PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 :

(11) International Publication Number:

WO 00/08336

F04B 43/06, 43/10, 13/02, 7/02, F16K A2 . o
15/06, GO1F 11/04, 11/36 (43) International Publication Date: 17 February 2000 (17.02.00)
(21) International Application Number: PCT/US99/16908 | (81) Designated States: AU, BR, CN, JP, KR, European patent

(22) International Filing Date: 27 July 1999 (27.07.99)

(30) Priority Data:

09/129,592 5 August 1998 (05.08.98) US

(71) Applicant: SHURFLO PUMP MANUFACTURING CO.
[US/US]; 12650 Westminster Avenue, Santa Ana, CA
92706-2100 (US).

(72) Inventor: TUELL, Elden, C.; 3115 S.W. Stafford, Topeka, KS
66604-1643 (US).

(74) Agent: UXA, Frank, J.; Stout, Uxa, Buyan & Mullins, LLP, 4
Venture #300, Irvine, CA 92618 (US).

(AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT,
LU, MC, NL, PT, SE).

Published
Without international search report and to be republished
upon receipt of that report.

(54) Title: FLUID DRIVEN PUMP AND PORTIONING CHECK VALVE

(57) Abstract

A pump includes a housing (12), an en-
larged block (32), an inlet fluid conduit (26), an
outlet fluid conduit (38) and a flexible diaphragm
(46). The housing defines a chamber (14) having
an inlet (10) and a spaced apart outlet (18). The
enlarged block (32) is located in the chamber and
has a first region (30) and a spaced apart second
region (40). The inlet fluid conduit (28) extends
into the chamber (14), terminates at or near the
first region (30) of the enlarged block (32) and
has at least one fluid inlet aperture (34) in the
chamber. The outlet fluid conduit (38) extends
into the chamber (14), terminates at or near the
second region (40) of the enlarged block (32) and
has at least one fluid outlet aperture (42) in the
chamber. The flexible diaphragm is located in the
chamber and is moveable between a first position
in which a working fluid from the inlet fluid con-
duit is prevented from passing toward the outlet
fluid conduit and a second position in which the
working fluid from the inlet fluid conduit is al-
lowed to pass toward the outlet fluid conduit.
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WO 00/08336 PCT/US99/16908

FLUID DRIVEN PUMP AND
PORTIONING CHECK VALVE

Background of the Invention

The present invention relates to fluid driven pumps
and portioning check valves, for example, useful with such
pumps. More particularly, the invention relates to fluid
driven pumps which employ flexible diaphragms to obtain
pumping action and to portioning, preferably adjustable
portioning, check valves useful to control fluid flow, such
as the flow of fluid pumped by the present pumps.

Fluid driven pumps are well known in the art for
pumping other fluids. For example, a working fluid, such
as compressed air, can be used to power a piston or expand
a diaphragm thereby creating a pumping force which can be
used to pump another fluid. In many instances, such pumps
require that the flow rate of the working fluid be
controlled so as to control the flow rate of the pumped
fluid. Such control mechanisms can be relatively complex
and can require relatively frequent maintenance.

In many instances, a concentrate material is pumped at
a set or controlled rate after which it is mixed with a set
amount of diluent, for example, liquid water, to provide a
composition which is used for a valuable purpose, such as
feeding or otherwise treating plants, as well as many other
applications. Systems for producing such mixed
compositions often include relatively sophisticated
metering pumps to insure that the proper amount of
concentrate is combined with the desired amount of diluent.

It would be advantageous to provide fluid driven pumps
which are straightforward and effective, such as pumps for

concentrates useful in combination with diluents.



