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VALVE TRIM APPARATUS HAVING CAVIT TO RECEIVE
CONTAMINATES FROM SEALING SURFACE

FIELD OF THE DISCLOSURE

[0001] This disclosure relates generally to control valves and, more
particularly, to valve trim apparatus having a cavity to receive contaminates
deposited on a sealing surface of the valve trim.

BACKGROUND

{0002] Fluid valves are often used in process control plants or systems to
control the flow of process fluids. In general, fluid valves typically include a valve
trim assembly or apparatus that includes a valve plug (e.g., a metal valve plug) and a
valve seat (e.g., a metal seat ring) that are disposed in a fluid path to control the flow
of fluid through a passageway between an inlet and an outlet. A valve stem or shaft
operatively couples the valve plug to an actuator such as, for example, a pneumatic
actuator, a manual actuator, etc. The actuator moves the valve plug between an open
position at which the valve plug is spaced from the valve seat to allow fluid flow
through the passageway and a closed position at which the valve plug sealingly
engages the valve seat to prevent fluid flow through the passageway.

[0003] In severe service applications such as, for example, in the
petrochemical industry, control valves may be subjected to severely erosive fluid
conditions that can rapidly wear or reduce the operating life of the valve trim (e.g., a
valve seat, a valve plug, etc.). For example, the valve trim may be exposed to
flowing process fluids that contain entrained particulate (e.g., ceramic catalyst fines).
Valve scats and/or valve plugs made of ceramic materials are often employed in

severe service applications to reduce damage and/or wear caused by severely erosive
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process fluids that may otherwise damage metallic valve seats and/or valve plugs,
thereby increasing the operating life of the valve seat and/or valve plug.

[0004] Although ceramic valve seats and/or valve plugs are highly resistant
to the above-noted erosive or corrosive effects of particulate and the like,
contaminates or material such as particulate (e.g., entrained particulate catalyst)
and/or or relatively high viscosity fluids may adhere to the sealing or seating surfaces
of the valve plug and/or the valve seat as the valve plug sealingly engages the valve
seat. Such contaminates or material may prevent the sealing surface of the valve
plug from sealingly engaging with the seating surface of the valve seat, thereby
causing fluid leakage across the valve seat when the valve is in a closed position.

SUMMARY

[0005] In one example, a valve trim apparatus includes a valve seat and a
valve plug to operatively engage the valve seat. One of the valve plug or valve seat
includes a plurality of annular ribs and at least one of the valve seat or valve plug
defines at least one groove to be positioned between at least two of the annular ribs to
receive material from a sealing surface of the valve plug or valve seat when the valve
plug is sealingly engaged with the valve seat.

[0006] In another example, a valve trim apparatus includes a valve seat and a
valve closure member. The valve closure member and the valve seat cooperatively
engage to define a cavity and move contaminate from a sealing surface of the valve
seat or valve closure member to the cavity as the valve closure member moves

toward a sealing engagement with the valve seat,

BRIEF DESCRIPTION OF THE DRAWINGS
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[0007] FIG. 1 illustrates a known example fluid valve implemented with a
known valve trim apparatus.

[0008] FIG. 2A illustrates an example fluid valve implemented with an
example valve trim apparatus described herein.

[0009] FIG. 2B illustrates an enlarged portion of the example valve trim
apparatus illustrated in FIG. 2A shown in a closed position.

[0010] FIG. 3 illustrates an enlarged portion of the example valve trim
apparatus illustrated in FIGS. 2A and 2B shown in an open position.

[0011] FIG. 4 illustrates an enlarged portion of the example valve trim

apparatus illustrated in FIGS. 2A, 2B and 3 shown in an intermediate position.

DETAILED DESCRIPTION

[0012] In general, the example valve trim apparatus described herein may be
used with severely erosive and/or relatively high viscosity process fluids such as, for
example, process fluids (e.g., hydrogen fluids) having entrained particulate (e.g.,
ceramic catalyst) that can cause damage or erosion to conventional valve trim
components. The example valve trim apparatus described herein significantly
increases the operational life of the valve trim compared to conventional valve trim.
More specifically, the example valve trim apparatus moves, wipes or channels
particulate entrained in a fluid flow and/or high viscosity fluids away from the
sealing surface of the valve trim apparatus to provide a relatively contaminate free
(e.g., a smooth or clean) sealing surface to enable the valve trim apparatus to
sealingly engage and/or prevent leakage when the valve is in a closed position.

