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TECHNICAL FIELD OF THE INVENTION
The present invention relates in general to a device for coacting a porous media
with an influent, or for removing impurities, solids or particulate matter from an influent,
and more particularly to a radial-flow type of filter having a nonbonded filter media, and
5 in which the flow of the fluids can be reversed in a backwash operation to remove the

filtered matter and thus regenerate the filter for reuse.

RELATED APPLICATION
This application claims the benefit of prior filed co-pending U.S. Provisional
10 Application Nos. 60/018,168 filed May 23, 1996, and 60/023,679 filed August 17,
1996.



BACKGROUND OF THE | NVENTI ON Whil e there exists many types
of filters for renoving particulate matter from an I nfl uent, such
filters are generally classified as the type having a bonded or nonbonded
medi a. A bonded nedia filter includes a renovable cartridge el enent

const r uct ed v sm418 fibrous woven or nonwoven nateri al PCTUIS9708%42r | al
can be selected with a given s porosity so that particulate matter of
a given size can be renoved fromthe influent. When t he bonded

cartridge filter element has a sufficient accunulation of filtered matter

thereon, it is sinply renoved and cl eaned, or replaced. The cartridge type
filters areBAtKGROUND QBRIHE/INVGENTMINed. However, nmany cartridge-type

L ers e of Ut adkeldd AR e Mo o SRR e MR RRLLRCC, o2

i's provided for ering, W ng
t he flow of infloentj subh fileert are generally classified as the¥ypé hevingf 2tiinkatt & nohbbrded s

contai ns a nonbonded di g, .such_ as sand, gl ass. beads, di_at onaceous
earth and of"ﬁg‘P' g‘ﬂ&’fﬁ% c‘g‘i‘ ﬁlb‘?ir"i‘ihae%mt“fﬂ"ﬁ § FArtTifiee RlempRt GORstIUGIEAO | ows. -

The nonbondggkoiPdbden ot ndAWEVedImaterl. PhedhiARH! 84n BeVdeRcral vﬁmta%‘tweﬁl , Circular,
rounded or 15 irregular in shape so that the spacing bétween the

particl es i potefityesstthatpartisulaiel master phagiven size can peremayed fow thainflesnt. The

advant age of. ut il izi napnbande i idt.er is that i an, be

o nod (Vi e donich ArPSROAREmTBlas bitndieh abdietabton bk aRSRLARrer, 41 41 ng
of the thereonEidisainvgly femoztd mdscldahed, bt teplicédd Thehntigee typefilen sra ppred
contam nants fr n‘a(both t he i nt.erstices bet w?e;ln t‘{_u?_é_,gr ains of the
medi a, as wEISHY g%c PAIGT L HIOWEYRT+ By SBRMEBsRPGillErhars §f the radiglflomMttyperhe pri nary

di sadvgnt ag@/herebysal fxitmiResufthce dréd i€ provied R s, mm»? RGNS A réifided OST S,
as well as filter inefficiencies, 1n that they have little surface area of

the filter Eessistagentottle flow of the inflyenti nconing flow, and thus are forced to
utilize larger | ' ' L . k. area
Wétﬁe&ﬁﬂ?;f‘cgf V\t/ﬁ{}‘js BhAREh n%%‘g{g?d media, C?Leltgll‘fg%sg%}eg %{asé(#l:%gs,

exposed to the incom ng n ot her wor
radi al - f | owdiatvorabeoud eartinedi alhdrigraneles vhpartidesthivegh ehich ehredsfagntfovzac kwashi ng

Is not a 25 I.mpl.e task, I .S, Pat.,. No. .3,415, 382, by
Var £ n, t erbe 1erbaRR BN geerally af e pramyleyps oot Bl R o o
beads ¥s t hitregolabiarsiad sorktit the sphdidgchetwiedn the pariidlesiis effdcliacioifirer fher its

I nt ended pur s a rather .| arge:si medi.a and can not be

ase, itutih,b‘isz ze bea
regener at e dP mmﬁate mafier. taﬁmm&a&g gl Wb‘lzy'.g .nbondcg me§m %lter ’RH’GIF 1t cag beyy
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process industries which require the renoval of inpurities or solids from
an i nfl uent megia which allows the fluid tojslagige the gptrapped contaminants from both the
PCT/ US97/ 08Qastices between the grains of the media, as well as from the surface of each gl?hin
20 itself. The primary disadvantage of such type of filter is the size requirements and costs,
as well as filter inefficiencies, in that they have little surface area of the filter exposed to
the incoming flow, and thus are forced to utilize larger media grains and higher flow
rates per unit area exposed to the incoming flow. In other words, the development of a
radial-flow, nonbonded media filter that can be regenerated by backwashing is not a
25 simple task.

In U.S. Pat. No. 3,415,382, by Martin, there is disclosed a radial-flow filter
utilizing glass beads as the nonbonded media. While such filter is effective for its
intended purpose, it utilizes a rather large-size bead media and can not be regenerated
without disasscmbly.

30 Radial-flow filters have a broad range of applications in the manufacturing or

process industries which require the removal of impurities or solids from an influent. A



generalized diagramof a basic radial-flowfilter 10 is shown in Figure 1.
The filter consists of two concentric perforated pipes 12 and 14
and a porous filter nmedia 16 filling t he annul ar space 20 between
the two pipes, all housed within a filter case 18. The J
media 16 is coW98%MHIbi tiny gl ass spheres which are of un.deﬂW§$E%‘$

5 particular filter but can range @i dely in size for different fllters.
The spheres can be subm cron sized, mcron sized or as |arge as
coarse sand, and conpletely fill the conpartnent 20 between the

O cul ar of RPPBFTRSEEl P ST N LA PobArRRTERR ! BhE T Con be

of ot her consxst%f&ﬂg@ﬁmw eTf()&té‘cD;ﬂQ&ﬂQrahG-lPhﬂﬁﬁp@@ﬁ@ﬁl&rI’ﬂf&didumﬁllmn
assenbl age i s encased so that f|UId 10 npl etely surrounds the

assenbl age durthaanmuiar spase 20 hetween the 49 BiReY aﬁk B%ussql within g/ figpcase &8. The

entire axial fake nto the

porous nedi a 1%98&5%6&3' i?ﬁ?é’*&% sk ﬁiaet%ﬁ?s%?‘gﬁegwg%h?}t enméképﬁjéf)g 12, and

exi ts theSpor opesticubd filterlbmt cdmrrang;hmﬁtiye in size for differamedilteseThespliesst cpn pee 14. The
It s the fI I d traverses the ous medi a 16.

[ t d
|1r5rp TIRIES AT ﬁ%g%asmﬁ%% 8r;a}g{ge5%cqgs§éﬁ%g5{,cod%%ﬁ%£” they after one

or nore confpattine@{I0QRtveees kiR SperfBal 1D@nd ONSTHY Serfotativhd @B FhesCl ean
fluid that fl ows radlall outwardly fromthe inner pe 14, into

the porous nmedi@caeagef uaﬁ?mmm&aﬁrrﬁm %e.tl@Form pattern, b‘{Sé‘r%B&P%‘éfhﬁ’ pe 12.
The direction

during filt rat%ﬁléﬁﬂégl)frem gaﬁ‘ﬁgd\y\}ts;*é]%%g? ﬁu% anem%glt ﬁﬁérn?bn Eg%nt(g%g% ﬁxla
backwash 18ycl econ@pietely suriiduads the asserollhge durigf filttationl Fistacion takesplaaedﬂcmgrt@es t hat
are generated heres di sl o and qu ut t he
accumul at ed Hf%lli}?e%% g"?%fﬁ‘%%hﬁﬂ i|1seﬂsle g‘? gfiows ra%mﬁyg@c?ﬁc@oé%sw to
pass through tthﬂ)ugpaeqmrfbmt:memﬂiehmtagIpz;ﬁsz,smidekmhébartouﬁﬁmwsaarbm the
porous nedi a 16. Ho&ve _nﬁt of t.he i ur|t| s are able to be

di sl odged as d™fiRFrio raicd pipe dsi ﬁlé“pé‘ﬁ'ﬂeiﬂ?f %H°9§S g\‘éﬂlﬁa‘lr*}"ffsﬁﬁ'i FEO@HSin the
porous nedi a lfediatwrefore, after a 25 nunber of filtration backwashi ng
cycl es, the filter 10 nust be di sassenbled to replace or

recondi ti1&n t he porldgPorasgmgdiado must be cleaned by backwashisgafipreorfesyr atps¢ ng, it can
be seen that t I type
enpl oying a ngir% ﬁ%egéhsz | g?‘%asr}?glgggﬁgét r%fist{‘%g LHI% i ﬂug‘bggﬂﬁ\/@awss r?dﬁ?guy
capabilities outwardly feanethafirner pipel 14, Auto thegrorousankdexitsand oiibthreugh dirbmneted
media filter d t he cle, the
por ous nedi a fp%ﬁ?%a'iéﬂfﬁ: Zsulr%g dgergg ong) ngw '%ﬁl&lcgﬁ pos'tqu?hal\lvaﬁ{d‘é%eﬁ la?ehe
need to peri oddusiag ﬁyradbﬁaﬁglﬁﬁ’ﬂlsbowmgaﬁhbﬁmdu&ﬂgaeﬁmhﬁdrﬂl backweshreyéle sane

20 The relatively high fluid velocities and surges that are generated around the glass
spheres dislodge and flush out the accumulated impurities. The impurities are
sufficiently small to pass through the spaces between the glass spheres that comprise the
porous media 16. However, not all of the impuritics are able to be dislodged as a gum
residue and particles gradually build up in the porous media 16. Therefore, after a

25 number of filtration backwashing cycles, the filter 10 must be disassembled to replace or
recondition the porous media 16.

