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(57) Abstract: A diaphragm pump includes a valve inlet portion (302) elongated in a first direction along a longitudinal axis (3006),
and a valve outlet portion (324) coupled to the valve inlet portion (302). A ball check valve (112) is arranged between the valve inlet
portion (302) and the valve outlet portion (324). The ball check valve (112) includes a sealing ring (212) arranged over the valve inlet
portion (302), and a ball (204) arranged over the sealing ring (212). The ball (204) is configured to move between a seated position and
an unseated position, wherein a central axis (308) of the ball (204) extends through a center of the ball (204) and in the first direction,
wherein the central axis (308) is coincident with the longitudinal axis (306) when the ball (204) is in the seated position, and wherein
the central axis (308) is offset from the longitudinal axis (306) when the
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ball (204) is in the unseated position. The diaphragm pump further includes an inlet elbow (120) comprising an elbow inlet passageway
(126) defined by an inlet aperture (130) in fluid communication with the pump inlet, and an elbow outlet passageway (128) defined
by an outlet aperture (132), wherein the inlet aperture (130) has a first radius (R;) and the outlet aperture (132) has a second radius
(Ry), wherein the second radius (R,) is greater than the first radius (R;) to decrease the velocity of the fluid moving through the inlet
elbow (120).
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DIAPHRAGM PUMP WITH OFF-SET BALL CHECK VALVE AND ELBOW CAVITY

RELATED APPLICATIONS
[0001]  This application claims priority to U.S. Provisional Application Serial No. 63/312,513
filed on February 22, 2022 and to U.S. Provisional Application Serial No. 63/331,980 filed on

April 18,2022 each of which is incorporated herein by reference in their entirety.

BACKGROUND
[0002]  Fluid-operated pumps, such as diaphragm pumps, are widely used particularly for
pumping liquids, solutions, viscous materials, slurries, suspensions or flowable solids. Double
diaphragm pumps are well known for their utility in pumping viscous or solids-laden liquids, as
well as for pumping plain water or other liquids, and high or low viscosity solutions based on such
liquids. Accordingly, such double diaphragm pumps have found extensive use in pumping out
sumps, shafts, and pits, and generally in handling a great variety of slurries, sludges, and waste-
laden liquids. Fluid driven diaphragm pumps offer certain further advantages in convenience,
effectiveness, portability, and safety. Double diaphragm pumps are rugged and compact and, to
gain maximum flexibility, are often served by a single intake line and deliver liquid through a short

manifold to a single discharge line.

[0003] Although known diaphragm pumps work well for their intended purpose, several
disadvantages exist. For example, air operated double diaphragm (AODD) pumps typically use a
check valve (e.g., aball or flap) to control the flow of fluid inside one or more diaphragm chambers
of the pump. Operation of a pump leads to rapid acceleration and deceleration of the fluid being
pumped and results in corresponding changes in pressure. This change in pressure can produce
cavitation that reduces fluid capacity in the flow area. Collapse of cavitation cavities can wear

down parts of the pump and decrease the life of the pump or time between servicing the pump.

[0004]  Further, in pumps that utilize ball check valves, the ball moves from a seated position
into an unseated position to allow flow and then re-seats into the seated position to stop/prevent
flow. Guidance finger structures confine the ball to a ball check valve region of the pump for
efficient seating and unseating. The guidance fingers are configured to keep the ball centered in

the ball check valve region during unseating. However, the rapid flow of the fluid causes the ball
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to jostle and continuously collide with the guidance finger structures. These collisions cause noise
pollution and erosion to the ball and guidance finger structures, which respectively may cause
hearing damage to operators and reduce the lifetime of the ball check valve and thus, overall pump.
This erosion is worsened when flowable solids are used and get trapped between the guidance
finger structures and the ball. Therefore, there may be a need for an improved ball check valve

design for diaphragm pumps to solve at least the above-mentioned issues.

SUMMARY
[0005]  This Summary is provided to introduce a selection of concepts in a simplified form that
are further described below in the Detailed Description. This Summary is not intended to identify
key factors or essential features of the claimed subject matter, nor is it intended to be used to limit

the scope of the claimed subject matter.

[0006] Inoneimplementation a diaphragm pump may comprise a valve inlet portion elongated
in a first direction along a longitudinal axis. A valve outlet portion may be coupled to the valve
inlet portion, and a ball check valve may be arranged between the valve inlet portion and the valve
outlet portion. The ball check valve may comprise a sealing ring arranged over the valve inlet
portion. The sealing ring has an inner diameter that is smaller than an inner diameter of the valve
inlet portion. The ball check valve may also comprise a ball arranged over the sealing ring. The

diameter of the ball may be greater than the inner diameter of the sealing ring.

[0007] The ball of the ball check valve may be configured to move between a seated position
to prevent fluid flow between the valve inlet and valve outlet portions and an unseated position to
allow fluid flow between the inlet and outlet portions. A central axis of the ball extends through
the center of the ball in the first direction. The central axis may be coincident with the longitudinal
axis when the ball is in the seated position, whereas when the ball is in the unseated position, the

central axis may be offset from the longitudinal axis.

[0008]  To the accomplishment of the foregoing and related ends, the following description and
annexed drawings set forth certain illustrative aspects and implementations. These are indicative
of but a few of the various ways in which one or more aspects may be employed. Other aspects,
advantages and novel features of the disclosure will become apparent from the following detailed

description when considered in conjunction with the annexed drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0009] What is disclosed herein may take physical form in certain parts and arrangement of
parts, and will be described in detail in this specification and illustrated in the accompanying

drawings which form a part hereof and wherein:
[0010] FIGURE 1 illustrates a perspective view of some implementations of a diaphragm
pump.

[0011] FIGURE 2 illustrates a cross-sectional view of the diaphragm pump of FIGURE 1 that

shows some implementations of a ball check valve as described herein.

[0012] FIGURE 3A illustrates a cross-sectional view of a ball of a ball check valve thatisin a

seated position as described herein.

[0013] FIGURE 3B illustrates a cross-sectional view of a ball of a ball check valve that is in an

unseated position as described herein.

[0014] FIGURE 4 illustrates a cross-sectional view of another implementation of a diaphragm
pump during operation.
[0015] FIGURE 5A illustrates a cross-sectional view that corresponds to FIGURE 3 A of some

implementations of the ball in the seated position as described herein.

[0016] FIGURE 5B illustrates a cross-sectional view that corresponds to FIGURE 3 A of some

implementations of the ball in the unseated position as described herein.

[0017] FIGURE 6A illustrates a perspective view of some implementations of a ball in a seated

position within a sealing ring as described herein.

[0018] FIGURE 6B illustrates a perspective view of some implementations of a ball in an

unseated position within a sealing ring as described herein.

[0019] FIGURES 7A, 7B, and 7C illustrate various views of a guidance finger structure for a

ball check valve as described herein.

[0020] FIGURES 8A, 8B, 8C, and 8D illustrate various cross-sectional views of an exemplary
fluid flow path through a ball check valve as described herein.
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[0021] FIGURE 9 illustrates a cross-sectional view of some implementations of an inlet elbow

comprising an elbow inlet cavity to reduce cavitation.

DETAILED DESCRIPTION
[0022] The claimed subject matter is now described with reference to the drawings, wherein
like reference numerals are generally used to refer to like elements throughout. In the following
description, for purposes of explanation, numerous specific details are set forth in order to provide
a thorough understanding of the claimed subject matter. It may be evident, however, that the
claimed subject matter may be practiced without these specific details. In other instances,
structures and devices are shown in block diagram form in order to facilitate describing the claimed

subject matter.

