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WATER TREATMENT SYSTEM
Technical Field

The present invention relates generally to water treatment and in

particular to a reverse osmosis based water treatment apparatus and method.
Background Art

On demand drinking water systems are known. In one type of system,
a reverse osmosis unit is used to treat and subsequently dispense relatively
small quantities of treated water. In many currently available systems, the
time it takes to fill a glass with the treated water can be unacceptably long.
Consumers desire water treatment systems that dispense treated water
quickly and which do not rely on external power for their operation.

Reverse osmosis-based water treatment systems that do not require
external power are known. An example of such a system is described in U.S.
Patent Nos. 4,650,586 and 6,764,595 and which are both owned by the
assignee of the present application. The systems disclosed in these two
patents have proven successful. However, consumers desire systems
capable of producing and/or dispensing treated water at larger flow rates.

Disclosure of the Invention

The present invention provides a new and improved water treatment

apparatus and method which provides treated water on demand. The system

utilizes a reverse osmosis membrane to produce permeate that is stored in a

feedwater biased storage tank which is generally depressurized when the
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system is producing permeate and is only pressurized when permeate is
being dispensed by the system ar when the tank is full {at the end of g filt

cycle). At the conclusion of a ;peﬂneateé'pmdmmgci cle, the reverse osmosis

membrane is flushed with permeate thatis stored in a permeate accumulator.

According 1o the invention, the water treatment system includes a

permeate output and a concentrate output. A reverse osmosis control valve

controis the com munication of source water with the reverse osmosis module.

A fesdwater biased storage tank stores the permeate produced by the reverse

osmaosis module. A feedwater control valve controls the commuinication of the

source water with a feedwater chamber located in the storage tank A fank

pressurization controt valve r;r;mtmis the opening and closing of the feedwater

control valve and, hence, controls the pressurization and depressurization of

the feedwater chamber in the storage tank.

According to a feature of this embodiment, a restrictor is disclosed for

restricting the flow of signal pressure to a signal pressure chamber forming
part of the feedwater control valve. The restrictor reduces the rate at which a

fiuid generated force is applied to a valve operating member forming part of

the feedwater control vaive.

that is configured to be in a parallel relationship with the restrictor. The check
valve allows a fluid generated force on the vaive operating member {o be

released substantially immediately when the signal pressure is terminated.
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According to a further feature of this embodiment, an operating
member that is accessible from outside the valve can be operated to
mechanically close the feedwater control valve in order to terminate
communtication of source water with the feedwater biased storage fank. This
substituted for a f'ee'dwater hiased storage tank.

According to another feature of the invention, the tank pressurization
control valve may include a receiving chamber that communicates with a
drain. A diaphragm controlled inlet forming part of the tank pressurization

10 valve communicales with the receiuing_cha-m‘befr'when it is not engaged by 3
diaphragm. When the diaphragm sealingly engages the inlet, communication
of the inlet with the receiving chamber is terminated. According to this
feature, a first flow passage including a first restriclor is provided that
communicates the feedwater chamber in the storage tank with the drain. A

15 second fiow passage including a second flow restrictor is provided that

communicates the feedwater chamber i the storage tank with the inlet of the

Aceording to the illustrated embodiment, the restriction to flow posed
by the first flow restrictor is substantially greater than the restriction to flow
20  posed by the second flow restriction. With this arrangement, when the
diaphragm seal disengages the inlet, the flow of feedwater to drain via the
second passage is substantially greater than the flow of feedwater to the drain

via the first passage. In the preferred embodiment, the first passage provides
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a sfight leakage of feedwater to drain throughout the operation Qf"thgerwaier
treatrment system. This improves the refiable operation of the system and, in
particular, insures the full depressu rization of the feedwater chamber in the
storage tank when appropriate.

According to another feature of the invention, a water treafment system

is provided that includes a plurality of sockets for receiving removable filter

modules. A reservoir/plug is also provided which is receivable by at feast one

of the sockets whereby a substance can be introduced into the water

treatment system for cleaning, freating, elc., the system. Accoraing {o a

at least one of the sockets and which aliows additional water treatment
modules to be fluidly connected to the water treatment system.

According to still ancther feature of the invention, a water treatment

system is disclosed that includes a housing for enclosing the components of

the water treatment system. in addition, a conduit support is included for

isolating forces applied to conduits that are connected to water treatment

Additional features will become apparent and a fuller understanding

obtained by reading the following detail description made in connection with

the accompanying drawings.
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Brief Description of Drawings

The foregoing and other features of the invention will become more

apparent upon a consideration of the following description taken in connection

with the accompanying drawings wherein:

Fig. 1 illustrates schematically a water treatment system constructed In

accordance with a preferred embodimeant of the invention;

Fig. 2 is a perspective view of a water treatment assembly constructed

‘.

in accordance with a preferred embodiment of the invention;

Fig. 3 is a bottom view of a housing forming part of the water treatment

assembly shown in Fig. 2,

.....

