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(54) Filter element

(57) A tubular, inward-flow filter element is designed for use with a precoat layer and comprises a porous pleated filter
medium 10, a lower end cap 30 and outlet 40. Around the end cap 30 is a flow straightener 50, which may comprise a
stack of mesh discs or a wire knit mesh wrapping and serves to shield the filter medium from the flow through housing inlet
102. Enclosing the filter medium is a flow distributor 60 comprising a helical winding of impervious tape. The lower
windings touch one another, so that fluid reaches the lower end of medium 10 mainly through flow straightener 50, while
the windings are progressively spaced further apart upwards to determine the flow to different parts of the medium. A
uniform precoat layer is thus achieved.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy
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PRECOAT FILTER ELEMENT

The present invention relates to precoat-type
filter elements. Precoat filter units may be used in
the chemical processing industry, the treatment of
industrial waste, and the treatment of boiler feed-
water in nuclear steam generating systems. 1In partic-
ular, these filters are used where, after treatment,
the liquid product must be very high in purity and
closely adhere to specified standards of deionization
or chemical composition. Precoat-type filters are
used, for example, in the condenser stage of nuclear
power plants.

Precoat filter elements are fregquently utilized
in the treatment of liquids which contain both sus-
pended particulate and dissolved chemical and ionic
contaminants where the treated effluent must be of a
very high degree of purity and closely adhere to
specified standards of deionization or chemical compo-
sition. Such applications of precoated filters are
found in the chemical processing industry, the treat-
ment of industrial waste water, and the treatment of
boiler feedwater in nuclear steam generating systems.
Industrial processes utilizing steam from steam gener-
ating systems may produce condensate contaminated by
corrosion products, by the inleakage of cooling water,
and by various substances used in the process. Con-

taminants in the condensate or boiler feedwater of a
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nuclear steam generating system may cause corrosion
and scaling of heat transfer equipment in the system,
damaging heat exchange surfaces and decreasing their
heat transfer efficiency. This, in turn, may result
in overheating of tubes, followed by tube failure,
further equipment damage, and possibly radioactive
pollution of the environment. To prevent corrosion in
nuclear steam generating systems, water treatment must
include conditioning of the raw water supply, conden-
sate returns from process steam or turbines, and

boiler water.
A particular example of water treatment requiring

stringent quality control, and in which the use of
precoated filters is common, is the condenser stage of
nuclear power plants. Two principal types of nuclear
power plants are boiling water reactors and pressur-
ized water reactors. Though they use different
processes for generating steam to drive turbines in
producing electricity and require different water
chemistry, both employ similar water purification
systems commonly referred to as condensate polishers.
In boiling water xeactors, should particles pass
through the feedwater system and into the reactor,
they may cause degradation and become radioactive.
Should radiocactive particles be created, they pose a
costly disposal problem and may well present a threat
of exposing personnel to radioactive materials. The
presence of particulate contaminants in pressurized
water reactors can cause stress cracks in heat ex-
changer tubes.

A raw water supply may initially contain many
different types of dissolved and suspended matter.
Most commonly, these materials include silica, iron,
copper, calcium, magnesium, and sodium compounds. The
metallic constituents generally occur in combination
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with bicarbonate, carbonate, sulfate, and chloride
radicals. Many of these materials are ionic in solu-
tion, which may be used to advantage in treating the
water to achieve a high degree of purity in the efflu-
ent.

As the water may contain a wide variety of harm-
ful contaminants, it is common to use more than one
technique in the treatment of the water to remove
them. Usually, the water is first filtered to me-
chanically remove the larger suspended particulate
contaminants and then demineralized through an ion
exchange. The demineralization process, generally
known as condensate polishing, can produce water
closely approaching theoretical maximum chemical pu-
rity from ionic contaminants. Condensate polishing
involves a reversible exchange of ions between the
liguid phase and a solid phase which occurs by virtue
of the charges carried by the ions. The solid phase
typically comprises an ion exchange resin saturated
with ionic groups which substitute new ions for ions
present in the liquid when the solid is brought in
contact with the liquid. 1In the condensate polishing
process, ion exchange may be used to treat the contam-
inated water in two ways; ionic centaminants in the
water may be replaced by relatively harmless products
of deionization and, ionic contaminants may be trans-
formed into products which are harmless or less harm-
ful by replacing key ions in their molecular structure
with other ions which in turn react with yet other
ions present in the liquid to form the relatively
harmless products. 1In the second case, for example,
the replacement ions may react with remaining ionic
contaminants to form additional water.

