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ABSTRACT

A rotary valve comprising: a port housing, having a port; an axially actuated rotary sleeve
disposed within the port housing, the sleeve having an aperture; and an insert disposed
within the sleeve, the insert having a plurality of openings of distinct size from one another,
the aperture of the sleeve being selectively alignable with one of the plurality of openings,

wherein the insert is configured to move reciprocally axially of the housing.
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ROTARY VALVE AND SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Application No. 17/677308, filed
on February 22, 2022, which is incorporated herein by reference in its entirety. The present
specification is divided from AU2023224191, the contents of which are incorporated herein

by reference.

BACKGROUND

[0002] In the resource recovery and fluid sequestration industries, valves are
necessary for many purposes. In each case, particular valves may be more appropriate than
others for reasons such as throughput, length, weight, complexity, etc. Unfortunately, there
are fewer types of valves available to the industry than meet all of the potential needs.

Accordingly, the art well receives alternatives.

SUMMARY

[0003] According to a first aspect of the present invention, not claimed herein, there
is provided a rotary valve comprising: a port housing, having a port; an axially actuated
rotary sleeve disposed within the port housing, the sleeve having a plurality of apertures of
distinct size from one another and in fluid communication with the port, wherein the sleeve is
movable within a pressure compensated clean fluid; an insert disposed within the sleeve, the
insert having an opening, the sleeve being rotatable to align one of the plurality of apertures
with the opening; and wherein a balance piston is disposed between the insert and the port
housing, the balance piston being exposed to annulus pressure on one side and the clean fluid
on a second side, during use.

[0004] According to a second aspect of the present invention, not claimed herein,
there is provided a borehole system comprising: a borehole in a subsurface formation; a string
disposed in the borehole; and a valve according to the first aspect disposed within or as a part
of the string.

[0005] According to a third aspect of the present invention, not claimed herein, there
is provided a rotary valve comprising: a port housing, having a port; an axially actuated
rotary sleeve disposed within the port housing, the sleeve having an aperture, wherein the

sleeve is movable within a pressure compensated clean fluid; an insert disposed within the
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sleeve, the insert having a plurality of openings of distinct size from one another, the aperture
of the sleeve being selectively alignable with one of the plurality of openings; and wherein a
balance piston is disposed between the insert and the port housing, the balance piston being
exposed to annulus pressure on one side and the clean fluid on a second side, during use.

[0006] According to a fourth aspect of the present invention, not claimed herein, there
is provided a borehole system comprising: a borehole in a subsurface formation; a string
disposed in the borehole; and a valve according to the third aspect disposed within or as a
part of the string.

[0006A] According to a fifth aspect of the present invention, there is provided, a
rotary valve comprising: a port housing, having a port; an axially actuated rotary sleeve
disposed within the port housing, the sleeve having an aperture; and an insert disposed within
the sleeve, the insert having a plurality of openings of distinct size from one another, the
aperture of the sleeve being selectively alignable with one of the plurality of openings,
wherein the insert is configured to move reciprocally axially of the housing.

[0006B] By way of clarification and for avoidance of doubt, as used herein and except
where the context requires otherwise, the term "comprise" and variations of the term, such as
"comprising", "comprises" and "comprised", are not intended to exclude further additions,

components, integers or steps.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following descriptions should not be considered limiting in any way.

With reference to the accompanying drawings, like elements are numbered alike:

[0008] Figure 1 is a cross sectional view of a rotary valve as disclosed herein;

[0009] Figure 2 is an enlarged portion of Figure 1;

[0010] Figure 3 is a view of a portion of the port housing of the rotary valve as
disclosed herein;

[0011] Figure 4 is a cross sectional view of the axially actuated rotary sleeve of the
valve as disclosed herein;

[0012] Figure 5 is a view similar to that of Figure 2 with a plurality of different insert
opening sizes; and

[0013] Figure 6 is a view of a borehole system including the rotary valve disclosed

herein.
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DETAILED DESCRIPTION

[0014] A detailed description of one or more embodiments of the disclosed apparatus
and method are presented herein by way of exemplification and not limitation with reference
to the Figures.

[0015] Referring to Figure 1, a rotary valve 10 is illustrated. Valve 10 comprises a
ported housing 12, an axially actuated rotary sleeve 14 and an insert 16. The ported housing
12 includes a port 18 that, in an embodiment, includes a manifold j= 20 (see Figures 2 and 3).
There may be more than one port 18 in housing 12 but in embodiments where the manifold
groove 20 is included, all potential ports 18 are fluidly connected to one another through the
manifold groove 20. Also, in an embodiment, the port housing 12 includes a control line
inlet 22 that allows the connection to a control line (not shown) so that hydraulic fluid may be
used to shift the insert 16 axially during use of the valve 10. There may also be a second
control line inlet 24 where a second control line may be used to pressure up and move the
insert 16 axially in an opposite direction. Either of the control line inlets 22 and 24 may be
used in embodiments without the other of the two if a resetting configuration such as a spring
is employed to move the insert back to a first position after one of the control lines moves it
to a second position. As shown, both control line inlets are used with each of the control line
inlets 22 and 24 leading to volume changeable chambers 26 and 28, respectively, with a seal
30 therebetween. The seal 30 allows the insert 16 to behave as a piston with pressure in
chamber 26 from inlet 22 causing the insert 16 to move leftwardly in Figure 1 and pressure in
chamber 28 from inlet 24 causing the insert 16 to move rightwardly in Figure 1. Seals 32 and
34 occur on either side of the seal 30 and help define the chambers 28 and 26, respectively.

