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NOISE REDUCING FLUID PASSAGEWAYS FOR
FLUID FLOW CONTROL DEVICES

PRIORITY CLAIM
This application claims the benefit of the filing date of United States Provisional
Patent Application Serial Number 60/657,225, filed February 28, 2005, for NOISE
REDUCING FLUID PASSAGEWAYS FOR FLUID FLOW CONTROL DEVICES, and
U.S. Patent Application Serial No. 11/249,539, filed October 13, 2005, for NOISE
REDUCING FLUID PASSAGEWAYS FOR FLUID FLOW CONTROL DEVICES.

TECHNICAL FIELD
The present invention relates to fluid flow control devices and, more
specifically, to an improved noise reduction meéhanism for a fluid flow control device.
The present invention also relates to trim disk assemblies for use in such fluid tlow

control devices.

BACKGROUND

In many areas of industry, it is often necessary to reduce the pressure of fluids
(both liquids and gases) within a pipeline. Fluid flow control valve systems are often
used for this purpose. Various designs for fluid flow control valves have been
presented in the art. For example, a plurality of tortuous fluid flow paths may be
provided within a fluid flow control valve. As fluid passes through the tortuous fluid
flow paths, the fluid is caused to change 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. These devices are commonly referred to as “tortuous path trim devices.”

Tortuous path trim devices have been provided that include a plurality of
substantially planar disks stacked on top of one another to provide a hollow, cylindrical
structure. Such structures are commonly referred to as “valve trim disk assemblies.”
Each disk generally includes a plurality of voids formed through the disk. The disks
may be aligned and stacked together such that a plurality of continuous, tortuous fluid

paths are provided by the voids in the disks that extend from the central region of the
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hollow, cylindrical valve trim disk assembly to the exterior of the valve trim disk
assembly.

A valve trim disk assembly is typically provided within a body of a fluid flow
control valve. The body of the fluid flow control valve is configured to direct the fluid
from an inlet towards the hollow, cylindrical valve trim disk assembly. The valve also
may be configured to direct fluid passing through the valve trim disk assembly to the
exterior thereof towards a fluid outlet. The fluid flow control valve may include a
piston configured to be inserted into the central region of the valve trim disk assembly,
thereby interrupting fluid flow through the valve trim disk assembly and closing the
valve.

Pressurized fluids contain stored mechanical potential energy. The valve trim
disk assembly 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 1s flowing.
These pressure and velocity fluctuations cause vibrations and noise. In many
applications, noise is an undesirable or unacceptable characteristic of a tluid tlow
control device. |

As a result, valve trim assemblies have been pfesented in the art having design
features intended to suppress noise génerated therein. Nonetheless, a substantially
silent valve has yet to be discovered and incremental improvements 1n noise

suppression are desirable.

- DISCLOSURE OF INVENTION

The present invention, in a number of representative embodiments, provides a
cost effective means by which pressure reducing components in a fluid flow control
device may be improved so as to reduce transmitted noise.

In accordance with one embodiment of the present invention, a trim disk
assembly for use in a device for controlling fluid flow includes a substantially planar
first disk and a substantially planar second disk. The first disk has a first major surface
and a second major surface. The first disk further includes an elongated void formed at
least partially through the first disk in one of the first major surface and the second

major surface thereof. The second disk is disposed adjacent the first disk and also has a
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first major surface and a second major suriace. 1he second disk further inclﬁdes an
elongated void formed at least partially through the second disk in one of the first major
surface and the second major surface thereof. The void in the second disk has a shape
and size substantially similar to a shape and size of the void in the first disk. The
second disk 1s aligned with the first disk to provide fluid communication between the
void of the first disk and the void of the second disk. The void of the first disk is offset
from the void of the second disk. The void of the first disk and the void of the second

disk together at least partially define a fluid passageway having a cross section

characterized by increases and decreases in cross-sectional area defining an
expansion/contraction mechanism of the elongated fluid passageway.

In accordance with another embodiment of the present invention, a device for
controlling fluid flow includes a fluid inlet, a fluid outlet, and a trim disk assembly
configured to provide a pressure differential between fluid disposed at the fluid inlet
and tluid disposed at the fluid outlet. The trim disk assembly includes a substantially
planar first disk comprising a first major surface and a second major surface. The first
disk further includes an elongated void formed at least partially through the first disk in
one of the first major surface and the second major surface thereof., The second disk is
disposed adjacent the first disk and includes a first major surface and a second major
surface. The second disk also further includes an elongated void formed at least
partially through the second disk in one of the first major surface and the second major
surface thereof. The void of the second disk has a shape and size substantially similar
to a shape and size of the void in the first disk. The second disk is aligned with the first
disk to provide fluid communication between the void of the first disk and the void of
the second disk. The void of the first disk is offset from the void of the second disk.
The void of the first disk and the void of the second disk together at least partially
detfine a fluid passageway having a cross-sectional area characterized by increases and
decreases 1n cross-sectional area defining an expansion/contraction mechanism of the
elongated fluid passageway.

