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Filtcr Arrangement

Field of the Invention

'Ihe prese¡t invention relates to a hlter arrangement and a fìlter arrangement

comprisi¡g a back-washing mechanism. The arangemetrt according to the invention

provides an efficient and scalable filter rvith minimal pressure and process fluid loss.

T'he filter affangement is particularly, but not exclusively, suitable for use in high

volume application such as potable rvater produotion including recirculation of water

from domestic and industrial processes, cooling-water intake for power plants,

procluced water from oil/gas exploration, in ballast water and aquaculture

management or other applications involving fluids other than water.
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l5 Background

The management of water represents a wide application area and is receiving

considerable atterfion both due to its limited availability in certain parts of the world

as well as to its potential as a source of the spreading of disease as well as of the

spreading of unwanted organisms from one region to another. Filtration or more

specifically, microfiltration can be considered a preparatory step in treatment

processes aiming to implove water quality and to reduce risks associated with water

containing unwanted elements. Improved filtration technologies may benefìt curently

applied treatment methods regardless of media ancl applications and furthel open up

for the development of improved processes and technologies

30

Treatment and filtration of ship ballast water is of inmeasing importance to fleet

operators. Transferring large volumes of sea water is known to be damaging to

marine biodiversity. The scale of modem ships means the volumes ol ballast water

tanks is large and consequently the time taken to load and unload ballast tanks is of

commercial importance to fleet operators. Adrlitionally, on-bot'd sliips space is

surprisingly scarce and efficient filtration systems or more specifically miclo-filtration

systems capable of filtering large volumes of water and removing a considerable

amount of matter (organic as well as in-organic) rvill open up for improved treatment

performance and the reduction of tlre footprint of treatment systems.35

shawn.ang
Rectangle



5

lvo 2012/r5Jrr7 PCT/GB20l2/050998

'l'he inventors have establishecl that the need J'or efficient filtration or micro-lìltration

systems capable of filtering large volumes of fluids such as sea water in small peliods

of tirne can be achieved using the invention disclosure herein.

A range of filter systems are available to filter sea water in these applications. Such

systems generally comprise a conventional frlter element through which the sea water

for example flows.

As the liquid flow passes through the wall of the filters elements any dirt, particles or

organic matter greater in size than the filter size specification may not pass through

the filter element and are trapped on the internal wall of the filter element and begin to

form deblis, known as a 'cake', of filtered matter. As the cake of matter begins to

build, the pressure loss over the filter element increases thereby requiring the oake to

be cleaned off the interior wall of the fìlter elernent if efficiency is to be maintained.

This cleaning process can be achieved by strþping down the filter or through a

backwashing mechanism which may be configured for continuous cleaning or

triggered only when the pressure loss reaches a certain monitored level or triggered at

present intervals or manually. The backwashing meohanism may also make use of a

collection chamber undelneath the filter elements where the cake of matter from the

filter element can be collected and then evacuated by a suitable evacuation pipe.

Variou.s back-washing mechanisms have been employed which allow the filter

element to be cleaned through reverse water flow tluough the filter wall. The back-

washing can be performed whilst the filter is in use thus allowing the filter to

continuously filter water whilst being cleaned.

The present application describes an unconventional filte¡ arrangement and

additionally a back-washing mechanism which advantageously provides a highly

effrcient filter capable of large volume filtering with minimal pressure drop and

process liquid flow.
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[nvention Sumurary

Aðcordi¡g to an aspect of tlie invention there is provided a l.rlter arrangement

comprising a chamber ancl a plurality of elongate hollow filtration elements contained

therein, each element comprising a semi-permeable filtration wall ancl an internally

located back-washing mechanisrn; wherein each back-washing mechanism comprises

at least one deblis receiving portion having a cross-section corresponding to the cross-

section of the hollow filtration element such that the outer perimeter of the debris

receiving portion is located immediately adjacent to the inner periphery of the

Jiltration wall of the hollow element'

The filter arrangement according to the present invention provides a back-washing

mecha¡ism r,vhich eff,rciently and effectively removes clebris frorn the f,iltration wall of

each of the plurality of filter elements. The close alignment of the debris receiving

portions with the inner wall of each filtration element around its entire periphery

results in a uniform back-wash operation of the f,rltration wall. The flrltration element

can be back-washed rapidly whilst allowing the normal operation of the filter

anangetnent to continue i,e. the back-washing can take place during nomral filtration.

According to the present invention the pressure loss through the filter compared with

prior art is reduced. Additionally, the method of cleaning of the filter is also

improved. These improvements provided by the present invention allow for the

reduction in filter mesh sizes wilhout reducing the flow-rate or capacity of a given

filter arrangement. Thus. the merit represented by enabling liquid to be delivered to a

(high capacity) lreatment process which is considerably "cleanel" because of finer

fillration urill reduce the burden on the treatment process opening for it to be scaled

down (e.g. reclucing the concentlation of "conditioniug" chemicals or opening tlp for

i ntroducing alternative treatment processes.

Thus, the present invention provides a high efficiency in'line backwashing filter

comprising multiple f,rlter elements, a low pressure head requirement, minimal

pressurs and process liquid/fluid loss and a manual or automatic self-cleaning hlter

screen (back-washing) operation.
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Tlie filtcr alrangement according to the present invention is advantageously scalable

r-rp to vely high capacities fiom less than 100 mlllu to above 10,000 nrl/hr by

adjusting the number of filter clcments and the diameter and length of thc filter

clements. Furthermore, the arangement can be installed in a horizontal or vertical

orientation or arly orientation in-between and requires minimal disnrption to process

pipeworlc.

The speed with which the filter arrangement can be back-washed reduces the volume

of process fluid/liquid (that is liquid passing through the filter arr¿ugement) whicli

must be diverted to the debris outlet. This further enhances overall performance of

the fìlter arrungement.

'fhere is provided a filter arrangement in which the filter elements provicle physical

separation and removal of substances such as organic and inorganic particles above a

certain size. The filter elements may be constructed by, but not limited to, the metal

weave-wire sintered screen method where nrultiple metal screen layers are sintered

together with supporting structures to create a strong filtel element that is able to

supporl its orvn weight, At each end of the filter elements a metal or plastic ring in

combination with an iuternal or external O-ring serves as a suitable method of sealing

the ends of the f,ilter element.

