least one substantially cylindrical
body; and forming at least one second groove in the surface of the at least one substantially
cylindrical body, wherein at least a portion of one of the at least one first groove and the at
least one second groove extends longitudinally at an oblique angle with respect to the
longitudinal axis. The methods, in some embodiments, may further include combining a

plurality of substantially cylindrical bodies into a concentric assembly.

In a further embodiment, there is provided a flow control device, comprising: a
plug having a substantially cylindrical body extending from an annular closure protrusion of
the plug, the substantially cylindrical body extending along a longitudinal axis and having an
exterior sidewall; a seat ring situated around the plug, wherein the seat ring comprises a
smooth-sided interior wall; at least one first channel extending longitudinally along the
exterior sidewall; and at least one second channel extending longitudinally along the exterior
sidewall; wherein at least a portion of each of the at least one first channel and the at least one
second channel extends longitudinally at an oblique angle with respect to the longitudinal
axis, the at least a portion including a proximal end of each of the at least one first channel
and the at least one second channel spaced distally from the annular closure protrusion, the
proximal end of each of the at least one first channel and the at least one second channel flush
with the exterior sidewall of the cylindrical body, the at least one first channel and the at least
one second channel intersect to form a diamond or offset brick pattern on the exterior
sidewall, the diamond or offset brick pattern configured to control cavitation of a substance
passing through the first channel and the second channel, and at least a portion of the exterior
sidewall of the substantially cylindrical body of the plug is configured to be in contact with
the smooth-sided interior wall of the seat ring when the plug is in an open position, and the
plug and the seat ring are configured to prevent flow of fluid between the exterior sidewall of

the plug and the seat ring when the plug is in a closed position.

In a further embodiment, there is provided a fluid flow control system,
comprising: a fluid inlet; and a valve having a fluid flow control device positioned in relation to
the fluid inlet so that a fluid passing from the fluid inlet flows through the fluid flow control

device, the fluid flow control device comprising: a plug having at least one substantially

CA 2902419 2018-10-03
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cylindrical body extending from an annular closure protrusion of the plug, the at least one
substantially cylindrical body extending along a longitudinal axis having an exterior sidewall; a
seat ring situated around the plug, wherein the seat ring comprises a smooth-sided interior wall;
at least one first channel extending longitudinally along the exterior sidewall; and at least one
second channel extending longitudinally along the exterior sidewall; wherein at least one of the
first channel and the second channel extends longitudinally at an oblique angle with respect to
the longitudinal axis, a proximal end of each of the at least one first channel and the at least one
second channel spaced distally from the annular closure protrusion and flush with the exterior
sidewall of the cylindrical body, the at least one first channel and the at least one second channel
intersect to form a diamond or offset brick pattern on the exterior sidewall, the diamond or offsct
brick pattern configured to control cavitation of a substance passing through the first channel and
the second channel, and at least a portion of the exterior sidewall of the substantially cylindrical
body of the plug is configured to be in contact with the smooth-sided interior wall of the seat ring
when the plug is in an open position, and the plug and the seat ring are configured to prevent
flow of fluid between the exterior sidewall of the plug and the seat ring when the plug isin a

closed position.

In a further embodiment, there is provided a fluid flow control device,
comprising: a concentric assembly of three or more substantially cylindrical bodies, each
cylindrical body extending along a longitudinal axis and having an exterior sidewall, at least one
cylindrical body having at least one channel extending longitudinally along the exterior sidewall,
wherein at least a portion of at least one channel extends longitudinally at an oblique angle with

respect to the longitudinal axis.