WO 00/08336 PCT/US99/16908

10

15

20

25

30

Summary of the Invention

New fluid driven pumps, and portioning check valves,
for example, useful with such pumps, have been discovered.
In addition, methods for pumping fluids and for producing
mixed compositions are also provided. The present pumps
are straightforward in design and construction, are easy to
ugse and control and require reduced maintenance. For
example, the flow rates of the pumped fluids preferably are
controlled without varying the flow rate of the working
fluid. The present portioning check valves are
straightforward in construction, easy to produce and use
and very effectively control the flow rate of fluid
therethrough. Such portioning check wvalves are of
particular use in combination with the present pumps. The
present methods of pumping fluid and producing combined or.
mixed compositions take advantage of the present pumps, and
preferably the present portioning check valves, to very
effectively produce compositions with a controlled chemical
makeup useful for the application desired. Such methods
are very convenient to practice, achieve excellent results
and use equipment which is straightforward.

In one broad aspect of the present invention, pumps
are provided which comprise a housing, an enlarged block,
an inlet fluid conduit, an outlet fluid conduit and a
flexible diaphragm. The housing defines a chamber having
an inlet and a spaced apart outlet. The enlarged block is
located in the chamber and has a first region and a spaced
apart second region. The inlet fluid conduit extends into
the chamber and terminates at or near the first region of
the enlarged block. The inlet fluid conduit has at least
one fluid aperture in the chamber, preferably in proximity
to the first region of the enlarged block. The outlet
fluid conduit extends into the chamber and terminates at or

near the second region of the enlarged block. The outlet
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fluid conduit has at least one fluid outlet aperture in the
chamber, preferably in proximity to the second region of
the enlarged block.

The flexible diaphragm is located in the chamber and
is moveable between a first position and a second position.
In the first position of the flexible diaphragm, the
working fluid from the inlet fluid conduit is prevented
from passing toward the outlet £fluid conduit. In the
second position, the working fluid from the inlet fluid
conduit is allowed to pass toward the outlet fluid conduit.
The movement of the flexible diaphragm between the first
and second positions in the chamber is believed to create
the pumping action which allows fluid passing into the
chamber through the inlet to be pumped out of the chamber
through the outlet.

The flexible diaphragm preferably is moveable from the
first position to the second position in response to
working fluid flowing from the fluid inlet aperture or
apertures.

The present pumps preferably include an inlet passage
in fluid communication with the inlet and an outlet passage
in fluid communication with the outlet. An inlet check
valve is located in the inlet passage and is adapted to
prevent fluid being pumped from exiting the chamber. An
outlet check valve is located in the outlet passage is
adapted to prevent pumped fluid from entering the chamber.
The combination of the inlet and outlet check valves,
together with the movement of the flexible diaphragm
between the first and second positions, is very effective
in providing a positive flow of pumped fluid from the inlet
passage upstream of the inlet check valve through the
chamber and into the outlet passage downstream of the
outlet check valve.

In a very useful embodiment, the flexible diaphragm,

preferably made of polymeric material, such as
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polyethylene, polyurethane, 1latex, other thermoplastic
polymeric materials and the 1like, is stretched over a
portion of the enlarged block. 1In one particularly useful
embodiment, the flexible diaphragm substantially surrounds
the enlarged block.

The first region of the enlarged block preferably is
a first end of the enlarged block and the second region of
the enlarged block preferably is a substantially opposing
second end of the enlarged block. The flexible diaphragm
more preferably is stretched over a portion of the enlarged
block between the first and second ends. It is very
effective to have the flexible diaphragm sealingly secured
to both the inlet fluid conduit and the outlet fluid
conduit. Such arrangement provides very effective pumping
action as the flexible diaphragm cycles between the first
and second positions.

Preferably, the pump includes a plurality of fluid
inlet apertures and a plurality of fluid outlet apertures.
More preferably, the fluid inlet apertures are
substantially equally spaced apart around the inlet fluid
conduit and the fluid outlet apertures are substantially
equally spaced apart around the outlet fluid conduit. This
configuration provides that the diaphragm is moved very
consistently between the first and second positions, for
example, so that a very uniform pumping action is achieved.