Additionally, the example valve trim apparatus described herein provides an effective
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fluid flow dead-band to help move particulate away from a seating surface of the trim
apparatus when the trim apparatus is moving toward the closed position.

[0013] One example valve trim apparatus described herein includes a valve
plug that is to operatively engage a valve seat. The valve plug cooperatively engages
the valve seat to define a cavity and move contaminate from a sealing surface of the
valve seat or the valve plug to the cavity as the valve plug moves toward a sealing
engagement with the valve seat. One of the valve plug or valve seat includes a
plurality of annular protrusions or ribs. At least one of the valve seat or valve plug
defines at least one groove to be positioned between at least two of the annular
protrusions to receive material or contaminate (e.g., particulate, viscous fluids, etc.)
from a sealing surface of the valve plug or valve seat when the valve plug is sealingly
engaged with the valve seat.

[0014] Additionally, a cage and the valve plug and are configured to provide
an effective fluid flow dead-band to protect the sealing surface of the valve trim
apparatus from erosion, corrosion and/or damage. In particular, the valve plug
cooperatively engages the cage to obstruct the fluid flow and reduce a residual
quantity of fluid and/or particulate flowing across the sealing surface of the trim
apparatus as the valve plug moves toward the valve seat and before the valve plug is
sealingly engaged with the valve seat.

[0015] FIG. 1 illustrates a known fluid valve assembly 100 (e.g., a flow down
angle-style control valve) implemented with a known valve trim apparatus 102 that
may be used in severe service applications (e.g., severely erosive process fluid, high
pressure applications, etc.). Referring to FIG. 1, the example fluid valve assembly
100 includes a valve body 104 that defines a fluid flow passageway 106 between an

inlet or side port 108 and an outlet or bottom port 110. In this example, the inlet 108
4
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is turned at an angle relative to the outlet 110. A bonnet 112 is coupled to the valve
body 104 via fasteners 114 and couples the valve body 104 to an actuator (not
shown). The bonnet 112 also houses a packing system 116 to prevent leakage of
process fluid to the environment.

[0016] The valve trim apparatus 102 includes a flow control member or valve
plug 118 and a valve seat or seat ring 120 disposed within the passageway 106. An
actuator (e.g., a pneumatic actuator, an electric actuator, a hydraulic actuator, etc.)
may be operatively coupled to the valve plug 118 via a valve stem 122 to move the
valve plug 118 relative to the seat ring 120 to control the fluid flow through the
passageway 106 between the inlet 108 and the outlet 110. A seat ring retainer or
liner 124 retains the seat ring 120 within the valve body 104 and has an elongated
body 126 that extends to protect an interior surface 128 of the outlet 110 from
adverse process effects such as, for example, abrasion, erosion, corrosion, etc.

[0017] In operation, an actuator drives the valve stem 122 and, thus, the valve
plug 118 between a closed position at which the valve plug 118 is sealingly engaged
with the seat ring 120 to prevent or restrict fluid flow through the passageway 106
between the inlet 108 and the outlet 110 and a fully open or maximum flow position
at which the valve plug 118 is separated from the seat ring 120 to allow fluid flow
through the passageway 106 between the inlet 108 and the outlet 110.

[0018] In severe service applications (e.g., petrochemical applications), the
valve trim apparatus 102 may be exposed to severely erosive and/or corrosive fluid
conditions that can rapidly wear or cause material loss to surfaces 130 and/or 132 and
significantly reduce the operating life of the valve trim apparatus 102. For example,
the valve plug 118 and/or the seat ring 120 may be exposed to process fluids

entrained with particulate (e.g., ceramic catalyst fines) or relatively high viscosity
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fluids, which can wear or degrade the surfaces 130 and/or 132. Thus, in severely
erosive fluid conditions, valve plugs and/or valve seats made of ceramic materials are
often employed because ceramic materials have relatively high resistance to erosive
or corrosive fluid conditions, thereby increasing the operating life of the valve plugs
and/or valve seats. For example, referring to the example of FIG. 1, the valve plug
118 and/or the seat ring 120 may be made of a ceramic material.

