
WO 2009/097176PCT/US2009/030431 BATCH-OPERATED REVERSE OSMOSIS SYSTEM WITH
MANUAL ENERGIZATION RELATED APPLICATION 5[0001]This application is a continuation of U.S.
utility application 12/237,448, filed September 25, 2008, which claims the benefit of provisional
application 61/023,948, filed January 28, 2008, and the disclosure of these two applications is
incorporated by reference herein. 10TECHNICAL FIELD [0002]The present disclosure relates
generally to reverse osmosis systems, and, more specifically, to batch-operated reverse osmosis
systems using manual energizat ion. 15BACKGROUND [0003]The statements in this section merely
provide background information related to the present disclosure and may not constitute prior art.
[0004]Reverse osmosis systems are used to provide fresh water from      brackish or sea water. A
membrane is used that restricts the flow of dissolved solids 20theretluough. [0005]A reverse osmosis
system involves pressurizing a solution with an applied pressure greater than an osmotic pressure
created by the dissolve salts within the 



solution. The osmotic pressure is generally proportional to the concentration level of the salt. The
approximate osmotic pressure in pounds-per-square-inch is the ratio of the salt  25 mass to water
mass times 14,000. A one-percent solution of salt would have an osmotic pressure of about 140 psi.
Ocean water typically has a 3.5 percent concentration and an osmotic pressure of 490 psi.
[0006]Water extracted from a reverse osmosis system is called pelt' eate. As a given body of saline
solution is processed by the reverse osmosis membrane, the  30 concentration of the solution is
increased. At some point, it is no longer practical to recover permeate from the solution. The rejected
material is called brine or the reject. Typically, about 50% of recovery of permeate from the original
volume of sea water solution reaches a practical recovery limit.  WO
2009/097176PCT/1JS2009/030431 [0007]Referring now to Fig. 1, a reverse osmosis system 10 is
illustrated having a membrane array 12 that generates a permeate stream 14 and a brine stream 16
from a feed stream 18. The feed stream 18 typically includes brackish or sea water. A feed pump 20
coupled to a motor 22 pressurizes the feed stream 18 to the required 5pressure flow which enters the
membrane array 12. [0008]The permeate stream 14 is purified fluid flow at a low pressure. The brine
stream 16 is a higher pressure stream that contains dissolved materials blocked by the membrane.
The pressure of the brine stream 16 is only slightly lower than the feed 



stream 18. The membrane array 12 requires an exact flow rate for optimal operation. A 10  brine
throttle valve 30 may be used to regulate the flow through the membrane array 12. Changes take
place due to water temperature, salinity, as well as membrane characteristics, such as fouling. The
membrane array 12 may also be operated at off-design conditions on an emergency basis. The feed
pumping system is required to meet variable flow and pressure requirements. 15[0009]In general, a
higher feed pressure increases permeate production and, conversely, a reduced fccd pressure
reduces permeate production. The membrane array 12 is required to maintain a specific recovery
which is the ratio of thc permeate flow to feed flow. The feed flow or brine flow likewise requires
regulation. [0010]A pretreatment system 21 may also be provided to pre-treat the fluid 20  into the
membrane array 12. The pretreatment system 21 may be used to remove solid materials such as
sand, grit and suspended materials. Each of the embodiments below including those in the detailed
disclosure may include a pretreatment system 21.          [0011] Referring now to Fig. 2, a system
similar to that in Fig. 1 is illustrated with the addition of a feed throttle valve 30. Medium and large
reverse osmosis plants 25  typically include centrifugal-type pumps 20. The pumps have a relatively
low cost and good efficiency, but they may generate a fixed pressure differential at a given flow rate
and speed of rotation. One way prior systems were designed was to size the feed pump 20 to
generate the highest possible membrane pressure and then use the throttle valve 30 to reduce the
excess pressure to meet the membrane pressure requirement. Such a 30  system has a low capital
cost advantage but sacrifices energy efficiency since the feed pump generates more pressure and
uses more power than is required for a typical operation.  WO 2009/097176PCT/US2009/030431
[0012]Referring now to Fig. 3, another system for solving the pressure/flow characteristics is to add a
variable frequency drive 36 to operate the motor 22 which, in turn, controls the operation of the feed
pump 20. Thus, the feed pump 20 is operated at variable speed to match the membrane pressure
requirement. The variable frequency 5drives 36 are expensive with large capacities and consume
about three percent of the 



