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(54) Title: FLOW CONTROL VALVE

(57) Abstract: In one embodiment, a constant-flow valve assembly is provided that comprises a first fluid passageway carrying
fluid at a first fluid pressure, a piston chamber, and a second fluid passageway connected to the chamber and carrying fluid at the
second fluid pressure. A third fluid passageway is configured to carry fluid at a third fluid pressure. An adjustable valve member
& is provided between the chamber and the third passageway to provide constant fluid flow to the third passageway. An adjustable
& restrictor assembly is positioned between the first and second fluid passageways. An inlet portion of the restrictor assembly receives
fluid at the first fluid pressure and directs the fluid to a restrictor. An outlet portion receives fluid from the restrictor and directs the
fluid to the second fluid passageway at the second fluid pressure. The restrictor is movable to adjust the position of entry and exit
portions relative to the inlet and outlet portions to adjust a fluid flow rate through fluid pathway to the second fluid passageway,

thereby adjusting the flow rate through the valve assembly.
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FLOW CONTROL VALVE

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This non-provisional patent application claims priority to U.S. Provisional
Patent Application No. 60/795,748, filed April 27, 2006, which is hereby incorporated

herein by reference thereto.
TECHNICAL FIELD

[0002] This invention relates to generally constant flow control valves. More
particularly, several aspects of the invention are directed toward valves that maintain

a substantially constant flow despite changes in the pressure drop across the valve.
BACKGROUND

[0003] In the production of oil and gas, chemicals such as corrosion inhibitors,
scale inhibitors, paraffin inhibitors, hydrate inhibitors, and demulsifiers are typically
injected into the wells to maintain efficient flow of oil or gas. These chemicals
usually need to be added to the wells production at a constant rate. Often one pump
is used to inject the same chemical into several wells with the use of pressure
compensated rate control valves at each injection point. The use of these rate
controllers reduces set up and operating costs of injection systems because the
alternative is to install a separate pump for each injection point and to maintain
several pumps instead of one. These injection valves must be pressure
compensated because they need to maintain a rate set point with changes of several
thousand pounds per square inch across them to accommodate fluctuations in well
pressure. A typical chemical injection rate for an oil well is between 0.5 to 200 US

gallons per day. Injection pressures range between 500 to 20,000psi.

[0004] The most robust method to date to achieve rates in this range using
pressure compensated rate controllers is to govern the pressure drop across a fixed
orifice. The set point for this method is changed by varying the pressure drop across
the orifice. This method is described in U.S. Patent No. 4,893,649. Previous

methods to vary the area while maintaining a constant pressure drop have not
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adequately worked in the low flow range because passages created by mating
needles and trims or mating threads to restrict flow are often less than .001 inches
wide, which makes them prone to clogging and/or filming. The fixed orifice method
is robust since hole passage can be made to pass the largest debris for a given flow
area and several holes cascading in series can be used to give the same resistance
with as much as a twenty fold increase in the flow area reducing the filming and
clogging tendencies. The consequences of varying the pressure drop across a fixed
resistor is that the range of flow rate set point is limited and passages cannot be

opened up to pass blockages as can be done with a mating needle and trim.

[0005] Set point range of a valve is defined by its “turn down,” which equals the
valve's highest flow rate divided by the lowest flow rate achievable. For a fixed valve
orifice, the turn down is calculated by taking the square root of the highest pressure
drop across the orifice divided by the lowest pressure drop. For example, a valve
that offers a pressure drop across the orifice of 200psi at maximum flow and 2psi at
minimum flow will have a turn down of 10:1. During the life of the well the flow rate
range may need to be adjusted, which involves replacing an orifice. Sending
personnel or equipment to remote locations to change an orifice represents a

substantial expense, particularly if the valve location is under water.

SUMMARY

[0006] A constant-flow valve assembly is provided that overcomes drawbacks
experienced in the prior art and provides other benefits. In one embodiment, a
constant-flow valve assembly comprises a first fluid passageway configured to carry
fluid at a first fluid pressure, a chamber having at least a portion configured to
receive fluid at a second fluid pressure less than the first fluid pressure; and a
second fluid passageway connected to the portion of the piston chamber and
configured to carry fluid at the second fluid pressure. A third fluid passageway is
configured to carry fluid at a third fluid pressure less than the first and second fluid
pressures. A piston is slideably disposed in the chamber, and an adjustable valve

member is provided between the chamber and the third passageway.

[0007] The adjustable valve member is configured to provide a substantially
constant fluid flow to the third passageway substantially independent of the pressure

differentials between the second and third fluid pressures. An adjustable restrictor

-
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assembly is between the first and second fluid passageways. The restrictor
assembly has an inlet portion, an outlet portion, and a restrictor with a fluid pathway
extending therebetween. The inlet portion is positioned to receive fluid at the first
fluid pressure from the first fluid passageway and to direct the fluid to the restrictor.
The outlet portion is positioned to receive fluid from the restrictor and direct fluid to
the second fluid passageway at the second fluid pressure. The restrictor has an
entry portion and an exit portion of the fluid pathway. The restrictor is movable to
adjust the position of the entry and exit portions relative to the inlet and outlet
portions to adjust a fluid flow rate of fluid through the fluid pathway to the second

fluid passageway, thereby adjusting the flow rate through the valve assembly.

[0008] In another embodiment a constant-flow valve assembly comprises a first
fluid passageway with fluid at a first fluid pressure, a chamber containing fluid at a
second fluid pressure less than the first fluid pressure, and a second fluid
passageway connected to the portion of the chamber and containing fluid at the
second fluid pressure. A third fluid passageway has fluid at a third fluid pressure
less than the first and second fluid pressures. A piston is slideably disposed in the
chamber. A biased valve member having a biasing member and a valve body is
coupled to the piston. The valve body is positioned between the chamber and the
third passageway and configured to provide a substantially constant fluid flow to the
third passageway substantially independent of pressure differentials between the

second and third fluid pressures.

[0009] A restrictor assembly is between the first and second fluid passageways.
The restrictor assembly has a first sealing pad, a second sealing pad, and a
restrictor with a fluid pathway extending therebetween. The first sealing pad is
positioned to receive fluid at the first fluid pressure from the first fluid passageway
and to direct the fluid to the restrictor. The second sealing pad is positioned to
receive fluid from the restrictor and direct fluid to the second fluid passageway at the
second fluid pressure. The restrictor is movable to adjust the position of the fluid
pathway relative to the inlet and outlet portions to adjust a fluid flow rate of fluid
through the fluid pathway to the second fluid passageway, thereby adjusting the flow

rate through the valve assembly.

[0010] Another embodiment provides a constant-flow valve assembly that

comprises a body portion having a first fluid inlet, a piston chamber, and a first fluid
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outlet. The first fluid inlet receives fluid at a first fluid pressure. The piston chamber
has a first portion exposed to the fluid at the first fluid pressure and has a second
portion exposed to fluid having a second fluid pressure less than the first fluid
pressure. The first fluid outlet is configured to carry fluid at a third fluid pressure less
than the first and second fluid pressures. A piston is slideably disposed in the piston
chamber. A seal in the piston chamber between the piston and the body separates
one portion of the fluid at the first fluid pressure from another portion of the fluid at
the second fluid pressure. A valve member is coupled to the piston in the second
portion of the piston chamber and is configured to provide a substantially constant
fluid flow from the second portion of the piston chamber toward the outlet
substantially independent of the pressure differentials between the first, second, and

third fluid pressures.