In one very useful embodiment, the configuration of
the outlet check valve is adjustable to control the flow
rate of pumped fluid. In a specific embodiment, the outlet
check wvalve includes a valve housing, a valve seat, a
spaced apart additional valve seat and a valve element.
The valve housing, valve seat and additional valve seat
together define a valve chamber having a valve inlet and a
valve outlet. The valve element is adapted to move away
from the valve seat to allow pumped fluid to leave the

chamber of the pump and to contact the valve seat to
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prevent pumped fluid from the valve chamber from entering
the chamber of the pump. The additional valve seat is
positioned so that after the valve element moves a certain
distance away from the valve seat, referred to the travel
distance of the valve element, it contacts the additional
valve seat and prevents fluid from leaving the wvalve
chamber through the valve outlet. The valve is structured
or adapted so that the flow of pumped fluid causes the
valve element to move the travel distance.

The outlet check valve preferably further comprises a
bias member adapted to contact the wvalve element and to
bias the valve element to contact the valve seat. 1In other
words, the outlet check valve is biased in the closed
position. The travel distance of the wvalve element
preferably is adjustable to control the flow rate of pumped
fluid out of the chamber of the pump. In a particularly
effective embodiment the flow rate of pumped fluid out of
the chamber of the pump is directly proportional to the
travel distance. That is, the longer the travel distance
of the valve element in the outlet check valve, the larger
the net flow rate of fluid out of the chamber of the pump.

In another broad aspect of the present invention
methods for pumping a fluid are provided. Such methods
comprise passing a fluid to be pumped to the inlet of a
pump in accordance with the present invention. A working
fluid, preferably a working liquid, is passed through the
inlet fluid conduit at a sufficient rate to cause the
flexible diaphragm to cycle between the first position and
the second position. This causes the working fluid to flow
into the outlet fluid conduit and pumped fluid to pass out
of the chamber through the outlet.

In a very useful embodiment, the working fluid is an
aqueous liquid, for example, municipal water, potable
water, other aqueous 1liquid materials and the like.

However, it should be understood that any suitable working
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fluid, preferably working liquid, may be employed in
accordance with the present invention. The flow rate of
the working fluid can be maintained substantially constant.
Even with a constant working fluid flow rate, by adjusting
the travel distance in the outlet check valve, the flow
rate of pumped liquid can be varied, as desired. This is
one important advantage of the present invention since the
flow rate of the working fluid need not be varied or
adjusted in order to control the flow rate of the pumped
liguid.

Any suitable fluid may be pumped using the present
pump and/or system to provide pumped fluid for any suitable
application. The pumped fluids, for example, liquids, can
be used in a great number of applications. Gaseous
materials can also be pumped using the present invention.

In one embodiment, the pumped fluid passed out of the
chamber through the outlet is combined with the working
fluid from the outlet fluid conduit to form a combined
material or composition. Because the flow rates of both
the working fluid and the pumped fluid preferably are
substantially constant at predetermined values, the final
combined material or composition has a predetermined
chemical makeup. The portioning outlet check valve,
described herein, used in combination with the present
pump, very effectively provides for control of the flow
rate of the pumped fluid so that the chemical makeup of the
final combined composition can be predetermined. Thus, the
chemical makeup of the final combined material is as
desired and is obtained with reduced complexity relative to
prior art systems involving relatively complex chemical
metering pumps. Further, because the flow of the working
fluid, which ends up being the diluent, is used to pump the
concentrate, that is the pumped fluid from the chamber, a
unified system is provided.

In another broad aspect of the present invention,
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check valves, for example, useful as outlet check valves
useful with the present pumps, are provided. Such valves
include a valve housing, a valve seat, a valve element and
an additional valve seat. The valve seat is positioned and
adapted to define, together with the valve housing and the
additional valve seat, a valve chamber having an inlet and
a spaced apart outlet. The valve element is positioned and
adapted to be moveable within the valve chamber over a
travel distance between a first position in which the valve
element contacts the valve seat to prevent fluid flow
through the inlet and a second position in which the valve
element contacts the additional valve seat to prevent fluid
flow through the outlet. The valve is structured so that
the travel distance is adjustable and to allow fluid flow
through the inlet when the valve element is moving away.
from the valve seat.