power that would otherwise have gone to the pump motor. [0013]Referring now to Fig. 4, a system
similar to that illustrated in Fig. 1 is illustrated using the same reference numerals. In this embodiment,
a hydraulic pressure booster 40 having a pump portion 42 and a turbine portion 44 is used to recover
energy 10 from the brine stream 16. The pump portion 42 and the turbine portion 44 are coupled
together with a common shaft 46. High pressure from the brine stream passes through the turbine
portion 44 which causes the shaft 46 to rotate and drive the pump portion 42. The pump portion 42
raises the feed pressure in the feed stream 18. This increases the energy efficiency of the system. The
booster 40 generates a portion of the feed pressure 15 requirement for the membrane array 12 and,
thus, the feed pump 20 and motor 22 may be reduced in size since a reduced amount of pressure is
required by them. [0014]Referring now to Fig. 5, a membrane element 60 that is suitable for
positioning within a membrane array 12 of one of the previous Figs. is illustrated. The element 60
includes leaves of membrane material wrapped into a spiral configuration and 20  placed in a thin tube
62 of material such as fiberglass. Each membrane leaf includes two membrane sheets glued on three
sides with the fourth side attached to a central permeate pipe 64. Spacer grids (not shown) keep the
membrane sheet from collapsing under the applied pressure. Feed solution enters one end of the
membrane array 60 in the direction indicated by arrows 66. The solution or feed flows axially along the
membrane element 25  60 and between the leaves 68 and exits through the high pressure brine outlet
as indicated by arrows 70. Permeate is collected from the leaves 68 through permeate pipe 64. The
pressure of the permeate through the tube 64 is essentially zero since the applied pressure is used to
overcome the osmotic pressure and frictional losses of the flow of feed material through the
membrane. 30[0015]Referring now to Fig. 6, a pressure vessel 78 that includes a plurality of
membrane elements referred to collectively with reference numeral 60 is illustrated. In this example,
three membrane elements are disposed within the pressure vessel 78.  WO
2009/097176PCT/US2009/030431 



Each is denoted by a numerical and alphabetical identifier. In this example, three membrane elements
60a, 60b and 60c are provided in the pressure vessel 78. The pressure vessel 78 includes a first end
cap 80 at the input end and a second end cap 82 at the outlet end. Feed is introduced into the
pressure vessel in the direction of the arrows 584. [0016]In this example, the three membrane
elements 60a-60c are placed in series. Each subsequent element extracts a smaller amount of
permeate than the preceding element due to an increasing osmotic pressure and decreasing applied
pressure caused by frictional losses within the membrane elements. As a consequence, the final
10element 60c may produce very little permeate. The permeate pipe 64 collects permeate from each
of the membrane elements 60a-60c. [0017]A typical reverse osmosis system operates at a constant
pressure that is developed at the feed pump 20. The result is that an excess of applied pressure at the
first membrane array may result in an undesirably high rate of permeate extraction which 15 may allow
the membranes to be damaged. The final membrane element 60c may have an undesirably low rate of
extraction which may result in permeate with an excessive amount of salt contamination.
[0018]Referring now to Fig. 7, a manually operated reverse osmosis system 100 is illustrated. A
reservoir 102 may be filled with seawater or other brine solution. A 20  manually operated pump 104
having a lever 106 draws feed from the reservoir 102. The pump 104 raises the pressure of the feed
and provides the pressurized feed to a pressure vessel 108 having a membrane 110 therein. Pelineate
produced through the membrane exits the pressure vessel 108 through a permeate pipe 112. Brine,
under high pressure, leads the pressure vessel 108 through a brine pipe 114. A control valve 116 is
used to 25  reduce the pressure of the high-pressure brine stream in the brine pipe 114. Once the
pressure is reduced in the brine stream through the pressure-reducing valve 116, the brine stream
enters a drain 118. 



