
MULTI-LEAF REVERSE OSMOSIS ELEMENT BACKGROUND [0001]Embodiments presented
herein relate to reverse osmosis elements and more particularly to spiral
feed flow reverse osmosis elements. [0002]Reverse osmosis is widely used
for purifying fluids such as water. In reverse osmosis, a feed solution
such as, brackish or impure water, sea water, and so forth, is passed
through a semi-permeable membrane at a pressure higher than the osmotic
pressure of the feed water. A permeate, for example, purified water is
obtained on the other side of the semi-permeable membrane. [0003]Current
reverse osmosis systems typically include cross flow type elements, with
feed that flows axially through the element and permeate that flows
spirally into the core. Although less common, spiral feed flow elements
also exist. Both cross flow elements and spiral feed flow elements include
a leaf wound around a core. The leaf may include a layer of permeate
carrier sandwiched between two layers of membrane element and a layer of
feed spacer, disposed adjacent to one or both membrane element layers. In
cross flow elements, the feed solution is fed into the cross flow element
axially at high pressure. The feed solution flows through the membrane
element, and the permeate flows spirally through the permeate carrier, and
into the core. In spiral feed flow elements, the feed solution flows
spirally through the element. The permeate is collected in a permeate
channel within the core of the spiral feed flow element and discharged at
one or both ends of the spiral feed flow element while the retentate is
collected in a separate retentate channel within the core, and flows out
one or both ends of the spiral feed flow element. The core in a spiral feed
flow element includes separate channels for permeate flow and retentate
flow. [0004]Usually a number of cross flow elements may be connected in
series to achieve high permeate recovery. As permeate is recovered through
the cross flow element, the feed velocity decreases in the feed channel.
Such a reduction in feed flow velocities may contribute to fouling of the
RO membrane surface. One technique for 



overcoming the reduction in feed flow velocities includes arranging the
cross flow elements in a tapered arrangement. The tapered arrangement
includes multiple stages plumbed in series. Each stage includes multiple
cross flow elements plumbed in parallel. Each successive stage includes
fewer cross flow elements in parallel than the preceding stage. For
instance, a three stage tapered arrangement may include four cross flow
elements in parallel in the first stage, feeding two cross flow elements in
parallel in the second stage, which in turn feed a single cross flow
element in the third stage. Each stage feeds the retentate to the next
stage. However, the tapered arrangements may increase the cost and the
complexity of the RO system. [0005]Further, the feed solution pressure may
cause the cross flow element to expand and open up the feed channel flow
path. Such expansion also decreases the feed velocity. To ensure that the
cross flow element does not expand under feed pressure, cross flow elements
are typically enclosed in a casing. Also, cross flow elements may undergo
telescoping due to the axial load of the feed solution pressure. One
solution to prevent telescoping is the use of anti-telescoping devices
disposed at the ends of the cross flow elements. However, anti-telescoping
devices reduce the active area of the cross flow element, add cost and
increase complexity of the RO system. [0006]Spiral feed flow elements have
feed channels and permeate channels of approximately equal spiral length.
To reduce permeate backpressure to a minimum and achieve high efficiency, a
leaf with a short spiral length is required. However, a leaf with a short
spiral length results in spiral feed flow elements that have a small
exterior diameter, or spiral feed flow elements having a complicated core
design to accept multiple short leaves. [0007]Therefore there is a need for
a reverse osmosis element that overcomes these and other shortcomings.
BRIEF DESCRIPTION [0008]A reverse osmosis element is provided. The reverse
osmosis element includes a plurality of permeate tubes arranged to form a
core frame. The reverse osmosis element  further includes a plurality of
leaves which are coupled to the permeate tubes. At least one of the core
frame and the plurality of leaves wound over the core frame form a
retentate channel. The reverse osmosis element includes first and second
end caps coupled to the plurality of permeate tubes. At least one of the
first and second end caps includes a retentate discharge port, and at least
one of the first and second end caps includes one or more permeate
discharge ports. 