In one useful embodiment, the size of the wvalve
chamber is adjustable. The relative position of the valve
seat and the additional valve seat is adjustable, for
example, to adjust the size of the valve chamber and/or the
travel distance of the valve element. In a very useful
embodiment, the present check valves further comprise a
bias member adapted to contact the valve element and to
bias the valve element to contact the valve seat.

As noted above, the valves described immediately above
are particularly useful when used as outlet check valves in
combination with the present pumps.

Each and every combination of two or more features
described herein is included within the scope of the
present invention provided that such features are not
mutually inconsistent.

These and other aspects and advantages of the present
invention are apparent in the following detailed
description and claims, particularly when considered in

conjunction with the accompanying drawings in which like
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parts bear like reference numerals.

Brief Desgcription of the Drawings

Fig. 1 is a schematic illustration, partly in cross-
section, of one embodiment of a pump in accordance with the
present invention.

Fig. 2 1is a side view in cross-section of one
embodiment of an outlet check valve useful with the pump
illustrated in Fig. 1.

Fig. 3 is a side view in cross-section of another
embodiment of an outlet check valve useful with the pump
illustrated in Fig. 1.

Fig. 4 is a illustration of a flow system used in
producing a mixed composition using the pump illustrated in
Fig. 1 and the outlet check valve illustrated in Fig. 3.

Detailed Description of the Drawings

Referring now to the drawings and in particular Fig.
1, a pump in accordance with the present invention, shown
generally at 10, includes a housing 12 defining a chamber
14, an inlet 16 and an outlet 18. The housing also
includes a first through opening 20 on a generally opposing
second through opening 22. Through openings 20 and 22
provide access to the chamber from outside the housing.
Further, the housing defines an inlet passage 24 in fluid
communication with the inlet 16 and chamber 14 and an
outlet passage 26 in fluid communication with the outlet 18
and the chamber.

An inlet fluid conduit 28 extends from a source of
ligquid water through first through opening 20 and
terminates in chamber 14. Inlet fluid conduit 28
terminates at and is secured to the first end 30 of
enlarged block member 32. A series of inlet conduit

apertures 34 are equally spaced around the periphery of
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inlet fluid conduit 28 and provide flow paths for liquid
water passing out of the hollow space 36 defined by the
inlet fluid conduit.

An outlet fluid conduit 38 extends from outside the
chamber 14 through second through opening 22 and terminates
at and is secured to the second end 40 of block member 32.
First end 30 and second end 40 of block member 32 are
generally opposed to each other, as shown in Fig. 1.
Outlet fluid conduit 38 includes a series of outlet conduit
apertures 42 equally spaced around the periphery of the
outlet fluid conduit. Outlet conduit apertures 42 provide
flow paths for water to pass into the hollow space 44 of
outlet fluid conduit 38 to allow water to be removed from
chamber 14.

An elongated flexible, tubular diaphragm 46 is
positioned about the inlet fluid conduit 28, block member
32 and outlet fluid conduit 38, as shown in Fig. 1. In
particular, a first end region 48 of diaphragm 46 is
located about inlet fluid conduit 28 outside the chamber
14. The housing 12, diaphragm 46 and inlet fluid conduit
28 are structured so as to seal the chamber 14 at the first
through opening 20. Similarly, diaphragm 46 includes a
second end region 50 which is located about outlet fluid
conduit 38 outside the chamber 14. The housing 12,
diaphragm 46 and outlet fluid conduit 38 are structured so
as to seal the chamber 14 at the second through opening 22.
These seals may include O-rings, and/or other conventional
seal assemblies. Such seals at the first through opening
20 and the second through opening 22 are effective to
prevent the working fluid, that is liquid water from the
first inlet fluid conduit 28, from leaving the chamber 14
other than through the hollow space 44 of outlet fluid
conduit 38. In addition, such seals are effective to
insure that the pumped liquid leaves chamber 14 through
outlet 18 and outlet passage 26.
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The portion 52 of the diaphragm 46 located within the
chamber 14 is positioned about inlet fluid conduit 26,
block member 32 and outlet fluid conduit 38. In
particular, diaphragm portion 52 is stretched over the
central periphery 54 of the block member 32 which extends
between the first end 30 and the second end 40. That is to
say, with no liquid water passing through the inlet fluid
conduit 28, the diaphragm portion 52 is maintained taut
against the central periphery 54 of the block member 32.
The central periphery 54 of block member 32 may have any
suitable configuration provided that the block member
functions as described herein. The central periphery 54
can have a curved profile between first end 30 and second
end 40, for example, as illustrated in Fig. 1, or can have
a flat (straight line) profile or a combination flat and
curved profile between the first and second ends. The
diaphragm 46 may be made of any suitable material which has
sufficient flexibility and durability to perform in
accordance with the present invention. Examples of such
materials of construction useful for diaphragm 46 include
polyethylene, polyurethane, latex and the like.