[0023] FIGURES 1 and 2 will be described together. FIGURE 1 illustrates a perspective view
100 of some implementations of an exemplary diaphragm pump, and FIGURE 2 illustrates a cross-
sectional view 200 of the exemplary diaphragm pump of FIGURE 1. The cross-sectional view 200
of FIGURE 2 may correspond to cross-section line AA’ of FIGURE 1.

[0024]  The diaphragm pump may comprise a main inlet portion 102, a main outlet portion 104,
a first diaphragm chamber housing 106, a second diaphragm chamber housing 108, and a center
section 118 disposed between the first and second diaphragm chamber housings 106, 108. The
first diaphragm chamber housing 106 may include a first diaphragm assembly 214 comprising a
first diaphragm 208 and a first diaphragm plate 206. The first diaphragm 208 may be coupled to
the first diaphragm plate 206 and may extend across the first diaphragm chamber housing 106,
thereby forming a movable wall defining a first pumping chamber 202 and a first diaphragm
chamber 222. The second diaphragm chamber housing 108 may include a second diaphragm
assembly 230 comprising a second diaphragm 228 and a second diaphragm plate 234. The second
diaphragm 228 may be coupled to the second diaphragm plate 234 and may extend across the
second diaphragm chamber housing 108, thereby forming a movable wall detining a second
pumping chamber 232 and a second diaphragm chamber 224. The center section 118 may comprise
a valve region 220 and a connecting rod 218 that may be operatively connected to and extend

between the first and second diaphragm plates 206, 234.
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[0025]  During operation of the diaphragm pump, a pump entry inlet 248 may receive the fluid
that is pumped through the main inlet portion 102 and into the first or second pumping chambers
202, 232. The pump may comprise lower ball check valves 252, 254 that selectively open or close
to allow the fluid to travel into the first and/or second pumping chambers 202, 232. Once fluid is
in the first pumping chamber 202, the fluid can be pumped into the main outlet portion 104. From
the main outlet portion 104, the fluid may then travel out of the diaphragm pump through a pump
exit outlet 250.

[0026] A first ball check valve 112 controls fluid flow from the first pumping chamber 202 into
the main outlet portion 104. The first ball check valve 112 may be arranged at an upper elbow
region 116 of the diaphragm pump. In some implementations, the first ball check valve 112 may
comprise a first sealing ring 212, a first ball 204, and a first angled guidance finger structure 216.
Once fluid is in the first pumping chamber 202, the fluid can be pumped into the main outlet
portion 104. A second ball check valve 114 controls fluid flow from the second pumping chamber
232 into the main outlet portion 104. In some implementations, the second ball check valve 114

may comprise a second sealing ring 242, a second ball 238, and a second angled finger structure
240.

[0027]  The first and second ball check valves 112, 114 are in a seated position in FIGURE 2,
wherein the upper balls 204, 238 may be arranged within openings in the sealing rings 212, 242
such that fluid cannot flow into the main outlet portion 104 from the pumping chambers 202, 232.
As will be described further herein, the first and second ball check valves 112, 114 may be in an
unseated position when the upper balls 204, 238 move away from the sealing rings 212, 242 and
toward the main outlet portion 104. When in the unseated position, the upper balls 204, 238 are
configured to be off-center from the lower balls of the lower ball check valves 252, 254 to control
the location of the upper balls 204, 238, which reduces erosion to the ball check valves 112, 114,
reduces time for the ball check valves 112, 114 to switch between the seated position and the

unseated position, and reduces noise pollution produced by the ball check valves 112, 114.

[0028]  The first lower ball check valve 254 is arranged at a lower elbow region 120 of the
diaphragm pump. In some embodiments, the configuration of the lower elbow region 120 of the
diaphragm pump reduces cavitation and further improves the durability of the diaphragm pump.

This configuration of the lower elbow region 120 will be discussed further herein with respect to
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FIG. 9, which corresponds to a magnified portion of the lower elbow region 120 outlined by Box

A of FIG. 2.

[0029] Referring now to FIGURE 3 A, FIGURE 3A illustrates magnified view 300A of some
implementations of the first and second ball check valves 112, 114 in the diaphragm pump. In
FIGURE 3A, the first and second ball check valves 112, 114 are in the seated position to prevent
fluid flow into the main outlet portion 104 from the first and second pumping chambers 202, 232
of FIGURE 2. It will be appreciated that FIGURE 3A is for illustrative purposes only because
often, the first and second ball check valves 112, 114 are not in the seated position at the same

time during operation, as will be explained further with respect to FIGURE 4.

[0030] In some implementations, fluid can flow through the first ball check valve 112 from a
first valve inlet portion 302 of the diaphragm pump and into a first valve outlet portion 324. The
first valve inlet portion 302 is an upper portion of the first pumping chamber 202 of FIGURE 2
defined by a pump housing. The first valve inlet portion 302 is elongated in a first direction 320
along a first longitudinal axis 306. In some implementations, fluid flows through the main outlet
portion 104 in a second direction 322 to leave the diaphragm pump through the pump exit outlet
250. The first valve outlet portion 324 is a region of the main outlet portion 104 that extends in the
second direction 322 and is arranged after the first ball check valve 112. In some implementations,
the first direction 320 is perpendicular to the second direction 322. In some implementations, the
first valve inlet portion 302 is a cylindrical pathway such that the first longitudinal axis 306 extends
through the center of the cylindrical pathway. In other implementations, the first valve inlet portion
302 may be a square-like, oval-like, or some other shaped pathway, wherein the first longitudinal

axis 306 extends through a center of the pathway.

[0031] In some implementations, the first sealing ring 212 is arranged over the first valve inlet
portion 302 and comprises an opening that has a smaller diameter than an inner diameter of the
first valve inlet portion 302. When the first ball check valve 112 is in the seated position as shown
in FIGURE 3A, the first ball 204 fits within the opening of the first sealing ring 212 such that the
first ball 204 seals the first sealing ring 212. When the first ball 204 is in the seated position, fluid
cannot flow through the first ball check valve 112 and between the first valve inlet portion 302 and
the first valve outlet portion 324. In some implementations, the first ball 204 is a sphere and

comprises a flexible material such as rubber, for example, such that the first ball 204 can slightly
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conform to the opening of the first sealing ring 212 to provide a reliable seal between the first
valve inlet portion 302 and the main outlet portion 104. The first ball 204 has a first central axis
308 that extends in the first direction 320 and intersects with a center of the first ball 204. When
the first ball check valve 112 is in the seated position, as illustrated in FIGURE 3 A, the first central

axis 308 is coincident with the first longitudinal axis 306.

[0032] In some implementations, fluid can flow through the second ball check valve 114 from
a second valve inlet portion 304 of the diaphragm pump and into a second valve outlet portion
326. The second valve inlet portion 304 is an upper portion of the second pumping chamber 232
of FIGURE 2. The second valve inlet portion 304 is elongated in the first direction 320 along a
second longitudinal axis 310. The second valve outlet portion 326 is a region of the main outlet
portion 104 that extends in the second direction 322 and is arranged after the second ball check
valve 114. In some implementations, the second valve inlet portion 304 is a cylindrical pathway
such that the second longitudinal axis 310 extends through the center of the cylindrical pathway.
In other implementations, the second valve inlet portion 304 may be a square-like, oval-like, or
some other shaped pathway, wherein the second longitudinal axis 310 extends through a center of

the pathway.