In a further embodiment, there is provided a method of forming a fluid flow
control device, comprising: providing a plug having at least one substantially cylindrical body
extending from an annular closure protrusion, the plug configured to be situated within a seat
ring, wherein the seat ring comprises a smooth-sided interior wall; forming at least one first
groove in an exterior surface of at least one substantially cylindrical body, the at least one first
groove extending longitudinally along the at least one substantially cylindrical body; and forming

at least one second groove in the exterior surface of the at least one substantially cylindrical

CA 2902419 2018-10-03
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body; wherein at least a portion of one of the at least one first groove and the at least one second
groove extends longitudinally at an oblique angle with respect to the longitudinal axis of the at
least one substantially cylindrical body, the at least a portion including a proximal end of each of
the at least one first groove and the at least one second groove spaced distally from the annular
closure protrusion, the proximal end of each of the at least one first groove and the at least one
second groove flush with an exterior sidewall of the at least one substantially cylindrical body,
the at least one first groove and the at least one second groove intersect to form a diamond or
offset brick pattern on the exterior sidewall, the diamond or offset brick pattern configured to
control cavitation of a substance passing through the first channel and the second channel, and at
least a portion of the exterior sidewall of the at least one substantially cylindrical body of the plug
is configured to be in contact with the smooth-sided interior wall of the seat ring when the plug is
in an open position, and the plug is configured to prevent flow of fluid between the exterior
surface of the at least one substantially cylindrical body of the plug and the seat ring when the

plug is in a closed position.
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 illustrates a perspective view of a fluid flow control device according to at

least one embodiment.

FIG. 2 illustrates perspective cut-away view of the fluid flow control device of

FIG. 1 configured as a plug and seat ring according to one or more embodiments.

FIG. 3 is a perspective cut-away view of a concentric assembly with a diamond
pattern of channels that includes a plurality of cylindrical bodies according to an embodiment of

the invention.

FIG. 4 is a perspective cross-section view of a plurality of channel types

according to various embodiments.

FIG. 5 is a perspective view of a fluid flow control device comprising according

to at least one embodiment.

FIG. 6 is a perspective view of a concentric assembly with an offset brick pattern

of channels according to at least one embodiment.

CA 2902419 2018-10-03
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MODE(S) FOR CARRYING OUT THE INVENTION

2% 6

Reference throughout this specification to “one embodiment”, “an embodiment”,
or similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment of the present invention.
Thus, appearances of the phrases “in one embodiment”, “in an embodiment”, and similar
language throughout this specification may, but do not necessarily, all refer to the same

embodiment.

The illustrations presented herein are, in some instances, not actual views

of any particular fluid flow control device, seat retainer, or control valve, but are merely

CA 2902419 2018-10-03
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idealized representations which are employed to describe the present disclosure. In the
following detailed description, reference is made to the accompanying drawings, which
form a part hereof, and in which is shown, by way of illustration, specific embodiments
in which the invention may be practiced. These embodiments are described in
sufficient detail to enable a person of ordinary skill in the art to practice the invention.
However, other embodiments may be utilized, and structural, logical, and electrical
changes may be made without departing from the scope of the invention. The
illustrations presented herein are not meant to be actual views of any particular device
or system, but are merely idealized representations that are employed to describe
cmbodiments of the present disclosurc. The drawings presented hercin arc not
necessarily drawn to scale. Additionally, elements common between drawings may
retain the same or have similar numerical designations.

Various embodiments of the present disclosure comprise fluid flow control
devices. FIG. 1 illustrates a perspective view of one embodiment of a fluid flow
control device 100 configured with a substantially cylindrical body 102 extending
along a longitudinal axis 103 and having a sidewall 112. In the depicted embodiment,
the sidewall 112 is an exterior surface of the cylindrical body 102 on which a
pattern 114 of channels 104, 106, 108, and 110 is situated. In an alternate embodiment
the channels may be formed on an interior surface of the cylindrical body 102. In
accordance with the present disclosure, various patterns of channel paths may be
formed on the sidewall 112 to prevent cavitation of a fluid or to otherwise improve the
flow of a fluid through the channels 104, 106, 108, and 110.

