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(57) Abrégée/Abstract:
A control valve having a shiftable valve plug includes a valve body (12) having an inlet, an outlet, a flow passage extending between
the Inlet and the outlet, and defining a longitudinal axis, a generally cylindrical valve cage (26) disposed within the valve body and
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(57) Abrege(suite)/Abstract(continued):
sized to recelive the valve plug, with the valve cage including at least one aperture comprising at least a portion of the flow passage,

a portion of the valve cage disposed adjacent a portion of the valve body at an interface. A seal (40) having a C-shaped cross
section Is provided and Is disposed at the interface between the valve cage and the valve body, and a retainer (70) Is disposed
adjacent the interface and positioned to secure the seal against movement along the longitudinal axis.
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(57) Abstract: A control valve having a
shiftable valve plug includes a valve body
(12) having an inlet, an outlet, a flow passage
extending between the inlet and the outlet,
and defining a longitudinal axis, a generally
cylindrical valve cage (26) disposed within
the valve body and sized to receive the valve
plug, with the valve cage including at least
one aperture comprising at least a portion of
the flow passage, a portion of the valve cage
disposed adjacent a portion of the valve body
at an interface. A seal (40) having a C-shaped
cross section is provided and is disposed at the
interface between the valve cage and the valve
body, and a retainer (70) is disposed adjacent
the interface and positioned to secure the seal
against movement along the longitudinal axis.
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Atty. Docket No. 06005/39643

CONTROL VALVE HAVING "C" SEAL
Field of the Invention .

[0001] The present invention relates generally to control valves having
axiall_y moveable valve plugs diSpbsed within a cylindrical cage.
Background of the Invention

[0002] Control valves for cohtrolling the flow of high pressure fluids
and/or gases 1IN a process systém are generally well knowln in the art. In many
applicz_xtic_)ns,. such control valves include a generally cylindrical vaive plug
that is movably disposed within a cage. . The cage is mounted within the valve
body so as to be disposed in the ﬂow path bctwéen the inlet of the valve and

: the outlet of the valve. The cage typicaily includes, for ckample, a plurality of
: perforations. The valve plug may be positioned in a first position in which the
valve plug blocks the perforations in the valve cage such that flow of process
~ fluid through the valve is prevented. The valve may be shifted using, for
example, a valve actuator, such that the valve plug 1s ﬁioved within thg cage to
- a position.in which at least some of the perforations are uncovered, such that B
flow of process fluid thrqugh the valve is permitted.

[0003] As is knowh, a control valve is typically provided with one or
more seals to prevent leakage. For example, a seal is typically provided
between the valve plug and the valve cage. Additionally, a seal is typically
provided.betwéen the valve cage and the body of the valve. Due to
temperature fluctuations, vibration, and/or other environmental consideratipns,
adequate sealing of the various valve components may present challenges.

[0004] Accordingly, novel features in the construction and/or

operation of control valves and their associated components may be desired.
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Brief Description of the Drawings

[0005] Fig. 1 is cross-sectional view of a control valve assembled in
accordance with the teachings of a first disclosed example of the present
convention and employing a "C" seal;

[0006] Fig. 2 is an enlarged fragmentary cross-sectional view taken\.
about the circumscribed portion of Fig. 1 and illustrating the "C" seﬁl disposed
between the valve cage and the valve body;

[0007] Fig. 3 is an enlarged fragmentary cross-sectional view similar
to Fig. 2 but illustrating a "C" seal assembled in accordance with the teachings
of a second ‘disclosed example of the present invention;

[0008] Fig. 4 1s an enlarged fragmentary cross-sectional view ,similar' '
to Figs. 2 and 3 but illustrating é "C" seal assembled in accordance wi;h the
teachings of a third disclosed example of the present invention,;

[0009] F1g S 1s an enlarged fragmentary cross-sectional view sinlilar

to Figs. 2-4 but illustrating a "C" seal assembled‘ in accordance with the
teachings of a fourth'disclbsed example of the present invention;

[0010] Fig. 6 is another enlarged frégmentary cross-sectional view of
a "C" seal disposed in a valve body assembled in.accordance with the
teachings of another disclosed example of the present invention;

.[0011] Fig. 7 is another enlarged fragmentary cross-sectional view of
a "C" seal disi)osed in a valve body assembled in accordance at the teachings
’of still another disclosed example of the present invention; ‘

[0012] Fig. 8 is another enlarged fragméniary cross-sectional view of

a "C" seal disposed in a valve body assembled in accordance at the teachings

of still another disclosed example of the present invention; and
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[0013] Fig. 9 is another enl arged fragmentary cross-sectional view of

a "C" seal disposed in a valve body assembled in accordance at the teachings

of still another disélosed éxample of the present invention.