[0019]A control valve 122 may be used to control adjust the feed pressure and flow required for proper
operation of the membrane 110. 30[0020]Referring now to Fig. 8, another embodiment of a manually
operated reverse osmosis system 100 is illustrated. Many of the components are similar to those set
forth in Fig. 7 and thus are provided the same reference numerals. In this  WO
2009/097176PCT/US2009/030431 embodiment, an energy recovery device 140 is used in the brine
stream. The energy recovery device 140 receives the brine from the high-pressure brine pipe 114. The
energy recovery device 140 has a recirculation device such as a piston assembly 138 that includes a
brine piston 142 that is connected to a feed piston 144 with a connecting rod 5  146. The brine piston
142 may have a larger diameter than the feed piston 144 to accommodate pressure losses that occur
in the membrane 110 and the interconnecting piping. [0021]The energy recovery device receives feed
through a feed pipe 150    which is in fluid communication with the fluid reservoir 102. Fluid enters the
energy 10 recovery device 140 through a one-way valve 152. Under pressure from within the energy
recovery device 140, the valve 152 closes. [0022]The energy recovery device 140 has an outlet feed
pipe 154 that is in fluid communication with the energy recovery device 140 through a valve 156. The
valve 156 may also be a one-way valve. The valve 156 operates in the opposite direction 15  than that
of valve 152. For example, when the pressure in the feed line 150 is higher than the pressure within a
chamber 160, adjacent to the piston 144, feed fluid is input into the chamber 160. When pressure is
high within the chamber 160, the valve 152 closes and valve 156 opens and provides a
higher-pressure feed into the pressure vessel 108. Valve-timing equipment 164 admits high-pressure
brine to the energy recovery 20 device 140 resulting in movement of the brine piston 142 which
causes the feed piston 144 to increase the pressure of the feed into the high-pressure feed manifold
166. A shaft seal 168 seals the connecting rod 146 to prevent losses between the high-pressure side
and the low-pressure side of the energy recovery device 140. When the pumping stroke is complete,
the piston assembly is moved in the opposite direction so that new 



25  feed is admitted into the chamber 140 through the valve 142. This causes the brine to be ejected
through the drain 118. A motor or other actuator may be used to move the piston in the reverse
direction. The actuator has not been shown to simplify the drawing. The energy recovery device 140
only pressurized a feed flow equal to the permeate flow. This eliminates work otherwise needed to
pressurize the flow that will be rejected as 30high-pressure brine. [0023]The embodiments of Figs. 7
and 8 may also be provided with a multiple membrane element pressure vessel as described in Fig. 4.
WO 2009/097176PCT/US20091030431 [0024]One aspect of prior reverse osmosis systems is that the
process operates at a constant pressure developed by the feed pump. Examples of this are illustrated
in Figs. 1-4. The result of a constant pressure feed pump is that excess pressure is applied at the
beginning of the membrane array where the osmotic pressure is 5  relatively low. This may result in an
undesirably high rate of permeate extraction which can damage the membranes. On the other hand,
the final membrane element where the osmotic pressure is high may have an undesirably low rate of
extraction which may  result in a pei weate with an excessive amount of sale contamination
10SUMMARY [0025]The present disclosure provides a reverse osmosis system that allows the
pressure at the membrane to be varied during the batch process. By varying the pressure energy
wasting excessive pressures can be avoided, as well, a high enough pressure for good quality
permeate may be maintained. 15[0026]In one aspect of the disclosure, a batch reverse osmosis
system in fluid communication with a fluid reservoir includes a first housing having an inlet valve in
fluid communication with the fluid reservoir. The system also includes a pressure vessel having an
elongated liner with a first end and a second end, a membrane disposed within the second end having
a membrane inlet, a membrane outlet disposed at the second end 