[0016] Also disposed between the port housing 12 and the insert 16 is a balance
piston 36 that is disposed between two more volumes 40 and 42 of the valve. Volume 40 is
open to annulus fluid, during use and pressure compensated volume 42, which is filled with a
clean hydraulic fluid sealed at seal 38 and seal 48 to ensure that the axially actuated rotary
sleeve 14 will function as designed without difficulties introduced by detritus accumulating
therein.

[0017] Referring to Figures 2 and 4, the sleeve 14 may be better appreciated. Sleeve
14 includes a plurality of apertures 44 disposed about its circumference. The number of
apertures possible is directly related to the real estate available to disposed them in the sleeve
and also be able to disposed a seal 46 around each aperture that will seal against insert 16. In

various embodiments, 2, 4, 8, 10, etc. apertures may be employed. Regardless of number of
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apertures, there are at least two different sizes of aperture among the plurality of apertures.
Accordingly, when rotating the sleeve 14, it is possible to align one size aperture 44, in
embodiments without grove 20 with the port 18 or another size aperture 44 with the port 18
or if the embodiment includes the groove 20, alignment with port 18 is unnecessary as all
apertures 44 are fluidly connected to the port 18 through groove 20. This provides control of
flow characteristics through the valve. In embodiments, each of the apertures provided in
sleeve 14 are of different dimensions than all other apertures in the sleeve 14. Accordingly,
an aperture size from multiple different sizes can be selected for desired flow characteristics.
Additional seals 48 and 50 may also be included and disposed between the sleeve 14 and
insert 16 annularly, in some embodiments.

[0018] The sleeve 14 is rotated through axial manipulation of the insert 16. This is by
way of a J-slot configuration 52 in one embodiment, which is best seen in Figure 4 but
reference must also be made to Figures 1 and 2 to appreciate a bearing lug 54 and a J-pin 56
protruding radially outwardly from the insert 16. The lug and J-pin both interact with the
sleeve 14. Cycling the insert 16 using the control line inlets 22 and or 24 will cause the insert
16 to move axially of the sleeve 14 and the sleeve 14 to rotate in accordance with the
pathway of the J-slot 52 interacting with the J-pin 56. How a pin interacts with a J-slot is
known. The lug 54 functions to limit travel of the insert 16 and only allows additional travel
when the operator intends to fully close the valve 10. This is only possible when the lug 54 is
aligned with lug slot 58 and the pin 56 is aligned with a full close extension 60 of the J-slot
52. Since the J-slot 52 is in a known orientation relative to the plurality of apertures 44, the
operator can select alignment of whatever one of the apertures 44 is appropriate and cycle the
insert the correct number of times to align that aperture 44 with both the port 18 and an
opening 62 in the insert that allows ID (inside diameter) fluid from the valve and indeed the
tubing string with which the valve will be connected so that fluid may flow between the ID
and the annulus through the aligned opening/aperture/port of the valve 10.

[0019] In another embodiment, referring to Figure 5, the insert 16 is configured with
a plurality of openings 62, at least one of which is of distinct size. In Figure 5, three
different sizes of aperture 62 are depicted. The sleeve 14 must then only have a single
aperture 44 and a single aperture seal 46 that may be rotated about the insert 16 based upon
the J-slot movement as discussed above. The movement facilitates selection among the
various size openings 62 to be aligned with the aperture 44. It will be appreciated that the

aperture 44 in this embodiment would be sized to be at least as large as the larges opening 62
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so that it would be the opening 62 selected that provides the flow control desired. This
embodiment would work with groove 20 and no significant alignment with port 18 is needed.

[0020] Advantageously, the overall length of valve 10 is significantly shorter than
prior art axial sliding sleeves that might be used for fluid communication between the ID and
annulus of a string. Shorter tools are beneficial for a host of reasons known to those of
ordinary skill in the art.

[0021] Referring to Figure 6, a borehole system 70 is illustrated. System 70 includes
a borehole 72 in a subsurface formation 74. A string 76 is disposed in the borehole 72. A
valve 10 is disposed within or as a part of the string 76.

[0022] Set forth below are some embodiments of the foregoing disclosure:

[0023] Embodiment 1: A rotary valve including a port housing, having a port, an
axially actuated rotary sleeve disposed within the port housing, the sleeve having a plurality
of apertures of distinct size from one another and in fluid communication with the port; and
an insert disposed within the sleeve, the insert having an opening, the sleeve being rotatable
to align one of the plurality of apertures with the opening.