Detailed Description of the Preferred Embodiments

[0014] The embodiments described hergin are not intended to be
exhaustivé or to limit the scope of the invention to the precise form or forms
disclosed. Instead, the following embodiments have been described in order
to best explain the principles of the invention and to enable 6ther§ skilled in
the art to'foll.ow its teachings. .

[0015] Referring now to Fig. 1 of the drawings, a control valve
assembled in accordance with the teachings of a first disclosed example of the
| present invention is shown and is referred to by the refefence numeral 10. ‘The

~ control Qalve 10 includes a valve body 12 having a first or inlet end 14 and a

‘ second or outlet end 16. A.ﬂow péssage 18 is defined through the valve body ‘
12 and includés an inlet passage 20, an outlet passage 22, and a control
passage 24. A valve cage 26 is mounted within the valve body 12 of the
control vﬁlve 10, with the valve cage 26 pfeferably being generally cyli_ndrical
and disposed such that at least a portion of the valve cage 26 is disposed in the
control passage 24. The valve cage 26 includes a first end 28 and a second
end 30. The Qalve cage 26 also includes a plurality of apertures 32, and a
valve plug 34 is shiftably disposed in the valve cage 26. The valve cage 26 is
positioned within the valve body 12 such that at least some of the aper'tures'32
are positioned in the -ﬂow passage 18. '

[0016] The ﬁrst.end 28 of the valve cage 26 is, in the disclosed

example, fixedly secured to the valve body 12, such as in a conventional
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manner. The second end 30 of the valve cage 26 engages the valve body 12 at
an interface 36 generally defined by a seat 38 formed in the valve body 12
generally ad] acent and/or disposed in the outlet passagé 22. Aseal40is
disposed at the interface 36 fbnned between the second end 30 of the valve
cage 26 and the seat 38 in the valve body 12. The seal 40 1s held 1n place by a '
retainer assembly 42, .

[0017] It will be appreciated mat, in the discldsed exémple, the valfle
plug 34 is connected to a yalve actuator, which may be conventional, such that
the valvé.plug 34 is shiftable albng a longitudinal axis A between a first
position ('in.which the Qalve plug 34 would be shifted toward the left when
viewing Fig. 1), and a second position (in which the valve plug 34 is shifted ‘
'tO\;vard the rigﬁt as 'is shown in ‘Fig; 1). In the first position, the valve plug 34
blocks the apertures 32 in the valve cagé 26, thereby preventing flow of a |
process ﬂuid thrbugh the control valve 10. In the second position, with the

. valve plug 34 shift_ed toward the right as is shown in Fig. 1, the valve plug 34
1s shifted away from the apertures 32 in the valve cage 26, thﬁs opening some .
or all of the apertures 32, such that flow of a process fluid through the éontml
valve 10 1s permitted. It will also be understood that the inlet end 14 and the
outlet end 16 of the control valve 10 may be switched such that the flow of a
process fluid through the control valve 10 proceeds in the opposite direction of
that shown.