Alternatively, other types of filter elernent design may be incorporated that under the

operating conditions of the filter are permeable to one or more selected components of

the liquid mixture, solution or suspension under treatment and is impermeable to the

remaining components. Such filter elements may be constructed from, but not limited

to, natural or processed f,rbre, man-made organic or synt'hetic materials, ferrous and

non-ferrous metals, glass, activated or natural calbon, ceramics, papers and plastics.

Such filter element designs rnay be constructed from, but not limited to, sheet or

\ /oven materials, non-woven materials, pleated meltspun materials, inorganic bonded

porous media, mineral wools, glass fibre, carbon fibre, woven wire ancl screens,

sintered wire mesh, perforated plate, wedge wire and membrane type ol designs or

any combination thereof.

l0

t5

20

25

30

4

shawn.ang
Rectangle



5

wo 20r2lr5Jll7 PCT/G820 r2l0s09e8

'l'he fìlter size specification is cletermillscl ¿ocording to the liquid and particle

properties to be filterecl. Thus, the filter sizc (that is the sizc of the holes or flow paths

through the filter) may be any sLritable size depending otr tlie desircd application. For

exanrple the permeability of the filtel elemeuts may be selectecl to be <l - I . 10, 20. 40

or 50 microns or greater depending on the selecting application.

As an additional benefit, the filter element may advantageously be coated with a

suitable compound to provide increased corrosion resistance or improved surface

qualities. For example, coatings preparecl from e.g. 'f¡Oz or Polyaniline-nano- TiOz

particles synthesized by in-situ polymerization have excellent corrosion resistance in

aggressive envilonments. The individual filter elements may therefure be coated to

improve corrosion resistance. In addition the nano-surface achieved can provide

improved surface qualities making the surface very slippery and difficult for rnatter to

'stick' to the surfhce thereby requiring less fiequent cleaning'

The filtration elements may þave any cross-sectional shape or profile depending on

the application. The application may for example define the space (the erivelope) in

which the arrangemen! may be located. TT e debris receiving portions advantageottsly

have a cross-sectional shape or profile corresponding closely to the shape of the

selected filtration elernent so as to allow for close alignrnent of the outer edge or

periphery of the debris receiving portion and the imrer surface of the f,rltration element.

More specifically the alignrnent between the debris receiving portion and the filtration

element is around the entire circumference of the inner surface of the filtration

element.

The separatio¡ distance between the debris receiving portion and the filtration wall is

selected so as to allow rnovement of the debris receiving portion along the length of

the element whilst allowing debris to be drawn into the debris receiving portion as

described further below.

Although any suitable shape may be used for the filtration element anct debris

leceiving portion, the filtlation element and debris receiving portions may both

advantageously be provided with circular cross-sections, In such an arrangernent th-e
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debris receiving porticlns nray be in the lcrn¡ of discs and the f,rltration elements ilt the

I'orm of hollorv cylinders into w'hich thc disos can be located.

The filtration elements are advantageously arranged such that an open end is providecl

facing an inlet to the lìlter assembly. fhus, each filh:ation element may comprise a

first open end ananged to leceive fluid fi'om an inlet to the filter assernbly and a

second closed end,,such that fluid entering the filtration element is directed through

the semi-permeable hltration wall. According to this arrangemetf each filtration

element receives an equal portion of the fluid entering the filter assembly which is

then directed tluough the frltration wall by virtue of the closed opposing encl of each

element.

Aclvantageously each element may additionally be provided with an intemally located

backwashing mechanism witlún the hollowportion of the element. The back.washing

mechanism is aclr,¿mtageously adapted to allow movement of the debris receiving

portions(s) along at least part of the length of the respective filtration element.

Thns, the debris receiving portion is able to be conveyed overthe inner surface of the

element such that debris can be collected from all parts of the f,rltlation wall. Thus,

the entire surface of the wall can be cleaned of debris. The debris receiving portion

extends arouud a full 360 degrees of rotation (with reòpect to the hollow element) thus

meaning that there is no requirement for the debris receiving portion to be rotatecl

with respect to the frltration element. I-inear movement is all that is required to cover

the entire inner surface of the flrltration element.

The debris receiving portions may be rnoved and supported using any suitable means

and structure. F'or example, the clebris receiving portion(s) may be arranged on a

hollor,v shaft or tube coaxially located with respect to the filtration element and

movable along the elongate axis thereof.

In order to move the back-washing mechanism the assembly may be provicled with a

dlive mechanism arranged to linearly ancl reciprocally move the back-washing

mechanism along the axis of the filtration element. Movement may be by meaus of a
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linear actuator such as a piston or other electro-tnechanical, pneumatic or hydraulic

arrangemen[.

These multiple backwaslúng rnechanisms are mourted with alignment to thc centre

Iine of each f,rlter element and can be driven indepenctently of each other or

simultaneously or as a sulr-group, for example in pairs. Thus, the filter assembly can

be back-washed in the most effective manner with minirnal detrimental influence on

process fluid flow within the arrangement.

A plurality of debris receiving portions may be equally spaced along the length of the

element and separated by a precletermined distance. Advantageously, itl order to

ensure uniform collection of debris from the frltration element wall the back-washing

mechanism is arranged to move reciprocally along the length of the filtlation elemellt

by a distalce, in each opposing direction, equal to half of the axial spacing of adjacent

debris receiving portions.

The back-washing mechanism need olly be reciprocated by an amount equal to half

of the separatiou of acljacent debris receiving portions because of the 360 degree

extent of the debris receiving portion around the circumference of the element.

Debris rnay be rsceived into an open channel extending around the debris receiving

portion i.e. a continuous open 'slot' or channel into which debris can be dlawn.

Alternatively a plurality of orifices or holes rnay provide a path from the outer surface

of the debris receiving portion to an intemal chamel of the debris receiving portion.

I' effect the outer perimeter of the debris receiving portion rnay be perforatecl itself"

In such an arrangement the track or support on which the debris receiving portions

mo\¡e linearly may additionally be provided with a rnodified path on an outward or

return stroke to rotate the debris receiving portion to ensure that the entire surface of

the filter element walt is cleaned. It will be recognised that the rotation need only

account for the dista¡ces between adjacent holes on the debris receiving portion and

not be a continuous rotational operation.
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'I'his advantageonsl,r' minimises the distance of travel f'or the Irac[<-r,vashing

mechanisnr thclebl, r'educing thc tirne required to back-wash thc filter element,

leclucing the volume of process liquid neecled to baclc-wash the filter elemcnts and

consequently maxirnising the throughput of the filter assernbly.