Fig. 4 is a sectional view s seen from the plane indicated by the line 4-

4in Fig. 3;

Fig. 5 is a fragmentary, sectional view of the housing shown in Fig. 3,

Fig. BA is an exploded view of a feedwater control valve constricted in

accordance with a preferred embodiment of the invention;

Fig. 68 is an exploded view of a fank depressurization controt valve
constructed in accordance with a preferraed embodiment of the mvention;
Fig. 6C is an exploded view of an RO control valve constructed in

accordance with a preferred embodiment of the invention;

accordance with a preferred embodiment of the invention;

Fig. B is a sectional view of a filter adaptor forming part of the present

invention;
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Fig. 8 is a bottom view of the adaptor shown in Fig. 8; and

Fig. 10 is a rear view of the water treatment assembly shown in Fig. 2,
mounted within an enclosure constructed in accordance with a preferred
embodiment of the invention.

5 Description of Specific
Preferred Embodiments of the Invention

Fig. 1 dlustrates schematically, a water treatment system constructed in
accordance with a preferred embodiment of the invention. The iliustrated
system receives water to be treated, from a source indicated generally by the

10 reference character 10. The source may comprise well water or water
delivered by a municipal water supply system. The water source is initially
filtered by a prefilter 14. The water {o be treated is delivered {o a reverse
osmosis {RO) module 20 which as is known, produces freated water termed
"permeate”. The permeate is stored in a storage tank 24 from where it is

15 dispensed, on demand, through a faucet 26.

The production of permeate by the RO cartridge 20 is controlied by an
RO control valve 30. In the illustrated embodiment, the storage fank 24
includes an internal bladder 24b which when pressurized urges permeate out
of the storage chamber 24a for delivery fo the faucet 26. The pressurization

20  of the biadder 24b is confrolled by a {ank pressurization (V#) contyol valve 34.
in the illustrated and preferred embodiment, the pressurization of the bladder

24b is achieved using “féedwater"; In the illustrated embodiment, the
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"feedwater” is water from the supply 10. The communication of feedwater 1o

the bladder 24b is controlled by a feadwater {(FW) c@ntml' valve 40.

In general, the water treatment system ilustrated in Fig. 1 produces

permeate until the tank 24 has received a predetermined amount of permeate

or when the permeate in the tank reaches a predetermined pressure. When

cartridge 20 is flushed with permeate that is stored in a permeate accumulator

52, as will be described.

At initiat start-up the following operational sequence is performed by

defivered to a supply fine 60. The supply line 80 has two branches .Si}'a.,,-@ob..

The water in branch line 60a enters an inlet port 82 of the RO control vaive

30. The communication of the inlet port 62 with a receiving chamber 30b of

the valve 30 is controfled by a diaphragm assembly that includes upper and

lower co-acting diaphragms 63a, 63b connected together by a piston/coupling

member 83¢. The RO control valve 30 includes a signal chamber 30a which

wher pressurized exerts fluid pressure generated forces on the upper

diaphragn 63a which urges the diaphragm assembly downwardly. Sufficient

downward movement will cause the lower diaphragm {o engage and seal the

inlet port 82 and inhibit source water from entering the lower chamber 30b. At

initial start-up, the signal chamber 30z is depressurized and hence the

diaphragm 63b is spaced from the port 62 as shown in Fig. 1. This aliows the

supply water to flow into a iswe;rchamber'3{}@ .@f’thevame and into an inlet of
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the RO cartridge 20 via an RO supply conduit 66 {which communicates with

the lower chamber 30b). A check valve 88 is located in the supply conduit 66
and allows water to flow from the RO control vaive lower chamber 30k into the
RO cariridge 20 but inhibits reverse flow. For some applications this check is
not needed.

As is known, the RO cariridge 20 separates the incoming water into

permeate and concentrate and defivers permeate to an output line 70 and the

concentrate to a concentrate discharge fine 72 which includes a flow control

or restrictor 73. The concentrate is preferably discharged to a drain as

schematically iflustrated.

it should be noted here, that the diaphragm assembly in the RO control

valve 30 reacts to differential pressures. The diaphragm 63a in

communication with the signal chamber 30a is preferably of a larger area than
the lower diaphragm 83h that is in communication with the lower chambeyr

30b. This arrangement tends 1o "amplify” the pressure in the signal chamber

30a so that a closing force 'isﬁgenerated:ibya signal pressure that may be less

than the pressure of feedwater in the lower chamber 30b. This "amplification”

is determiined by the ratio of the areas of the upper and lower diaphragms
63a, 63b.
The feedwater in the branch passage 60b is delivered to the feedwater

control valve 40 vig an inlet port 70. The feedwater control valve 40 is similar

in construction to the RO control valve 30 in that it includes a diaphragm

assembly that includes upper and lower diaphragms 74a, 74b joined together
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by a piston/coupling member 74¢. The lower diaphragm 74b is sealingly
engageabie with the et port 70 o inhibit the flow of feedwater inte a lower
chamber 40b. The chamber 40b communicates with a feedwater supply line
76, When the diaphragm 74b is spaced from the inlet port 70 as shown in
5 ng 1, feedwater is delivered to both the bladder 24b and a signal chamber
34a of the tank pressurization control vaive 34 via respective feedwater
branch passages 76a, 76b.
This incoming feedwater tends to fill and expand the bladder 24b and