[0018] The valve cage 26 is preferably a generally 6ylindrical
structure having an inner surface 44 and an outef surface 46. The apertlires 30
to extend.between the inner surface 44 in the outer surface 46, with the

apertures 30 taking a variety of forms as would be generally known in the art.
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The valve plug 34 is sized for a close fit within the interior of the valve cage
26, and preferably one or more seals 48 are provided at the interface S0
between an outer surface 52 of the valve plug 34 and the inner surface 44 the

valve cage 26. The seals 48 may be of the type commonly employed in tﬁe
[0019] Reterring now to Fig. 2, the seal 40 is shown s'ecuréd in place

by the rétainer assembly 42. . In the exemplary em;bodiment of Fig. 2, the .
retainer assembly 42 includes an inwardly projecting flange 54 and a ring 56.
It will be appreciated that .the ﬂange 54 may generallj form at least'a'ponién
of the seat 38, with the ﬂange 54 'preferzibly extending circumférentially about
the éutlet passage 22. Similarly, the ring 56 exténds circumferentially,-around o

~ the generally éylindrical valve éage 26. Typically, there will be a small gap 57
betweeﬁ thé outer surface of the valve cége 26 and an inner surface of the ring
56. The flange 54 may take a variety of forms. For example, the flange may

. be integrally\ formed 1n the ihtérior of the valve 10, or the flange 54 ﬁlay be a

separate ring or other suitable structure installed within the interior of the

-~

valve 10 in any suitable manner.
: [0020] The ﬂaﬁge 54 and the ring 56 preferably are spaced apart to
form a gap 58, and the seal 40 is disposed in the gép 58. Preferably, the gap
58 1s sized such that the seal 40 is secured within the gap 58 and abutting
cooperating surfaces and/or faces 54a and 56a of the flange 54 and the ring 56,
respectively, such that the seal 40 is restrained or otherwise .secured against
longitudinal moverﬁent parallel to the longitudinal axis A. Those of skill in
the art will appreciate that the valve body 12 (or at least that portion 60 of the |

valve body disposed innnediaiely adjacent to the seal 40) may have a first
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coefficient of thermal expansion, while the valve cage 26 may have a second

coefficient of thermal expansion. Accordingly, in response to thermal
variations, there may be detectable thermal expansion or retraction of the
valve cage 26 relative to the valve body 12 in the longitudinal direction (1.e.,
parallél to the longitudinal axis A). It will also be appreciated that there rnay
be detectable thermal expansion or retraction of the valve cage 26 relative to
the valve body 12 in the transverse direction along an axis B (1.e., transvérse
or perpendicular relative to the .longitudinal' axis A).

[0021] As can be seen in each of Figs. 2-4, the seal 40 has a C-shaped
cross-section. In each of Figs. 2-4, the seal 40 is oriented such that an open
part 62 of the "C" is facing the flange 54. As an alternative, the open part 62
may face the ring 56. Accordingly, the seal 40 may, in accordance with the

~disclosed example, resiliently deform in response to inward or outward
movement. of the valve cage 26 relative to the valve body 12 along a
transverse axis B. It will be appreciated that this inward or ouiward movement
| may be caﬁsed by differences in the coetficients of_ thermal expansion between
the valve cage 26 and the valve body 12, or due to other factors.

[0022] The ring 56 may be secured within the valve body in a number
of wayé. For example, the ring 56 may be threaded into the valve body 12, or
the ring may be piﬁned, welded, secured using mechanical fasteners, adhesives

- or other bonding agents, secured using an interference fit, or expanded in
place. Other forms of securing the ring 56 in place may also prove suitable.
‘The ring 56 also may be a snap ring that 1s combressed, positioned, and then
released. Still other forms or methods of providing and positioning the ring 56

may prove suitable.
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[0023] Referring now to Fig. 3, a retainer assembly 142.assembled in
aceordance with the teachings of a second disclosed example of the invention
may alternately take the form of a recessed charmel 64 formed in an inner -
surface 66 of the valve body i2. In the example shown, the channel 64 has a
generally rectangular-shaped cross-;se'ction, such that an outer portion 68 of the.
ring 56 1s secured in the channel] 64.. The ring 56 may be secured in the
channel 64 using any of the structures or methods discussed above with
respect to F1g 2, or by any other suitable structure or method.

[0024] Refemng now to Fig. 4, a retainer assembly 242 assembled in
accordance W1th the teachings of another disclosed example of the present
invention may take the alternative form as shown. The retainer assemhly 242

‘includes one or more indentations 70 formed on the inner surface 66 of the
‘valve body 12. In the example shown 1n Fig. 4, three such indentations 70 are
‘ shown, with the indentations 70 spaced apart so as to define three different
o possible positions 70-1, 70-2, and 70-3 for the seal 40. In the embodiment of |
Fig. 4, the rlng 56 may be dispensed with, with the seal 40 being secured in
place, at least in part, by the indentation 70. .