[0033] Insomeimplementations, the second sealing ring 242 is arranged over the second valve
inlet portion 304 and comprises an opening that has a smaller diameter than an inner diameter of
the second valve inlet portion 304. When the second ball check valve 114 is in the seated position
as shown in FIGURE 3A, the second ball 238 fits within the opening of the second sealing ring
242 such that the second ball 238 seals the second sealing ring 242. When the second ball 238 is
in the seated position, fluid cannot flow through the second ball check valve 114 and between the
second valve inlet portion 304 and the second valve outlet portion 326. In some implementations,
the second ball 238 is a sphere and comprises a flexible material such as rubber, for example, such
that the second ball 238 can slightly conform to the opening of the second sealing ring 242 to
provide a reliable seal between the second valve inlet portion 304 and the main outlet portion 104.
The second ball 238 has a second central axis 312 that extends in the first direction 320 and
intersects with a center of the second ball 238. When the second ball check valve 114 is in the
seated position, as illustrated in FIGURE 3 A, the second central axis 312 is coincident with the

second longitudinal axis 310.
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[0034] FIGURE 3B illustrates magnified view 300B of some implementations of the first and
second ball check valves 112, 114 in the diaphragm pump. In FIGURE 3B, the first and second
ball check valves 112, 114 are in the unseated position to allow fluid flow into the main outlet
portion 104 from the first and second pumping chambers (202, 232 of FIGURE 2). It will be
appreciated that FIGURE 3B is for illustrative purposes only because often, the first and second
ball check valves 112, 114 are not in the unseated position at the same time, as will be explained

further with respect to FIGURE 4.

[0035] With reference to the first ball check valve 112 in FIGURE 3A, the first ball 204 is
configured to move away from the first sealing ring 212 when the first ball check valve 112
changes from the seated position (e.g., FIGURE 3A) to the unseated position in FIGURE 3B.
Therefore, in the unseated position, the first ball 204 no longer seals the first sealing ring 212,
thereby allowing fluid to flow from the first valve inlet portion 302, through the first ball check
valve 112, and into the first valve outlet portion 324. In the unseated position, the first ball 204
moves both in the first and second directions 320, 322 such that the first central axis 308 of the
first ball 204 is offset from the first longitudinal axis 306 of the first valve inlet portion 302. In
some implementations, the first angled guidance finger structure 216 guides the first ball 204 such
that the first central axis 308 is offset from the first longitudinal axis 306. Further, in some such
implementations, the first angled guidance finger structure 216 also confines the first ball 204 to
stay within its position shown in FIGURE 3B during fluid flow from the first valve inlet portion
302 to the first valve outlet portion 324 and then the main outlet portion 104. Thus, the first ball
204 remains in a first ball check valve region of instead of entering into the first valve outlet portion

324 in the unseated position.

[0036] Because the first valve inlet portion 302 extends in the first direction 320 and the first
valve outlet portion 324 extends in the second direction 322, as the fluid flows from the first valve
inlet portion 302 to the first valve outlet portion 324, the fluid changes direction as it flows through
the upper elbow region 116 of the diaphragm pump. The direction of the fluid flow through the
first ball check valve 112 can be unpredictable due to the change in fluid flow direction through
the upper elbow region 116 and due to the rapid change in fluid flow speed as the first ball check
valve 112 switches between the seated and unseated positions. To prevent this variable fluid flow
behavior from jostling the first ball 204, the first ball 204 is offset from the first longitudinal axis
306. Further, the first ball 204 is confined to this offset position which helps make the variable
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fluid flow behavior more predictable. The first ball 204 may be offset to the left in FIGURE 3B
such that the first central axis 308 of the first ball 204 is arranged between the first longitudinal
axis 306 and the pump exit outlet 250. By being offset to the left in FIGURE 3B, the drag from
the fluid can be reduced and pressure above the first ball 204 can increase, which reduces the force

that the first ball 204 has on the first ball check valve 112 when seating and unseating.

[0037] Because of the reduced jostling of the first ball 204 and more predictable fluid flow
behavior in the first ball check valve 112, erosion to the first ball 204 and the first ball check valve
112 is reduced, time for the first ball check valve 112 to switch between the seated position and
the unseated position is reduced, and noise pollution produced by the first ball check valve 112 is
reduced. Therefore, the first ball check valve 112 in FIGURE 3B increases pump efficiency and
pump lifetime. Further, in some implementations, the reduction in noise pollution of the first ball
check valve 112 may cause the noise pollution of the diaphragm pump to drop below decibel levels
requiring operators to wear ear protection. As such, ear protection may not be required, which

improves comfort for pump operators and reduces risk hearing damage to pump operators.

[0038]  With reference to the second ball check valve 114 in FIGURE 3A, the second ball 238
is configured to move away from the second sealing ring 242 when the second ball check valve
114 changes from the seated position (e.g., FIGURE 3 A) to the unseated position in FIGURE 3B.
Therefore, in the unseated position, the second ball 238 no longer seals the second sealing ring
242, thereby allowing fluid to flow from the second valve inlet portion 304, through the second
ball check valve 114, and into the second valve outlet portion 326. In the unseated position, the
second ball 238 moves both in the first and second directions 320, 322 such that the second central
axis 312 of the second ball 238 is offset from the second longitudinal axis 310 of the second valve
inlet portion 304. In some implementations, the second angled guidance finger structure 240 guides
the second ball 238 such that the second central axis 312 is offset from the second longitudinal
axis 310. Further, in some such implementations, the second angled guidance finger structure 240
also confines the second ball 238 to stay within its position shown in FIGURE 3B during fluid
flow from the second valve inlet portion 304 to the second valve outlet portion 326 and then the

main outlet portion 104,

[0039] Because the second valve inlet portion 304 extends in the first direction 320 and the

second valve outlet portion 326 extends in the second direction 322, as the fluid flows from the
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second valve inlet portion 304 to the second valve outlet portion 326, the fluid changes direction.
The direction of the fluid flow through the second ball check valve 114 can be unpredictable due
to the change in fluid flow direction through the second ball check valve 114 and due to the rapid
change in fluid flow speed as the second ball check valve 114 switches between the seated and
unseated positions. To prevent this variable fluid flow behavior from jostling the second ball 238,
the second ball 238 is oftset from the second longitudinal axis 310. Further, the second ball 238 is
confined to this offset position which helps make the variable fluid flow behavior more predictable.
The second ball 238 may be offset to the left in FIGURE 3B such that the second central axis 312
of the second ball 238 is arranged between the second longitudinal axis 310 and the pump exit
outlet 250. By being offset to the left in FIGURE 3B, the drag from the fluid can be reduced and
pressure above the second ball 238 can increase, which reduces the force that the second ball 238

has on the second ball check valve 114 when seating and unseating.

[0040] Because of the reduced jostling of the second ball 238 and more predictable fluid flow
behavior in the second ball check valve 114, erosion to the second ball check valve 114 is reduced,
time for the second ball check valve 114 to switch between the seated position and the unseated
position is reduced, and noise pollution produced by the second ball check valve 114 is reduced.
Therefore, the second ball check valve 114 in FIGURE 3B increases pump efficiency and pump
lifetime. Further, in some implementations, the reduction in noise pollution of the second ball
check valve 114 may cause the noise pollution of the diaphragm pump to drop below decibel levels
requiring operators to wear ear protection. As such, ear protection may not be required, which

improves comfort for pump operators and reduces risk hearing damage to pump operators.

