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ANTI-CAVITATION THROTTLE VALVE AND
METHOD OF OPERATING THE SAME

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No.
14/177,597, filed on February 11, 2014 and the benefit of U.S. Provisional Application
No. 61/763,125 filed on February 11, 2013. The disclosures of the above applications are

incorporated herein by reference.

TECHNICAL FIELD
[0002] The present disclosure relates generally to throttle valves, and, more

specifically, to a throttle valve that reduces cavitation and is relatively safe to operate.

BACKGROUND

[0003] The statements in this section merely provide background information
related to the present disclosure and may not constitute prior art.

[0004] Fluid machines are used in many applications for many processes.
Providing the proper amount of fluid to a device is important. Throttle valves are used to
control the amount of fluid provided to a particular device or machine. Ball or globe
valves are typically used for throttle valves.

[0005] Conventional throttle valves are undesirable for many reasons. For
example, the valve stem and packing assembly may be ejected if the valve fails internally.
Throttle valves are also prone to cavitation. The formation of vapor bubbles in the stream
accelerates erosion.

[0006] Throttle valves also typically use a form of mechanical seal or packing
that allows the valve stem to move freely. The seal is exposed to the process fluid on one
side and atmosphere on the other. Minor seal leakage allows the fluid to leak into the
atmosphere.

[0007] Conventional throttle valves are also relatively expensive because parts
are typically cast and also require complex and expensive external actuators.

[0008]  Further areas of applicability will become apparent from the description

provided herein. It should be understood that the description and specific examples are
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intended for purposes of illustration only and are not intended to limit the scope of the

present disclosure.

SUMMARY

[0009] This section provides a general summary of the disclosure, and is not a
comprehensive disclosure of its full scope or all of its features.

[0010] The present disclosure provides a throttle valve and method for
operating the same that reduces safety hazards. The present disclosure also provides a
valve that protects upstream equipment and is relatively inexpensive to manufacture.

[0011] In one aspect of the disclosure, a throttle housing having an inlet
end and an outlet end includes a shuttle housing disposed within the throttle housing. The
shuttle housing has a first end cap at a first end and an orifice array on a second end. The
shuttle housing comprises a shuttle housing therein. The shuttle has an opened position
and a closed position relative to the shuttle housing. The shuttle defines a varying control
volume between the end cap, the shuttle and the shuttle housing. The control inlet
fluidically communicates a control fluid to the control volume to control the position of
the shuttle in the shuttle housing.

[0012] In another aspect of the disclosure, a method of operating a throttle
valve having a control volume between a shuttle, a shuttle housing and an end cap of the
shuttle housing is set forth. The shuttle is disposed within the shuttle housing. The shuttle
exposes an orifice array in the shuttle housing. The method includes generating a flow
signal from another control. The method further includes when the process variable signal
is above a first control point, communicating fluid from the throttle valve input to the
control volume, moving the shuttle toward a throttle valve output and reducing flow
through the orifice array. The method further includes when the process variable signal is
below a second control point, communicating fluid from the throttle valve output to the
control volume, moving the shuttle toward the throttle valve input and increasing flow
through the orifice array.

[0013]  Further areas of applicability will become apparent from the description
provided herein. The description and specific examples in this summary are intended for
purposes of illustration only and are not intended to limit the scope of the present

disclosure.
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DRAWINGS

[0014] The drawings described herein are for illustration purposes only and are
not intended to limit the scope of the present disclosure in any way.

[0015] FIG. 1 is a cross-sectional perspective view of a throttle valve assembly
according to the present disclosure.

[0016] FIG. 2 is a cross-section of a throttle valve having the shuttle within a
first position.

[0017] FIG. 3 is a cross-sectional view of a throttle assembly having the
throttle in a second position.

[0018] FIG. 4 is a diagrammatic illustration of control points used for
controlling the valves of the present disclosure.

[0019] FIG. 5 is a flowchart of a method of operating the throttle valve of
FIGS. 1-3.