From the foregoing, it can be seen that a need exists for a radial-flow filter of the
type employing a nonbonded media, and constructed so that backwashing capabilities
are afforded. Another need exists for a nonbonded media filter constructed such that

30 during the backwashing cycle, the porous media is completely regencrated, thereby

eliminating the need to periodically disassemble the filter and completely clean the same
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repl ace the porous nedia. Another need exists for a nonbonded nedia filter
of the type that can be backwashed, and where the backwashi ng
pressures newd swaitibe excessi ve. Another need exi st ecrarsoroshdzl t er of
the type where the end of a backwashy operation results in a high
restriction to the flow of the backwash |iquid, thereby 5 i ncreasing
the pressure of the liquid and signaling that the backwash operation is
conpl et e. WO 97/ 44111

PCT/ US97/ 08 %1 peplace the porous media. Another need exists for a nonbonded media filter & the

SUMVARY OF I L accordance with the principles
and concept gﬁofthwgrl\gcn@é\ﬁﬁ‘fvlasgﬁq' agd wepsLhep afﬂ%w‘ggmi’ PrEssures negt 29L-%) ow fil ter
utilizing aerasirendamtivee deadl exist fadha tilker oathelhgrcafereiherhd of Arckwashed

to dislodge the.inpurities. and particul ate tter, to, thereby regenerate the
filter medi QPeraon es“ltﬁ\é‘bﬁﬁ'éﬁﬁﬁtrgﬂo’ét“ptﬁéﬁ%‘?’t° eéﬁﬁﬂmshﬁﬂﬂ‘dd\‘e"@’% i nvention, -
the rad al - ﬁﬂ&éﬂsiﬁ[fg tHePreskite bﬂﬂlﬁﬂi%‘lﬁ]& and signaling M4€the BAckSfsH bpettibn €I @ chamber
for the granular Tilter beads. ring a backwash cycl e, the reverse
fl ow of thecp@eRigash |iquid provides an upward lifting force on the

gr anul ar beads and transfers the beads into an upper portion of the
chanber, thereby separating t he beads and al |l ow ng accumul at ed
particulate matter to be dislodged and carried away. 10 During the
filtration cycle, the granular beads settle to the bottomof the filter

medi a chanmber so that the influent flows between the beads to
filter the particulate matter t herefrom In
accordance with the preferred enbodi nent of the radial-flow filter, the

i nfl uent passes through the screen nmesh covering the outer perforated
cylinder and 15 radially through the filter granules. The filtered

i nfluent then passes through an inner screen mesh-covered
perforated cylinder. The filtered influent then passes through a

series of open check valves | ocated within the nesh-covered inner
perforated cylinder, and then to the outlet port of the filter.
During the backwash cycle, the backwash liquid is forced through the filter
in a



20 reverse direction, whereby the check valves are closed and the
backwash liquid is directed in a reverse direction through the
granul ar nedia. In the backwash operation, the liquid may generally
through the granular filter nedia in a radial direction, and_in_an

upwar d axi al dVvP&#41dh. The upward force of the backwash |i qdiCdC3UBRE ¢ he
check val ves to cl ose, therebySforcing a mgjority of the liquid
into the granular filter nmedia 25 rat her than upwardly through the

i nner perforated cylinder. The upward or drag force of the backwash

i quid causes 8 | ranules to be lifted into a
backwash chanbgawmgﬁg ?’ﬁgﬂég%%wﬁ matter is separated therefrom and
carried out InQlccdrighct with ete. pr’ﬁb.ipres Wﬁﬁi&éﬁls 6Mbk Begaioadiavsed isahe
granul ar media is sonetinmes denot rein as "fluidization," and

occurs when t headigh-fewfigeruilizing ééﬂ%bqnﬁ@ 'BEMMWM e Gificiently bac ‘t"’ﬁ%‘eﬁpper
| ayer or sect ' lﬁ&%z{ehﬁe & gﬁ'ésaahd ﬁsﬂmate Otter doltRerttyt8kentrald (BE iRGGThdRD has

been - UIdI he subsequent underlying section al so
becones f I5ui dl Aechrdmgle:r eprgferred embodiment of the inva@i®y] the4adidl-flow filter includes an

PCT/ US97/ 08942 d dl
so as to be seB‘éFfzitzé‘aﬁléﬂd“‘idﬁeC%ambertfm tg?)ﬁrtaf"gﬁr&qtﬁf g" ﬂgfﬂnsrae?ag ﬁcyglgwar y

t heref rom Eacthcyadese! o thectiatkvoath Gifuill peovidek e tpwaid hﬁmg force 6@ thegrdnulal | y
fluidized to thereby regenerate the filter nedi durlng g}ﬁgackmash cycl e.
Because each fP§adeandyzansicesihg keadyifineam YpRen RPTHETL S cﬂ‘%@@ B E1CIFRY RIDAEAR NS

pressure i s Siye peadilafld hﬁdvﬁﬁg‘idcé{mﬁlﬁt‘éﬂ‘fa@&'icul&t@%Eaﬁ'@b’to%%%g,&&%dr&%dra%‘; nt S
of backwash punps, equi pre

pr ef er r edOenrboBuriegithe diitramhe cy@éa;itlalgrmumvbeadb s@ﬂe tqthebmmnkm&bhﬂbﬂamd@r i s
constructed w tham%ey socoI Hitthe mﬂlflen} ﬁow%%‘] ?e w héﬁ Lea%é%?ol fl Itef helpgrqlculafé'nthégd

gr anul ar medi a* e conpletely
covers the porthezfrond the nesh- 10 covered |nner perforated pipe that

extends into the backwash cha C t he . pre of the
backwash |iquid i nci"dGE a"ﬁ‘éb"gfg?ée R’QE?%&I?‘EBWH“%QW’St"addﬁlfﬂgg’%ﬁﬁe{:?léd fl ow
path fromthe ﬁﬂﬁ&%&i@eﬁhﬁﬂ?@fhels%& inbh doPdiig tROBUterqRrBfatddylingee indcOver ed

i nner erforated cylinder. This increase in the |liquid pressure can

be used a9 a sragﬁay threngh tbthféltef sranules. Fhedliggadrintyicat then passes shropshaat ipRsip| et ed.
Once the flow ree&qfhﬁ‘est?%ﬁlfeo%eéh#owa AR PESReley mﬂuenﬁhepp@sges tfﬂl@ﬁ{gl@ﬁ anul ar

nmedia falls back 1nto t ottom part of the nedia chanb
a filtration opsencfepencheckyalvesdneated within the mesh-covered inner perforated cylinder,

and then to the outlet port of the filter.
During the backwash cycle, the backwash liquid is forced through the filter in a
20 reverse direction, whereby the check valves are closed and the backwash liquid is
directed in a reverse direction through the granular media. In the backwash operation,
the liquid may generally through the granular filter media in a radial direction, and in an
upward axial direction. The upward force of the backwash liquid causes the check
valves to close, thereby forcing a majority of the liquid into the granular filter media
25 rather than upwardly through the inner perforated cylinder. The upward or drag force
of the backwash liquid causes an upper section of the granules to be lifted into a
backwash chamber where the particulate matter is separated therefrom and carried out
of the filter. This movement and separation of the granular media is sometimes denoted
herein as "fluidization," and occurs when the drag force exceeds the buoyant weight of
30 the upper layer or section of the granular media. Once the upper filter section has been

fully fluidized, then the subsequent underlying section also becomes fluidized, whereby



O her enbodi nent of the invention include different arrangenents, such as

o- rings, perforated bladders and check val ves for enhancing the
fluidizing of the filter medi a. WO 97/ 44111

PCT/ US97/ 08942 7

BRI EF DESCRI WologhkitF THE DRAW NGS Furt her fre=iwsvesssand
advantages wi || becone apparent frongthe follow ng and nor e
particul ar description of the preferred and ot her enbodi nents of the

i nvention, as illustrated in the acconpanyi ng drawi ngs i n which
i ke reference characters generally 5 refer to the same parts,

el ements or w@mnenﬁs‘anuhr@wghouforqddelpwmo cnamjbt: upwmedhnd the
Iowfilter wel |

FIG 1lis a ene [0S ti onal
known in particy ?ﬁ b%% as (f'lher grﬂla‘v\n 8’?% rlY P‘qfﬁcamf §0¥it%hg a filtration.
cycle; sequentially ﬂmmﬁa%uﬁreby kepRhdrane €ise ﬁli&enmduaqlmg‘ dh@%dkh»Jaﬁmycef FIG 1,

but during a backvvash cy GS. 3. and 4 illustrate in
gener al i zed BEpweEAD §'FF EFGP‘BH ‘élse%&‘ﬂ}y@E‘dHFd’ttPFechh‘dFsélp—fesi‘Ue s flow filter

assenbl ¥ COMNGiAlaNRTol kel ARALAAGR, e byutrBfRed: DYk RA kb WpiimboPeCt L ve

filtration cyctle and during a backwash cycl e; . ba-5f
are generallﬁmddhtsld@tlonal views of a portlon of a radial- flowfllter

Show 10 the. a1 6 gl 1 el BB bl by

porti on of aonaeicedd-ithawwdhirhd terhokﬁsubszamﬁnpm mhyﬁlhneﬁed graulﬂsﬁraécﬁa t hat act
upon the grapular filter o pr.oduce, an upwar %forceto
t her eby causWhen fyflyfluidiged, ecﬂ'a‘\u}?é"{ff"ér?ﬂlnﬁ*etewﬁ's the portion of the mes FIG 6b

is a pgpti alc&éeaﬁm&%m pid BYY &ends mﬁh@bacicmyu éhlaaner AGUERRRA Wi th o-
rings between the housing the outer perforated cylinder, wth velocity

vectors pressurgwémerbgcltwveh Bquidyinersnses Jecgmserthese fsinoreasy orawrestricd flow

FIG 71s a eﬁa?r{*ﬁon%e ORGSR LRI AV e @Ec@?@wk'oﬁﬂe%sk-%&e‘?@& &xﬁér“. during a

backwash opera a cross-sectional view of one
enbodi ment qferfarataltiybhdef.| This inctebserin the liquid pressoe catetst wyed hs 4 Signabehakivash and

fluidizing ga b%;}lltles i nventi qn; FlG, 9 s a
cross-secti gtf?gﬁw SRFTaton a&h%eéllfo{}’gﬁ\t/eéi gyﬂCSH‘é’ o dhshaskvashiogiddgs i’??"ZS
the inngr pestdppedttRelgrapllirnaiaia falls back into the bottom pht Gf theGnddfa chamb sy ity of a
check val ue ap} ate constructed in accordance with a second
enbodi nent : iitration operation can commence.
Other embodiment of the invention include different arrangements, such as o-
rings, perforated bladders and check valves for enhancing the fluidizing of the filter

media.