[0011] A first fluid passageway is connected to the first portion of the piston
chamber and configured to contain fluid at the first fluid pressure. A second fluid
passageway is connected to the second portion of the piston chamber and
configured to contain fluid at the second fluid pressure. An adjustable restrictor
assembly is coupled to the body between the first and second fluid passageways.
The restrictor assembly has a second inlet portion, a second outlet portion, and a
restrictor body with a fluid pathway extending therebetween. The second inlet
portion is positioned to receive fluid from the first fluid passageway. The second
outlet portion is positioned to direct fluid to the second fluid passageway. The
restrictor body has an entry portion and an exit portion of the fluid pathway, the
restrictor body is movable relative to the second inlet portion to adjust how much of
the entry portion is uncovered by the second inlet portion to receive fluid directly
therefrom and how much of the entry portion is covered by the second inlet portion to
restrict a flow rate through the entry portion to the exit portion, thereby adjusting the
flow rate through the valve assembly independent of the differences in the first,

second, and third fluid pressures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 is an isometric view of a constant flow valve assembly in

accordance with an embodiment of the present invention.
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[0013] Figure 2 is an enlarged schematic cross-sectional view of the valve

assembly taken substantially along lines 2-2 of Figure 1.

[0014] Figure 3 is an enlarged cross-sectional view of a portion of the valve

assembly where indicated in Figure 2 and showing a restrictor assembly.

[0015] Figure 4 is an enlarged isometric view and partial cutaway view of a
geometry of a hollow cylinder and sealing pad shown removed from the restrictor

assembly of Figures 2 and 3 and shown in an open-most condition.

[0016] Figure 5 is an enlarged isometric view and partial cutaway view of the
geometry of the hollow cylinder and sealing pad of Figure 4 and shown in a reduced

flow position.

[0017] Figure 6 is a schematic cross-sectional view of the valve assembly in

accordance with another embodiment of the invention.

[0018] Figure 7 an enlarged cross-sectional view of a portion of the valve

assembly where indicated in Figure 6 and showing a restrictor assembly.

[0019] Figure 8 is an enlarged isometric view and partial cutaway view of the
geometry of a hollow cylinder and sealing pad shown removed from the restrictor
assembly of Figures 6 and 7 and shown in the open-most condition and all flow

through the receptacles and channels bypassed.

[0020] Figure 9 is an enlarged isometric view of cascading notches and
channels in the hollow cylinder of Figure 8, with the sealing pad removed for

purposes of clarity.

[0021] Figure 10 is an enlarged isometric view and partial cutaway view of the
geometry of the hollow cylinder and sealing pad of Figures 6 and 7 and in a reduced

flow condition with three of the six notches bypassed.

[0022] Figure 11 is an enlarged isometric view and partial cutaway view of the
geometry of the hollow cylinder and sealing pad of Figures 6 and 7 shown with two

of the six notches bypassed.

[0023] Figure 12 is an enlarged isometric view and partial cutaway view of the
geometry of the hollow cylinder and sealing pad of Figures 6 and 7 shown in the
lowest flow condition with all flow passing through the six notches and

interconnecting channels on each cylinder face in series.
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[0024] Figure 13 is a schematic cross-sectional view of the valve assembly in

accordance with another embodiment of the invention.

[0025] Figure 14 is an enlarged cross-sectional view of a portion of the valve

assembly where indicated in Figure 13 and showing a restrictor assembly.

[0026] Figure 15 is an enlarged isometric view and partial cutaway view of the
geometry of the hollow cylinder and sealing pad shown removed from the valve
assembly of Figures 13 and 14 for purposes of clarity and shown in the open-most

condition.
DETAILED DESCRIPTION

[0027] The present invention is directed toward flow control valves. In the
following description, numerous specific details are provided, such as particular
valve configurations, to provide a thorough understanding of and an enabling
description for embodiments of the invention. Those of ordinary skill in the art,
however, will recognize that the invention can be practiced without one or more of
the specific details explained in the following description. In other instances, well-
known structures or operation are not shown or described in detail to avoid

obscuring aspects of the invention.

[0028] One aspect of the invention is directed to a flow control valve for
providing a substantially constant flow of fluid through the valve. An aspect of the
valve is to provide a substantially wide range of flow rate set points. In one
embodiment, the valve includes a valve body with a series of concentric bores and
an end cap with an inlet in the end cap and an outlet in the valve body. The body
contains a piston movably disposed in a piston bore and a shaft with a spool-shaped
portion movably displaced in a second, third and fourth bore that are both concentric
to the piston bore. A first flow passageway is provided between the inlet and a first
restriction in a variable restrictor assembly, which share inlet fluid pressure (P1).
The restrictor assembly is comprised of a first sealing pad with a hole in the center
that slides over a face of a restrictor, and the face contains a notched opening. The
sealing pad is urged against the face with a sealing pad spring. The notched
opening is axially displaced relative to the sealing pad by moving the shaft's spool
portion, which is powered by a handle turning a power screw. Another passageway

-6-
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is provided down stream of the first restriction and upstream of a mating cone-
shaped pin and seat, which share intermediate fluid pressure (P2). The cone-
shaped pin is supported in the center of the piston with its shank concentric to the
round opening in the seat, which is attached to the end of the shaft. An outlet
passageway is provided down stream of the mating pin and seat to the outlet of the

valve, which shares outlet fluid pressure (P3).

[0029] A dynamic seal is positioned proximate to the piston and piston bore and
separates the first passageway (with fluid pressure P1) from the second passageway
(with fluid pressure P2). The dynamic seal defines a first effective area. The valve
also includes a biasing member configured to urge the piston in a first direction
toward the first passageway (P1). The inside diameter of the seat defines a second

effective area which is substantially smaller than the first effective area.

[0030] In one aspect of this embodiment, the valve is configured so that
changes in pressure drop across the valve do not generally affect the flow rate of the
fluid passing through the valve. In another aspect of this embodiment, the valve
further includes an adjustable throttling member formed by the variable restrictor
assembly comprised of the first restriction. The urging of the movably disposed
piston and pin, which mates with the seat, creates a force balance across the piston
that governs the pressure drop across the throttling member, which in turn maintains
substantially constant flow with substantially large pressure drop fluctuations across
the valve. The throttling member can be movable to vary the size of the opening in
the first restriction. The movement of the shaft's distal end portion that creates a
change in this opening also changes the force setting of the biasing member on the
P2 side of the piston. The double purpose of the shaft's movement creates a
substantially wide range of flow rate set point because, at the lowest flow rate, the
smallest hole in the first restriction is exposed, and at this set point the lowest

pressure drop across the first restriction exists.