DETAILED DESCRIPTION

[0020] The following description is merely exemplary in nature and is not
intended to limit the present disclosure, application, or uses. For purposes of clarity, the
same reference numbers will be used in the drawings to identify similar elements. As used
herein, the phrase at least one of A, B, and C should be construed to mean a logical (A or
B or C), using a non-exclusive logical or. It should be understood that steps within a
method may be executed in different order without altering the principles of the present
disclosure.

[0021] Referring now to FIG. 1, a throttle valve assembly 10 is illustrated. The
throttle valve assembly has a housing 12 that has a first or inlet end 14 and a second or
outlet end 16.  Fluid generally flows through the valve assembly 10 in an axial direction
illustrated by the arrow 18. The housing 12 has a shuttle housing 30 disposed therein.
The shuttle housing 30 may be coaxially with a longitudinal axis 20 of the housing 12.
The shuttle housing 30 has a diameter less than the internal diameter of the housing 12.
This forms an axially extending space or channel 72 between the shuttle housing 30 and
the throttle housing 12. Fluid from the valve inlet end 14 flows into the channel 22 and
ultimately into the shuttle housing as will be described in greater detail below. The shuttle
housing 30 has a first end 32 and a second end 34. The first end 32 is disposed toward the

inlet end 14. The second end 34 is disposed near the outlet end 16.
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[0022] The inlet end 32 has an end cap 36 disposed therein. The second end
34 has an orifice array 38. In this example, the orifices 39 and the orifice array 38 are
arranged in axially extending lines spaced apart around the circumference of the shuttle
housing 30. The orifices are regularly spaced apart. However, the pattern of the orifice
array 38 may not be regular depending upon the desired output conditions. For example,
more array openings may be placed toward the downstream end or upstream end
depending on the desired operating characteristics. If non-linear operating characters are
desired, then the amount of holes in the orifice array may vary.

[0023] The shuttle housing 30 has a shuttle 40 disposed therein. The shuttle 40
has a first arm 42 having a first arm end with a first piston 44 and a second arm end with a
second piston 46. The shuttle assembly 40 moves in an axial direction as will be further
described below. The second piston 46 may have extensions 47 thereon. The extensions
increase the area blocking the orifice array 38.

[0024] The first piston 44 may have a plurality of piston rings 48 disposed
thereon. The piston rings 48 sealingly engage against the housing 30 to prevent fluid from
a control volume 50 defined within the shuttle housing 30. The control volume 50 is
disposed within the shuttle housing 30 between the end cap 36 and the first piston 44. By
controlling the amount of fluid within the control volume 50, the axial position of the
shuttle assembly 40 may be controlled. When the second piston 46 moves in an axial
direction, various amounts of orifices 39 within the array 38 are exposed. As mentioned
above, the whole orifice array 38 may be exposed when the shuttle assembly 40 is in the
leftmost (or upstream) position according to FIG. 1. The leftmost position corresponds to
the inlet end 14 of the housing 12. When the shuttle assembly 40 is in the rightmost
position or biased toward the outlet end 16, no orifices in the orifice array 38 have fluid
moving therethrough.

[0025] The second piston 46 may have a coating 52 disposed thereon. The
coating 52 may be Teflon® or other lubricating material to allow the second piston 46 to
move smoothly to various positions.

[0026] The housing 12 may also include a valve end cap 54 that fills the radial
space between the housing 12 and the shuttle housing 30. Fluids must pass through the
orifice array 38 to pass out of the outlet end 16.

[0027] The end cap 54 may have a stop 56 that receives the extension 47 of the

piston 46. The stop 56 prevents the movement of the shuttle assembly 40 in an axial
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direction toward the outlet end 16 of the valve assembly 10. When the shuttle assembly is
near or against the stop 56, the valve 10 is closed.

[0028] A valve assembly 60 is used to selectively couple a control inlet 62 to
provide fluid within the control volume 50. The control inlet 62 is selectively coupled to
fluid from the inlet end 14 of the throttle assembly 10 through a first inlet 64 or to fluid
from the outlet end 16 through a second inlet 66. The second inlet 66 extends through the
end cap 36 to communicate fluid therethrough.

