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REVERSE OSMOSIS SYSTEM WITH pump generates more pressure and uses more power than is 
CONTROL BASED ON FLOW RATES IN THE required for a typical operation . 

PERMEATE AND BRINE STREAMS Referring now to FIG . 3 , another system for solving the 
pressure / flow characteristics is to add a variable frequency 

CROSS - REFERENCE TO RELATED 5 drive 36 to operate the motor 12 which , in turn , controls the 
APPLICATIONS operation of the feed pump 20 . Thus , the feed pump 20 is 

operated at variable speed to match the membrane pressure 
This application is a divisional of U . S . patent application requirement . The variable frequency drives 36 are expensive 

Ser . No . 11 / 811 , 622 , filed Jun . 11 , 2007 , which claims the with large capacities and consume about three percent of the 
benefit of U . S . Provisional Application No . 60 / 813 , 764 , filed 10 power that would otherwise have gone to the pump motor . on Jun . 14 , 2006 . The disclosure of the above application is Referring now to FIG . 4 , a system similar to that illus incorporated herein by reference . trated in FIG . 1 is illustrated using the same reference 

numerals . In this embodiment , a booster pump 40 having a TECHNICAL FIELD pump portion 42 and a turbine portion 44 is used to recover 
The present disclosure relates generally to reverse osmo energy from the brine stream 16 . The pump portion 42 and 

sis systems , and , more specifically , to a multi - stage reverse the turbine portion 44 are coupled together with a common 
osmosis system having a centralized pumping source . shaft 46 . High pressure from the brine stream passes through 

the turbine portion 44 which causes the shaft 46 to rotate and 
BACKGROUND 20 drive the pump portion 42 . The pump portion 42 raises the 

feed pressure in the feed stream 18 . This increases the 
The statements in this section merely provide background energy efficiency of the system . The booster 40 generates a 

information related to the present disclosure and may not portion of the feed pressure requirement for the membrane 
constitute prior art . array 12 and , thus , the feed pump 20 and motor 22 may be 

Reverse osmosis systems are used to provide fresh water 25 reduced in size since a reduced amount of pressure is 
from brackish or sea water . A membrane is used that restricts required by them . 
the flow of dissolved solids therethrough . Referring now to FIG . 5 , a basic low - cost scheme for a 

Referring now to FIG . 1 , a reverse osmosis system 10 is large reverse osmosis plant 50 is illustrated using reference 
illustrated having a membrane array 12 that generates a numerals similar to those of FIG . 1 . In this embodiment , 
permeate stream 14 and a brine stream 16 from a feed stream 30 three reverse osmosis stages having three membranes 12a , 
18 . The feed stream 18 typically includes brackish or sea 12b , and 12c are used together with three throttle valves 30a , 
water . A feed pump 20 coupled to a motor 22 pressurizes the 30b , and 30c . The three membranes 12a , 12b and 12c 
feed stream 18 to the required pressure flow which enters the generate respective permeate streams 14a , 14b , and 14c . 
membrane array 12 . Three brine throttle valves 24a , 24b , and 24c are coupled to 

The permeate stream 14 is purified fluid flow at a low 35 the brine output 16a , 16b , and 16c . The feed stream 18 is 
pressure . The brine stream 16 is a higher pressure stream that coupled to a feed manifold 52 which , in turn , is coupled to 
contains dissolved materials blocked by the membrane . The each of the feed throttle valves 30a - 30c . Each throttle valve 
pressure of the brine stream 16 is only slightly lower than the is used to provide feed fluid to each of the respective 
feed stream 18 . The membrane array 12 requires an exact membrane 12a - 12c . The brine stream 16a - 160 passes 
flow rate for optimal operation . The flow rate provides a 40 through the brine throttle valves 24a - 24c and into a brine 
specific pressure for optimization . A brine throttle valve 24 manifold 54 . The permeate streams are coupled to a perme 
may be used to regulate the flow through the membrane ate manifold 56 . 
array 12 . Changes take place due to water temperature , In a large reverse osmosis plant 50 , the objective is to use 
salinity , as well as membrane characteristics , such as fowle a feed pump with the largest available capacity to achieve 
ing . The membrane array 12 may also be operated at 45 the highest possible efficiency at the lowest capital cost per 
off - design conditions on an emergency basis . The feed unit of capacity . The optimal capacity of a membrane array 
pumping system is required to meet variable flow and 12 is usually smaller than the pumps . Therefore , a single 
pressure requirements . feed pump 20 may be used to multiple supply membrane 

