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IMPROVED MANIFOLD ARRANGEMENT

BACKGROUND

Aspects and embodiments of the present invention relate to membrane filtration

systems and, more particularly, to manifold arrangements used to communicate fluids to and

from a plurality of filtration modules.

SUMMARY

In accordance with an aspect of the present invention, there is provided a filtration

module assembly comprising a vessel and a header coupled to an end of the vessel. The

header includes a housing having an open-ended upper end and a lower end. The filtration

module assembly further comprises an end cap including a portion that mates with a

complimentary structure defined by the inner wall of the open-ended upper end of the

housing to removably engage with the housing and the end cap defines a passageway for

fluid to flow out of the vessel. A filtration cartridge disposed within the vessel includes an

upper end removably coupled to the lower end of the housing.

In accordance with some embodiments, the filtration cartridge comprises a plurality of

permeable hollow fiber membranes extending between the lower end of the filtration

cartridge and the upper end of the filtration cartridge.

In accordance with some embodiments, the vessel comprises a screen extending

between the lower end of the filtration cartridge and the upper end of the filtration cartridge

and surrounding the plurality of permeable hollow fiber membranes.

In accordance with some embodiments, the module assembly further comprises a

filtrate collection chamber defined by the end cap and the upper end of the filtration cartridge.

In accordance with some embodiments, the passageway includes a filtrate

communication passageway in fluid communication between the filtrate collection chamber

and a first fluid transfer manifold.

In accordance with some embodiments, the end cap further comprises a shut off valve

constructed and arranged to fluidly isolate the filtrate collection chamber from a filtrate

communication port.

In accordance with some embodiments, the first fluid transfer manifold is coupled to

the header and includes a filtrate passageway and is further coupled to a second fluid transfer

manifold of a second module assembly to provide fluid communication between the filtrate



passageway of the first fluid transfer manifold and a filtrate passageway of the second fluid

transfer manifold.

In accordance with some embodiments, the passageway includes a filtrate

communication passageway defined by a side surface of the end cap and an internal surface

of the housing.

In accordance with some embodiments, the filtration cartridge includes an external

diameter smaller than an internal diameter of the housing.

In accordance with some embodiments, the filtration cartridge includes fluid

communication openings defined in a potting sleeve surrounding a portion of the membranes,

the fiuid communication openings in fluid communication between a feed passageway in the

housing and outer surfaces of the membranes.

In accordance with some embodiments, the removable end cap includes screw threads

configured to engage with mating screw threads provided on an upper portion of an inner

wall of the housing.

In accordance with another aspect of the present invention, a filtration system is

provided comprising a first filtration module including a first fluid communication opening

and a first header having a first removable end cap engaged with an upper end of the first

header and a first filtration cartridge having an end disposed in a lower end of the first header,

a second filtration module including a second fluid communication opening and a second

header having a second removable end cap engaged with an upper end of the second header

and a second filtration cartridge having an end disposed in a lower end of the second header,

and a first common fluid transfer manifold in fluid communication with the first fluid

communication opening and the second fluid communication opening positioned between the

first filtration module and the second filtration module.

In accordance with some embodiments, the first common fluid transfer manifold is in

fluid communication with lumens of membrane fibers included in the first filtration module

and with lumens of membrane fibers included in the second filtration module.

In accordance with some embodiments, the filtration system further comprises a

second common fluid transfer manifold located between the first header and the second

header, and in fluid communication with external surfaces of membrane fibers included in the

first filtration module and with external surfaces of membrane fibers included in the second

filtration module.



In accordance with some embodiments, the first header includes an internal diameter

greater than an external diameter of the first filtration cartridge header includes an internal

diameter greater than an external diameter of the second filtration cartridge.

In accordance with some embodiments, one or more fluid communication openings

defined in each of the first housing and the second housing are in fluid communication with

both the first filtration cartridge and the second filtration cartridge.

In accordance with some embodiments, the first removable end cap is engaged with

the first open-ended housing to define a filtrate collection chamber between the first

removable end cap and the first filtration cartridge.

In accordance with some embodiments, the first removable end cap includes a fluid

communication passageway in fluid communication between the filtrate collection chamber

and the first fluid communication opening.

In accordance with another aspect of the present invention, a method of operating a

filtration system is provided comprising passing a feed through a plurality of filtration

modules each including a filtration cartridge, the plurality of filtration modules fluidly

connected by a common feed transfer manifold and a common filtrate transfer manifold, the

plurality of filtration modules each including respective removable end caps disposed in

respective open-ended upper housings, isolating the filtration cartridge of a first filtration

module of the plurality of filtration modules from the common filtrate manifold and taking

the first filtration module out of operation by engaging a shut-off valve in the end cap of the

first filtration module, disengaging the removable end cap from the open-ended upper

housing of the first filtration module, accessing the filtration cartridge of the first filtration

module by longitudinally displacing the filtration cartridge of the first filtration module

through the housing of the first filtration module, re-engaging the removable end cap with the

housing of the first filtration module assembly, and returning the first filtration module

assembly to operation.

In accordance with some embodiments, disengaging the removable end cap from the

housing of the first filtration module assembly includes rotating the removable end cap of the

first filtration module relative to the housing of the first filtration module, disengaging screw

threads formed on the removable end cap of the first filtration module from mating screw

threads provided on an upper portion of an inner wall of the housing of the first filtration

module.



DESCRIPTION OF FIGURES

The accompanying drawings are not intended to be drawn to scale. In the drawings,

each identical or nearly identical component that is illustrated in various figures is

represented by a like numeral. For purposes of clarity, not every component may be labeled

in every drawing. In the drawings:

FIG. 1 is a schematic cross-sectional elevation view of a pair of membrane filtration

modules according to an exemplary embodiment of the present invention;

FIG. 2 is an enlarged schematic cross-sectional elevation view of region A of FIG. 1;

FIG. 3 is a further enlarged schematic cross-sectional elevation view of the portion of

region A below the dotted line shown in FIG. 2;

FIG. 4 is an enlarged schematic cross-sectional elevation view of an upper potting

head of a membrane filtration module according to an exemplary embodiment of the present

invention;

FIG. 5 is a schematic, partially exploded, cross-sectional elevation view of an upper

potting head of a membrane filtration module in accordance with an exemplary embodiment

of the present invention;

FIG. 6 is an enlarged schematic cross-sectional elevation view of a membrane

filtration module having a removable end cap according to an exemplary embodiment of the

present invention;

FIG. 7 is a front schematic, partially exploded, perspective view of a bank of

membrane modules according to an exemplary embodiment of the present invention;

FIG. 8 is a rear schematic, partially exploded, perspective view of the bank of

membrane modules of FIG. 7;

FIG. 9 is an enlarged schematic, partially exploded, perspective view of the rear upper

portion of the bank of membrane filtration modules of FIG. 7;

FIG. 10 is an enlarged schematic, partially exploded, perspective view of the rear

lower portion of the bank of membrane filtration modules of FIG. 7;

FIG. 11 is a schematic front elevation view of a row of pairs of filtration modules

mounted on a support rack according to an exemplary embodiment of the present invention;

FIG. 12 is a schematic perspective view of the rack of filtration modules of FIG. 11;

FIG. 13 is a schematic, partially exploded, cross-sectional elevation view of the pair

of membrane modules of FIG. 1 according to an exemplary embodiment of the present

invention; and



FIG. 14 is a broken schematic cross-sectional elevation view of a pair of membrane

filtration modules according to an exemplary embodiment of the present invention.