[0029] Referring now to FIG. 2, the shuttle assembly 40 is illustrated in a
leftmost position exposing a maximum number of the orifices 39 in the orifice array 38 to
the outlet end. The arrow 208 shows the fluid flow direction. The valve assembly 60 is
illustrated in further detail. The valve assembly 60 includes a first valve 210, a second
valve 212 and an optional third valve 214. A controller 220 controls the valves 210-214 in
response to a flow signal from a flow sensor 222. The flow sensor 222 may generate a
flow signal corresponding to the flow of fluid through the outlet end of the throttle valve
10.

[0030] The first valve 210 couples fluid from the near inlet end 14 to the
control inlet 62 and ultimately to the control volume when opened. Typically, one valve
210-214 is open at any one time. The pressure in the control volume 50 is increased.

[0031] The second valve 212, when opened, provides fluid from near the
control volume 50 through the control inlet 62 and to near the outlet 16. The pressure in
the control volume 50 is reduced due to the lower pressure near the outlet 16.

[0032] Valve 214 exposes the system to atmospheric pressure when opened.
That is, the atmospheric pressure is provided through the control inlet 62 when opened.
This may be used to flush the system or rapidly change the direction or position of the
shuttle assembly 40 toward the opened position.

[0033] The valves 210-212 and 214 may be solenoid actuated valves that are
relatively inexpensive.

[0034] Referring now to FIG. 3, the same components are labeled with the
same reference numerals from those described above with respect to FIGS. 1 and 2. In
this example, the throttle valve assembly 10 is illustrated in a closed position. That is, the
throttle valve assembly 10 has the shuttle 40 in the rightmost position so that the second

piston 46 prevents flow of fluid through the orifice array 38.
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[0035] The shuttle positions between Figures 2 and 3 may be referred to as
intermediate positions. In such intermediate positions the throttle valve is partially opened
allowing for some of the orifices to have fluid flow therethrough.

[0036] Referring now to FIG. 4, an example of a first control point 410, a
second control point 412 and a deadband 414 are illustrated. The first control point and
the second control point correspond to two different flow rates that are separated by the
deadband 414. When the flow rate in the flow rate signal from the flow sensor is below
the first control point, the second valve is opened and the first valve is closed and the third
valve is closed. When the flow rate is above the second control point 412, the first valve
is opened, the second valve is closed and the third valve is closed. When the flow rate is
within the deadband, both the first valve and the second valve are closed to maintain the
position of the shuttle assembly.

[0037] In some embodiments, the deadband 414 may be eliminated causing the
first control point 410 and the second control point 412 to be equal.

[0038] The first control point 412 and the second control point 414 are chosen
based upon the input to the equipment downstream of the throttle valve 10. As mentioned
above, the flow rate may be manipulated to form a linear or non-linear response by
controlling the position and number of orifices 39 in the orifice array 38 illustrated in
FIGS. 1-3.

[0039] Referring now to FIG. 5, a method of operating a system is set forth. In
step 510, the first control point, second control point and the deadband (if used) are
established based upon the downstream equipment and the desired flow rates for the
equipment. Often times, the amount of flow rate will change depending upon the
operating characteristics of the system. In a reverse osmosis system, the flow rate may
decrease over time due to fouling of the membrane for example.

[0040] In step 512, the flow rate is monitored at the controller. In step 514, if
the flow rate is above the second control point, the first valve is opened in step 516. If the
flow rate is below the first control point in step 518, step 520 opens the second valve and
closes the first valve. It should be noted that in both steps 516 and 520, the third valve is
closed.

[0041] Referring back to step 518, when the flow rate is not below the first

control point and the flow rate is not above the second control point, this is an indication
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that the system is operating within the deadband in step 522 and all valves in the system
are closed.

[0042] When rapid movement of the system or flushing of the system is
desired, the third valve is opened and the first and second valves are closed.

[0043] In this manner, the position of the shuttle assembly 40 is changed to
expose various amounts of the orifices 39 in the orifice array 38 to allow fluid to be
communicated from the inlet end 14 to the outlet end 16.

[0044] As will be recognized to those skilled in the art, the assembly of the
throttle valve is relatively simply in that no castings are required. Tube stock may be used
for the housing 12 and 30. Should the moving portions of the valve (the shuttle 40) break,
fluid will remain in the closed system and not be communicated outside of the valve
assembly into the environment. The moving valve components (the shuttle 40) are also
contained within the system and present no safety hazards in the event of failure.