[0041] FIGURE 4 illustrates a cross-sectional view 400 of some implementations of a
diaphragm pump during operation. As shown in FIGURE 4, in some implementations, when the
first ball check valve 112 is in the unseated position, the second ball check valve 114 is in the
seated position. When the first ball check valve 112 is in the unseated position, fluid is pumped
from the first pumping chamber 202, through the first ball check valve 112, and is discharged into
the main outlet portion 104. While the fluid is discharged into the main outlet portion 104 from
the first ball check valve 112, the second ball check valve 114 is in the seated position such that
fluid is suctioned into the second pumping chamber 232 from the main inlet portion 102. As the
first ball check valve 112 returns to the seated position, the second ball check valve 114 will move

into the unseated position such that the fluid in the second pumping chamber 232 can flow through

10
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the second ball check valve 114 and be discharged into the main outlet portion 104. During
operation, to continuously pump fluid from the main inlet portion 102 and into the main outlet
portion 104, the first ball check valve 112 continuously moves between the seated position and the
unseated position as the second ball check valve 114 continuously moves between the unseated

position and the seated position.

[0042]  Further, it will be appreciated that when the first ball check valve 112 is in the unseated
position, the first lower ball check valve 254 is in the seated position as shown in FIGURE 4; and
when the first ball check valve 112 is in the seated position, the first lower ball check valve 254 is
in the unseated position (not shown). Similarly, it will be appreciated that when the second ball
check valve 114 is in the seated position, the second lower ball check valve 252 is in the unseated
position as shown in FIGURE 4; and when the second ball check valve 114 is in the unseated

position, the second lower ball check valve 252 is in the seated position (not shown).

[0043] In some implementations, the pump exit outlet 250 is arranged between the first and
second ball check valves 112, 114. In some such implementations, an additional elbow region 402
may be arranged over the second ball check valve 114 such that fluid flows from the second valve
inlet portion 304, through the second ball check valve 114, through additional elbow region 402,
and into second valve outlet portion 326 and the main outlet portion 104. In the cross-sectional
view 400 of FIGURE 4, the first angled guidance finger structure 216 and the second angled
guidance finger structure 240 are configured to respectively push the first ball 204 and the second
ball 238 laterally toward the pump exit outlet 250. Thus, in some implementations, when in the
unseated position, the first longitudinal axis 306 is arranged between the first central axis 308 and

the upper elbow region 116.

[0044]  Similarly, in some implementations, the pump entry inlet 248 is arranged between the
lower ball check valves 252, 254. In some such implementations, a first lower elbow region 120a
is arranged below the first lower ball check valve 254, and a second lower elbow region 120b is
arranged below the second lower ball check valve 252. As will be discussed further herein, in some
implementations, the first and second lower elbow regions 120a, 120b respectively comprise first
and second elbow inlet cavities 122a, 122b. The first and second elbow inlet cavities 122a, 122b
reduce cavitation as fluid flows from the pump entry inlet 248 and through the first and second

lower elbow regions 120a, 120b.

11
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[0045]  Further, in some embodiments, each elbow region (116, 402, 120a, 120b) may be
selectively removable from and selectively attachable to other portions of the pump housing for
maintenance and/or replacement of the elbow region (116, 402, 120a, 120b). For example, in some
embodiments, the first upper elbow region 116 may be selectively removable at a first intersection
406 proximate housing of the pump exit outlet 250 and at a second intersection 404 proximate the
first diaphragm chamber housing 106. At the first and second intersections 404, 406, the first upper
elbow region 116 may be attached to the other housing of the pump by screws, o-rings, and/or
other attachment fixtures such that leakage does not occur at the first or second intersections 404,
406. Similarly, for example, in some embodiments, the first lower elbow region 120a may be
selectively removable at a third intersection 410 proximate the first diaphragm chamber housing
106 and at a second intersection 412 proximate housing of the pump entry inlet 248. At the third
and fourth intersections 410, 412, the first lower elbow region 120a may be attached to the other
housing of the pump by screws, o-rings, and/or other attachment fixtures such that leakage does
not occur at the third or fourth intersections 410, 412. Thus, each elbow region (116, 402, 120a,
120b) may be selectively removed for service and/or replacement, thereby extending the lifetime
of the pump. In some embodiments, one or more of the elbow regions (116, 402, 120a, 120b) may
also be retrofitted to replace conventional elbow regions on an existing pump such that the existing
pump may benefit from the reduced cavitation, reduced debris, improved fluid flow, reduced noise
production, and reduced degradation provided by the one or more elbow regions (116, 402, 120a,

120b).

[0046] FIGURE S5A illustrates a cross-sectional view 500A of the first and second ball check
valves 112, 114. Fluid flows into the page in FIGURE 5A. In some implementations, the cross-
sectional view S00A corresponds with cross-section line BB’ of FIGURE 3A. Thus, the first and
second balls 204, 238 in FIGURE 5A are in the seated position.

[0047] In some implementations, the first ball check valve 112 further comprises a first
guidance finger structure 502 and a second guidance finger structure 504 that protrude towards the
first ball 204. The first and second guidance finger structures 502, 504 are configured to guide the
first ball 204 into the unseated position while still allowing fluid to flow around the first ball 204.
In some implementations, the first guidance finger structure 502, the second guidance finger

structure 504, and the first angled guidance finger structure 216 are spaced apart from one another.
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[0048] In some implementations, the second ball check valve 114 further comprises a third
guidance finger structure 506 and a fourth guidance finger structure 508 that protrude towards the
second ball 238. The third and fourth guidance finger structures 506, 508 are configured to guide
the second ball 238 into the unseated position while still allowing fluid to flow around the second
ball 238. In some implementations, the third guidance finger structure 506, the fourth guidance
finger structure 508, and the second angled guidance finger structure 240 are spaced apart from

one another.

[0049] Because the first and second ball check valves 112, 114 are in the seated position in
FIGURE 5A, the first longitudinal axis 306 is coincident with the first central axis 308; and the
second longitudinal axis 310 is coincident with the second central axis 312. In FIGURE 5A, the
longitudinal axes 306, 310 and the central axes 308, 312 go into and out of the page. In FIGURE
SA, the longitudinal axes 306, 310 are each illustrated as an “X,” whereas the central axes 308,
312 are each illustrated as a white circle. In some implementations, in the seated position, the
finger structures 502, 504, 506, 508, 216, 240 are configured to be spaced about 0.25 inches to
about 0.5 inches from the first and second balls 204, 238 such that when in the unseated position,

fluids with solids in them can still travel around the first and second balls 204, 238.

[0050] FIGURE 5B illustrates a cross-sectional view 500B of the first and second ball check
valves 112, 114. Fluid flows into the page in FIGURE 5B. In some implementations, the cross-
sectional view 500B corresponds with cross-section line CC’ of FIGURE 3B. Thus, the first and
second balls 204, 238 in FIGURE 5B are in the unseated position. As such, the first and second
balls 204, 238 are each laterally shifted closer to the pump exit outlet 250. Further, in the unseated
positions, the first central axis 308 is offset from the first longitudinal axis 306, and the second

central axis 312 is offset from the second longitudinal axis 310.

[0051] FIGURE O6A illustrates a perspective view 600A of some implementations of the first
sealing ring 212 and first ball 204. In FIGURE 6A, the first ball 204 is in the seated position and
thus, forms a seal with an inner opening of the first sealing ring 212. In the seated position, the

first longitudinal axis 306 is coincident with the first central axis 308.