In one process for demineralizing boiler feed-

water or steam condensate, for example, it is common
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to provide one tank, containing a resin saturated with
hydrogen ions to replace metallic cations in the
water, in series with another tank, to replace anions
in the water. Each resin continues ionic substitution
of contaminants until its deionizing capacity is
exhausted. Once exhausted, the resin is either re-
placed, in the case of cartridge-tubular type conden-
sate polishing systems, or regenerated to restore its
ion exchange capacity, in the case of deep bed type
demineralizer systems. In condensate polishing sys-
tems used in the condensate stage of a nuclear power
plant, for example, it is common to utilize a filter
unit with precoat filter elements to simultaneously
perform the filtration and demineralization steps of
the water conditioning process. A filter element of
this type of unit comprises a porous support struc-
ture, termed a septum, which is coated with a medium,
termed a precoat, which performs both the filtration
and ion exchange steps. In condensate polishing sys-
tems of the cartridge-tubular type, where the precoat
is disposable, when the precoat becomes clogged with
particulate contaminants, as evidenced by increase in
pressure drop, or its ion exchange capacity is de-
pleted, as evidenced by effluent water chemistry, it
is discarded in a backwash operation in which the
precoat is stripped off the septum and flushed out of
the system. A new resin precoat is then applied to
the septum.

A typical demineralization filter unit 100 used
in such an application is shown schematically in Fig-
ure 1. The filter unit 100 has a housing comprising a
pressure vessel 101 which has an inlet 102 and an
outlet 103. A tube sheet 104, is secured at its
periphery to the inside wall of the vessel 101 and di-

vides the vessel into a lower low pressure chamber, or
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plenum 105, and an upper high pressure chamber 106.
The outlet 103 communicates the plenum 105 with the
exterior of the vessel. The upper chamber 106 com-
municates with the exterior of the vessel via an
aperture in the tube sheet 104 and the inlet 102.

Multiple filter elements 109 are located within
the upper chamber 106. Each of the filter elements
109 includes a stand-off tube 111 which passes through
a hole in the tube sheet. Each filter element 109 is
supported by the tube sheet 104 and a seat 110 at the
base of its stand-off tube 111. Each hole is circum-
scribed by a gasket (not shown) to provide a seal
between the tube sheet 104 and the stand-off tube 111.
Each filter element 109 comprises a hollow core (not
shown) and a porous septum 112 which can support a
resin precoat. When the pressure in the upper chamber
106 is greater than that in the plenum 105, the porous
septum allows water to flow into the core. The stand-
off tube 111, extending vertically downward from the
core serves as a discharge passage for filtrate from
the element 109 into plenum 105.

The filter unit 100 of Figure 1 incorporates
perforated baffle plates 113, typical of such precoat
filter units, in the upper chamber 106 of the pressure
vessel 101, above the tube sheet 104 and over the
inlet aperture 107. Thus, as water enters the upper
chamber 106 through the inlet 102, the flow encounters
the baffle plates 113 and flows throughout the upper
chamber 106. The baffle plates are intended to reduce
turbulence in the lower central portion of the chamber
near the inlet, in particular, and throughout the
chamber, in general.

Three basic, commonly used precoat filter septa
are the yarn wound perforated core, coarse mesh, and

porous metal cartridge types. Generally, these septa
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are of cylindrical configuration, though some may be
of other configurations. Yarn wound perforated core
septa typically comprise a perforated cylindrical
stainless steel hollow core wrapped with string or
yarn windings. Polymeric yarns, such as nylon or
polypropylene, are commonly used. These yarns typi-
cally have a diameter of 1.6 millimeter (1/16 inch)
and are wrapped around the hollow core to provide a
septum depth of approximately 1.2 centimeter (1/2
inch). Once the contamihated water has flowed through
the precoat, it is intended to pass through the micro-
porous openings of the yarn filaments rather than
through any spaces between adjacent strands in the
yarn winding. Coarse mesh septa include septa made of
polypropylene mesh and wire mesh. Porous metal car-
tridges generally comprise a filtration medium of fine
metal particulates sintered or otherwise bonded to-
gether. Coarse mesh septa and porous metal cartridges
may be wound with yarn.