- [0025] In the disclosed example, the indentation 70 is curved or
otherwise shaped to correspond to the curvature of an outer portion 72 of the
seal 40. With at least the outer portion 72 of the seal 40 disposed 1n the curved '
indentation 70, and with an outward force (parallel to the axis B) against the
seal 40 provided by the valve cage 26, the seal 40 is suitably. secured against
longitudinal movement. As shown in Fig. 4, the seal 40 abuts the face 54a of
the flange 54. An edge 70a of the indentations 70 may cooperate with the face

54a of the tlange 54 to keep the seal 40 secured. As a still further alternative,
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the flange 54 may be dispensed with. Further, it will be understood that the
seal 40 may be chemically secured and/or glued or bénded to the indentation
70, or secured by other suitable structures or methods.

[0026] Referring now to Fig. 5, a retainer assembly 342 assémbled 1n
accordance with the teachings of another disclosed example of the inventioﬂ
may alternately take the form of a recessed chanﬁel 64 formed in an inner
surface 66 of the valve body 12. In the example sho'vx;'n,'the channel 64 ﬁas a
generally rectangular-shaped cross-'section,' such that the outer portion 72 of
the seal 40 1s wedged or otherwise secured in the channel 64. The channel 64
is formed immediately or closely adjacent to the flange 54, and the ring 56 of

- Figs. 2 and| 3 l;s'or may be dispensed with.
[0027] In accordance wjﬂl one or more of the 'disclosed éxamples, it
- will be appreciated that typical valve bodies may be constructed of carbon or

low-alloy steel. Typically, the seal 40 is hardened, and the retainer assembly

42, in accordance with one or more of these disclosed examples, may serve to
~ secure the seal 40 relative to the valve body 12 so as to prevent or at least

minimize wear and/or galling on the steel valve body 12.

[0028] In further accordance with one or more of the disclose
examples, the valve cage 26 is constructed of any suitable material, such as the
types of materials commonly employed in valve cage design and known to
those of skill in the art. The valve cage 26 may include a co'ating, such as a
nitride coating. Once again, in accordance with the disclosed example, the.
coating on the shelf cage 26 may serve to minimize and/or prevent galling

between the seal 40 and the valve cage 26.
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[0029] The seal 40 is commercially available and may be constructed

of NO7718 alloy (alloy 718). Further, coatings may be added to the seal 40
itself, with the'coa’tings ranging from a soft metal (for example, tin, silver, ."
etc.), to a hard, wear-resistant material such as, ior'exarnple, a chromiﬁm |
coating. .

[0030] Those of skill in the art will appreciate that the teachings of the
present invention need not be limited to the precise details of the control velve o
10 described above. Instead, such e Cfshaped seal 40 may be used 1n
eonjuriction with one or more of the exemplary retainingassemblies 40‘
discussed above at other loeations' within a valve or in other strilctures where a
spiral-vi/ound gasket would typically be employed." For example, a C-shaped. B

: seal In conjurlction with one or more of the above-described reteining. '
assemblies 42 mey be used on plug-seat applications, on piston rings, and in

~ other applieations where C-shaped seals are e0mmonly used. A number of
possible interrial valve components or components meeting 'a,t‘ appropriate '
interfaces in other possible structures may benefit from the exemplary forms
of the invention disclosed herein.