The dcbris leceiving portions are advantageotsly adapted so as to receive debds from

the filtration element wall on application of a rcverse flow through the filtration rvall.

In effect the debris receiving portion acts as a debris 'trap' or collection channel

arranged to collect debris leaving the filtration wall. Thus, the plurality of debris

receiving portions may advantageously comprise a peripherally extending channel or

recess ananged to receive clebris from the fìltration wall. The channel may

advantageously be provided with one or more conduits arranged to communicate

debris florn the respective channel to a debris outlet of the filter arrangement.

Thus, debris receivcd into the channel can be communicated away and out of the frlter

affangement to a debris outlet or discharge porl. The conduit connecting the channels

of each debris leceiving pclrtion may conveniently be connected to a com[ìon conduit

passing along the axis of the back-washing mechanism. This may for example be

defined by the hollow tube supporting the debris receiving portions. Thus, the debris

can be communicated away fiom the filtration wall to a common conduit or rail and to

the debris outlet. '

It will be recognised that the invention also extends to gas filtration arrangements.

Fol example the invention may be used to filter solid particles frorn a gas stream. In

such an aÌrangement a papff filter may be r.rsed for example.

'fhe debris is removed frorn the filtration element rvall by means of a back or reverse

flow of process fluid. This is achieved by a differeqtial pressure across the filtration

wall. In nonnal operation the pressure on the inside of the hollow filtration element is

greater than that on the outside thereby creating a forward flow of fluid. By reversing

the pressure, differential between the channel and the chambel of the filter

arrangement a localised (isolated) reverse or back-flow of process fluid can be

achieved causing debris to be removed from the filtration wall.
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The pressurc cliffereltial nray be achieved in any suitable way, Advantageousll'

horvever.thc clil'fcrcntial nay be achievecl by leducing the presslrrc in tl-re concluits

com¡runicati¡g r,vitli the dcbris receiving charurel. This consequently redLrces thc

pressure in thc channel of the clebris receiving portion and causes debris to urove into

the ohannel.

The dillèrence betr,veen atmospheric pressure and the pressure with in the charnber of

the hlter. arrangement may be sufficient to achieve the back flow and in such an

aüangement a control valve may be provided to selectively open and close the debris

outlet thereby creating the leverse flow'

Additio¡ally, or alternatively, a vacuum or suction apparatus may be provided tcl

increase the back-flow pressure to enhance the back-wash or cleaning operation. In

such an affangement a vacuum appalatus may be coupled to the debris outlet or to the

debris receiving conduit forming the back-wash mechanism'

The back-rvashi¡rg mechanism may advantageously support a plurality of dcbris

receivi¡g porlions using any suitable structure as discussecl above. The structure may

fbr exanrple be a centrally extending hollow tube or shaft comprising a plurality or

raclially exte¡ding support arïns or 'spokes' coupling the shaft to a plurality of

circumferentially extending discs or rings. The discs or: rings in tum may comprise

the debris receiving channel as described above.

The co¡duit f'or cornmunicating debris fi'orn the channel to the debris outlet nray then

conveniently be forrned within the support arrns or spokes and hollow tube thereby

defining an integrated back-wash support stucfure and debris removal conduit.

The cl-ranrber housing the filtralion elements may be any suitable shape depending on

the application and the envelope into which the assembly is to be installecl'

Advantageously the chamber of the present invention may be generally cylindrical in

cross-section and the plurality of hollow filtration elements arranged parallel to the

elongate axis of the cylindrical cha¡nber. Advantageously the filtration elemeuts may

also be cylindrical.
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'fhe inlet for prooess lluicland outlet for fìltered pl'ooess fluid to thc filtcl anangemc:nt

described above rnay be coupled to the ch¿urber Lrsing conventional piping

confrgurations.

Unconventionally however the inlet for process fluid and outlet for filtered fluid may

advantageously be arranged so as to be coaxial with each other and be parallel with

the axes of the charnber and filtration elements, Such an arrangernent allows the filter

affangemsnt to be installed in process pipework 'in-line' i.e. in co-axial with process-

pipework. This negates the conventional 90 degree angle char-rges in direction f'or

process fluid entering and leaving the filter arrangenent r,vhich are conventionally

used for filter arrangements and specifically for ballast water filter anangements,

Advantageously in such an arrangement process fluid leaving the frlter anangement is

in-line with the process fluicl which had entered tho filter an'angement.

Advantageously changes in direction necessaly to eflect hltration of the process fluid

take place within the filter amangement charnber only. it has been establishecl that

according to such an aüangement pressure drop and required pressru'e head to operate

the filter can be surprisingly and advantageously reduced.

The plurality of'filtration elements may be arrangecl in any suitable configuration

within the chamber. Accordirrg to the invention the plurality of hollow tìltration

elements may be equally spaced within and around the periphery of the chamber i.e

radially ancl circunrferentially spaced with respect to the common axis of the inlet and

outlets to the filter arrangement.

Thus, a ring of filter elements is provided arcund the perimeter of the inner surfàce of

the chamber unconventionally leaving a centrally locatecl space in the centre of the

chanber. Advantageously, the centrally located space acts to receive filtered process

fluicl from the outer surfaces of the filtration elements and is further fluidly connected

to the outlet of the arangement. A convenient flow path is thereby created tluough

the filter anangement between the inlet to the anangement and the collection chamber
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'l'tre cliameter ol' the charnber of the filter arrangement ntay aclvautageously bc

selected so as to be greatcr tha:r the diameter o['the filter arrangcmetlt inlet thus

increasing the number of filter elements contained within the charnber. The assembly

may fl¡rther comprise a divergent portion diverging frorn the diameter of the inlet to

the cliameter of the charnber and arranged to comtnunicate fluid therebetween'

Thus, at the upstream end of the in-line filter arrangetnent, an inlet pipe may be

connected to the cylindrical filter housing or chamber by a diverging pipe section that

serves to gently reduce the speed of the inooming liquid fluid flow iu order to

minimise pressure loss and reduce the inlet pipe diameter'

V/ithin this cliverging pipe section a suitable fluid llow guide or baffle rnay be located

in o¡der to divide the incoming liquid fluid flow and direct an equal arìlount of the

incoming liquid fluid flow towards the open end of each filtration clement with

minimal pressure loss. This guide may be specially shaped or it can be a sinrple shape

such as a half sphere shape or a cone shape depending on the level of pressure loss

that can be tolerated. Additional baffles may also present to condition and straighten

the incouring liquid fluid flow.

