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(57) Abstract: Purge apparatus for use with fluid valves are disclosed.
An apparatus includes a stem (104) for a fluid valve. The stem has a first
channel (204) extending therethrough to receive a fluid. The apparatus
also includes an aperture (210, 212) in fluid communication with the first
channel and disposed on an outer surface of the stem or a fluid flow control
member coupled to the stem. The aperture is to exhaust the fluid from the
first channel toward one or more components of the fluid valve to remove
residue.
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PURGE APPARATUS FOR USE WITH FLUID VALVES

FIELD OF THE DISCLOSURE
[0001] This disclosure relates generally to fluid control valves and, more particularly,

to purge apparatus for use with fluid valves.

BACKGROUND
[0002] Process control systems employ fluid control valves to regulate process fluids
such as water, natural gas, oil, etc. Fluid valves typically control flow of a process fluid by
moving a valve plug, a valve ball, a valve disk or any other fluid flow control member via an
actuator. Over time, a fluid flow control member can become difficult to move or seize due
to agglomeration of one or more substances (e.g., coke) within a fluid valve. As such, some
fluid valves are implemented with external steam purge systems to remove such substance(s)

when they form on valve components.

SUMMARY

[0003] An apparatus disclosed herein includes a stem for a fluid valve. The stem has
a first channel extending therethrough to receive a fluid. The apparatus also includes an
aperture in fluid communication with the first channel and disposed on an outer surface of the
stem or a fluid flow control member coupled to the stem. The aperture is to exhaust the fluid
from the first channel toward one or more components of the fluid valve to remove residue.

[0004] Another apparatus includes a body for a fluid valve. The body includes a
channel extending therethrough to receive a fluid for purging the valve. The channel extends
at least partially along an inner wall of the body. The apparatus also includes a port fluidly
coupled to the channel and disposed in the body. The port is to guide the fluid from the
channel to a valve spring to remove residue.

[0005] Another apparatus includes a spring for a fluid valve. The spring is interposed
between a valve body and a fluid flow control member to urge a valve seat into sealing
engagement with the fluid flow control member. The apparatus also includes a first groove
disposed on a first surface of the spring and extending radially relative to an axis of the

spring. The first groove is to receive a fluid from a channel extending through the body. The
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first groove enables the fluid to flow from an outer diameter of the spring to an inner
diameter of the spring to remove residue.

[0006] Another apparatus includes a ball for a fluid valve. A bore of the ball is to
facilitate a flow of a first fluid through the valve. The ball has a first channel extending
therethrough to receive a second fluid different from the first fluid. The apparatus also
includes an aperture in fluid communication with the first channel and disposed on an outer
surface of the ball. The aperture is to exhaust the second fluid from the first channel toward

one or more valve cornponents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a schematic illustration of an example fluid control valve that can
implement the teachings of this disclosure.

[0008] FIG. 2 is a cross-sectional view of the example fluid valve of FIG. 1 along line
a-a and shows an example valve body, an example valve stem, an example valve ball, and an
example valve spring in accordance with examples disclosed herein.

[0009] FIG. 3 is a detailed view of the example valve stem of FIG. 2.

[0010] FIG. 4 is a detailed view of the example valve stem and the example valve ball
of FIG. 2 showing example aperture configurations.

[0011] FIG. 5 is a cross-sectional view of the example valve stem and the example
valve ball of FIG. 4 along line b-b.

[0012] FIG. 6 is a cross-sectional view of the example valve stem and the example
valve ball of FIG. 4 along line c-c.

[0013] FIG. 7 is another cross-sectional view of the example valve stem and the
example valve ball of FIG. 4 along line b-b.

[0014] FIG. 8 is a detailed partial view of the example valve body of FIG. 2 and
shows an example channel in accordance with disclosed examples.

[0015] FIG. 9 is a detailed view of the example valve spring of FIG. 2 showing an
example groove in accordance with disclosed examples.

[0016] The figures are not to scale. In general, the same reference numbers will be
used throughout the drawing(s) and accompanying written description to refer to the same or

like parts.
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DETAILED DESCRIPTION

[0017] Known steam purge systems deliver steam to components of a fluid valve via
steam supply lines positioned external to the fluid valve. For example, a known steam purge
system may include a steam supply line that passes into a body of the fluid valve such that a
nozzle on an end of the supply line is positioned proximate to a component (e.g., a stem, a
spring, etc.) in the fluid valve. In this manner, solidified substances formed on the
components of the fluid valve can be removed by spraying the steam via the nozzle, which
improves valve performance. However, these known steam purge systems may fail to
sufficiently clean one or more components of the fluid valve due to limited access thereto
and/or space in the fluid valve.

[0018] Purge apparatus for use with fluid valves are disclosed. Examples disclosed
herein facilitate removal of one or more substances or residue (e.g., petroleum coke) from a
fluid control valve, thereby improving valve performance. Examples disclosed herein
provide one or more example components of the fluid valve that are shaped and/or formed
having one or more example channels therein to receive an example fluid (e.g., steam) and
direct the fluid to one or more areas in the fluid valve associated with agglomeration. In
particular, a disclosed channel is sized, shaped, and/or otherwise configured to enable a
sufficient amount of the fluid to flow therethrough and be emitted therefrom at a sufficient
velocity. In this manner, disclosed examples enable the removal of residue that may have
formed on the one or more disclosed components and/or one or more other components of the
fluid valve proximate thereto. As a result, disclosed examples clean one or more valve
components that would have otherwise been inaccessible by the above-noted known steam
purge systems.

