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BALL AND SEAT VALVE FOR HIGH TEMPERATURE
AND PRESSURE APPLICATIONS

TECHNICAL FIELD
This disclosure relates generally to equipment utilized and operations performed in
conjunction with a subterranean well and in one example described below more particularly,

provides a ball and seat valve capable of withstanding high temperature and high pressure

applications.

BACKGROUND

Hydrocarbons, such as oil and gas, are commonly obtained from subterranean formations
that may be located onshore or offshore. The development of subterranean operations and the
processes involved in removing hydrocarbons from a subterranean formation typically include a
number of different steps such as, for example, drilling a wellbore at a desired well site, treating
the wellbore to optimize production of hydrocarbons, and performing the necessary steps to
produce and process the hydrocarbons from the subterranean formation.

As oil and gas wells increase in depth to find sustainable reserves, the resultant reservoir
pressures and temperatures have increased significantly. For example, at depths of 30,000 feet,
it 1s not uncommon to experience temperatures over 350°F and pressures over 10,000 psi. These
increased downhole conditions have placed increased demands on downhole equipment,
including, Isolation Barrier Valves. Current Isolation Barrier Valves utilize a simple spherical
ball and seat arrangement as the closure device. In order to meet the current performance
demands, the choice of materials to manufacture the ball and seat 1s becoming restricted and may
be nearing the limits of currently approved materials.

The present disclosure is directed to an improved ball and seat valve which incorporates
thermally fitted sleeves into the ball and/or the seat to allow greater pressures and temperatures

due to the resultant stresses left within the parts due to interference.
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BRIEF DESCRIPTION OF THE DRAWINGS
For a more complete understanding of the present disclosure and its features and

advantages, reference is now made to the following description, taken in conjunction with the

accompanying drawings, 1n which:

FIG. 1 1s a schematic diagram illustrating one embodiment of an 1solation barrier valve 1n

accordance with the present disclosure;

FIG. 2 is a cross sectional view of the isolation barrier valve shown in FIG. 1 taken along

line 2-2.

FIG. 3 is a schematic diagram illustrating another embodiment of an isolation barrier

valve in accordance with the present disclosure.

FIG. 4 is a schematic diagram illustrating an isolation barrier valve installed in a section

of production tubing.
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DETAILED DESCRIPTION

An 1solation barrier valve 10 in accordance with the present disclosure is illustrated in
FIG. 1. The valve 10 includes a ball 12 and a seat 14. The ball 12 is generally spherically-
shaped and formed of a metal alloy. In one embodiment, the ball 12 1s formed of 2 metal alloy,
such as a 41 XX Series chromium-molybdenum alloy or more noble nickel alloy. As those of
ordinary skill in the art will appreciate, other materials may be used in forming the ball 12, which
are capable of withstanding the high temperature and high pressure environments found in deep
water subsea and other deep and ultra-deep wells. The ball 12 1s formed with a flow passage 16
formed therethrough. The flow passage 16 is generally cylindrically shaped and occupies a
significant volume of the ball 12. The flow passage 16 is designed to withstand high pressure,

high velocity flow of downhole fluids.
The ball 12 1s formed with an axis 18 about which the ball is capable of rotating. As will

be described further below, the ball 12 1s capable of rotating through at least 90 degrees so as to
assume one of two positions, one which can be characterized as an “open” position and the other
which can be characterized as a “closed” position. In the “open” position, fluids are permitted to
flow through the flow passage 16, for example, during the production of hydrocarbons from a
subterranean formation of an o1l and gas reservoir to the surface. In the “closed” position, fluid
flow 1s shut off, thereby ceasing the flow of hydrocarbons to the surface. The isolation barrier

valve can also be used to open and close the flow of completion and/or enhancement fluids

downhole.
The seat 14 1s a generally cylindrically-shaped tubular member. Like the ball 12, the seat

14, 1s formed of a metal alloy, for example, a 41XX Series chromium-molybdenum alloy or
more noble nickel alloy. Again, as those of ordinary skill in the art will appreciate, other
materials capable of withstanding the high temperature, high pressure environment of deep and
ultra-deep wells can be used. The seat 14 in one example may have an inner diameter of
approximately 4.5 inches and an outer diameter of approximately 5.0 inches, although, as those
of ordinary skill in the art will appreciate, any suitably sized seat may be employed.