[0031] Figure 1 is an isometric view of valve assembly 100 for controlling the
flow of a fluid in accordance with one embodiment of the invention. Figure 2 is an
enlarged schematic cross-sectional view of the valve assembly 100 taken
substantially along lines 2-2 of Figure 1. Figure 3 is an enlarged schematic cross-
sectional view of a portion of the valve assembly 100 where indicated in Figure 2.

The valve assembly 100 includes a valve body 102 and an inlet cap 108 that

-7-
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contains an inlet fitting 106 with an aperture defining a flow inlet 104. The valve

body 102 contains an outlet fitting 110 with an aperture that defines a flow outlet 111.

[0032] As best seen in Figure 2, the valve body 102 contains a series of
concentric bores common to longitudinal axis X1 that contain the piston 112, a piston
biasing member 114, and a central shaft 125 with a spool portion 126. Attached to
the lower end of the shaft 125 and axially aligned with the shaft is a seat 128 with a
round inside diameter that mates with a cone-shaped end 119a of a pin 118
supported by the piston 112. A pin retainer 122 sitting atop the piston 112 centers
the pin 118 and provides a shoulder 123a for a mating shoulder 119b of the pin 118
against which to slide. A pin spring 116 between the pin 118 and the piston 112
provides a force to keep the pin shoulder 119b in contact with the shoulder 123a and
centered to the seat 128. The spring 116 also prevents the pin from "crashing"
against the seat, as described in U.S. Patent No. 4,893,649, which is hereby
incorporated in its entirety herein by reference thereto. The movement of the piston
112 and the pin 118 along the longitudinal axis X1 relative to the seat 128 is
configured to maintain a constant fluid flow rate through the valve assembly 100
despite changes in the pressure drop across the valve 100, as described below in

detail.

[0033] A cup seal 124 is attached to the piston 112 and sealably engages the
piston bore 130. The cup seal 124 separates fluid within the valve assembly's flow
path, so inlet pressure (P1) is on one side of the cup seal (e.g., below the cup seal)
and fluid at an intermediate pressure (P2) is on the other side of the cup seal (e.g.,
above the cup seal). As discussed below, the fluid at intermediate pressure P2 is
within a series of passageways down stream of a variable restrictor assembly 132
(discussed below). In other embodiments, the cup seal 124 could be substituted

with an “O” ring or other sealing member, such as a bellows or diaphragm.

[0034] The piston 112 and pin 118 are urged away from the seat 128 along the
longitudinal axis X1 with the biasing member 114. In the illustrated embodiment, the
biasing member 114 is a stack of disk springs, but other biasing devices, such as a
coil spring mechanism, can be used to provide a biasing force against the piston 112
away from the seat 128. The arrangement of the spring-biased piston and pin
mating with the seat 128 maintains substantially constant flow through the valve 100

independent of the pressure drop across the valve 100. assembly because the
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piston, pin and seat 128 maintain a substantially constant pressure drop across the

variable restrictor assembly 132.

[0035] The constant flow configuration independent of the valve's outlet
pressure (P3) is demonstrated by the force balance equation:

P1(Apiston) = P2 (Apiston —Aseat) + Kspring * Xspring + Seal drag — (P2-P3)Aseat

Where:

Apiston = area enclosed by the piston bore 130

Aeat = effective area enclosed by the inside diameter of the seat 118

Kspring = Spring constant of the biasing member 114

Seal drag = drag of seal 124

Xspring = spring deflection of the biasing member 114

[0036] The effective area Aseqt is enclosed by the mating inside diameter of the

seat 128 and the cone-shaped end 119a of the pin 118.

[0037] The lower portion of the piston bore 130 below the cup seal 124 is
connected to a flow passageway 170 formed by a hole drilled in the body. The flow
passageway 170 carries fluid at pressure P1 from the inlet to the variable restrictor
assembly 132. As best seen in Figures 2-5, the variable restrictor assembly 132 of
the illustrated embodiment includes an inlet sealing pad portion 141, a restrictor 143,
and an outlet sealing pad portion 145. The inlet sealing pad portion 141 includes a
sealing pad 136a pressed against the restrictor 143 by a biasing member, such as a
pad springs 140a. The pad spring 140a presses against a pad cap 142a, which is

securely screwed into a threaded aperture in the valve body 102.

[0038] In the illustrated embodiment, the restrictor 143 includes a hollow
cylinder 134 in the form of a sleeve fixed to the shaft 125 around the spool portion
126. The hollow cylinder 134 has a flat surface 135a against which the sealing pad
136a presses. In the illustrated embodiment, the sealing pad 136a is urged along
lateral axis X2 toward the first flat surface 135a on the hollow cylinder 134 by the pad
springs 140a, which pushes on a pad pusher 138a between the pad springs and the
sealing pad. The pad springs 140a can be of a spring design such as a Belleville
washer, wave washer, coil spring, or other biasing device. The pad pusher 138a and
the pad springs 140a are guided by the pad cap 142a. The sealing pad 136a is
guided along the lateral axis X2 by the body 102 and a sealing pad guide 150a. The

9.
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sealing pad guide 150a retains an inner seal 152a and an outer seal 154a which
prevents fluid leakage and maintains the fluid flow at pressure P1 through the flow
passageway 170, the inside diameter of the sealing pad 136a and the upstream side

of the variable restrictor 143.

[0039] The hollow cylinder 134 has a second flat engagement surface 135b. A
second sealing pad 136b on the outlet side of the hollow cylinder 134 is pressed
against the second flat surface 135b by second pad springs 140b, a second pad cap
142b, and a second pad pusher 138b. The pad pusher 138b and the sealing pad
136b are guided by a second sealing pad guide 150b so that the sealing pad 136b is
also urged along the lateral axis x2 toward the restrictor 143.

[0040] As best seen in Figures 2 and 3, the fluid at pressure P1 flows from the
lower portion of the piston bore 130 (Figure 2) through the first flow passageway
170, into a central aperture 133d in the sealing pad 136a, and into the restrictor 143
via a through-hole 133a and associated surface restrictions on the first flat surface
135a to control flow rate, as discussed in detail below. The fluid exits the restrictor
143 via a through-hole 148 in the hollow cylinder 134 on the second flat surface
135b, and into a central aperture 136d in the second sealing pad 136b. The fluid
entering the second sealing pad 136b is at a fluid pressure P2, which is less than the
fluid pressure P1. The fluid flows from the second sealing pad 136b into a second
flow passageway 174, which carries the fluid to the pin 118 and the seat 128 at the
bottom portion of the shaft 125 (Figure 2).

[0041] In the illustrated embodiment, the through-hole 148 on the outlet side is
larger than the through-hole 133a on the inlet side, so surface restrictions on the
second flat surface 135b are not needed for flow rate control. Because the
restriction of through-hole 148 is quite small compared to the full flow condition of
through-hole 133a, the pressure down stream of the through-hole 133a in the cavity
172 (Figure 3) created between the inside of the hollow cylinder 134 and outer
surface of the spool portion 126 and in the second sealing pad 136b is pressure P2.
Because there is no meaningful pressure drop across the through-hole 148,
additional seals are not needed around the second pad guide 150b. In other
embodiments, however, seals may be provided around the second pad guide 150b
similar to the seals 152a and 154a discussed above. In the illustrated embodiment,

the fluid moving through the restrictor 143 is also blocked from migrating along the

-10-



WO 2007/127949 PCT/US2007/067688

surface of the shaft 125 by upper and lower seals 156 and 158. The illustrated seals
are groove seals disposed in annular grooves formed in the exterior of the shaft 125
above and below the hollow cylinder 134, such that the seals sealably engage the
shaft and the valve body 102.