The combination of inlet fluid conduit 28, block
member 32 and outlet fluid conduit 38, together with
diaphragm 46 and housing 12, is configured so that the only
possible flow path for the working fluid, liquid water,
passing through hollow space 36 into chamber 14 out of the
chamber is by passage from inlet conduit apertures 36,
around central periphery 54, into outlet conduit apertures
42 and through hollow space 44. In addition, the block
member 32 as shown in Fig. 1, has a generally right
circular cylindrical configuration. However, the shape of
block member 32 can be varied to any suitable
configuration. Preferably, the block member 32 has a
larger cross-section than either the inlet fluid conduit 28

or the outlet fluid conduit 38. In other words, the block



WO 00/08336 PCT/US99/16908

10

15

20

25

30

35

11

member 32 is enlarged, substantially perpendicular to the
general direction of flow of the working fluid through pump
10, relative to either the inlet fluid conduit 28 or the
outlet fluid conduit 38.

Inlet check valve 60 is located in inlet passage 24
and is effective to prevent fluid being pumped by pump 10
from exiting chamber 14. 1Inlet check valve 60 may be of
any suitable construction effective to perform the function
described herein. Conventional check valves which are
readily available may be employed for this purpose.

An outlet check valve 70 is located in the outlet
passage 26. Outlet check valve 70 is effective to prevent
fluid which has been pumped by pump 10 from entering, that
is re-entering, chamber 14. Any suitable check wvalve
effective to perform the function described herein, for
example, of conventional design, may be employed as outlet
check wvalve 70.

With specific reference to Fig. 2, outlet check valve
70 includes a first hollow housing member 72 defining an
outlet 74 and a second hollow housing member 75 defining an
inlet 77. First and second housing members 72 and 75 abut
each other, and form an enlarged hollow space 82. Second
housing member 75 includes a valve seat 88, while first
housing member 72 includes an additional valve seat 89. 1In
addition, a valve element 90 is coupled to second housing
member 75. This valve element 90 includes a poppet 91, an
elongated shaft 92, a back stop 94 and a spring 96. Spring
96 is biased to provide a force to maintain poppet 90 in
contact with valve seat 88. In other words, valve 70 is
biased to be in the closed position. When flow occurs, in
the direction shown by the arrow in Fig. 2, the poppet 91
moves away from the valve seat 88 to allow such flow.

Pump 10 functions as follows. A liquid concentrate
material, for example, a fertilizer concentrate, a

herbicide concentrate or the like, is provided to the inlet
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passage 24. Liquid water at a constant pressure and
constant flow rate, for example, from a municipal water
supply, 1is passed into hollow space 36 of inlet fluid
conduit 28. Although liquid water is illustrated as the
working fluid, any other suitable fluid, preferably liquid,
may be employed as the working fluid. In addition,
although a liquid concentrate is illustrated as being
pumped, any suitable fluid, for example, liquid water,
aqueous solutions, and other liquids and fluids, may be
pumped in accordance with the present invention.A Over time
the working fluid is passed into chamber 14 from inlet
fluid conduit 28 and out of the chamber through outlet
fluid conduit 38. This flow of working fluid creates a
pumping action, for example, as described herein, which
causes liquid concentrate to be pumped by pump 10.