20  and a permeate outlet. The system also includes a recirculation piston disposed within the first end
of the elongated liner. The recirculation piston defines a fluid volume between the recirculation piston
and the membrane adjacent to the membrane inlet. The system includes a plunger disposed within the
housing and an actuator. The housing and the plunger define a chamber. The plunger is coupled to
the actuator. The system 25  further includes a hollow pipe coupled to the actuator, whereby the
plunger, the hollow pipe and the piston move in response to the actuator. The hollow pipe has a port.
The hollow pipe communicates fluid between the chamber within the housing and the fluid volume
within the pressure vessel. [0027]In a further aspect of the disclosure, a method of operating a reverse
30osmosis system having an elongated pressure vessel having a first end, a second end and an outer
wall, a permeate output and a brine output includes forming an annular space between a liner and the
outer wall. The method further includes positioning a membrane  within the liner opposite the first end
of the pressure vessel. The membrane has a first face and a second face. The method also includes
forming a fluid volume between the first face of the membrane and a piston, actuating a plunger in a
chamber in a first direction, communicating fluid into a chamber in response to actuating the plunger in
the  5 first direction, actuating the plunger in a second direction, communicating fluid from the chamber
into the fluid volume, passing brine fluid through the membrane, recirculating brine fluid from the
second face of the membrane toward the first end of the pressure vessel through the annular
chamber, producing permeate through the membrane and communicating the permeate from the
pressure vessel. 10[0027a]In one aspect, there is provided a batch reverse osmosis system in fluid
communication with a fluid reservoir comprising: a pressure vessel having an elongated liner with a
first end and a second end, a membrane disposed within the second end having a membrane inlet, a
membrane outlet disposed at the second end and a permeate outlet, wherein the liner and pressure
vessel have a fluid clearance therebetween whereby  15 brine fluid from the membrane recirculates to
the first end through the fluid clearance; a recirculation piston disposed proximate the first end, said
recirculation piston defining a fluid volume between the recirculation piston and the membrane
adjacent to the membrane inlet, said recirculation piston having check valves therein permitting fluid
flow into the fluid volume and preventing fluid flow out of the fluid volume; a plunger disposed  20
within a housing that is coupled to the pressure vessel, said housing and said plunger defining a
chamber, said plunger coupled to an actuator; a housing having a first one-way inlet valve in fluid
communication with the fluid reservoir; and a hollow pipe coupled to the actuator, whereby the plunger,
the hollow pipe and the piston move in response to the actuator, said hollow pipe having a port, said
hollow pipe communicating fluid between 25said chamber within the housing and said fluid volume
within the pressure vessel through an outlet valve.  



[0027b]In another aspect, there is provided a method of operating a reverse osmosis system having
an elongated pressure vessel having a first end, a second end and an outer wall, a permeate output, a
brine output, an annular space between a liner and the outer wall, a membrane within the liner
opposite the first end of the pressure vessel, said 5  membrane having a first face and a second face,
and a fluid volume between the first face of the membrane and a recirculation device, a housing
having a plunger, a hollow pipe in fluid communication with the fluid volume and a one way valve, said
method comprising: actuating the recirculation device in a chamber in a first direction by moving the
plunger, the hollow pipe and the piston; communicating fluid into the chamber through  10 the one-way
valve in the housing in response to actuating the plunger in the first direction; actuating the plunger in
a second direction; communicating fluid from the chamber into the fluid volume through the hollow
pipe; passing brine fluid through the membrane; recirculating brine fluid within the pressure vessel
from the second face of the membrane toward the first end of the pressure vessel through the annular
chamber; producing permeate 15through the membrane; and communicating the permeate from the
pressure vessel through a permeate outpost. [0028]Further areas of applicability will become apparent
from the    description provided herein. It should be understood that the description and specific
examples are intended for purposes of illustration only and are not intended to limit the 20scope of the
present disclosure. DRAWINGS [0029]The drawings described herein are for illustration purposes only
and are not intended to limit the scope of the present disclosure in any way. 25[0030]Fig. 1 is a
schematic view of a prior reverse osmosis system. [0031]Fig. 2 is a schematic view of an alternate
prior art reverse osmosis 



system. [0032]Fig. 3 is a schematic view of another prior art of a reverse osmosis system.
30[0033]Fig. 4 is another schematic view of a prior art configuration of a reverse osmosis system.
[0034]Fig. 5 is a perspective view of a prior art membrane elements according to the prior art.
[0035]Fig. 6 is a cross-sectional view of a pressure vessel having a plurality of membrane elements
such as those illustrated in Fig. 4 according to the prior art. 5[0036]Fig. 7 is a schematic view of a
manual batch process reverse osmosis system. [0037]Fig. 8 is a schematic view of a second batch
operated reverse osmosis system having a piston energy recovery device.  WO
2009/097176PCIMS2009/030431 