{o enter the signal chamber 34a of the TP valve 34. The TP vaive 34 also

10 inciudes a diaphragm assembly that includes an upper piston 84a and lower
diaphragm, 84b interconnected by a coupling member 84¢, Feedwater in the
signal chamber 34a applies a force {o the upper piston 84a tending to drive
the diaphragm assembly downwardly. Sufficient downward movement will
cause the lower diaphragm 1o sealingly engage an inlet port 80, The TP valve

18 34 includes a spring 86 which urges the diaphragm assembly upwardly and in
effect opposes the force applied by feedwater in the signal chamber 34a. The
spring is selected so that a predetermined pressure (i.e., 12 psi) must be
i msrmiaiiy‘ s.ubstantéialiy greater than 12 psi (i.e., 60 psior larger}, the

20 communication of feedwater to the signal chamber 34a at initial start-up
closes the TP valve 34 {i.e., causes the lower diaph rag m 84b to engage and
seal the inlet port 830). At startup there s little or no pressure in a lower fluid

chamber 34b of the TP valve 34 because a drain D is sized so that any fluid
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entering the chamber 34b is immediately discharged to the drain. The drain D
inhibits fluid entering the chamber 34b from accumulating and filing the
chamber. Consequently, there is little or no fluid generated forces exerted on
the lower diaphragm 84b to oppose the downward force on the diaphragm
5  assembly.
During this initial start-up the permeate produced by the RO cartr.i'tiige-

20 tends to follow the path of least resistance. Since as described above, the
bladder 24b is pressurized and thus expands to fill the entire tank 24,
permeate cannot enter the storage chamber 24a. As a consequence, the

10 permeate will tend to flow into the permeate accumulator 52 via accumulator
supply line 90 and associated check valve 82. The check vaive 92 allows
permeate to flow from the permeate supply line 70 to the accumulator supply
ine 90 but inhibits reverse flow,

The permeate produced by the RO cartridge 20 is delivered to the tank

15 24 via tank supply line 96. The permeate is also communicated directly to a
faucet supply fine 88. As seen in Fig. 1, the permeate supply line 70 may
include one or more auxiliary filters 100, 102 and the faucet supply line 98
106 which allows permeate to flow into the faucet supply line 88 from either

20  the tank supply line 96 or the permeate supply 70 or both but prevents
reverse flow. The pressure in the faucet supply line 98 is monitored by a
signal line 110 which is connected to a signal pressure chamber 403 forming

part of the feedwater control valve 40.
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According to a feature of the invention, the rate of pressurization and
depressurization of the signal chamber 40a is controlled by a flow control 112

and a check valve 114. n the ilustrated embodiment, the flow control 112

and check valve 114 are internal to the valve 40 but these components may

be externally mounted.

the flow control 112 restricts the rate at which fluid entering the signal
chamber 40a is applied to the upper diaphragm 74a and thus delays the
movement of the diaphragm downwardly and as a consequence .detiaysthe
words, when a signatl pressure is delivered {o the valve 40 that is sufficient to
close the valve 40, the flow control 112 delays or damps the closing of the

valve by delaying the application of the full signal pressure to the upper

diaphragm 74a. On the other hand, the check valve 114 allows the pressure

diaphragm 74b which receives feedwater pressure. As a result, a permeate

pressure less than feedwater pressure can effect ¢losing of the cﬁiaph{agﬁmf
assembly. The ratic of the surface areas of the upper and lower diaphragms

f4a, 74h determings what permeate pressure will effect closing. For

example, if the ratio of the upper to lower diaphragm areas is 3:2. A permeate
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pressure slightly greater than two-thirds of feedwater supply pressure will

effect closing of the vaive 40 and terminate the communication of feedwater to

the bladder 24b and the signal chamber 34a.

When the valve 40 closes, only the region of the diaphragm 74b that

area of the i’e;giﬂn 74’ is approximately 3:1. As a conseqguence, the

permeate pressure in the chamber 40a will hold the valve 40 closed until the

permeate pressure drops below 1/3 of the feedwater supply pressure. In
short, the valve 40 will close when permeate pressure reaches approximately

213 feadwater pressure and will not reapen until permeate pressure drops 1o

approximately 1/3 of feedwater pressure. This “dead band” substantially
enhances the siability of the system and inhibits the occurrence of valve

chatter, etc.

As permeate continues to be produced by RO cartridge 20, the

permeate pressure signal line 110 will see increasing pressure which in turn is

applied to the upper diaphragm 74a of the FW control valve 40, When the

pressure in the permeate signal line reaches a predetermined pressure (i.e.,

two-thirds line pressure as determined by the ratio of the swrface areas of the

upper and lower diaphragms 74a, 74b), the lower digphragm 74b will seal the

intet port 70 of the FW control valve 4G, This will terminate the
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communication of feedwater 1o the bladder 24b and the signal pressure

chamber 34a of the TP conirol valve 34.

The feedwater supply line 76 {which feeds both the signal chamber 34a

‘and the bladder 24b via passages 76a, 76b) also communicates to a drain D

via a drain passage 120 that includes a flow controller or flow restrictor 122,

The drain D also communicates with a lower chamber 34b of the tank
‘pressurization control valve 34 via drain line 126. The feedwater line 78
communicates with the lower chamber 34b of the TP valve 34 via the inlet
port 8¢ which is connected to an auxiliary drainfsignat line 128 that includes a

flow control or restrictor 130, According {0 this feature of the invention, the

flow control 130 is substantially ess restrictive than the flow control 22. The

feedwater is delivered to the inlet port 80 of the TP valve 34, which is

controlied by the lower diaphragm 84b. When the diaphragm is closed, the

feedwater in the line 128 applies an opening force {o the diaphragm 84b.