In general , a higher feed pressure increases permeate arrays 12 . Such a configuration is called centralized feed 
production and , conversely , a reduced feed pressure reduces 50 pumping . Because each of the membranes has a variable 
permeate production . The membrane array 12 is required to pressure requirement , individual control using the throttle 
maintain a specific recovery which is the ratio of the valves 30a - 30c and 24a - 24c may be used . However , using 
permeate flow to feed flow . The feed flow or brine flow throttle valves wastes energy . Also , the individual mem 
likewise requires regulation . branes themselves may have their own pressure require 

Referring now to FIG . 2 , a system similar to that in FIG . 55 ments due to the following level of the membranes which 
1 is illustrated with the addition of a feed throttle valve 30 . may vary over the membrane array . 
Medium and large reverse osmosis plants typically include Referring now to FIG . 6 , a similar configuration to that of 
centrifugal - type pumps 20 . The pumps have a relatively low FIG . 5 is illustrated with the addition of a variable frequency 
cost and good efficiency , but they may generate a fixed drive used to drive the motor 22 and thus the pump 20 . The 
pressure differential at a given flow rate and speed of 60 three membranes 12a , 12b and 12c generate respective 
rotation . To change the pressure / flow characteristic , the rate permeate streams 14a , 14b , and 14c . The variable frequency 
of pump rotation must be changed . One way prior systems drive 60 is used to develop enough pressure at the pump 20 
were designed was to size the feed pump 20 to generate the to satisfy the pressure requirements of the membrane arrays 
highest possible membrane pressure and then use the throttle with the highest pressure requirement . The centralized 
valve 30 to reduce the excess pressure to meet the membrane 65 pumping is partially offset by the difficulty of customizing 
pressure requirement . Such a system has a low capital cost the fixed discharge pressure of the feed pump to the variable 
advantage but sacrifices energy efficiency since the feed pressure requirements of the multiple membrane arrays . 
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Both of the configurations in FIGS . 5 and 6 require indi FIG . 1 is a schematic view of a prior reverse osmosis 
vidual throttling and , thus , the energy efficiency is limited . system . 

Referring now to FIG . 7 , an embodiment from U . S . FIG . 2 is a schematic view of an alternate prior art reverse 
Application WO2004 / 065308 is illustrated using the same osmosis system . 
reference numerals as FIG . 1 for the common components . 5 FIG . 3 is a schematic view of another prior art of a reverse 
In this embodiment , a hemi 70 includes a booster 72 having osmosis system . a pump portion 74 coupled to the feed stream 18 . The FIG . 4 is another schematic view of a prior art configu booster 72 also includes a turbine portion 76 coupled to the 
brine stream 16 . A motor 78 is coupled to the common shaft ration of a reverse osmosis system . 

FIG . 5 is another schematic view of a prior art configu 80 that is used to drive the pump portion 74 and the turbine 10 ration of a reverse osmosis system . portion 76 . A variable frequency drive 82 may be used to 
FIG . 6 is another schematic view of a prior art configu drive the motor 78 in a similar way to that illustrated in FIG . 

3 . However , in this embodiment , the variable frequency ration of a reverse osmosis system . 
drive 82 controls the motor 78 which turns the common shaft FIG . 7 is another schematic view of a prior art configu 
80 of the pump portion 74 and the turbine portion 76 . In this ration of a reverse osmosis system . 
embodiment , a second booster 84 having a second turbine 15 FIG . 8 is a schematic view of a reverse osmosis system 
portion 86 and a pump portion 88 may be used together with according to the present disclosure . 
a motor 90 . The turbine portion 86 receives brine fluid 
through the brine throttle valve 24 which turns the common DETAILED DESCRIPTION 
shaft 92 which generates input pressure through the pump 
portion 88 . The pump portion may be used to generate 20 The following description is merely exemplary in nature 
pressure on fluid received from the reservoir 94 . Fluid is and is not intended to limit the present disclosure , applica 
returned from the reservoir through the turbine portion 76 tion , or uses . For purposes of clarity , the same reference 
and a turbine portion 86 . The pump portion 88 acts as a numbers will be used in the drawings to identify similar 
primary feed pump for the system . The pump portion 74 elements . As used herein , the phrase at least one of A , B , and 
provides a main source of energy recovery for the system . 25 C should be construed to mean a logical ( A or B or C ) , using 
The flow of energy through the feed stream 18 may be a non - exclusive logical or . It should be understood that steps changed using the throttle valve 24 to divert some of the within a method may be executed in different order without brine stream to the turbine portion 86 . altering the principles of the present disclosure . 