FIGS. 11 and 12 are cross-sectional views of a check valve in respective

cl osed and open positions, as utilized in the case that houses the
filter assenbly; 30 FIG 13 is a cross-sectional view through
different portions of a radial-flow filter constructed in
accordance wi t\WO&8fitiher enbodi nent of the invention.; PCT/US97/08942\\
97/ 44111 7
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FI GS. 14a and 14b are generalized cross-sectional views of a radial flow

filter . | ' not her enbodi ment of the

I nvention, ill a‘ﬁ#ﬁé}ﬁgp'i-lrbﬁ%ﬁptg?‘f%w]e[y%b{ladder inafilter cycle and
in a backwash cycl @unRdtdeatures and advantages Hll@corﬂ@ﬁpp@&dt ft&h 1y follgangal | zed
cross-sectional views of a radial flowfilter constructed i.n

accordance wi tryBtrUsHytdsEsTIPEAB Bt praTRferEd a’t“h%‘“?’rﬁm?f’iﬁéﬁﬁ“ of theinyrgtion. as

55737“4?11‘1' ow fiihJshte®RhEhdcBRphiYirg trAWAEY ih ShicHBRE Fiference characters generally VO

PCT/ US97/ 9894 2efer to the same parts, elements or components throughout the views, and irDwhich:
DETAI LED DESCRI PTI a neral.i zed
di agrammatic form Ctfe I AgEAralzpd Glops ﬁefté‘fmlgv'ew of ¥ r&&g&ﬁ fQ}erS‘ﬁg@gW&“ﬂﬁct ed

i n accordance tid ;Sﬁbrfahesﬂomﬂhd: Rfuid five dﬁraiy Allrhdoaveytle] t er assenbl y
50 empl oys a new b%f(l}( \AZIal?leltrr;gesttheeCrchi]lla.l-ﬂow filter 02' I?Iba/ ]agl?tl d?:lnrrx]g a%)gc?{wgghmguene and
FIGS. 3 and 4 illustrate in generalized form the structural features of the radial-
10 flow filter assembly constructed in accordance with the invention, during a respective
filtration cycle and during a backwash cycle;

FIGS. 5a-5f are generalized sectional views of a portion of a radial-flow filter
showing the different stages of the fluidization of the granular filter media;

FIG. 6a is a partial cross-sectional view of a portion of a radial-flow filter

15 showing velocity vectors that act upon the granular filter media to produce an upward
drag force to thereby cause fluidization of the granular media;

FIG. 6b is a partial cross-sectional view of a radial flow filter equipped with o-
rings between the housing and the outer perforated cylinder, with velocity vectors
showing the drag forces on the filter media.

20 FIG. 7 is a computer generated drawing of the liquid flow pattern during a
backwash operation;

FIG. 8 is a cross-sectional view of one embodiment of a radial-flow filter
provided with the backwash and fluidizing capabilities of the invention;

FIG. 9 is a cross-sectional view of a check valve of one embodiment employed in

25 the inner perforated cylinder;

FIG. 10 is a top view of a check value plate constructed in accordance with a
second embodiment;

FIGS. 11 and 12 are cross-sectional views of a check valve in respective closed
and open positions, as utilized in the case that houses the filter assembly;

30 FIG. 13 is a cross-sectional view through different portions of a radial-flow filter

constructed in accordance with another embodiment of the invention.;



5 expense of reconditioning the nonbonded porous nedia, as was

periodically required by the prior art filters. Wile the preferred
and ot her enbodi ments will be described in connection with a device
using a granular filter media for filtering particulate matter from
an i nfl uent ,wblb®squi nci pl es and concepts of the invention eamusenesedl i zed
for coacting a media with aginfluent, a gas or liquid, where the
medi a periodically requires 10 backwashi ng to cl eanse or regenerate the
medi a. The radial-flow filter assenbly 50 is constructed
with a rigid cylindrical housing 52 that extends the entire |ength

of the filter asEHabllga amhl4branegenpralitagreesedeatiphalivitsus ob4 radial flow filtei t h a
o S R L RS
cylindrical pstigprdblaterush Ghe cpde bt inhBackwaspeeaid ng col | apse of the
screen nmesh. The i ich th orous nedi.a,56 i.s .. cont ai ned
i ncl udes two chgfrﬁ‘g-gg&ﬁf{]l%ﬁt$F£°fraﬁ?“@r°é‘e$i§FF"8%|"&, siofa raia!l Gow filtehi a 56 i s
si tuat el incanstiubRl ifdtesragice $8th el 4diiRFe@SMh@H b¥ the nveifon] Vingdy bot tom
part of the filter ~assenbly 50. The first porous nedia chanber 58
conpri ses amadigh fawfitenpranatipg imandavested manner.  concentric screen nesh
cylinders, one defining the inner screen nesh 54 and the other 20

defining an outer cylindrical screen nmesh 60. Miuch |ike the inner screen
mesh cyl i nder 54, the outer screen nesh 60 is supported by a
perforated cylindrical pipe that extends axially only about half
way through the filter assenbly 50. The size of the pores in the

screen mesh cylinders 54 and 60 is smaller than the general dianmetric size
of the porous media 56. In this manner, the screen nesh contains
the porous nedia within the filter 25 50. As noted in
FIG 3, and in accordance with an inportant feature of the invention,

the radial flow filter assenbly 50 includes an upper backwash chanber 62 of

a vol une that is preferably about the sanme as that of the |ower
chanber 58. As will be described nore fully below, the general
di aneter of the top backwash chanber 62 is greater than 30 that of the

bott om porous nedi a chanber 58 to facilitate fluidizing, separation and
agitation of the porous nedia 56 during the backwash cycle. Fixed within

the i nner WO 97/ 44111

PCT/ US97/ 08942 10
perforated cylinder 54 and screen nesh is a plug 64 that prevents the
passage of the influent axially fromthe top portion of the screen

mesh cylinder to the bottom portion of



the screen nesh cylinder and vice versa. One or nore orifices, one shown as

ref erence nuneral 66 are fixed at spaced-apart |ocations within the
i nner perforated cylinder 54. 5 The size of each spaced-apart orifice
is smaller so that the backwash flow of |iquid t her et hrr%g!g’t})sg gwa_rd

the plug 64 b¥@M¥IHpre restricted. As will be described befbW

conjunction with the backwash cycle, the orifices 66 force the backwash
liquid outwardly into the porous nmedium 56 to thereby provide a
lifting function for fluidizing vertical sections of the porous

medi a. 10 . ' tion cycle, a small portion of the

I nfl uent Wthbgu%]érﬁ&ggﬁg?{lﬁmgte enters the top of the inner

pegI f grat edhcyl [ ndgrl(iét; xa{]mﬁ'afek anitl)vsuernadhéddldywt'dfinsrgugghortrmwsmdialem»w filter o mas]tl
an own the top backwash c er 62 asnte I S oW 0
TE1 dent f aci PRCEDB LR B RAo R SDBH e Greniy Sb¢ Bdlar fRuTeSs t hat rray
have hung assemb%o'eﬂlpidyeaH@&me}asmﬁg%aﬁﬁqu@&h&@sy RGidindRe b¥@simeud €.
However, a ngjority of | uent flows through plural ports 70

| ocated in t hexﬂ)nnsnsmﬁTgcciBQltlamdg the ndnhoadccbwbramsonm as was periogicallyongguired by
per f or at ed Cyltﬁe”&%% ‘qgﬂtﬁ%ul\)\(hgl e prgi?r? d%ﬂfer%%bod?img&g w4ll beté]e%c rbeflE ¥ nd

assenbl y Anot her housi ng havi hg
outl et pipi ng comeplic@twitioa ﬂévliterusmg,a granuiapﬂllmlnﬂuyxa&duﬁlmﬁﬂgbam&lﬂaernmtﬁels 70 each

i ncl ude a check valve for, al] g he entry | uent, into
Lo it o e Somanintisnt. e g Blra i Shca e Evaign,aTabRych SAttRg 0. 20

The influent Rase@SwihioH@RnL, Ia%as)mﬁ;hup%&@rx&tﬁeuxa:yérioaréauy RQuiRRd radially
t hrough t he porous nedia 56 where the particulate natter becones

| odged wiQ hi n batkevaskingtosagapsesr gegenerate the medie por ous nedia, as well as to
the surface of theTRQ %wﬂg@ h@r é&db&fﬂ ltsc \Eﬁ'u%tgé wgﬁtr?kdgcglmchcal houglnus

filtered. Theflltere passes e nes
per forat ed 52 that emyhdsnbieenn&ﬂ!emgnkﬂ of ﬂheﬁkerdmemhhr d&rymbél@ledbxratet!hyhmighﬂ he

orifices 66. Th flltere he. r adi fllter
assenbly 50 av %d%gxe entire lengtEI; of ti?c ftllter hqxhsg\g? r Ou &Flﬁ’wr?ay be

gl ass or ot hekhd M@@Screén Meshdsionfi@l shto thepedomed@ykindrical supportesirutiare ot vat ed
carbon, anthracite_coal or any other granul ar nedi a that has the desired
char act el st i Pseveningcolanse pighperresnangsh dhg yalpms ingyhich the periops wedia 9 or

inpurities of conrained mcl%@&q{vg'cﬁﬂnﬁeyso%uring tﬂlesﬁl!’l‘@tlidn &HQWBe E)&%Ls headsepf a
nom nal diameter of 100 m crons, wh hily settled together as

shown in FI G s@uateshin affirst chambss 5% slwtedtgenqmmethe ¢ of paitpm part of the filteg han

the size of 'H&eRERLD: THERAPpolEmERE habbbP S cdifRld hnhllfy e doRhALAY)

cylinders 54
PCT/ US97/ 0894 2oncentric screen mesh cylinders, one defining the inner screen mesh 54 and thé other

? Egr g? h?g‘gt ai E@Euﬁf anbgu%grscyl1n%%%alasérlegry\rl%es%%%. Rj‘urcﬁmihﬁg lthaetlgnepgérge%rmés ;lgn%\g
54, the outer screen mesh 60 is supported by a perforated cylindrical pipe that extends
axially only about half way through the filter assembly 50. The size of the pores in the
screen mesh cylinders 54 and 60 is smaller than the general diametric size of the porous
media 56. In this manner, the screen mesh contains the porous media within the filter

25 50.