[0019] However, entrained particulate and/or relatively high viscosity fluid
may adhere to the sealing surface 130 and/or the seating surface 132 of the valve
plug 118 and/or the seat ring 120 as the valve plug 118 sealingly engages the seat
ring 120 in the closed position. Further, in this example, particulate suspended in the
process fluid, which may be a relatively high viscosity fluid, flows across the seat
ring 120 until the valve plug 118 sealingly engages the seat ring 120. Such
particulate suspended in the process fluid may adhere to the sealing surface 130
and/or the seating surface 132 as the valve plug 118 sealingly engages the seat ring
120. Such particulate which is typically rigid and highly viscous process fluid can
prevent the sealing surface 130 of the valve plug 118 from sealingly engaging with
the seating surface 132 of the seat ring 120 to provide a tight shut-off, thereby
causing leakage through the passageway 106 when the fluid valve 100 is in the
closed position. Thus, a sealing surface of the seat ring 120 and/or the valve plug
118 exposed to particulate and/or highly viscous fluid in this manner becomes
ineffective at controlling fluid flow through the fluid valve 100,

[0020] Additionally, rigid particulate contaminate can damage the sealing
surface 130 of the valve plug 118 and/or the seating surface 132 of the seat ring 120.

In some instances, the particulate may cause a valve plug and/or a seat ring made of
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ceramic to fracture, shatter or crack, resulting in a significantly reduced operating life
of the valve trim.

[0021] FIG. 2A illustrates an example fluid valve 200 implemented with an
example valve trim apparatus 202 described herein that may be employed in severely
erosive or corrosive applications such as, for example, applications involving
relatively highly viscous process fluids and/or process fluids entrained with
particulate (e.g., ceramic catalyst fines) or other contaminates. FIG. 2B illustrates an
enlarged portion of the example valve trim apparatus 202 shown in FIG. 2A.

[0022] Referring to FIG. 2A, the fluid valve 200 includes a valve body 204
defining a passageway 206 between an inlet or side port 208 and an outlet or bottom
port 210. The valve trim apparatus 202 is disposed within the passageway 206 of the
valve body 204 to control the fluid flow between the inlet 208 and the outlet 210. In
the illustrated example, the inlet 208 is substantially angled relative to the outlet 210.
A bonnet (not shown) (e.g., similar to the bonnet 112 of FIG. 1) may be coupled to
the valve body 204 (e.g., via fasteners) and may also couple the valve body 204 to an
actuator (not shown). The actuator may be operatively coupled to the valve trim
apparatus 202 via a valve stem 212.

[0023] The valve trim apparatus 202 includes a flow control member or
closure member 214, which is depicted as a valve plug, and a valve seat 216. One of
the closure member 214 or the valve seat 216 is composed of a metal, carbide (c.g.,
tungsten carbide) or ceramic material and the other one of the closure member 214 or
the valve seat 216 is composed of a material different than the material of the closure
member 214. In this example, the valve seat 216 is composed of a ceramic material
(e.g., carbide) and the closure member 214 is composed of stainless steel. Thus,

because the closure member 214 is composed of metal, the closure member 214 will
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yield (e.g., deform) relative to the valve seat 216 composed of ceramic or carbide to
provide a relatively tight shut-off. However, in other examples, the closure member
214 may be composed of a ceramic material and the valve seat 216 may be composed
of a metallic material. In yet other examples, the closure member 214 and the valve
seat 216 may be composed of a ceramic material or any other suitable erosion and/or
corrosion resistant material(s).

[0024] As shown in this example, the valve seat 216 and the closure member
214 form or define at least one cavity 218 when the closure member 214 sealingly
engages the valve seat 216. More specifically, the cavity 218 is to receive
contaminate (e.g., particulate and/or relatively high viscosity fluid) in contact with
(e.g., adhered to) a sealing surface or area 220 of the valve seat 216 and the closure
member 214 as the closure member 214 sealingly engages the valve seat 216. The
cavity 218 may be defined by at least one groove (e.g., an annular groove) formed on
the valve seat 216 and/or the closure member 214. For example, the valve seat 216
includes the groove or cavity 218 (e.g., an annular groove or cavity) positioned
adjacent an annular rib or projection 222 to form or define a raised seating surface
224. In operation, the cavity or groove 218 receives material or contaminate from
the sealing area 220 of the closure member 214 and/or the valve seat 216 as the
closure member 214 sealingly engages the valve seat 216. Alternatively, the closure
member 214 may include at least one groove or channel 218 to form or define at least
one raised seating surface 224 or annular rib 222 instead of the valve scat 216. In yet
another example, each of the valve seat 216 and the closure member 214 includes at
least one groove or cavity 218 to form at least one raised seating surface 224 or