[0009]A nested reverse osmosis element is provided. The nested reverse
osmosis element includes a plurality of permeate tubes arranged to form an
outer core frame, and an inner core frame disposed in an interior of the
outer core frame. The nested reverse osmosis element further includes a
plurality of leaves coupled to the permeate tubes. An intermediate channel
is formed between the outer core frame and the inner core frame. The
intermediate channel is formed by at least one of the outer core frame,
first ones of the plurality of leaves wound over the outer core frame, the
inner core frame, and second ones of the plurality of leaves wound over the
inner core frame. At least one of the inner core frame and the second ones
of the plurality of leaves wound over the inner core frame form a retentate
channel. The nested reverse osmosis element also includes first and second
end caps coupled to the plurality of permeate tubes. At least one of the
first and second end caps includes a retentate discharge ports, and at
least one of the first and second end caps includes one or more permeate
discharge ports. BRIEF DESCRIPTION OF THE DRAWINGS [0010]FIG. 1 illustrates
an exemplary reverse osmosis element core, according to one embodiment;
[0011]FIG. 2 illustrates a cross section view of an exemplary reverse
osmosis element core, according to one embodiment; [0012]FIG. 3 illustrates
an exemplary leaf structure coupled to a permeate tube, according to one
embodiment; [0013]FIG. 4 illustrates an exemplary leaf structure coupled to
a permeate tube, according to another embodiment;  



WO 2012/057900PCT/US2011/047557 [0014]FIG. 5A illustrates an external view
of an exemplary end cap, according to one embodiment; [0015]FIG. 5B
illustrates an internal view of an exemplary end cap, according to one
embodiment; [0016]FIG. 6 illustrates an exemplary configuration of multiple
reverse osmosis elements, according to one embodiment; [0017]FIG. 7
illustrates an exemplary nested reverse osmosis element core, according to
one embodiment; [0018]FIG. 8 illustrates an exemplary nested reverse
osmosis element core, according to another embodiment; and [0019]FIG. 9
illustrates an exemplary nested reverse osmosis element core, 



according to yet another embodiment. DETAILED DESCRIPTION [0020]Various
embodiments presented herein will be described in detail below with
reference to the accompanying drawings. It will be apparent, however, that
these embodiments may be practiced with all or some of these specific
details. In other instances, well known process steps or elements have not
been described in detail in order not to unnecessarily obscure the
description of the embodiments. The following example embodiments and their
aspects are described and illustrated in conjunction with apparatuses,
methods, and systems which are meant to be illustrative examples, not
limiting in scope. [0021]Embodiments presented herein describe multi-leaf
spiral feed flow reverse osmosis (RO) elements. The spiral feed flow RO
element may be used, for instance, in desalination systems for desalinating
brackish or seawater. Feed water is pumped under high pressure into one or
more inlets disposed on the circumference of the spiral feed flow RO
element. The feed water follows a spiral path through a wound membrane
stack separating into purified water (permeate) and impurities (retentate).
WO 2012/057900PCT/US2011/047557 [0022]FIG. 1 illustrates an exemplary RO
element core 100, according to one embodiment. The element core 100
includes a plurality of permeate tubes 102 arranged to the form a core
frame. The permeate tube 102 may be manufactured using materials such as,
but not limited to, polymers, metals, composites, alloys and the like. The
permeate tube 102 may have a circular cross section as shown in FIG. 1.
Alternatively, the permeate tube 102 may have a tear drop shaped cross
section, an airfoil shaped cross section, a triangular cross section, and
so forth. Permeate tubes 102 having a tear drop, airfoil or triangular
shaped cross section may enable better coupling with a leaf. [0023]The
permeate tube 102 includes a plurality of perforations 104. The plurality
of perforations 104 may include circular holes, longitudinal slits,
transverse slits and the like. The perforations 104 may be formed by gang
drilling the permeate tubes 102. More complex shapes of perforations such
as, slits, and polygonal perforations, may be formed using punches. The
perforations 104 facilitate the flow of the permeate into the permeate tube
102 from the leaf (not shown in FIG. 1). 



