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(57) Abrégé/Abstract:

A fluid valve includes a valve body having a fluid inlet and a fluid outlet connected by a fluid passageway. A valve seat is disposed
within the fluid passageway. A fluid control member is movably disposed within the fluid passageway, the fluid control member
cooperating with a trim assembly to control fluid flow through the fluid passageway. The trim assembly includes a cage (122)
having a plurality of openings (140) that characterize fluid flowing through the cage (122) and a plurality of vents (142) that
suppress noise generated by the plurality of openings (140).
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FIG. 4

(57) Abstract: A fluid valve includes a valve body having a fluid inlet and a
fluid outlet connected by a fluid passageway. A valve seat is disposed within
the fluid passageway. A fluid control member is movably disposed within the
fluid passageway, the fluid control member cooperating with a trim assembly
to control fluid flow through the fluid passageway. The trim assembly in-
cludes a cage (122) having a plurality of openings (140) that characterize flu-
id flowing through the cage (122) and a plurality of vents (142) that suppress
noise generated by the plurality of openings (140).
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NOISE REDUCING DIFFUSER TRIM
BACKGROUND

Field of the Disclosure

[0001] The invention generally relates to control valves including a trim assembly having a
plurality of pressure reducing openings and more specifically to a control valve trim having a

first plurality of pressure reducing openings and a second plurality of noise reducing vents.
Related Technology

[0002] Fluid valves control the flow of fluid from one location to another. When the fluid
valve is in a closed position, high pressure fluid on one side is prevented from flowing to a
lower pressure location on the other side of the valve. Often fluid valves contain a movable
fluid control member and a seat of some sort that cooperates with the fluid control member to
control fluid flow through the valve. In some cases it may be desirable to characterize fluid
as it flows through the valve, for example, to reduce pressure. In these cases, a trim assembly
may be used that includes a cage with a plurality of pressure reducing openings. The
openings may be sized and shaped to characterize fluid flow through the trim assembly, for
example by reducing fluid pressure. However, the pressure reducing openings create

turbulent flow downstream of the valve trim, which results in unwanted noise.

[0003] Turning now to FIG. 1, a known control valve 10 is illustrated. The control valve
10 includes a valve body 12 having a fluid inlet 14 and a fluid outlet 16 connected by a fluid
passageway 18. A trim assembly 20 is disposed within the valve body 12 between the fluid
inlet 14 and the fluid outlet 16. The trim assembly 20 includes a cage 22 and a seat 24. A
fluid control member, such as a plug 26 is disposed within the cage 22 and the plug 26
interacts with the seat 24 to control fluid flow through the valve body 12. A stem 28 is
connected to the plug 26 at one end and an actuator 30 at another end. The actuator 30

controls movement of the plug 26 within the cage 22.

[0004] Asillustrated in FIG. 2, the cage 22 includes a first end 32 and a second end 36. A
cage wall 38 extends between the first end 32 and the second end 36, the cage wall 38
forming a hollow central bore within which the valve plug 26 slides to control fluid flow
through the cage 22. A plurality of cage openings 40 is formed in the cage wall 38. The
plurality of cage openings 40 characterize fluid flowing through the cage 22, by for example,

reducing the pressure of the fluid as it flows through the openings 40. The openings may be
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generally circular in shape with a central axis A that is perpendicular to a longitudinal axis B

of the cage 22.

SUMMARY OF THE DISCLOSURE

[0005] In one aspect, a fluid valve comprises a valve body having a fluid inlet and a fluid
outlet connected by a fluid passageway; a trim assembly disposed within the fluid
passageway, the trim assembly having a cage and a seat; a fluid control member movably
disposed within the fluid passageway, the fluid control member cooperating with the trim
assembly to control fluid flow through the fluid passageways; a plurality of openings disposed
in a wall of the cage, the plurality of openings characterizing fluid flow through the trim
assembly; and a plurality of vents disposed around each opening in the plurality of openings,
the plurality of vents directing fluid flow towards fluid flowing out of the plurality of

openings to suppress noise generated by the fluid flowing out of the plurality of openings.

[0006] In another aspect, a cage for a trim assembly of a control valve comprises a cage
wall extending from a first end to a second end, the cage wall forming a hollow circular
cylinder; a plurality of openings disposed in the cage wall, the plurality of openings
characterizing fluid flow through the cage; and a plurality of vents disposed around each
opening in the plurality of openings, the plurality of vents directing fluid flow towards fluid
flowing out of the plurality of openings to suppress noise generated by the fluid flowing out
of the plurality of openings, each opening in the plurality of openings including a central axis
that is substantially perpendicular to a longitudinal axis of the cage, and each vent in the
plurality of vents including a central axis that is angled, non-parallel and non-perpendicular,
relative to the longitudinal axis of the cage, the central axis of the openings being angled

relative to the central axis of the vents in the range of between 10 degrees and 80 degrees.

[0007] In further accordance with any one or more of the foregoing first and second
aspects, a control valve or a cage as outlined above may further include any one or more of

the following preferred forms.