[0019] Some disclosed examples provide an example valve stem to facilitate purging
the fluid valve. In such examples, the disclosed stem includes a first example channel
(sometimes referred to as a primary channel) extending therethrough to receive the example
fluid via an inlet disposed on the stem. The stem also includes at least an aperture disposed
on an outer surface thereof positioned proximate one or more components (e.g., a packing
housing, a wall of the bore, etc.) of the fluid valve. In particular, the aperture of the stem is in
fluid communication with the first channel to exhaust and/or direct the fluid from the channel
toward the component(s), thereby removing residue that may have formed thereon and/or
proximate thereto. Further, in some examples, the example valve stem is implemented with

one or more additional apertures disclosed in greater detail below.
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[0020] Some disclosed examples provide an example valve ball to facilitate purging
the valve. In such examples, the disclosed valve ball includes at least an example second or
primary channel (e.g., the first channel of the stem) extending therethrough to receive the
example fluid (e.g., via the inlet of the stem). The valve ball also includes at least an aperture
disposed on an outer surface thereof positioned proximate to one or more components (e.g., a
downstream valve seat, an upstream valve seat, a valve spring, etc.) of the valve. In
particular, the aperture of the valve ball is in fluid communication with the second channel to
exhaust and/or direct the fluid from the second channel toward the component(s), thereby
enabling the removal of residue that may have formed thereon and/or proximate thereto.

[0021] Some disclosed examples provide an example valve body to facilitate purging
the fluid valve. In such examples, the disclosed valve body includes at least an example third
channel or primary channel extending therethrough to receive the example fluid (e.g., via an
inlet of the body). The third channel of the body extends along at least a portion of an inner
wall of the body. In particular, an example port is in fluid communication with the third
channel and positioned proximate to a spring (e.g., one or more Belleville washers, a coil
spring, a wave spring, etc.) of the fluid valve to exhaust and/or direct the fluid from the third
channel toward the spring. Further, in some examples, the example valve body is
implemented with one or more additional ports fluidly coupled with the third channel, which
is disclosed in greater detail below.

[0022] Some disclosed examples provide an example valve spring to facilitate
purging the valve. In such examples, the disclosed valve spring includes at least an example
groove disposed thereon to receive the example fluid (e.g., via the example third channel of
the valve body). In particular, the groove extends radially (e.g., inward or outward) relative
to an axis of the spring to enable the example fluid to flow from an outer radius of the spring
to an inner radius of the spring, thereby removing residue. Further, in some examples, the
example valve spring is implemented with one or more additional grooves disclosed in
greater detail below.

[0023] In some examples, one or more of the disclosed apertures and/or one or more
of the disclosed channels are configured to increase a velocity of the example fluid to
facilitate residue removal. In some examples, at least a portion of an example aperture has a
cross-sectional area that is smaller than a cross-sectional area of an example primary channel
(e.g., the first example channel of the disclosed valve stem, the second example channel of

the disclosed valve ball, and/or the third example channel of the disclosed valve body),
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thereby increasing the velocity of the fluid. Some disclosed examples provide an
intermediate channel (sometimes referred to as a secondary channel) fluidly coupled between
an example aperture and an example primary channel to similarly increase the velocity of the
fluid. In particular, at least a portion of the secondary channel has a cross-sectional area that
is smaller than a cross-sectional area of the primary channel, thereby increasing the velocity
of the fluid. As used herein, the terms “primary channel” and “secondary channel” or
“intermediate channel” refer to respective first and second channels, where at least a portion
of the second channel has a cross-sectional area that is smaller than a cross-sectional area of
the first channel.

[0024] FIG. 1 is a schematic illustration of an example fluid control valve 100 that
can implement the teachings of this disclosure. The example fluid valve 100 of FIG. 1
includes a body 102, a shaft or stem 104, and an actuator (e.g., an electric actuator, a
pneumatic actuator, etc.) 106. According to the illustrated example of FIG. 1, the fluid valve
100 is a rotary valve such as, for example, a ball valve (e.g., a floating ball valve). However,
examples disclosed herein can be implemented in any other suitable fluid valve such as, for
example, a butterfly valve, a sliding stem fluid valve, a gate valve, etc.

[0025] To control a flow of a first fluid (e.g., a process fluid such as oil, water, natural
gas, etc.) through the fluid valve 100, the valve stem 104 moves (e.g., rotates, slides, etc.),
thereby causing a fluid flow control member (e.g., a valve ball, a valve disk, a valve plug,
etc.) in the fluid valve 100 to move. In some examples, the valve 100 is implemented with
means for moving the stem 104. For example, as shown in FIG. 1, the actuator 106 is
operatively coupled to the stem 104 to facilitate moving the stem 104. In such examples, the
actuator 106 controls the flow of the first fluid based on one or more commands received
from a process control network associated with the fluid valve 100. In some examples, the
valve stem 104 may be manually operated.

[0026] The valve stem 104 of the illustrated example is operatively coupled to the
actuator 106 and extends through at least a portion of the body 102. In particular, the valve
stem 104 rotates to open and close the fluid valve 100. When the fluid valve 100 of FIG. 1 is
closed, the first fluid is substantially prevented from flowing through the fluid valve 100.
Conversely, when the fluid valve 100 is open, the first fluid is enabled to flow through the
fluid valve 100.