[0052] FIGURE 6B illustrates a perspective view 600B of some implementations of the first
ball 204 in the unseated position with respect to the first sealing ring 212. In the seated position,
the first longitudinal axis 306 is offset with the first central axis 308.
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[0053] Figs. 7A, 7B, and 7C illustrate various views 700A, 700B, and 700C of the guidance
finger structures 502, 504, 506, 508, 216, 240, the valve outlet portions 324, 326, the main outlet
portion 104, and the pump exit outlet 250. In some implementations, these aforementioned features
are formed from a same housing material. In some implementations, these aforementioned features

are part of a same, monolithic structure.

[0054] As shown in FIGURE 7A, the first angled guidance finger structure 216 is arranged at
a first angle A from the cross-sectional view 700A. The first angle A is measured along a set of
axes running in the first and second directions 322, 320. The first angle A is an acute angle. In
some implementations, the first angle A may be in a range of between, for example, approximately
40 degrees and approximately 65 degrees. For example, in some implementations, the first angle
A may be equal to approximately 57 degrees. The first angle A of the first angled guidance finger
structure 216 is designed to confine the first ball (e.g., 204 of FIGURE 2) the first valve outlet
portion 324 without entering the first valve outlet portion 324. Because of the first angle A of the
first angled guidance finger structure 216, a distance between an outer sidewall 216s and the
longitudinal axis 306 of FIGURE 3 decreases as the distance is measured away from the first

sealing ring (e.g., 212 of FIGURE 2).

[0055]  Further, in some implementations, the first angled guidance finger structure 216 begins
at a first distance d1 above an upper surface the first sealing ring (e.g., 212 of FIGURE 2). In some
implementations, the first distance di is about equal to 0.0625 inches. In some other
implementations, the first distance di is in a range of between about 0.05 inches and about 0.3
inches. Therefore, the first ball (e.g., 204 of FIGURE 2) can be unseated in the first direction 320
and then follow the incline provided by the first angled guidance finger structure 216. Similarly,
the first ball (e.g., 204 of FIGURE 2) can be re-seated by following the decline provided by the
first angled guidance finger structure 216 and the re-seat in the first direction 320 due to the first

distance di.

[0056] The second angled guidance finger structure 240 is arranged at a second angle B from
the cross-sectional view 700A. The second angle B is measured along a set of axes running in the
first and second directions 322, 320. The second angle B is an acute angle. In some
implementations, the second angle B may be in a range of between, for example, approximately

40 degrees and approximately 65 degrees. For example, in some implementations, the second
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angle B may be equal to approximately 57 degrees. The second angle B of the second angled
guidance finger structure 240 is designed to confine the second ball (e.g., 238 of FIGURE 2) to
the second valve outlet portion 326 without entering the second valve outlet portion 326. The

second angle B may be less than, equal to, or greater than the first angle A.

[0057]  Further, in some implementations, the second angled guidance finger structure 240
begins at a second distance d2 above an upper surface the second sealing ring (e.g., 242 of FIGURE
2). In some implementations, the second distance d2 is about equal to 0.0625 inches. In some other
implementations, the second distance d: is in a range of between about 0.05 inches and about 0.3
inches. Therefore, the second ball (e.g., 238 of FIGURE 2) can be unseated in the first direction
320 and then follow the incline provided by the second angled guidance finger structure 240.
Similarly, the second ball (e.g., 238 of FIGURE 2) can be re-seated by following the decline
provided by the second angled guidance finger structure 240 and the re-seat in the first direction
320 due to the second distance d2. The second distance d2 may be less than, equal to, or greater

than the first distance di.

[0058] FIGURE 7B illustrates a perspective view 700B of the structure of FIGURE 7A such
that the first and third guidance finger structures 502, 506 are more visible. FIGURE 7C illustrates
a bottom view 700C of the structure of FIGURE 7A to show the six guidance finger structures
(502, 504, 506, 508, 216, 240) in this implementation.

[0059]  As best seen when viewing FIGURES 7A, 7B, and 7C together, in some embodiments,
the first angled guidance finger structure 216, the first guidance finger structure 502, and the
second guidance finger structure 504 all protrude radially inward from housing of the upper elbow
region 116 and towards the first longitudinal axis 306. The first angled guidance finger structure
216 is circumferentially spaced apart from the first guidance finger structure 502 and the second
guidance finger structure 504. The first angled guidance finger structure 216 comprises a body that
is operably connected the housing of the upper elbow region 116. The body of the first angled
guidance finger structure 216 gradually protrudes radially inward towards the first longitudinal
axis 306 and along the first angle A such that a distance between the outer sidewall 216s and the
longitudinal axis 306 decreases as the distance is measured away from the first sealing ring (e.g.,
212 of FIGURE 2). Thus, because of the first angle A, a cross-section of the body of the first
angled guidance finger structure 216, as shown in FIGURE 7A, has a width that increases as the
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width is measured away from the first sealing ring (e.g., 212 of FIGURE 2), the width being

measured in the second direction 322.

[0060] For example, the cross-section of the first angled guidance finger structure 216 has a
first width w1 measured at the first distance di from the first sealing ring (e.g., 212 of FIGURE 2)
and has a second width w2 measured at a second distance da from the first sealing ring (e.g., 212
of FIGURE 2), wherein the first and second distances di, dz are measured in the first direction 320,
wherein the first distance di is less than the second distance d>, and wherein the first width wi 1s
less than the second width w2. The first and second widths w1, w2 are each measured in the second
direction 322 between the outer sidewall 216s of the first angled guidance finger structure 216 and
a third longitudinal axis 325. In some embodiments, the third longitudinal axis 325 is parallel to
the first longitudinal axis 306, and the first angled guidance finger structure is arranged between
the first and third longitudinal axes 306, 325. Thus, the overall width of the first angled guidance
finger structure 216 gradually increases as the width is measured at an increasing distance away

from the first sealing ring (e.g., 212 of FIGURE 2).

[0061] Similarly, in some embodiments, the second angled guidance finger structure 240, the
third guidance finger structure 506, and the fourth guidance finger structure 508 all protrude
radially inward from the housing of the second valve outlet portion 326 and towards the second
longitudinal axis 310. The second angled guidance finger structure 240 is circumferentially spaced
apart from the third guidance finger structure 506 and the fourth guidance finger structure 508.
The second angled guidance finger structure 240 comprises a body that is operably connected to
the housing of the second valve outlet portion 326. The body of the second angled guidance finger
structure 240 gradually protrudes radially inward towards the second longitudinal axis 310 and
along the second angle B such that a distance between an outer sidewall 240s and the longitudinal
axis 310 of FIGURE 3 decreases as the distance is measured away from the second sealing ring
(e.g., 242 of FIGURE 2). As shown in FIGURE 7A, because of the second angle B, a cross-section
of the body of the second angled guidance finger structure 240 has an overall width that gradually
increases as the width is measured at an increasing distance away from the second sealing ring
(e.g., 242 of FIGURE 2). Like the overall width of the first angled guidance finger structure 216,
the overall width of the second angled guidance finger structure 240 is also measured in the second
direction 322. Tt will be appreciated that in other implementations, each ball check valve may have

more or less than three guidance finger structures.
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[0062] FIGURE 8A illustrates a cross-sectional view 800A of a magnified view of the first ball
check valve 112 in the seated position. In some implementations, the first angled guidance finger
structure 216 is configured such that a space between the first angled guidance finger structure 216
is spaced apart from the first valve outlet portion 324 by a fourth distance d4. The fourth distance
da4 1s less than the diameter of the first ball 204 such that the first ball 204 does not flow into the
first valve outlet portion 324. In some implementations, the fourth distance d4 is in a range of

between, for example, approximately 0.5 inches and approximately 1 inch.