In yet another embodiment, the present invention includes a device for
controlling fluid flow that includes a fluid inlet, a fluid outlet, and a plurality of fluid
passageways extending between the fluid inlet and the fluid outlet. Each fluid
passageway has a cross-sectional area characterized by at least two abutting, offset

shapes. The cross-sectional area is completely bounded by a plurality of sides defined
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by the walls of the fluid passageway. Two sides of the plurality of sides meet at a first point,
which defines the vertex of a first angle between the sides meeting at the first point. Two of
the sides of the plurality of sides meet at a second point, which defines the vertex of a second
angle between the sides meeting at the second point. The first angle is equal to the second

angle, and the first angle and the second angle each exceed 180 degrees.

In yet another embodiment, the invention relates to a trim disk assembly for
use in a device for controlling fluid flow comprising: a substantially planar first disk
comprising a first major surface and a second major surface, the first disk including an
elongated void formed at least partially through the first disk in one of the first major surface
and the second major surface thereof; a substantially planar second disk disposed adjacent the
substantially planar first disk, the second disk comprising a first major surface and a second
major surface, the second disk including an elongated void formed at least partially through
the second disk in one of the first major surface and the second major surface thereof, the void
of the second disk having a shape and size substantially similar to a shape and size of the void
in the first disk, the second disk being aligned with the first disk to provide fluid
communication between the void of the first disk and the void of the second disk, the void of
the first disk being offset from the void of the second disk; and wherein the void of the first
disk and the void of the second disk together at least partially define a fluid passageway; and
wherein the first disk and the second disk each have a substantially circular shape, each of the
first disk and second disk extending in a direction substantially perpendicular to an axis
passing through the center of the disks, and the first disk and the second disk each further
comprise a substantially annular-shaped void, the annular-shaped void of the first disk and the
second disk being disposed radially outward relative to the fluid passageway, the annular-
shaped void of the first disk and the second disk together defining at least a portion of an

acoustic chamber configured to defeat acoustic disturbances generated in the fluid

passageway.



10

15

20

25

CA 02600341 2012-07-30

68483-50
da

In yet another embodiment, the invention relates to a device for controlling
fluid flow comprising: a fluid inlet; a fluid outlet; a trim disk assembly configured to provide
a pressure difterential between fluid disposed at the fluid inlet and fluid disposed at the fluid
outlet, the trim disk assembly comprising: a substantially planar first disk comprising a first
major surface and a second major surface, the first disk including an elongated void formed at
least partially through the first disk in one of the first major surface and the second major
surface thereof; a substantially planar second disk disposed adjacent the substantially planar
first disk, the second disk comprising a first major surface and a second major surface, the
second disk including an elongated void formed at least partially through the second disk in
one of the first major surface and the second major surface thereof, the void of the second disk
having a shape and size substantially similar to a shape and size of the void in the first disk,
the second disk being aligned with the first disk to provide fluid communication between the
vold of the first disk and the void of the second disk, the void of the first disk being offset
from the void of the second disk; and wherein the void of the first disk and the void of the
second disk together at least partially define a fluid passageway; and wherein the first disk and
the second disk each have a substantially circular shape, each of the first disk and second disk
extending 1n a direction substantially perpendicular to an axis passing through the center of
thé; disks, and the first disk and the second disk each further comprise a substantially annular-
shaped void, the annular-shaped void of the first disk and the second disk being disposed
radially outward relative to the fluid passageway, the annular-shaped void of the first disk and

the second disk together defining at least a portion of an acoustic chamber configured to

deteat acoustic disturbances generated in the fluid passageway.

The teatures, advantages, and alternative aspects of the present invention will
be apparent to those skilled in the art from a consideration of the following detailed

description taken in combination with the accompanying drawings.
BRIEF DESCRIPTION OF DRAWINGS

While the specification concludes with claims particularly pointing out and

distinctly claiming that which is regarded as the present invention, the advantages of this
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invention can be more readily ascertained from the following description of the invention

when read in conjunction with the accompanying drawings in which:

FIG. 1 1s a vertical cross-sectional view of a representative fluid flow control

device that incorporates teachings of the present invention;

FIG. 2 1s a vertical side view of one set of trim disks that may be used as part
of a representative trim disk assembly that embodies further teachings of the present invention

in the fluid flow control device shown in FIG. 1;

FIG. 3 1s a plan view of a representative separator disk, as may be incorporated

into a set of trim disks:

FIG. 4 1s a plan view of a representative first trim disk of the set of trim disks

shown in FIGS. 1-2;

FIG. 5 1s a plan view of a representative second trim disk of the set of trim

disks shown in FIGS. 1-2;

FIG. 6 1s a plan view of the first trim disk shown in FIG. 3 positioned adjacent

to and aligned with the second trim disk shown in FIG. 4;

FIG. 7 1s an enlarged partial plan view of a portion of a fluid passageway

shown in FIG. 6:

F1G. 8 1s partial cross-sectional view of the portion of a fluid passageway

shown 1n FIG. 7 taken along section line 8-8 therein;
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FIG. 9 1s partial cross-sectional view like that of FIG. 8 further illustréting
separator disks positioned above and below the adjacent trim disks; and

FIGS. 10a-10c illustrate partial cross-sectional views of alternative fluid
passageways that may be provided in representative trim disk assemblies that embody

teachings of the present invention.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

Although the foregoing description contains many specifics, these should not be
construed as limiting the scopé of the present invention, but merely as providing
illustrations of some representative embodiments. Similarly, other embodiments of the
invention may be devised that do not depart from the spirit or scope of the present
invention. Features from different embodiments may be employed in combination.