[0008] In some preferred forms, at least one opening in the plurality of openings includes a
central axis that is substantially perpendicular to a longitudinal axis of the cage, and at least
one vent in the plurality of vents includes a central axis that is angled, non-parallel and non-

perpendicular, relative to the longitudinal axis of the cage.

[0009] In other preferred forms, the central axis of the at least one opening and the central

axis of at least one vent are angled, non-parallel and non-perpendicular, relative to one
2
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another, the angle being between 10 degrees and 80 degrees, preferably between 20 degrees

and 70 degrees, and more preferably between 30 degrees and 60 degrees.

[0010] In other preferred forms, the plurality of vents includes between two and twelve

vents, and preferably between six and eight vents.

[0011] In yet other preferred forms, at least one vent in the plurality of vents includes side

walls that are parallel to one another, thereby forming a circular bore.

[0012] In yet other preferred forms, at least one vent in the plurality of vents includes side
walls that angle inwardly relative to one another, in some forms the side walls angle from an
inner surface of the cage to an outer surface of the cage, in other forms the side walls begin
angling towards one another at an intermediate point between the inner surface of the cage

and the outer surface of the cage, and in some forms the at least one vent forms a nozzle.

[0013] In yet other preferred forms, at least one vent in the plurality of vents has a
diameter that is between 10 percent and 30 percent of a diameter of at least one opening in
the plurality of openings, preferably between 15 percent and 25 percent of the diameter of the

at least one opening.

[0014] In yet other preferred forms, at least one vent in the plurality of vents is spaced
apart from at least one opening in the plurality of openings by a distance of between 0.5 radii

and 2 radii of the at least one vent.
BRIEF DESCRIPTION OF THE DRAWINGS
[0015] FIG. 1 is a cross-sectional view of a known control valve having a known trim
assembly;
[0016] FIG. 2 is a close up view of a cage of the trim assembly of FIG. 1;

[0017] FIG. 3 is a close up view of one embodiment of a cage of a noise reducing trim

assembly constructed in accordance with the teachings of the disclosure; and
[0018] FIG. 4 is a cross-sectional view of the cage of FIG. 3.
DETAILED DESCRIPTION
[0019] The trim assemblies described herein advantageously provide reduced noise

signatures when compared to prior art trim assemblies. The disclosed trim assemblies may

be used as stand-alone trim assemblies, or the disclosed trim assemblies may be combined
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with other trim assemblies to produce trim assemblies that characterize fluid flow while
reducing noise. While the disclosed trim assemblies may be used in any type of valve, the

disclosed trim assemblies may be particularly useful in sliding stem control valves.

[0020] Turning now to FIG. 3, one embodiment of a cage 122 that is constructed in
accordance with the teachings of the disclosure may include a first end 132 and a second end
136. The cage 122 may be used in a conventional control valve, such as the control valve 10
of FIG. 1. A cage wall 138 extends between the first end 132 and the second end 136, the
cage wall 138 forming a hollow central bore within which the valve plug slides to control
fluid flow through the cage 122. A first plurality of cage openings 140 is formed in the cage
wall 38. The first plurality of cage openings 140 characterize fluid flowing through the cage
122, by for example, reducing the pressure of the fluid as it flows through the first plurality of
openings 140. A second plurality of openings, which may take the form of vents 142, may
surround each opening in the first plurality of openings 140. In one embodiment, each
opening in the first plurality of openings 140 may be surrounded by eight equally spaced
vents 142. In other embodiments, each opening in the first plurality of openings 140 may be
surrounded by more or less than eight equally spaced vents 142. For example, each opening
in the first plurality of openings 140 may be surrounded by two, three, four, five, six, seven,

nine, ten, eleven, twelve or more vents 142,

[0021] FIG. 4 is a cross-sectional view of the cage 122 of FIG. 3. Each opening in the first
plurality of openings 140 includes a central axis A that is substantially perpendicular to the
longitudinal axis B of the cage 122 (i.e., the central axis A is angled between 85 degrees and
95 degrees relative to the longitudinal axis B). Each vent 142 is formed about a central axis
C that is angled (i.e., non-perpendicular and non-parallel) relative to the longitudinal axis B
of the cage 122. An angle 150a, 150b is formed between the central axis C of the vents 142
and the central axis A of the openings 140. In some embodiments, the angle 150a, 150b may
range between 10 degrees and 80 degrees, preferably between 20 degrees and 70 degrees, and
more preferably between 30 degrees and 60 degrees. Angles in these ranges provide superior

noise reduction characteristics.