[0042] The fluid at pressure P2 flows through the second flow passageway 174
into the upper portion of the piston bore 130 that contains the piston biasing member
114 and pin 118. The largest restriction in the valve assembly 100 is created by the
cone-shaped end 119a of the pin 118 mating with seat 128 on the end of the shaft
125. The fluid flows through the restriction between the pin 118 and the seat 128,
thereby creating another drop in fluid pressure from P2 to P3. Down stream of the
mating pin 118 and seat 128 is the common fluid pressure P3, which is bound by the
center and cross hole 175 in shaft 125, the seals 156 and 159 between the shaft and
the valve body, and the outlet fitting 110, such that the pressure of the fluid exiting

the valve assembly is at pressure P3.

[0043] The hollow cylinder 134 is securely held on the shaft 125 about the spool
portion 126, so that the hollow cylinder moves with the shaft as a unit along the
longitudinal axis X1. In the illustrated embodiment, one end of the hollow cylinder
134 is bound by a thrust washer 144 and snap ring 146, which is anchored to the
spool portion 126. The opposite end of the hollow cylinder 134 is bound by a spring
160 that urges the hollow cylinder 134 toward the thrust washer 144. The spring 160
can be a coil spring, a wave washer, Belleville washer design, or other biasing

member.

[0044] As best seen in Figure 2, the shaft 125 with the spool portion 126 is
coupled to an adjustment handle 184 extending from the valve body 102. The
handle 184 is coupled to a stem 182 and a power screw 180. When the handle 184
is turned to adjust the flow rate through the valve assembly, the stem 182 and the
power screw 180 rotate and move axially, thereby causing the spool portion 126, the
cylinder 134, the snap ring 146, and the thrust washer 144 to move as a unit axially
along longitudinal axis X1. This movement of the hollow cylinder 134 results in the
first and second flat surfaces 135a and 135b moving longitudinally relative to the
respective sealing pads 136a and 136b. Accordingly, the through-hole 133a on the
inlet side of the hollow cylinder 134 and the through-hole 148 on the outlet side also

move relative to the central apertures 133d and 136d in the sealing pads 136a and

-11-



WO 2007/127949 PCT/US2007/067688

136b, such that all or portions of the through-hole 133a may be exposed to the fluid
flow through the sealing pad.

[0045] Controlling the axial movement of the shaft 125 and the hollow cylinder
134 will control the position of the through-holes 133a and 148 relative to the sealing
pads 136a and 136b, thereby controlling the fluid flow rate through the restrictor 143.
The snap ring 146, thrust washer 144, and spring 160 provide a means of preventing
backlash between the hollow cylinder 134 and the spool 126 during the axial
movement. In one embodiment, the product of thrust from turning of the end of the
stem 182 against the end of the shaft 125 and the friction forces between these two
surfaces cause the spool portion 126 to rotate as it moves along longitudinal axis X1.
Higher pressures in the valve assembly 100 create greater forces between the shaft
125 and the end of the stem 182, which results in greater torque applied to the shaft.
The hollow cylinder 134 allows the spool portion 126 to rotate, preventing the spool
torque from overcoming the torque that the sealing pads 136a and 136b exert on the
hollow cylinder 134, which in turn allows the sealing pads 136a and 136b to maintain
contact with their mating flat surfaces 135a and 135b on the hollow cylinder 134. If
the sealing pads 136a and 136b were to lose contact with the mating flat surfaces
135a and 135b respectively, the exposed flow area of the variable restrictor
assembly 132 would dramatically increase causing an undesirable increase in the

flow rate set point.

[0046] Figure 4 and Figure 5 show an enlarged isometric view of the sealing
pad 136a mating with the flat surface 135a on the inlet side of the hollow cylinder
134, wherein only half of the sealing pad 136a is shown for illustrative purposes.
The footprint of the inside diameter of the sealing pad’'s central aperture 133d is
shown as dashed line 133d relative to the through-hole 133a. In the illustrated
embodiment, the flat surface 135a of the hollow cylinder 134 also has a blind
V-shaped notch 133b and a blind trench 133c recessed therein and coupled to the
through-hole 133a. The trench 133c is configured to receive and direct fluid from the
sealing pad's central aperture 133d to the notch 133b, and the notch directs the fluid
into the through-hole 133a.

[0047] The hollow cylinder 134 is shown in Figure 4 in a fully open position
because the entire through-hole 133a is directly exposed to the sealing pad’s central
aperture 133d and fluid flowing there through. For this opening, the maximum spring
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tension in disk springs 114 (Figure 2) exists, creating the maximum pressure drop
through the through holes 133a and 133b, producing the maximum flow rate set

point for the valve assembly 100.

[0048] The sealing pad 136a and hollow cylinder 134 are illustrated in Figure 5
in a lower flow rate set point because a flange portion of the sealing pad 136a
around the central aperture 133d is positioned to cover the entire through-hole 133a.
In this position, only a portion of the V-shaped notch 133b and the trench 133c are
within the footprint of the central aperture 133d and directly exposed to fluid flow
there through. Accordingly, fluid will enter the exposed portions of the notch 133b
and the trench 133c and will flow through the restriction created by the sealing pad
136a on the flat surface 135a over the notch 133b, and into the covered through-hole
133a for passage through the hollow cylinder 134. The through-hole 133a, the notch
133b, and the trench 133c are configured so that the fluid flow rate through the inlet
side of the hollow cylinder 134 is directly related to how much of the trench, notch,
and/or through-hole is within the footprint of the sealing pad’s central aperture 133d
and thereby directly exposed to the fluid flow there through. Accordingly, less
exposed area of the trench/notch/through-hole provides a lower flow rate through the
inlet side of the hollow cylinder, and more area exposed provides a greater flow rate.
At the lower flow rate set point shown in Figure 5, the minimum spring tension in disk
springs 114 (Figure 2) exists, creating the minimum pressure drop through the
through hole 133b producing a lower flow rate set point than shown in Figure 4. In
other embodiments, such as those described below with reference to Figures 8-12,
the restrictor 143 can have different configurations of trenches and/or notches to
provide restrictions to fluid flow depending on the position of the shaft related to the

sealing pads 136a and 136b.