[0027] FIG. 2 is a cross-sectional view of the example fluid valve 100 of FIG. 1 along

line a-a and shows the valve body 102, the valve stem 104, a valve ball 200, and a valve



WO 2019/199534 PCT/US2019/025511

spring 202 in accordance with examples disclosed herein. As will be disclosed in greater
detail below in connection with FIGS. 3-9, one or more of the valve body 102, the valve stem
104, the valve ball 200, and/or the valve spring 202 facilitate cleaning the valve 100. In
particular, one or more of the valve body 102, the valve stem 104, the valve ball 200, and/or
the valve spring 202 enable the removal of residue (e.g., petroleum coke, etc.) via a second
fluid (e.g., steam) that is, in some examples, different from the first fluid.

[0028] The valve stem 104 of FIG. 2 includes a first example channel 204 (sometimes
referred to as a primary channel) extending through the valve stem 104. The first channel
204 of FIG. 2 receives the second fluid from a fluid supply external to the fluid valve 100. In
particular, the stem 104 includes an example inlet (e.g., an aperture) 206 in fluid
communication with the first channel 204 such that the second fluid can flow from the inlet
206 to the first channel 204. The inlet 206 of FIG. 2 is disposed external to the fluid valve
100 and/or on an outer surface (e.g., a circumferential surface) 208 of the stem 104.

[0029] As will be discussed in further below in connection with FIG. 3, the first
channel 204 is fluid communication with one or more example apertures 210, 212 (two of
which are shown in this example) disposed on the outer surface 208 of the stem 104. In
particular, the aperture(s) 210, 212 exhaust and/or direct the second fluid from the first
channel 204 toward one or more components of the fluid valve 100. For example, as shown
in the example of FIG. 2, each aperture 210, 212 is aligned to an uppermost (in the
orientation of FIG. 2) portion of the valve body 102 to remove residue thereon and/or
proximate thereto via the second fluid, thereby improving performance of the fluid valve 100.
That is, a torque required to move the stem 104 decreases as a result of removing the residue
from the valve 100. In other examples, the aperture(s) 210, 212 may similarly align to one
or more other portions of the body 102 and/or components of the valve 100 to remove residue
therefrom and/or proximate thereto such as, for example, a packing housing 214, a packing
follower 216, etc.

[0030] According to the illustrated example, the valve stem 104 is coupled to the
valve ball 200 via one or more fasteners and/or fastening techniques or methods. Thus, in
some examples, the stem 104 and the ball 200 may be separate components. However, in
other examples, the stem 104 and the ball 200 may be formed together as a unitary
component.

[0031] The valve ball 200 of FIG. 2 is positioned in the body 102 of the valve 100

between a first valve seat (e.g., an upstream valve seat) 218 and a second valve seat (e.g., a
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downstream valve seat) 220. In particular, the valve spring 202 urges one or more of the

seats 218, 220 into sealing engagement with the ball 200 to prevent leaks during valve use.

In some examples, the first fluid flows through a bore 222 in the ball 200 and/or does not
flow around an outer surface (e.g., a circumferential surface and/or a spherical surface) 224 of
the ball 200.

[0032] The valve spring 202 of FIG. 2 is interposed between a shoulder 226 of the
body 102 and the first valve seat 218 such that a biasing force generated by the spring 202 is
imparted on the first valve seat 218. While the example of FIG. 2 depicts the spring 202 as a
single Belleville washer, in other examples, one or more other springs (e.g., multiple
Belleville washers, a wave spring, a coil spring, etc.) may be used to generate the biasing
force in addition or alternatively to the spring 202 of the illustrated example.

[0033] In some examples, as will be discussed further below in connection with
FIGS. 8 and 9, the valve body 102 includes a second channel 228 disposed therein to receive
the second fluid, which facilitates removing residue from the spring 202. In particular, the
second channel 228 of the body 102 extends at least partially along an inner wall (e.g., a
circumferential wall) 230 of the body 102 and/or at least partially around the spring 202 to
guide the second fluid to one or more portions of the spring 202. More particularly, the
second channel 228 of the body 102 includes one or more ports 800, 802, 804 (shown in FIG.
8) fluidly coupled thereto to exhaust and/or direct the second fluid from the second channel
228 toward the spring 202.

[0034] According to the illustrated example, the second channel 228 of the body 102
receives the second fluid via an example inlet 232 that is in fluid communication with the
second channel 228 and disposed on an outer surface 233 of the body 102. In the example of
FIG. 2, the inlet 232 extends from the outer surface 233 to the second channel 228. As
shown in FIG. 2, the second channel 228 is at least partially (e.g., entirely) formed by the
body 102, as discussed further below in connection with FIG. 8. In some examples, the
second channel 228 is not formed by the body 102 and/or is formed by one or more
components that is/are separate from the body 102 such as, for example, an example plate
(e.g., an annular disk) 808 (shown in FIG. 8) that is coupled to the body 102.