[0031] Referring now to Fig. 6, another exemplary structure for
retaining the seal 40 within the valve body 12 is disclosed. The valve cage 26
includes a threaded portion 27 which engages corresponding threads 74 on a
seat ring 76. The seat ring 76 includes an annular recess 78 sized to receive a
protrusion 80 on the valve cage 26. The seat ring 76 also includes a raised
annular platform 82. An outer portion of the valve cage 26 includes a neteh
84, such that the seal 40 is retained in place by the platform 82, an outer .

surface of the notch 84, and by an inner surface of the valve body 12.
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[0032] Referring now to Fig. 7, another alternative embodiment for
retaining ‘the seal 40 is shown. The valve body 12 ihcludes a raised annular
piatforrﬁ 86, which is sized to fit within a receiving area 88 on the valve cage
26. In the disclosed example, the receiving area 88 is formed by a
ddwnwardly depending flange 90, which is disposed radially outward relati?e |
to the raised platform 86. The platform 86 includes é notch 92, which is sized
to receive the seal 40, A retaining ring 94 is sized for attachment to a top
surface 96 of the platform 86, such'that the: seal 40 is held m place by
c00perating surfaces of the notéh 92, the retaining ring 94, énd an adjacent
inner surface of the 'ﬂange 90 of the valve cage 26. In this example, it 'will be
appreciated that thermal expansion of the valve cage 26 may occur in the
outward direction (1.e., toward the left when viewing ‘Fig. 7). Due to the

- retaining structure illustrated in Fig 7, thermal expansion in this outward '
direction Qi‘ll not cause crushing of the "C" shaped séal 40.
[0033] Referring now to Fig. 8, yet another altemativé construction
- for retaining the seal 40 is shown. The valve body 12 again includes the raised
| platform 86 having a top surface 96. Howe{fer; the notch 92 is formed 1n the
retaining ring 94. Accordingly, the seal 40 is held in place by cooperating
surfaces formed by the notch 92 on the retaiﬁing ring 94, the top surface 96 of
the raised platform 86, and by an inner surface of the downwardly depending
flange 90 carried by the valve cage 26. Preferably, an inner portion of the
retaining ring 94 may include another notch 98, which is sized to receive an
inner downwardly depending flange 100 formed on the valve cage 26. Once
again, in the embodiment of Fig. 8, thermal expansion of the valve cage 26 is

in the outward direction (toward' the right when viewing Fig. 8), which is away

o, ,

10
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from the seal 40 which prevents or minimizes crushing of the seal 40. More
specifically, when constructed in accordance with the disclosed example, it
will be underst(.)od‘that thermal éxpansion' will occur in the various ‘
components shown at differeﬁt amounts and/or rates, all of which would be
ascertainable to ﬂlése of skill m thé art. For example, whén viewing Fig. 8, 1t
will be understood that the flange 90 will expand toward the right, while the
flange 100 will expand toward the left. .
[0034] Further, it will be appfeciated that the surface finish of the cage
and thé retainer are more easilsl controlled during manufacture to subétantially .
eliminate erosion corrosion.' ACcOrdingly, in at least some applications it may
be desirable to apply the apprOpriaté surface finish and/or coating to the valve
~cage and/or the retainer as oppésed to applying the samé treatment to an inner

surface of the valve body.

[0035] Referring now to Fig. 9, a Mer alternative construction for
retaining the seal 40 1s shown.‘ The valve body 12 again includes the raised
plétform 86 _having a top surface 96. However, the notch 92 includes an
annular recess 93 sized and shaped to recéive an inner Iﬁonion of the seal 40.
Accordingly, the seal 40 is held in place by cooperating surfaces formed by
the recess 93 disposed adjacent the notch 92 on the raised platfomi 86, and by '
the inner surface of the downWardly depending ﬂaﬂge 90 carried by the valve
cage 26. Once again, in the embodiment of Fig. 9, thermal expansion of the
valve cage 26 is in the outward direction (toward the left wﬁen viewiﬁg Fig.

9), which is away from the seal 40 and which prevents or minimizes crushing

of the seal 40 under thermal expansion.

11
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[0036] The above-described details in the various Figures need not be
mutually exclusive. That is, in accordance with the spirit and scope of the
pfeferred examples disclosed herein, one may pick and choose various aspects
of the several Figures and combine those selectéd aspects with other. selected
asi)ects 1llustrated and descﬁbed with respect to different Figures.

[0037] Numerous modifications and alterﬁative embodiments of the
invention will be épparent to those skilled in the art in view of the forego'ilnlg
descriptions. Accordingly, these déscfiptiqns are to be construed as
illustrative only and are for the purpose of teaching those skilled in the art the
best mode or modes presently contemplated for carrying out the iﬁvention.
The details of - the structure or structures disclosed herein niay be varied
.substantially without departing from the spirit of the i_hvention, and the
exclusive use of all modifications which come within the scope of the
appended claims, either literally or under the doctrine of equivalents, 1s

reserved.