[0024] Embodiment 2: The valve as in any prior embodiment wherein the port
housing includes a manifold groove.

[0025] Embodiment 3: The valve as in any prior embodiment wherein the sleeve
includes a J-slot.

[0026] Embodiment 4: The valve as in any prior embodiment wherein the plurality of
apertures are 4 apertures.

[0027] Embodiment 5: The valve as in any prior embodiment wherein the insert is
configured to move reciprocally axially of the housing.

[0028] Embodiment 6: The valve as in any prior embodiment wherein the insert is
movable based upon hydraulic fluid pressure.

[0029] Embodiment 7: The valve as in any prior embodiment wherein the fluid
pressure is dedicated pressure from a control line.

[0030] Embodiment 8: The valve as in any prior embodiment wherein the sleeve
moves within a pressure compensated clean fluid environment.

[0031] Embodiment 9: The valve as in any prior embodiment wherein a balance
piston is disposed between the insert and the port housing, the balance piston being exposed

to annulus pressure on one side and clean fluid on a second side, during use.
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[0032] Embodiment 10: The valve as in any prior embodiment wherein the valve
includes an annular seal disposed between the sleeve and the insert and an aperture seal
disposed around at least one of the plurality of apertures.

[0033] Embodiment 11: A borehole system including a borehole in a subsurface
formation, a string disposed in the borehole, and a valve as in any prior embodiment disposed
within or as a part of the string.

[0034] Embodiment 12: A rotary valve including a port housing, having a port, an
axially actuated rotary sleeve disposed within the port housing, the sleeve having an aperture;
and an insert disposed within the sleeve, the insert having a plurality of openings of distinct
size from one another, the aperture of the sleeve being selectively alignable with one of the
plurality of openings.

[0035] Embodiment 13: The valve as in any prior embodiment wherein the port
housing includes a manifold groove.

[0036] Embodiment 14: The valve as in any prior embodiment wherein the sleeve
includes a J-slot.

[0037] Embodiment 15: The valve as in any prior embodiment wherein the plurality
of openings are 3 openings.

[0038] Embodiment 16: The valve as in any prior embodiment wherein the insert is
configured to move reciprocally axially of the housing.

[0039] Embodiment 17: The valve as in any prior embodiment wherein the valve
includes an annular seal disposed between the sleeve and the insert and an aperture seal
disposed around the aperture.

[0040] Embodiment 18: The valve as in any prior embodiment wherein the sleeve
moves within a pressure compensated clean fluid environment.

[0041] Embodiment 19: The valve as in any prior embodiment wherein a balance
piston is disposed between the insert and the port housing, the balance piston being exposed
to annulus pressure on one side and clean fluid on a second side, during use.

[0042] Embodiment 20: A borehole system including a borehole in a subsurface
formation, a string disposed in the borehole, and a valve as in any prior embodiment disposed
within or as a part of the string.

[0043] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims) are to

be construed to cover both the singular and the plural, unless otherwise indicated herein or
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99 46

clearly contradicted by context. Further, it should be noted that the terms “first,” “second,”
and the like herein do not denote any order, quantity, or importance, but rather are used to
distinguish one element from another. The terms “about”, “substantially” and “generally”
are intended to include the degree of error associated with measurement of the particular
quantity based upon the equipment available at the time of filing the application. For
example, “about” and/or “substantially”” and/or “generally” can include a range of + 8% or
5%, or 2% of a given value.

[0044] The teachings of the present disclosure may be used in a variety of well
operations. These operations may involve using one or more treatment agents to treat a
formation, the fluids resident in a formation, a borehole, and / or equipment in the borehole,
such as production tubing. The treatment agents may be in the form of liquids, gases, solids,
semi-solids, and mixtures thereof. Illustrative treatment agents include, but are not limited to,
fracturing fluids, acids, steam, water, brine, anti-corrosion agents, cement, permeability
modifiers, drilling muds, emulsifiers, demulsifiers, tracers, flow improvers etc. Illustrative
well operations include, but are not limited to, hydraulic fracturing, stimulation, tracer
injection, cleaning, acidizing, steam injection, water flooding, cementing, etc.

[0045] While the invention has been described with reference to an exemplary
embodiment or embodiments, it will be understood by those skilled in the art that various
changes may be made and equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed as the best mode contemplated for carrying out this
invention, but that the invention will include all embodiments falling within the scope of the
claims. Also, in the drawings and the description, there have been disclosed exemplary
embodiments of the invention and, although specific terms may have been employed, they
are unless otherwise stated used in a generic and descriptive sense only and not for purposes

of limitation, the scope of the invention therefore not being so limited.
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CLAIMS
1.

A rotary valve comprising:
a port housing, having a port;
an axially actuated rotary sleeve disposed within the port housing, the sleeve
having an aperture; and
an insert disposed within the sleeve, the insert having a plurality of openings of
distinct size from one another, the aperture of the sleeve being selectively
alignable with one of the plurality of openings, wherein the insert is configured

to move reciprocally axially of the housing.
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