[0035] In some examples, the second channel 228 provides the second fluid to a first
example space 234 in the body 102 associated with an example first side 910 (shown in FIG.
9) of the spring 202. The first space 234 of FIG. 2 is at least partially defined by one or more
of the inner wall 230 of the body 102, the valve stem 104, the first valve seat 218, the second
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valve seat 220, and/or the spring 202. In particular, as disclosed further below, the spring 202
of FIG. 2 is sized, shaped, and/or otherwise configured to enable the second fluid to flow
from the first space 234 to a second space 236 in the body 102 associated with an example
second side 912 (shown in FIG. 9) of the spring 202, thereby removing residue that may have
formed on and/or proximate to the spring 202. The second space 236 of FIG. 2 is at least
partially defined by one or more of the shoulder 226 of the body 102, the first valve seat 218,
the second valve seat 220, and/or the spring 202.

[0036] In operation, the valve stem 104 imparts a force and/or a torque (e.g.,
generated by the actuator 106) on the fluid flow control member 200 to open and close the
fluid valve 100. As shown in the example of FIG. 2, the valve ball 200 is in a substantially
closed position (i.e., the valve 100 is substantially closed). In particular, the bore 222 of the
ball 200 does not align to an inlet 238 and/or an outlet 240 of the valve 100. As such, at least
a portion of the outer surface 224 of the ball 200 is preventing the first fluid from flowing
through the valve 100 by sealingly engaging the valve seat(s) 218, 220. In some examples,
as the torque of the stem 104 moves the ball 200 toward an open position, the bore 222 aligns
to both the inlet 238 and the outlet 240, thereby enabling the first fluid to flow into the valve
100 via the inlet 238 and out of the valve 100 via the outlet 240.

[0037] The inlet 238 of the illustrated example is an opening extending through the
body 102 along an axis 242 extending along a fluid flow path through the valve 100. In some
examples, the inlet 238 is formed by the body 102 and defines an inner wall (e.g., a
circumferential wall) 244 thereof. The outlet 240 of the illustrated example is an opening
extending along the axis 242 through an example adapter 246 that is coupled to the body 102.
The outlet 240 is formed by the adapter 246 and defines an inner wall (e.g., a circumferential
wall) 248 thereof.

[0038] The adapter 246 of the illustrated example is coupled (e.g., removably
coupled) to the body 102 via one or more fasteners and/or fastening methods or techniques.
In some examples, a first example gasket or seal 250 is coupled between and/or sealingly
engaged with the adapter 246 and the body 102 to prevent leaks. In particular, the seal 250 of
FIG. 2 is disposed at least partially in an example seal gland 252, which is formed by the
body 102 and the adapter 246 in this example. In some examples, the seal gland 252 is
formed by only the body 102 or the adapter 246.

[0039] In some examples, a second example gasket or seal 254 is disposed between

the second valve seat 220 and the adapter 246 to prevent leaks. In particular, the second seal
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254 of FIG. 2 sealingly engages both the second valve seat 220 and the adapter 246, for
example, as a result of the biasing force generated by the example spring 202.

[0040] In some examples, the example valve body 102 of FIG. 2 includes an example
groove (sometimes referred to as a relief cavity) 256 proximate to the outer surface 224 of the
valve ball 200. The groove 256 of the illustrated example is disposed on and/or formed by
the inner wall 230 of the body 102. In some examples, the groove 256 receives at least a
portion of the valve ball 200.

[0041] FIG. 3 is a detailed view of the valve stem 104 of FIGS. 1 and 2 and shows the
first channel 204 fluidly coupled to the apertures 210, 212. In some examples, to increase a
velocity of the second fluid through an aperture, one or more of the apertures 210, 212 of the
stem 104 have a cross-sectional area 300 that is smaller than a cross-sectional area 302 of the
first channel 204. As a result, the velocity of the second fluid increases before being
exhausted by the aperture(s) 210, 212.

[0042] In some examples, to similarly increase the velocity of the second fluid, the
stem 104 includes another channel (sometimes referred to as a secondary channel) interposed
between an aperture 210, 212 to similarly increase the velocity of the second fluid. For
example, as shown in FIG. 3, the stem 104 includes a third channel 304 fluidly coupled
between and/or extending between the first aperture 210 and the first channel 204 to transmit
the second fluid therebetween. In particular, at least a portion of the third channel 304 has a
cross-sectional area 306 that is smaller than the cross-sectional area 302 of the first channel
204. Similarly, as shown in FIG. 3, the stem 104 also includes a fourth channel (e.g., similar
or different relative to the third channel 304) 308 fluidly coupled between and/or extending
between the second aperture 212 and the first channel 204. In such examples, the fourth
channel 308 includes a cross-sectional area 310 that is smaller than the cross-sectional area
302 of the first channel 204.

[0043] In some examples, the first channel 204, one or more of the apertures 210,
212, and/or one or more of the secondary channels 304, 308 associated with the stem 104 are
sized, shaped, and/or configured to enable a sufficient amount of the second fluid to flow
through the aperture(s) 210, 212 at a sufficient velocity to effectively remove residue formed
within the valve 100. As previously mentioned, in some examples, the stem 104 is
implemented with additional or fewer apertures (e.g., similar or different relative to the

apertures 210, 212). Additionally or alternatively, in some examples, the stem 104 is
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implemented with additional or fewer secondary channels (e.g., similar or different relative to
the channels 304, 308).