The scope of the invention 1s, therefore, indicated and limited only by the appended
claims and their legal equivalents, rather than by the foregoing description. All
additions, deletions, and modifications to the invention, as disclosed herein, which fall
within the meaning and scope of the claims, are to be embraced thereby.

FIG. 1 1s a vertical cross section ot a representative fluid flow control device 10°
that embodies teachings of the present invention. The fluid flow control device 10
includes a fluid inlet 12, a fluid outlet 14, and a trim disk assembly 20. Furthermore,
the fluid flow control device 10 may include a piston mechanism 16 configured to
selectively interrupt fluid communication between the fluid inlet 12 and the fluid
outlet 14. During operation of flow control device 10, fluid pressure at inlet 12 may be
higher than fluid pressure at outlet 14.

The piston mechanism 16 is shown in FIG. 1 in split view, in two different
positions. On the left side of FIG. 1 the piston mechanism 16 is shown in a closed, first
selected position in which fluid communication between the fluid inlet 12 and the fluid
outlet 14 has been physically interrupted by piston 18. On the right side of FIG. 1 the
piston mechanism 16 1s shown in an open, second selected position in which the
piston 18 is retracted to provide fluid communication between the fluid inlet 12 and the
fluid outlet 14. When piston mechanism 16 1s in this open, second position, fluid is
permitted to flow from the fluid inlet 12, upward into an interior void 22 of the trim
disk assembly 20 in response to a pressure differential provided between the fluid

inlet 12 and the fluid outlet 14. As will be described in detail subsequently herein, fluid
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communication is provided through fluid passageways within the trim disk assembly 20
to the exterior thereof and the fluid outlet 14. A space or gallery 19 within the body of
the flow control device 10 may surround the trim disk assembly 20 to receive or collect
tluid passing through the trim disk assembly 20. The space or gallery 19 may be
configured to channel fluid towards the fluid outlet 14.

The trim disk assembly 20 shown in FIG. 1 may comprise a plurality of
substantially planar disks stacked adjacent to one another to provide a three-
dimensional structure. Furthermore, the trim disk assembly 20 may comprise a
plurality of substantially identical sets of substantially planar disks stacked adjacent one
another, the sets of disks being stacked adjacent one another to provide a three-
dimensional structure.

FIG. 2 1s a side view of a representative set 24 of substantially planar disks
stacked adjacent to one another. A plurality of sets 24 may be stacked and secured
adjacent to one another to provide the trim disk assembly 20 shown in FIG. 1. As seen
in FIG. 2, fhe set 24 of disks may include a first separator disk 26a, a first fluid
passageway disk 30, a second fluid passageway disk 40, and a second separator
disk 26b. The first fluid passageway disk 30 and the second fluid passageway disk 40
may be disposed and secured adjacent to one another. The first fluid passageway
disk 30 may be substantially planar and may have a first major surface 31a and a
second major surface 31b. Similarly, the second fluid passageway disk 40 may be
substantially planar and may have a first major surface 41a and a second ma; oi‘
surface 41b.

The first separator disk 26a may be provided and secured adjacent to the first
fluid passageway disk 30 on the first major surface 31a thereof opposite the second
fluid passageway disk 40, and the second separator disk 26b may be provided and
secured adj.acent to the second fluid passageway disk 40 on the second major
surface 41b thereof opposite the first fluid passageway disk 30. The first separator
disk 26a, the first fluid passageway disk 30, the second fluid passageway disk 40, and
the second separator disk 26b may be aligned with and secured to one another by
providing bolts or pins (not shown) through holes 25, which may be provided through
each of the various disks at selected locations thereon. Alternatively, the disks may be
secured to one another by methods other than bolts or pins, such as, for example, by

brazing or welding.
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Each of the disks of the set 24 shown in FI1G. 2 will now be described 1n turther
detail.

The first separator disk 26a and the second separator disk 26b may be identical.
FIG. 3 is a plan view of a particular embodiment of the first separator disk 26a and the
second separator disk 26b. As seen therein, the first separator disk 26a and the second
separator disk 26b each may be substantially planar and may have a circular shape. As
previously discussed, holes 25 may be provided through the first separator disk 26a and
the second separator disk 26b at selected locations thereon. A larger hole may be
provided at the center of each of the first separator disk 26a and the second separator
disk 26b to provide a portion of the interior void 22 within the trim disk assembly 20
(shown in FIG. 1).

FIG. 4 is a plan view of a representative first fluid passageway disk 30 that
embodies teachings of the present invention. As previously discussed with reference to
FIG. 2, holes 25 may be provided through the first fluid passageway disk 30 at selected
locations thereon. A larger hole may be provided at the center of the first fluid
passageway disk 30 to provide a portion of the interior void 22 within the trim disk
assembly 20 (shown in FIG. 1). The first fluid passageway disk 30 also may include at
least one void 32 having a substantially annular shape. Furthermore, the first fluid
passageway disk 30 includes a plurality of elongated channels or voids 34. The
elongated voids 34 may extend in a generally radial direction between a region
proximate to the interior void 22 and the void 32. Each elongated void 34 may include
at least two straight, elongated sections joined end-to-end and oriented at an angle
relative to one another to provide a plurality of V-shaped turns in the elongated void 34.