Generally, a pattern 114 of channels 104, 106, 108, and 110 may be mapped
around the cylindrical body 102 to act as a pressure reducing element for control valves
as well as to provide associated downstream elements. The geometry of the
channels 104, 106, 108, and 110 may act to control cavitations in fluids (such as liquids
and/or gases) to reduce noise. Long lengths of cylindrical tubes may be used to reduce
turbulence, shear, and fluid velocity. Some embodiments may be used that are
configured to handle entrained solids in single or multi-phase process fluids and
slurries. The cylindrical body 102 may be combined with additional cylindrical bodies
(see FIG. 3) in a concentric manner to form a concentric assembly that controls the
flow of fluid therethrough. In further embodiments, the cylindrical bodies of a

concentric assembly may be configured into a ball or sphere shape to enable the
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formation of spherical flow control elements, such as ball valves, globe valves, and the
like. In other embodiments, a cylindrical body 102 may be used as downstream blow
down and choke tube clements. As a downstream element, concentric assemblies of
cylindrical bodies may be used to produce the pressure drop control ¢ither in an on/off
configuration or in conjunction with a throttling element upstream that could include a
valve, manifold, or plug either in a linear or rotary fashion. In this manner, the fluid
flow control device 100 may be implemented to provide desired fluid flow control
characteristics.

In the embodiment depicted in FIG. 1, a first channel 104 extends
longitudinally along the sidewall 112 of the cylindrical body 102. Channcls may also
be referred to herein as grooves. As depicted, the first channel 104 extends
longitudinally at an oblique angle with respect to the longitudinal axis 103 of the
cylindrical body 102. This results in the channel spiraling around the exterior surface
of the cylindrical body 112. A second channel 106, may similarly extend
longitudinally at an oblique angle with respect to the longitudinal axis 103 of the
cylindrical body. The second channel 106 may be configured to extend at an angle
opposite the angle of the first channel 106. In the depicted embodiment, a third
channel 108 and a fourth channel 110 are also implemented. However, the number of
channels and the configuration of channels along the sidewall 112 may vary with each
desired application. In the depicted embodiment, the first channel 104, second
channel 106, third channel 108, and fourth channel 110 intersect one another as they
extend around the cylindrical body 102.

The combination of channel paths and channel intersections forms the
pattern 114 on the sidewall 112. The pattern 114 of channels 104, 106, 108, and 110
helps to define the cavitation properties of a fluid flowing through the channels 104,
106, 108, and 110. In at least one embodiment, the pattern 114 of channels may be
defined to reduce the cavitations of a liquid passing therethrough. In the depicted
embodiment, a diamond pattern is formed on the sidewall 112 of the cylindrical
body 102. In further embodiments, other patterns are contemplated, including offset
brick patterns, grid patterns, zigzag patterns, and the like. Furthermore, the pattern 114
may be configured to have constant separation such that channel spacing remains

constant along the length of the cylindrical body 102, or it may be configured, in some
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embodiments, to have an expanding separation such that channel spacing changes or
varies along the length of the cylindrical body 102.

In some embodiments, the channels 104, 106, 108, and 110 may traverse
substantially the entire length of the cylindrical body 102. In further embodiments
channels 104, 106, 108, and 110 may traverse only a portion of the length of the
cylindrical body 102. In at least one embodiment, the cylindrical body 102 may be
formed with an interior cylindrical cavity 116. The interior cylindrical cavity 116 may
be configured to house additional cylindrical bodies therein to form a concentric
assembly of cylindrical bodies with a plurality of channels extending therethrough.

The cylindrical body 102 may bc formed using matcrials such as ccramics,
metals, and plastics. Of course, it is contemplated that other materials may be used as
well, depending on the application. In at least one embodiment, the cylindrical
body 102 may be manufactured by forming the channels 104, 106, 108, and 110 onto a
flat sheet and forming the flat sheet into a cylinder. In one embodiment, the sheet may
be rolled into a scroll such that the channels formed on the sheet provide a pattern of
channels between each adjacent surface of the rolled scroll. In another embodiment,
the cylindrical body 102 may be formed into a cylinder and the channels 104, 106, 108,
and 110 may be formed onto the sidewall 112 of the cylinder through a means such as
machining.