As noted in FIG. 3, and in accordance with an important feature of the invention,
the radial flow filter assembly 50 includes an upper backwash chamber 62 of a volume
that is preferably about the same as that of the lower chamber 58. As will be described
more fully below, the general diameter of the top backwash chamber 62 is greater than

30 that of the bottom porous media chamber 58 to facilitate fluidizing, separation and

agitation of the porous media 56 during the backwash cycle. Fixed within the inner



becone | odged and filtered by the nedia bed. Dependi ng upon the anount of

particul ate matter suspended in the influent being filtered and the vol une
of the porous media 56, the interstices thereof eventually becone

full of the particulate matter, thereby 5 reduci ng the efficiency of

the filter awoomdn1 50 and increasing the | oad on the punp.PCT/US97/08942

I n accordance with an inportant feature of the invention, the radial-flow

filter assenbly 50 can be efficiently backwashed by reversing the
flow of liquid therethrough. The flow of the backwash liquid is
shown in FIG 4. The backwash liquid enters the radial-flow filter

assenbl y 50 patforkted cilindert S40andshreemmbsh s phny 644hat prevelnadlewassagd oftthe d 10

attenpts to.f] ow t hrough the inner rforated cyl.ipder 54 in an axi al

i r o6t on,  Rfoetgaraly HOm 1he'p pErEn o e e MEHPNEIS 3t 1 SCLEMBBIRPIE. 11 o
i's directed yuiciiah Hevh éylihder RREVIBOVQYS ORUranore orifices. 038 shdwn asSreftfingd t hat
the check valve at the port 70 is forced closed during the backwash

operation, tHEP@LEO e fized at spacad-ppast locationy withindlkeinner pesforated aindey54.n t he .
filtratg on ] . let:0..@an 1 nmportant
f eat ur e“d' of ?&g%é&rﬁc }i‘s r??edéa}% &poé;glf © Sc?ﬂalllec';r?og}a?f}ﬁgb%w&%ﬁgw\ggir@ﬂg medi a 56

is first fl dhelethredgh mevasihthesplugrddbetdmes, mate eestrivteklh Aswyill bé tiesodbedirbepw or ce

exerted thereon, by.the bac sh liquid. In addition, .the sjze of the
different off & "‘6’6‘”“}‘ a’e%mwéﬁ B‘%F%g@tqngﬁ%‘ Ggrf°’§'€ Qﬁé’égﬁ?’asb ﬁ@“‘gor ous nedi um
56 to be fl Wufthatdglintdthd pofske aittiudd SERRAGEDY provide a liftihi fiindtidiPfoP Huiial t he top
portion of the porous nedia 56 becones fluidized first, because 20 t he

lifting for verticHseations pigheperauemeditan t he buoyant weight of the |ayer of
t he r ' | I t r
moRG et ner 1 BEiaREh Oycid ASmBPpSSn BPAE BABRH AL Srdble

accunu el n. l'on or porti‘on
por ous nedi ante6 thewprof thefihner derfareted cylmdevidgnd fioivs raitdly tisrough the screenenoved

froma sectio ortion, of th or ous .nedi a eby su ecition.is then
o ze.  Riem B dard g lop pBCh Shnser .3 nBR bY Aot BE PR BRY B
eventual |y hefmedreaciitates the dbvivaidaeisport sitaap gordudmedin b6 elat paphdvediing he

over | yi ng bABIMERSRaTb RS Cfens s ceronsh cife HEtET 8ty ebifes

the negyl of i@ukarmsbmkg@bmpﬁs&&wlsca&éa ih tHethoh &R SNidd'ie dirdtidd Abun@o! umm  of
t he porous media. The lifting of the nedia colum is difficult to

acconpl i sh whenetipesfortadsyknder 69. While not showmisIGS1 3 prech weasHtes pessmblye. 30

e, ek by RABETs 5 LA Sk 1L b Bl o )

chanmber 58 ipumping equipment. The ports T4ZaQly ingladd 4 check valve for allowing the entry of

PCT/ Us97/ Os%zmﬂuent into the filter assembly 50, but prevent an opposite flow of backwalsg liquid.

20 The influent passes through the outer perforated cylinder 60 and radially through the
porous media 56 where the particulate matter becomes lodged within the interstices of
the porous media, as well as to the surface of the porous media 56 itself. The influent is
thus filtered. The filtered liquid passes through the mesh-covered inner perforated
cylinder 54 and flows downwardly therein through the orifices 66. The filtered liquid

25 exits the radial flow filter assembly 50 as shown by arrow 72.

The porous media may be glass or other types of beads, sand, diatomaceous
earth, activated carbon, anthracite coal or any other granular media that has the desired
characteristics for removing particulate matter of a specified size or impurities of
specified type. It is well known that beads of a nominal diameter of 100 microns, when

30 tightly settled together as shown in FIG. 3, can filter particulate matter much smaller

than the size of the beads. Hence, the mesh screen covering the perforated cylinders 54



propelled by a swirling action into the backwash chamber 62. This swirling
noti on- tends to agitate the porous nedium56 so that it separates
and thereby rel eases the particulate matter. The particul ate rratter
is carried by the backwash |iquid through the mesh-c

perforated cylWRA¥H#IEY and out of the filter assembly 50 in q’l?g'"%g7’689
direction noted by arrow 76. The upperfiportion of the filter housing 52 can
be perforated for allowing |larger particulate and inpurities to be
carried out of the filter assenbly 50. By choosing the sizes of the
orifices 66 as ]

backwash I|qU| oua 66 wd‘?a'"sqge gliqu%:{g gbﬁ%bgqﬁen&p&u%e '3‘?{&‘ r\;\glhgﬁ%grﬁhr%ﬁ por ous
medi a 56, t hebbaeieiadied lahdifitdedmnthe rrpdnatbcd;ubﬁpmﬁiemnpmmgmoumes on the
secti.ons of the ul es and

Cranstor the. SSHEUERERRSPRAR yieiaient Being il anghee e bEBE pBuhash
chamber 62. ApkeRacadiht SaérsiRs ﬂuferebhe\fentu@lg}wc&u@funSOfttMamculate mattodh@breby
substantially all of the porous nedium has been transferred to the
backwash 5 reducxogadm@icw@zx of thefi h¢rmea1blnweanéa@ms&theul@ﬁ§mthgpmmmeded by
the accunul ation o f. art of
the i nner nesh- covgar%ac Srdan g?%‘tagé‘]n 5‘5’%@2‘“ g&ﬁHéanB-ﬁm gﬁilﬂ%{a%tf'p
backwash chamasembly SOEhuBe efﬂhaﬂlyfohnkvchlshenithyoavem‘ingtheﬂmroﬁhqmd therethroughedi a 56

i's conpl et ed, i se.i,n .t ssure of bac h liquidjs noted. This
can 1 3he how ol et FanphSncimn i 1R o THF Badkue e usdbeti , s
i s conpl et e apgdidhBRuliRPassembly 50 atGBEI0RRidnAKEWN bParkéw 98 € thd\bicRwhiMiquid

filtration cycle. The increase reS|stancetotherowof

the backMash PitefuntsitaBew theoumh the innes peefprated awlinsies 54 iniap agiakdivgréon. prusdvg|
radial -fl ow f I r |

radi al -fl ow f H fthgrsglaegg g elég%@gs 66‘ tM&L lc?%ﬁf ectbd %&agmopmi%nthg 8ur (t:lseI“o %t he
backwash 56. Itlis nmedjxhattlhenhammva)mhé pdut ’éOlstfwccmdeseddnphgthebyckwash di zed
and t her eby |ncr se d.there hrough
the pressure 8pe ? g‘ﬁﬁ?mgﬁc%flgaltljf’ghf gaﬁ%ﬁvg%{'hhqu aaquaravg‘ ‘?‘%ﬂ”"‘“?““ “ot her
filters for fagilitating fluidizing of the porous nedia thereof. In 25

ot her words, once one filter becones fluidized, it does not all owa}
subst ant}3al f 1 ow ol accordance witha jpeytant E%GWEF“P fithe iBventiongi UPBERPOSKARRE AR i al | y

i rpedes the f Lot hiedigsh iontethuidl2aliSasGhéwn in FIG. 4, @ 1 ﬁ@bphﬁllngfdmg f¥fagn one
filter of a nunber of parallel-coupl ed filters has a very c

porous nedi a @kAreEH thesepn bydke @chﬁ§5bﬂlqwﬁo@n@dd6wnt the sv@eemhaslﬁfepqnéggféﬂee6$ or
fluidizing t hﬁlllow sections d1%fa @o%(ﬁ?&nﬁéﬁﬂﬁ 5@9) be ﬂl1ldl¥ﬁd uEJn@ arﬁ% 5f

pictorially ilTustrate an &xanp e sequentia ng 0
di fferent st aftdsnatkd thatthp eopopestioneefitbe fBousShedins6 becameeﬂtadlpttchﬁryt berdisel - f | ow

]I;IC!I'; ?JrSQ \6'8891510 lifting force thereon is gr\gatgxy t/hﬁ'rf'tjh% ]Buoyant weight of the layer of thi ypper

portion of the porous media and particulate matter accumulated therein. Once the upper
section or portion of the porous media 56 becomes fluidized, the weight thereof is
removed from a section portion of the porous media, whereby such section is then
fluidized. All of the porous media 56 in the filtration chamber 58 eventually becomes

25 fluidized, whereby substantially all of the filtering media is carried by the backwash
liquid into the overlying backwash chamber 62. The sectional fluidization overcomes
the need of a large backwash pressure to lift the entire annular column of the porous
media. The lifting of the media column is difficult to accomplish without a substantial
amount of backwash pressure.

30 The backwash chamber 62 provides two important functions. First of all, the

fluidizing of the porous media 56 from the smaller-diameter filtration chamber 58 is



four check val ves 90-95 disposed in the inner perforated cylinder, thus

creating five sections or stages of the porous nedia 56. The check
val ves are shown in nore detail in FIG9. FIG 5a illustrates the
annul ar colum of the filter media 56 during the initial backwash
cycl e, justwbefmesier fl ui di zati on of the granul ar beads | n POEUSSHQ8942he t Op
5 porous nedia section 80 beging to becone fluidized and is |ifted by
the drag forces into t he backwash chanmber 62. As noted above, this
I s because the axial drag force exerted on the top portion 80 of

t he porous nedja 56 exceeds. the bugyant wejght of the nedia I tself,
t her eby caf@Psiedibyc syaring actiop ata thePagavash chaseber pival ¥if SWIFHEENAti98 backwash

charber 62tcn%;é@ﬁam%ﬁéu&e&ﬁmw@%m {5 sdplafafils a§t€9&:}c9§'rtbaé fipd Ne porous

media is 10 onpletely lifted and dire ted into the wash chamber
62, as not 9at'ncmiatl§ln@ncsc'l‘helpamcu!a!ematteFisGarr&d byttliad)aslspbisbmwdmhrsegitth@n 82

chanber 62 MEHERyefer Bien RFEPHE HURRRRGT Pul IR Ao asempy st e 11 Coron

parti cul at anrm‘bhabtedsperrsecvencther&pbeaﬁmaa oPthe $ier Houbing §P6ndde this tinme in
t he backwash cycl e because the buoyant weight of the first or upper

section 80Periratsd & ﬁ"@Y‘ﬁ?&éﬂbeT PArticylate and "Fﬂ”@“e’?)’d’ becauigh outpfahe filkesct i on 84 of

the porous, rdly to
the. backwadiERbE 50O BYERbete fe it bFUIEBrfOR s b irefith of the yolumb AR

section 86pressurd-dfGhe Bickwasidigol alasmdenctior of ihomzesndjwelght@f prerposusnedi a i S