DETAILED DESCRIPTION

Filtration module assemblies often comprise a header that retains a filtration cartridge.

The filtration cartridge may comprise a filtration sub-system and may in some embodiments

comprise a plurality of membranes. The filtration cartridge is mounted to the header and

permeate received from the filtration cartridge is passed through the header, and thus the

filtration module, and drawn off as filtrate. Filtration systems often comprise a plurality of

such filtration modules fluidly connected to one another by manifolds. Manifolds are

typically positioned above and below the filtration module headers and communicate fluids to

and from the modules via the headers.

The filter cartridges in these systems often have a finite life and may need to be

removed for cleaning and/or replacement at regular intervals during the operating life of a

filtration system. Filter cartridges that require service are typically removed by first

removing, for example, by vertically displacing, the header mountings to release the filter

cartridge from the module. The cartridge is then removed from the module.

The membranes in the modules may require regular testing, evaluation, diagnosis,

cleaning and/or replacement. Filtration module assemblies often have manifolds vertically

positioned above modules. The position of the manifolds may require that the modules be

removed laterally to maneuver around the vertically positioned manifolds. Filtration systems

generally comprise a plurality of filtration modules, and the modules are often arranged in

banks that form large arrays. Accessing a single membrane module in a filtration system may

require that multiple neighboring modules in the bank also be removed to provide access to a

module in need of service. This is particularly problematic when the module is located deep

within a bank. Evaluating or servicing a single module, especially one located deep within a

multi-rowed array of membrane modules, can be time and labor intensive and result in the

filtration system being off-line for undesirably long and costly periods of time.

Additionally, filtration systems generally include modules suspended vertically from

an overhead supporting frame so that the headers and the header mountings can be displaced

vertically to enable the cartridges to be removed laterally. Overhead supporting frames are

often expensive to produce and maintain.



One or more aspects of the present invention relate to improved filtration module

assemblies. The improved filtration module assemblies of the present invention may be

advantageously used in filtration systems. Aspects and embodiments of the filtration module

assemblies disclosed may advantageously reduce the downtime required to service a filtration

module of a filtration system. Aspects and embodiments of the filtration module assemblies

disclosed may also enable filtration modules of a filtration system to be mounted in an

improved mounting arrangement.

A filtration module assembly in accordance with an embodiment of the present

invention is illustrated generally at 10 in FIG. 1. Assembly 10 has filter modules 11 and 12

in fluid communication with common upper and lower manifolds, 13 and 14, respectively. In

some instances, filter modules 11 and 1 may be referred to as membrane modules, and in

some instances, may be referred to as a pair of modules. Each filtration module 11 and 12

includes a tubular outer casing 15 that encloses a respective cartridge 16. The cartrdige may

comprise a plurality of hollow fiber membranes (not shown) potted in and extending

vertically between opposed upper and lower potting heads 1 and 18, respectively. Potting

heads 1 and 18 are typically formed of resinous potting material. Potting heads 17 and 18,

in the embodiment illustrated in FIG. 1, are generally cylindrical in configuration though the

shape and size of the potting heads is not narrowly critical and a variety of configurations

may be used including square, rectangular, triangular, or elliptical blocks. Potting heads 17

and 18 are cast into and peripherally surrounded by respective potting sleeves 20 and 19.

Each module 11 and 12 has an upper header 155.

The hollow fiber membranes form the working part of the filter cartridge. Each fiber

membrane may have an average pore size of about 0.2 micron, a wall thickness of about 600

microns and a lumen diameter of about 200 microns. The fiber membranes may be arranged

in bundles. There may be about 14,000 hollow fibers in the bundle, but this number, as well

as the individual fiber dimensions and characteristics are not narrowly critical and may be

varied according to operational requirements.

In accordance with some embodiments, membrane potting sleeves may have features

that enable the transfer of fluid between the membrane lumens and a fluid communication

region of the module. Referring to FIG. 2, each potting sleeve 19 extends beyond the

interface between the potting head 18 and the membrane fibers to form fluid communication

region 2 1. Each potting sleeve has a plurality of openings 22 formed therein and located in

fluid communication region 2 1. In accordance with some embodiments, an array of openings



22 is spaced circumferentially and longitudinally from each other about the posting sleeves.

Each opening 23 is in the form of a circumferentially extending slot. The size, shape and

number of openings 23 is not narrowly critical. The openings may have other configurations

than shown and may have varying geometries. Referring also to FIG. 1, each potting sleeve

19 and 20 has a plurality of openings 22. The array of openings 22 is may be located towards

the distal end of each potting head (the end toward the internal portion of the module). The

openings 22 are located towards distal ends 24 and 25 of each respectively potting head 17

and 18.

In accordance with some embodiments, a lower potting head may comprise through

passages that promote the transfer of fluid between the potting head and the potted membrane

fibers. Referring to FIG. 2, lower potting head 18 has a plurality of through passages 26

which extend generally longitudinally from the lower end surface 27 of the lower potting

head 18 to its upper surface from which the potted membrane fibers (not shown) extend. The

lower potting head 18 has a downwardly extending skirt 29 which extends beyond the lower

end surface 27 of lower potting head 18.

In accordance with aspects and embodiments of the present invention, the lower

potting sleeves of membrane modules may be fitted in and coupled to lower sockets. The

sockets may be in communication with a fluid control manifold advantageously offset from

the lower sockets to facilitate servicing. Referring to FIG. 2, lower potting head 18 and its

respective potting sleeve 19 are fitted into lower socket 31. The lower portion 33 of the

lower socket 31 tapers inwardly to a tubular neck portion 34 and a downwardly extending

connection flange 35. Neck portion 34 and connection flange 35 are in fluid communication

with fluid transfer port 45 and mating connection flange 37 in lower header 32.

Circumferential grooves 38 and 39 positioned around the neck portion 34 of socket 3 1

receive O-rings 40 and 4 1 to provide a sealing engagement between socket 3 1 and lower

header 32 via mating connecting flange 37.