[0063] FIGURE 8B illustrates a cross-sectional view 800B of some implementations of the first
ball check valve 112 in the seated position. In some implementations, the cross-sectional view

800B corresponds to a cross-section line coincident along the first longitudinal axis 306 of

FIGURE 8A.

[0064] FIGS. 8C and 8D illustrates cross-sectional views 800C and 800D that respectively
correspond to the cross-sectional views 800A and 800B except that the first ball check valve 112

is in the unseated position in FIGS. 78 and 8D.

[0065] With respect to FIGURE 8C, an exemplary fluid path 802 is illustrated with a dotted-
line arrow. When the first ball check valve 112 is in the unseated position, the fluid can flow along
the exemplary fluid path 802 from the first valve inlet portion 302 into the first valve outlet portion
324,

[0066] With respect to FIGURE 8D, the first ball 204 moves toward the page such that fluid
can move along the exemplary fluid path 802 around surfaces of the first ball 204. The exemplary
fluid path 802 flows out of the page in FIGURE 8D after passing around the first ball 204. In some
implementations, portions of the first ball 204 are spaced apart from walls of the upper elbow
region 116 by at least a fifth distance ds. In some implementations, the fifth distance ds is in a
range of between, for example, about 0.25 inches to about 0.5 inches such that when solids are in
the fluid, the solids can still fit between the first ball 204 and the upper elbow region 116. In some
implementations, the first ball 204 can swell during use because the first ball 204 due to the first
ball 204 being slightly porous and/or due to thermal expansion. In some such implementations, the
fifth distance ds needs to be large enough to still allow the passage of fluids and solids even if the

first ball 204 swells.
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[0067] Because the first angled guidance finger structure 216 controls the position of the first
ball 204 such that jostling of the first ball 204 is mitigated, the first ball 204 does not sway in the
lateral direction in FIGURE 8D and trap fluid and/or solids between the first ball 204 and housing
of the upper elbow region 116. Thus, erosion of the first ball 204 and the housing of the upper
elbow region 116 is reduced, thereby increasing the lifetime of the first ball 204 and the diaphragm
pump. Further, with less jostling, noise produced by the first ball check valve 112 is reduced which

improves working conditions by reducing hearing damage for pump operators.

[0068] Referring to FIGURE 9, in another implementation, the pump may comprise at least
one lower elbow region 120. FIGURE 9 illustrates a magnified view of the pump at the lower
elbow region 120, which may correspond to Box A of FIGURE 2, for example. The lower elbow
region 120 may be defined by an inlet housing 111 with a main inlet portion 102. The inlet housing
111 may be one piece or comprise multiple pieces mechanically fastened together. While the pump
is in operation, the inlet housing 111 may receive the fluid being pumped from the main inlet
portion 102 and move it to either the first or second pumping chamber (e.g., 202, 232 of FIG. 2)
in the corresponding first or second diaphragm chamber housing (e.g., 106, 108 of FIG. 2). Each
lower elbow region 120 may comprise an elbow inlet passageway 126 defined by elbow inlet
aperture 130 and an elbow outlet passageway 128 defined by elbow outlet aperture 132. The elbow
inlet passageway 126 and the elbow outlet passageway 128 together define a fluid passageway of
the lower elbow region 120. The elbow inlet aperture 130 may comprise a circular opening defined
by an inlet aperture radius Ri. The elbow outlet aperture 132 may comprise a circular opening
defined by an outlet aperture radius Ro. The at least one lower elbow region 120 may be configured

so that the outlet aperture radius Rois greater than the inlet aperture radius Ri.

[0069] Additionally, the elbow outlet passageway may 128 extend past the intersection with
the elbow inlet passageway 126 and form an elbow inlet cavity 122. The elbow inlet cavity 122
may be spherical in shape with a radius substantially similar to the outlet aperture radius Ro. The
configuration of the elbow outlet passageway 128 and the elbow outlet aperture 132 having a
greater radius than the elbow inlet passageway 126 and elbow inlet aperture 130 may reduce fluid
velocity as the fluid moves through the inlet housing 111. Because of its larger radius, the elbow
inlet cavity 122 increases the cross-sectional area of the fluid passageway of the lower elbow
region 120. Further, the elbow inlet cavity 122 extends below the elbow inlet passageway 126 such

that a bottommost portion 122p of the elbow inlet cavity 122 is below a bottommost surface 126b
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of the elbow inlet passageway 126. The elbow inlet passageway 126 has a centerline 125 that
extends in a horizontal direction through a center of a circular cross-section of the elbow inlet
passageway 126. The elbow inlet internal cavity 122 has a centerline 123 that extends in the
horizontal direction and through a center of the elbow inlet cavity 122, wherein the center of the
elbow inlet cavity 122 is arranged above the bottommost portion 122p by a distance equal to the
outlet aperture radius Ro. The centerline 123 of the elbow inlet cavity 122 is parallel with the
centerline 125 of the elbow inlet passageway 126 is also arranged below and offset from the

centerline 125 of the elbow inlet passageway 126.

[0070] The larger lower elbow region 120, which has a centerline 123 vertically offset from
the centerline 125 of the elbow inlet passageway 126, allows fluid to circulate within the elbow
inlet cavity 122. This circulating fluid may dislodge and remove any debris within the elbow inlet
cavity 122 while cavitation is also reduced due to a reduced fluid velocity within the elbow inlet
cavity 122. This reduction of fluid velocity due to the change in Ro and Ri may also reduce the

production of cavitation and thereby improve the durability and efficiency of the pump.

[0071] It will be appreciated that the lower elbow region 120 described with respect to FIGURE
9 and the angled guidance finger structure (e.g., 216, 240 of FIG. 3A) may be mutually exclusive
of one another. For example, in some implementations, a pump may comprise the elbow inlet
cavity 122 at the lower elbow region 120 described in FIGURE 9 and may not comprise the angled
guidance finger structure (e.g., 216, 240 of FIG. 3A). In some other implementations, a pump may
comprise one or more angled guidance finger structures (e.g., 216, 240 of FIG. 3A) and may not
comprise the elbow inlet cavity 122 at the lower elbow region 120. In yet some other
implementations, a pump may comprise both the elbow inlet cavity 122 at the lower elbow region
120 and the angled guidance finger structure (e.g., 216, 240 of FIG. 3A) to achieve reduced
cavitation and debris at the lower elbow region 120 and reduced noise and equipment erosion at
the angled guidance finger structure (e.g., 216, 240 of FIG. 3A). It will also be appreciated that the
lower elbow region 120 may be implemented in other types of pumps and/or with other types of
valves such as flap valves or the like. Similarly, the angled guidance finger structures (e.g., 216,

240 of FIG. 3A) may be implemented with other types of pumps.

[0072]  Referring again to FIGURE 4, the pump comprises both the lower elbow region 120
substantially described in FIGURE 9 and the angled guidance finger structures 216, 240
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substantially described in FIGURES 3A-8D. In FIGURE 4, the first lower ball check valve 254 is
in the seated position, the first ball check valve 112 is in the unseated position, the second lower
ball check valve 252 is in the unseated position, and the second ball check valve 114 is in the
seated position. A first lower elbow region 120a is arranged below the first lower ball check valve
254, and a second lower elbow region 120b is arranged below the second lower ball check valve
252, wherein the first and second lower elbow regions 120a, 120b respectively comprise first and

second elbow inlet cavities 122a, 122b.