[0022] In the embodiment of FIG. 4, the vents 142 include openings having substantially
parallel side walls 154 when viewed in cross-section, as viewed on the right side of FIG. 4,
the second plurality of openings 142 taking the shape of circular cylinders or circular bores.
In other embodiments, the vents 142 may have side walls 154 that taper inwardly from the
inner surface 160 of the cage 122 towards the outer surface 162 of the cage 122, thereby

4
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forming a cone-shaped opening, nozzle, or funnel, as viewed on the right side of FIG. 4.
Tapering the side walls 154 increases the velocity of the fluid flowing through the vents 142,
which may increase the noise suppression capability of the cage 122. In some embodiments
the side walls 154 may taper beginning at the inner surface 160 and continue tapering to the
outer surface 162. In other embodiments, the side walls 154 may begin tapering at an
intermediate point between the inner surface 160 and the outer surface 162. In some
embodiments, the side walls 154 may taper towards one another at an angle in the range of 5
degrees to 20 degrees, preferably in the range of 10 degrees to 15 degrees. Tapering the side

walls 154 in these ranges provides superior noise cancelling capabilities.

[0023] Returning now to FIG. 3, in some embodiments, the vents 142 may have diameters
that are between 10 percent and 30 percent of the diameter of the openings in the first
plurality of openings 140, preferably between 15 percent and 25 percent, and more preferably
approximately 20 percent. In other embodiments, the vents 142 may be spaced apart from
the first plurality of openings 140 by a distance of between 0.5 radii and 2 radii of the radius
of the vents 142, preferably between 0.75 radii and 1.5 radii, and more preferably

approximately 1 radius.

[0024] Without being bound by theory, it is believed that the fluid flowing out of the vents
142 compresses a shear region generated by the fluid flowing out of the first plurality of
openings 140 due to the directional flow from the vents 142 towards the first plurality of
openings 140. Furthermore, it is believed that the fluid flowing out of the vents 142 stabilizes
the flow downstream of the first plurality of openings 140. Both of these effects reduce the

noise generated by fluid flowing through the first plurality of openings.

[0025] Although certain trim assemblies and control valves have been described herein in
accordance with the teachings of the present disclosure, the scope of the appended claims is
not limited thereto. On the contrary, the claims cover all embodiments of the teachings of

this disclosure that fairly fall within the scope of permissible equivalents.



CLAIMS

1. A cage for a trim assembly of a control valve, the cage comprising:

a cage wall extending from a first end to a second end, the cage wall forming a hollow

circular cylinder;

a plurality of openings disposed in the cage wall, the plurality of openings characterizing

fluid flow through the cage; and

a plurality of vents disposed around at least one opening in the plurality of openings, the
plurality of vents directing fluid flow towards fluid flowing out of the at least one opening to

suppress noise generated by the fluid flowing out of the at least one opening,

wherein the at least one opening includes a central axis that is substantially perpendicular
to a longitudinal axis of the cage, and at least one vent in the plurality of vents includes a central

axis that is angled, non-parallel and non-perpendicular, to the longitudinal axis of the cage.

2. The cage of claim 1, wherein the central axis of the at least one opening and the central
axis of the at least one vent are angled, non-parallel and non-perpendicular, relative to one

another.

3. The cage of claim 1 or 2, wherein the angle between the central axis of the at least one

opening and the central axis of the at least one vent is between 10 degrees and 80 degrees.

4, The cage of claim 3, wherein the angle is between 20 degrees and 70 degrees.
5. The cage of claim 3, wherein the angle is between 30 degrees and 60 degrees.
6. The cage of any one of claims 1 to 5, wherein the plurality of vents includes between two

and twelve vents around the at least one opening in the plurality of openings.

7. The cage of any one of claims 1 to 5, wherein the plurality of vents includes between six

and eight vents around the at least one opening in the plurality of openings.

8. The cage of any one of claims 1 to 7, wherein the at least one vent in the plurality of

vents includes side walls that are parallel to one another.

Date Recue/Date Received 2023-01-09



9. The cage of claim 1, wherein the at least one vent in the plurality of vents is a circular

bore.

10.  The cage of claim 1, wherein the at least one vent in the plurality of vents includes side

walls that angle inwardly relative to one another.

11.  The cage of claim 8, wherein the side walls angle from an inner surface of the cage to an

outer surface of the cage.

12.  The cage of claim 11, wherein the side walls begin angling towards one another at an

intermediate point between the inner surface of the cage and the outer surface of the cage.
13.  The cage of any one of claims 1 to 12, wherein the at least one vent forms a nozzle.

14.  The cage of any one of claims 1 to 13, wherein the at least one vent in the plurality of
vents has a diameter that is between 10 percent and 30 percent of a diameter of the at least one

opening in the plurality of openings.

15.  The cage of claim 14, wherein the diameter of the at least one vent is between 15 percent

and 25 percent of the diameter of the at least one opening.

16.  The cage of any one of claims 1 to 15, wherein the at least one vent in the plurality of
vents is spaced apart from the at least one opening in the plurality of openings by a distance of

between 0.5 radii and 2 radii of the at least one vent.
17. A fluid valve comprising:
a valve body having a fluid inlet and a fluid outlet connected by a fluid passageway;

a trim assembly disposed within the fluid passageway, the trim assembly having the cage

as defined in any one of claims 1 to 16 and a seat;

a fluid control member movably disposed within the fluid passageway, the fluid control

member cooperating with the trim assembly to control fluid flow through the fluid passageway.

Date Recue/Date Received 2023-01-09
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