Annular flange 5 extends from lower socket 31 between the tubular neck portion 34

and an outer wall 6 of socket 31. Flange 5 has screw threads to threading engage with a

mating upwardly extending annular flange 7 provided on the upper side of the lower header

32. Annular flanges 5 and 7, when threadingly engaged, are positioned so as to align the

respective mating connecting flanges 35 and 37.

In accordance with aspects and embodiments, a lower socket may advantageously

receive and support a membrane module. In some embodiments, the support provided by the



socket may facilitate the use of an improved filtration system frame. Still referring to FIG. 2,

the inner wall 42 of upper portion 43 of lower socket 31 has an inwardly extending

circumferential rib 44 constructed to receive and support an outer casing 15 of the module.

Outer casing 15 fits within the upper portion 43 of the lower socket 31 and is supported by rib

44. Rib 44 may be segmented or formed by a plurality of protrusions.

The lower socket may advantageously define a fluid transfer passageway between the

openings in the lower potting sleeve and a fluid transport port located in the lower header.

Below circumferential rib 44, inner wall 42 of the lower socket 31 is radially spaced from the

lower potting sleeve 19 to define an annular fluid transfer passageway 9 . Annular fluid

passageway 9 is positioned between and in fluid communication with the openings 22 in

lower potting sleeve 19 and a fluid transfer port 45 of lower header 32.

In accordance with aspects and embodiments of the present invention, a membrane

module may be fitted into an upper open ended header housing and a lower socket. The

header housing may advantageously facilitate access to a membrane module received by the

housing, particularly when the module is one of a plurality of modules in a filtration system.

Referring generally FIG. 1, upper potting head 1 and potting sleeve 20 are received by upper

open-ended header housing 30. Upper open ended header housing 30 may be referred to as

upper header housing 30, header housing 30, or simply housing 30. Lower potting head 18

and sleeve 19 are fitted into lower socket 31. Referring also to FIG. 2, lower header 32 has

fluid transfer port 45 centrally located in its upper side 46 with a tubular mating connection

flange 37 sized to receive the tubular connection flange 35 of respective lower socket 31. In

accordance with some embodiments, the lower header 32 may be a combined feed/gas

header. Lower header 32 may have a head piece 49 with an internal fluid connection

passageway 50 extending downward from fluid transfer port 45 and radially outward to a side

of head piece 49 into a radially protruding connection flange 51.

In accordance with aspects and embodiments, a common fluid control manifold may

be offset from beneath the lower potting heads and may, in some embodiments, be

advantageously positioned below and between membrane modules. Referring to FIG. 3,

radially protruding connection flange 51 of each head piece 49 fits within and sealingly

connects to connection flanges 52 and 53 of a common fluid control manifold 54. Common

fluid control manifold 54 is advantageously located between the lower head pieces 49 of each

module. Radially protruding connection flange 5 1 has a pair of circumferential grooves 55



and 56 for receiving O-rings 57 and 58, respectively, to provide sealing engagement with the

respective mating connecting flanges 52 and 53 of manifold 54.

The body of the fluid control manifold 54 includes sidewalls that define a feed

passageway 60 and a control port 6 1 which extends generally vertically downward in a radial

direction from an upper wall 62 of the feed passageway 60 and into the feed passageway 60.

Control port 6 1 may be a conduit in the form of a pipe or a tube. Control port 6 1 may be

referred to as conduit 61, and the as used herein, the terms are interchangeable.

Fluid may be fed into one or more passageways in fluid communication with the fluid

passageway 60 of fluid control manifold 54. For example, and referring to FIG. 3, output

passageways 63 and 64 are connected to respective connecting flanges 51 and 52 of fluid

control manifold 54. Output passageways 63 and 64 are in fluid communication with feed

passageway 60 by fluid connection with the proximal end of conduit 6 1. Conduit 6 1 is open

at its lower distal end 65 to allow inflow of feed from feed passageway 60. The feed fluid in

passageway 60 may be feed liquid to be filtered, permeate, gas, or any combination thereof.

Conduit 6 1 may be divided into a plurality of passageways. For example, conduit 6 1 may be

divided by a pair of passageways 66 and 67 by one or more longitudinally extending

partitions 68 located along the diameter of the conduit 6 1 and extending upward from lower

distal end 65. Conduit 6 1 passes through the upper wall 62 of feed passageway 60 and may

have one or more aeration apertures, for example, a pair of openings 69 and 70 in its side

wall. Apertures 69 and 70 provide fluid communication between feed passageway 60 and

respective output passageways 63 and 64. The number of aeration openings in the conduit 6 1

may correspond to the number of passages formed therein or may vary. In some

embodiments, various aeration openings may be placed at different heights within fluid

control manifold 54.

In some embodiments, aeration control apertures and corresponding passageways may

advantageously allow a flow of gas through the membrane module without displacing liquid

in the feed passageway. In some embodiments, aeration control features may advantageously

prevent the conduit in the common fluid manifold from becoming completely filled with gas.

Referring to FIG. 3, conduit 6 1 in common fluid manifold 54 has aeration control apertures

7 1 and 72 each in communication with a respective passage 66 and 67 of conduit 6 1. The

number of aeration control apertures in conduit 6 1 may correspond to the number of passages

formed therein, with at least one aeration control aperture opening into each of the passages,

or may vary. Aeration control apertures 7 1 and 72 are positioned at locations spaced



vertically from the lower distal end 65 of conduit 61. This position advantageously allows

gas to flow through aeration control apertures 1 and 72 without displacing liquid within feed

passageway 60. The aeration control apertures may beneficially prevent conduit 6 1 from

being completely filled with gas. Aeration control apertures 7 1 and 72 may in some

embodiments be placed at different heights within the feed passageway 60 to obtain other

desirable gas flows.

Referring to FIGS. 1 and 4, the upper ends of the fiber membranes (not shown) are

embedded in upper potting head 17. Potting head 17 may include, for example, a plug of

resinous material such as polyurethane. The material is cast into potting sleeve 20. In

accordance with aspects and embodiments of the present invention, the potted membrane

fibers in the membrane modules may be enclosed by a screen 80. The screen may serve to

protect the membranes during handling and also assist in retaining fluid flow within the

membrane bundle. In some embodiments, the screen may have a smooth surface to reduce

potential abrasion of the membranes in use. The lower end 79 of the upper potting sleeve 20

receives the cylindrical screen 80, when present, which encloses the fiber membranes (not

shown). The cylindrical screen 80 extends between the lower end 79 of the upper potting

sleeve 20 and the upper end of the lower potting sleeve 19 (as shown in FIG. 1). Screen 80

extends longitudinally along the outer wall of the potting sleeve to a position spaced from the

fluid communication region 2 1 by a circumferential rib 80'. In one preferred embodiment,

screen 80 is a thin-walled solid tube but other forms of screen, for example, a perforated tube

or cage-like mesh may be used.