[0073]  During operation of the pump, when the second lower ball check valve 252 is in the
unseated position, fluid flows into the pump via the pump entry inlet 248, flows through the main
inlet portion 102 towards the second lower ball check valve 252, and into the second pumping
chamber 232. As the fluid passes the second lower elbow region 120b between the pump entry
inlet 248 and the second lower ball check valve 252, fluid circulates within the second elbow inlet
cavity 122b to reduce cavitation and also to dislodge and remove any debris at the second lower
elbow region 120b. As the fluid fills the second pumping chamber 232, the second diaphragm plate
234 may compress the second pumping chamber 232 due to pressure from air filling the second
diaphragm chamber 224. The second lower ball check valve 252 is then forced closed and the
second ball check valve 114 is forced into the open position for the fluid to flow out of the second
pumping chamber 232, past the second ball check valve 114, and out of the pump exit outlet 250

via the second valve outlet portion 326.

[0074] When the second ball 238 at the second ball check valve 114 unseats into the open
position, the second ball 238 is configured to be off-center from the ball of the second lower ball
check valve 252 due to the second angled guidance finger structure 240, which reduces erosion to
the second ball check valve 114, reduces time for the second ball check valve 114 to switch
between the seated position and the unseated position, and reduces noise pollution produced by
the second ball check valve 114. The offset second ball 238 also improves the fluid flow behavior
predictability. For example, the offset second ball 238 reduces drag on the fluid and increases

pressure above the second ball 238 such that the second ball 238 can seat and unseat faster.

[0075]  As the second lower ball check valve 252 is forced into the closed position and the
second ball check valve 114 is forced into the open position, the first lower ball check valve 254

is forced into the open position and the first ball check valve 112 is forced into the closed position.

20



WO 2023/164450 PCT/US2023/062977

Thus, as the fluid is being pumped out of the second pumping chamber 232, additional fluid enters
the first pumping chamber 202 via the pump entry inlet 248 and the main inlet portion 102. Due
to the first lower elbow region 120a, cavitation and debris at the first lower elbow region 120a are
reduced. As fluid flows into the first pumping chamber 202, the first diaphragm chamber 222 fills
with air and forces the first ball check valve 112 into the open position and the first lower ball
check valve 254 into the closed position. Thus, fluid is then forced out of the first pumping
chamber 202, past the first angled guidance finger structure 216 at the first ball check valve 112,
and out of the pump exit outlet 250 via the first valve outlet portion 324.

[0076] When the first ball 204 of the first ball check valve 112 unseats into the open position,
the first ball 204 is configured to be off-center from the ball of the first lower ball check valve 254
due to the first angled guidance finger structure 216, which reduces erosion to the first ball check
valve 112, reduces time for the first ball check valve 112 to switch between the seated position
and the unseated position, and reduces noise pollution produced by the first ball check valve 112.
The offset first ball 204 also improves the fluid flow behavior predictability. For example, the
offset first ball 204 reduces drag on the fluid and increases pressure above the first ball 204 such

that the first ball 204 can seat and unseat faster.

[0077]  The first and second pumping chambers 202, 232 continue to shift between suction and
discharge stages as air is shifted between the first and second diaphragm chambers 222, 224 to
continuously pump fluid between the pump entry inlet 248 and the pump exit outlet 250. Because
of the first and second lower elbow regions 120a, 120b and because of the first and second angled
guidance finger structures 216, 240, fluid flow throughout the pump is improved, noise from the

pump is reduced, and longevity of the pump is increased.

[0078] The word “exemplary” is used herein to mean serving as an example, instance or
illustration. Any aspect or design described herein as “exemplary” is not necessarily to be
construed as advantageous over other aspects or designs. Rather, use of the word exemplary is
intended to present concepts in a concrete fashion. As used in this application, the term “or” is
intended to mean an inclusive “or” rather than an exclusive “or.” That is, unless specified
otherwise, or clear from context, “X employs A or B” is intended to mean any of the natural
inclusive permutations. That is, if X employs A; X employs B; or X employs both A and B, then

“X employs A or B” is satisfied under any of the foregoing instances. Further, at least one of A
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and B and/or the like generally means A or B or both A and B. In addition, the articles “a” and
“an” as used in this application and the appended claims may generally be construed to mean “one

or more” unless specified otherwise or clear from context to be directed to a singular form.

[0079]  Although the subject matter has been described in language specific to structural
features and/or methodological acts, it is to be understood that the subject matter defined in the
appended claims is not necessarily limited to the specific features or acts described above. Rather,
the specific features and acts described above are disclosed as example forms of implementing the
claims. Of course, those skilled in the art will recognize many modifications may be made to this

configuration without departing from the scope or spirit of the claimed subject matter.

[0080]  Also, although the disclosure has been shown and described with respect to one or more
implementations, equivalent alterations and modifications will occur to others skilled in the art
based upon a reading and understanding of this specification and the annexed drawings. The
disclosure includes all such modifications and alterations and is limited only by the scope of the
following claims. In particular regard to the various functions performed by the above described
components (e.g., elements, resources, etc.), the terms used to describe such components are
intended to correspond, unless otherwise indicated, to any component which performs the
specified function of the described component (e.g., that is functionally equivalent), even though
not structurally equivalent to the disclosed structure which performs the function in the herein

illustrated exemplary implementations of the disclosure.

[0081] In addition, while a particular feature of the disclosure may have been disclosed with
respect to only one of several implementations, such feature may be combined with one or more
other features of the other implementations as may be desired and advantageous for any given or
particular application. Furthermore, to the extent that the terms “includes,” “having,” “has,”
“with,” or variants thereof are used in either the detailed description or the claims, such terms are

intended to be inclusive in a manner similar to the term “comprising.”

[0082] The implementations have been described, hereinabove. It will be apparent to those
skilled in the art that the above methods and apparatuses may incorporate changes and
modifications without departing from the general scope of this invention. It is intended to include
all such modifications and alterations in so far as they come within the scope of the appended

claims or the equivalents thereof.
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What is claimed is:

A pump comprising:
a valve inlet portion comprising a longitudinal axis extending in a first direction;
a valve outlet portion coupled to the valve inlet portion; and

a ball check valve arranged between the valve inlet portion and the valve outlet portion,

wherein the ball check valve comprises:

2.

a sealing ring arranged over the valve inlet portion, wherein the sealing ring has
an inner diameter smaller than an inner diameter of the valve inlet portion; and

a ball arranged over the sealing ring, wherein a diameter of the ball is greater than
the inner diameter of the sealing ring,

wherein the ball is configured to move between a seated position to prevent fluid
flow between the valve inlet and valve outlet portions and an unseated position to allow
fluid flow between the valve inlet and valve outlet portions, wherein a central axis of the
ball extends through a center of the ball and in the first direction, wherein the central axis
is coincident with the longitudinal axis when the ball is in the seated position, and
wherein the central axis is offset from the longitudinal axis when the ball is in the

unseated position.

The pump of claim 1, wherein the valve outlet portion extends in a second direction

perpendicular to the first direction.

3.