[0044] The example apertures 210, 212 of the illustrated example are radially
distributed and/or spaced relative to an axis 312 of the stem 104. In particular, the apertures
210, 212 are positioned on the stem 104 such that the apertures 210, 212 align to one or more
components of valve 100 when the stem 104 is positioned in the body 102, which enables the
second fluid to flow out of the apertures 210, 212 toward the component(s) and remove
residue therefrom. In some examples, the apertures 210, 212 align to a wall or surface of one
or more of the body 102, the packing housing 214, and/or the packing follower 216. Further,
in some examples, the stem 104 is implemented with one or more additional apertures that
align to more than one (e.g., each) of the valve components when the stem 104 is positioned
in the body 102.

[0045] In the illustrated example of FIG. 3, the first channel 204 extends through an
uppermost (in the orientation of FIG. 3) surface (e.g., a flat or level surface) 314 of the stem
104, which may facilitate manufacturing the stem 104. In such examples, the second fluid is
prevented from flowing out of the first channel 204 at the surface 314 of the stem 104, for
example, via an example plug 315 disposed in the first channel 204. In some examples, one
or more of the channels 204, 304, 308 has/have a substantially constant cross-sectional area
along a length of the channel(s) 204, 304, 308.

[0046] While the example of FIG. 3 depicts the first channel 204 as extending from
respective ends of the example channels 304, 308 and out through the surface 314 of the stem
104, in other examples, the first channel 204 extends through the stem 104 differently and/or
along one or more other portions thereof. In some examples, the first channel 204 extends
only to the inlet 206 of the stem 104 and not out through the surface 314. In some examples,
the first channel 204 extends through a bottommost (in the orientation of FIG. 3) surface 316
of the stem 104 and/or into the aforementioned valve ball 200 to provide the second fluid
thereto. Thus, in some examples, the first channel 204 extends along the entire length of the
stem 104.

[0047] FIG. 4 is a detailed view of the valve stem 104 and the valve ball 200 showing
example aperture configurations. The stem 104 of the illustrated example includes first
example apertures (e.g., including the first aperture 210 and/or the second aperture 212) 400
disposed on the outer surface 208 thereof, each of which is fluidly coupled to the first channel

204 in the stem 104. In particular, the first apertures 400 of FIG. 4 are spaced, positioned,
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and/or configured to align to at least one component of the valve 100 to facilitate the removal
of residue therefrom and/or proximate thereto. Similarly, in some examples, the stem 104
includes one or more other groups of apertures positioned differently on the stem 104, each of
which may align to at least one component of the valve 100.

[0048] According to the illustrated example of FIG. 4, the valve ball 200 includes
second example apertures 402 disposed on the outer surface 224 thereof, each of which is
fluidly coupled to the first channel 204 in the stem 104. The second apertures 402 of FIG. 4
are radially distributed relative to a first example axis 404 of the ball 200 such that the second
apertures 402 form a shape (e.g., a substantially circular shape). The first axis 404 of FIG. 4
is centrally disposed in the bore 222 of the ball 200 through which the first fluid is to flow.
As shown in FIG. 4, the second apertures 402 surround the bore 222. In particular, the
second apertures 402 of FIG. 4 are spaced, positioned, and/or configured to align to a valve
seat (e.g., the first valve seat 218 and/or the second valve seat 220) when the ball 200 is in or
proximate to the open position (i.e., when the fluid valve 100 is substantially open).

[0049] In some examples, the example valve ball 200 includes one or more other
groups of apertures that is/are similar or different relative to second apertures 402. For
example, as shown in the example of FIG. 4, the ball 200 includes third example apertures
406 disposed on the outer surface 224 thereof, each of which is fluidly coupled to the first
channel 204. The third apertures 406 of FIG. 4 are radially distributed relative to a second
example axis 408 of the ball 200 such that the third apertures 406 form a shape (e.g., a
substantially circular shape). The second axis 408 of FIG. 4 intersects the bore 222 and/or is
perpendicular relative to the first axis 404. In some examples, the first and second axes 404,
408 of the ball and the axis 312 of the stem 104 are perpendicular relative to each other. In
particular, the third apertures 406 of the illustrated example align to the valve seat when the
ball 200 is in or proximate to the closed position (i.e., when the fluid valve 100 is
substantially closed).

[0050] FIG. 5 is a cross-sectional view of the example valve stem 104 and the
example valve ball 200 of FIG. 4 along line b-b. According to the illustrated example of FIG.
5, an example fifth channel (e.g., a primary channel) 500 extends at least partially through the
valve ball 200 to provide the second fluid to one or more apertures disposed on the ball 200
such as, for example, one or more of the second example apertures 402. In particular, the
fifth channel 500 of FIG. 5 extends along the bore 222 of the ball 200 and/or parallel relative
to the first axis 404. As shown in the example of FIG. 5, the example fifth channel 500 is in
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fluid communication with the first channel 204 of the stem 104 to receive the second fluid
therefrom. In some examples, the fifth channel 500 is the first channel 204 or separate from
the first channel 204.

[0051] In some examples, the fifth channel 500 surrounds at least a portion of the
bore 222. For example, as shown in FIG. 5, a portion (e.g., a circular and/or curved portion)
502 the fifth channel 500 surrounds the entire bore 222 and/or is positioned adjacent to each
of the second apertures 402, as represented by the dotted/dashed lines of FIG. 5.