When the diaphragm 84b s in the position shown in Fig. 1, feedwater flowing

through the flow restrictor 130 enters the Jower chamber 34b and is delivered

to the drain by a drain line 126. Because the flow control 130 is less

restrictive than the flow control 122, feedwater flows to the drain D via the

tower chamber 34b much more quick!y ‘than it flows fthrc}ggh the flow control

As a resuit of the above described flow configuration, when the

feedwater control valve 40 closes and terminates communication of feedwater

{o the" branch supply conduits 76a, 76b, the pressure in these conduils tends
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to gradually decrease as feedwater flows to drain via the flow controt 122.

When the pressure in the branch conduits 76a, 76b falls to a predetermined

level, sufficient force is supplied by the spring 86 to move the diaphragm 84b

upwardly. This opens the inlet port 80 and communicates the drain line 128
{which has the less restrictive fliow conirol) with the drain D thus increasing
the rate at which the feedwater pressure In the branch conaguils /6a, /6b s

With the application of feedwater to the bladder 24b terminated,

permeate can flow into the tank chamber 24a thus squeezing and shrinking

the bladder to a minimum state. The permeate will fill the {ank chamber 24a

pressure reaches a predetermined pressure with respect {0 a supply ine

pressiire (as exerted on the lower diaphragm 63b), the diaphragm assembly
will be driven downwardly in order to seal the port 62 and terminate the

communication of the water supply 10 with the RO cartridge 20, The

cartridge 20 via a flush conduit and check valve 140, 142. The membrane in

the RO cartridge 20 is thus flushed with permeate. The system is now in
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In stand-by mode, the check valve 106 maintains pressure in the faucet

supply line 88 and the permeate signal line 110. When the faucet 26 is

opened to deliver permeate to the user, the pressure in the permeate signal
fine 110 is immediately depleted. The signal pressure exerted on the upper

diaphragm 74a of the FW control valve 40 is also depleted virt_uaﬁy-

immediately by virtue of the check valve 114. The check valve 114 allows the

pressurized fluld communicating with the upper diaphragm 74a to immediately

exit the signal chamber 40a. This action immediately reduces or eliminates
the closing force on the diaphragm 74a and allows the lower diaphragm 74b

o tnseat ana thus communicate feedwater to the bladder 24b as well as the

signal chamber 34a of the tank pressurization control valve 34. The

pressurization of the bladder 24b urges permeate out of the storage tank

chamber 24a and to the faucet 26.

The drop in permeate pressure when the faucet is opened, also causes

the permeate signal pressure in the signal chamber 30a of the RO control

valve 30 to also drop. If the signal pressure drops sufficiently, the lower
diaphragm 63b will move upwardly, unseating the inlet port 82 and aflowing
valve 30, the RO cartridge 20 begins making permeate which is delivered fo
the storage tank compartment 24a and/or the faucet supply conduit 98.

if permeate production is initiated as a result of the opening of the
faucet 26, permeate will continue to be produced by the RO cartridge 20 until

permeate pressure developed in the storage tank 24 reaches the
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predetermined level (even when the faucet 26 is furned off). As explained
above, the permeate pressure that will effect closure of the RO control valve
30 is determined by the ratio of the effective pressure areas of the upper and
lower diaphragms 63a, 63b.

5 When the faucet is turned off, permeate pressure will build in the

via the flow control 112, Once sufficient signal pressure is exerted on the

upper -ﬁiap'hrﬂ;gm'??éa} the lower diaphragm 74b will move into -s-eaifi'ng_ contact

with the inlet port 70 and ferminate the communication of feedwater {o the

10 bladder 24b and the TP control valve 34. As explained above, this will

ultimately result in the total depressurization of the bladder 24b which will then

allow permeate to again fill the entire tank chamber 24a, whereupon permeate

production will terminate and the system will be placed in "stand-by" mode.
According to a feature of the invention, the pe_rme.at@ ;pressure.sigha!

15 thatis used to control the valve 40 is a permeate pressure that is seen by the

the post filter 104 will typically become more resfricted with time and as a

result there will be a pressure drop across the post filter when the faucet is
20 opened to deliver water. By taking the permeate signal pressure from the line

110 which communicates direct] y with the faucet, the valve 40 reacts to the

permeate pressure seen at the faucet and not at the injet to the post filter
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the flow of permeate to the faucet. This feature enhances the stability of

permeate delivery by the faucet.
As indicated above, the level of permeate prassure that will cause

movement of the various diaphragms/piston is determined by the ratio of the

effective pressure areas of the upper diaphragm/piston and the lower
diaphragm of a given valve. In the illustrated embodiment, when permeate

pressure reaches slightly more tha n"w:}--thirc‘is-‘s-urnply'§i,ﬁe pressure, permeats

production is terminated. According to this embodiment, permeate production
is re-instituted upon opening of the RO control valve 30 when permeate

pressiure fails below one-third supply line pressure.

further enhanced by configuring the valves 30 and 40 and associated signal

ines so that the RO control vaive 30 requires a slightly higher permeate.
pressure to close as compared to the valve 40. This preferred configuration
contral valve 40. If the RO controf valve 30 closes first, the source of
permeate pressure needed to close the valve 40 is terminated and hence, it
will never close. It should be noted that the present invention should not
limited to the disclosed ratios or relationships. The above noted relationships

can be easily changed by changing the effective of pressure areas of the

‘with a preferred embodiment of the invention, the components of which are
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schematically shown in Fig. 1. To facilitate the explanation, components in

Fig. 2 that correspond to components shown in Fig. 1 will be given the same

reference character.