Precoats for.these filters typically comprise a
slurry of ion exchange resin particles suspended in a
deionized water base. The suspension is formulated
with a predetermined ratio of cation and anion parti-
cles, depending on the intended application.

The operation of the filter unit 100 of Fig. 1
may be divided into two stages: (1) a precoat stage
and (2) a filtration stage. Generally, each filter
septum 112 is precoated by introducing a flow of pre-
coat resin slurry through the inlet 102 past the baf-
fle plates 113 and through the filter elements 109 to
accumulate a precoat layer on the upstream surface of
the septum 112. The resin particle size distribution,
flow rate, and proportion of flocculants are optimized
to achieve proper precoat. The precoat layer is then

compressed on the surface of the septum 112 of each
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element 109 by continuously circulating deionized
water through the coated septum briefly at the process
flow rate. A good precoat should exhibit an even
thickness along the entire length of each of the
septa, experience no erosion of the cake during pre-
coat or treatment cycle, have no radial or axial
cracks, and be of uniform thickness on all septa in
the filter unit housing.

During the water treatment stage, the contami-
nated water flows into the vessel 101, through the
inlet 102, past the perforated baffle plates 113 and
into the upper chamber 106. The water contacts the
resin precoat on the surface of each septum 112 and
flows radially inward, first through the precoat and
then through the septum 112. As the water flows
through the resin precoat, the specially formulated
ion exchange resin particles remove or transform min-
erals and other ionic contaminants in the water by
the processes described above. The ion exchange pre-
coat also acts as the filtration medium and typically
has a finer pore structure than that of the septum
112. Ideally, particulate contaminants are captured
in the precoat and prevented from penetrating into the
septum 112. The treated filtrate then passes through
the septum 112 to the core of the filter element 109,
flows through the stand-off tube 111, into the plenum
105, and exits the vessel 101 through the outlet 103.

As the precoat continues to capture particulate
contaminants during the demineralizing operation, the
pressure differential across the filter unit 100 re-
quired to maintain a given flow rate increases until
it reaches a level at which the filtration operation
becomes too inefficient, and, as ion exchange contin-
ues, the ion exchange capacity of the resin is de-
pleted, as evidenced by the change in water effluent



10

15

20

25

30

35

chemistry. At that time, the treatment stage is dis-
continued, and the filter unit 100 is subjected to a
backwash operation in which water is flushed through
the unit in the reverse direction. The exhausted
precoat is stripped off each septum 112 and flushed
out of the system by the reverse flow. A new cycle is
then begun with a new precoating operation.

Known demineralization precoat filter systems of
this type have several defects. Generally, in precoat
filter units of the prior art, uniform precoat of the
filter septa 112 is not achieved. Despite the baffle
plates 113, flow in the bottom of the vessel 101 is
generally turbulent. This turbulent flow may result
in erosion of the precoat over the lower portion of
the septa. At higher flow rates, turbulent flow can
be a cause of irregularity of the precoat thickness
over the entire length of the element 109. Flocculat-
ing agents are generally added to the precoat slurry
to promote the build-up of a thick but loosely packed
permeable layer of precoat over the septum. In bottom
inlet type vessels, a high inflow velocity is used
during the precoat’stage in an effort to obtain a good
precoat layer at the top of the filter septa. Flow
velocity decreases from the bottom toward the top of
the elements. At the bottom of the elements, where
velocity is highest, floc size tends to be very small.
Over the mid-section of the element, velocity is lower
and floc size is optimal. At the top of the element,
flocs are much larger because of low velocity and the
large oversize flocs produce a non-uniform precoat.