annular rib 222.
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[0025] In this example, the valve trim apparatus 202 also includes a cage 226
disposed between the inlet 208 and the outlet 210 to impart certain flow
characteristics (e.g., reduce noise and/or cavitation generated by) the process fluid
flowing through the fluid valve 200. The cage 226 can also facilitate maintenance,
removal, and/or replacement of the other components of the valve trim apparatus 202,
The cage 226 may be composed of a high strength, erosion and/or corrosion resistant
material (e.g., stainless steel) and a surface 228 of the cage, which is in fluid
communication with the inlet 208, may include (e.g., may be plated by) nitride,
carbide and/or any other erosion or corrosion resistant material(s).

[0026] As shown, the cage 226 includes a bore 230 to slidably receive the
closure member 214 and guide the closure member 214 as an actuator moves the
closure member 214 between a first position {e.g., a fully closed position) and a
second position (e.g., a fully open position). The cage 226 also includes an orifice
232 to provide fluid flow characteristics. The desired fluid flow characteristics are
achieved by varying the geometry of the orifice 232. In some example
implementations, the cage 226 may include a plurality of openings having various
shapes, sizes, and/or spacing to control the flow, reduce cavitation, and/or reduce
noise through the valve.

[0027] In this example, the closure member 214 is a valve plug having an
outer surface or body portion 234 sized to closely fit within the bore 230 of the cage
226. The closure member 214 can slide within the cage 226 between a closed
position, in which the closure member 214 obstructs the orifice 232 of the cage 226,
and an open position, in which the closure member 214 is clear of (i.e., does not
obstruct) at least a portion of the orifice 232. Additionally, in this example, as

described in greater detail below, the body portion 234 provides a dead-band area or
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zone 236 dimensioned to block or obstruct fluid flow through the orifice 232 of the
cage 226 and prevent or restrict fluid flow across the valve seat 216 over a portion of
the stroke as the closure member 214 moves toward the valve seat 216 and before the
closure member 214 sealingly engages the valve seat 216. In other words, the cage
226 and the closure member 214 are configured to provide a fluid flow dead-band to
protect the sealing area 220 from erosion, corrosion and damage and/or reduce the
amount of contaminate surrounding the sealing area 220 as the closure member 214
moves toward the valve seat 216.

[0028] In the example illustrated in FIGS. 2A and 2B, the valve seat 216 is a
seat ring that is clamped adjacent the outlet 210 of the valve body 204. The example
fluid valve 200 also includes a liner 238 that is clamped between an outlet flange 240
of the valve body 204 and downstream piping (not shown). The valve seat 216 is
clamped between the cage 226 and the liner 238 and is retained in the valve body 204
via interference fit. A seal 241 may be disposed between the seat 216 and the cage
226. The liner 238 includes an elongated body 242 that extends to protect a surface
or side 244 of the outlet 210 from adverse process effects such as, for example,
abrasion, corrosion, etc. In other examples, the liner 238 may be integrally formed
with the valve seat 216 as a substantially unitary member or structure. In yet another
cxample, the liner 238 is coupled to the valve body 204 via threads, fasteners and/or
other suitable fastening mechanism(s).

[0029] As most clearly shown in FIG. 2B, the valve seat 216 includes a
plurality of annular protrusions or ribs 222a-b that define cavities or grooves 218a-c
(e.g., annular grooves) and a plurality of raised seating surfaces 224a-b. A first rib
222a provides a first raised seating surface 224a independent from a second raised

seating surface 224b provided by a second rib 222b. In this manner, the raised
10
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seating surfaces 224a-b provide redundant sealing surfaces so that if one of the ribs
222a or 222b and/or the raised seating surfaces 224a-b becomes damaged or worn,
the other one of the ribs 222a or 222b and/or raised seating surfaces 224a or 224b
sealingly engages the closure member 214 to provide a tight shut-off. In this
example, the raised seating surfaces 224a-b or ribs 222a-b are integrally formed with
the valve seat 216 as a unitary structure. For example, the cavities or grooves 218a-c
and/or the ribs 222a-b may be formed via machining or any other suitable
manufacturing process(es) to provide the raised seating surfaces 224a-b.