The assembly includes a housing 200 which is preferably moided. In

'the-.;preferred ang ilivsirated embodiment, the housing 200 includes an upper

housing portion 200a and a lower housing portion 200b which are molded

separately and then are fused or joined together using a hot plate melt

process which is known. Many of the conduits, passages and feedlines

afhawnin Fﬁg 1 are integrally molded info the housing 200 and are large

10 where it is advantageous to enable high delivery rates. In many cases,

20

portions ,of‘-thepassages} etc. are formed in the housing portions 200a, 200b

and are defined fully when the housing portions are joined.

The housing 200 also defines a mounting structure for the various

valves, filters and other components shown in Fig. 1.

iy particutar, the housing 200 mounts and at least partially defines the

RO control valve 30, the feedwater (FW) controt valve 40 and the tank

pressure depressurization (TP} confrof valve 34. The housing 200 also

mounts the permeate flush accumulator 52
Referring also to Fig. 3, the housing 200 defines sockets for receiving
replaceable filter carridges. In particular, the housing defines a pre-filter

by a replaceable RO cartridge 20, a socket 104" for a replaceabie post filter
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104 and sockets 100°, 102’ for receiving replaceable auxiliary cartridges. An
auxiliary cartridge 102 is shown In Fig. 2.

In the preferred embodiment, the sockets shown in Fig. 3 are bayonet
type sockets. As is known, the cartridges are inserted into the associated
socket and are then rotated a predetermined amount to engage the bayonet
structure whereby the cartridge is maintained in position.

It should be noted here, that the socket 100’ for the auxiliary cartridge
100 (shown in Fig. 2) contains plug/dispenser device 210 mounted therein
rather than a filter. The auxiliary cartridges 100, 102 are optional, and if a
customer does not desire auxiliary cartridges, the plug/dispenser device 210
(to be described) is inserted in its place. In Fig. 3 a plug/dispenser device is
also shown mounted in the post-filter socket 104’

According to a feature of the invention, several flow control
components are easily accessible for service. For example, the concentrate
flow control 73, as seen in Fig. 2, is easily removable from the housing 200,
for cleaning or replacement. The restricting orifice which forms part of the
flow control is molded into the flow control 73, and according to the
embodiment ilflustrated in Fig. 2, is inserted into a bore formed In the housing
and is locked and sealed into position by rotating the element 73 a quarter
turn or more. Many of the check valves are also easily serviced. For
example, check valve 142 (shown in Figure 1) is accessed by removing an
associated sealing cap 203. After the cap Is removeq, the check valve 142

can be removed for service, cleaning or replacement. The check valve 106 is
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accessed by removing an associated cap 205. In the preferred and illustrated
embodiment, the flow control 73 and check valve caps, i.e., caps 203 and 205
can be twisted and removed without the need for tools.

The housing 200 also mounts and partially defines a metering device
indicated generally by the reference character 214 which monitors the
quantity of water treated by the post filter 104. Details of this
metering/monitoring device can be found in U.S. Patent No. 6,428,708, which
IS owned by the present assignee.

Referring to Fig. 5, details of an actual FW valve 40 and actual TP
valve 34 are illustrated. Turning first to the FW valve 40, the permeate signal
ine 110 shown In Fig. 1, is at least partly formed by the upper housing 200a.
In the actual construction, a short molded, angled passage 110’ connects the
passage 110 with a recelving chamber 40a’ in the FVW control valve 40.

The valve 40 includes an annular valving member assembly 220 that

IS captured between a valve cap 222 and a stepped annular spacer 224. As
seen In Fig. S5, the upper diaphragm 74a Is sealingly captured between the

valving member assembly 220 and the stepped spacer 224 whereas the lower
diaphragm /74b Is captured between the bottom of the stepped spacer 224

and a step 226 defined by the upper housing 200a. The housing 200a also
defines the seat 70 which Is engageable by the lower diaphragm 74b. When
the lower diaphragm 74b disengages the seat 70 (upon upward movement of

the coupling member 74c), fluid in the passage 60b can flow into the lower

chamber 40b and Is communicated to the feedwater passage 76.
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As explained above, the feedwater control valve 40 controls the

communication f;fe‘edwa&te;r to the fank 24 in order to produce a driving foree

to force permeate from the chamber 24a. in operation, when the lower

diaphragm 74b moves upwardly and disengages the seat 70, feedwater is

communicated to the blaader chamber 24a of the tank 24.