[0049] Figure 6 is a cross-sectional view of a valve assembly 100 in accordance
with another embodiment, and Figure 7 is an enlarged cross-sectional view of a
portion of the valve assembly where indicated in Figure 6. The valve assembly 100
has generally the same components as those described above and shown in Figures
1-5, so only the primary differences will be discussed. In this alternate embodiment,
the restrictor 143 includes a flow restricting hollow cylinder 192 on the spool portion
126. The hollow cylinder 192 has a through-hole 198a in a flat surface 196a on the
inlet side of the hollow cylinder 192. The sealing pad 136a on the inlet side is urged
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against the flat surface 196a as discussed above. The hollow cylinder 192 also has
a through-hole 198b on a flat surface 196b on the outlet side of the hollow cylinder.
The sealing pad 136b on the outlet side is urged against the flat surface 196b in the
similar manner. In the illustrated embodiment, the through-hole 198a on the inlet
side has approximately the same diameter as the through-hole 198b on the outlet
side. The hollow cylinder 192 includes a plurality of flow restricting members
(discussed below) on the flat surface 196a on the inlet side and connected to the
through-hole 198a, such that the flow rate through the restrictor can be adjusted by
adjusting the position of the hollow cylinder 192 relative to central aperture 133d in
the sealing pad 136a. In at least one embodiment, flow restricting members can be
provided on the flat surface 196b on the outlet side and connected to the through-
hole 198b.

[0050] As best seen in Figures 8-12, the through-hole 198a is connected to a
blind V-shaped notch 200a machined into the flat surface 196a on the outside of the
hollow cylinder 192 on the inlet side. Figure 9 is an enlarged isometric view of the
hollow cylinder 192 showing the flat surface 196a, the through-hole 198a, and the
flow restricting members. These flow restricting members include a plurality of blind
receptacles, referred to as trenches 202a and 206a, interconnected by a plurality of
blind channels 204a. The trenches 202a in the illustrated embodiment are radially
and longitudinally offset from each other and run generally parallel to the longitudinal
axis X1. Each trench 202a is connected to an adjacent trench or to the through-hole
198a by a channel 204a, thereby forming a series of cascading flow restrictions
configured to allow for fluid flow through each trench in series to the through-hole
198a. The trenches 202a in the illustrated embodiment are deeper than the

connecting channels 204a.

[0051] As best seen in Figure 8, the hollow cylinder 192 can be positioned
relative to the sealing pad 136a in a fully open position, so that the central aperture
133d of the sealing pad 136a and the associated fluid flow are directly over the
through-hole 198a, the V-shaped notch 200a, and a plurality of the trenches 202a.
As the hollow cylinder 192 is moved axially, the flat surface moves under the sealing
pad 136a so that the flange of the sealing pad 136a slides over and covers at least a
portion of the through-hole 198a, the V-shaped notch 200a, the channels 204a,

and/or the trenches 202a, thereby decreasing the flow rate through the inlet side of
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the hollow cylinder. Accordingly the channels 204a and the trenches 202a are either
engaged or bypassed in a series/parallel relationship with the fluid flow passing
through the V-shaped notch 200a and the through-hole 198a.

[0052] As seen in Figure 8, when the sealing pad 136a and the hollow cylinder
192 are in the fully open position, all of the flow bypasses the channels 204a and the
trenches 202a because the channels and trenches are not covered by the sealing
pad. All flow at this set point on the flat surface 196a is restricted by the intersection
of the sealing pad’'s central aperture 133d and the through-hole 198a. This
configuration provides the maximum flow stroke position for the valve assembly 100
because the restriction through the inlet side of the hollow cylinder exposes the
maximum possible flow area (minimum flow restriction) with the piston springs 114
(Figure 6) stroke position in the maximum loaded condition. This maximum flow
condition can be used to clean the channels 204a and trenches 202a because the
flow path on the hollow cylinder 192 is exposed and the maximum flow condition

exists to “wash out” the flow path.

[0053] Figure 10 is an isometric view of the sealing pad 196a and the hollow
cylinder 192 in a configuration wherein a portion of the V-shaped notch 200a, the
through-hole 198a, and approximately three of the trenches 202a are covered by the
flange portion of the sealing pad 136a. Three of the channels 204a are within the
footprint of the central aperture 133d, and thereby bypassed from restricting the flow
through the hollow cylinder. At this set point, the flow at flat surface 196a and into
the through-hole has a parallel path. The majority of the flow passes into the
through-hole 198a via the exposed portion of the V-shaped notch 200a. Another
portion of the flow moves through the covered trenches 202a and channels 204a in
series after the flow from the central aperture 133d into one of the trenches 202a that
is exposed or only partially covered by the flange of the sealing pad 136a. The flow
then passes through a channel 204a in the side of the partially covered trench 202a,
then to the first completely covered trench 202a, then the next channel 204a, then to
the next covered trench 202a, and to the next channel 204a where the flow enters
through-hole 198a. This “in-series” restrictive flow path of channels 204a and
trenches 202a is a parallel path to the flow passing through the partially exposed V-
shaped notch and into the through-hole. Figure 10 illustrates a reduced flow set

point as compared to the flow set point illustrated in Figure 8, because less flow area
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is exposed on the flat surface 196a, and the piston springs 114 (Figure 6) are loaded
less than in the position shown in Figure 8, thereby producing a smaller pressure

drop across the inlet side of the hollow cylinder.

[0054] Figure 11 is an isometric view of the sealing pad 196a and the hollow
cylinder 192 in a configuration wherein the V-shaped notch 200a and the through-
hole 198a are fully covered by the flange portion of the sealing pad 136a. Two of the
channels 204a are bypassed and the remaining four channels and associated
trenches are covered, thereby restricting the flow through the inlet side of the hollow
cylinder 192. At this set point, the flow at the flat surface 196a has only an in-series
path to the through-hole 198a, wherein the flow passes into a portion of a trench
202a only partially covered by the sealing pad 136a. The flow then passes through
the four channels 204a and three trenches 202 in series. The configuration
illustrated in Figure 11 provides a reduced flow set point compared to the
configuration shown in Figure 10, because there is less flow area exposed on the flat
surface 196a. In addition, the piston springs 114 (Figure 6) are loaded less than in
the position shown in Figure 10, thereby producing a smaller pressure drop across

the inlet side of the hollow cylinder 192.

[0055] Figure 12 is an isometric view of the sealing pad 196a and the hollow
cylinder 192 in a set point configuration wherein the V-shaped notch 200a, the
through-hole 198a, and all of the channels 204a are fully covered by the sealing pad.
At this set point, the flow at flat surface 196a has only a series path to the through-
hole 198a where the flow passes into an uncovered portion of the longest trench
206a. The flow then passes in series through the six channels 204a and the five
interspersed trenches 202a. The configuration illustrated in Figure 12 provides a
reduced flow set point compared to the set point illustrated in Figure 11, because
there is less flow area exposed on the flat surface 196a, and piston springs 114
(Figure 6) are loaded less than in the position shown in Figure 11, thereby producing
a smaller pressure drop across the inlet side of the hollow cylinder 192. Figure 12
illustrates a configuration wherein the flow rate set point is changed entirely by

changing the tension in the piston springs 114.