Without wishing to 1limit the invention to any
particular theory of operation, it is believed that the
flow of 1liquid water in inlet fluid conduit 28 causes
liquid water to pass out of inlet conduit apertures 34
which, in turn, causes the diaphragm 46 to move away from
the block member 32, in particular away from the central
periphery 54 of the block member. This movement of the
diaphragm 46 away from the block member 32 relieves the
pressure of water by passing water through the outlet
conduit apertures 42. This reduced pressure causes the
diaphragm 46 to return toward its initial position, that
is, stretched tautly against the central periphery 54 of
block member 32.

The liquid water that passes between the diaphragm 46
and the block member 32 during the time that the diaphragm
is separated from the block member passes toward, and
eventually into, the outlet conduit apertures 42 and then
out of chamber 14 through hollow space 44 of outlet fluid
conduit 38.

The movement of diaphragm 46 between a position in
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which substantially no water from apertures 34 passes
around the central periphery 54 of block member 32 (the
first position of the diaphragm) and a position in which
gsuch liquid water is allowed to pass around the central
periphery of the block member (the second position of the
diaphragm) is believed to create a pumping action within
chamber 14. The diaphragm 46 cycles between its first
position and its second position quite frequently, for
example, at least one time per second.

With the diaphragm 46 in the first position, inlet
check valve 60 is open and liquid concentrate is allowed to
pass through inlet passage 24 into chamber 14. Outlet
check valve 70 is closed with the diaphragm 46 in the first
position, thus preventing pumped fluid downstream from the
outlet check valve from returning to the chamber 14.

With diaphragm 46 in the second position, inlet check
valve 60 is closed preventing any liquid concentrate in
chamber 14 from exiting the chamber through the inlet
passage 24. With diaphragm 46 in the second position,
outlet check valve 70 moves away from valve seat 88 to
allow pumped fluid from chamber 14 and outlet passage 26 to
leave the pump 10. The poppet 91 moves away from valve
seat 88 and into contact with additional wvalve seat 89
(shown in shadow lines in Fig. 2). With poppet 91 1in
contact with additional valve seat 89 no additional pumped
fluid is allowed to flow into outlet 74. In this manner,
the flow rate of the pumped fluid is controlled.

In a particularly useful embodiment, the outlet check
valve is adjustable so as to control the flow rate of the
pumped concentrate from the pump 10.

Fig. 3 illustrates an embodiment of an outlet check
valve, shown generally at 170, which is adjustable.

With reference to Fig. 3, outlet check wvalve 170
includes a hollow housing 172 defining an additional wvalve

seat 189 and an outlet 174 at one end 176 and an enlarged
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opening at the second, opposing end 178. The inner
sidewall 179 of housing 172 near the second end 178
includes threads 180. The housing 172 is configured to
form an enlarged hollow space 182. A movable valve seat
member 184 is positioned in the enlarged hollow space 182
and extends outwardly beyond the second end 178 of housing
172. Valve seat member 184 includes an outer sidewall 186
which includes threads 187 sized and adapted to matingly
engage the threads 180 of the inner sidewall 179 of housing
172. Valve seat member 184 includes a valve seat 188. 1In
addition, a valve element 190 is coupled to movable valve
seat member 184. This valve element 190 includes a poppet
191, an elongated shaft 192, a back stop 194 and a spring
196. Spring 196 is biased to provide a force to maintain
poppet 190 in contact with valve seat 188. 1In other words,
valve 170 is biased to be in the closed position.

A lock nut 200 is provided to lock or maintain the
position of the movable valve seat member 184 relative to
the housing 172.