According to a feature of the invention and referring also to Fig. 1, 2

gas pressure biased or air charged tank (shown in phantom in Fig. 1) 24’ may
be substituted for the feedwater biased tank 24. When a customer chooses a

gas pressure biased tank to store permeate, the feedwater confrot valve 40

may be disabled to inhibit the communication of feedwater to the passage 76,
According to the invention, this achieved by mechanically maintaining the
engagement of the lower diaphragm 74b with the seat 70. As seen bestin
Fig. 5, the valve cap 222 threadediy mounts an adjustment screw 230 that is
.I'mse-iy coupled to a plunger 234, When the adjustment screw 230 is m'taiedf

to produce downward movement in the adjustment screw, the plunger 234 is

eventually moved into abutting contact with the upper gﬁiﬁapm‘agm 74a which

then urges the coupling member! 74c downwardly. Upon sufficient downward

movement of the plunger 234, the coupling member 74c contacts the lower
permanently isolating the feed line 60b from the feed line 76. This prevents
the communication of feedwaler to the feadwater conduit 763 {shown in Fg,

1. ln:-aiddﬁiﬁan;, the fing 76 may be p?fugadﬂby a suitable phig P.
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The valving member assembly 220 defines the flow restrictor 112
which may be formed by an appropriately sized orifice 112a. The flow
restrictor 112 may also include a screen 238 to inhibit the entry of
contaminants that would otherwise block the orifice 112a.

The valving member assembly 220 also mounts the check valve 114
which includes a check element 114a biased toward its closed position by a
spring 240.

As seen In Fig. 5, suitable O-rings are used to seal the adjustment
member 230, the plunger 234 and the valving member assembly 220 to inhibit
fluid leakage.

The tank depressurization control valve 34 includes a cap 240" which
defines a short angled passage 76b that communicates the passage 76a
(also shown in Fig. 1) with the signal chamber 34a. The chamber 34b is
defined by a lower surface of the lower diaphragm 84b and an upper surface
of an annular insert 246. The insert is held in a stepped recess defined by the
upper housing 200a and Is sealed thereto by an O-ring. The insert 246 also
defines the valve seat 80 which is engageable by the lower diaphragm 84b. It
also defines the flow restriction 122 and the flow restrictor 130 which are
formed by orifices having predetermined sizes.

The lower diaphragm 34b is captured between the annular insert 246

and a tubular spacer 248. The upper diaphragm 84a is captured between the

tubular spacer 248 and the top cover 240.
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40, the tank depressurization control valve 34 and the RO control valve 30.

These figures illustrate the components that comprise the actual valves 30,

34, 40 that are shown in Figs 1-5.

To facilitate understanding, components shown in Figs. 8A, 6B and 6C

which cozrrespmdfté& components shown in Figs. 1-5 are given the same

As :éiswsseci-aﬁbcwei; the feedwater control valve 40 _inﬁciudes a step

spacer 224 that is positioned between the upper and lower diaphragms 74a,

74p. This step spacer, and in particular its upper and lower inside diameters,

define the effective pressure areas for the upper and lower diaphragms,
respectively.

As seen in Fig. 8A, RO control valve 30 also includes a stepped spacer
250 positioned between the upper and lower diaphragms 63a, 53b. This
stepped spacer 250 includes a lower inwardly extending step 250a which

defines a predetermined inside diamster that is smatler than an inside

diameter defined by an upper portion of the spacer 250. Like the spacer 224

in the vaive 40, the spacer 250 defines the effsctive pressure areas of the
lower and lower di aphragmsﬁéa_, 63b. As expiained above, the upper
diaphragm receives permeate pressure through the signal fine 134. The

undersurface of the diaphragm 80b receives source pressure. Because the



CA 02708992 2010-06-10

WO 2009/076606 PCT/US2008/086608

“24“

upper diaphragm has a larger effective pressure area due to the larger inside

diamater of the upper portion of the spacer 250, a permeate pressure lower

than source water pressure will be sufficient to drive the diaphragm 63b

source water to the RO unit 20 is terminated. “The ratio of the effective
pressure areas defined by the diaphragm 63a and 53b determines the ratio of
parmeate pressure to source pressure that will effect closure of the valve.

in accordance with the invention, differently sized spacers 250 can be

‘substituted fo change the permeate pressure level that will effect closure of

the fv'a%ye?; _Fﬁr'e;xa;mspie; in some-appiicaﬁns,aspeciaiiy ones that use a gas

charged storage tank 24’ (shown schematically in Fig. 1), it may be desirable

that a lower permeate pressure be sufiicient to close the RO conirol vaive 30.

This is achieved by substifuting the spacer 250" for the spacer 250, As seen

in Fig. 6C, the spacer 250 includes an inwardly depending step 2502’ that
defines an inside diameter that is smaller than the inside diameter defined by
the alternate spacer 250. The spacer 250" in effect reduces the effective
oressure area of the lower diaphragm 63b. As a result, a given leve! of
source pressure applies a reduced force on the valve, thus enabling a lower

permeate pressure to effect downward movemnent of the lower diaphragm 63b

into closure contact with seat 62 (shown in Fig. 1). As indicated above, the

ratio between the permeaie pfe?-?&-sure-’th‘at can effect closure and the source

pressure is determined by the ratio of the inside diameters defined by the
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stepped portion 250a’ and the inside diameter of the upper portion of the
spacer.