[ quid ent BERAGE: e bass S ifken SRS p MR e IORE P el AR ) 0o

|t i s10 npopbeas medumdsaolifall of the gednalek andotratsfer e-stide fosl tRbfileatidh have
orifices of a The tdoi;gatorlflce in.the check val ve 90

ere
has t he snEamber S%kﬂaﬁhf-'ﬂ@ckmw@\m&&z e A second featyreraf ds 1§Fhniqueds 98t has t he

| argest OpgRLNE, 351‘54?1'141]? afi B@m%d.%h@nﬁamm sfms eéenqnﬁﬁ&réeawﬁéba%@wash and
94 have internedi ate-5ize openings. The inlet 96 preferably has no actual

orifice  chamber 62,nheflaw of thh hackwaeh lspishis myqu%bw the peayoulagar ofthean orifice
that is | aﬂgﬁfze& P@)%ug Rddia Qlfouﬁchﬁnalzgért of r%h%)ﬁﬁér%gsf? %J&&%eﬁ%ﬁﬂﬁﬁ?éasﬁ 5. The

sizes of the orifices are I np e st di zi ng of the
por ouks neditat &8endSlirgo $hezl:acloﬁash hhmb@pébrTHusmehanrﬂtmhmkn ofthe 90@615 is

sel ected sg th t he ressure sh | i flowing into
The il et - Gigtia 3bis citiitie®'d st h (B SR8 orne bl T T hord e 56 cauise
the upper besbigadl ti tiiebablewdsh tobehof the filter assefblyS0tisniptate Arichéasire80 of the
porous nedi a 56 |s hydra({lcal I% transp rted upwardly, 30 t he backwash
|iquid confaREdakengoipresgeq withthy ‘l‘f”r'l‘énﬁ}"i? ice in check valve 90, uninpeded

gg n; uﬁaltoor ous Mppd Rcrelved TEMEMEL 10 1A fIGH of 1h8 bREKWaEI Bquidicanfbgck val ve 90 is

20 advantageously utilized when plural radial-flow filters are utilized in parallel. If each of
the radial-flow filter assemblies 50 is provided with a common source of the backwash
liquid, then when one filter becomes completely fluidized and thereby increases the flow
of the backwash liquid therethrough, the pressure of the backwash liquid is then
available to the other filters for facilitating fluidizing of the porous media thereof. In

25 other words, once one filter becomes fluidized, it does not allow a substantial flow of
backwash liquid therethrough, but substantially impedes the flow therethrough. This can
be very helpful when one filter of a number of parallel-coupled filters has a very clogged
porous media which requires a major amount of the backwash pressure for fluidizing the
porous mcdia thereof.

30 FIGS. 5a-5f pictorially illustrate an example of the sequential fluidizing of the

different stages of the porous media 56. Shown is an exemplary radial-flow filter having
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small, the remaining force of the backwash |iquid directed through the

i nternedi ate orifice in check valve 92 inparts a suf ag
force to the MR Hection 82 to lift the porous rreid’ﬁ)ug‘gﬁ“%

the different sized orifices in checkl¥alves 90-95, it is assured
that each section of the porous nedia 56 is acted upon by substantially the
sane 5 drag force when the section thereabove has been fluidized and

moved to the E??k ves 90-95 dis %?émﬁ Ehe(%?er }E@or%ﬁ) Eﬁﬂﬁ&a{hﬁs ér'egt‘lanu vel he

orifices can Y "as A nct I on pressure -of the
backwash I quseﬁtuoﬂim smg,mofamcbonmsgmm:oié t e gherkonlesmdisizovboin naovd detathay

paraneters, based trigl, error ntal technigues, As.gn
alternative, ? ﬁg . Hlo. 52 'ﬁPﬁﬁfeélthefaI“B‘aF'i“iql‘F of"Ecb@lfcg;gnﬁa@Egﬂgp@ H‘&‘%Hﬁ
accordi ng to pRRkwalh@ok! jQst befdre md.mﬁﬁloeqxeagaﬂmﬂaebeads matyzledhé)wpmy of
appropriate software prograns. One such filter fluid &am CS

program iSs i dpenolis inedia sestien B:brgins Tk beoomgifluidizer japdbis lifed bhthe dragdtcesintanas
appr opri at el Y the baﬁkwash gﬁqﬁ)le %ﬁe &ﬁb%b@rtﬁﬂs%rekﬁ%‘ the a%lgled'rgfforé’geerxg

det erm ned by such program ereo |dent|?|ed in a
Ph.D. thesis emthettbpdmﬂbmeesSthéJbamas:medxa §6 exceedsfithabuyaht abeight ofithe media

i sclosur e 191 ETebg fpting hehbEous SR BT RELRED LD By SFdp@bnce

thereto.  chamber 62. Asth@proteds@entainey @he ﬁ%E\ seCIRABODA thefRAdUsmeedRfis t he
i nvention that allows sectional | ui di zi ng of the porous nedia

during t¥e baemsmyrl@ed)p@r@t%ﬁ intg @ethﬂ@"pﬂsbvli‘%‘lbsh@eﬁs goted n FIG. Sgeln o5 of
spaced- apar t fic 148 s@sedlBft BARNRS eBifl lo ARREAI Bodrl tSpdridaciowaRiy OF At ed

cyl i nder 54, own I'n vm ng of the conputer analysis of a
radi al - fl ow thhe badkwtashechamben f2twheee msenarazqsrigmsmlf asyyed aéffomtlhﬁ fikered and t he

effect thereof ﬁﬁ?u%‘gfffag‘ﬁf O3 s”%ﬂd m dla sgciloggg?sfl eﬁqt h% thtin B Y Q\é{a rea

bet ween the iR at ed rforated
cylinder 60. Aydd Ec&huselhefbuﬁyhnstwélgbﬁdfrt&ﬁ@t(a‘mibper sﬁﬂmmd has béenceno\teduéﬁ ure 92

ebodi ek, ¢ R gnb pebsedent scion 4 of Hegur By medda ssanyiesuai e beiBed  na
area t her eof GW@’H@QO% tacllAReRimbePE2. FIE 5€Shows thdMadiEng oﬁ-ﬁ»\@ nfedia be a

dur abl e sheet ke el astoneric materi al bonded or ot herw adher ed
to the inner BQ?FIP%@@ BfFIGh &l pebprpmatraqst WF‘P%@I%P“BQPOWH%’“B‘F'&M’@@ fo®tcovers

the fc?££fo¥&§' §xe€?t'3 @FE%L 'By PeSbakKiash lllelWﬂ Shrelidgitt HottdiR irftde DB QaN. A

smal | area 10 oratfons 1 4 In the 1 nner perforated cylinder
54 renmi ns untwJiteeassémbly. he bl adder 100 in a location just under

Lhe, ety ated oL ek s PR R SR KA R bve s, L1
Wi t hout bei ngdiffetdnysigerTrenad Gifice Thehe chaw vakve pb ﬁashﬁé:!mﬂl%h dpe.qug, thetein, thee
| nner perfor aE)ottom orifice 95 has the largest opening, whilc the middle orifices of check valves 92
and 94 have intermediate-size openings. The inlet 96 preferably has no actual orifice
structure, but the opening itself functions as an orifice that is larger than that of the
25 bottom orifice structure 95. The sizes of the orifices are important in the staged
fluidizing of the porous media 56. The size of the top orifice in check valve 90 is
selected so that, based on the pressure of the backwash liquid flowing into the inlet 96,
the drag forces imparted to the porous media 56 cause the upper section 80 to be lifted.
Once the top section 80 of the porous media 56 is hydraulically transported upwardly,
30 the backwash liquid continues to flow through the orifice in check valve 90, unimpeded

by the porous media 56. However, since the orifice in check valve 90 is somewhat
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cylinder 54 is shown by the arrows 106. The arrows 108 shown in the
filtration chanber 58 illustrate velocity vectors of the backwash
liquid WO 97/44111 The orifices 90 and 92 restrict the HdT8IY6898Ne
backwash liquid in the inner 1aperforated cylinder 54 and give rise
to drag forces on the porous nedia. It can be 5 appreci ated that the

porous nedi a can be displaced axially upwardly during the
backwashi ng operatlon @ I f the drag . forces are greater than the buoyant
r

wei ght of  small the geqaingg §Oﬁﬁ’a|bé°'ﬁ“t“§'?el"fu'drﬂéﬂcﬁéghmtlsﬂa@bdﬁ‘erf'ﬁ’fé'%(| al

conponent s Qfigkdif chbéiWaQe‘éanﬁﬁdr{s aSafficient drag fdr&etetihé YechRfscERH 218 mher e the
drag forces can exceed the buoyant wei ght of the porous medi a. The

vel ocity vedheopaousGBedif 56| With G diffdrem tsized mﬂdaemdyﬁacmabss B®-96heisf | ui d fl ow

qeneral 1y sitoied i ik e orl m i S ered oo BRLEYRIRE e 108 are

direct esl gem@xgafoh)t, wlibnahe sepila thedabove haghten Aidized N moved to the Hablavash he t op
of the porou?I |2 JIrE as shown.in _FlI G,k 6a, then the buo ant i ght of the
porous medi £npEbe R eaproprateize of Hiearifiges cappe pe ‘E‘é‘°t‘ thgr ag forces

produced , pressure of fhEH Waﬁ?luﬁmf Bz aﬁa weifit @" thé h&'@us xged@gé GREBHE

anal ysi s, as been determ d that e appropriate sef)ect i on
of the si ze pafametess, based ou triad@rror A @qumnamj ts:panqmg Asfantahiernative, the

per f or at | oS Aol il ok 115, e rh Qb Skl DS ko s By 91

of the porous e U s ca ed t he
buoyant0 wei ghalyzzt by hay pbigpospriate so&waremibgramal Oné such ffittér i dynamidse por ous

material is lifted and fro filtration chanber
58 to the bd’émgﬁlgﬁ'é‘\,\ﬁﬁ‘g?sy% he radal filter °P1hf‘ MVERRG; WA aPWWﬂgaﬁVegl on 1 12
of the filtmadderRd aﬁcl‘ﬁa@*éﬁdracﬁ&xshbﬁhekmwéf@ b&terntiNed/LO Srogram. The rédufis

substanti al I%/ zero and there is no net drag forces exer?ed on t he porous
mat eri al ereof are ldgmﬁnd incace P oesisTeneitigdPreegss (haraetenstiss ofi RadidFlashove t he

region 112 éﬁl?er@uhngﬁg&was ,bﬁ#lg?&?%@i%%@tl&‘%@ﬁ%ﬁ%%bg T El?rlklgprer egi on

112 prevents the entire colu . from bel ng ted as a
pl ug. Howevexf pucdmhwstlsimo:ptpeted@wmitvrrebfencehbemwdi a above 25 orifice 90

has been renoved, downward LT [o]0) tent, thus
orepar i ng the. subseapaREo R ShenRlBil-e dr R iy Rirfon R MR BAEEHT

fluidizati oflufdizing dfhbe porous medlat dlmngmhetlhek\halhhgmptrsnémmhem&iﬁm@f aWth
respect to the soﬁcond orifi directed d%ag forces

are exert ed SERESOh&PAGE-ARAL ‘B?Sa" ‘E@Wl’ﬁ‘ﬁ’ ipstalled ip, the rrier P t he

accunul at ed cyidgn$4. oShownEn PIG. BdSs mdw&g,&if'thé&ioﬁﬁuteh%aﬁ%ﬁ%\lﬁ radid)flotr ag forces
do not 30 exceed t he buoyant wei %ht of the_ porous nedia at section 1