[0052] FIG. 6 is a cross-sectional view of the example valve stem 104 and the
example valve ball 200 of FIG. 4 along line c-c. According to the illustrated example of FIG.
6, the fifth channel 500 extends at least partially through the valve ball 200 to provide the
second fluid to one or more apertures disposed on the ball 200 such as, for examples, one or
more of the third apertures 406. In particular, the fifth channel 500 of FIG. 6 extends
partially around the bore 222 of the ball 200 and/or parallel relative to the second axis 408.

[0053] In some such examples, the fifth channel 500 surrounds at least a portion of
the second axis 408 of the ball 200. For example, as shown in FIG. 6, a portion (e.g., a
circular and/or curved portion) 600 of the fifth channel 500 surrounds the second axis 408
and/or is positioned adjacent to each of the third apertures 406, as represented by the
dotted/dashed lines of FIG. 6.

[0054] In some examples, similar to the third channel 304 and/or the fourth channel
308 of the stem 104, the ball 200 includes one or more secondary channels 602, 604 (two of
which are shown in this example) fluidly coupled between and/or extending between the fifth
channel 500 and one or more of the third apertures 406 to increase the velocity of the second
fluid before the second fluid is exhausted out of the ball 200. Further, in some examples, the
ball 200 includes one or more secondary channels fluidly coupled between the fifth channel
500 and one or more other apertures of the ball 200 (e.g., one or more of the second apertures
402).

[0055] In some examples, the fifth channel 500, one or more of the apertures 402,
406, and/or one or more of the secondary channels 602, 604 associated with the valve ball
200 are sized, shaped, and/or configured to enable a sufficient amount of the second fluid to
flow through the aperture(s) 402, 406 at a sufficient velocity to effectively remove residue.

[0056] FIG. 7 is another cross-sectional view of the example valve stem 104 and the
example valve ball 200 of FIG. 4 along line b-b. In particular, the valve ball 200 of the

illustrated example includes an example cavity 700 in fluid communication with the first
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channel 204 of the stem 104 to facilitate temperature control of the valve ball 200 via the
second fluid. In some examples, by increasing a temperature of the ball 200 and/or
maintaining the temperature, likeliness of residue forming on and/or near the ball 200 is
reduced during valve use.

[0057] According to the illustrated example, the cavity 700 is positioned between an
inner surface (e.g., a circumferential surface) 702 of the bore 222 and the outer surface 224 of
the ball 200. The cavity 700 defines an inner surface 704 of the ball 200 having a
significantly large area (e.g., relative to an inner surface area provided by the first channel
204), which facilitates heat transfer (e.g., convection heat transfer) between the second fluid
and the ball 200. Stated differently, the area of the surface 704 improves or increases a rate at
which the temperature of the ball 200 increases via the second fluid (i.e., improves a heating
rate of the ball 200). In some examples, the cavity 700 of FIG. 7 extends at least partially
around the bore 222. As shown in the example of FIG. 7, the cavity 700 extends around the
entire bore 222, as represented by the dotted/dashed lines of FIG. 7.

[0058] In some examples, to facilitate a flow of the second fluid through the cavity
700, the valve ball 200 of FIG. 7 includes an example outlet (e.g., an aperture) 706 in fluid
communication with the cavity 700 and disposed on the outer surface 224. In the example of
FIG. 7, the outlet 706 is positioned at a bottommost (in the orientation of FIG. 7) portion 708
of the ball 200 and/or opposite the stem 104 to exhaust the second fluid from the cavity 700
(e.g., into the groove 256 and/or the first space 234 in the valve body 102). In such
examples, by increasing a flow rate of the second fluid through the cavity 700 via the outlet
706, the heating rate of ball 200 further improves or increases.

[0059] FIG. 8 is a detailed partial view of the example valve body 102 of FIG. 2 and
shows the second channel 228 therein. The second channel 228 of the illustrated example
extends along at least a portion of the inner wall 230 of the body 102 and/or adjacent to the
shoulder 226. In some examples, the second channel 228 extends around the entire inner
wall 230.

[0060] As previously mentioned, to exhaust and/or direct the second fluid out of the
second channel 228 toward the valve spring 202, the second channel 228 includes one or
more of the aforementioned ports (e.g., apertures) 800, 802, 804 fluidly coupled thereto, three
of which are shown in this example. The ports 800, 802, 804 of the illustrated example are

radially distributed relative to the axis 242 of the body 102. In some examples, one or more
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of the ports 800, 802, 804 extend radially inward relative to the axis 242 and/or toward the
spring 202.

[0061] In some examples, similar to the aforementioned example aperture(s) depicted
in connection with the valve stem 104 and the valve ball 200, the ports 800, 802, 804 are
sized, shaped, and/or otherwise configured to increase a velocity of the second fluid before
exhausting the second fluid therethrough. For example, a port 800, 802, 804 can include a
cross-sectional area that is smaller than a cross-sectional area of the second channel 228. In
some examples, a port 800, 802, 804 is in fluid communication with a secondary channel
fluidly coupled between and/or extending between the port 800, 802, 804 and the second
channel 228 to increase the velocity of the second fluid.

[0062] As shown in FIG. 8, the second channel 228 of FIG. 8 is at least partially
formed by the body 102. In some examples, the body 102 forms the second channel 228 with
one or more other components. For example, as shown in FIG. 8, the body 102 forms the
channel 228 with the aforementioned example plate 808, which is depicted as an annular
disk. According to the illustrated example, the plate 808 is coupled to the body 102 via one
or more fasteners and/or fastening methods or techniques such as, for example, via a weld
(e.g., a seal weld). In some other examples, the example second channel 228 is a separate
component that is coupled to the body 102 and fluidly coupled to the inlet 232 of the body
102.