12
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WE CLAIM:

1.

A control valve comprising:

a valve body having an inlet, an outlet, a flow passage extending between the inlet and
the outlet, and the valve body further defining a longitudinal axis and having a first
thermal expansion coefficient;

~an internal valve component, at least a portion of which is fixed against displacement

relative 10 the valve body, the valve component having a second thermal expansion

coefficient different than the first thermal expansion coefficient;

a seal having a C-shaped cross section and the seal contacting an outer surface of the
valve component and an inner surface of the valve body, the C-shaped cross section of
the seal includes an open part positioned to permit thermal expansion of the internal
valve component relative to the valve body in a direction transverse to the longitudinal
axis; and

a retainer disposed immediately adjacent the seal and arranged to secure the seal
against movement parallel to the longitudinal axis.

The control valve of claim 1, wherein the retainer includes an inwardly extending flange
and an inwardly extending ring, the flange and the ring carried by the valve body and
spaced apart to form a gap sized to receive the seal.

The control valve of claim 2, wherein the ring comprises a snap ring disposed in a
recessed channel formed on an inner surface of the valve body.

The contro! vaive of claim 2, wherein the retainer comprises a recessed formation
formed in the inner surface of the valve body and sized to engage at least a portion of
the seal.

The control valve of claim 4, wherein the recessed channel is disposed immediately
adjacent the flange.

The control valve of claim 1, wherein the retainer includes a plurality of spaced apart
indentations defined on an inner surface of the valve body, each of the indentations
sized to receive a portion of the seal, a first one of the indentations defining a first seat
location and a second one of the indentations defining a second seat location.

The control valve of claim 1, wherein at least one of the internal component and the seal
includes a coating adjacent the interface.

The control valve of claim 7, wherein the coating on the seal comprises a soft metal
coating.

The control valve of claim 7, wherein the coating on the seal comprises a hardened
coating.
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10. The control valve of claim 1, wherein a surface of the internal component includes a
coating and the seal includes a coating contacting the coating of the internal component,
the coating of the internal component compatible with the coating of the seal.

11. A control valve comprising:

a valve body having a first portion, a second portion, and a flow passage extending
between the first portion and the second portion, and defining a longitudinal axis and
having a first thermal expansion coefficient;

a generally cylindrical seat comprising a flange defined adjacent the second portion;

a generally cylindrical valve cage mounted within the valve body so as to be at least
partially disposed in the flow passage, the valve cage having a first end fixedly secured
to the valve body and a second end sized to be disposed adjacent the seat, the valve

cage having a second thermal expansion coefficient that is different than the first thermal
expansion coefficient;

a retaining ring sized for insertion within the valve body, the retaining ring and the flange
spaced apart to form a gap; and

a seal disposed in the gap at an interface between the seat and the second end of the
valve cage, the seal having a C-shaped cross-section and contacting an outer surtace of
the valve cage and an inner surface of the valve body, the C-shaped cross section of the
seal including an open part positioned to permit thermal expansion of the valve cage
relative to the valve body in a direction transverse to the longitudinal axis.

12. The control valve of claim 11, wherein the C-shaped cross section of the seal includes
an open part, the seal disposed within the gap such that the open part faces at least one
of toward or away from the flange.

13. The control valve of claim 11, the valve cage including a longitudinal axis, and wherein
the seal is oriented within the gap so as to resiliently accommodate outward thermal
expansion of the valve cage relative to the valve body in a direction perpendicular to the
longitudinal axis. '

14. The control valve of claim 11, wherein retaining ring comprises a snap ring.

15. The control valve of claim 14, wherein the valve body inciudes a recessed channel, and
wherein the snap ring is sized for insertion in the recessed channel.

16. The control valve of claim 11, wherein the retaining ring is disposed in a recessed
channel, the recessed channel defined in at least one of the valve cage and the valve

body.