A sealilg plate may additionally be provided to prevent direct flow of fluid ttu'ough

the filter arrangement i.e. to direct fluid flow through the f,rlter elements.

The outlet of the filter an'angement nray similarly be alranged so as to comprise a

diverging porlion between the outlet arrd the centrally located space within the

chamber as described above. Thus, by gently slowing the fluid the pressure at the

outlet can be recovered thereby minimising the effect of the fìlter arrangement within

the system.

The plurality of peripherally locatect f,rltration elements cau be seen to define the

centrally located space within the chamber as described above. The ladius of the

centrally located space can be defined as the distance measured radially from the

central axis of the filter arrangement to the surface of the one of the pelipherally

located filtration elements. Advantageously the radius of the centrally located space
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may bc sclected so ¿rs to be less than the radius of an outlet of said filter arrangenrent.

The pressurc loss across the filter can thereby be nrinilnised.

In use, the incoming fluid flow is advantageously clireoted in equal amounts towards

the inteliol of each indiviclual filter element with minimal pressure loss. Tlre process

fluid flow then enters the intelior of each of the individual filter elements and begins

to pass through the hltering surface of each individual filter element. Once the fluid

flow has passed through the filtering surface of each individual filter elernent it re-

joins the main bulk of l.rltered fluid in the centrally located space described above and

is clirected towards the downstream encl of the in-line filter arrangement. At the

downstream end o[ the in-line filter arrangement an outlet pipe is connected to the

cylindrical filter housing by a second diverging pipe section as described above that

serves to gently reduce the speed of the outgoing fluid flow in order to minimise the

pressure loss and increase the outlet pipe diameter before continuing into the ptocess

line.

Viewed lrom another aspect there is provided a method of back-washing a filter

atrangement, said filter arrangement comprising a chamber and a plurality of elongate

l-rollow filtration elements contained therein, each element comprising a semi-

permeable filtration wall and an internally located bacl<-washing mechanism;

wherein each back-washing mechanism comprises at least one debris receiving

pottiou having a cross-section corresponding to the cross-section of the hollow

filtration element such that the outer perimeter of the debris receiving portion is

located imrnediately adiacent to the inner periphery of the f,rltration wall o1' the

element, said method comprising the steps of: (A) creating a pressure differential

between the chamber and a debris receiving portion such that fluid is caused to flow

in a reverse direction tlu'ough the tiltration wall; and (B) moving the debris receiving

portion(s) relative to the filtration wall so as to remove debris from the filtration wall.

Thus, according to such an aspect there is provided a method of efficiently and

effectively back-washing a filter arrangement.

As described above the filter assembly additionally provides an in-line f,rlter

arrangement causing minimal pressure loss in process pipework.
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Aspects ol' the i¡vention extencl to a water trcattnctrt systetl cornprising a lìlter

arrangemert clescribed herein and sirnilarly to a Lrallast watcl treatmcnl' system

comprising a filter arrangement described heretn.

More specifically the filter anangement may be applied in otder to separate organlc

and non-organic matter and cormequently the effects of such in any liquids, inclucling

but not limited to fresh water applications, produced water treatment applications' sea

water applications, ,waste water applications and aquaculture applications on land or

on floating units such as floating aquaculture installations (fish falms), installations

associated with the prodgction of oil and gas as well as on-board ships (for example in

conjunction with ballast water management)'

The filter may also be effectively apptied to industrial areas such as food and drink

processing, mineral and slurry processing, phanlaceutical processing, chernical

processing and power generation applications such as pre-processing of power station

cooling water or processing of electrical transforrner oils and is not limitecl to water

based liquids alone but could also be used to treat acids and allcalis.

It will be recognised that the features of the aspects of the invention(s) clescribed

hereiu can conveniently and interchangeably be trsed in any suitable cornbination,
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Brief Dcsu'iption of thc Figures

F.lmbodiments of'the invention will now be described by way of example only u'itl'r

reference to the accompanying drawings in which:

Figures lA & lB illustrate an in-line filter installationbetween two horizontal pipes

in cross-section and end view respectively;

Fìgures lC e, lD illustrate an alternative in-line filter installation between two

horizontal pipes in cross-section and end view respectively;

Figule 1E illustrates an altenrative inlet portion for the in-line f,rlter installations in

Figures 1A to lD;

Figure 2 illustlates the process fluid flow paths into and through the iu-line filter

irrstallation;

Pigure 3 illustrates the in-line filter irsl¿llation including a backwashing mechanism

according to an invention described herein;

FigLrre 4 prorrides a close up view of the main fluid flow paths in the embodimerf of

the invention shown in Figure 3;

Figures 5A and 5B provide altemative views of the embodiment of the invention

shown in Figure 4;

Figule 6A provides as section and inter¡al view of the disc shaped components

showing the comection to the central hollow tube, the nanow 360 degree

circumferential slot and sealing arrangement;

Figure 6B illustrates the sealing arraugement, process fluid flow and movement of the

back-washing mechanism according to an invention descríbed herein.
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F'igure 7 provides an alternative way of connecting the evacuation pipe to each

backi.vashing mechanism in order to increase the etÏciency <lf the baclcwashing

rnechanism by reducing pressure losses; and

Figures 8A and 8B illustrate a further end and cross-section view of the in-line flrlter

assembly according to an invention described herein.

While the invention is susceptible to various moclifications and alternative fonns,

specific embodirnents are shown by way of example in the clrawings and are herein

described in cletail. It should be understood however that drawings and detailed

description attached hereto are not intended to limit the invention to the particular

form disclosed but rather the invention is to cover all modifications, equivalents and

altematives falling within the spirit and scope of the claimed invention.
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Detailed Dcscription

lìigure 1A shows the invention as an in-line filter installation belrrycen coaxial

horizontal pipes. A vertical configuration or any variation in between is also possible,

'lhe hlter arrangement in this embodiment is constructed liom the cylinclrical fìlter

housing (1) containing multiple filter elements (2) aligned on a pitch circle diarnetcr

concenttic to the periphery of the cylindrical filter housing. The fìgure indicates the

support at the left hand end (3) witli additional fixings (4) and a holder (5), with

additional frxings (6) at the riglrt hand that support the f-rlter elements in thc conect

position.