[0045] The throttle valve assembly 10 is also easily adjustable during
fabrication to provide various curves of flow rates depending upon the position and
number of orifices 39 within the orifice array 38. Orifices closer to the left side may be
fewer in number compared to orifices 39 on the right side to provide a non-linear
distribution.

[0046] Those skilled in the art can now appreciate from the foregoing
description that the broad teachings of the disclosure can be implemented in a variety of
forms. Therefore, while this disclosure includes particular examples, the true scope of the
disclosure should not be so limited since other modifications will become apparent to the
skilled practitioner upon a study of the drawings, the specification and the following

claims.
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CLAIMS

What is claimed is:

1. A throttle valve comprising:

a throttle housing having an inlet end and an outlet end;

a shuttle housing disposed within the throttle housing, said shuttle housing having
a first end cap at a first end and an orifice array therethrough, said shuttle housing
comprising a shuttle housing therein, said shuttle having an opened position and a closed
position relative to the shuttle housing, said shuttle defining a varying control volume
between the end cap, the shuttle and the shuttle housing; and

a control inlet fluidically communicating a control fluid to the control volume to

control the position of the shuttle in the shuttle housing.

2. The throttle valve as recited in claim 1 further comprising a valve assembly

coupled to the control inlet selectively controlling fluid flow through the control inlet.

3. The throttle valve as recited in claim 2 wherein the valve assembly
comprises a first valve selectively communicating fluid from the inlet end through the
control inlet and a second valve selectively communicating fluid from the outlet end to the

control inlet.

4. The throttle valve as recited in claim 3 further comprising a flow sensor

disposed proximate the outlet end, said flow sensor generating a flow signal.

5. The throttle valve as recited in claim 4 wherein the flow signal comprises a

flow rate signal.

6. The throttle valve as recited in claim 4 further comprising a controller
coupled to the first valve and the second valve, said controller controlling the first valve

and the second valve in response to the flow signal.

7. The throttle valve as recited in claim 6 wherein the controller opens the first

valve and closes the second valve when the flow is greater than a control point.
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8. The throttle valve as recited in claim 7 wherein the controller closes the

first valve and opens the second valve when the flow is less that than a control point.

9. The throttle valve as recited in claim 8 wherein the controller closes the

first valve and closes the second valve when the flow is within a deadband.

10. The throttle valve as recited in claim 6 further comprising a third valve in

communication with the controller coupling the control inlet to atmospheric pressure.

11. The throttle valve as recited in claim 1 wherein the shuttle comprises an
arm comprising a first arm end having a first piston attached thereto and a second arm end

having a second piston attached thereto.

12. The throttle valve as recited in claim 11 wherein in the opened position, the
second piston is positioned so that fluid from the inlet flows though the orifice array to the
outlet end, and, in the closed position, fluid flow through the array is blocked by the

second piston.

13. The throttle valve as recited in claim 12 wherein the second piston has a
plurality of intermediate positions wherein the array is partially obstructed by the second

piston.

14. A method of operating a throttle valve having a control volume between a
shuttle, a shuttle housing and an end cap of the shuttle housing, said shuttle disposed
within the shuttle housing, said shuttle exposing an orifice array in the shuttle housing
comprising:

generating a flow signal from a flow sensor in a throttle valve output;

when the flow signal is above a first control point, communicating fluid from a
throttle valve input to the control volume, moving the shuttle toward the throttle valve
output and reducing flow through the orifice array; and

when the flow signal is below a second control point, communicating fluid from
the throttle valve output to the control volume, moving the shuttle toward the throttle valve

input and increasing flow through the orifice array.
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15. The method as recited in claim 14 wherein the first control point and the

second control point are equal.

16. The method as recited in claim 14 wherein communicating fluid from the
throttle valve input to the control volume comprises opening a first valve and closing a

second valve.

17. The method as recited in claim 16 wherein communicating fluid from the
throttle valve output to the control volume comprises opening the second valve and

closing the first valve.
18. The method as recited in claim 14 further comprising when the flow signal

is between the first control point and the second control point, closing flow to the control

volume.
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