[0024]A retentate channel 106 is formed by the permeate tubes 102 of the
core frame. Each permeate tube 102 is coupled to a leaf. The leaves are
wound over the core frame to form the spiral feed flow RO element. The
winding of the leaves over the core frame seals the retentate channel 106.
In other words, the retentate channel 106 is an open channel, defined by
the inner extent of the permeate tubes 102 of the core frame, and further
defined by winding the leaves over the core frame. [0025]The plurality of
permeate tubes 102 are coupled to end caps 108. The end caps 108 may
include one or more permeate discharge ports 110 for facilitating the
discharge of the permeate from the permeate tubes 102. The end caps 108 may
also include at least one retentate discharge port 112 for discharging the
retentate from the retentate channel 106. FIG. 1 illustrates both the end
caps 108 including a plurality of permeate discharge ports 110, and one
retentate discharge port 112. Various other configurations of discharge
ports on the end caps 108 are possible. For instance, one of the two end
caps 108 may include the permeate discharge ports 110, while the other end
cap 108 may include the retentate discharge port 112. Such a configuration
allows the discharge of the retentate and the permeate from opposite ends
of the RO element. Alternatively, one end cap 108 may include the permeate
discharge ports 110, and a retentate discharge port 112, while the other
end cap 108 may include no discharge ports. Such a configuration allows the
discharge of the permeate and the retentate from the same end of the RO
element. The end caps 108 are further described in conjunction with FIG. 5A
and FIG. 5B. [0026]FIG. 2 illustrates a cross section view of an exemplary
reverse osmosis element 200, according to an embodiment. RO element 200
includes a plurality of permeate tubes 102a, and 102b. For simplicity, the
perforations 104 are not illustrated in FIG. 2. The permeate tubes 102 are
each coupled to a leaf element. The leaf elements may include at least one
of a permeate carrier 202, a semi-permeable membrane 204, and a feed spacer
206. FIG. 2 illustrates one implementation of arrangement of the leaf
elements. The leaf elements coupled to the permeate tubes 102a include the
permeate carrier 202, the semi-permeable membrane 204, and the feed spacer
206. The leaf elements coupled to the permeate tubes 102b include the
permeate carrier 202, and the semi-permeable membrane 204, but do not
include the feed spacer 206. Such an arrangement may help reduce extra feed
spacer elements. Such an arrangement may also reduce the overall diameter
of the RO element. Alternatively, such an arrangement may accommodate more
leaves within the same diameter. However, it will be appreciated, that all
leaf elements may include all three elements. [0027]The leaves may be
coupled to the permeate tubes 102 by wrapping each leaf around a permeate
tube 102. Alternatively the leaves may be bonded to the permeate tubes 102
to facilitate the flow of the permeate into the permeate tubes 102. A
suitable adhesive may be used for bonding the leaves to the permeate tubes
102. The permeate carrier 202 may include a seal 208 on the longitudinal
sides and the transverse side at the end opposite to the permeate tube 102.
The seal 208 may be formed using suitable sealing materials such as
thermosetting polymers impregnated into the permeate carrier 202. The seal
208 prevents the entry of the feed solution directly into the permeate
carrier 202 between the membranes 204. The seal 208 also prevents the
leakage of the permeate from the sides of the permeate carrier 202. FIGS. 3
and 4 illustrate exemplary leaves coupled to permeate tubes 102a and 102b
respectively, according to one  embodiment. FIGS. 3 and 4 illustrate the
seal 208 formed on the longitudinal sides and the transverse side opposite
to the permeate tube 102. [0028]FIG. 5A illustrates an external view 500 of
an exemplary end cap 108, 



according to one embodiment. The external piping connections (not shown) or
another element core 100 may be connected to the end caps 108, particularly
to the permeate discharge ports 110 and the retentate discharge port 112,
in order to extract the permeate and the retentate from the permeate tubes
102 and the retentate channel 106, respectively. [0029]The connections may
be screw type, including threads on the permeate discharge ports 110 and on
the retentate discharge port 112. Alternatively, the external piping may be
bonded to the permeate discharge ports 110 and the retentate discharge port
112 using an adhesive. [0030]FIG. 5B illustrates an internal view 510 of an
exemplary end cap 108, according to one embodiment. The end cap 108 may be
manufactured from any material such as, but not limited to, plastic,
composites, metal, alloys and the like. The end cap 108 may be manufactured
using techniques such as, without limitation, injection molding. [0031]The
end caps 108 and the permeate tubes 102 may be coupled together using
threads present on the permeate tubes 102 and the permeate discharge ports
110. In an alternate embodiment, the end caps 108 and the permeate tubes
102 can be bonded using an adhesive. In a further embodiment, the end caps
108 and the permeate tubes 102 may also be fused together, to form one
single arrangement. [0032]FIG. 6 illustrates an exemplary configuration 600
of multiple reverse osmosis elements 602, according to one embodiment. The
configuration 600 shows the implementation with three reverse osmosis
elements 602a, 602b and 602c. Further, a person of ordinary skill in the
art will appreciate that the number of reverse osmosis elements 602 may be
varied as per the requirements of the system. [0033]The configuration 600
may include a pressure vessel 604. The pressure vessel 604 may include an
inlet 606, facilitating the flow of pressurized feed water into the
pressure vessel 604. The feed water may be pumped into the inlet 606 at
high pressure, 