17 The control valve of claim 11, wherein the valve body includes an indentation sized to
receive the seal.

18. The control valve of claim 11, wherein the valve cage includes a hardened outer surface.
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19. The control valve of claim 11, wherein the seal includes a coating.
20. The control vaive of claim 20, wherein the coating comprises a soft metal coating.

21, The control valve of claim 20, wherein the coating comprises a hardened wear resistant
coating.

22. The control valve df claim 11, wherein an outer surface of the valve cage includes a
coating and the seal includes a coating, the coating of the outer surface of the valve
cage compatible with the coating of the seal.

23. A control valve having a shiftable valve plug and comprising:

a valve body having an inlet, an outlet, a flow passage extending between the inlet and
the outlet, and the valve body further defining a longitudinal axis;

a generally cylindrical valve cage having at least a portion that is fixed within the vaive
body against displacement parallel to the longitudinal axis, the valve cage sized to
receive the valve plug and including at least one aperture comprising at least a portion of
the flow passage, a portion of the valve cage disposed adjacent a portion of the valve
body at an interface,;

a seal having a C-shaped cross section, the seal disposed between and in contact with
an outer surface of the valve cage and an inner surface of the vaive body, the C-shaped
cross section of the seal includes an open part coriented at the interface so as to
accommodate temperature related expansion and retraction of the valve cage relative to

the valve body in a direction transverse to the longitudinal axis; and

a retainer disposed adjacent the interface and positioned to secure the seal against
movement along the longitudinal axis.

24, The control valve of claim 23, wherein the retainer comprises at least one flange carried
by the valve body.

25. The control valve of claim 23, wherein the retainer includes an inwardly extending flange
carried by the valve body adjacent to the interface.

26. The control valve of claim 25, wherein the retainer includes a ring disposed on an inner
surface of the valve body and spaced from the flange to form a gap, the seal disposed in
the gap.

27 The conirol valve of claim 25, wherein an inner surface of the valve body includes an
indentation sized to engage an outer portion of the seal.

28 The control valve of claim 23, wherein the retainer includes an inqentation defined on an
inner surface of the valve body and sized to engage an outer portion of the seal.

29. The control vaive of claim 23, wherein the retainer includes a piurality of spaced apart
indentations defined on an inner surface of the valve body, each of the indentations
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sized to receive an outer portion of the seal, a first one of the indentations defining a first
seat location and a second one of the indentations defining a second seat location.

30. The control valve of claim 23, wherein the retainer includes a snap ring carried by an
inner surface of the valve body.

31. The control valve of claim 30, wherein the snap ring is secured in a channel formea In
~ the inner surface of the valve body.

32. The control valve of claim 23, wherein at least one of the valve cage and the seal
~ includes a coating adjacent the interface.

33. The control valve of claim 32, wherein the coating on the seal comprises a soft metal
coating.

34. The control valve of claim 32, wherein the coating on the seal comprises a hardened
~coating.

35. The control valve of claim 23, wherein an outer surface of the valve cage includes a

coating and the seal includes a coating, the coating of the outer surface of the valve
cage compatible with the coating of the seal.

36. The control valve of claim 1, wherein the seal is in sealing engagement with vaive body
and the internal valve component.

37. The control valve of claim 23, wherein the seal is in sealing engagement with the vaive
body and the valve cage.

38. The control valve of claim 1, wherein the seal has a generally circular cross-section,

39. The control valve of claim 23, wherein the seal has a generally circular cross-section.
40. A control valve comprising:

a valve body having an inlet, an outlet, a flow passage extending between the inlet and
the outlet, and defining a longitudinal axis;

a generally cylindrical valve cage fixed against movement within the valve body, except
for movement due to thermal expansion and retraction of at least one of the vale body
and the valve cage;

a seal having a C-shaped cross section, the seal contacting an outer surfa_ce of the valve
cage and an inner surface of the valve body, the C-shaped cross section of the seal
including an open part oriented relative to the valve cage and valve body to
accommodate the effects of the thermal expansion and retraction of the vaive cage ana
the valve body; and

a retainer positioned between the valve cage and the valve body to secure the seal
- against movement along the longitudinal axis.
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