Figure 2 depicts one embodiment of the cylindrical body 102 formed as a
plug 202 and inserted into a seat ring 204. As depicted, a plurality of channels 206 is
formed along the length of the plug 202. The exterior sidewall 208 of the plug may be
situated in contact with the interior wall 210 of the seat ring 204. In the depicted
embodiment, the channels 206 extend only partially along the length of the plug 202.
This enables the plug 202 to prevent the flow of fluid between the exterior sidewall 208
of the plug 202 and the interior wall 210 of the seat ring 204 when the plug 202 1s fully
inserted into the seat ring 204 (not depicted). Conversely, when the plug 202 is
partially unseated from the seat ring 204, the channels 206 provide a path for a fluid to
flow between the exterior sidewall 208 of the plug 202 and the interior wall 210 of the
seat ring 204. As noted, the pattern formed by the channels 206 provides improved
cavitation characteristics and may be used to reduce turbulence, shear, and fluid

velocity. In the depicted embodiment, a diamond pattern is used.
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The plug 202 and seat ring 204 may be used, in one embodiment, to provide
single path multi-stage pressure drop control that could be throttled. This could be
used independently in combination with, for example, a stacked disk retainer as
discussed in U.S. Patent Application No. 12/473,007.

In a further embodiment, the flow control device may be incorporated into a
valve assembly. The valve assembly, which may also be characterized as a control
valve, may include a valve body defining a fluid inlet and a fluid outlet, which in use
may be connected to pipes that transport fluid to and from the valve assembly. A plug
chamber may be positioned between the inlet and the outlet, and a plug head may be
disposed thercin. The plug head may be coupled to a shaft and may be configured to
move within the plug chamber between a fully open position and a closed position. In
the open position, the plug head can be retracted to provide fluid communication
between the fluid inlet and the fluid outlet, allowing fluid to flow from the fluid inlet to
the plug chamber and into the fluid outlet. In the closed position, the plug head is in
abutment with a valve seat, forming a seal that physically interrupts fluid
communication between the fluid inlet and the fluid outlet, and effectively blocks fluid
flow through the valve body.

The shaft may include an actuator controllably coupled thereto and configured
to control the position of the plug head. The actuator may comprise any suitable
actuator known to those of ordinary skill in the art. In addition, a positioner may be
operably coupled to the actuator. The positioner may comprise any conventional
positioner suitable for use with the selected actuator as is known to those of ordinary
skill in the art.

Figure 3 depicts one embodiment of a concentric assembly 300 for controlling
the flow of a fluid. As depicted, a plurality of cylindrical bodies 302, 304, 306, and
308 are concentrically configured one within the other to form a concentric
assembly 300 with a plurality of channels 310 passing thercthrough. In this
embodiment, a cylindrical body 302 is situated within an internal cylindrical cavity 312
of another, slightly larger cylindrical bady 304. In at least one embodiment, the
exterior sidewall of one cylindrical body 302 contacts the interior sidewall of the other
cylindrical body 304 such that the channels 310 form a pathway for fluid to travel
therebetween. Similarly, an even larger cylindrical body 306 houses the first two

cylindrical bodies 302 and 304 in an interior cylindrical cavity 314. Additional
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cylindrical bodies 302 may be added until a desired size and number of cylindrical
bodies is reached. In one embodiment, an external shell 316 may be configured to
house each of the cylindrical bodies 302, 304, 306, and 308 to complete the concentric
assembly. The external shell 316 may be configured with or without channels 310
formed thereon. In at least one embodiment, the external shell 316 may comprise a
pipe in which the concentric assembly 300 is situated to control the flow of a fluid
through the pipe. In some embodiments, the concentric assembly 300 and/or
cylindrical body 102 may be shrink fitted together. In another embodiment, the
concentric assembly 300 and/or cylindrical body may be held together or situated in a
pipc or housing using flangcs or rctaining rings.