For example, each elongated void 34 may include four or more straight,
elongated sections joined end-to-end and oriented at an angle relative to one another to
provide three or more V-shaped turns in the elongated void 34. In this conhiguration,
each elongated void 34 may zig-zag laterally back and forth as the elongated void 34
extends in a generally radial direction. Each elongated void 34 may be continuous with
the void 32. Moreover, the width of each elongated void 34 may increase as the void
extends in the radially outward direction.

In alternative embodiments of the present invention, the elongated voids 34 may

include changes in direction other than zig-zag configurations or they may be linear.
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Referring again to FIG. 2, the vuiu 52 ana the elongated voids 34 may extend
through the first fluid passageway disk 30 from the first major surface 31a to the
second major surface 31b thereof. Alternatively, the void 32 and the elongated
voids 34 may extend only partially through the first fluid passageway disk 30 into the
second major surface 31b thereof.

FI1G. 5 1s a plan view of a representative embodiment of the second fluid
paséageway disk 40. As previously discussed with reference to FIG. 2, holes 25 may
be provided through the second fluid passageway disk 40 at various selected locations
thereon. A larger hole may be provided at the center of the second fluid passageway
disk 40 to form a portion of the interior void 22 within the trim disk assembly 20
(shown in FIG. 1). The second fluid passageway disk 40 may also include at least one
void 42 having a substantially annular shape. Furthermore, the second fluid
passageway disk 40 includes a plurality of elongated channels or voids 44 that each
have a shape and size substantially similar to the shape and size of the elongated
channels or voids 34 of the first fluid passageway disk 30 previously described in
relation to FIG. 4.

For example, the elongated voids 44 may extend in a generally radial direction
between a region proximate the interior void 22 and the void 42. Each elongated
void 44 may include at least two straight, elongated sections joined end-to-end and
oriented at an angle relative to one another to provide a plurality of V-shaped turns in
the elongated void 44. For example, each elongated void 44 may include four or more
straight, elongated sections joined end-to-end and oriented at an angle relative to one
another to provide three or more V-shaped turns in the elongated void 44. In this
configuration, each elongated void 44 may zig-zag laterally back and forth as the
elongated void 44 extends in a generally radial direction. Each elongated void 44 may
be continuous with the void 42. Moreover, the width of each elongated void 44 may
increase as the void extends 1n the radially outward direction.

Referring again to FIG. 2, the void 42 and the elongated voids 44 may extend
through the first fluid passageway disk 40 from the first major surface 41a to the
second major surface 41b thereot. Alternatively, the void 42 having a substantially
annular shape and the elongated voids 44 may extend only partially through the first

fluid passageway disk 40 into the first major surface 41a thereof.
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The second fluid passageway ~____, also include a plurality of fluid inlet
voids 46 and a plurality of fluid outlet voids 48. The fluid inlet voids 46 may be
continuous with the larger void at the center of the disk 40 that forms a portion of the
interior void 22 of the trim disk assembly 20. Each fluid inlet void 46 may be
associated with and correspond to one elongated void 44. In this configuration, each
fluid inlet void 46 may be configured to allow fluid to pass into passageWays (not
shown in FIG. 5) within the trim disk assembly 20 from the intertor void 22, and each
fluid outlet void 48 may be configured to allow fluid to pass out from the trim disk
assembly 20 to the exterior thereof. The operation of the trim disk assembly 20 will be
described 1 further detail below.

FIG. 6 is a plan view illustrating the first fluid passageway disk 30 shown 1n
FIG. 4 positioned adjacent to and aligned with the second fluid passageway disk 40
shown in FIG. 5. The second fluid passageway disk 40 is shown positioned beneath the
first fluid passageway disk 30 to clearly illustrate the alignment and interaction between
features in each of the respective disks.

As can be seen in FIG. 6, the elongated voids 34 of the first fluid passageway
disk 30 and the elongated voids 44 of the second fluid passageway disk 40 are
staggered or offset relative to one another. Fluid communication is provided between
the elongated voids 34 and the elongated voids 44. The elongated voids 34 and the
elongated voids 44, together, at least partially define a fluid passageway 50.

The annular voids 32 of the first fluid passageway disk 30 and the annular
voids 42 of the second fluid passageway together define acoustic chambers 55, which
also have an annular shape. The acoustic chambers 55 may be configured to reduce,
attenuate, eliminate, redirect, damp, or otherwise defeat acoustic disturbances generated
in the fluid passageways 50. The acoustic chambers 55 may be configured to
incorporate many specific features that defeat acoustic disturbances. For example, the
acoustic chambers 55 may be configured 1o resonate one or more frequencies of sound
waves corresponding to frequencies of sound generated within the fluid
passageways 50. Furthermore, the tuned frequencies may be about 180 degrees out of
phase with at least some sound entering the acoustic chambers 55.

When the piston 18 of the fluid flow control device 10 is retracted, as shown on
the right side of FIG. 1, and a pressure differential is applied between the fluid inlet 12
and the fluid outlet 14, fluid may flow into the interior void 22 of the trim disk
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assembly 20. Fluid communication is provided between the fluid passageways 50 and
the mterior void 22 of the trim disk assembly 20 by the fluid inlet voids 46 of the
second fluid passageway disk 40. Fluid flowing through the fluid passageways S0 1n a
radially outward direction enters the acoustic chambers 55. Fluid communication is
provided between the acoustic chambers 55 and the exterior of the trim disk

assembly 20 by the fluid outlet voids 48 of the second fluid passageway disk 40.