Referring now to FIG . 8 , a reverse osmosis system 110 SUMMARY 30 includes a centralized pumping system using pump 120 
The present disclosure provides a reverse osmosis system controlled by motor 122 operates at a fixed speed . Thus , no 

that is cost effective by using centralized pumping but is variable frequency drive is used for the relatively large 
capable of individual control at the various membrane central pump 120 . Also in this embodiment , the use of 
stages . throttle valves is avoided so that an increase in efficiency of 

In one aspect of the disclosure , a reverse osmosis system 35 the overall system is achieved . In this embodiment , the feed 
includes a membrane chamber having a feed line generating stream 118 is fluidically coupled to a feed manifold 152 . In 
a permeate stream and a brine stream . A feed pump pres this embodiment , the feed manifold 152 is used to provide 
surizes the feed line . A first flow meter generates a first flow fluid to three reverse osmosis membrane stages 158a - 1580 
signal corresponding to a flow of fluid in the permeate and their respective membrane arrays 112a - 112c . It should 
stream . A booster device has a turbine in fluid communica - 40 be noted that various numbers of membrane arrays and 
tion with the brine stream and a pump in fluid communica redundant systems may be coupled to the feed manifold 152 . 
tion with the feed line . A motor is coupled to the turbine The following description is set forth for stage 158a . The 
device and a variable frequency drive is attached to the description is equally application to the other stages . 
turbine device operating in response to the first flow signal . The feed manifold 152 is coupled to respective isolation 
A second flow meter generates a second flow signal corre signal corre - 45 valves 210a , 2105 , 210c , 220a , 2206 , 220c , 216a , 216b and sponding to a flow of fluid in the brine stream and a variable 216c . The feed stream is then provided to the hemis 170a , size nozzle operates an opening in response to the second 170b and 170c within the respective first stage 158a , 158b , flow meter . 

In a further aspect of the disclosure , a method includes 158c . More specifically , the feed stream is directed to the 
pressurizing the feed line , generating a first flow signal pump portion 174a of booster 172a of the hemi 170a , the 
corresponding to a flow of fluid in the permeate stream . 50 pump portion 174b of booster 1726 of hemi 1706 and the 
operating a variable frequency drive in response to the first pump portion 174c of booster 172c of hemi 170c . The hemis 
flow signal , controlling the motor in response to the variable 170a , 170b and 170c also include turbine portions 176a , 
frequency drive , generating a second flow signal corre 176b and 176c coupled together with the respective pump 
sponding to a flow of fluid in the brine stream , and control portion 174a , 174b and 174c using a respective common 
ling an opening of a variable size nozzle fluidically coupled 55 shaft 180a , 1806 and 180c . The hemis 170a , 1706 and 1700 
to the turbine portion in response to the second flow signal . also include a respective motor 178a , 1786 and 178c and 

Further areas of applicability will become apparent from respective variable frequency drives 182a , 182b and 182c . 
the description provided herein . It should be understood that The variable frequency drives 182a , 182b and 182c may 
the description and specific examples are intended for pur - include a respective controller 212a , 212b and 212c . The 
poses of illustration only and are not intended to limit the 60 respective boosters 172a , 1726 and 172c raise the feed 
scope of the present disclosure . pressure through pump portion 174a , 1746 and 174c . The 

increased - pressure feed stream 118 enters the respective 
DRAWINGS membrane array 112a , 112b and 112c and generates a 

respective permanent stream 114a , 114b and 114c and a 
The drawings described herein are for illustration pur - 65 brine stream 116a , 116b and 116c . The permeate streams 

poses only and are not intended to limit the scope of the 114a , 114b and 114c pass through a flow meter 214a , 214b 
present disclosure in any way . and 214c and respective isolation valves 216a , 216b and 
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216c . The flow through the isolation valves 216a , 216b and scope of the disclosure should not be so limited since other 
216c is coupled to a permeate manifold 156 . modifications will become apparent to the skilled practitio 