[0030] Referring to FIG. 2B, the annular ribs or protrusions 222a-b include
an angled profile 246. In this example, the angled profile 246 of the annular ribs or
protrusions 222a-b includes sloped surfaces 248a-b having a downward inclination
away from the inlet 208 and toward the outlet 210. In this example, the angled
profile 246 provides an angle 250 that is approximately sixty degrees relative to a
longitudinal axis 252 of the closure member 214. However, in other examples, the
angled profile 246 may provide any other suitable angle. Alternatively, each of the
sloped surfaces 248a-b may have different angles. For example, a surface 248¢ of
the annular groove 218c may have an angled profile different (e.g., a sloped surface
at a greater angle) than the angled profile 246 of the surfaces 248a-b. As discussed in
greater detail below, the angled profile 246 facilitates movement or collection of
contaminate toward the grooves or cavities 218a-c. Additionally or alternatively, the
angled profile 246 reduces damage (e.g., cracking) to the raised seating surfaces
224a-b and/or the ribs 222a-b of the valve seat 216 that may caused by a thrust force
imparted by an actuator to the valve seat 216 and/or closure member 214 when the

fluid valve 200 is in a closed position.
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[0031] The closure member 214 aiso includes a sealing surface 254 that
sealingly engages the raised seating surfaces 224a-b of the valve seat 216 when the
closure member 214 sealingly engages the valve seat 216. Thus, the raised seating
surfaces 224a-b include an angled profile 256 providing an angle 258 (e.g., a 30
degree angle) that is substantially similar or identical to an angled profile or angle
260 of the sealing surface 254 so that the sealing surface 254 of the closure member
214 matably and/or sealingly engages with the raised seating surfaces 224a-b of the
valve seat 216 to provide a tight shut-off. As noted above, the closure member 214
may include at least one groove or channel to form or define at least one raised
seating surface or annular rib instead of the valve seat 216, which sealingly engages a
seating surface of the valve seat 216. In yet another example, each of the valve seat
216 and the closure member 214 includes at least one groove or cavity to form at
least one raised seating surface or annular rib.

[0032] In operation, an actuator may stroke or move the closure member 214
between a closed position or zero percent (0%) stroke length travel and an open
position or 100 percent stroke length travel. FIGS. 2A and 2B illustrate the closure
member 214 at a closed position 262 (i.e., a zero percent travel of the stroke length)
relative to the valve seat 216. In the closed position 262 of FIGS. 2A and 2B, the
sealing surface 254 of the closure member 214 sealingly engages the raised seating
surfaces 224a-b of the valve seat 216 to prevent or restrict fluid flow through the
passageway 206 between the inlet 208 and the outlet 210. Particulate and/or viscous
fluid on the raised seating surfaces 224a-b of the valve seat 216 and/or the sealing
surface 254 of the closure member 214 will be channeled, wiped away or other wised

moved from the sealing area 220 and toward the cavities or grooves 218a-c.
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[0033] In other words, the cavities or grooves 218a-c receive contaminate as
the sealing surface 254 of the closure member 214 sealingly engages the raised
seating surfaces 224a-b of the valve seat 216. Contaminate in contact with the raised
seating surfaces 224a-b and/or the sealing surface 254 will be wiped away from the
sealing surface 254 and/or the raised seating surfaces 224a-b and forced or moved
(e.g., pushed) toward the grooves or cavities 218a-c by the sealing surface 254 of the
closure member 214 as it engages the raised seating surfaces 224a-b. Also, the
angled profile 256 of the raised seating surfaces 224a-b and/or the angled profile 260
of the sealing surface 254 facilitate collection of contaminate in the cavities or
grooves 218a-c.

[0034] Further, the angled profile 246 (e.g., the sloped surfaces 248a-c) of the
ribs 222a-b facilitate movement of contaminate (e.g., relatively high viscous fluid,
particulate suspended in the fluid flow, etc.) in contact with the sealing area 220
away from and/or toward the cavities or grooves 218a-c as the closure member 214
sealingly engages the valve seat 216. If one of the raised seating surfaces 224a-b
become damaged or worn, the other one of the raised seating surfaces 224a-b
provides a seal when the closure member 214 engages the valve seat 216. Thus, the
raised seating surfaces 224a-b provide redundant sealing.

[0035] Additionally, as noted above, the example valve trim apparatus 202
provides an effective fluid flow dead-band to reduce particulate or contaminate
flowing across and/or adhering to the sealing area 220 as the closure member 214
moves from an open position 300 (i.e., 100 percent travel of the stroke length) as
shown in FIG.3 and the closed position 262 shown in FIGS. 2A and 2B.