[0063] FIG. 9 is a detailed view of the example valve spring 202 of FIG. 2 showing
an example first groove 900. The first groove 900 is disposed on the spring 202 and extends
radially (e.g., inward or outward) relative to an axis 902 of the spring 202. In particular, the
first groove 900 facilitates removal of residue associated with the spring 202 by enabling the
second fluid to flow from an outer radius 904 to an inner radius 906 of the spring 202. For
example, when the second channel 228 of body 102 provides the second fluid to the first
space 234 in the body 102 via the example ports 800, 802, 804, the first groove 900 enables
the second fluid to flow therethrough to the second space 236 in the body 102. In some
examples, a circumference (e.g., an outer circumference) 907 of the spring 202 aligns to one
or more of the ports 800, 802, 804 of the second channel 228 when the spring 202 is
positioned in the body 102.

[0064] As shown in FIG. 9, the first groove 900 is positioned at the inner radius 906
and extends radially outward relative to the axis 902. In some examples, the first groove 900

of FIG. 9 includes an example width 908 that is substantially constant along the length of the

14



WO 2019/199534 PCT/US2019/025511

first groove 900, as shown in FIG. 9. In other examples, the width 908 is non-uniform (e.g.,
tapered) along the length of the first groove 900. Further, in some other examples, the first
groove 900 is oriented and/or disposed on the spring 202 differently. For example, the first
groove 900 may be positioned at the outer radius 904 and, in such examples, extends radially
inward relative to the axis 902. Further, while the example of FIG. 9 depicts the first groove
900 as extending only partially between the inner and outer radii 906, 904 in other examples,
the first groove extends from the inner radius 906 to the outer radius 904.

[0065] The valve spring 202 of the illustrated example includes a first side 910 and a
second side 912 opposite the first side 910, each of which defines a surface (e.g., a conical
surface) of the spring 202. In the example of FIG. 9, the first side 910 of the spring 202
engages the first valve seat 218 and the second side 912 engages a portion (e.g., the shoulder
226) of the valve body 102. In particular, the first valve seat 218 contacts a portion of the
spring 202 at or proximate to the inner radius 906, and the portion of the body 102 contacts a
different portion of the spring 202 at or proximate to the outer radius 904.

[0066] In some examples, the first side 910 of the spring 202 includes and/or defines
an area (e.g., a substantially flat or level surface) 914 for contacting the first valve seat 218,
which substantially forms an annular disk in this example. Similarly, in some examples, the
second side 912 of the spring 202 includes and/or defines another area (e.g., similar or
different relative to the example area 914) for contacting the portion of the valve body 102.

[0067] In some examples, the valve spring 202 of the illustrated example includes one
or more other grooves (e.g., similar or different relative to the first groove 900) in addition or
alternatively to the first groove 900, which further facilitates residue removal associated with
the spring 202. For example, as shown in FIG. 9, a second example groove 916 is disposed
on the second side 912 of the spring 202. The second groove 916 of FIG. 9 is positioned at
the outer radius 904 and extends radially inward relative to the axis 902. In some such
examples, the first groove 900 is particularly effective in removing residue formed on and/or
proximate to (e.g., within the first space 234 in the body 102) the first side 910 of the spring
202 via the second fluid. Similarly, the second groove 916 is particularly effective in
removing residue formed on and/or proximate to (e.g., within the second space 236 in the
body 102) the second side 912 of the spring 202 via the second fluid.

[0068] Further, in some examples, the first side 910 of the spring 202 is implemented
with the one or more other grooves. For example, as shown in FIG. 9, first grooves (e.g.,

including the first example groove 900) 918 are disposed on the first side 910, at the inner

15



WO 2019/199534 PCT/US2019/025511

radius 906 in this example, and radially distributed relative to the axis 902. Similarly, in
some examples, second grooves (e.g., including the second groove 916) 920 are disposed on
the second side 912, at the outer radius 904 in this example, and radially distributed relative
to the axis 902. In some such examples, one or more of the example grooves 918, 920 is/are
sized, shaped, and/or configured to enable a sufficient amount of the second fluid to flow
therethrough at a sufficient velocity to effectively remove residue.

[0069] “Including” and “comprising” (and all forms and tenses thereof) are used
herein to be open ended terms. Thus, whenever a claim employs any form of “include” or
“comprise” (e.g., comprises, includes, comprising, including, having, etc.) as a preamble or
within a claim recitation of any kind, it is to be understood that additional elements, terms,
etc. may be present without falling outside the scope of the corresponding claim or recitation.
As used herein, when the phrase "at least" is used as the transition term in, for example, a
preamble of a claim, it is open-ended in the same manner as the term "comprising" and
“including” are open ended. The term “and/or” when used, for example, in a form such as A,
B, and/or C refers to any combination or subset of A, B, C such as (1) A alone, (2) B alone,
(3) C alone, (4) A with B, (5) A with C, and (6) B with C.

[0070] From the foregoing, it will be appreciated that purge apparatus for use with
fluid valves have been disclosed that enable and/or facilitate removal of substance(s) or
residue associated with one or more valve components via a fluid. Disclosed examples
provide one or more valve components that is/are sized, shaped, formed, and/or configured to
receive the fluid and direct the fluid to one or more areas in a fluid valve.