The fluid outlet voids 48 may be configured as noise frequency-shifiing
passages that increase the sonic frequency of acoustic disturbances associated with
flmd flowing through the trim disk assembly 20. The cross-sectional area and length of
the fluid outlet voids may be such that any acoustic disturbances transmitted through
the fluid outlet voids 48 have a significantly higher frequency than the acoustic
disturbances associated with the remainder of the fluid flow control device 10.

FIG. 7 is an enlarged partial plan view of a portion of a fluid passageway 50
shown in FIG. 6. Fluid is shown flowing through a the fluid passageway S0 that is
provided by an elongated void 34 of the first fluid passageway disk 30 and an elongated
void 44 of the second fluid passageway disk 40. Fluid may flow through the fluid
passageway 50 from the interior void 22 towards the exterior of the trim disk
assembly 20 in a generally radially outward direction represented by the directional
arrows shown within the fluid passageway 50. As seen in FIG. 7, the fluid
passageway 50U may include a plurality of strai ght, elongated sections 52 joined end-to-
end and oriented at an angle relative to one another to provide a plurality of V-shaped
turns 54 in the fluid passageway 50.

In this configuration, the elongated fluid passageway 50 has a cross-sectional
area characterized by increases and decreases in the size of the cross-sectional area
along the length of the fluid passageway 50. As fluid flows through the fluid
passageway 50, the size of the cross-sectional area of the fluid passageway 50 increases
going into a V-shaped turn 54, thereby causing expansion of the fluid. As fluid flows
out from a V-shaped turn 54, the size of the cross-sectional area of the fluid
passageway 50 decreases, thereby causing contraction of the fluid. In this manner, a
fluid expansion/contraction mechanism may be provided by the fluid passageway 50.

Moreover, the fluctuations in cross-sectional area of the fluid passageway 50
may be configured to provide a generally Increasing cross-sectional area in the fluid

passageway in the radially outward direction. In this configuration, the velocity of
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fluid flowing through the fluid passageway >0 may gradually decrease as the fluid
flows in the radially outward direction. In this manner, a fluid velocity control
mechanism may be provided by the fluid passageway 50.

In the fluid passageway 50 shown in FIGS. 6-7, the velocity control mechanism
and the expansion/contraction mechanism are defined by a common portion of the fluid
passageway 50. In alternative fluid passageways that embody teachings of the present
invention, the velocity control mechanism and the expansion/contraction mechanism
may be provided at distinct sections of a fluid passageway.

Fluid passageways that embody teachings of the present invention and include
substantially V-shaped bends (such as the fluid passageway 50 shown in FIG. 7) or
other changes in fluid flow path may cause individual fluid molecules to move in many
different and unpredictable directions as a result of, among other influences, pressure,
fluid velocity, geometrical features and dimensions of the passageway, surface effects
and turbulence. The tluid will, nevertheless, be channeled generally along the fluid
passageways in a path generally away from regions of higher fluid pressure and toward
regions of lower fluid pressure. Thus, "general path of fluid flow" as used herein refers
to the path generally defined by the continuous portion of the fluid passageway 50 as
shown by the directional arrows in FIG. 7.

While the particular embodiments described herein include fluid passageways
having substantially V-shaped bends or turns, such as the V-shaped turns 54 shown in
FIG. 7, 1t 1s understood that other embodiments of the present invention may include
fluid passageways having various other configurations of bends or turns, such as, for
example, arcuate bends.

FIG. 8 1s a partial cross-sectional view of the portion of a fluid passageway
shown 1n FIG. 7 taken along section line 8-8 therein. As illustrated in FIG. 8§, the
elongated void 34 in the first fluid passageway disk 30 and the elongated void 44 in the
second fluid passageway disk 40 each may have a cross-sectional area having a
rectangular shape. Furthermore, the elongated void 34 1n the first fluid passageway
disk 30 may extend through the disk 30 from the first major surface 31a to the second
major surface 31b thereof. Similarly, the elongated void 44 in the second fluid
passageway disk 40 may extend through the disk 40 from the first major surface 41a to

the second major surface 41b thereof.
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FIG. 9 1s a partial cross-sectional view lke that of FIG. 8 further illustrating the
first separator disk 26a provided and secured adjacent to the first fluid passageway
disk 30 on the side thereof opposite the second fluid passageway disk 40, and the
second separator disk 26b provided and secured adjacent to the second fluid
>  passageway disk 40 on the side thereof opposite the first fluid passageway disk 30. As
illustrated in FIG. 9, a continuous portion of the fluid passageway 50 may have an
undivided cross-section that can be defined by at least two adjoining, staggered voids
(defined by elongated void 34 and elongated void 44 respectively). The voids may
have a substantially rectangular shape.
10 The fluid passageway 50 may comprise a plurality of walls at least partially
defined by portions of surfaces of each of tﬁe first separator disk 26a, the second
separator disk 26b, the first fluid passageway disk 30, and the second fluid passageway
disk 40. For example, wall 56a of the fluid passageway may be provided by a portion
of a surface of the first separator disk 26a. Walls 56b, 56¢, and 56d may be provided
15 by portions of surfaces of the first fluid passageway disk 30. Walls 56e, 56f, and 56g
may be provided by portions of surfaces of the second fluid passageway disk 40.
Finally, wall 56h may be provided by a portion of a surface of the second separator
disk 26b.