for instance 2-17 bar (30-250 PSI) for brackish water, and 40-70 bar
(800-1000 PSI) for seawater. Further, the size of the pressure vessel 604
and the pressure of the feed water may be varied based on the factors such
as, but not limited to, the number of reverse osmosis elements 602
implemented by the system, the type of leaf elements employed, the number
of leaf elements per RO element, the level of recovery needed, and the
like. [0034]As shown in FIGS. 5A, and 5B, end caps 108 having both the
permeate discharge ports 110, and the retentate discharge port 112 may be
present for each of the three reverse osmosis elements 602a, 602b and 602c,
along with external pipes connecting the three reverse osmosis elements
602a, 602b and 602c. [0035]Further, at one end of each of the reverse
osmosis elements 602a and 602c, a permeate outlet 610 may be connected on
each end of the pressure vessel 604 to extract the permeate from either
end. Similarly, at one end of each of the reverse osmosis elements 602a and
602c, a retentate outlet 608 may be connected on each end of the pressure
vessel 604 to extract the retentate from either end. The connection between
the permeate outlet 610 and the permeate discharge ports 110 may be done
using any of the techniques used to attach the permeate pipe 102 and the
end caps 108, as explained earlier. Similar types of connections may be
employed for connecting the retentate discharge port 112 and the retentate
output pipe 608. [0036]FIG. 7 illustrates an exemplary nested RO element
core 700, according to one embodiment. The nested RO element core 700
includes a two level nesting for performing the reverse osmosis process.
The nested RO element core 700 may include a set of outer permeate tubes
702, and a set of inner permeate tubes 704. The outer permeate tubes 702
may be larger in diameter, and larger in number than the inner permeate
tubes 704. The amount of permeate recovery obtained by the outer level of
the nested RO element governs the size and number of the inner permeate
tubes 704. [0037]The outer permeate tubes 702 define an intermediate
channel 710. The outer leaf elements (indicated by outline 706) seal the
intermediate channel 710. The outer leaf elements provide a first stage of
RO recovery of the feed solution. The permeate obtained from the first
stage of RO recovery is collected in the outer permeate tubes 702, 



and discharged through associated permeate discharge ports. The
intermediate retentate solution is then subject to a second stage of RO
recovery through the inner leaf elements. The intermediate channel behaves
as a pressure vessel for the inner leaf elements (indicated by outline
708). The permeate obtained from the second level of RO recovery is
collected in the inner permeate tubes 704, and discharged through
associated permeate discharge ports. The retentate is then collected in the
retentate channel 712, and discharged through an associated retentate
discharge port. [0038]The size and number of the inner permeate tubes 704
are governed by the amount of permeate recovery obtained by the outer level
of the nested RO element. For instance, if the outer level of the nested RO
element provides a fifty percent permeate recovery, the inner level of the
nested RO element may require half as many permeate tubes as the outer
level to keep the feed flow velocity comparable to the feed flow velocity
at the inlet of the outer level of the nested RO element. [0039]FIG. 8
illustrates an exemplary nested RO element core 800, according to another
embodiment. The nested RO element core 800 includes a two level nesting for
performing the reverse osmosis process. The nested RO element core 800 may
include a set of outer permeate tubes 802 forming an outer frame, and
multiple sets of inner permeate tubes 804 forming multiple inner frames.
The operation of such an RO element is similar to that described in
conjunction with FIG. 7. [0040]FIG. 9 illustrates an exemplary nested RO
element core 900 according to yet another embodiment. The nested RO element
core 900 includes a three level nesting for performing the reverse osmosis
process. The nested RO element core 900 includes a set of outer permeate
tubes 902, a set of intermediate permeate tubes 904, and a set of inner
permeate tubes 906. The feed solution undergoes three stages of RO
recovery, with the permeate from each stage of RO recovery collected in the
respective permeate tubes 902, 904, and 906. The operation of such an RO
element is similar to that described in conjunction with FIG. 7. [0041]The
nested RO elements 700, 800, and 900 may discharge the permeates obtained
from the different stages of RO recovery through separate discharge ports.
Alternatively, the permeate collected in the permeate tubes of all the
stages of the nested RO elements 700, 800, and 900 may be discharged
through common permeate outlets. [0042]The nested multi leaf RO elements
described herein provide a compact RO element, with high efficiency and
higher recovery than conventional single stage RO element designs. The
reduced number of leaves in the inner stages aids in maintaining a high
feed flow velocity in the inner feed channels, thus reducing the likelihood
of fouling of the semi-permeable membranes. The nested multi leaf RO
elements may be stacked in a configuration similar to that described in
conjunction with FIG. 6. 