[0038]Fig. 9 is a schematic view embodiment of a batch process reverse osmosis system according to
the present disclosure. [0039]Fig. 10 is a schematic view of an enlarged top portion of the batch
process reverse osmosis system of Figure 9. 5 DETAILED DESCRIPTION [0040]The following
description is merely exemplary in nature and is not intended to limit the present disclosure,
application, or uses. For purposes of clarity, the same reference numbers will be used in the drawings
to identify similar elements. As 10 used herein, the phrase at least one of A, B, and C should be
construed to mean a logical (A or B or C), using a non-exclusive logical OR. It should be understood
that steps within a method may be executed in different order without altering the principles of the
present disclosure. [0041]In the following disclosure, a batch process in which applied pressure 15  is
varied as needed to maintain permeate production at a desired rate as the osmotic pressure increases
is set forth. Various parameters and operating conditions may vary depending on various
characteristics including the type of membrane. As mentioned above, operation of the system at a
pressure that does not waste energy by being too high or that is too low for good quality permeate is
desired. 20[0042]Referring now to Figs. 9 and 10, a reverse osmosis system 200 that uses a batch
process in which the applied pressure is varied as required to maintain permeate production at a
desired rate as the osmotic pressure increases is set forth. As mentioned above, the reverse osmosis
system 200 includes a fluid reservoir 202 that provides feed fluid 204 through a feed pipe 206 and a
filter 207 to a chamber 208 within 25  a housing 210. The feed fluid provided through the feed pipe 206
is provided through a one-way valve 212. When the pressure in the feed pipe 206 is higher than that in
the chamber 208, the one-way valve 212 opens allowing the chamber 208 to be filled with feed fluid.
[0043]The reverse osmosis system 200 includes a pressure vessel 220 having 



30  an outer wall 222, a first end cap 224 and a second end cap 226. The pressure vessel 220 in this
example is cylindrical and elongated in shape. The pressure vessel 220 has a liner 230 disposed
therein. The liner may also be elongated. The liner 230 may be disposed  WO
2009/097176PCT/US2009/030431 so that an annular passage 232 is provided between the liner and
the outer wall 222. By providing the passage 232, fluid may pass between the outer wall 220 and the
liner. The fluid passage 232, in the case of a cylindrical liner or tubular liner and cylindrical outer wall,
is an annular space. 5[0044]A membrane 236 having an input end 238 and an outlet end 240 is
disposed within the liner 230. The outlet end 240 provides higher concentration brine ultimately into
the annular space 232 for recirculation within the pressure vessel 220. The membrane is disposed in
the liner opposite to where pressurized fluid is introduced into the pressure vessel 220. A permeate
pipe 242 communicates permeate fluid 242 10  from the membrane 236 out of the pressure vessel
220. A permeate outlet valve 244 is a one-way valve that allows permeate fluid to leave the pressure
vessel 220 but prevent backflow. A drain pipe 246 and a drain valve 248 cause brine fluid from within
the pressure vessel 220 to be drained into a drain 250 when the drain valve 248 is opened. [0045]A fill
pipe 260 having a fill valve 262 is used to provide feed fluid 15into the pressure vessel 222 prior to
starting the permeate producing process.        [0046] Details of the housing 210 are illustrated in
further detail. The housing 210 and outer wall 222 of the pressure vessel 220 may be integrally formed
with the end cap 224 or a wall therebetween. The housing 210 may also be spaced apart from
pressure vessel 220. 20[0047]A plunger 270 is movably disposed within the housing 210. A seal 272
prevents fluid leaks from the chamber 208 outside of the housing 210. The plunger 270 moves in a
linear direction in response to the movement of the rod 274. The rod 247 is attached to a lever 276
which in turn moves about a fulcrum 280. The lever 276 may be manually operated or may be
operated through the use of an actuator 282. Of course, 25 various movement mechanisms would be
evident to those skilled in the art. What is important in the movement of the plunger 270 is that the
plunger moves in a linear motion. As is illustrated, the plunger 270 moves in a linear motion on or
parallel with the elongated axis of the housing 210 and the pressure vessel 224. [0048]The plunger
270 may be mechanically coupled to a hollow pipe 300 30 so that movement of the plunger causes
movement of the pipe 300. The hollow pipe 300 may include ports 302 for receiving fluid from within
the chamber 208 and communicating the fluid into the pipe 300. The pipe 300 may extend through the