A horizontal inlet pipe (7) is connected to the cylindrical filter housing by a diverging

pipe section (8) that contains a suitable flow guide (9) ancl additional baffles (10) to

gently direct the fluid flow with minimal pressure loss to each of the individual hlter

elcments. In this example the flow guide is cone shaped. Once the fluid has been

filtered by the filtering surface of each individr¡al fìlter elcment it joins the main bulk

of fluid flow and is directed towards the dor,vnstrearn end of the inline lìlter.

At the downstream end a horizontal outlet pipe (11) joins a second diverging pipe

section (12) to gently reduce the speed of the outgoing fluid flow before continuing

into the process line. In this figure, the backwashing mechanism is not shown for

clarity, however, a collection chamber (13) used during the backwashiug process and

tlre evacuation pipe (14) is highlighted.

Figure lB shor','s an end view from the inlet of the filter arrangement where the

suitable guide (9) and baffles (10) can just be seen. Figure lA is a closs-section

through A-A shown in figure 18.

Figure 1C shows an alternative affangement of the in-line filter installation illustrated

in È-igure 14,

In the alternative affangement the flow guide (94) is in the shape of a concave

hernisphere. This is particularly useful if the diverging pipe section (8) is very short.
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z\ short diverging section (8) may be requirecl if space is limited' I-lorveve r Lrsitlg the

co.e-s¡aperl guicle section (9) illustrated in Figure lA rvith a short divclging scctiotr

can cause problems in directing fluid to the liltration elenrents because thc flt¡icì has to

turn very sharply. Using a concave hemispherical shaped flow guidc caLrses thc fìuid

to be slowed down and unifoltnly spread out resulting in equal atnounts entering the

filtration elements. The flow guide (94) does not have to have an exact

hemispherical shape as long as the fluid is slowed down and spread out' For example

the cross-ser:tion of the flow guide can be a segment instead of a semi-circle o[ any

other shape that produces the required effect.

Figr.[e I D shows an end view from the inlet of the filter amangement where the flow

guide (94) can just be seen. Figrue lC is a closs-section through A-A shown in

fìgure 1D.

Figure lE ill¡strates a third possible arrangement of the inlet of the in-linc filter

i'stallatiol illustrated in Figure lA. In this arrangement the diverging section (8fl) is

in the shape of a pressure vessel. This provides a short diverging section to save

Space. Using the commonly known p1essure vessel shape can reduce the cost of

manufacture. 
'when the diverging section (88) is in the shape of a pressure vessel, a

hernispherical flow guide (98) is used to ensure equal anrounts of fluid enter the

filtration elcments as discussed above.

Figure 2 iltustrates the process fluid flow paths into ancl tluougli the in-line filter

installation/arrangement according to the present invention' The arrows indicate the

direction of the fluid flow.

As shown fluid flow enters from the left hand end, is directed in equal antottttts

towar.ds the interior of each of the individual filter elements with minimal pl'essure

loss. The fluid flow then enters the interior of each of the individual filtel elements

a'd begins to pass through the filtering surface of each individual frlter element. At

this point the flow of the fluid is generally perpendicular to the axis of the inlet and

c¡utlet to the arrangement'
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C)nce the fluid tlor.v has passed through tlie fìltering surface ol'each incliviclual lilter

element it re-joins the rnain bulk of liltercd fìuid in the central space of thc chamber

ancl is directecl towartls the dorrynstre¿rm end of the in-line filter into the second

diveLgirig pipe section and thereafter into the outlet pipe with mininral pressure loss.

Figure 3 illustrates the backwashing mechanjsm accorcling to the invention. The

backwashing mechanism has linear movement only which is accomplished by a linear

actuator.

The backwashing mechanism is constructed from a central hollow tube (25) that

carries a set of specially designed debris receiving portions in the form of clisc shaped

components (26) that extend outwards from the central hollow tube to the flrlter

element internal su¡face. T'he outer periphery of the disc shaped cornponent (26)

terminate with a sealing head or arrangement (27), for example spring loadecl sealing

heads or rubber type seals which compensate for irregulal'ities in the f,rltel element and

provides an effective seal between the disc shaped components and the f.rlter element

internal surface in order to minimise leakage of unfiltered fluid.

In a spring loaded ¿rffangement the debris receiving portion may be plovided with a

head forrned for example of PTFE or other suitable material capable of maintaining

contact with the inner wall of the frlter element whilst simultaneously being able to

slide axially along the filter element. Such a head may for example be biased against

the filter sutface using a suitable spring e.g.'ù coil spring. Thus a seal can be created

between the debris receiving portion and the filter element wall and irregularities cau

be accommodated for. Such as head would of course cornprise a slot or channel allow

debris to pass into the debris receiving portion.

The disc shaped components (26) include a naffow slot or channel around the entire

circumference of the filter element intemal surface providing 360 degree coverage.

This is described fuither below. The central hollow tube is driven externally by a

linear actuator (28) which provides a linear motion to the backwashing mechanism.

The central hollow tube also has an opening (29) into the debris collection chamber

(13) which is connected to the evacuation pipe (14). Thus, a conduit is provided
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Lretween t6c slot or. channel of the components (26) to the evacrt¿ttitln pipe whiclr

forms the debris outlet of the fìlter arrangelnenl.

Figure 4 provides cletaìlecl viclv of the fluid flow tluough an indii'iclual f,rltration

element and an associatecl back-washing mechanism. 'l'he open eud arrows indicate

the direction of the fluid flow under filtration.

Each filtration element comprises a first hollow end (shown on the left hand side of

figur-e 4) and,a closed end (shown on the right hand side of the element in figute 4).

l0

As shown, the fluid flow enters the filter element (2) and begins to pass tluotrgh the

senri permeable filtering surlàce of the filter element. Once the liquid flow has passed

ttu'ough the fìltering surface of the filter element it re-joins the main bulk of lluid flow

as described above. The central hollow tube (25) is closed off at the end furthest from

t 5 the external linear actuator (at the left hand side of figure 4) but is open at its opposite

end (29). Thus a path ol conduit is provided. 'Ihe opposite end of the cet.rtral hollow

tube terminates in the debris collection chamber underneath the frlter elemetlt where

part of the central hollow tube is connectecl to the external linear actuator and a palt of

the central hollow tube remaìns open to the debris collection chamber. When cleaning

z0 is required a valve can be opened ou the evacuation pipe and the liquid fluid flows

fì'om the o¡ter filter element sruface, backwashes the cake of matter into the narrow

circumferential slot or charurel (27) of the deblis receiving portion or disc (26), along

the central hollorv tube (25) to the openíng (29) to a debris collection charnber where

it can thel be further evacuated out through evacuation pipes' The flow of the

2s backwashing fluid is shown with filled in arrows, Thus, open ended alrows indicate

forward flow of process fluid and filled arrows indicate leverse of backwashing flow'

AIso in the figure, the linear actuation of the backwashing mechanism is noted.