The brine stream 116a , 116b , 116c passes through respec ner upon a study of the drawings , the specification and the 
tive flow meters 218a , 218b and 218c to the respective following claims . 
turbine section 176a , 176b , 176c . The turbine portions 176a , 5 
176b and 176c are coupled to a brine isolation valve 220a , What is claimed is : 
220b and 220c of the reverse osmosis system 110 . Each of 1 . A method of operating a reverse osmosis system , 
the isolation valves 220a - 220c are coupled to a brine mani - wherein the reverse osmosis system comprises ( i ) a mem 
fold 222 . brane chamber having a feed line and generating a permeate 

The hemi 178 increases the feed pressure and the flow 10 stream and a brine stream , and ( ii ) a booster device having 
level required by the membrane array 112a . Energy recovery a turbine portion in fluid communication with the brine 
is performed with the brine stream 116a through the turbine stream , a pump portion in fluid communication with the feed 
portion 176a . Substantial portion of the pressure of the feed line , and a first motor coupled to the turbine portion using a 
stream is generated by the combination of the high pressure common shaft between the turbine portion , pump portion , 
pump 120 and the pump 174a . Motor 178a provides a brine 15 and first motor , the method comprising : 
adjustment to the shaft speed 180 . The brine adjustment may pressurizing the feed line using a feed pump ; 
take place due to wear of various components in the system generating a first flow signal , via a first flow meter , 
and other requirements . The motor speed and , thus , the shaft corresponding to a flow of fluid in the permeate stream ; 
speed is adjusted or may be adjusted by the variable fre operating a variable frequency drive attached to the first 
quency drive 182a . Because the requirement for adjustment 20 motor in response to the first flow signal ; 
is small , the motor 178a and , thus , the variable frequency controlling the first motor in response to the variable 
drive 182a are sized relatively small , typically five percent , frequency drive ; 
of the rating of the central pump 120 . generating a second flow signal , via a second flow meter , 

The motor 178a may also act as a generator . Should the corresponding to a flow of fluid in the brine stream ; and 
speed of the shaft 180a be too large , the motor 178a may act 25 controlling an opening to the turbine portion by adjusting 
as a generator and provide power to the power system 230 . a variable size nozzle in response to the second flow 
Power system 230 may represent the power system of the signal . 
reverse osmosis system 110 . The motor may be an induction 2 . A method as recited in claim 1 , wherein controlling the 
motor that is capable of acting as a generator or as a motor first motor comprises controlling the first motor to act as a 
in combination with a regenerative variable frequency drive . 30 generator when the first flow signal is above a control point 
The regenerative variable frequency drive allows the induc - to generate electrical power for the reverse osmosis system . 
tion motor to act as a generator . 3 . A method as recited in claim 1 , wherein controlling the 

The flow meter signal generated by the flow meter 214a opening comprises decreasing a size of the opening to 
corresponds to the flow in the permeate . The flow meter decrease a brine flow rate . 
signal is coupled to the controller 212a which , in turn , will 35 4 . A method as recited in claim 1 , wherein controlling the 
cause the variable frequency drive 182a to increase the opening comprises increasing a size of the opening to 
speed of the motor 178a and attached shaft 180a resulting in increase a brine flow rate . 
a high - pressure boost in the pump portion 182a . A higher 5 . A method as recited in claim 1 , further comprising 
feed pressure will , thus , be provided to the membrane 112a . providing a first isolation valve disposed between the feed 

It should be noted that the controller 212 may be imple - 40 pump and the booster device . 
mented in various configurations including digital circuitry , 6 . A method as recited in claim 5 , further comprising 
analog circuitry , microprocessor - based circuitry , or the like . providing a second isolation valve disposed between the 