When flow occurs, in the direction shown by the arrow
in Fig. 3, the poppet 191 moves away from the valve seat
188 to allow such flow. The poppet 191 moves into contact
with additional valve seat 188. With poppet 191 in contact
with additional valve seat 189, no further pumped fluid is
allowed to pass across the poppet into outlet 174. The
distance between the valve seat 188 and the additional
valve seat 189 is referred to as the travel distance of the
poppet 191. By adjusting the position of movable valve
seat member 184 relative to housing 172 (by engaging or
disengaging threads 180 and 187), the travel distance can
be adjusted and the flow rate of the pumped fluid can be
controlled and adjusted.

With regard to the operation of pump 10, the larger
the travel distance of poppet 191, the larger the net flow

rate of pumped fluid from chamber 14 across outlet check
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valve 170. Thus, by controlling the position of the
movable valve seat member 184 relative to the housing 172,
the travel distance can be adjusted and the flow rate of
the pumped fluid from pump 10 can be very conveniently,
easily and effectively controlled.

Using such a flow control system, the ratio of working
fluid, that is 1liquid water passing into inlet fluid
conduit 28, to the amount of concentrate leaving chamber 14
across outlet check valve 170 can be very effectively
controlled.

Fig. 4 illustrates one very useful application of the
present invention. In Fig. 3, a working fluid, that is,
water from inlet fluid conduit 28, 1is used to create
pumping action in pump housing 12, as described herein.
The liquid water exits pump housing 12 in outlet fluid
conduit 38. Concentrate to be pumped passes across inlet
check valve 60 and into pump housing 12, and out of pump
housing 12 across outlet check valve 170 into line 104.
The water in outlet fluid conduit 38 is combined with the
pumped concentrate in line 104 to form a final composition
in line 106. This final composition in line 106 can then
be transported for use, as desired. Because the relative
amounts of liquid water in outlet fluid conduit 38 and of
pumped concentrate in line 104 are controlled or
predetermined, for example, by controlling the travel
distance of poppet 191, the chemical make-up of the final
composition in line 106 is as  desired. This desired
composition is produced without complex metering pumps,
flow meters or other relatively sophisticated equipment.

The use of the present pump 10, particularly in
combination with the portioning outlet check valve 170 as
described herein, very effectively produces a combined
composition having a known chemical make-up, as desired.
Such chemical composition is produced using the present

system which 1is straightforward, easy to operate and
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provides very effective results.

While this invention has been described with respect
to various specific examples and embodiments, it is to be
understood that the invention is not limited thereto and

5 that it can be variously practiced within the scope of the

following claims.
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What is Claimed is:

1. A pump comprising:

a housing defining a chamber having an inlet and
a spaced apart outlet;

an enlarged block located in the chamber and
having a first region and a spaced apart second region;

an inlet fluid conduit extending into the
chamber, terminating at or near the first region and having
at least one fluid inlet aperture in the chamber;

an outlet fluid conduit extending into the
chamber, terminating at or near the second region and
having at least one fluid outlet aperture in the chamber;
and

a flexible diaphragm located in the chamber and
being movable between a first position in which a working
fluid from the inlet fluid conduit is prevented from
passing toward the outlet fluid conduit and a second
position in which the working fluid from the inlet fluid

conduit is allowed to pass toward the outlet fluid conduit.

2. The pump of claim 1 wherein the flexible
diaphragm is movable between the first and second positions
in response to working fluid flowing from the at least one

fluid inlet aperture.

3. The pump of claim 1 which includes an inlet
passage in fluid communication with the inlet and an outlet
passage in fluid communication with the outlet, an inlet
check valve in the inlet passage adapted to prevent fluid
being pumped from exiting the chamber and an outlet check
valve in the outlet passage adapted to prevent pumped fluid

from entering the chamber.
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4. The apparatus of claim 3 wherein the
configuration of the outlet check wvalve is adjustable to

control the flow rate of pumped fluid.