30

Figures 5A and 5B are alternative views of the filter element shown in cross-section

in fïgure 4, Figure 58 illustrates the back-washing mechanism support structure and

pllr.ality of debris receiving portions equally spaced along the length thereof. As

shown the debris receiving portions are formed of rings or discs coupled to a l-rollow

central shaft by a plurality of spokes or sltpport arms. In figure 5B 4 spokes per disc

are shorvn. It witl be recognised that any suitable number or shape of debris receiving
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portion ma),be Lrscd. 'I'he portions may fbr exalnple be angled or plofiled to fàcilitate

1I-rid lìorv.

['lre ccntral hollor,i tube (25) is show on to which is installed a plurality of the clisc

shaped components (26) that extend radially outwards from the central hollow [ubc to

the tìlter element internal surface. A seal (27) is provided as described further belorv.

The disc shaped components include a naffo\^' slot around the entire circumference of

the filter element internal surface providing 360 degree coverage. The shape and

configuration of the debris receiving portion and the slot is adapted depencling on the

shape of the parficular filter elements forming the filter affangement.

For example, for a circular cross-section a 360 degree coverage area of the slot is

leqr"rited because the fìltration area extends around 360 degrees. In an arrangement

comprising square filter elernents the deblis receiving poltion is also square in cross-

section and nay then be provided with a slot on each side of the square. In such an

arrangelnent the comers of the square may act as support regions as opposed tcr

filtration regions and thus there is no need for the slot to extend over these regions.

Hence the slot is adapted so as to extend over the entire filtration area of the filtel at a

given cross-section. Tlús ensures that the enlire filtration surface of the fìlter element

is cleaned on axial movement of the debris receiving portions without unnecessarily

cleaning non-fi ltration regions.

In efIèct the debris receiving portion is provided with a slot (or plurality of holes

through which the clebris can pass) which is adapted so that it corresponds to the

filtration area and to the cross-section of the frlter element wall.

The central hollow tube (25) is closed off at the end furthest fiom the external linear

actuator but is open at its opposite end (29). This defines the debrís discharge or

evacuation outlet.

'I'he spokes extending betweeu the disc shaped components are hollowed out in such a

\¡/ay as to provide a path for the back-washing fluid to reach the central hollorv tube.
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5

The spohe arrangenrent also allows the untllterccl process flLricl to enter anci

conr¡eniently travel along the lengtlr of the hollow fìlter elcment'

Althcrugh shown exaggeratecl in the f,tgures the disc portions ate selectecl so as to be a

thin as possible whilst maintai[ing the required stntctural strcngth lbr thc application'

Thus, the area of the fiitration wall covered by the pcriphery of the discs at any tirne is

minimised thereby maximising filtration area'

Figure 5A illustrates the back-washing mechanism inserted into a hollow elongate

filter elernent (2). As shown in figure 5A the open encl (29) of the back-washing

mechanism i.e. the port tlu'ough which the debris is retnoved from tlre assembly catt

be seen extencling from the clistal or lower end of the filter elenrent' This end of the

filter element conesponds to the closed end of thc filter. The upper end of the

elenrentasseefiomfigure5Bcorrespondingtothe<lpenetrdoftlreelenrent.

t0

l5

Figule 6A provides a ctoss-section th¡ough the filter arrangement and baclt-r'vashing

mechanism shown in figure 58. The potlion of the filtel arrangernent and rnechanism

shown in figure 6A conesponds to the upper end of figure 5B ancl illustrates the open

end of the fîlter element into u¡hich pfocess fluid is communicated and the closed end

20 of the central hollow tube (25)'

25

As shown in Figure 6A and Figure 6B the disc shapecl components (26) extend from

the hollor.v centrally located tube (25) to the frltration element wall inner surface (32)'

A naffow 360 degree circumferential slot (33) is provided so as to be imrrediately

adjacent to the filtr.ation wall. A sea: (27)is providecl on either side olthe disc shaped

compouent (26) to prevent pfocess fluid rvithin the hollow pottion of the filter

elemenr passing directly iflto the hollow tube (25). Figure 6A also illustrates a

support plate (34) supporting the hollow central tube (25)'

Figure 6B shovvs a close up cross-section of the debris receiving portion and filtration

wall

Figure 6B shows the disc shaped components (26) defining the debris receiving

portion, the filtratíon wall (2) and the outer housing of the filter arrangement (1)' 'l'he

30
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coutpoltent (26) cxtcnds so that its periphery is inrmediately adjacent to the fihratiolr

wall inner surlace (-32) and is provided with an O ring seal (27) on cither side to

provide a seal between the hollow space of the filtration element and the central

channel (35) or the portion (26).

The central channel (35) comprises a narroq, portion proximate the filtlation u,all and

a rvider portion conlmunicating with thc hollow tube (25). This is illustrated in Figure

10/\. Also shown in figure 6B is the pitch spacing S¡ of adjacent portions (26) and

the half pitch rnovement of the portions as described below Sz.

In rse the f,rlter functions as follows

Process lluid flor¡'s into the central portions of the hollow elongate filter elements

thlough the holes in the support plate (34) shown for example in figure 64. Referring

again to frgure 68 in a nortnal mocle of operation i.e. non-back-washing mode process

fluid flows as shorvn by the un-filled arrorws. That is the fluid llows fi'om the inside

of the hollow filter element through the filter wall and into the cavity defined between

the outsicle of the element and the chamber housing (l).

fhe flow of process fluid is driven by the different in pressure between Pl and Pz. Pl

being the pressure within the hollow filter element and P2 being the pressure outside

of the hollow filter elernent. The pressure within the channel (35) of the portion (26)

is maintained at a pressure gleater than or equal to the pressure on the outside of the

filtel elernent i.e.:

Ps:> P2

Tlre O ring seals (27) prevent unfiltered fluid flow into the channel (35) and process

fluid is directed through the semi-permeable frlter wall and to the outlet of the

assembly having had impurities removed and retained by the filter wall in the fom of

debris ol a 'cake'.