WO 2009/097176PCT/US2009/030431 chamber 208 through the first end cap 224 and through a
recirculation piston 310. The pipe 300 may be sealed within the end cap 312 to prevent fluid from
within the pressure vessel 222 from entering the chamber 208. [0049]The hollow pipe 300 may include
an outlet valve 314. The outlet 5  valve 314 is a one-way valve used to allow pressurized fluid from the
chamber 208 to enter the lower pressure fluid volume 320 when conditions are such. The outlet valve
314 may be disposed in various locations including within the fluid volume 320 at the end of the hollow
pipe or within the hollow pipe 300. [0050]The piston may be mechanically coupled to the pipe 300.
That is, 10movement of the pipe 300 caused by movement of the plunger 270 causes the piston to
move in a corresponding direction and amount. [0051]The fluid volume 320 is defined by the space
between the bottom of the piston 310, the liner 230 and the first end 238 of the membrane 236. The
fluid volume 320 may be about one to about two times a volume of the membrane 236. 15  [0052] The
recirculation piston 310 includes one or more check valves 330 in passages 332 through the piston
that permit flow from the annular passage 232 to ultimately enter the fluid volume 320. The check
valves 330 may be one-way valves that prevent the movement of fluid from within the fluid volume 320
column back into the annular passage 232. 20[0053]In operation, an upward movement of the lever
276 causes an upward movement in the rod 274. Movement of the rod 274 moves the plunger 270
and the hollow pipe 300 also in an upward direction. As the plunger 270 moves in an upward direction,
the chamber 208 has a volume that increases and a pressure that decreases which cause the valve
212 to open and fill the chamber 208. Prior to the upward 25  movement of the actuator, it is presumed
that the pressure vessel 220 has been drained of brine and that the pressure vessel 262 has been
filled with feed fluid from the fluid reservoir. [0054] A downward movement of the lever 262 causes the
rod 274 and plunger 270 to move in a downward direction. Likewise, the pipe 300 and piston 310 30
also move in a downward direction. The downward moving plunger 270 increases the 



fluid pressure within the chamber 208 and causes the check valve 314 to open. The downward moving
plunger 270 creates a high pressure within the fluid volume 320 and  WO
20091097176PCT/US2009/030431 causes peirneate production through the permeate pipe 242.
Excess brine created from the feed fluid moves out of the second end 240 of the membrane 236 and
through the annular chamber in an upward direction as illustrated by arrows 360 in response to the
downward movement of recirculation piston 310. Ultimately the brine recirculates 5  through the
annular chamber 232 to the first end of the pressure vessel 222 as indicated by arrows 362. During the
downward motion, valves 330 remains closed thereby driving the aforementioned circulation. The
pressure in the pressure vessel 222 during downward movement increases to a pressure sufficient to
cause the membrane 236 to generate a volume of permeate equal to the amount of water entering the
pressure vessel 10 222 due to the incompressibility of water. The amount of permeate that exits the
permeate pipe 242 equals the amount of feed water pumped into the pressure vessel 222 through the
pumping action of the plunger 270. The drain valve 248 remains closed.       [0055]As can be seen,
since the brine is not depressurized as it is stored in the pressure vessel 222, no means are needed to
provide hydraulic energy recovery and 15thus the system is less complex, less expensive and more
reliable than providing an energy recovery device. [0056]Upward movement of the recirculation piston
310 and plunger 270 stops the recirculation movement as valves 330 open and no additional feed
water is provided through the hollow pipe 300. Permeate productions stops. 20[0057]The salinity of the
solution within the pressure vessel 222 increases as peimeate is produced. At some point, the
production of additional permeate is no longer practical. Therefore, the brine in the pressure vessel
222 is replaced by a new batch of feed water. As mentioned above, the brine solution is removed
through the drain pipe 246 through drain valve 248 and into a drain 250. Gravity may cause the
pressure vessel 25  220 to drain. Actuation of the lever 276 may facilitate the process of draining the
brine from the pressure vessel 222. The permeate check valve 244 minimizes the reverse flow of
permeate into the membrane when the pressure vessel is reduced to below the osmotic pressure
during the brine-draining cycle. Simultaneously with brine draining, the fill valve 262 may be opened to
allow new feed fluid to displace the brine. By action the 



30 lever arm 276 in an upward direction, the feed enters the annular space 232 and moves in an
upward direction to help displace the brine. When the brine has been replaced by the  WO
2009/097176PCT/US2009/030431 feed water, the valves 248 and 262 are closed. Thereafter, the
process is complete and a new batch of peimeate may again be formed as described above.
[0058]Those skilled in the art can now appreciate from the foregoing description that the broad
teachings of the disclosure can be implemented in a variety of 5  forms. Therefore, while this
disclosure includes particular examples, the true scope of the disclosure should not be so limited since
other modifications will become apparent to the skilled practitioner upon a study of the drawings, the
specification and the following claims.  CLAMS What is claimed is:        1. A batch reverse osmosis
system in fluid communication with a fluid reservoir comprising:       a pressure vessel having an
elongated liner with a first end and a second end, a membrane disposed within the second end having
a membrane inlet, a membrane outlet disposed at the second end and a permeate outlet, wherein the
liner and pressure vessel have a fluid clearance therebetween whereby brine fluid from the membrane
recirculates to the first end through the fluid clearance; a recirculation piston disposed proximate the
first end, said recirculationpiston defining a fluid volume between the recirculation piston and the
membrane adjacent to the membrane inlet, said recirculation piston having check valves therein
permitting fluid flow into the fluid volume and preventing fluid flow out of the fluid volume;        a
plunger disposed within a housing that is coupled to the pressure vessel, said housing and said
plunger defining a chamber, said plunger coupled to an actuator; 