14. Whéh, hdiltersnucturgtilizing suéh typsopferinsescand ghe effeer therepfinn thepergus wedir a has
been renovedy,@pd if {Hé'agﬁlﬂzﬁ'%eatﬂgﬁvééﬁ B ik & Forated cylinder 54 and the outer

perforated cylinder 60. A first orifice structure 90 and a second orifice structure 92 are
shown fixed within the inner perforated cylinder 54. In this embodiment, the inner
perforated cylinder 54 has a major internal area thereof covered by a bladder 100. The

25 bladder 100 can be a durable sheet-like elastomeric material bonded or otherwise
adhered to the inner surface of the perforated cylinder 54. The bladder 100 covers the
perforations and obstructs the flow of liquid therethrough. A small area 102 of
perforations 104 in the inner perforated cylinder 54 remains uncovered by the bladder
100 in a location just under the perforated structures 90 and 92. As an alternative,

30 rather than employing a bladder 100, the inner cylinder 54 can simply be constructed

without being fully perforated. The flow of the backwash liquid in the inner perforated
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at section 1 14 then exceed the buoyant wei ght of the porous naterial, and
t he granul ar filter particles of such section begln s@ﬁd are
transferred t oWPR¥*kkwash chanber 62 for fIU|d|zat|on 'S sane
type of fluid dynam c action occurs wilth the remai ni ng orifice
sections until the entire annular filtration chanber 58 has been enptied of
the 5 por ous nedi a. FIG 6b is a parti al
cross-sectiong 1mwueyx legh&»npoftﬁ@lméwi 1R Tk btrBtvs POHANBRAGh WeleitrAidn

annul ar band 116, or the Ke, between the outer perforated cylinder 60 and

t he housing chamber DSQ'USWG welodity|veetprsad herpptipvasinliquidn be seen, there is one
such annul ar band ' : ous nedi a
56. The annul ar ﬁﬁégﬁﬁ o%ﬁ m@%é‘"‘;tgf” ?‘ggg{\ %g&wfgphﬁ' %‘Bﬁe@%&ns to
redirect the I@aﬂ&u&ﬂhylindquit‘darﬁrgwadsbmdmgﬁ:rcamnmlheaﬁorahaﬂém Ldadheack into

the porous media 56. The annul ar band 116 can be constructed integral with
the insidd aPPTCC‘a%Pha‘B‘FPPWéSW ip &fn bedl F@a%wpwgrdbzéwws thent egral with

the outer sidgu@lilasiiig Bék‘? tBHt&ﬂy lf' the drag foRRE §re'ofdafd tital b Wl arf Qveight of

FIG 7 illustrates the Tl ow of I qui d stream during thée backwash
operati on. 15 the pordusengsisn itsald iﬁbﬁmegrmﬂdq vfshe axial somponsntsiof thediqridadipcitieen

transported b¥ eil itﬁu 1Zei Hs wﬁbre the dra fo¥c% &1: ed 1 bio) grﬁucpgﬂt fo‘thL groué' ter
Gd ere Phe Inner pelffor ? CF

Is illustrate
with five ori fmedias T tvllocgcveeass 10§ of &LG. |6a zmg&atba&\/qynmds dﬂhkﬂmddloazraaas

1 e e o P A A
noted that in 11bithe vdiddit§ive@bisQ0g aﬁehﬂ‘e?t@d generallP Redn pRGFd &lﬂecﬁcfm tAQuiRgoUS

nmedi a 56 has been fluidized, while the |ower sections of por ous
medi a bed ar e ek gheder|of e aproys media iscs shayn ia FIG ) Gas thep Htsrbum@t pegheefithewei ght

of the oFb‘ﬁ?He&h”ﬁhUchét%t thY!lS&a‘EgX, ‘»f]ﬂ) rE%Jé&ﬂb%ﬁeterJ‘fdr é%du@é‘dcur ring.

It can thus b& seen that a radi'a wfllter tan structured to

provi de fl ui ditheagdnas agésuit m@tm@riﬁcns%ﬁ)emrraiutwanm it has been detemmjogd thatg

excessw | ressures .or. ot herw se.co the effici agy of the
{137 ¢ abd iR e 3 BlioR oP o o8 Sr 6 BREGDon it B Fating bF Y

st ructural el @Bﬂﬁﬂﬁﬁor@floh iterhe aleeperforatent d‘yhd:deesa ahd €etanti Meeight of the pompabi lity

and efficiency of rocess ngst the vari abl es t hat

e flu d| zation
must be consi J@iesil t qﬁ’"{‘ oFqe £4]) bedp dﬁl’PEffce?dn‘@nB YGG'SW‘H%’HNE%M“‘?“é not ed

that the magninatedil. In thls evenB Rk REdRMardfal & NAed hWirdig b RmoVEd flohlige axi al
drag force cog])onent and the pressure drop 30 IS larger than the effect
t

of many of thé&itetinechamber dhloche bagfwadrgbamesr 6dnal ysis, it was f ound
that a l%ﬁ ?er dr agyiORGEd WaRe ARLR1120r MY filARESARNBE: §§\ﬂatfth9¥¥ak§&§%e&8rst he

filter,
are substantially zero and there is no net drag forces exerted on the porous material at

such location. The velocity vectors 111 just above the region 112 are directed
downwardly. This downward force on region 112 prevents the entire column of the
media from being lifted as a plug. However, once the upper section of the media above
25 orifice 90 has been removed, the downwardly directed vectors become nonexistent, thus
preparing the subsequent media section for fluidizing. Sequential fluidization from the
top to the bottom is thus enhanced. With respect to the second orifice 92, upwardly-
directed drag forces arc cxcrted on the porous media at section 114. However, due to
the accumulated weight of the porous media situated thereabove, the drag forces do not
30 exceed the buoyant weight of the porous media at section 114. When, however, the

upper section 110 of the porous media has been removed and fluidized, the drag forces
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at the expense of a large pressure drop. The properties and characteristics
of the porous media tend to influence the responses nore than
changes in tweogaafiorati on pattern of t he i nner perdDUSHBED42

cylinder 54. As an exanple, the decrigase of the particle size of the
porous nedia increased the pressure by 5955Pa on the average, which is nine

tinmes the 5 magni tude of the effect of percent of the perforated open
area change of the jnner perforated cylinder 54. The drag force
exper i enced ahfecHyRf Hyden sesesd the bHPYW PRishteafgliporous material, @6ﬂt%am§@ni t ude

of the effe(ﬁltcpﬁvﬂﬁé &%ﬁ&&@&umﬁmn% A 1:1@%?@@&& errdll tne © %qeﬂ SralBEr
design of a radial-flowfilter, This suggests t at as smaller particle

sizes are erﬁzlfmyihdd!zmhe This same typ¢ gifyiddynaeid astiat bemrpaittt de renpgogres | ess
critical. It_i.s at . ch t ent en area
have an oppS% rifipe, Seé??’?é‘f’aﬁﬁ e %f'r"é'%r ﬂgrﬁ:%n Clﬁgﬁe'éié; Ibgcnp%"f? € gﬁ?‘

effect ®f | poreameda. t he percent open area was a decrease in the dr ag

force, while the ef fect of creas erforatjon sjze
resul ted on the &Gréjea P?Wa'é‘ﬁosﬁﬁﬁ?’ga g0 1ngadna flow filtergouippechvighan As al so

noted with LRGIGVIRY RS, oRMRIKS ibiewesh tH d?ne'i" gxtforlafeﬁ‘“c?lmdep&?ﬁd%@ﬁousn

| arge perforations in the inner perforated cylinder 54 decrease t‘hé drag
force, whil @2af theSilter assérably. pAs canrbte seqetheprie ags such ayreilgpdafdmssuciatedswitincr ease
the drag force. lncr es |n t e a and the
perforation a5 secm’rnoo ced r%‘bsnr%g?a;%ﬁt‘ Zﬁ' (?eag'rmel%{sbeagd |8rn°l Frqgg%%%Stmc o dr op
acr ossia he tﬁmd:uahstblrédmi:ﬁ thé backwhsh lmpsi fedms theromtes dniuhartchartser i | Obackadte of t he

Found to natte pogees il fhe smdarand o b BrveorsTon e moBeBe Bl or osour ¢

drop in the valllofréfe filttNSss@RBIY héudlngrs2t fiftefial with the ouR® rsfdemtmﬁe aagtern
becomes less relevant with respect to the drag force and pressure

drop, with wedeatedicylderé@ es and smal | er particle diameters.

In one of the enpggiyH fthel v bIKE RGPS N3k NeAs Bk dRbh conput er
anal ysis on the progra?ngnlsf‘tL%ItENT V4. 38 : el?lﬂT(sjd FI gw Model | ng,ﬁ%i%%% Fl uent ,
Inc., 15 Thecemueméxamémum@cmb@s a!t@adetzmmdmmr@dwwmmdmgoaﬂv% t he
f||ter was yed, with
radii rangi S{é:tk 4 ocrrﬁ) ﬁcgin o?thﬁ fi Iterf 19&1%9(%56? @h\éx% thé fntlér &%ﬁomefﬁgﬁﬁgéﬁ fér al

di anet er of eqhﬁpejhmﬂuﬁarormestmdi dxzreasingradibt Whelmawa:&lfldhrknnedm

th a ec ravit f 2 whi ¢ er at qof sand. The
Fadi ue of ¢ st R ey, Sy G118 bikapelioi Ml eate el B dioes i ¢ 1

per f or at i ONarda®BPrekiSded FoM bf HRVACANAA liquid. n is néted ﬁﬁx mme Mbtratibh Qh@nnul ar
di nrensions of the filtration chanber contaj nj n orous 30 medi a was

0. 80 i fhes UPPHEFEIOP b thepprays mediadedas g;g,ﬂwdjze 'I‘H'élleft ¢ lgwengeations oﬁf@ssur oo
Loe ,Pb kdiid 'n%fdﬁ%% FreBFosef 1\BEE forcRA: f 18R 1B The TltGaR3MREFhET €Ssure

was in the

-

over ?ymg media, whereby no fluidization is yet occurring. It can thus be seen that a
radial-flow filter can be structured to provide fluidization of the porous material without
requiring excessively high pressures or otherwise compromising the efficiency of the

25 filtration operation.