Figure 4 depicts a perspective view and cross section of various channel types
that are contemplated in accordance with the present disclosure. However, other
channel structures and shapes not shown herein are also contemplated. Figure 4
depicts three different channel types 502, 504, and 506. The first depicted channel
type 502 has a rounded interior surface 503 such that a cross-section of the channel
appears as a half circle or half ellipse shape. The second depicted channel type 504 has
a squared interior surface 505 such that a cross-section of the channel appears as a half
square or half rectangle. The squared interior surface 505 has two wall surfaces 508,
510 formed substantially orthogonal to a bottom surface 512. The third depicted
channel type 506 has an angled interior surface 514. The angled interior surface 514
has two wall surfaces 516, 518 formed intersecting at an angle to form a triangle
shaped cross-section.

Each different channel type has varying properties and characteristics that
affect the flow of a fluid through the corresponding channels. Thus, channel type may
be selected according to application to achieve the desired functionality of the
channels. In some embodiments, the channel types are not limited to a constant depth
or width, but may vary in both or just one of depth and width. In at least one
embodiment, the depth and/or width of a channel may increase or decrease as the
channel extends along the length of a cylindrical body 102. In other embodiments, the
depth and/or width of a channel may fluctuate along the channel path to further define
the flow characteristics with each channel.

Figure 5 depicts one alternate channel pattern 602 on the surface of a

cylindrical body 604. The depicted pattern 602 is formed by a plurality of
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channels 606 that intersect one another to form an offset brick pattern. As noted, other
channel patterns are also contemplated herein including a diamond pattern, a zigzag
pattern, a tooth pattern, or other patterns that form a desired tortuous path. For
example, in at least one embodiment, one or more channels may extend longitudinally
along the sidewall of a cylindrical body 604 zigzagging back and forth to form a zigzag
pattern. In at least one embodiment, the zigzagging channels may not intersect one
another, but may be configured to each provide a separate fluid path through the
zigzagging pattern.

Figure 6 depicts a concentric assembly 700 of cylindrical bodies 604 each
having an offsct brick pattcrn 602 of channcls formed on a surface thercof. Such an
assembly may be used in applications such as downstream blow down and choke tube
clements and other related downstream elements. In at least one embodiment, the
concentric assemblies and/or cylindrical bodies described herein may be inserted into a
fluid path, such as the interior of a pipe.

Additional embodiments of the present disclosure comprise methods of
forming fluid flow control devices. Embodiments of such methods are described with
reference to FIGS. 1-6. As set forth above, at least some embodiments of a fluid flow
control device 102 of the present disclosure may comprise one or more cylindrical
bodies 102 that may be concentrically configured to form a concentric assembly 300.
The cylindrical bodies 102 may be formed with a substantially cylindrical shape and
may include a central cylindrical cavity 116 formed therein. The thickness of the
cylindrical bodies 102 may be selected in accordance with the particular application.

Fluid passageways in the form of channels 104, 106, 108, and 110 may be
formed onto a surface of the cylindrical bodies 102. In at least some embodiments, the
channels 104, 106, 108, and 110 may be formed using a cutter to cut the channels into
the cylindrical bodies 102. By way of example and not limitation, the cutter may
comprise a hole saw, which may be suitable for forming arcuate channels, or a rotary
saw, which may be suitable for forming substantially linear channels. The cutter may
plunge partway into the cylindrical bodies 102 to a selected depth without cutting
completely through the surface of the cylindrical assembly.

The depth of the channels 104, 106, 108 and 110 may vary depending on the
particular application and the thickness of the cylindrical bodies 102. For example, a

thinner cylindrical body 102 will only allow for more shallow channels, while a
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relatively thick cylindrical body 102 will allow for much deeper channels. The width
of the channels 104, 106, 108 and 110 may also vary according to the particular
application. Typically, the width of the channels 104, 106,108 and 110 may be
determined by the thickness of the cutter used to form the channels 104, 106, 108 and
110. However, a channel 104, 106, 108 and 110 that is wider than the thickness of the
cutter may be formed by plunging the cutter two or more times into the surface of the
cylindrical body 102 at nearly the same location.