Many prior art precoat filter units are ineffi-
cient because backwash frequency is dictated by occur-
rence of the maximum allowable pressure differential
prior to exhaustion of the precoat. The amount of

contaminant which can be held within the precoat while
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maintaining the high flow rate necessitated by the
limited flow area of the cylindrical septa within the
differential pressure limitation is relatively small.
The resin precoat, though clogged with particles, is
not exhausted of its demineralizing properties and the
precoated filter is utilized to filter less ligquid
than it could demineralize. Thus, backwashing fre-
quently is dictated by the pressure differential,
useful precoat is wasted, and the amount of radiocac-
tive waste which must be disposed of is increased.

The present invention provides a filter element
for a precoat type filter unit having a filter element
chamber which holds pressurized liquid and which in-
cludes a liquid inlet, the filter element comprising
a septum which has a drainage space into which fil-
trate flows; a base cap disposed below said septum; a
stand-off tube coupled to said drainage space of said
septum and passing through the chamber to carry fil-
trate from said septum; and a flow straightener dis-
posed around said base cap and traversing a fluid flow
path between said inlet and said septum.

The present invention further provides a filter
element for a precoat type filter unit having a filter
element chamber which holds pressurized liquid and .
which includes a ligquid inlet, said filter element
comprising a septum having a drainage space into which
filtrate flows and a flow distributor having a wall
surrounding and generally coaxial with the septum, the
wall having openings through which liquid may flow,
the proportion between the area of the openings and
the area of the wall varying along the length of the
axis of the element to distribute a flow of liquid to
the septum in a predetermined manner.

A precoat filter element including a flow
straightener or a flow distributor or both provides
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longer life and greater efficiency than conventional
filter elements. The flow straightener reduces turbu-
lence at the bottom of the filter septum. The flow
distributor greatly reduces the component of the
liquid flow in the axial direction along the filter
element at the surface of the septum and promotes a
more uniform flow density over the length of the fil-
ter element. The flow straightener and flow distribu-
tor, which are described in greater detail below, may
be used separately or in combination.

Where the improved filter element is supported by
a stand-off tube within a bottom-inlet chamber of a
precoat filter unit housing, the flow straightener
can be disposed around the bottom of the filter ele-
ment septum. The flow straightener reduces turbulent
flow and thus reduces or eliminates precoat erosion in
both the precoat and treatment stages; reduces the
frequency of backwashing required due to irregulari=-
ties in the thickness of the precoat and consequent
disparity in the exhaustion and plugging of the pre-
coat; and reduces precoat application time. The flow
straightener further reduces oversized flocs in the
resin precoat slurry mitigating non-uniformity of the
of the precoat.

The flow distributor provides uniform flow along
the length of the septum. The controlled flow dis-
tribution reduces precoat erosion on the lower portion
of the filter element to provide and maintain a uni-
form precoat along the length of the septum of the
filter element during precoat application, and provide
for uniform exhaustion of the precoat to extend pre-
coat life.

In accordance with these aspects of the inven-
tion, a precoat filter element is disclosed providing

improved efficiency and improved filtrate quality.
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Figure 1 is a half section schematic view of a
precoat filter unit of the prior art.

Figure 2 is a cut-away perspective of a preferred
embodiment of the precoat filter element of the pres-
ent invention.

Figure 3 is a detailed sectional view of two
alternative embodiments of the flow straightener of
the present invention. '

Figure 4 is a schematic illustration showing a
possible distribution of open area over the surface of
a flow distributor of the present invention.

Figure 5 is a perspective view of an embodiment
comprising the flow straightener of the present inven-
tion in a single filter element.

Figure 2 shows an exemplary precocat filter ele-
ment 1 embodying the present invention enclosed within
the housing 2 of a single element precoat filter unit.
The precoat filter element of the exemplary embodiment
generally comprises a septum 10 coaxially mounted on a
perforated metal core 20. The core 20 comprises a
perforate cylindrical wall 24 defining a drainage
space therein. The core 20 is mounted on a base cap
30. A standoff tube 40 extends from the base cap
vertically downward and is in fluid communication with
the drainage space. A generally toroidal flow
straightener 50 circumfuses the base cap 30 and stand
off tube 40. A flow distributor 60 surrounds the
septum 10.