The cross-sectional area of the fluid passageway 50 is completely bounded by
20 sides defined by the walls 56a-56h of the fluid passageway 50. The sides of the cross-
sectional area defined by the walls 56b and 56d meet at a first point 58a, which defines
the vertex of a first angle 60a. The sides of the cross-sectional area defined by the
walls 561 and 56g meet at a second point 58b, which defines the vertex of a second
angle 60b. The first angle 60a may be equal to the second angle 60b, and the first
25 angle 60a and the second angle 60b each may exceed 180°. For example, the first
angle 60a and the second angle 60b each may be about 270°. The first angle 60a may
be oppositely oriented relative to the second angle 60b.

In alternative trim disk assemblies that embody teachings of the present
Invention, elongated channels or voids may be machined only partially through fluid
30  passageway disks so that bounded continuous portions of fluid passageways are formed
upon stacking only fluid passageway disks, thereby eliminating the need for separator
disks (such as the separator disks 26a and 26b shown in FIG. 3). FIGS. 10a-10c

1llustrate partial cross-sectional views of alternative fluid passageways that may be
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provided in representative trim disk assemblies that embody teachings of the present
invention.
FIG. 10a 1llustrates another representative trim disk set 70 that embodies

teachings of the present invention. The trim disk set 70 includes a first fluid

passageway disk 72, which is substantially similar to the first fluid passageway disk 30

| previously described in relation to FIG. 4, and includes a first major surface 75a and a

second major surface 75b. The trim disk assembly 70 also includes a second fluid
passageway disk 76, which is substantially similar to the second fluid passageway

disk 40 previously described herein in relation to FIG. 5, and includes a first major
surface 79a and a second major surface 79b. The first fluid passageway disk 72 may be
aligned with and secured to the second fluid passageway disk 76 such that the second
major surface 75b of the first fluid passageway disk 72 is adjacent to and abuts with the
first major surface 79a of the second fluid passageway disk 76.

The first fluid passageway disk 72 may include an elongated void 74 having a
cross-sectional area of triangular shape formed partially through the disk 72 in the
second major surface 75b thereof. The second fluid passageway disk 76 may include
an elongated void 78 having a cross-sectional area of triangular shape formed partially
through the disk 76 in the first major surface 79a thereof, The first fluid passageway
disk 72 and the second fluid passageway disk 76 may be aligned such that the
elongated void 74 is staggered or offset from the elongated void 78. Furthermore, fluid
communication may be provided between the elongated void 74 and the elongated
void 78.

The elongated void 74 and the elongated void 78 together define a fluid
passageway 80. The fluid passageway 80 may have a cross-sectional area
characterized by increases and decreases in cross-sectional area, the increases and
decreases in cross-sectional area may define an expansion/contraction mechanism of
the elongated fluid passageway 80 in the same manner as that previously described in
relation to the fluid passageway 50 shown in FIG. 7. By way of example and not
limitation, the fluid passageway 80 may include a plurality of straight, clongated
sections (not shown) joined end-to-end and oriented at an angle relative to one another
to provide a plurality of V-shaped turns (not shown) in the fluid passageway 80.

In this configuration, separator disks like those shown in FIG. 3 are not needed

to at least partially define the fluid passageway 80. A plurality of trim disk sets
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1dentical to trim disk set 70 may be stacked together to provide a trim disk assembly
that embodies teachings of the present invention.

FIG. 10b 1llustrates yet another representative trim disk set 84 that embodies
teachings of the present invention. The trim disk set 84 may be substantially identical
to the trim disk set 70 previously described in relation to FIG. 10a and includes a first
fluid passageway disk 85, a second fluid passageway disk 87, and a fluid
passageway 89. The first fluid passageway disk 85 may include an elongated void 86
having a cross-sectional area of semi-circular shape formed partially through the
disk 85. The second fluid passageway disk 87 may include an elongated void 88
having a cross-sectional area of semi-circular shape formed partially through the
disk 87. The first fluid passageway disk 85 and the second fluid passageway disk 87
may be aligned such that the elongated void 86 is staggered or offset from the
elongated void 88. The elongated void 86 and the elongated void 88 together define the
fluid passageway 89.

FIG. 10c illustrates yet representative trim disk set 94 that embodies teachings
of the present invention. The trim disk set 94 may be substantially identical to the trim
disk set 70 previously described in relation to FIG. 10a and includes a first fluid
passageway disk 95, a second fluid passageway disk 97, and a fluid passageway 99.
The first fluid passageway disk 95 may include an elongated void 96 having a cross-
sectional area of trapezoidal shape formed partially through the disk 95. The second
fluid passageway disk 97 also may include an elongated void 98 having a cross-
sectional area of trapezoidal shape formed partially through the disk 97. The first fluid
passageway disk 95 and the second fluid passageway disk 97 may be aligned such that
the elongated void 96 is staggered or offset from the elongated void 98. The elongated
void 96 and the elongated void 98 together define the fluid passageway 99.