Each cylindrical body 102 may be disposed concentrically within an interior
cavity 116 of another cylindrical body 102 to form the concentric assembly 300. The
channcls 104, 106, 108 and 110 arc configurcd to providc a fluid passagcway between
the surfaces of the concentric cylindrical bodies 102 of the concentric assembly. In at
least one embodiment, the cylindrical bodies 102 are shrink fitted together. In another
embodiment, the cylindrical bodies are held together by a flange or other fastening
device.

These methods may be practiced in some embodiments with fewer steps or in a
different order than that shown. Many additions, deletions, and modifications to the
preferred embodiments may be made without departing from the scope of the
invention, as hereinafter claimed. Further, the present invention may be embodied in
other specific forms without departing from its spirit or essential characteristics. The
described embodiments are to be considered in all respects only as illustrative and not
restrictive. The scope of the invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes which come within the meaning
and range of equivalency of the claims are to be embraced within their scope.

While certain embodiments have been described and shown in the
accompanying drawings, such embodiments are merely illustrative and not restrictive
of the scope of the disclosure, and this disclosure 1s not limited to the specific
constructions and arrangements shown and described, since various other additions and
modifications to, and deletions from, the described embodiments will be apparent to
one of ordinary skill in the art. Thus, the scope of the disclosure is only limited by the

literal language, and legal equivalents, of the claims which follow.
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CLAIMS:
1. A flow control device, comprising:

a plug having a substantially cylindrical body extending from an annular closure
protrusion of the plug, the substantially cylindrical body extending along a longitudinal axis and

having an exterior sidewall;

a seat ring situated around the plug, wherein the seat ring comprises a smooth-

sided interior wall;
at least one first channel extending longitudinally along the exterior sidewall; and
at least one second channel extending longitudinally along the exterior sidewall;

wherein at least a portion of each of the at least one first channel and the at least
one second channel extends longitudinally at an oblique angle with respect to the longitudinal
axis, the at least a portion including a proximal end of each of the at least one first channel and
the at least one second channel spaced distally from the annular closure protrusion, the
proximal end of each of the at least one first channel and the at least one second channel flush
with the exterior sidewall of the cylindrical body, the at least one first channel and the at least
one second channel intersect to form a diamond or offset brick pattern on the exterior sidewall,
the diamond or offset brick pattern configured to control cavitation of a substance passing
through the first channel and the second channel, and at least a portion of the exterior sidewall
of the substantially cylindrical body of the plug is configured to be in contact with the smooth-
sided interior wall of the seat ring when the plug is in an open position, and the plug and the
seat ring are configured to prevent flow of fluid between the exterior sidewall of the plug and

the seat ring when the plug is in a closed position.

2. The fluid flow control device of claim 1, wherein the at least one first channel and
the at least one second channel extend at least substantially longitudinally from a first end of the

cylindrical body to a second end of the cylindrical body.

CA 2902419 2019-07-15
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3. The fluid flow control device of claim 1, wherein the cylindrical body is a first
cylindrical body and further comprising a second cylindrical body concentrically situated in an

interior cylindrical cavity of the first cylindrical body.

4. The fluid flow control device of claim 3, further comprising one or more
additional cylindrical bodies each concentrically situated in an interior cylindrical cavity of

another cylindrical body.

5. The fluid flow control device of claim 3, wherein the first cylindrical body and the
second cylindrical body each have a curved sidewall such that the first cylindrical body and the

second cylindrical body form a substantially spherical ball.

6. The fluid flow control device of claim 1, wherein the at least one first channel

intersects a plurality of other channels.

7. The fluid flow control device of claim 1, wherein at least one of the at least one

first channel and the at least one second channel has a rounded interior surface.