The perforated cylindrical metal core 20 may be
made of any suitable material, for example, from
stainless steel. The core 20 has two caps, an upper
end cap 35 and a base cap 30. The upper end cap 35 is
disposed at the upper end of the core and the base cap
30 is disposed at the lower end of the core. The caps
are fixedly secured to the cylindrical core wall 24 by

- 11 -
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welding or any other suitable bonding technique, for
example, resin bonding.

In the exemplary preferred embodiment, the septum
10 comprises a longitudinally pleated form, but may be
of any convenient form, for example, cylindrical.
Circumferential bands 80 may wrap around the pleats at
intervals along the vertical length of the septum to
support the pleats against bending stresses. These
bands may be made of any suitable material, for exam-
ple, stainless steel. The bands may be attached to
the pleat tips by any suitable means, for example,
press fitting. Examples of septa materials are wound
polymeric yarns, such as nylon or polypropylene, fine
mesh porous metal membranes such as Pall Corporation's
PMM, sintered woven wire meshes Supramesh, Rigimesh,
and fiber metal. PMM, Supramesh, and Rigimesh are
registered trademarks of Pall Corporation.

The preferred embodiment of the improved precoat
filter element comprises a flow straightener 50 which
reduces turbulence of the flow near the inlet 102 to
the filter chamber. The flow straightener preserves
precoat uniformity, during both inflow of resin slurry
over the precoat application cycle, and inflow of
contaminated liquid over the filtration and treatment
cycle, by preventing erosion of the precoat. The flow
straightener also serves to reduce the large flocs in
the inflowing resin slurry.

Figure 3 details two embodiments of the flow
straightener 50. As shown in Figure 3a, the flow
straightener 50 may comprise several randomly stacked
layers 52 of woven wire mesh screen. 1In the preferred
embodiment of Figure 2, the filter element takes a
generally annular configuration and, accordingly,
these mesh layers are of disc configuration. Because,
as discussed above, the annular configuration

- 12 -
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illustrated need not be a limitation of the present
invention, the wire mesh layers may take any config-
uration suitable to a particular filter unit. 1In a
typical application, for example, the discs may be
made of wire of a diameter of 0.81 millimeter (.032
inch). There may be six layers of vertically stacked
layers 50, the stack totaling 1.0 centimeter (0.4
inch) in thickness. 1In the exemplary straightener,
the discs shaped layers 52 surround the filter stand-
off tube 40 as described and fill the annular space
between the stand-off tube 111 and the flow distribu-
tor 60. Alternatively, the wire mesh straightener 50
may comprise a bundle of knit mesh screen sandwiched
between two layers of woven wire mesh screen such as
used in the embodiment described above. Such an em-
bodiment of the straightener 50 is shown in Figure 3b.
In a typical application the knit mesh may be formed
having 4 wires to an inch, the wires having a diameter
of 0.25 millimeter (0.01 inch).

The wire mesh stack of Figure 3a is preferably
fashioned from wire screen having a high percentage of
voids. The irregularity of the stacked wire strands
and the irregularity with which the voids occur be-
tween the strands in the stack provide convoluted flow
paths in the mesh which have a turbulence dampening
effect on fluid flowing therethrough. Turbulence of
the flow is reduced and is significantly more uniform
upon exiting the straightener and is less erosive of
the established precoat on the septum 10. During
initial coating of the septum with the resin slurry,
the straightener 50 also serves to break up larger
flocs in the slurry flow, resulting in a more uniform
precoat.

Though the septum 10 of the preferred embodiment

in Figure 2 is of pleated configuration, it is readily
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understood by those skilled in the art that the flow
straightener of the present invention may also be used
to advantage with septa of other configurations, for
example, cylindrical septa. Also, the flow straight-
ener may be fashioned of other materials, for example,
it may comprise bundled tubes or a metal plate with
drilled or punched out passages.