As noted above, various structural elements of the radial-flow filter affect the
capability and efficiency of the fluidization process. Amongst the many variables that
must be considered in the fluidization of the porous media, it is noted that the magnitude
and effect of the flow rate on both the axial drag force component and the pressure drop

30 is larger than the effect of many of the other variables. By computer analysis, it was

found that a larger drag force was obtained by increasing the flow rate to the filter, but



WO 97/ 44111

PCT/ US97/ 08942 18

0.5 kPa to 10.0 kPa. Wth a filter constructed as such, it is contenpl ated
that . t he orous nedi a can be successfully fluidized to thereby
conpl etely ren‘HP@g’ﬂﬂél i mpurities t her ef rom and pr everRCTESRH8 e by
di sassenbly of the filter for replacefént of the porous nedia. 5
FIG 8 illustrates in cross-sectional forma radial-flowfilter

I ncor porati ng many aspects and features descri bed above. The filter
120 i ncl udes a r ' - ereto
Dy uay of & bal { o el e piossure drop! THEHPLRel RISt e GRS Gl

seal ed t o t he nsdigdenip ifluenagahisresfonsdsarsre tan icbanges iotliegrerfosapes patiern of

seal s, not shown. The .b 22 includes an .inlet connection.128 coupled to

a supply of 1%"“”?’%? rﬁ%ﬁtc § t) ‘értﬂi' s#bpatﬁ’r%%'ﬁp]fm’? ﬂ%"ﬁ?‘f’%fé[‘? W'é? S12% PIAF 130.

The influent ppouseRgiaimpasddith€ressure by S958Pd GMthBBYer&RNWhHicE & rﬂfertm;éaluh@t e
iltration

matter, Iaéquids, etc.. that are separated by way of the _
bed cont n_ed%{"mdﬁ_"f e eﬁhﬁ‘iﬁ§fﬂ?j°%gﬂfth&ﬁé‘@°rﬁﬁé°i’?ﬁpﬂjﬁ‘f}!aé&e ofitee inpsroved, the
ef fluent exit pedidiftell chin@ér 32y MRYrp foRtB e%i'e@éed‘i?%&#e'iﬁﬁ?eajsﬁgf T\ e\%éb%

134. In back t the Dack sf‘n

direction of arrow 13 a backwash operatt on,
liquid is dir&xthemagnitusieof thefeffeat of theperaogt opey arsh intfease. Withregemittbole 132, and

exits the fil ek W . i ri.f.ies suspepded therein by way o

connect i on 125%%\,46? gzr‘éé'}lr}'t%]o\‘/var@ t/élr’r%%'s g‘#ﬁggﬂﬁgﬁg‘f‘ﬁs&"a@lﬂ&aﬁ‘&%sﬂ%l‘ a?fg‘tpLﬁ’ﬁd'éP% wel |
known to type of ber&eatithi patterd bedonies festritichlD Mt diafs6 ABRE Chat Bhnkid iheweSs from
punpi ng systens and reconnectin sane to_backwash systens.

. t he
Fi xed withi n P& SR #gp haya an ggpgs'ﬁea%ffe&} ony thg rag; fpice r Fercexampleythe aeeragene
filter 20  effsenitidaskbihd PrbeatlSsentbes s a0elakads ic kit hRk GRNLAL NI Ng and

supporting therein the filter parts and conponents. The. case 138
i ncl udes a cyFifsrlipl ingreasingdbsegrioratiop size xesulted on the avernsevie en ingreassinghed cap 142

and a bottom 4 i Qf . . 138 is
sealed to t heeﬁgffﬁﬁ‘gn%sé %%-&Fdswg%g%lr&g@piﬁgl %’ﬁ@s’ ’l\?"%@arehlggggrﬁeym \RB?/" BFi nl et
connection large perfo@@pnsan theptinef perfarated oylinder & deorebse tHddrhg fores] wihile hhe

si dewal I15140 fokvlverc?&i‘ Each Fgrt, 70.25. . incl gdss ?. check val ve for

al | owi ng "t he PRFTTER ORE 3L5P-4375¢ RETPTatipRs ingtease;thg drag torce,  ngrepscs in both the

l'i qui d from ppesénngpénarédund ticeeifdatioh 6i2€ prodilced LOMp&aASIe ddo?éhssAR pRBsure
constructed of, es of plastics qor netals to suit the

differe ty
particul ar ne§B 2§53 'Itfﬁrﬁdﬂg'ﬁ?‘ﬁ?ﬁitﬁrn IEV@? gl noted that the floy rate of theibagkwashuri ti es

from water anghusd &fd 8¢ pdrli€lblbidetet ARE pbrols REES SfeFoGRINGink, the
case 138 can iﬁ)jqe constrﬁct ed witﬁ a PV% or polyet r?yloene pl aés)‘{il??.rgels}l this

event, the 3oinfluencepgthesirrg fors aatheressare drapinsbe filterd ddie pamitulmdyme ofot her wi se
secur ed 2go t hﬁerfbﬂdoﬂ%h&ﬂ lbecomes less relevant with respect to the drag force and pressure

drop, with higher flow rates and smaller particle diameters.

In one of the embodiments of the invention, as analyzed by way of computer
analysis on the program FLUENT (V4.31), Fluid Flow Modeling, 1995, Fluent, Inc..
Centerra Resource Park, 10 Cavendish Court, NH 03766, the filter was structured as

25 follows. Five orifices were employed, with radii ranging from 0.254 inches to 1.047
inches. The general diameter of the granular particles were between 44-840 microns,
with a specific gravity of 2.5, which is very similar to that of sand. The radius of the
inner perforated cylinder 54 was 0.75 inches, with perforations comprising an open area
of 66 percent. The annular dimensions of the filtration chamber containing the porous

30 media was 0.80 inches (radial) by 22.625 inches (axial). The flow rate or pressure of the

liquid media was between 3 gpm to 28 gpm. The backwash pressure was in the range of
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to be filtered, the case 138 can be constructed of stainless steel or other
types of woo7agmieri al s, and wel ded together. PCT/USY7/89apOsed

within the case 138 of the filter asgenbly 136 are a pair of perforated
cylinders. An inner perforated cylinder 54 is supported within respective
holes forned 5 in the top end cap 142 and the bottom end cap 144.
Moreover, the inner perforated cylinder 54 is supported by a
bottom filt kS kPetetiér0 ited Withpa fitg cofimcisd at suchahistsentemplated thatended,

Lnreati o o EoNTL b B AR DAl LOL ORI L AR T 2o,

I's a screen therefrom and presdnt dehn tithb by disasenblyresihe Gher ibefcplfaccﬁncsuyaithet ic or

metallic material having a porosity 10 sufficiently small to prevent
passage therPo{# B of the granular particles conprising t he
porous gedi a or fRiGt eflublfges iftre8dsedlidl forhRfadinTRw ﬂﬂ?e?fd&&%?ﬂmgyr{ah pder 54
Is a plug 64 to provide an obstruction so as to prevent [iquid

passage axi aspegtsand fegturpredeseribed above. The ﬁb@'rlﬂﬁ ingludes & hase Ag2andsy .
Connecti on dEPhY i ubRE} Lo e uiHGE} ar e SEIF AT ARG IR, | e

pl ural chec Id‘heaxbumg 18rigsealedumthedase 122 by meand affetustomecibor atheretypes™dd. |t i s
contenpl ated that check orifices w t he referabl e
structure. TRESORE w\’/‘alﬁﬁg 36%&&%% ﬂ'df’lﬁ'd"é)“aecé'g’éF 2 cqpled t%aﬁvppéig?ét ruct ed
of 10  dnfhi¢hi ARtk pudiFdden tRldirtRiciorhRoRN 3buwuamué?.wcmee§ kn?tihﬁie% The
check val ve 150 i ncl udes one or nore orifices,

descri bed i rwhiglymaykamarise prstigiate Nates liguidsests., ﬂtaherezeparated bh%kof\;m ves 150
are open durgyagidh héi i BbAlineTha Smper L

except for tﬂh l(g’rl ??E%At%lo@trregnn ﬂ’gr elagrll Efciurl %eﬁg %lgc %gtérxmgr%ts?%n In

t hi s manner effiueat exits the filter bysway thammtletcconmwn Ui 2l inf tho direttipn ngarrdve 134.
filtration hab.o : AR, out, erf orat ed

cyl i nder 60q|R§ %agnegfrﬁfonmhﬁg (?%%Shelﬁ "{ﬁglrr%mf'd P9 tp ﬁgl“frilil"? é)y[%vay of

chanbets end conecfigb1320and h@ts mtn'euer @iih thetimpurities susppieled dreadiebly wyy ofider 60 is

fixed to an 25 &&n;ﬂ’ﬂr |ece 152 gnd bonded or ﬁ’EFrW‘ se
fastened to CH¥CleR ! ErﬁPtf af‘%“é“"-”‘s an °°"‘f FYSEMSASRRHIIPWELHEe 140.
Mich |ike t RRoseRKifléd iﬂQﬁéﬂfﬂ:Trﬂdc&MEdtmgﬁﬂter%WMﬁdﬂ Osystein @ndrébinecting
perforated cylinder 60 has attached to the inside surface thereof a screen

mesh 154 t hape same to backyesh @steMie sane functi on as the screen mesh 148. The
annul ar space bewEpRERithH&nOHRIng 124 is a radial-flow filter assembly 136. The filter

20 assembly 136 includes an enclosed case 138 for containing and supporting therein the
filter parts and components. The case 138 includes a cylindrical sidewall 140 fixed
between a top end cap 142 and a bottom end cap 144. The internal volume of the case
138 is sealed to the influent that is coupled to the filter 120 by way of inlet connection
128, except for one or more ports 70 formed in the sidewall 140 thereof. Each port 70

25 includes a check valve for allowing the influent to enter into the case 138, but prevents
liquid from passing in the reverse direction. The case 138 can be constructed of
different types of plastics or metals to suit the particular nceds of the filtration system.
For filtering impurities from water and similar liquids, under low-pressure conditions,
the case 138 can be constructed with a PVC or polyethylene plastic. In this event, the