In accordance with aspects and embodiments of the present invention, an upper

potting head and potting sleeve may advantageously be received by an annular adapter. The

annular adapter may be mounted within an upper header housing and the configuration may

advantageously benefit the construction of filtration modules, filtration system assemblies,

and facilitate the service of modules positioned in such assemblies.

Referring again to FIGS. 1 and 4, upper potting head 17 and potting sleeve 20 fit

within an annular adaptor 81. The upper potting sleeve 20 and annular adaptor 81 are

surrounded by and mounted within upper header housing 30. The upper header housing 30 is

open-ended and dimensioned to closely receive upper potting sleeve 20 and annular adaptor

81. Grooves 75 and 76 positioned around the periphery of the upper end of potting sleeve 20

receive O-rings 77 and 78, respectively, which may assist in mating sleeve 20 with annular

adapter 81. Potting sleeve 20 is further engaged and held within annular adaptor 81 by means



of circlip 82 located in mating grooves 83 and 84 provided on the respective external and

internal walls of the upper potting sleeve 20 and annular adaptor 81. Upper potting sleeve 20

is further supported on a radially extending shoulder 85 of the upper header housing 30 by an

outwardly extending rib 86 on the upper potting sleeve 20. A locking protrusion 85' is

formed on the external wall of upper header housing 30. The locking protrusion 85' engages

with a slot (not shown) formed in shoulder 85 to prevent relative rotation between the upper

potting sleeve 20 and the upper header housing 30.

The upper header housing 30 is formed of upper and lower components 87 and 88

respectively. The lower end 89 of upper component 87 includes a peripheral flange 90. The

lower face 9 1 of the peripheral flange 90 includes annular groove 92. The upper end 93 of

the lower component 88 includes peripheral flange 94 which abuts peripheral flange 90. The

upper face 95 of peripheral flange 94 includes annular rib 96 which is sized to mate with

annular groove 92 when flanges 90 and 94 are abutted. Flanges 90 and 94 are held in an

abutted engagement by an external C-section clip 97 which fits over and engages with the

periphery of flanges 90 and 94. A dovetail seal is provided between flanges 90 and 94. Clip

97 may be a resilient self-actuating device biased to retain the flanges 90 and 94 in an abutted

position, and may be, for example, a pipe clamp. In accordance with some embodiments, clip

97 may be constructed of stainless steel. Flanges 90 and 94 may be disengaged by spreading

and removing clip 97. Clip 97 may be removed either manually or with a tool. In accordance

with some embodiments, clip 97 may be removed with a spanner or pliers.

During filtration operations, annular adaptor 8 1 is sealingly engaged with upper

component 87 of upper header housing 30. Annular grooves 100 and 101 positioned around

the periphery of annular adaptor 8 1 support O-rings 102 and 103. O-rings 102 and 103 exert

a force on the inner wall of upper housing component 87 to provide a sealing engagement.

In accordance with some embodiments, the upper header housing may have an

enlarged diameter portion to form a fluid transfer passageway between the outer wall of the

upper potting sleeve and the inner wall of the housing. Referring to FIG. 4, upper header

housing 30 includes an enlarged diameter portion between lower end 89 of component 87 and

annular grooves 100 and 101 on upper component 87. The enlarged diameter portion of

housing 30 forms annular fluid transfer passageway 104. Fluid transfer passageway 104 is

positioned between the outer wall of upper potting sleeve 20 and the inner wall of the upper

component 87 of upper header housing 30 and is in fluid communication with common fluid

region 2 1. A fluid transfer port 105 adjacent to and extending from the annular fluid transfer



passageway 104 is located in a side wall of the upper header housing component 87. Fluid

transfer port 105 includes tubular connection flange 106 at its free end 107. Annular grooves

108 and 109 support O-rings 110 and 111 around the periphery of connection flange 106.

Upper potting sleeve 20 has a plurality of openings 22 in fluid communication with

common fluid region 2 1. During filtration, upper potting sleeve 20 is mounted within the

upper header housing 30 and positioned such that the plurality of openings 22 are further in

fluid communication with annular fluid transfer passageway 104. In some embodiments, it

may be desirable to prevent the rotation of potting sleeve 20 relative to upper header housing

30. Rotation of potting sleeve 20, and thus apertures 22, may be capable of causing damage

to the membranes in the fluid outflow region. Locking protrusion 85' advantageously

prevents such rotation and fixably spaces the location of openings 22 from the fluid transfer

port 105 to prevent damage to the membranes in the region of fluid outflow.

In accordance with aspects and embodiments of the present invention, an upper

potting sleeve and attached annular adapter may be held at a mounting location within an

upper header housing by a removable end cap. The removable end cap may sealingly engage

the membrane assembly with the housing and may define a filtrate discharge passageway. As

used herein, a "removable end cap" is one which may be reversibly removed from a

membrane module without causing damage to either the removable end cap or any other

portion of the membrane module in which it is included. A removable end cap which has

been removed from a filtration module may be replaced in the module and the module may

operate with no loss of performance caused by the removal and replacement of the removable

end cap.

Referring to FIG. 5 upper sleeve 20 containing potting head 17 is received by and

coupled to annular adaptor 81. Annular adapter 81 is held at the mounting position within

upper header housing 30 by a removable end cap 120. Removable end cap 120 may be

referred to simply as end cap 120. End cap 120 has a base portion 121, a reduced diameter

mid portion 122 and an upper portion 123. Referring to FIG. 4, a filtrate discharge

passageway 126 is defined by the inner wall of upper header housing component 87, the outer

wall surface of the reduced diameter mid-portion 122 of end cap 120, the bottom surface of

end-cap upper portion 123, and the top surface of end-cap base portion 121. Filtrate

discharge passageway 126 has an internal concave wall 127, upper wall 129, and lower wall

130. A plurality of radially extending reinforcement ribs (not shown) extend between the

upper and lower walls 129 and 130 of the filtrate discharge passageway 126.



Referring to FIGS. 4 and 5, base portion 121 of the end cap 120 has a central boss

portion 131 through which a shut-off passageway 124 opens at its lower end 132. The base

portion 121 has a circumferential downwardly extending rib 133 which bears against an

upper peripheral edge 134 of annular adaptor 81. The upper peripheral edge 134 of annular

adaptor 8 1 includes an inwardly extending circumferential lifting shoulder 139 that that abuts

extending rib 133. When abutted, rib 133 and shoulder 139 position base portion 121 above

the upper surface 136 of the upper potting head to define a filtrate receiving chamber 135.

Filtrate receiving chamber 135 is positioned between the upper surface 136 of the upper

potting head 1 and end cap 120. Open ends of the fiber membranes potted in upper potting

head 1 open into filtrate receiving chamber 135 and provide fluid communication between

the membrane fiber lumens and filtrate receiving chamber 135.