5. The apparatus of claim 3 wherein the outlet check
valve includes a valve housing, a valve seat and a spaced
apart additional valve seat which together define a valve
chamber having a valve inlet and a spaced apart valve
outlet, and a valve element which moves away from the valve
seat to allow pumped £fluid to leave the chamber, which
contacts the valve seat to prevent pumped fluid from the
valve chamber from entering the chamber and which contacts
the additional valve seat to prevent fluid from leaving the

valve chamber through the wvalve outlet.

6. The apparatus of claim 5 which further comprises
a bias member adapted to contact the valve element and to

bias the valve element to contact the valve seat.

7. The apparatus of claim 5 in which the distance
between the valve seat and the additional valve seat is
adjustable to control the flow rate of pumped fluid out of
the chamber.

8. The pump of claim 1 wherein the flexible
diaphragm is stretched over a portion of the enlarged
block.

9. The pump of claim 1 wherein the first region is
a first end of the enlarged block and the second region is

a substantially opposing second end of the enlarged block.

10. The pump of claim 9 wherein the flexible
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diaphragm is stretched over a portion of the enlarged block

between the first and second ends.

11. The pump of claim 1 wherein the flexible
diaphragm is sealingly secured to both the inlet fluid

conduit and the outlet fluid conduit.

12. The apparatus of c¢laim 1 which includes a
plurality of fluid inlet apertures and a plurality of fluid

outlet apertures.

13. The apparatus of claim 12 wherein the fluid inlet
apertures are substantially equally spaced apart around the
inlet fluid conduit and the fluid outlet apertures are
substantially equally spaced apart around the outlet fluid

5 conduit.

14. A method of pumping a fluid comprising:

passing a fluid to be pumped to the inlet of the
pump of claim 1; and

passing working fluid through the inlet £fluid
5 conduit at a sufficient rate to cause the flexible
diaphragm to cycle between the first position and the
second position, thereby causing working fluid to flow in
the outlet fluid conduit and pumped fluid to pass out of
the chamber through the outlet. v

15. The method of claim 14 wherein the working fluid

is a liquid.

16. The method of claim 14 which further comprises:
combining the pumped fluid passed out of the
chamber through the outlet with the working fluid from the

outlet fluid conduit to form a combined material.
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17. The method of claim 16 wherein the combined

material has a controlled composition.

18. A pump comprising:

a housing defining a chamber;

an inlet passage in fluid communication with the
chamber;

an outlet passage in fluid communication with the
chamber;

an inlet check valve in the inlet to prevent
fluid being pumped to exit the chamber;

an outlet check valve in the outlet to prevent
pumped fluid from entering the chamber;

an enlarged block located in the chamber and
having a first end and a substantially opposing second end;.

an inlet conduit extending into the chamber and
terminating at or near the first end of the enlarged block;

at least one inlet aperture in the inlet conduit
in the chamber;

an outlet conduit extending into the chamber and
terminating at or near the second end of the enlarged
block;

at least one outlet aperture in the outlet
conduit in the chamber; and

a flexible diaphragm surrounding the enlarged
block, at least a portion of the inlet conduit in the
chamber, at least a portion of the outlet conduit in the
chamber and having a first position in which a working
fluid from the inlet conduit is prevented from flowing into
the outlet conduit and a second position in which the
working fluid from the inlet conduit is allowed to flow
into the outlet conduit.

19. A valve comprising:

a valve housing;
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a valve seat and a spaced apart additional valve
seat positioned and adapted to define, together with the
valve housing, a valve chamber having an inlet and a spaced
apart outlet; and

a valve element positioned and adapted to be
movable within the wvalve chamber over a travel distance
between a first position in which the valve element
contacts the valve seat to prevent fluid flow through the
inlet and a second position in which the wvalve element
contacts the additional valve seat to prevent fluid flow
through the outlet, the valve being structured so that the
travel distance is adjustable and to allow fluid flow
through the inlet when the valve element is moving away

from the valve seat.

20. The valve of c¢laim 19 wherein the relative
position of the valve seat and the additional valve seat
adjustable.

21. The valve of claim 19 which further comprises a
bias member adapted to contact the valve element and to

bias the valve element to contact the valve seat.
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