In one embodiment in accordance with the present disclosure, a support sleeve 20 is
formed in and lines the surface of the flow passage 16 of the ball 12. In one embodiment, the
support sleeve 20 1s formed of the same metal alloy used to form the ball 12 and seat 14. The
support sleeve i1s generally cylindrically-shaped and in one embodiment may vary in thickness
from 0.0625 to 0.125 inches, although other suitable thicknesses and materials may be used. The

support sleeve 20 may be thermally fit to the inner cylindrical surface of the ball 12 forming the

3
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flow passage 16. In one embodiment, the support sleeve 20 1s cooled before being placed into
the flow passage 16. Once it warms again, it forms an interference fit with the inner cylindrical
surface of the ball 12. Alternatively, the ball 12 is heated hereby causing it to expand. The
support sleeve 20 is then inserted into the ball 12, which 1s then allowed to cool. Once cooled,
the support sleeve 20 is interference fit within the flow passage 16 of the ball 12. In the
embodiment illustrated in FIG. 1, the support sleeve 20 is formed as a single sleeve which
extends along the entire length of the cylindrical surface forming the flow passage 16.

In another embodiment in accordance with the present disclosure, a pair of generally
cylindrically-shaped support sleeves 22 and'24 are used 1n place of the single support sleeve 20,
as shown in FIG. 3. In this embodiment, the pair of support sleeves 22 and 24 may be made of
the same material and installed in the manner described with reference to the single support
sleeve 20. The pair of support sleeves 22 and 24 is installed each at opposite ends of the
longitudinal length of the flow passage 16. Alternatively, a plurality of support sleeves are
installed along the longitudinal length of the flow passage 16.

In accordance with the present disclosure, the seat 14 also may be provided with a
support sleeve 26, as shown in FIGs. 1 and 3. The support sleeve 26 may also be formed of the
same metal allow, for example, a 41XX Series chromium-molybdenum alloy or more noble
nickel alloy, as the ball 12 and seat 14. Again, as those of ordinary skill in the art will appreciate
other suitable materials may be used. The support sleeve 26 in one embodiment is
approximately 0.0625 to 0.125 inches thick, but other suitable thicknesses may be employed.
The support sleeve 26 1s thermally fit to the seat 14. In one embodiment, the sleeve is heated and
placed over a cool seat 14 and allowed to cool, thereby shrinking into an interference fit on the
seat 14. In another embodiment, the support sleeve 26 is placed over the seat 14, which has been
cooled and then allowed to warm so as to thereby form an interference fit between the support

sleeve 26 and the seat 14.

As those of ordinary skill will appreciate at high temperatures and/or pressures which are
experienced in deep well applications, the ball 12 and seat 14 have a tendency to deform due to

the stresses created by the high temperature, high pressure fluid flow. This is illustrated in FIG.
2, by arrows A and B, which represent upstream and downstream pressure, respectively. These
pressures cause the ball and seat to deform which can cause leakage of fluids out of the valve.
The support sleeves 20 (or 22 and 24) and 26 in accordance with the present disclosure act to
pre-stress the ball 12 and seat 14, respectively, and thereby prevent these components from

detorming at higher temperatures and/or pressures than would be possible without the support
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sleeves. This is best illustrated in FIG. 2 where the support sleeve 26 is shown pre-stressing the
seat 14 such that deformation at the point of contact between the ball 12 and seat 14 is prevented

or at least minimized thereby preserving the integrity of the seal at point C.

FIG. 4 shows valve 10 with ball 12 and seat 14 installed within a downhole tool 28,
which in turn is shown within a section of production casing or tubing 30. In this application,
the valve 10 would be used as a lower completion isolation valve and installed just below the
uppermost gravel pack packer in the wellbore formed in the reservoir of interest. As those of
ordinary skill in the art will appreciate, however, the valve mechanism 10 may be used in other
applications both in the oil field, such as in subsea trees, and outside of the oil field where high
temperature, high pressure reliable valves are needed. As those of skill in the art will appreciate,
the deeper a hole is 1n a subterranean formation, the higher the downhole temperatures and
pressures will be. In deep and ultra-deep applications the pressures, for example, can be as high
as 15,000 psi and possibly even higher. The valve 10 would be suitable for such applications.

Although various examples have been described above, with each example having certain
features, it should be understood that it is not necessary for a particular feature of one example to
be used exclusively with that example. Instead, any of the features described above and/or
depicted 1n the drawings can be combined with any of the examples, in addition to or in
substitution for any of the other features of those examples. One example’s features are not
mutually exclusive to another example’s features. Instead, the scope of this disclosure

encompasses any combination of any of the features.
Although each example described above includes a certain combination of features, it
should be understood that it is not necessary for all features of an example to be used. Instead,

any of the features described above can be used, without any other particular feature or features

also being used.

It should be understood that the various embodiments described herein may be utilized in
various orientations, such as inclined, inverted, horizontal, vertical, etc., and in various
contigurations, without departing from the principles of this disclosure. The embodiments are
described merely as examples of useful applications of the principles of the disclosure, which is
not limited to any specific details of these embodiments.