A peripheral groove 137 is positioned adjacent the downwardly extending rib 133 of

end cap base portion 121 and supports O-ring 138. Groove 137 and O-ring 138 sealing

engage end cap 120 and upper header housing 30. Referring also to FIG. 6, the upper portion

123 of end cap 120 has a floor 140 with a centrally located boss portion 141. A peripherally

stepped wall 143 extends upward from floor 140 of upper portion 123 to define an upwardly

opening recess 144. The outer peripheral surface of an upper portion 145 of the stepped wall

143 includes screw threads 146 which threadingly engage mating screw threads 147 on an

upper portion of the inner wall surface of header housing 30.

The outer wall of the upper portion 123 of the end cap 120, adjacent the step and

below screw threads 146 has a peripheral groove 148 which supports O-ring 149. This

arrangement, together with O-ring 138, serves to form a fluid tight seal of a filtrate discharge

passageway 126.

In accordance with some embodiments, the removable end cap may have features that

advantageously control fluid flow. In some embodiments, a valve may operate to disconnect

a filtration cartridge from a filtration system without interfering with other modules in the

system.

Referring to FIG. 6, end cap 120 includes a centrally located shut-off passageway

124. Shut-off passageway 124 extends from upper portion 123 to side 125 of base portion

121. Shut-off passageway 124 houses a shut-off valve 150 which selectively provides fluid

communication from the filtrate receiving chamber 135 to the interior of the filtrate discharge

passageway 126. The top portion 151 of shut-off valve 150 has an aperture (not shown) for

receiving an adjustment tool, for example, a screw driver or wrench for actuating the valve.



In accordance with some embodiments, shut-off valve 150 may be activated manually. In

accordance with other embodiments, shut-off valve 150 may be remotely activated using, for

example, a remotely controlled servo motor (not shown) or other actuator. Seal 152

positioned adjacent the central portion of shut-off valve 150 provides a fluid-tight seal

between shut-off valve 150 and the interior wall of shut-off passageway 124.

Port 154 in end cap 120 fluidly connects filtrate collection chamber 135 and filtrate

passageway 160. Shut-off valve 150 includes seal 153 positioned on the lower end of valve

150. When shut-off valve 150 is moved upwardly, seal 153 closes port 154 to prevent flow

of filtrate out of filtrate collection chamber 135 and into filtrate discharge passageway 126.

The closing of port 154 does not, however, interfere with the flow of filtrate from and to

adjacent module headers through filtrate passageway 126. Shut-off valve 150 is designed

such that it can be readily operated without having to dismantle component parts of the filter

assembly. Shut-off valve 150 may advantageously allow a single membrane module of a

filtration system comprising a plurality of modules to be taken offline without requiring other

surrounding modules be taken offline as well.

In accordance with some embodiments, valve 150 may be moved from the open

position to the closed position by rotating shaft 156 of valve 150 in a screw threading

engagement with the inner wall of shut-off passageway 124. Rotating shaft 156 in

passageway 124 in a first direction causes upward axial movement of seal 153 and closes port

154. Shut-off valve 150 may be opened by rotating shaft 156 in an opposite direction.

In accordance with some embodiments, valve 150 may have features that further

assist an operator of a filtration system. Shaft 156 of shut off valve 150 may, for example,

protrude from a lower wall of the upper portion of 123 of end cap 120 when activated so that

it is easily ascertainable, even at a distance, that the valve is in the closed position and that the

module which the valve controls is disconnected or offline. In accordance with some

embodiments, the shut-off passageway 124 may have a transparent window or may be

formed of transparent material so that air bubbles can be observed by an operator during a

pressure test or a pressure decay test.

The header housings of the present invention may facilitate the construction and

design of filtration systems comprising multiple membrane modules housed in header

housings as described herein. The header housings of aspects of the present invention may

provide for the fluid connection of membrane modules to common fluid manifolds that are

advantageously positioned to facilitate an improved method of servicing a filtration system.



The header housings of the present invention may additionally facilitate the construction of

improved filtration system support frames.

Referring again to FIG. 4, the upper component 87 of header housing 30 includes a

filtrate transfer port 160 positioned in a side wall of upper component 87 adjacent to and

extending from filtrate discharge passageway 126. Filtrate transfer port 160 has a radially

protruding tubular connection flange 161 at its free end 162. Annular grooves 163 and 164

support O-rings 165 and 166 around the periphery of the tubular connection flange 161.

Radially protruding connection flange 161 of filtrate transfer port 160 fits within and is

sealingly connected to a connection flange 167 located on a common filtrate transfer

manifold 168. Common filtrate transfer manifold 168 is positioned between the upper

headers 155 of modules 11 and 12.

With continued reference to FIG. 4, fluid transfer port 105 also includes a radially

protruding connection flange 106. Radially protruding connection flange 106 fits within and

is sealingly connected to a connection flange 169 of a common fluid (for example, feed)

transfer manifold 170 located below common filtrate transfer manifold 168 and between the

upper headers 155 of modules 11 and 12. O-rings 110 and 111 mate with and provide a

sealing engagement with connecting flange 169 of fluid transfer manifold 170. Referring to

FIGS. 1 and 2, and as discussed, modules 11 and 12 are further fluidly connected by lower

fluid transfer manifold 54.

Referring again to FIG. 1, fluid transfer manifold 170 and filtrate transfer manifold

168 are each provided with generally circular cross-sectional passageways 171 and 172,

respectively. Passageways 171 and 172 extend normal to the longitudinal axis of modules 11

and 12. Filtrate transfer manifold 168 is mounted to and above fluid transfer manifold 170.

Manifolds 168 and 170 are mounted between the upper header housings 30 of modules 11

and 12. Each of manifolds 168, 170, and 54 are advantageously positioned between the pair

of modules. Further, the position of upper manifolds 168 and 170 does not obstruct access to

removable end caps 120.

In accordance with aspects and embodiments of the present invention, a filtration

system may implement the filtration module assemblies and manifold configurations

disclosed herein. The resultant improved filtration system may be more cost-effective to

construct and maintain.

Referring generally to FIG. 9, the outer walls of manifolds 168 and 170 include

concave portions and form scallops. Manifold 54 likewise includes an outer wall including a



concave portion. Header housings 30 have vertically extending, cylindrically profiled side

walls. The concave portions of the walls of manifolds 168, 170, and 54 complement the

convex geometry of the side walls of the header housings. The manifolds and header

housings may mate to provide a compact filtration system.