8. The fluid flow control device of claim 1, wherein at least one of the at least one
first channel and the at least one second channel has a squared interior surface having two wall

surfaces formed substantially orthogonal to a bottom surface.

9, The fluid flow control device of claim 1, wherein at least one of the at least one
first channel and the at least one second channel has an angled interior surface comprising two

wall surfaces intersecting at an angle.

10. The fluid flow control device of claim 1, wherein at least one of the at least one
first channel and the at least one second channel has a varying depth with respect to a surface of

the sidewall.

11. The fluid flow control device of claim 1, wherein at least one of the at least one

first channel and the at least one second channel has a varying width along the longitudinal axis.
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12. The fluid flow control device of claim 1, wherein at least one of the at least one
first channel and the at least one second channel extends longitudinally along the sidewall in a

zigzag pattern.
13. A fluid flow control system, comprising:
a fluid inlet; and

a valve having a fluid flow control device positioned in relation to the fluid inlet so
that a fluid passing from the fluid inlet flows through the fluid flow control device, the fluid flow

control device comprising:

a plug having at least one substantially cylindrical body extending from an
annular closure protrusion of the plug, the at least one substantially cylindrical body extending

along a longitudinal axis having an exterior sidewall;

a seat ring situated around the plug, wherein the seat ring comprises a smooth-

sided interior wall;
at least one first channel extending longitudinally along the exterior sidewall; and
at least one second channel extending longitudinally along the exterior sidewall;

wherein at least one of the first channel and the second channel extends
longitudinally at an oblique angle with respect to the longitudinal axis, a proximal end of each of
the at least one first channel and the at least one second channel spaced distally from the
annular closure protrusion and flush with the exterior sidewall of the cylindrical body, the at
least one first channel and the at least one second channel intersect to form a diamond or offset
brick pattern on the exterior sidewall, the diamond or offset brick pattern configured to control
cavitation of a substance passing through the first channel and the second channel, and at least
a portion of the exterior sidewall of the substantially cylindrical body of the plug is configured
to be in contact with the smooth-sided interior wall of the seat ring when the plug is in an open
position, and the plug and the seat ring are configured to prevent flow of fluid between the

exterior sidewall of the plug and the seat ring when the plug is in a closed position.
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14. The fluid flow control system of claim 13, further comprising a valve body
comprising a plug chamber positioned between the fluid inlet and a fluid outlet, wherein the plug

is disposed in the plug chamber.
15. A method of forming a fluid tflow control device, comprising:

providing a plug having at least one substantially cylindrical body extending
from an annular closure protrusion, the plug configured to be situated within a seat ring,

wherein the seat ring comprises a smooth-sided interior wall;

forming at least one first groove in an exterior surface of at least one substantially
cylindrical body, the at least one first groove extending longitudinally along the at least one

substantially cylindrical body; and

forming at least one second groove in the exterior surface of the at least one

substantially cylindrical body;

wherein at least a portion of one of the at least one first groove and the at least one
second groove extends longitudinally at an oblique angle with respect to the longitudinal axis of
the at least one substantially cylindrical body, the at least a portion including a proximal end of
each of the at least one first groove and the at least one second groove spaced distally from the
annular closure protrusion, the proximal end of each of the at least one first groove and the at
least one second groove flush with an exterior sidewall of the at least one substantially
cylindrical body, the at least one first groove and the at least one second groove intersect to
form a diamond or offset brick pattern on the exterior sidewall, the diamond or offset brick
pattern configured to control cavitation of a substance passing through the first channel and the
second channel, and at least a portion of the exterior sidewall of the at least one substantially
cylindrical body of the plug is configured to be in contact with the smooth-sided interior wall
of the seat ring when the plug is in an open position, and the plug is configured to prevent flow
of fluid between the exterior surface of the at least one substantially cylindrical body of the

plug and the seat ring when the plug is in a closed position.

CA 2902419 2019-07-15
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