[0036] At the fully open position 300 shown in FIG. 3, the closure member

214 is separated from the valve seat 216 to enable a maximum fluid flow through the
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passageway 206 of the valve body 204 between the inlet 208 and the outlet 210.
Relatively high viscosity fluid and/or fluid entrained with particulate flows through
the passageway 206 across the valve seat 216. The valve seat 216, which may be
composed of ceramic material, resists erosion and cotrosion as particulate suspended
in process fluid flows across the valve seat 216. To restrict or prevent fluid flow
between the inlet 208 and the outlet 210, the actuator moves the closure member 214
toward the valve seat 216. The closure member 214 slides within the cage 226
between the open position 300, in which the body portion 234 of the closure member
214 is clear of at least a portion of the orifice 232 and the closed position 262 (FIGS.
2A and 2B), in which the body portion 234 of the closure member 214 obstructs the
orifice 232 of the cage 226.

[0037] FIG. 4 illustrates the closure member 214 at an intermediate position
400 as the closure member 214 moves between the open position 300 shown in FIG.
3 and the closed position 262 shown in FIGS. 2A and 2B. As shown in FIG. 4, when
the closure member 214 moves between the intermediate position 400 and the closed
position 262, the dead-band area or zone 236 of the closure member 214 obstructs or
blocks the orifice 232 of the cage 226 to restrict or prevent fluid flow across the
valve seat 216 before the sealing surface 254 of the closure member 214 sealingly
engages the raised seating surfaces 224a-b of the valve seat 216. Thus, the fluid flow
dead-band zone or area 236 of the closure member 214 moves relative to and/or
adjacent the opening of the cage 226 to provide a dead-band stroke length travel to
the overall stroke length travel of the closure member 214. The dead-band zone or
area 236 of the body portion 234 and/or the sealing surface 254 may be configured to
provide a predetermined fluid flow dead-band prior to when the fluid valve 200 is in

the fully closed position 262 as shown in FIGS. 2A and 2B. Additionally or
14
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alternatively, the orifice 232 of the cage 226 may be dimensioned or sized to provide
an effective dead-band stroke length travel.

[0038] In operation, the dead-band zone or area 236 restricts or blocks
particulate suspended within the fluid flow before the closure member 214 sealingly
engages the valve seat 216 in the closed position 262. Restricting the fluid flow
across the valve seat 216 before the closure member 214 sealingly engages the valve
seat 216 significantly reduces a residual quantity of contaminate or particulate
suspended in the flowing fluid from gathering or adhering to the sealing area 220 of
the valve trim apparatus 202 as the closure member 214 is moving toward the valve
seat 216. Further, the pressure of the fluid at the outlet 210 moves or pushes the
particulate away from the valve seat 216 and/or the closure member 214 and toward
the outlet 210 of the fluid valve 200,

[0039] Additionally, because the closure member 214 restricts or inhibits
fluid flow through the fluid valve 200 during the fluid flow dead-band, a relatively
high pressure fluid at the inlet 208 does not flow across the sealing surface 254 of the
closure member 214 and/or the raised seating surfaces 224a-b of the valve seat 216.
Reducing or minimizing a relatively high pressure fluid across the sealing area 220
significantly increases the operating life of the sealing surface 254 and/or the raised
seating surfaces 224a-b and, thus, the valve trim apparatus 202,

[0040] The above-noted valve trim examples are advantageous in severely
erosive fluids such as, for example, relatively high viscosity fluids and/or fluids
containing particulate (e.g., ceramic catalyst fines), which can prevent the closure
member 214 and the valve seat 216 from properly sealingly engaging, thereby
causing leakage of process fluid through the passageway 206 when the fluid valve