[0056] As in the configurations shown in Figures 2-5, the sealing pad 136b
shown in Figures 6 and 7 on the outlet side of the hollow cylinder 192 mates with the
flat surface 196b shown in Figure 8. Channels 204b, trenches 202b, and a V-
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shaped groove 200b referenced in Figure 8 are substantially identical to the
channels 204a, trenches 202a, and V-shaped notch 200a provided in the flat surface
196a on the inlet side of the hollow cylinder 192 discussed above. The channels
204b, notches 202a, and V-shaped groove 200b are positioned to be selectively
exposed to the central aperture 133d in the sealing pad 136b or covered by the
flange portion of the sealing pad, so as to provide a variable fluid resistor 194b that
provides flow resistance to the fluid flow exiting hollow cylinder 192 and flowing into
the sealing pad 136b and into the flow passageway 174 similar to the flow resistance

configuration on the inlet side of the restrictor.

[0057] The second fluid resistor 194b on the outlet side can substantially
increase the fluid resistance for the lower flow rate set points, thereby allowing very
low flow rates to be achieved with the largest cross-sectional flow passages. In the
lowest flow set point, the fluid flows from the inlet pressure P1 then passes in series
through part of the elongated trench 206a, five trenches 202a and the interspersed
six channels 204a and then into the through-hole 198a. The flow then passes
through the inlet side of the hollow cylinder 192, and through the cavity 172 created
by the inside diameter of the hollow cylinder and the outside diameter of the
recessed spool portion 126. From the cavity 172, the flow passes out the through-
hole 198b, then through six channels 204b and the interspersed five trenches 202D,
all in series, and then into the central aperture 133d in the sealing pad 136b. The
combined effect of the channels and trenches on the hollow cylinder is to produce a
sequence of multiple flow restrictions in series that steps the fluid pressure down
from P1 to P2. In other embodiments, there could be as few as one trench 202a and
one channel 204a or more than five trenches 202a and channels 204a on flat
surface 196a. Likewise there could be more or less trenches 202b and channels
204b on flat surface 196b. The fluid resistance for a restrictor 194a can be, but does

not have to be, substantially identical to the resistor 194b.

[0058] The embodiment illustrated in Figures 6 and 7 include seals 152b and
154b adjacent to the sealing pad 136b and the pad guide 150b. These additional
seals help prevent leaks out of cavity 172 through the ends of the hollow cylinder
192 into cavity 172 which is at fluid pressure P2, thereby preventing an inadvertent
bypass of any of the six fluid resistors that make up fluid resistor 194b.
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[0059] Figures 13 and 14 are cross-sectional views of another embodiment of
the valve assembly 100. In this embodiment, the sealing pads 136a and 136b are
pressed into direct engagement with the shaft 125, rather than against the hollow
cylinder 192 discussed above. In this embodiment, the shaft has an aperture 266
extending there through between the sealing pads 136a and 136b. Accordingly, this
portion of the shaft engaged by the sealing pads 136a and 136b does not rotate
when the handle 184 and/or power screw 180. Figure 15 is an enlarged isometric
view of the sealing pad 136a mating with the surface 262a on the inlet side of the
shaft 125. In this figure a series of notches and channels are provided on the
surface of the shaft 125, similar to those illustrated in Figure 9 and discussed above,
but the aperture 266 passes completely through the shaft. The aperture 266 can
communicate with a series of cascading notches and channels in the shaft adjacent

to the sealing pad on the outlet side of the restrictor.

[0060] From the foregoing, it will be appreciated that specific embodiments of
the invention have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the spirit and scope of the
invention. Accordingly, the invention is not limited except as by the appended

claims.
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| / We claim:

1. A constant-flow valve assembly, comprising:

a body with a fluid inlet, a fluid outlet, a fluid passageway therebetween,
and a piston chamber in fluid communication with the fluid
passageway the fluid passageway containing fluid at first, second
and third fluid pressures, wherein the third fluid pressure is less
than the second fluid pressure, and the second fluid pressure is
less than the first fluid pressure;

a piston and biased valve assembly coupled to the fluid passageway and
being configured to automatically adjust piston biasing tension
and a biased valve position in response to the first, second or third
fluid pressures to provide a substantially constant fluid flow from
the fluid outlet substantially independent of the pressure
differentials between the second and third fluid pressures; and

a restrictor assembly with the fluid passageway extending therethrough,
the restrictor assembly having a first sealing pad, a second
sealing pad, and a restrictor with a fluid pathway extending
therebetween, the first sealing pad being positioned to receive
fluid at the first fluid pressure from a first portion of the fluid
passageway and to direct the fluid to the restrictor, and the
second sealing pad being positioned to receive fluid from the
restrictor and direct fluid to a second portion of the fluid
passageway at the second fluid pressure, the restrictor being
movable to adjust the position of the fluid pathway relative to the
inlet and outlet portions to adjust a fluid flow rate of fluid through
fluid pathway to the second fluid passageway, thereby
automatically adjusting the piston and biased valve assembly to
provide a substantially continuous flow rate through the valve

assembly independent of the pressure differentials.

2. The assembly of clam 1 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by at least one a blind

notch in the outer surface and in fluid communication with a through hole, the

)
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restrictor being movable to allow the inlet portion to interfere with at least a portion
of the entry portion to adjustably restrict the fluid flow into through the restrictor and

to control the fluid flow rate through the adjustable restrictor assembly.

3. The assembly of clam 1 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by a plurality of blind
notches interconnected by at least one blind channel and in fluid communication with
a through hole, the restrictor being movable to allow the inlet portion to interfere with
at least a portion of the entry portion to adjustably restrict the fluid flow into the blind
notches, blind channel, or through hole and to control the fluid flow rate through the

adjustable restrictor assembly.

4. The assembly of claim 1 wherein the restrictor comprises a sleeve
with an interior area and a central member disposed in the interior area, the fluid

pathway extends through the sleeve and around the central member.

5. The assembly of claim 1, further comprising an external
adjustment device coupled to the restrictor assembly, the adjustment device being
manipulatable to move the restrictor assembly to change the position of the restrictor

relative to the inlet portion.

6. A constant-flow valve assembly, comprising:

a body with a fluid inlet, a fluid outlet, a fluid passageway therebetween,
the fluid passageway having a first portion containing fluid at a
first fluid pressure, a second portion containing fluid at a second
fluid pressure less than the first fluid pressure, and a third portion
containing fluid at a third fluid pressure less than the second fluid
pressure;

an adjustable flow restriction between the second and third fluid
passageways and configured to provide a substantially constant
fluid flow to the third passageway substantially independent of the
pressure differentials between the second and third fluid

pressures; and
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an adjustable restrictor assembly between the first and second fluid
passageways, the restrictor assembly having an inlet portion, an
outlet portion, and a restrictor with a fluid pathway extending
therebetween, the inlet portion being positioned to receive fluid at
the first fluid pressure from the first fluid passageway and to direct
the fluid to the restrictor, and the outlet portion being positioned to
receive fluid from the restrictor and direct fluid to the second fluid
passageway at the second fluid pressure, the restrictor having an
entry portion and an exit portion of the fluid pathway, the restrictor
being movable to adjust the position of the entry and exit portions
relative to the inlet and outlet portions to adjust a fluid flow rate of
fluid through fluid pathway to the second fluid passageway and to
automatically adjust the biased valve member for a constant flow

rate through the valve assembly.