To effect a back-washing cycle the pressure within the channel is reduced so as to be

less than the pressure on the outside of the fìlter element i.e.:
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P¡ (: I'z

This reclLrction in pressufe may for example be achieved by drawing a vaouLrn-ì or

applying suction to the debris outlet port (29) described above.

Back-rvashing fluid flow is illustrated by the filled in arrows' As shown filtered

proccss fluid on the outside of the hollow filter element is caused to flow in a reverse

clirection through the filter element wall so as to convey debris of cal<e situated on the

inner surface (32) of the filter into the channel (35). Again the O ring seals (27)

prerrent ìngress of un-filtered process liquid directly into the chamber' This

minimises the volume of liquid drawn out of the filter artangement during the back-

washing cycle.

The movemerf of the back-washing mechanism will now be descfibed. As shown tn

fìigure 6B acljacent components (26) are separated by a spacing pitch s ¡ ' sz indicates

half of that pitch and illustrates the limit of movement in a first and seooud linear

direction ofeach conrponent (26).

To effect the back-washing cyole first, the pressure is reduced in the channel by

means of a control valve being opened to connect the debris outlet (29) to the plurality

of cirannels via the hollow tube (25), If the diffèrence between atmospheric pressure

and P2 is great enough additional suction is not required. If the pressure difference is

nor great enough additional suction may be applied such that the conclitiou P¡ <: Pz is

satished. Both conditions can leveïse flow of process fluid and fluid begins to flow

into the channel (35) carrying debris from the filter wall into the channel and out of

tlie debrìs outlet (29).

Sirnr"rltaneously a linear actuator is activated to each or individual back-washing

mechanisms to cause a linear movement of the back-washing mechanism(s). Because

the plurality of components (26) are integrally coupled to the hollow tube all of the

components move synchronously axialty along tbe respective filter element'
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'fhe linear actuator is arrangcd to rrovL' thc backr.vaslring ntcchanism teciprocally b-v a

clistance of Sz is a first clirection x' antl b,"- a clistance of Sz in an opposing clilection x.
'fhis is illustrated in figure 68 u,hore thc componerrt A is moved lrom origin Ax¡ by

distance Sz in direction x- and then retunred to origin Ax0, Similarly as component A

lnoves so too does component B ancl as A nroves in direcfion x* cornponent B moves

by distance Sz in the same direction.

Each disc shapecl component extends around the entile imer circumference of the

hollow filter element. As described above, depending on the shape of the f,rlter

element the debris receiving portion and debris receiving channel will be adaptecl

accordingly.

Thus, the combined effect with the linear movernent is that by movement of the back-

washing mechanism by half the component pitch Sr in each direction the entire

surface of the hollow element can be cleaned with minimal time and thus rninimal

process fluid use.

Figure 7 shows an alternative way of connecting the debris removal outlet or

evacuation pipe to each back-washing mechanism in order to increase the efhciency

of the backwashing mechanism by reducing pressure losses.

As slrown in figure 7 a flextble pipe (30) is connected directly from the opening in the

central tube (29) to the evacuation pipes (14) thereby bypassing and removing the

need for a debris collection chamber and reducing the pressure losses. The flow of the

backwashing cake of matter may no\Ã/ pass ont of the filter in a more etficient way as

there are fewer restrictions in its path. In addition, a dedicated solenoid valve (31) for

each baclcwashing mechanism is shown so that each backwashing mechanisnr may be

activated independently and have no effect on another.

Figure 8A shows an end view as seen fiom the inlet to the filter anangernent. The

inlet axis Ar is shown in the centre of the filter arrangement with a plurality of

radially and circumferentially located hollow filter elements each locatecl at a radius r

and at an angle theta (ø). Only three elements are shown each with an axis A2
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Figure 8B shcxvs a cross-section tll'ough the filter arralìgemsnt again illLrstrating tl-re

axis A¡ r,r.hioh, as shoum, is coarial rvith the outlet orr thc right hand side ol the [ìgLu'e

88. Each ol'tlie filter elements has an axis Az which, as showrr is parallel to, btlt

radially spacerJ from, the axis Ar.

5

Unf-rltered process fluid is shown by the un-filled atrows and filteled process fluicl by

the f,rlted in arror.vs. As shown in figure 8B un-filtered fluid enters the filter

arrangement along axis A1 and then diverges entering each of the hollow filter

elements along axes 42. The closecl plate (36) ensures fluid does not flow directly

l0 along the axis of the filtcr anangement. Fluid passes tllough the filter wall in a radial

direction alcl then chauges clirection to re-align with the axis A¡, Filteled fluid is then

communicated to the outlet shown on the right hand side of figure 88. As shown the

unfiltered inlet fluid and filtered outlet fluid have a comm.on and coaxial axis. The

ce¡tr.al region (37) shown in lÌgure 8B is conventionally filled with additional filter

t 5 elements so as to maxinrise the filtration areas within a given chamber. The inventors

has aclvantageously discovered that sacrificing this area in favour of a centrally

located fluid oollection and alignment chamber provides surprisingly ancl signif,rcant

advantages in tenls of overall performance of the filter arrangernent. An equal

amount of fluid can be easily ancl gently directed to each filter element as described

20 above which, in tunr, advantageously reduces pressure loss'

25

30

Thus, accordilg to the inventions described herein there is provided an inline filter

anangement having minimal pressure loss and requiring minimal pressure head to

function by virtue of the coaxial nature of the inlet and outlet and internal

aÍmngement of filter elements. Additionally a back-washing mechanisrn may be

provided which can be used in isolation with a conventional filter assembly or

synergistioally with the in-line filter anangement enclosed to provide a further

enhanced fi lter arrangement.

It will be recognised lvith the benefit of the teaching of the present application that

features of either aspect of inventions described herein may be conveniently used in

any suitable combinations.
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(llauses

i. A tilter arrangenìent cornplising a coaxial inlet ancl outlet ancl a plurality o1'

hollow fìlter elernents. wherein each of saicl hollow frlter elements is spaced radially

and circumfurentially with respect to the axis of the inlet ancl outlet and are alranged

to extencl parallel to said axis, and wherein each of said hollow f,rlter elenrents is

ananged to communicate fluid from an inside to an outside thereof via a semi-

permeable filtration wall.

2. A filtel arrangement according to clause 1, wherein the flow path of fluid

passing through the arrangement is such that changes in direction of fluid fiom the

axis defined by the inlet and outlet are arranged to take place within a housing of the

anangement.