Experimentation has shown that fluid passageways having a cross-sectional area
as described herein transmit less noise along their length than do passageways of equal
cross-sectional area defining a simple, regular geometric shape such as a square or

rectangle, when the fluid passageways are operating within a fluid flow control device.
Therefore, trim disk sets, trim disk assemblies, and fluid flow control devices as

described herein may be used to effectively generate less noise or to transmit less noise

than previously used devices.
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Additionally, it will be appreciated that noise-reducing fluid passageways
having cross sections as described herein may be provided in a variety of alternative
known designs for trim disk assemblies or other fluid pressure-reducing, fluid noise-
reducing and/or fluid energy-dissipating structures. For example, passageways that

5 embody teachings of the present invention may be used in so-called tortuous fluid
passageways, dividing and/or converging passageways, expanding and/or contracting
passageways, and bending and/or turning passageways. Furthermore, noise-reducing
fluid passageways having cross sections as described herein may be incorporated into
fluid flow control devices other than fluid valves, including any fluid flow control

10 device that incorporates fluid pressure-reducing and/or fluid energy dissipating
structures. The performance of such devices also may be improved by teachings of the
present invention.

Although the foregoing description contains many specifics, these are not to be
construed as limiting the scope of the present invention, but merely as providing certain

15 representative embodiments. Similarly, other embodiments of the invention can be
devised which do not depart from the spirit or scope of the present invention. The
scope of the invention is, therefore, indicated and limited only by the appended claims
and their legal equivalents, rather than by the foregoing description. All additions,
deletions, and modifications to the invention, as disclosed herein, which fall within the

20  meaning and scope of the claims, are encompassed by the present invention.
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CLAIMS:
1. A trim disk assembly for use in a device for controlling fluid flow comprising:

a substantially planar first disk comprising a first major surface and a second
major surface, the first disk including an elongated void formed at least partially through the

first disk in one of the first major surface and the second major surface thereof:

a substantially planar second disk disposed adjacent the substantially planar
first disk, the second disk comprising a first major surface and a second major surface, the
second disk including an elongated void formed at least partially through the second disk in
one of the first major surface and the second major surface thereof, the void of the second disk
having a shape and size substantially similar to a shape and size of the void in the first disk,
the second disk being aligned with the first disk to provide fluid communication between the
void of the first disk and the void of the second disk, the void of the first disk being offset

from the void of the second disk:; and

wherein the void of the first disk and the void of the second disk together at
least partially define a fluid passageway; and

wherein the first disk and the second disk each have a substantially circular
shape, each of the first disk and second disk extending in a direction substantially
perpendicular to an axis passing through the center of the disks, and the first disk and the
second disk each further comprise a substantially annular-shaped void, the annular-shaped
void of the first disk and the second disk being disposed radially outward relative to the fluid
passageway, the annular-shaped void of the first disk and the second disk together defining at
least a pértion of an acoustic chamber configured to defeat acoustic disturbances generated in

the fluid passageway.

2. A trim disk assembly as recited in claim 1, wherein the void in the first disk

and the void in the second disk each have a cross-sectional area having a rectangular shape.
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3. A trim disk assembly as recited in claim 1, wherein the void in the first disk
and the void in the second disk each have a cross-sectional area having a triangular,

rectangular, trapezoidal, or semicircular shape.

4. A trim disk assembly as recited in claim 1, wherein the first major surface of
the first disk is disposed adjacent the first major surface of the second disk, the void in the
first disk being formed in the first major surface of the first disk and the void in the second

disk being formed in the first major surface of the second disk.

5. A trim disk assembly as recited in claim 1, wherein the void in the first disk
extends through the first disk from the first major surface to the second major surface of the
first disk, and wherein the void in the second disk extends through the second disk from the

first major surface to the second major surface of the second disk.

6. A trim disk assembly as recited in claim 5, further comprising at least two
substantially planar spacer disks, the first disk and the second disk being disposed between the
at least two spacer disks, wherein at least a portion of a surface of a first spacer disk and at

least a portion of a surface of a second spacer disk at least partially define the fluid

passageway.

7. A trim disk assembly as recited in claim 1, wherein the void in the first disk
and the void in the second disk each comprise at least two straight, elongated sections joined
end-to-end and oriented at an angle relative to one another to provide a plurality of turns

detining changes in fluid flow direction within the fluid passageway.

8. A trim disk assembly as recited in claim 1, wherein the void in the first disk
and the void in the second disk each comprise at least four straight, elongated sections joined
end-to-end and oriented at an angle relative to one another to provide at least three turns

detining changes in fluid flow direction within the fluid passageway.

9. A trim disk assembly as recited in claim 1, wherein the fluid passageway
comprises a plurality of walls at least partially defined by portions of the first disk adjacent
the void of the first disk and portions of the second disk adjacent the void of the second disk,
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the tluid passageway having an undivided cross-sectional area in a plane substantially
perpendicular to at least one of the walls, the cross-sectional area being completely bounded
by a plurality ot sides defined by the walls of the fluid passageway, two sides of the plurality
of sides meeting at a first point defining a vertex of a first angle between the sides meeting at
the first point, two of the sides of the plurality of sides meeting at a second point defining a
vertex of a second angle between the sides meeting at the second point, the first angle being

equal to the second angle.

10. A trim disk assembly as recited in claim 9, wherein the first angle and the

second angle each exceed 180 degrees.

11. A trim disk assembly as recited in claim 10, wherein the first angle is

oppositely oriented relative to the second angle.

12. | A trim disk assembly as recited in claim 1, wherein one of the first disk and the
second disk comprises a plurality of frequency-shifting passages configured to provide fluid
communication between the acoustic chamber and the exterior of the trim disk assembly and

to increase the sonic frequency of acoustic disturbances associated with fluid passing through

the trim disk assembly.