The pump of claim 1, wherein when the ball is in the unseated position, fluid is

configured to flow toward a pump exit outlet after passing through the ball check valve, and

wherein the central axis of the ball is between the longitudinal axis and the pump exit outlet

when the ball is in the unseated position.

4.

The pump of claim 1, wherein the ball check valve further comprises:

a plurality of guidance finger structures arranged above the sealing ring and configured to

confine the ball to a ball check valve region arranged between the valve inlet and valve outlet
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portions, wherein the guidance finger structures protrude towards the longitudinal axis from an

inner sidewall of the ball check valve region.

5. The pump of claim 4, wherein a first guidance finger structure of the plurality of
guidance finger structures is configured to guide the central axis of the ball to be offset from the

longitudinal axis when the ball is in the unseated position.

6. The pump of claim 5, wherein the first guidance finger structure has an outer sidewall
that is arranged at an angle such that a distance between the outer sidewall and the longitudinal

axis decreases as the distance is measured away from the sealing ring.

7. The pump of claim 1, further comprising an inlet elbow, the inlet elbow comprising fluid
passageway, wherein the fluid passageway comprises an elbow inlet passageway defined by an
inlet aperture and an elbow outlet passageway defined by an outlet aperture and in fluid
communication with the elbow inlet passageway and the valve inlet portion, wherein the inlet
aperture has a radius of Ri and the outlet aperture has a radius Ro;

wherein Ro is greater than Ri, and wherein the change in Ro and Ri is configured to

decrease the velocity of the fluid moving through the inlet elbow.

8. The pump of claim 7, wherein the inlet elbow further comprises an elbow inlet cavity, the
elbow inlet cavity is configured to increase the cross-sectional area of the fluid passageway of

the inlet elbow.

9. The pump of claim 7, wherein the inlet elbow further comprises an elbow inlet cavity, the
elbow inlet cavity extends below the elbow inlet passageway such that a bottommost portion of

the elbow inlet cavity is below a bottommost surface of the elbow inlet passageway.
10. The pump of claim 9, wherein the elbow inlet passageway comprises a centerline extending

in a horizontal direction through a center of a circular cross-section of the elbow inlet passageway,

wherein the elbow inlet cavity comprises a centerline extending in the horizontal direction and

24



WO 2023/164450 PCT/US2023/062977

through a center of the elbow inlet cavity, and wherein the center of the elbow inlet cavity is

disposed above the bottommost portion by a distance equal to Ro.

11.  The pump of claim 10, wherein the centerline of the elbow inlet cavity is parallel with the
centerline of the elbow inlet passageway and disposed below and offset from the centerline of the

elbow inlet passageway.

12.  The pump of claim 10 wherein the centerline of the elbow inlet cavity is vertically offset

from the centerline of the elbow inlet passageway.

13. A pump comprising:

an inlet;

an outlet;

at least one pumping chamber defined by a pumping chamber housing and a diaphragm,
the pumping chamber further comprising a pumping chamber inlet and a pumping chamber
outlet; and

at least one inlet elbow, the inlet elbow comprising a fluid passageway, wherein the fluid
passageway comprises an elbow inlet passageway defined by an inlet aperture in fluid
communication with the inlet and an elbow outlet passageway defined by an outlet aperture in
fluid communication with pumping chamber inlet, wherein the inlet aperture has a radius of Ri
and the outlet aperture has a radius Ro;

wherein Ro is greater than Ri, and wherein the change in Ro and Ri is configured to

decrease the velocity of the fluid moving through the inlet elbow.

14. The pump of claim 13, wherein the inlet elbow further comprises an elbow inlet cavity,
the elbow inlet cavity is configured to increase the cross-sectional area of the fluid passageway

of the inlet elbow.
15.  The pump of claim 13, wherein the inlet elbow further comprises an elbow inlet cavity,

the elbow inlet cavity extends below the elbow inlet passageway such that a bottommost portion

of the elbow inlet cavity is below a bottommost surface of the elbow inlet passageway.
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16. The pump of claim 15, wherein the elbow inlet passageway comprises a centerline
extending in a horizontal direction through a center of a circular cross-section of the elbow inlet
passageway, wherein the elbow inlet cavity comprises a centerline extending in the horizontal
direction and through a center of the elbow inlet cavity, and wherein the center of the elbow inlet

cavity is disposed above the bottommost portion by a distance equal to Ro.

17.  The pump of claim 16, wherein the centerline of the elbow inlet cavity is parallel with the
centerline of the elbow inlet passageway and disposed below and offset from the centerline of the

elbow inlet passageway.

18.  The pump of claim 16, wherein the centerline of the elbow inlet cavity is vertically offset

from the centerline of the elbow inlet passageway.

19. The pump of claim 13, further comprising:
a valve inlet portion disposed proximate the outlet aperture and comprising a
longitudinal axis extending in a first direction;
a valve outlet portion coupled to the valve inlet portion; and
a ball check valve arranged between the valve inlet portion and the valve outlet portion,
wherein the ball check valve comprises:
a sealing ring arranged over the valve inlet portion, wherein the sealing ring has
an inner diameter smaller than an inner diameter of the valve inlet portion;
a ball arranged over the sealing ring, wherein a diameter of the ball is greater than
the inner diameter of the sealing ring; and
a plurality of guidance finger structures arranged above the sealing ring and
configured to confine the ball to a ball check valve region arranged between the valve
inlet and valve outlet portions, wherein the guidance finger structures protrude towards
the longitudinal axis from an inner sidewall of the ball check valve region,
wherein the ball is configured to move between a seated position to prevent fluid
flow between the valve inlet and valve outlet portions and an unseated position to allow

fluid flow between the valve inlet and valve outlet portions, wherein a central axis of the
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ball extends through a center of the ball and in the first direction, wherein the central axis
is coincident with the longitudinal axis when the ball is in the seated position, and
wherein the central axis is offset from the longitudinal axis when the ball is in the

unseated position.

20. A pump comprising:
an inlet;
an outlet;
at least one pumping chamber defined by a pumping chamber housing and a diaphragm,
the pumping chamber further comprising a pumping chamber inlet and a pumping chamber
outlet;
a valve inlet portion comprising a longitudinal axis extending in a first direction;
a valve outlet portion coupled to the valve inlet portion;
a ball check valve arranged between the valve inlet portion and the valve outlet portion,
wherein the ball check valve comprises:
a sealing ring arranged over the valve inlet portion, wherein the sealing ring has
an inner diameter smaller than an inner diameter of the valve inlet portion; and
a ball arranged over the sealing ring, wherein a diameter of the ball is greater than
the inner diameter of the sealing ring; and
wherein the ball is configured to move between a seated position to prevent fluid
flow between the valve inlet and valve outlet portions and an unseated position to allow
fluid flow between the valve inlet and valve outlet portions, wherein a central axis of the
ball extends through a center of the ball and in the first direction, wherein the central axis
is coincident with the longitudinal axis when the ball is in the seated position, and
wherein the central axis is offset from the longitudinal axis when the ball is in the
unseated position; and
at least one inlet elbow, the inlet elbow comprising a fluid passageway, wherein the fluid
passageway comprises an elbow inlet passageway defined by an inlet aperture in fluid
communication with the inlet and an elbow outlet passageway defined by an outlet aperture
proximate the valve inlet portion and in fluid communication with pumping chamber inlet,

wherein the inlet aperture has a radius of Riand the outlet aperture has a radius Ro;
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wherein Ro is greater than Ri, and wherein the change in R, and Ri is configured to

decrease the velocity of the fluid moving through the inlet elbow.
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