7. The assembly of clam 6 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by a plurality of blind
notches interconnected by at least one blind channel and in fluid communication with
a through hole, the restrictor being movable to allow the inlet portion to interfere with
at least a portion of the entry portion to adjustably restrict the fluid flow into the blind
notches, blind channel, or through hole and to control the fluid flow rate through the

adjustable restrictor assembly.

8. The assembly of claim 6, further comprising an external
adjustment device coupled to the restrictor assembly, the adjustment device being
manipulatable to move the restrictor assembly to change the position of the restrictor

relative to the inlet portion.

9. The assembly of clam 6 wherein the restrictor has an outer
surface, the fluid pathway includes the exit portion defined by at least one a blind
notch in the outer surface and in fluid communication with a through hole, the

restrictor being movable to allow the outlet portion to interfere with at least a portion
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of the exit portion to adjustably restrict the fluid flow into through the restrictor and to
control the fluid flow rate through the adjustable restrictor assembly.

10. A constant-flow valve assembly, comprising:

a first fluid passageway configured to carry fluid at a first fluid pressure;

a chamber having at least a portion configured to receive fluid at a
second fluid préssure less than the first fluid pressure;

a second fluid passageway connected to the portion of the piston
chamber and configured to carry fluid at the second fluid pressure;

a third fluid passageway configured to carry fluid at a third fluid pressure
less than the first and second fluid pressures;

a piston slideably disposed in the chamber;

a biased valve member having a valve seat adjacent to the third
passageway, a valve body, and a biasing member coupled to the
piston, the valve body being urged by the biasing member toward
the valve seat and configured to provide a substantially constant
fluid flow to the third passageway past the valve seat substantially
independent of the pressure differentials between the second and
third fluid pressures; and

an adjustable restrictor assembly between the first and second fluid
passageways, the restrictor assembly having an inlet portion, an
outlet portion, and a restrictor with a fluid pathway extending
therebetween, the inlet portion being positioned to receive fluid at
the first fluid pressure from the first fluid passageway and to direct
the fluid to the restrictor, and the outlet portion being positioned to
receive fluid from the restrictor and direct fluid to the second fluid
passageway at the second fluid pressure, the restrictor having an
entry portion and an exit portion of the fluid pathway, the restrictor
being movable to adjust the position of the entry and exit portions
relative to the inlet and outlet portions to adjust a fluid flow rate of
fluid through fluid pathway to the second fluid passageway and to
automatically adjust the biased valve member for a constant flow

rate of fluid through the valve assembly.
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11. The assembly of clam 10 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by at least one a blind
notch in the outer surface and in fluid communication with a through hole, the
restrictor being movable to allow the inlet portion to interfere with at least a portion
of the entry portion to adjustably restrict the fluid flow into through the restrictor and

to control the fluid flow rate through the adjustable restrictor assembly.

12. The assembly of clam 10 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by a plurality of blind
notches interconnected by at least one blind channel and in fluid communication with
a through hole, the restrictor being movable to allow the inlet portion to interfere with
at least a portion of the entry portion to adjustably restrict the fluid flow into the blind
notches, blind channel, or through hole and to control the fluid flow rate through the

adjustable restrictor assembly.

13. The assembly of claim 12 wherein the restrictor body is movable
so at least a portion of the through hole remains uncovered and at least one blind
notch adjacent to the through hole is fully covered, whereby the through hold
receives a fluid simultaneously in parallel from the covered blind notch and directly

from the inlet portion.

14. The assembly of claim 10 wherein the restrictor includes an
exterior surface with the entry portion thereon, and the inlet portion includes a body
segment with an aperture in fluid communication with the first fluid passageway and
with the entry portion, the body segment engaging the exterior surface of the
restrictor body so at least a portion of the aperture is in direct fluid communication

with the entry portion.

15. The assembly of claim 10, further comprising an external
adjustment device coupled to the restrictor assembly, the adjustment device being
manipulatable to move the restrictor assembly to change the position of the restrictor

relative to the inlet portion.

23-



WO 2007/127949 PCT/US2007/067688

16. The assembly of clam 10 wherein the restrictor has an outer
surface, the fluid pathway includes the exit portion defined by at least one a blind
notch in the outer surface and in fluid communication with a through hole, the
restrictor being movable to allow the outlet portion to interfere with at least a portion
of the exit portion to adjustably restrict the fluid flow into through the restrictor and to

control the fluid flow rate through the adjustable restrictor assembly.

17. A constant-flow valve assembly,.comprising:

a body with a fluid inlet, a fluid outlet, a fluid passageway therebetween,
the fluid passageway having a first portion containing fluid at a
first fluid pressure, a second portion containing fluid at a second
fluid pressure less than the first fluid pressure, and a third portion
containing fluid at a third fluid pressure less than the second fluid
pressure;

an adjustable valve member in the fluid passageway and configured to
provide a constant fluid flow rate from the fluid outlet independent
of pressure differentials between the first, second and third fluid
pressures; and

an adjustable restrictor assembly between the first and second fluid
passageways, the restrictor assembly having an inlet portion, an
outlet portion, and a restrictor with a fluid pathway extending
therebetween, the inlet portion being positioned to receive fluid at
the first fluid pressure from the first fluid passageway and to direct
the fluid to the restrictor, and the outlet portion being positioned to
receive fluid from the restrictor and direct fluid to the second fluid
passageway at the second fluid pressure, the restrictor having an
entry portion and an exit portion of the fluid pathway, the restrictor
being movable to adjust the position of the entry and exit portions
relative to the inlet and outlet portions to adjust a fluid flow rate of
fluid through fluid pathway to the second fluid passageway and to
automatically adjust the adjustable valve member for a constant

flow rate of fluid exiting the fluid outlet.
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~ 18.  The assembly of clam 17 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by at least one a blind
notch in the outer surface and in fluid communication with a through hole, the
restrictor being movable to allow the inlet portion to interfere with at least a portion
of the entry portion to adjustably restrict the fluid flow into through the restrictor and

to control the fluid flow rate through the adjustable restrictor assembly.

19. The assembly of clam 17 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by a plurality of blind
notches interconnected by at least one blind channel and in fluid communication with
a through hole, the restrictor being movable to allow the inlet portion to interfere with
at least a portion of the entry portion to adjustably restrict the fluid flow into the blind
notches, blind channel, or through hole and to control the fluid flow rate through the

adjustable restrictor assembly.