In the exemplary embodiment shown, the flow
straightener wire mesh pack 50 is disposed a predeter-
mined distance below the septum 10 in the path of the
turbulent inflow to protect the lowermost portion of
the precoat which is most susceptible to erosion by
turbulence associated with that inflow. The filter
element of the preferred embodiment of the present
invention works best if either of the two straightener
embodiments described above are positioned, at the
base of the flow distributor, 2.5 to 10 centimeters (1
to 4 inches) below the bottom of the septum. Even if
the flow straightener and distributor are placed just
below the septum, the straightener may work satisfac-
torily at relatively low flow rates. However, as the
flow rate increasés, erosion of the precoat cake near
the bottom of the septum may occur. If the flow
straightener is positioned 2.5 centimeters (1 inch)
below the filter septum, generally no erosion of the
precoat is noticed for a majority of flow conditions
and precoat compositions. It has been experimentally
determined that a 10 centimeter (4 inch) spacing be-
tween the bottom of the septum and the straightener is
generally sufficient for all process flow rates and
resin compositions. This spacing may be increased to
more than 15 centimeters (6 inches) for increased
protection from erosion where the geometry of an ex-
isting housing allows, or if a concomitant increase
in pressure drop is acceptable for a newly designed

- 14 -
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housing.

In the exemplary embodiment of Figure 2 the
straightener 50 has a generally annular configuration,
and surrounds the filter base 30, extending radially
cutward to contact the innermost surface of a flow
distributor 60. It will be apparent to those familiar
to the art that the flow straightener may be utilized
in a multiple element filter housing as in Figure 1,
where distributors were not utilized.

A flow distributor 60 surrounds the septum 10 of
the preferred embodiment of the precoat filter element
in Figure 2 to distribute inflowing liquid over the
length of the septum in a predetermined manner. The
flow distributor comprises a wall which generally
encloses the septum. The wall has openings which vary
in proportionate size over the length of the septum.
The wall generally blocks flow from the chamber to the
septum while the openings allow liquid to flow to the
septum. The local flow distribution over the septum
length is determined by the varying local ratio of the
open area to the total surface area of the distributor
wall along the length of the septum.

As illustrated in Figure 2 the flow distributor
60 of the preferred embodiment comprises a spiral
baffle which may extend substantially the entire
length of the septum 10. In the exemplary embodiment,
the spiral baffle diffuser 60 comprises, for example,
a metal band wound in a spiral configuration and held
in position by four spacer rods 90 disposed about the
septum 10. Further, the distributor surface may be of
other than cylindrical form, of elliptical or octago-
nal cross-section, for example. The spirally wound
band of the exemplary embodiment defines a cylindrical
surface surrounding the septum 10, and is wound with
varying pitch to provide open area of a varying

-..15_
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proportion of the surface area of the cylindrical
surface along the length of the element.

As previously described, in the exemplary embodi-
ment of Figure 2, the cylindrical inner surface of
spiral baffle diffuser 60 intimately contacts the
outer surface of the flow straightener 50. These
surfaces may be bonded by any suitable means, for
example, welding. The metal band of the spiral baffle
diffuser 60 may be wound with a pitch equal to the
band width so that adjacent band windings contact each
other over a lower portion of the element, thus pro-
viding a closed barrier blocking all radially incoming
flow to the septum. For example, in a typical appli-
cation, the first 15 centimeters (6 inches) of the
septum 10 may be completely enclosed by the spiral
baffle diffuser 60 with no openings. During the pre-
coat process, this would allow only flow entering
through the straightener 50 to coat the base of the
septum. The portion of the inflow bypassing the
straightener 50 would be distributed along the length
of the septum 10 beyond this lower segment.