In the above description of the representative examples, directional terms (such as
“above,” “below,” “upper,” “lower,” etc.) are used for convenience in referring to the
accompanying drawings. However, it should be clearly understood that the scope of this

disclosure is not limited to any particular directions described herein.
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The terms “including,” “includes,” “comprising,” “comprises,” and similar terms are
used in a non-limiting sense in this specification. For example, if a system, method, apparatus,
device, etc., is described as “including” a certain feature or element, the system, method,
apparatus, device, etc., can include that feature or element, and can also include other features or

elements. Similarly, the term “comprises” is considered to mean “comprises, but is not limited

?°

to.

Of course, a person skilled in the art would, upon a careful consideration of the above
description of representative embodiments of the disclosure, readily appreciate that many
modifications, additions, substitutions, deletions, and other changes may be made to the specific
embodiments, and such changes are contemplated by the principles of this disclosure. For
example, structures disclosed as being separately formed can, in other examples, be integrally
formed and vice versa. Accordingly, the foregoing detailed description 1s to be clearly
understood as being given by way of illustration and example only, the spirit and scope of the

invention being limited solely by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:
1. A valve, comprising:
a ball having a flow passage formed therein;
a support sleeve formed in the flow passage of the ball; and

a seat disposed adjacent to and in engagement with the ball.

2. The valve according to claim 1, wherein the support sleeve is thermally fit to the

flow passage of the ball and extends the entire length of the flow passage.

3. The valve according to claim 2, further comprising a second support sleeve,
wherein both support sleeves are thermally fit to the flow passage of the ball with one support
sleeve being disposed at a first end of the flow passage and the other support sleeve being

disposed at a second end of the flow passage opposite the first end of the flow passage.

4. The valve according to claim 1, further comprising a support sleeve disposed

around at least a portion of the seat.

J. The valve according to claim 4, wherein the support sleeve disposed around at a

portion of the seat is thermally fit to an outer circumferential surface of the seat.

6. The valve according to claim 5, wherein the support sleeve on the seat and the
support sleeve in the ball are formed of a metal alloy selected from the group consisting of the

same alloy used to form the ball and seat, a different metal alloy and combinations thereof.

7. The valve according to claim 35, wherein the support sleeve thermally fit to the

seat is disposed at an end of the seat which engages with the ball.

8. The valve according to claim 7, wherein the flow passage comprises a generally-

cylindrically shaped hollow region within the ball and the seat comprises a generally tubular-
shaped member having a hollow interior region capable of accommodating fluid flow

therethrough.
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9. The valve according to claim 8, wherein the ball can rotate through at least 90
degrees and 1s capable of being placed into a first position wherein the flow passage of the ball
aligns with the hollow interior region of the seat so as to allow fluid to pass therebetween and
capable of being placed into a second position wherein the flow passage of the ball is out of

alignment with the hollow interior region of the seat thereby preventing fluid from passing

therebetween.

10.  The valve according to claim 9, wherein in the first position a seal is created
between the support sleeve on the seat and the support sleeve formed in the flow passage of the

ball and in the second position a seal is created between the support sleeve on the seat and an

outer circumierential surface of the ball.

11. A valve, comprising:
a ball having a flow passage formed therein;
a seat disposed adjacent to and in engagement with the ball; and

a support sieeve disposed around at least a portion of the seat.

12.  The valve according to claim 11, wherein the support sleeve is thermally fit to an

outer circumferential surface of the seat.

13.  The valve according to claim 11, further comprising a support sleeve formed in

the flow passage of the ball.

14.  The valve according to claim 13, wherein the support sleeve formed in the flow
passage of the ball is thermally fit to the flow passage and extends the entire length of the flow

passage.

15.  The valve according to 13, further comprising a second support sleeve, wherein

both support sleeves are thermally fit to the flow passage of the ball with one support sleeve
being disposed at a first end of the flow passage and the other support sleeve being disposed at a

second end of the flow passage opposite the first end of the flow passage.
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16.  The valve according to claim 13, wherein the support sleeves on the seat and in
the ball are formed of a metal alloy selected from the group consisting of the same alloy used to

form the ball and seat, a different metal alloy and combinations thereof.

17.  The valve according to claim 16, wherein the flow passage comprises a generally-
cylindrically shaped hollow region within the ball and the seat comprises a generally tubular-

shaped member having a hollow interior region capable of accommodating fluid flow

therethrough.

18.  The valve according to claim 17, wherein the ball can rotate through at least 90
degrees and is capable of being placed into a first position wherein the flow passage of the ball
aligns with the hollow interior region of the seat so as to allow fluid to pass therebetween and
capable of being placed into a second position wherein the flow passage of the ball 1s out of
alignment with the hollow interior region of the seat so to prevent fluid from passing

therebetween.

19.  The valve according to claim 18, wherein in the first position a seal is created
between the support sleeve on the seat and the support sleeve formed 1in the flow passage of the
ball and in the second position a seal is created between the support sleeve on the seat and an

outer circumferential surface of the ball.

20.  The valve according to claim 11, wherein the support sleeve is disposed at an end

of the seat which engages with the ball.
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