3, A fluid treatment system comprising a filter assembly according to any

pleceding clause.

4. A ballast water treatment system cornprising a filter arrrmgement or rnethod

according to any preceding clause.
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Claims  

1.  A filter arrangement comprising a chamber and a plurality of elongate hollow 

filtration elements contained therein, each element comprising a semi-permeable 

filtration wall and an internally located back-washing mechanism;  

wherein each back- washing mechanism comprises at least one debris 

receiving portion having a cross-section corresponding to the cross-section of the 

hollow filtration element such that the outer perimeter of the debris receiving portion 

is located immediately adjacent to the inner periphery of the filtration wall of the 

hollow element. 

2.  A filter arrangement as claimed in claim 1, wherein the filtration element and 

debris receiving portions both have a circular cross-section such that the outer 

periphery of the debris receiving portion is located immediately adjacent to the inner 

surface of the filtration element. 

3.  A filter arrangement as claimed in claim 2, wherein the debris receiving 

portions are in the form of discs and the filtration elements are in the form of hollow 

cylinders. 

4.  A filter arrangement as claimed in any preceding claim, wherein each filtration 

element comprises a first open end arranged to receive fluid from an inlet to the filter 

arrangement and a second closed end, such that fluid entering the filtration element 

is directed through the semi-permeable filtration wall. 

5.  A filter arrangement as claimed in any preceding claim, wherein the back-

washing mechanism is adapted to allow movement of the debris receiving portions(s) 

along at least part of the length of the respective filtration element. 

6.  A filter arrangement as claimed in claim 5, wherein the debris receiving 

portion(s) is/are arranged on a shaft coaxially located with respect to the filtration 

element and movable along the elongate axis thereof.  

7.  A filter arrangement as claimed in claim 5 or claim 6, wherein the back-

washing mechanism is arranged to move reciprocally along the length of the filtration 
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element by a distance, in each opposing direction, equal to half of the axial spacing 

of adjacent debris receiving portions.  

8.  A filter arrangement as claimed in any preceding claim, wherein each back-

washing mechanism comprises a plurality of debris receiving portions equally 

spaced along the length of the respective filtration member. 

9.  A filter arrangement as claimed in any preceding claim, wherein the back-

washing mechanism comprises a plurality of debris receiving portions, and  

wherein each debris receiving portion comprises a peripherally extending 

channel arranged to receive debris from the filtration wall and at least one conduit 

arranged to communicate debris from the respective channel to a debris outlet of 

said filter arrangement.  

10.  A filter arrangement as claimed in claim 9, wherein the at least one conduit 

extends from the peripherally extending channel of each of the debris receiving 

portions to a centrally located conduit extending along the length of the back 

washing mechanism. 

11.  A filter arrangement as claimed in claim 9 or 10, further comprising a control 

valve arranged to selectively open and close the debris outlet. 

12.  A filter arrangement as claimed in any of claims 9 to 11 further comprising a 

suction apparatus coupled to said debris outlet. 

13.  A filter arrangement as claimed in any preceding claim further comprising a 

drive mechanism arranged to linearly and reciprocally move the back-washing 

mechanism along the axis of the filtration element.  

14.  A filter arrangement as claimed in any preceding claim wherein the chamber 

is generally cylindrical and the plurality of hollow filtration elements are arranged 

parallel to the elongate axis of the cylindrical chamber.  
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15.  A filter arrangement as claimed in claim 14, wherein the plurality of hollow 

filtration elements are equally spaced within and around the periphery of the 

chamber.  

16.  A filter arrangement as claimed in claim 14 or 15, further comprising a baffle 

plate arranged between an inlet to the filter arrangement and the hollow filtration 

elements and arranged in use to direct fluid from the filter arrangement inlet to an 

open end of each hollow filtration element. 

17.  A filter arrangement as claimed in any of claims 16, wherein the diameter of 

the chamber is greater than the diameter of the filter arrangement inlet and wherein 

the filter arrangement further comprises a divergent portion diverging from the 

diameter of the inlet to the diameter of the chamber and arranged to communicate 

fluid there between. 

18.  A filter arrangement as claimed in any of claims 14 to 17, wherein the plurality 

of peripherally located filtration elements define a centrally located space having a 

radius measured radially from the central axis of the filter arrangement to a 

proximate surface of one of the peripherally located elements; and  

wherein the radius of said centrally located space is equal to or less than the 

radius of an outlet of said arrangement.  

19.  A filter arrangement as claimed in claim 18, further comprising a diverging 

portion arranged between said centrally located space and said outlet and arranged 

to communicate fluid there between.  

20.  A filter arrangement as claimed in any preceding claim comprising an 

assembly inlet and outlet wherein the inlet and outlet are coaxial. 

21.  A filter arrangement as claimed in any preceding claim wherein the debris 

receiving portions are provided with sealing means arranged to provide a seal 

between the outer perimeter of the portion and the inner wall of the filter element. 

22.  A filter arrangement as claimed in claim 21, wherein the sealing means is a 

pair of O ring seals.  
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23.  A filter arrangement as claimed in claim 21, wherein the sealing means is a 

sealing member arranged to be biased against the inner wall of the filter member. 

24.  A filter arrangement as claimed in any preceding claim wherein the plurality of 

debris receiving portions are arranged to move only linearly in a first direction and 

linearly and simultaneously rotationally in a second return direction. 

25.  A method of back-washing a filter arrangement, said filter comprising  

a chamber and a plurality of elongate hollow filtration elements contained 

therein, each element comprising a semi-permeable filtration wall and an internally 

located back-washing mechanism;  

wherein each back-washing mechanism comprises at least one debris 

receiving portion having a cross-section corresponding to the cross-section of the 

hollow filtration element such that the outer perimeter of the debris receiving portion 

is located immediately adjacent to the inner periphery of the filtration wall of the 

element;   

said method comprising the steps of:  

(A) creating a pressure differential between the chamber and a debris 

receiving portion such that fluid is caused to flow in a reverse direction through the 

filtration wall; and 

(B) moving the debris receiving portion(s) relative to the filtration wall so as to 

remove debris from the filtration wall.  

26.  A fluid treatment system comprising a filter arrangement according to any 

preceding claim. 

27.  A ballast water treatment system comprising a filter arrangement or method 

according to any preceding claim. 

28.  A filter arrangement as substantially described herein with reference to the 

accompanying figures.  
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29.  A method as substantially described herein with reference to the 

accompanying figures.  

 