A variable area nozzle 240a may be coupled to the turbine booster device and a brine manifold . 
portion 176a . The variable area nozzle 240 may change the 7 . A method as recited in claim 6 , further comprising 
area of an opening therethrough to increase or decrease the 45 providing a third isolation valve in fluid communication 
brine flow . The variable area nozzle 240 is electrically with the permeate stream . 
coupled to the flow meter 218a . Variable area nozzle 240 8 . A method as recited in claim 1 , wherein the first motor 
controls the area of the opening in response to the flow meter is an induction motor . 
signal . If the brine flow is below a duty point , the flow meter 9 . A method as recited in claim 1 , wherein the variable 
signal 218a will cause the flow area in the nozzle 240 to 50 frequency drive is a regenerative variable frequency drive . 
increase permitting a higher brine flow . Conversely , if the 10 . A method of operating a multi - stage reverse osmosis 
brine flow rate is above the duty point , the flow meter signal system having a feed manifold , a permeate manifold and a 
will cause the area of the variable nozzle 240 to reduce the plurality of reverse osmosis stages fluidically coupled to the 
brine flow . A comparison may therefore take place . By feed manifold and the permeate manifold , wherein each 
controlling either or both signals , the permeate flow and the 55 stage of the multi - stage reverse osmosis system comprises a 
brine flow may be controlled to desirable levels . membrane chamber having a feed line , wherein said mem 

It should be noted that each of the separate sections of brane chamber generates a permeate stream and a brine 
FIG . 8 may operate independently . That is , the brine flow stream , wherein each of the stages further comprises ( i ) a 
and permeate flow for each of the membranes 112 may be booster device having a turbine portion in fluid communi 
independently controlled based on the individual conditions . 60 cation with the brine stream , a pump portion in fluid 
The variable frequency drive is significantly smaller than communication with the feed line , a variable frequency drive 
that illustrated in FIG . 3 and , thus , is less expensive and attached to a first motor , said turbine portion , pump portion 
more energy efficient for the entire system . and first motor comprising a common shaft , the method 

Those skilled in the art can now appreciate from the comprising : 
foregoing description that the broad teachings of the disclo - 65 pressurizing a feed stream within the feed manifold with 
sure can be implemented in a variety of forms . Therefore , a feed pump to form a pressurized feed stream ; 
while this disclosure includes particular examples , the true at each of the stages : 
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passing the pressurized feed stream through the feed 16 . A method as recited in claim 15 , further comprising 
line ; providing a third isolation valve in fluid communication 

generating a first flow signal , in a first flow meter , with the permeate stream . 
corresponding to a flow of fluid in the permeate 17 . A method as recited in claim 10 , wherein operating the stream ; 5 variable frequency drive comprises operating the variable operating the variable frequency drive of the first motor frequency drive for an induction motor . in response to the first flow signal ; 

controlling the first motor in response to the variable 18 . A method as recited in claim 10 , wherein operating the 
frequency drive ; variable frequency drive comprises operating a regenerative 

generating a second flow signal , via a second flow variable frequency drive for the first motor . 
meter , corresponding to a flow of fluid in the brine 19 . A method as recited in claim 1 , further comprising : 
stream ; and driving a turbine via the first motor , 

controlling an opening to the turbine portion by adjust wherein 
ing a variable size nozzle in response to the second the turbine portion comprises the turbine , 
flow signal . the pressurizing of the feed line is performed via a first 11 . A method as recited in claim 10 , wherein controlling 15 pump and includes a second motor driving the first the first motor comprises controlling the first motor to act as pump , and a generator when the first flow signal is above a control point the pump portion comprises a second pump ; and 

to generate power for a reverse osmosis power system from driving the second pump via the turbine . the generator . 20 . A method as recited in claim 1 , wherein : 12 . A method as recited in claim 10 , wherein controlling 20 
an opening comprises controlling the opening smaller to the turbine portion comprises a turbine ; 

the controlling of the first motor comprises transitioning decrease a brine flow rate . 
13 . A method as recited in claim 10 , wherein controlling the first motor to operate as a generator when the first 

flow signal is above a control point to generate elec an opening comprises controlling the opening larger to trical power for the reverse osmosis system ; and increase a brine flow rate . 
14 . A method as recited in claim 10 , further comprising the generator is driven by rotation of the turbine . 

21 . A method as recited in claim 1 , wherein : providing a first isolation valve disposed between the feed the turbine portion comprises a turbine ; and pump and the booster device for each stage . the second flow signal indicates an amount of fluid flow 15 . A method as recited in claim 14 , further comprising 
providing a second isolation valve disposed between the 30 ween the 30 provided from the brine stream to the turbine . 
booster device and a brine manifold . * * * * 
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