Spiral pitch, as defined by the longitudinal
distance from an arbitrary point on a given band wind-
ing to the corresponding point on the next winding,
will thus vary with the distance along the axis. For
an example, a 1.3 centimeter (0.5 inch) band might be
used and the first 15 centimeters (6 inches) com-
pletely covered by winding the band with 1.3 centime-
ter (0.5 inch) pitch, the next 0.75 to 1.5 meters (30
to 60 inches) opened by gradually increasing from a
1.3 centimeter (0.5 inch) to a 3.8 centimeter (1.5
inch) pitch, and the balance of the element wound with
a 3.8 centimeter (1.5 inch) pitch. The length of the
closed area along the lower portion of the septum

might range, for example, from approximately 10

- 16 -
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centimeters (4 inches) to 20 centimeters (8 inches),
and will be a factor in determining the size of the
upper openings 64. A practical range for the width of
the spiral band might be, for example, between 6.35
millimeters (0.25 inch) and 2.54 centimeters (1.0
inch). Further, the lengths over which the spiral
pitch changes may be varied. This, however, is not a
limitation of the present invention and the band's
spiral pitch may vary according to various criteria.
For example, the pitch may be made to vary linearly or
according to some polynomial, to give an open area
which also varies in proportion to the total surface
area in a predetermined manner. Figure 4 shows a
schematic representation of an exemplary increase in
the amount of open area relative to the total cylin-
drical surface area along the length of such a spiral
band flow distributor.

Experiments have shown that the precoat filter
element embodying the invention does not significantly
increase pressure drop and allows satisfactory clean-
ing of the element by backwashing. Also experiments
have shown that a very uniform resin precoat may be
obtained over the entire septum length in the precoat
stage, and erosion during the treatment stage may be
drastically reduced or eliminated.

Configurations other than the spiral baffle dis-
tributor may be similarly utilized. For example, the
distributor wall may be defined by rings, coaxial with
the septum and core and spaced longitudinally to pro-
vide the desired flow area, or comprise a perforate
cylinder.

Figure 5 is a perspective view of another exem-
plary embodiment comprising the flow straightener 50
of the present invention. 1In this embodiment, a wire
knit mesh, similar to that of the embodiment of Figure

_17..
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3, is spirally wrapped around the bottom of the filter
septum 10 and downward onto the stand-off tube 40
below the septum 10. In the exemplary embodiment,
the thickness to which the wire is wrapped on the
stand-off tube 40 is such that it provides the same
outside diameter of wrap as on the septum 10. The
thickness of the spiral wrap on the septum 10 may be,
for example, 6.3 millimeters (0.25 inch) to 7.6 milli-
meters (0.3 inch) and might extend 20 centimeters (8
inches) or more upward along the septum 10 and 5 cen-
timeters (2 inches) or more downward along the stand-
off tube 40. The thickness of the wire mesh wrap may
be varied, for example, from 6.3 millimeters (0.25
inch) to 7.6 millimeters (0.3 inch), as dictated by
the housing geometry and spacing between septa of the
filter elements in a multiple element housing. The
knit wire mesh wrap of the flow straightener 50 of
this embodiment may be made of any suitable material,
for example, metals or polypropylene, nylon, or other
polymers. Woven wire, extruded plastic mesh, or per-
forated metal or plastic with sufficiently high void
ratio and sufficiently small pore size might also be
used. The wire diameter, number of wires per unit
length, and voids percent of the wrap may be varied,
in any suitable combination.

The three-dimensional configuration, high voids
volume, and surface roughness of the spiral mesh wrap
helps provide a thick, uniform resin precoat at the
bottom of the septum 10 during the precoat cycle, and
a generally uniform precoat over the entire length of
the septum 10.

This exemplary embodiment of the flow straight-
ener 50 is very cost effective as compared to the
combined flow straightener-flow distributor embodiment

of Figure 2. This spirally wrapped design is
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preferred where housing geometry or other design con-
straints do not permit employing flow straighteners of
the embodiment of Figure 3, and economic factors do
not permit employing flow straightener-flow distribu-
tor combinations as in Figure 2. Experiments on Pall
PMM 250 septum have shown that, with this exemplary
embodiment, when the flow rate is increased to a proc-
ess condition of about 2.7 liters per second per
square meter (4 GPM per square foot), a partial pre-
coat erosion may take place under the wire mesh but
sufficient precoat will remain to prevent the bottom
of the septum from being exposed to process contami-
nants during the filtration-demineralization cycle.