20. A constant-flow valve assembly, comprising:

a first fluid passageway with fluid at a first fluid pressure;

a chamber containing fluid at a second fluid pressure less than the first
fluid pressure;

a second fluid passageway connected to the portion of the chamber and
containing fluid at the second fluid pressure;

a third fluid passageway with fluid at a third fluid pressure less than the
first and second fluid pressures;

a biased valve member having a valve seat adjacent to the third
passageway, a valve body, and a biasing member coupled to the
piston, the valve body being urged by the biasing member toward
the valve seat and configured to provide a substantially constant
fluid flow to the third passageway past the valve seat substantially
independent of the pressure differentials between the second and
third fluid pressures; and

a restrictor assembly between the first and second fluid passageways,
the restrictor assembly having a first sealing pad, a second

sealing pad, and a restrictor with a fluid pathway extending
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therebetween, the first sealing pad being positioned to receive
fluid at the first fluid pressure from the first fluid passageway and
to direct the fluid to the restrictor, and the second sealing pad
being positioned to receive fluid from the restrictor and direct fluid
to the second fluid passageway at the second fluid pressure, the
restrictor being movable to adjust the position of the fluid pathway
relative to the inlet and outlet portions to adjust a fluid flow rate of
fluid through fluid pathway to the second fluid passageway,
thereby automatically adjusting the biased valve member to
provide a substantially continuous flow rate through the valve

assembly independent of the préssure differentials.

21. The assembly of clam 20 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by at least one a blind
notch in the outer surface and in fluid communication with a through hole, the
restrictor being movable to allow the first sealing pad to cover at least a portion of
the entry portion to adjustably restrict the fluid flow into through the restrictor and to

control the fluid flow rate through the adjustable restrictor assembly.

22. The assembly of clam 20 wherein the restrictor has an outer
surface, the fluid pathway includes the entry portion defined by a plurality of blind
notches interconnected by at least one blind channel and in fluid communication with
a through hole, the restrictor being movable to allow the first sealing pad to interfere
with at least a portioh of the entry portion to adjustably restrict the fluid flow into the
blind notches, blind channel, or through hole and to control the fluid flow rate through

the adjustable restrictor assembly.

23. The assembly of claim 20 wherein the restrictor comprises a
sleeve with an interior area and a central member disposed in the interior area, the

fluid pathway extends through the sleeve and around the central member.

24. The assembly of claim 20, further comprising an external

adjustment device coupled to the restrictor assembly, the adjustment device being
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manipulatable to move the restrictor assembly to change the position of the restrictor

relative to at least one of the first and second sealing pads.

25. A constant-flow valve assembly, comprising:

a body portion having a first fluid inlet, a piston chamber, and a first fluid
outlet, the first fluid inlet configured to receive fluid at a first fluid
pressure, the piston chamber having a first portion exposed to the
fluid at the first fluid pressure and having a second portion
exposed to fluid having a second fluid pressure less than the first
fluid pressure, and the first fluid outlet configured to carry fluid at a
third fluid pressure less than the first and second fluid pressures;

a piston slideably disposed in the piston chamber;

a seal in the piston chamber between the piston and the body and
separating one portion of the fluid at the first fluid pressure and
another portion of the fluid at the second fluid pressure;

a valve member coupled to the piston in the second portion of the piston
chamber and configured to provide a substantially constant fluid
flow from the second portion of the piston chamber toward the
outlet substantially independent of the pressure differentials
between the first, second, and third fluid pressures;

a first fluid passageway connected to the first portion of the piston
chamber and configured to contain fluid at the first fluid pressure;

a second fluid passageway connected to the second portion of the piston
chamber and configured to contain fluid at the second fluid
pressure; and

an adjustable restrictor assembly coupled to the body between the first
and second fluid passageways, the restrictor assembly having a
second inlet portion, a second outlet portion, and restrictor body
with a fluid pathway extending therebetween, the second inlet
portion positioned to receive fluid from the first fluid passageway,
and the second outlet portion positioned to direct fluid to the
second fluid passageway, the restrictor body having an entry
portion and an exit portion of the fluid pathway, the restrictor body

being movable relative to the second inlet portion to adjust how
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much of the entry portion is uncovered by the second inlet portion
to receive fluid directly therefrom and how much of the entry
portion is covered by the second inlet portion to restrict a flow rate
through the entry portion to the exit portion, thereby adjusting the
flow rate through the valve assembly independent of the

differences in the first, second, and third fluid pressures.

26. The assembly of clam 25 wherein the restrictor body has an outer
surface with at least one a blind channel in fluid communication with an aperture to
define the entry portion, the restrictor body being movable relative to the second
inlet portion to cover at least a portion of the aperture and the blind channel on the

outer surface to adjust the fluid flow rate through the flow pathway.

27. The assembly of clam 25 wherein the restrictor body has an outer
surface with a plurality of blind receptacles interconnected in series by channels and
in fluid communication with an aperture to define the entry portion, the restrictor body
being movable relative to the second inlet portion to cover at least a portion of the
aperture and one or more of the blind receptacles to adjust the fluid flow rate through

the flow pathway.

28. The assembly of claim 27 wherein the restrictor body is movable
so at least a portion of the aperture remains uncovered and at least one blind
receptacle adjacent to the aperture is fully covered, whereby the aperture receives a
fluid simultaneously in parallel from the covered receptacle and directly from the

second inlet portion.

29. The assembly of claim 25 wherein the restrictor body comprises a
sleeve with an interior area and a central member disposed in the interior area, the

fluid pathway extends through the sleeve and around the central member.

30. The assembly of claim 25 wherein the restrictor body is a shaft
with an aperture therethrough, the fluid pathway extending through the aperture in
the shaft.
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31. The assembly of claim 25 wherein the restrictor body includes an
exterior surface with the entry portion thereon, and the second inlet portion includes
a body segment with an aperture in fluid communication with the first fluid
passageway and with the entry portion, the body segment engaging the exterior
surface of the restrictor body so at least a portion of the aperture is in direct fluid

communication with the entry portion.

32. The assembly of claim 25, further comprising an external
adjustment device coupled to the restrictor assembly, the adjustment device being
manipulatable to move the restrictor assembly to change the position of the restrictor

body relative to the second inlet portion.

33. The assembly of claim 25 wherein the restrictor body has an outer
surface with at least one a blind channel in fluid communication with an aperture to
define the exit portion, the restrictor body being movable relative to the second
outlet portion to cover at least a portion of the aperture and the blind channel on the

outer surface to adjust the fluid flow rate through the flow pathway.

34. The assembly of clam 25 wherein the restrictor body has an outer
surface with a plurality of blind receptacles interconnected in series by channels and
in fluid communication with an aperture to define the exit portion, the restrictor body
being movable relative to the second outlet portion to cover at least a portion of the
aperture and one or more of the blind receptacles to adjust the fluid flow rate through
the flow pathway.

35. The assembly of claim 34 wherein the restrictor body is movable
so at least a portion of the aperture remains uncovered and at least one blind

receptacle adjacent to the aperture is fully covered.

36. The assembly of claim 25 wherein the restrictor body includes an
exterior surface with the exit portion thereon, and the second outlet portion includes
a body segment with an aperture therethrough in fluid communication with the first

fluid passageway and with the entry portion, the body segment sealably engaging

9.
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the exterior surface of the restrictor body so at least a portion of the aperture is in

direct fluid communication with the exit portion.

37.  The control valve assembly of claim 25 wherein the restrictor body
of the adjustable restrictor assembly is a portion of a central shaft, the central shaft
having an end portion having a passageway therein adjacent to the valve member

and configured to direct fluid from the valve member to the outlet.
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