a housing having a first one-way inlet valve in fluid communication with the fluid reservoir; and        a
hollow pipe coupled to the actuator, whereby the plunger, the hollow pipe and the piston move in
response to the actuator, said hollow pipe having a port, said hollow pipe communicating fluid between
said chamber within the housing and said fluid volume within the pressure vessel through an outlet
valve.        2. A batch reverse osmosis system as recited in claim  1 further comprising a filter filtering
fluid from the fluid reservoir.        3. A batch reverse osmosis system as recited in claim 1 wherein the
permeate outlet comprises a permeate one-way valve.        4. A batch reverse osmosis system as
recited in claim 1 wherein the hollow pipe extends through a first end cap of the pressure vessel and a
seal fluidically seals the hollow pipe to the first end cap.         5. A batch reverse osmosis system as
recited in claim I wherein the outlet valve comprises a one-way valve.        6. A batch reverse osmosis
system as recited in claim 1 wherein the outlet valve is disposed adjacent to the piston.        7. A batch
reverse osmosis system as recited in claim 1 wherein the outlet valve is disposed within the fluid
volume.        8. A batch reverse osmosis system as recited in claim 1 wherein the recirculation device
comprises a check valve communicating fluid from the fluid clearance to the fluid volume.        9. A
batch reverse osmosis system as recited in claim 1 wherein the pressure vessel has a drain pipe and
drain valve.        10. A batch reverse osmosis system as recited in claim I wherein the pressure vessel
has a fill pipe and a fill valve communicating fluid from the fluid reservoir to the pressure vessel.
11. A batch reverse osmosis system as recited in claim I wherein the fluid volume is about 1 to about 2
times a membrane volume. 



12. A batch reverse osmosis system as recited in claim 1 wherein the recirculation device comprises a
recirculation piston.        13. A method of operating a reverse osmosis system having an elongated
pressure vessel having a first end, a second end and an outer wall, a permeate output, a brine output,
an annular space between a liner and the outer wall, a membrane within the liner opposite the first end
of the pressure vessel, said membrane having a  first face and a second face, and a fluid volume
between the first face of the membrane and a recirculation device, a housing having a plunger, a
hollow pipe in fluid communication with the fluid volume and a one way valve, said method comprising:
actuating the recirculation device in a chamber in a first direction by moving the plunger, the hollow
pipe and the piston;       communicating fluid into the chamber through the one-way valve in the
housing in response to actuating the plunger in the first direction; actuating the plunger in a second
direction; communicating fluid from the chamber into the fluid volume through the hollow pipe; passing
brine fluid through the membrane;       recirculating brine fluid within the pressure vessel from the
second face of the membrane toward the first end of the pressure vessel through the annular
chamber; producing permeate through the membrane; and communicating the permeate from the
pressure vessel through a permeate outpost.        14. A method as recited in claim 13 wherein prior to
actuating a plunger in a first direction, filling the pressure vessel from a fluid reservoir.     15. A method
as recited in claim 13 wherein communicating fluid into a chamber comprises communicating fluid into
the chamber through a filter.        16. A method as recited in claim 13 wherein communicating fluid
from the chamber into the fluid volume comprises communicating fluid from the fluid chamber into the
fluid volume through a port in the hollow pipe.  



17. A method as recited in claim 13 wherein communicating fluid from the chamber into the fluid
volume comprises communicating fluid from the fluid chamber into the fluid volume through a hollow
pipe mechanically coupled between the plunger and the recirculation device.        18. A method as
recited in claim 13 wherein communicating fluid from the chamber into the fluid volume comprises
communicating fluid from the fluid chamber into the fluid volume through a hollow pipe having a
one-way valve disposed therein.        19. A method as recited in claim 13 further comprising draining
the pressure vessel through a drain valve. 