If a cellulose fiber overlay is applied on top of the
resin precoat, the overlay thickness will be generally
uniform over the entire length of the septum, though a
partial, insignificant erosion of overlay may take
place at process flow rate. Experiments performed on
Pall Profile 400 with a spirally wrapped knit mesh
produced a good uniform precoat and insignificant
erosion over the lower portion of the septum at proc-
ess flow rate. While satisfactory erosion control can
thus be obtained with this embodiment of the flow
straightener of the present invention, this spirally
wrapped flow straightener does not provide significant
deflocculation in resins during the resin precoat
cycle as does the straightener embodiment of Figures 2
and 3.

While exemplary precoat filter elements embodying
the present invention have been shown, it will be
understood that, of course, the invention is not lim-
ited to that embodiment. Modification may be made by
those skilled in the art, particularly in light of the
foregoing teachings. It is, therefore, contemplated

by the appended claims to cover any such modification
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CLAIMS:

1. A filter element for a precoat type filter
unit having a filter element chamber which holds pres-
surized liguid and which includes a liquid inlet, the

filter element comprising:
a septum which has a drainage space into

which filtrate flows;

a base cap disposed below said septum;

a stand-off tube coupled to said drainage
space of said septum and passing through the chamber
to carry filtrate from said septum; and

a flow straightener disposed around said

base cap and traversing a fluid flow path between said

inlet and said septum.

2. The filter element of claim 1 wherein said

flow straightener includes a mesh.

3. The filter element of claim 2 wherein the

mesh comprises layers of woven wire mesh screen.

4, The filter element of claim 2 wherein the
mesh comprises a knit mesh screen sandwiched between

first and second layers of woven wire mesh screen.

5. The filter element of claim 2 wherein the

mesh comprises a wrap of wire knit mesh.

6. The filter element any one of claims 2-5

wherein the mesh comprises a polymeric material.
7. The filter element of any one of claims 1-6

wherein said stand-off tube is coupled to said drain-
age space of said septum through said base cap and
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wherein said flow straightener extends axially from
said base cap along at least a portion of said stand-

off tube.

8. The filter element of any one of claims 1-7
wherein the top of the flow straightener is spaced at
least 2.5 cm (1 inch) below the bottom of the septum.

9. The filter element of claim 8 wherein the
top of the flow straightener is spaced in the range
from 2.5 to 10 cm (1 to 4 inches) below the bottom of

the septum.

10. The filter element of any one of claims 1-7
wherein said flow straightener extends axially from
the base cap along at least a portion of the septum.

11. The filter element of any one of claims 1-1C
wherein said flow straightener is cylindrical and has

a uniform diameter.

12. The filter element of any one of claims 1-6
wherein said stand-off tube is coupled to said drain-
age space of said septum through said base cap.

13. The filter element of any one of claims 1-6
further comprising a cylindrical core disposed coax-
ially within said septum and having an upper end, a
lower end, and a perforate wall to allow filtrate to
flow into the drainage space, wherein said base cap is
disposed at the lower end of said core, and wherein
said stand-off tube is coupled to said drainage space

of said septum through said base cap.

14. A filter element for a precoat type filter
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unit having a filter element chamber which holds pres-
surized liquid and which includes a liquid inlet, said
filter element comprising:
a septum having a drainage space into which
5 filtrate flows; and
a flow distributor having a wall surrounding
and generally coaxial with said septum, said wall
having openings through which liquid may flow, the
proportion between the area of the openings and the
10 area of the wall varying along the length of the axis
of the element to distribute a flow of liquid to said
septum in a predetermined manner.

15. The filter element of claim 14 in which said
flow distributor wall is generally cylindrical and
15 comprises a spiral band extending helically in an
axial direction along the axis of the element, said
spiral band having a pitch varying along the axis of
the element to define the proportion of open space to
the total surface of the cylindrical wall.

20 16. The filter element of claim 14 or 15 in
which said filter element further comprises a base cap
disposed below said septum and a flow straightener
disposed around said base cap and traversing a fluid
flow path between said inlet and said septum.

25 17. The filter element of claim 16 wherein said
flow straightener traverses a generally annular space
defined within an inner surface of the flow distribu-

tor wall.

18. A filter element substantially as herein

described with reference to the accompanying drawings.
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