[0043]Although specific implementations and application areas are described
in conjunction with the embodiments presented herein, such description is
solely for the purpose of illustration. Persons skilled in the art will
recognize from this description that such embodiments may be practiced with
modifications and alterations limited only by the spirit and scope of the
appended claims.  CLAIMS:    1. A reverse osmosis element comprising: a
plurality of permeate tubes arranged to form a core frame;       a
plurality of leaves wound over the core frame, each leaf of the plurality
of leaves being coupled to one permeate tube of the plurality of permeate
tubes; and       a retentate channel defined by the permeate tubes of the
core frame and the plurality of leaves wound over the core frame; first and
second end caps coupled to opposite ends of the plurality of permeate
tubes,       wherein at least one of the first and second end caps
comprises a retentate discharge port, and at least one of the first and
second end caps comprises one or more permeate discharge ports.    2. The
reverse osmosis element of claim 1, wherein the plurality of permeate tubes
have one of a circular cross section, a triangular cross section, a
tear-drop shaped cross section, and an airfoil shaped cross section. 



3. The reverse osmosis element of claim 1, wherein each leaf of the
plurality of leaves comprises a permeate carrier and a semi-permeable
membrane.    4. The reverse osmosis element of claim 3, wherein alternate
leaves of the plurality of leaves additionally comprise a feed spacer.
5. The reverse osmosis element of claim 3, wherein each leaf of the
plurality of leaves additionally comprises a feed spacer.    6. The reverse
osmosis element of claim 1, wherein each leaf of the plurality of leaves is
coupled to the permeate tube by wrapping the leaf around the permeate tube.
7. A water purification system comprising a reverse osmosis element
according to claim 1.     8. A water purification system according to claim
7, comprising a plurality of reverse osmosis elements arranged in series.
9. A water purification system according to claim 8, wherein retentate
discharge ports of adjacent reverse osmosis element are in fluid
communication.    10. A water purification system according to claim 8,
wherein permeate discharge ports of adjacent reverse osmosis element are in
fluid communication.    11. A reverse osmosis element comprising:       a
plurality of permeate tubes arranged to form an outer frame, and an inner
frame disposed within the outer frame;       a first plurality of leaves
wound over the outer frame, each leaf of the first plurality of leaves
being coupled to one permeate tube of the outer frame;       and a second
plurality of leaves wound over the inner frame, each leaf of the second
plurality of leaves being coupled to one permeate tube of the inner frame; 



an intermediate channel defined by the permeate tubes of the outer frame
and the first plurality of leaves wound over the outer frame;       a
retentate channel defined by the permeate tubes of the inner frame and by
the second plurality of leaves wound over the inner frame; and first and
second end caps end caps coupled to the plurality of permeate tubes,
wherein at least one of the first and second end caps comprises a retentate
discharge port, and at least one of the first and second end caps comprises
one or more permeate discharge ports.    12. The reverse osmosis element of
claim 10, wherein the plurality of permeate tubes have one of a circular
cross section, a triangular cross section, a tear-drop shaped cross
section, and an airfoil shaped cross section.      13. The reverse osmosis
element of claim 11, wherein each leaf of the plurality of leaves comprises
a permeate carrier and a semi-permeable membrane.    14. The reverse
osmosis element of claim 13, wherein alternate leaves of the plurality of
leaves additionally comprise a feed spacer.    15. The reverse osmosis
element of claim 13, wherein each leaf of the plurality of leaves
additionally comprises a feed spacer.    16. The reverse osmosis element of
claim 11, wherein each leaf of the plurality of leaves is coupled to the
permeate tube by wrapping the leaf around the permeate tube.    17. A water
purification system comprising a reverse osmosis element according to claim
11.     18. A water purification system according to claim 17, comprising a
plurality of reverse osmosis elements arranged in series. 



19. A water purification system according to claim 17, wherein retentate
discharge ports of adjacent reverse osmosis element are in fluid
communication.     20. A water purification system according to claim 17,
wherein permeate discharge ports of adjacent reverse osmosis element are in
fluid communication. 