Figs. 7-10 lllustrate other features of the present invention. Fig. 7
llustrates the details of the plug/dispenser 210 which was discussed in
connection with Figs. 3 and 4. The device 210 serves several purposes. It
can serve as a plug to block a given socket if a particular filter/cartridge is not
to be installed. As seen in Fig. 3, the member 210 is used to plug the socket
for the auxiliary filter 100 (shown in Fig. 1). The member 210 includes a
flange 260 which is engageable by the socket structure, i.e., socket 100 in
order to maintain its position. The member also includes an annular,
projection 262 which defines a reservoir 262a. The projection 262 is sealingly
recelvable by a given socket such as socket 100’ and establishes fluid
communication between the reservoir 262a and the housing 200. The
reservoir 262a may be filled with a desired solution or substance (granular or

pelletized) such as a disinfectant solution or a cleaning solution. The member

210 can then be installed into the housing 200, whereupoh the

solution/substance carried in the reservoir 262a can be used to flush, cleanse,

sanitize or disinfect the overall system. The member 210 includes a
depending flange 264 which is can be grasped by an operator to facilitate
Installation and removal of the member 210 from a given socket.

As Indicated above, the housing 200 mounts a metering device

Indicated generally by the reference character 214. |n the preferred

embodiment, the metering device is of the type disclosed in U.S. Patent No.
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6,428,708. As seenin Fig. 4, the metering device 214 includes a plunger 266
which seals the port 267 when an assoctated cartridge is removed. According
to a feature of the invention, the plug/dispenser 210 includes a projection 268
for lifting the plunger 267 off its associated seat, when the member 210 is
installed into the socket 104. By lifting the plunger 267, fluid in the reservoir
262a Is communicated to appropriate passages in the metering device 214.
Figs. 8 and 9 illustrate an adaptor 270 which can be installed in either
or both auxiliary cartridge sockets 100°, 102’ in order to add additional
auxiliary filters to the system. The adaptor 270 includes an upper flange 272
which is engageable with any of the sockets shown in Fig. 3 including but
limited to sockets 100°, 102'. The adaptor 270 includes a projection 274
which establishes fluid communication with appropriate passages in the
housing 200 and provides fluid communication to inlet and outlet ports 276,
278. These outlet ports are configured to receive conduits from other filters,

tanks which, through the adaptor, are fluidly connected to the system so that
these auxiliary filters, tanks, etc. form part of the system.
Fig. 10 iliustrates an assembled system in which the housing 200 is

mounted within an enclosure 300. Additional details of the enclosure can be

seen In United States Design Patent No. D575844.

According to the invention, the
enclosure, in combination with the housing 200b, provides a strain relief for
the conduits that are used to connect the housing to the household water

supply 10, faucet 26 and tank 24. The enclosure 300 includes a hose support
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310 which defines short, tubular segments 310a-310e, through which the
conduits 98, 96, 76a, D, 10, respectively are fed prior to connection to the
appropriate ports defined by the lower housing 200b. In general, the conduits
are connected to the ports on the housing 200b by known quick disconnect
fittings. The hose support 310, defined by the enclosure 300, support the
conduits and isolate forces exerted on the conduits from the fittings that
couple the conduits to the housing 200b. As a result of this arrangement, If a
force is applied to a given conduit (such as a pulling force), most of this force
is borne by the conduit support 310. In particular, the force is applied to the
associated tubular segment and is not applied, or a reduced amount is
applied, to the actual fitting at the housing 200b. This stress relief should
reduce the potential for conduit failures and/or leaks

Although the invention has been described with a certain degree of
particularity, it should be understood that those skilled in the art can make
various changes to it without departing from the scope of the invention as

hereinafter claimed.
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CLAIMS

1. A water treatment system comprising :

a)

b)

g)

a reverse osmosis module having an

input for source water to be treated, a permeate output and a concentrate
output;

a reverse osmosis control valve for controlling the communication of the
source water with said reverse osmosis module input;

a feedwater biased storage tank for storing permeate produced by said
reverse osmosis module:

a feedwater control valve for controlling the communication of said source
of water to be treated with a feedwater chamber located 1n said storage
tank and formed at least partially by an elastomeric member;

a tank pressurization control valve for controlling the opening and closing
of said feedwater control valve;

a flow control for restricting the flow of a signal pressure to a signal
pressure chamber 1n said feedwater control valve, said restrictor for
reducing the rate at which a fluid generated force 1s applied to a valve
operating member forming part of said feedwater control valve and,

a check valve configured to be in a parallel relationship with said restrictor
which allows a fluid generated force on said valve operating member to be
released substantially immediately when said signal pressure is

terminated.

2. The water treatment system of claim 1 wherein said feedwater control valve

includes an operating member accessible from outside the valve which 1s operated to

mechanically close said feedwater control valve to terminate the communication of said source

of water to be treated with said storage tank.
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3. The water treatment system of claim 2 wherein said feedwater control valve,

when closed by said operating member enables a gas charged storage tank to be substituted for

said feedwater biased storage tank.
4. The water treatment system of claim 1 including a conduit support for 1solating

forces applied to conduits connected to said water treatment system.