Common manifolds 54, 168, and 170 are each substantially symmetric about planes

defined by the longitudinal axes of the filter module assemblies. Flow of feed, filtrate, and

gas within the manifolds passes predominantly perpendicularly to the longitudinal axes of the

filter module assemblies. In some embodiments, each manifold 54, 168, and 170 includes

planar side faces and at one side of each manifold there are grooves (not shown) for receiving

O-rings around the ends of respective passageways 60, 171, and 172. At the opposite side of

each manifold there are annular beveled projections (not shown) adapted to engage the O-

rings of an adjacent manifold. Each manifold 54, 168, and 170 can be abutted against a like

manifold so as to create a row of manifolds to which rows of membrane module pairs 11 and

12 can be connected. The arrangement may allow a greater packing density of modules than

is possible in conventional filtration systems.

Referring to FIGS. 8 and 9, manifold 168 includes axially extending through

passageways 175 positioned on either side of passageway 171. Manifold 170 similarly

includes axially extending though passageways 176 positioned on either side of passageway

172. Through passageways 175 and 176 are adapted to receive tie bars 177 and 178. Tie

bars 175 and 176 extend through passages 175 and 176 respectively to hold together and

sealingly engage adjacent manifolds 168 and 170 when pairs of modules are arranged in a

bank. Referring to FIG. 7, lower manifold 170 further includes through passageway 179

(best shown in FIG. 1) extending longitudinally along its base and is adapted to receive tie

bar 179'.

Similarly and referring to FIGS. 1 and 7, lower manifold 54 includes upper and lower

axially extending through passageways 200, 201, 202, 203 located on each external side wall

adapted to receive tie bars 204, 205, 206, 207. Tie bars 204, 205, 206 and 207 pass through

passageways 200, 201, 202, 203 to hold together and sealingly engage adjacent lower

manifolds 54 when module pairs are arranged in a bank.

Referring to FIG. 9, the upper external wall of the upper portion of header housing 30,

adjacent the top of the end cap 120, includes a pair of tangentially extending brackets 180 and

181 located on opposite sides of header housing 30. Brackets 180 and 181 mate with a pair

of corresponding flanges 182 and 183 located on the opposed side walls of upper filtrate



transfer manifold 168. Brackets 180 and 181 have vertical through holes 184 and 185,

respectively, which align with and receive vertical location dowels 186 and 187 provided in

respective flanges 182 and 183 of filtrate transfer manifold 168.

The lower external wall of the upper portion of the header housing 30 includes a pair

of radially extending protrusions 190 with tangential through passages 191 formed therein.

Protrusions 190 are located on opposed side walls (rear protrusion not shown) such that when

the header housing 30 is joined to manifolds 168 and 170, tangential through passages 191

extend normal to the axes of the transfer manifolds 168 and 170. Tie bars 194 and 195

extend through the passages 191 of protrusions 190 of membrane module 11 and further

extend through passages 191 of protrusions 190 of header housing 30 of membrane module

12. Tie bars 194 and 195 are provided with threaded end portions 196 and 197, respectively,

to receive and engage respectively locking nuts 198 and 199 so as to axially pull the header

housings 30 of modules 11 and 12 into an abutting engagement with transfer manifolds 168

and 170.

Referring to FIG. 10, the external wall of lower head piece 49 includes a pair of

radially extending protrusions 208 with tangential through passages 209 formed therein.

Protrusions 208 are located on opposed side walls (rear protrusion not shown) such that when

the lower header is joined to the lower manifold 54, the tangential through passages 209

extend normal to the axis of the lower manifold 54. Passages 209 of protrusions 208 are

adapted to receive tie bars 210 and 2 11. Tie bars 210 and 2 11 extend through passages 209

of protrusions 208 of module 11 and extend through passages 209 of protrusions 208 of the

lower head piece 49 of module 12. Tie bars 210 and 2 11 have threaded end portions 212 and

213 adapted receive and engage respective locking nuts 214 and 215. Tie bars 210 and 2 11

axially pull lower head pieces 49 of modules 11 and 12 into abutting engagement with lower

manifold 54.

Those skilled in the art will recognize that alternate mechanisms for connecting the

manifolds and/or headers together may also or additionally be utilized. For example, the

manifolds and/or headers may be provided with clips, intersecting flanges, pressure fit

couplings, or screw-like threading adapted to couple to complementary threading on adjacent

modules and/or headers.

In accordance with some embodiments, the assemblies of the present invention may

facilitate the construction of filtration system using a less-expensive, lighter-weight rack than

possible in filtration systems comprising traditional assemblies. Because the modules,



module pairs, and their associated headers are essentially self-supporting, the modules may

be easily mounted in the lighter weight rack without comprising stability or performance.

Referring to FIGS. 11 and 12, a filtration system arrangement comprising a plurality

of membrane module pairs 11 and 12 having filtration membranes included therein is formed

on a rack formed of a pair of parallel base support rails 216 and 217 extending longitudinally

along a row of module pairs. The lower header piece 49 of each module 11 and the lower

header piece 49 of each module 12 is supported on rail 216 and rail 217, respectively. The

bases of the lower head pieces 49 are advantageously stepped to facilitate positioning of the

module pair between the support rails. End support members 218 and 219 extend vertically

upward from the respective rails 216 and 217 at each end of the rack. A lower cross member

220 spaces the end support members and extends horizontally between the support members

218 and 219 adjacent to and above the lower headers 49. An upper cross member 221 further

spaces the end support members 218 and 219 and extends horizontally between the support

members adjacent to and below fluid transfer manifold 170. An upper longitudinal rail 222

extends along the length of and between the rows of module pairs and is supported on upper

cross members 221 . Each base support rail 216 and 217 includes feet 223, 224 and 225

which extend downward from the respective ends of the rails and at a mid portion of each

rail. The feet support the lower head pieces 49 above the lower common manifolds 54.

The filtration systems and module assemblies of the present invention may improve

the ease with which the system may be serviced. In accordance with some embodiments, a

module in need of service may be taken offline without taking surrounding membrane

modules offline. In some embodiments, the module may be serviced without having to

dismantle the components of adjacent membranes. The systems and assemblies of the

present invention may enable a system to be serviced without taking a large portion of, or the

entire system offline. The systems and assemblies of the present invention may facilitate an

operator in servicing the system.

In accordance with aspects and embodiments and referring to the filtration assembly

shown in generally in FIGS. 1, 7, and 13, if the need arises to examine, test, remove or

replace a membrane fiber bundle of a cartridge, or assess or service any other part of the

membrane module, the module can be accessed without disturbing surrounding filtration

modules. For example, if the membrane bundle contained within cartridge 16 in module 11

requires replacement, the bundle can be replaced without disturbing module 12.