200 is in the closed position 262. In this example, the closure member 214 and the
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valve seat 216 cooperatively engage to define a cavity and move contaminate from a
sealing surface of the valve seat 216 or valve closure member 214 to the cavity as the
valve closure member 214 moves toward a sealing engagement with the valve seat
216. The valve trim apparatus is configured to wipe away particulate, contaminate
and/or high viscosity fluids from the sealing area 220 when the closure member 214
sealingly engages the valve seat 216. Further, an effective fluid flow dead-band
reduces contaminant (e.g., relatively high viscous fluid or a particulate suspended in
the fluid) from adhering to the sealing area 220 of the valve seat 216 and/or the
closure member 214 as the closure member 214 is moving toward the valve seat 216,
[0041] Due to the angle of the valve body 204, angle-style valves
advantageously allow for easy draining because the valve body or flow path of such
valves does not have any pockets or areas that allow accumulation of fluid and/or
residue. Thus, angle-style control valves are typically used in the chemical and
petroleum industries, which often require control of residual oils or other liquids with
coking properties. However, the example valve trim apparatus described herein are
not limited to use with angle-style fluid valves. In other examples, fluid valves such
as, for example, globe valves, rotary valves, linear valves, etc., may be employed.
[0042] Although certain apparatus have been described herein, the scope of
coverage of this patent is not limited thereto. To the contrary, this patent covers all
apparatus fairly falling within the scope of the appended claims either literally or

under the doctrine of equivalents.
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What is claimed is:

1. A valve trim apparatus comprising:

a valve seat; and

a closure member to operatively engage the valve seat, wherein one of the
closure member or valve seat includes a plurality of annular ribs, and wherein at least
one of the valve seat or closure member defines at least one groove to be positioned
between at least two of the annular ribs to receive material from a sealing surface of
the closure member or valve seat when the closure member is sealingly engaged with
the valve seat.

2. A valve trim apparatus as defined in claim 1, wherein the annular ribs
are structured to provide redundant sealing surfaces.

3. A valve trim apparatus as defined in claim 1, wherein the material
comprises at least one of particulate or a relatively high viscosity fluid in contact
with the sealing surface of the valve seat or closure member prior to being received
in the at least one groove.

4. A valve trim apparatus as defined in claim 1, wherein the valve seat is
a seat ring and the plurality of annular ribs are integral with the seat ring.

5. A valve trim apparatus as defined in claim 4, wherein the seat ring is
to be clamped adjacent an outlet port of a valve body.

6. A valve trim apparatus as defined in claim 1, wherein the annular ribs
have an angled profile.

7. A valve trim apparatus as defined in claim 6, wherein the angled
profile defines an angle to facilitate collection of the material in the at least one

groove.
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8. A valve trim apparatus as defined in claim 7, wherein the angled is
about sixty degrees relative to a longitudinal axis of the closure member.

9. A valve trim apparatus as defined in claim 1, wherein one of the
closure member or valve seat comprises metal, carbide or ceramic and the other one
of the closure member or valve seat comprises a material different than that of the
closure member.

10. A valve trim apparatus as defined in claim 1 further comprising a cage
operatively coupled to the plug so that fluid flow through the cage is substantially
blocked as the closure member moves toward the valve seat and before the closure
member is sealingly engaged with the valve seat.

11. A valve trim apparatus comprising:

a valve seat; and

a valve closure member, wherein the valve closure member and the valve seat
cooperatively engage to define a cavity and move contaminate from a sealing surface
of the valve seat or valve closure member to the cavity as the valve closure member
moves toward a sealing engagement with the valve seat.

12. A valve trim apparatus as defined in claim 11, wherein the cavity
comprises an annular groove on the valve closure member or the valve seat.

13. A valve trim apparatus as defined in claim 11, wherein the valve
closure member is a plug and the valve seat is a seat ring.

14. A valve trim apparatus as defined in claim 11, wherein the
contaminate comprises a relatively high viscosity fluid or a particulate suspended in
the fluid.

15. A valve trim apparatus as defined in claim 11, wherein at least one of

the valve closure member or the valve seat comprises a plurality of annular

18
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protrusions to move the contaminate from the sealing surface of the valve seat to the
cavity.

16. A valve trim apparatus as defined in claim 15, wherein the annular
protrusions are structured to provide redundant sealing surfaces.

17. A valve trim apparatus as defined in claim 1 further comprising a cage
configured to provide a flow dead-band to protect the sealing surface from erosion.

18. A valve trim apparatus, comprising:

means to control a flow of fluid through a valve; and

means to remove contaminate from a sealing surface of the valve as the valve
is closed; and

means to collect the removed contaminate, wherein the means to remove and
the means to collection are operatively engaged as the valve is closed.

19. A valve trim apparatus as defined in claim 18, wherein the means to
remove and the means to collect are integral features of a structure separate from the
means to control.

20. A valve trim apparatus as defined in claim 18 further comprising

means to provide a fluid flow dead-band prior to when the valve is closed.
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