[0071] Although certain example methods, apparatus and articles of manufacture
have been disclosed herein, the scope of coverage of this patent is not limited thereto. On the
contrary, this patent covers all methods, apparatus and articles of manufacture fairly falling

within the scope of the claims of this patent.
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What Is Claimed Is:
1. An apparatus, comprising:

a stem for a fluid valve, the stem having a first channel extending therethrough to
receive a fluid; and

an aperture in fluid communication with the first channel and disposed on an outer
surface of the stem or a fluid flow control member coupled to the stem, the aperture to
exhaust the fluid from the first channel toward one or more components of the fluid valve to

remove residue.

2. The apparatus of claim 1, wherein the first channel includes an inlet disposed on the

stem to enable the fluid to flow into the first channel from a fluid supply.

3. The apparatus of any preceding claim, wherein the aperture has a cross-sectional area
that is smaller than a cross-sectional area of the first channel to increase a velocity of the

fluid.

4. The apparatus of any preceding claim, further including a second channel interposed
between the aperture and the first channel, the second channel having a cross-sectional area

that is smaller than a cross-sectional area of the first channel to increase a velocity of the

fluid.

5. The apparatus of any preceding claim, further including one or more other apertures
in fluid communication with the first channel and disposed on the stem, the one or more other

apertures radially distributed relative to an axis of the stem.

6. The apparatus of any preceding claim, wherein the apertures are to align to at least
one of a wall of a valve body, a packing housing, or a packing follower when the stem is

positioned in a bore of the valve body.
7. The apparatus of any preceding claim, wherein the fluid flow control member

includes a valve ball to control a fluid flow through the valve, the first channel at least

partially surrounding a bore of the valve ball to provide the fluid to the aperture.
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8. The apparatus of any preceding claim, further including one or more other apertures
in fluid communication with the first channel and disposed on the valve ball, the apertures

radially distributed relative to an axis of the valve ball.

9. The apparatus of any preceding claim, wherein the apertures are to align to at least
one of a downstream valve seat or an upstream valve seat associated with operation of the

fluid flow control member.

10. The apparatus of any preceding claim, wherein the valve ball includes a cavity in fluid
communication with the first channel and positioned between an outer surface of the valve
ball and the bore, the fluid to flow through the cavity to facilitate control of a temperature of

the valve ball.

11. An apparatus, comprising:

a body for a fluid valve, the body including a channel extending therethrough to
receive a fluid for purging the valve, the channel extending at least partially along an inner
wall of the body; and

a port fluidly coupled to the channel and disposed in the body, the port to guide the

fluid from the channel to a valve spring to remove residue.

12. The apparatus of claim 11, further including an annular disk coupled to the inner wall

of the body, the channel formed by the annular disk and the inner wall.

13. The apparatus of any preceding claim, wherein the port is formed by the annular disk

and the inner wall.
14. The apparatus of any preceding claim, further including one or more other ports
fluidly coupled to the channel and disposed proximate to the valve spring, the one or more

other ports radially distributed relative to an axis of the inner wall.

15. The apparatus of any preceding claim, wherein the ports align to a circumference of

the valve spring.
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16. An apparatus, comprising:

a spring for a fluid valve, the spring interposed between a valve body and a fluid flow
control member to urge a valve seat into sealing engagement with the fluid flow control
member; and

a first groove disposed on a first surface of the spring and extending radially relative
to an axis of the spring, the first groove to receive a fluid from a channel extending through
the body, wherein the first groove enables the fluid to flow from an outer diameter of the

spring to an inner diameter of the spring to remove residue.

17. The apparatus of claim 16, further including a second groove disposed on a second
surface opposite the first surface of the spring and extending radially relative to an axis of the
spring, wherein the second groove enables the fluid to flow from an outer diameter of the

spring to an inner diameter of the spring to remove residue.

18. The apparatus of any preceding claim, wherein the first or second groove is positioned
at an inner diameter of the spring and extends radially outward relative to the axis of the

spring.

19. The apparatus of any preceding claim, wherein the first or second groove is positioned
at an outer diameter of the spring and extends radially inward relative to the axis of the

spring.

20. The apparatus of any preceding claim, further including one or more other grooves
disposed on the spring and extending radially relative to the axis of the spring, the one or

more grooves radially distributed relative to an axis of the spring.

21. An apparatus, comprising:

a ball for a fluid valve, a bore of the ball to facilitate a flow of a first fluid through the
valve, the ball having a first channel extending therethrough to receive a second fluid
different from the first fluid; and

an aperture in fluid communication with the first channel and disposed on an outer
surface of the ball, the aperture to exhaust the second fluid from the first channel toward one

or more valve components.
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22. The apparatus of claim 21, wherein the ball includes a cavity in fluid communication
with the first channel and interposed between an outer surface of the ball and the bore, the

fluid to flow into the cavity to increase a temperature of the ball.

23. The apparatus of any preceding claim, wherein the ball includes an outlet disposed
thereon in fluid communication with the cavity, the outlet to exhaust the second fluid from

the cavity into the valve body.
24. The apparatus of any preceding claim, further including one or more other apertures
in fluid communication with the first channel and disposed on the ball, the apertures radially

distributed relative to an axis of the ball.

25. The apparatus of any preceding claim, wherein the apertures align to a valve seat

when the valve is closed or open.
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