End cap 120 of module 11 may be removed by unscrewing the end cap from upper

header housing 30. As discussed, in some embodiments, end cap 120 may have threads

positioned on the outer surface of the upper portion of end cap 120 that mate with

complementary threads in upper header housing 30. In accordance with other embodiments,

end cap 120 may be removed by pulling end-cap 120 vertically out of an unthreaded header

housing 30, or may be removed by other means. As shown in FIGS. 5 and 13, displacement

and removal of end cap 120 from upper housing header 30 exposes the distal, top surface 24

of potting head 1 located in annular adapter 81. Annular adapter 8 1 has inwardly extending

lifting shoulder 139, which becomes accessible upon removal of end cap 120. A suitable tool

may then be engaged with shoulder 139, and cartridge 16 can be withdrawn from module 11

by sliding the cartridge upward through outer casing 15 and out through the opening formed

in the open-ended upper header housing 30. The membrane bundle may then be cleaned or

replaced. Serviced cartridge 16 or a replacement cartrdige may then be slid back into outer

casing 15 of module 11. End cap 120 may then be replaced and re-engaged with cartrdige 16

to mount cartridge 16 in upper housing header 30.

In accordance with aspects and embodiments of the present invention, filtration may

be performed in a plurality of modes. Filtration may operate in dead end or feed and bleed

modes, and in accordance with some aspects and embodiments, cleaning operations may be

performed.

Referring to FIGS. 1-4, during normal feed supply mode filtration, feed passageway

60 and feed supply passageways 66 and 67 of the lower header 32 are full of feed liquid.

Feed flows through feed passageway 60 through the lower open distal end 65 of conduit 61.

Feed flows through passages 66 and 67 and branch output passageways 63 and 64 into fluid

connection passageway 50 and out of fluid transfer port 45 of lower header 32. The feed

liquid then flows into lower socket 31, along annular fluid transfer passageway 9, through the

fluid communication region 21, through openings 22 in the lower potting sleeve 19 and

around the membranes of each module 11 and 12. Feed may also flow upward through skirt

29, through passages 26, and the around the membranes.

In accordance with some embodiments, the filtration system may operate in dead end

filtration mode. In dead-end filtration mode, the feed liquid is pressurized within the outer

casing 15. The pressurization produces a transmembrane pressure differential across the

walls of the membranes and feed is forced through the outer surface of the membranes. As a

result, filtrate is produced within the membrane lumens. In some embodiments and in



accordance with the dead-end filtration mode of operation, the membranes are not open in the

lower potting head 18. Filtrate flows upward within the membrane lumens and is discharged

into filtrate receiving chamber 135. Filtrate then flows through port 154 into filtrate

discharge passageway 126, through filtrate transfer port 160 and into filtrate transfer

manifold 168.

In accordance with other embodiments, the filtration system may operate in feed and

bleed filtration mode. In feed and bleed filtration mode, a portion of feed liquid does not pass

through the membranes to produce filtrate. In accordance with some feed and bleed

embodiments, from about 10% of the feed liquid to about 75% of the feed liquid enters the

base of each module and flows upward along the outside of the membranes. This portion of

the feed then passes outward through opening 22 in upper potting sleeve 20 into annular fluid

transfer passageway 104. The feed liquid then flows out through fluid transfer port 105 and

into passageway 172 of the fluid transfer manifold 170. The remaining portion of the feed is

filtered through the membranes and is collected from the membrane lumens as filtrate in

filtrate collection chamber 135. The collected filtrate then flows through filtrate passageway

126 in end cap 120, through port 160, and into filtrate transfer manifold 168.

In accordance with some embodiments, the membranes in the filtration module

assemblies and filtration systems of the present invention may be cleaned by a scouring or

scrubbing process. When cleaning is desired, the liquid within feed passageway 60 is

displaced downwardly by the introduction of gas into feed passageway 60 until the gas/liquid

interface reaches the level of aeration openings 7 1 and 72. The gas then passes through

openings 7 1 and 72, along passages 66 and 67 of conduit 61, and into the respective output

passageways 63 and 64. The gas then passes from passageways 63 and 64 into fluid

connection passageway 50, outward through fluid transfer port 45, and into the lower socket

31. The gas is then captured by skirt 29 and fed upwards through passages 26 in the lower

potting head 18.

The gas then enters the base of each module and gas bubbles flow upward along the

membranes and within the screen 80 cleaning the surface of the membranes. As the gas

moves past the membrane fibers, the friction between the gas bubbles and contaminants

lodged on the membrane surfaces may cause release of the contaminants from the membrane

surfaces. The introduction of the gas may also cause the membrane fibers to vibrate and

further dislodge contaminants. The gas then passes outward through openings 22 in the

upper potting sleeve 20 and into annular fluid transfer passageway 104. The gas then vents



through fluid transfer port 105 and into the passageway 171 of the fluid transfer manifold

170. In accordance with some embodiments, a single manifold 54 may be used to selectively

supply feed and/or gas bubbles to a membrane module.

A backwash or draindown of the modules may be performed after gas aeration and

cleaning. During a backwash or draindown, liquid may be removed from the module by

flowing liquid in the reverse direction to that of the feed supply mode. A backwash, such as a

reverse fluid flow, for example, flow of filtrate from the lumens through to the outer surfaces

of the membranes, may further remove contaminants from the membranes by forcing liquid

from the inside of the membranes out through the membrane pores. A drain down of the

modules may remove dislodged contaminant waste from the module.

In accordance with some embodiments, the membrane modules may be configured to

withdraw filtrate from the bottom or both ends of the potted membranes. Referring to FIG.

14, a lower filtrate collection chamber 226 is formed by providing a collection cap 227

sealingly fitted to the lower end of the lower potting head 18. The membranes (not shown)

potted in the lower potting head 18 have lumens opening into the lower filtrate collection

chamber 226 at their ends. The lower filtrate collection chamber 226 is fluidly connected to

the upper filtrate receiving chamber by a longitudinal conduit 228 extending therebetween.

Conduit 228 may be located within the membrane bundle or may comprise any suitable fluid

connection constructed and arranged to transfer filtrate between the collection chambers. To

isolate the lower collection chamber from the feed side of the module, no through openings

are provided in the lower potting head. Feed liquid or gas may flow from the lower header

32 into the lower socket 31, along annular fluid transfer passageway 9 through the fluid

communication region 21, the openings 22 in the lower potting sleeve 19 and around the

membranes of each module 11 and 12.

While exemplary embodiments of the disclosure have been disclosed, many

modifications, additions, and deletions may be made therein without departing from the spirit

and scope of the disclosure and its equivalents, as set forth in the following claims.

Those skilled in the art would readily appreciate that the various parameters and

configurations described herein are meant to be exemplary and that actual parameters and

configurations will depend upon the specific application for which the apparatus and methods

of the present disclosure are used. Those skilled in the art will recognize, or be able to

ascertain using no more than routine experimentation, many equivalents to the specific

embodiments described herein. For example, those skilled in the art may recognize that the



system, and components thereof, according to the present disclosure may further comprise a

network of systems or be a component of a heat exchanger system or water treatment system.