13. ' A trim disk assembly as recited in claim 12, wherein the first disk and the
second disk each further comprise a substantially circular-shaped void centered at the axis
passing through the center of the disks, continuous fluid communication being provided
between the substantially circular-shaped void and the exterior of the trim disk assembly

through the fluid passageway, the acoustic chamber, and the frequency-shifting passages.
14. A device for controlling fluid flow comprising:
a fluid inlet;

a fluid outlet;
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a trim disk assembly configured to provide a pressure differential between fluid
disposed at the fluid inlet and fluid disposed at the fluid outlet, the trim disk assembly

comprising:

a substantially planar first disk comprising a first major surface and a second
major surface, the first disk including an elongated void formed at least partially through the

first disk in one of the first major surface and the second major surface thereof:

a substantially planar second disk disposed adjacent the substantially planar
first disk, the second disk comprising a first major surface and a second major surface, the
second disk including an elongated void formed at least partially through the second disk in
one of the first major surface and the second major surface thereof, the void of the second disk
having a shape and size substantially similar to a shape and size of the void in the first disk,
the second disk being aligned with the first disk to provide fluid communication between the
vold of the first disk and the void of the second disk, the void of the first disk being offset

from the void of the second disk: and

wherein the void of the first disk and the void of the second disk together at
least partially detine a fluid passageway; and

wherein the first disk and the second disk each have a substantially circular
shape, each of the first disk and second disk extending in a direction substantially
perpendicular to an axis passing through the center of the disks, and the first disk and the
second disk each further comprise a substantially annular-shaped void, the annular-shaped
void of the first disk and the second disk being disposed radially outward relative to the fluid
passageway, the annular-shaped void of the first disk and the second disk together defining at
least a portion of an acoustic chamber configured to defeat acoustic disturbances generated in

the fluid passageway.

15. A device for controlling fluid flow as recited in claim 14, wherein the void in
the first disk and the void in the second disk each have a cross-sectional area of one of a

rectangular, triangular, trapezoidal, and semicircular shape.
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16. A device for controlling fluid flow as recited in claim 14, further comprising at

least two substantially planar spacer disks, the first disk and the second disk being disposed
between the at least two spacer disks, the void in the first disk extending through the first disk
from the first major surface to the second major surface of the first disk, the void in the second
disk extending through the second disk from the first major surface to the second major
surface of the second disk, wherein at least a portion of a surface of a first spacer disk and at
least a portion of a surface of a second spacer disk at least partially define the fluid

passageway.

17. | A device tfor controlling fluid flow as recited in claim 14, wherein the void in
the first disk and the void in the second disk each comprise at least two straight, elongated
sections joined end-to-end and oriented at an angle relative to one another to provide a

plurality of turns defining changes in fluid flow direction within the fluid passageway.

18. A device for controlling fluid flow as recited in claim 14, wherein the void in
the first disk and the void in the second disk each comprise at least five straight, elongated
sections joined end-to-end and oriented at an angle relative to one another to provide at least

four turns detining changes in fluid flow direction within the fluid passageway.

19. A device for controlling fluid flow as recited in claim 14, wherein one of the
first disk and the second disk comprises a plurality of frequency-shifting passages configured

to provide fluid communication between the acoustic chamber and the exterior of the trim

disk assembly and to increase the sonic frequency of acoustic disturbances associated with

fluid passing through the trim disk assembly.

20. A device for controlling fluid flow as recited in claim 19, further comprising a
generally cylindrical gallery surrounding the trim disk assembly and configured to direct fluid
flowing out of the trim disk assembly into the fluid outlet, the plurality of frequency-shifting
passages being configured to direct fluid passing therethrough from the acoustic chamber to

the exterior of the trim disk assembly in a direction generally towards the fluid outlet.
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21. A device for controlling fluid flow as recited in claim 14, wherein the first disk
and the second disk each further comprise a substantially circular-shaped void centered at the

imaginary axis passing through the center of the disks, continuous fluid communication being
provided between the substantially circular-shaped void and the exterior of the trim disk

assembly through the fluid passageway, the acoustic chamber, and the frequency-shifting

passages.

22. | A device tor controlling fluid flow as recited in claim 14, wherein the fluid
passageway comprises a plurality of walls at least partially defined by portions of the first disk
adjacent the void of the first disk and portions of the second disk adjacent the void of the
second disk, the tluid passageway having an undivided cross-sectional area in a plane
substantially perpendicular to at least one of the walls, the cross-sectional area being
completely bounded by a plurality of sides defined by the walls of the fluid passageway, two
sides of the plurality of sides meeting at a first point defining the vertex of a first angle
between the sides meeting at the first point, two of the sides of the plurality of sides meeting
at a second point defining the vertex of a second angle between the sides meeting at the

second point, the first angle being equal to the second angle, the first angle and the second

angle each exceeding 180 degrees.

23. _ A device for controlling fluid flow as recited in claim 22, wherein the first

angle 1s oppositely oriented relative to the second angle.
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(57) Abrege(suite)/Abstract(continued):

communication between the void of the first disk and the void of the second disk, the void of the first disk being offset or staggered
from the void of the second disk. The void of the first disk and the void of the second disk at least partially define a fluid passageway
(50) having a cross-sectional area characterized by Increases and decreases In cross-sectional area, which define an
expansion/contraction mechanism of the fluid passageway.
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