5. The water treatment system of claim 1 further comprising a plurality ot sockets

for receiving removable filter modules.

0. The water treatment system of claim S further comprising a reservoir/plug which
is receivable by at least one of said sockets whereby a substance can be introduced 1nto said

water treatment system for cleaning said system.

7. The water treatment system of claim 5 further comprising an adaptor that 1s

receivable by at least one of said sockets whereby additional modules can be fluidly connected to

sald water treatment system.

8. The water treatment system of claim 1 further comprising:
a) a plurality of sockets for receiving removable filter modules: and
b) a plug/dispenser which is receivable by at least one of said sockets, said

plug/dispenser serving to block a socket to which a filter module 1s not
attached and defining a substance receiving reservoir whereby said

substance can be introduced into said water treatment system for cleaning

said system.

9. The water treatment system of claim 8 further comprising an adaptor that is
receivable by at least one of said sockets whereby additional water treatment modules can be

fluidly connected to said water treatment system.
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10.  The water treatment system of claim 1 further comprising: a housing enclosing

components of said water treatment system and including a strain relief condwit support for

isolating forces applied to flexible conduits connected to said water treatment system

components, said conduit support including tubular segments through which said flexible

conduits extend to maintain a predetermined orientation of said conduits with respect to said

water treatment system components they are connected such that forces applied to said flexible

conduits are substantially inhibited from transmission to connections with said system

components.

11. A water treatment system comprising:

a)

b)

C)

d)

2)

a reverse osmosis module having an input for source water to be treated, a
permeate output and a concentrate output;

a reverse osmosis control valve for controlling the communication ot the
source water with said reverse osmosis module 1nput;

a feedwater biased storage tank for storing permeate produced by said
reverse osmosis module;

a feedwater control valve for controlling the communication of said source
of water to be treated with a feedwater chamber located 1n said storage
tank and formed at least partially by an e¢lastomeric member;

a tank pressurization control valve for controlling the opening and closing
of said feedwater control valve:

said tank pressurization control valve including a receiving chamber
communicating with a drain, said tank pressurization control valve further
including a diaphragm controlled inlet arranged such that when said inlet
is not engaged by a diaphragm, it communicates with said receiving
chamber and when said diaphragm sealingly engages said 1inlet,
communication of said inlet with said receiving chamber 1s terminated;

a first flow passage including a first restrictor communicating said

feedwater chamber 1n said storage tank with said drain; h) a second flow
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passage including a second flow restrictor communicating said feedwater
chamber in said storage tank with said inlet of said tank pressurization
control valve and wherein the flow restriction posed by said first flow
restrictor is substantially greater than the flow restriction posed by said
second flow restrictor such that when said diaphragm disengages said
inlet, the flow of feedwater to drain via the second passage 1s substantially

ereater than the flow of feedwater to the drain via the first passage.

12.  The water treatment system of claim 11, wherein said first passage provides a

slight leakage of feedwater to the drain throughout the operation ot the water treatment system.

13.  The water treatment system of claim 11, wherein said feedwater control valve
includes an operating member that can be manually operated to close said feedwater control
valve whereby enabling a gas charged storage tank to be substituted for said feedwater biased

storage tank.

14.  The water treatment system of claim 11 further including an accumulator for
storing permeate from the reverse osmosis module, said permeate stored in said accumulator
being used to flush a membrane in the reverse osmosis module at the conclusion of a purifying

cycle.

15.  The water treatment system of claim 14 wherein said accumulator is spring

biased.

16. A method for purifying water, comprising the steps of:
a) providing a reverse osmosis module having an input for source water to be
treated, a permeate output and a concentrate output;
b) providing a reverse osmosis control valve for controlling the

communication of the source water with the reverse osmosis module;
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C) storing permeate produced by the reverse osmosis module in a feedwater
biased storage tank that includes a feedwater chamber for urging permeate
out of the storage tank when the feedwater chamber 1s pressurized;

d) monitoring the pressure of permeate at a dispensing device with a
feedwater control valve;

e) delaying the application of a signal pressure related to the pressure of
permeate at the dispensing device to the feedwater control valve in order
to slow closure of said feedwater control valve;

f) allowing substantially unrestricted flow out of a signal chamber 1n said
feedwater control valve to allow substantial and immediate opening ot
said feedwater control valve when the signal pressure 1s reduced;

) allowing feedwater in said feedwater chamber to leak to a drain through a
flow restrictor whereby substantially complete depressurization of said
feedwater chamber 1s insured when permeate 1s being produced by said

reverse osmosis module.

17.  The method of claim 16 further comprising the step of accumulating permeate 1n
an accumulator which 1s used to flush the reverse osmosis module at the conclusion of a

purifying cycle.

18. The method of claim 17 further comprising the steps of communicating permeate
from said accumulator to an input of said reverse osmosis module when said reverse osmosis
control valve terminates the communication of the source water with the reverse osmosis

module.

19.  The method of claim 16 further comprising the step of monitoring permeate
pressure at said dispensing device and, upon sensing a predetermined reduction of pressure at
sald dispensing device, communicating feedwater to said feedwater chamber 1n order to create a

force urging permeate out of said storage tank.
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