It is, therefore, to be understood that the foregoing embodiments are presented by way of

example only and that, within the scope of the appended claims and equivalents thereto, the

disclosed systems and methods may be practiced otherwise than as specifically described.

For example, flat sheet membranes may be prepared and used in the systems of the present

disclosure. The present systems and methods are directed to each individual feature, system,

or method described herein. In addition, any combination of two or more such features,

systems, or methods, if such features, systems or methods are not mutually inconsistent, is

included within the scope of the present disclosure.

Further, it is to be appreciated various alterations, modifications, and improvements

will readily occur to those skilled in the art. Such alterations, modifications, and

improvements are intended to be part of this disclosure, and are intended to be within the

spirit and scope of the disclosure. For example, the manifolds may be prepared by any

fabrication technique, including injection molding or welding techniques and be fabricated

from any desired material. In other instances, an existing facility may be modified to utilize

or incorporate any one or more aspects of the invention. Thus, in some cases, the systems

may involve connecting or configuring an existing facility to comprise a filtration system or

components of a filtration system, for example the manifolds disclosed herein. Accordingly,

the foregoing description and drawings are by way of example only. Further, the depictions

in the drawings do not limit the disclosures to the particularly illustrated representations.

Use of ordinal terms such as "first," "second," "third," and the like in the specification

and claims to modify an element does not by itself connote any priority, precedence, or order

of one element over another or the temporal order in which acts of a method are performed,

but are used merely as labels to distinguish one element having a certain name from another

element having a same name, but for use of the ordinal term, to distinguish the elements.

What is claimed is:



CLAIMS

1. A filtration module assembly comprising:

a vessel;

a header coupled to an end of the vessel, the header including a housing having an open-

ended upper end and a lower end;

an end cap including a portion that mates with a complimentary structure defined by the

inner wall of the open-ended upper end of the housing to removably engage with the housing, the

end cap defining a passageway for fluid to flow out of the vessel; and

a filtration cartridge disposed within the vessel, the filtration cartridge including an upper

end removably coupled to the lower end of the housing.

2 . The module assembly of claim 1, wherein the filtration cartridge comprises a plurality of

permeable hollow fiber membranes extending between the lower end of the filtration cartridge

and the upper end of the filtration cartridge.

3. The module assembly of claim 2, wherein the vessel comprises a screen extending

between the lower end of the filtration cartridge and the upper end of the filtration cartridge and

surrounding the plurality of permeable hollow fiber membranes.

4 . The module assembly of claim 3, further comprising a filtrate collection chamber defined

by the end cap and the upper end of the filtration cartridge.

5. The module assembly of claim 4, wherein the passageway includes a filtrate

communication passageway in fluid communication between the filtrate collection chamber and

a first fluid transfer manifold.

6. The module assembly of claim 5, wherein the end cap further comprises a shut off valve

constructed and arranged to fluidly isolate the filtrate collection chamber from a filtrate

communication port.

7. The module assembly of claim 5, wherein the first fluid transfer manifold is coupled to

the header and includes a filtrate passageway and is further coupled to a second fluid transfer

manifold of a second module assembly to provide fluid communication between the filtrate



passageway of the first fluid transfer manifold and a filtrate passageway of the second fluid

transfer manifold.

8. The module assembly of claim 4, wherein the passageway includes a filtrate

communication passageway defined by a side surface of the end cap and an internal surface of

the housing.

9. The module assembly of claim 1, wherein the filtration cartridge includes an external

diameter smaller than an internal diameter of the housing.

10. The module assembly of claim 2, wherein the filtration cartridge includes fluid

communication openings defined in a potting sleeve surrounding a portion of the membranes, the

fluid communication openings in fluid communication between a feed passageway in the

housing and outer surfaces of the membranes.

11. The module assembly of claim 1, wherein the removable end cap includes screw threads

configured to engage with mating screw threads provided on an upper portion of an inner wall of

the housing.

12. A filtration system comprising:

a first filtration module including a first fluid communication opening and a first header

having a first removable end cap engaged with an upper end of the first header and a first

filtration cartridge having an end disposed in a lower end of the first header;

a second filtration module including a second fluid communication opening and a second

header having a second removable end cap engaged with an upper end of the second header and

a second filtration cartridge having an end disposed in a lower end of the second header; and

a first common fluid transfer manifold in fluid communication with the first fluid

communication opening and the second fluid communication opening positioned between the

first filtration module and the second filtration module.

13. The filtration system of claim 11, wherein the first common fluid transfer manifold is in

fluid communication with lumens of membrane fibers included in the first filtration module and

with lumens of membrane fibers included in the second filtration module.



14. The filtration system of claim 11, further comprising a second common fluid transfer

manifold located between the first header and the second header, and in fluid communication

with external surfaces of membrane fibers included in the first filtration module and with

external surfaces of membrane fibers included in the second filtration module.

15. The filtration system of claim 11, wherein the first header includes an internal diameter

greater than an external diameter of the first filtration cartridge header includes an internal

diameter greater than an external diameter of the second filtration cartridge.

16. The module assembly of claim 11, wherein one or more fluid communication openings

defined in each of the first housing and the second housing are in fluid communication with both

the first filtration cartridge and the second filtration cartridge.

17. The module assembly of claim 11, wherein the first removable end cap is engaged with

the first open-ended housing to define a filtrate collection chamber between the first removable

end cap and the first filtration cartridge.

18. The module assembly of claim 17, wherein the first removable end cap includes a fluid

communication passageway in fluid communication between the filtrate collection chamber and

the first fluid communication opening.

19. A method of operating a filtration system comprising:

passing a feed through a plurality of filtration modules each including a filtration

cartridge, the plurality of filtration modules fluidly connected by a common feed transfer

manifold and a common filtrate transfer manifold, the plurality of filtration modules each

including respective removable end caps disposed in respective open-ended upper housings;

isolating the filtration cartridge of a first filtration module of the plurality of filtration

modules from the common filtrate manifold and taking the first filtration module out of operation

by engaging a shut-off valve in the end cap of the first filtration module;

disengaging the removable end cap from the open-ended upper housing of the first

filtration module;



accessing the filtration cartridge of the first filtration module by longitudinally displacing

the filtration cartridge of the first filtration module through the housing of the first filtration

module;

re-engaging the removable end cap with the housing of the first filtration module

assembly; and

returning the first filtration module assembly to operation.

20. The method of claim 19, wherein disengaging the removable end cap from the housing of

the first filtration module assembly includes rotating the removable end cap of the first filtration

module relative to the housing of the first filtration module, disengaging screw threads formed

on the removable end cap of the first filtration module from mating screw threads provided on an

upper portion of an inner wall of the housing of the first filtration module.
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