30 end caps 142 and 144 can be bonded, welded or otherwise secured to the cylindrical

sidewall 140. Where higher pressures or caustic liquids are employed, such as chemicals



perforated cylinder 60 and the inner perforated cylinder 54 defines a

filtrati on chanber 30 156. The filtration chanber 156 is filled with a
porous nedia, such as granular particles for renoving inmpurities
froman influent. Located above the filtration chanber 156 is
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t he backwash chanmber 62. Preferably, the backwash chanber is about the sane
vol une as the filtration chanber 156, although it nmay be of a

larger vol uma'taf%% ﬁﬂg&gqhé ﬁxsnllﬁ]cgﬁfb.e constructed of ﬂg#gg%kc\%g‘?&&b?ﬂg?af 62 has a

| ar ger radial dinmension a I'tratron c Thi s
di fference i n macha, ael welded wopghérs believed to inpart a swirling action to

the granular 5 .partjcles 58 as.th re lifted fromthe filfratjon
Chaer 156 t o t he MEBRMLEHTE NSt 3k Ot HeEr qesdriell LI h prr gl Bector i | o
bel i eved to adiylisdess. &ﬂﬂnﬁ@%&féxﬁ@ﬁ@ﬁﬁﬂ&%ﬁ&k ofiéd WilRin P&pédiivh BSled Brmed

free the inpurities therefrom Wthout the difference in the radi al
di nensi on8, t Hathe top end captl A ardyhg bptsors gnd gaptl4¢ 1 Maseaver. thedonen perfasatededi a as

a plug. . : ' ' ' | O, | nt is
directed in th°é’"?d§f f’%{&'sﬁp pae%i E?ag?%ﬁ%éléh%?%%&? ngpe@@bghggﬁts{%h‘ﬂ?z& t he
i nfluent is fdoodel, thntaded beotbgravcse fixGDiogéther feuparmamretisort ramovable attachmdnt | t er

assenbly case J138. .The ipfluent. is then rced into the rt_ 70 via the
chock val ve . Sebired Ebind he ol yecufyireid of s e pEforaed BB 44 i%e. once
the influent ieshQsgethd detri st &4 be of a synthcti BEMKtaNid ImARerRPKAvingQ pokdsit i | | S

t he annul ar chanpber 162 and conpl etel%ﬁsurrounds t he outer surface

of the odfer pefficispix weplldty Prevertpassege treiethrqush o8 e eranular patidescampsisiag| y
through the 13p ?oro{?é)rﬁ&h@mf fillel &d. "FREEddittth P Giner u%eﬁﬁﬁtlgﬁj&é/g}g er 83 isH flud g#mved.

The filtered influent then passes thro i orations t he
i nner per f or atteg@reydeianddstnLion scksita prevemdiguid passage axially along thevmienne 164 of
t he i nner perf j r 54. The filtered influent then passes

t hrough the oﬁ%ﬁ@ﬁ%ﬁg&depg‘ﬁves 150 and exits at the bottomof the filter
120 to the Asaulalterhatbe e thetorifice stdiZiureses desulibad afovem coapeeibn diithows a

| arge surface of e rqus 20 nmedia 58 to be exposed. .to the

i nf I uent l.ig Thi ﬁ{iggt&ds‘} El‘?frﬁ’f%ﬁa@?"h?ﬁ ﬂG-tSH%C?‘ﬁgée@[ﬂt’ gheck valubsypre shownas' ¢ g
inlet of the frifetente chdfictedl 501k REohtBMblated fhad GhRU FallBNith SrificRawilAseqneTUl at ed
a sufficient a of inpurities that the filtration process is

nount )
beconi ng i nef ArefFraple structure. The check valves d3@ gachiinglugle acseasy #ndrachall cprstrugted 8€ kwas h

operation nusty Y& hitethi 94/4s tobb %u?:?'a_nt on the ﬂ@ﬂé@ plFHe%%lﬂcéc‘(/gigWﬁO fcfades

activated, wheréby a backwash l'iquid is forced into connection
132. The f| owqearhmofe arifises, andwidl bie dlessfibescinimose desail ahawv.e Newerthetessithet i es from

the poroyg MBlfiadlnal) & \le 654 dirihd fhe'dtBitbh b&sidl, bt &' genBRfil YRS, ! 1 Ui d
except for the orifice formed therein during the backwash operation. In this manner, the
restriction to the fluid flow during the filtration operation is eliminated.

An outer perforated cylinder 60 is fastened at a bottom end thereof to the filter
chamber end cap 146. At the upper end, the outer perforated cylinder 60 is fixed to an
25 annular-shaped piece 152 and bonded or otherwise fastened to the internal surface of the
filter assembly case 140. Much like the inner perforated cylinder structure 54, the outer
perforated cylinder 60 has attached to the inside surface thereof a screen mesh 154 that
serves the same function as the screen mesh 148. The annular space between the outer
perforated cylinder 60 and the inner perforated cylinder 54 defines a filtration chamber
30 156. The filtration chamber 156 is filled with 2 porous media, such as granular particles

for removing impurities from an influent. Located above the filtration chamber 156 is



via the connection 128. The backwash liquid is forced into the connection

132 and up into the central part 164 of the inner perforated
cylinder 54 The check val ves 150 cl ose, except for the snall
orifices fornmed therein. In this manner, the flow of the 30 backwash

| i qui d encoume@¥mstuuccessively smaller orifices, thereby fapctisaiogsng t he
fluidizing of the granular particlesy,yas descri bed above. Each section of
t he porous WO 97/ 44?[%
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media 58 in the filtration chanber 156 becones fluidized and carried up
into the the back“bah:klmm @hdiveferably2the backwach thaabeas bbauin eiElzeme 63lumehe
swirling and Q ) o ed to the granul ar particles
58 frees the® ﬁﬁ‘pt 2 ?‘é&h r?JPﬁ"“%*h'é“}*‘ ﬁf’f‘f agger yolye.~ As noted in kIh § ¢ he
backwash c haumbeﬁck@ash Eﬁaﬁmbbm €€ B drgér radifdindRioR thank: fillHEdn BEhb&T18ked

cyl i nder and oyt the end 168 thereof. It is noted that during

the fl uidi zaT‘i"ﬁﬂ'%ﬁ%E*‘eeéad@' digmensions is belieyggtoimpart @ewn@llmssa@yon Weth'pe!tanulm in

the filger aﬁ@ggl ?ﬁuﬁﬁmg@f ﬁgmt%,@{@wﬂgg %536 tot e s%u nti al

flow of the backwash I out roug Bl e?m &r f or at ed
cyl i nder 60.62. nThersyiding attiontidtelievep to agilacsand £adilitae s#:mrdtibe obﬂﬁlpmlts kd qui d

541 nto 1 he TR mRPLRRIEhER YRS e SiRrciie iR R e Lo

connecti on ltéfidency is to lift the entire cohﬁin@fnﬂadla'alsldfdtfgat es one enbodi ment of the
check valves 150 fixed within the inne perforated cylinder 54. The
check val ve 150 i “’H’(Sr?sqmiﬂﬂ“é’@e‘m'?’h the lﬁﬂ%b'swectﬁhmuthgfouowmg path. Fperhnar y

hole 178 t ha{heﬁﬂ’éi c@ﬂ)e%d’rg%dthwiﬁﬂherﬁ 1§f3pc‘3eﬁ 'uﬁ@':he%@?&%el%o% %urw dids g€ ball 174

S preferably constructed of ' astic er ISl that is
buoyant . Théilterassemblyshsel138. The infeank IS\IMerdoéims themppril¥e vid thel chidck Ivelné

b t

ptjggp t ?%P%%a?aﬂaL%fgghlt%%%ﬁl){ ‘E’Qé%“sv@’ rcget\}ge '8@""“615 forfed ﬁthf%ﬁ tkﬂeo pr event
t he dinad:ld va‘lchmrf Hl, itifﬂigthﬂmmmﬂmrodhmbenndz aibebrpldte P blryountioPRion@r t he
hole in the her ebel ow. dlﬂystgrformed

within the p f’"ée @“%‘ﬁ%’oﬂfﬁ[@%ﬁd cylindsr 8¢ ﬁ "éﬁg’eff Rages radi oyglatheot

pl uggeds or cﬁdnarsvm&emm@lswmﬁayhd irpufificGle r\éﬁhlo\#&i betle! filtbred infillfdft 1REd f i ces 176
20 function much |i ke those noted above in connection with FIG 3 and

i dent i fied cRassesthrough the perfasgiioas pfi the inaer resforateggylinder 5 ard intg the intemalpen ar ea
of each of tJyud id4 SFefe il p@tfforated c%lmderqhe m%'ére\ﬂ%f‘ﬁ@m%&ltﬁss]ezo ar e

preferably different fromthat of e ot her check va at es
fixed withirthtoggh FMrV@andeqhmkr\atvedlmndmd@atsl& bottom of the filter 120 to IlFbe 10

et L L e
apert uk@s 17gedia 58 to be exposed to the influent. This process continues until the pressure rises at
the inlet of the filter 120, denoting that the porous media 58 has accumulated a sufficient
amount of impurities that the filtration process is becoming inefficient.
Once it is determined that a backwash operation must be carried out, the
appropriate valves are activated, whereby a backwash liquid is forced into the
25 connection 132. The flow path of the liquid is effective to remove the impurities from
the porous material 58 and carry the impurities with the backwash liquid out of the filter
via the connection 128. The backwash liquid is forced into the connection 132 and up
into the central part 164 of the inner perforated cylinder 54. The check valves 150
closc, except for the small orifices formed therein. In this manner, the flow of the

30 backwash liquid encounters successively smaller orifices, thereby facilitating the

fluidizing of the granular particles, as described above. Each section of the porous



shown in FIG 9, the check valve plate 180 of FIG 10 includes a roughened

or serrated edge 182 to prevent the ball 174 fromseating in a
seal ed manner to the plate 180. The i rregul ar-shaped seat 182 of
the plate 180 al | ows I|qU| d to pass therethrough even when he_bal |
174 is forced WA he hole of the plate 180. 30 PCT’H”@}@”“ 11
and 12 illustrate a check valve that cdn be enpl oyed w thin sidewal |l

140 the filter assenbly case 138, and particularly in connection with the
port 70 of FIG WO 97/ 44111

PCT/ US97/ 08942negia 58 in the filtration chamber 156 becomes fluidized and carried up, int4he
8. This check valve includes an el astoneric stopper 184 having a planar

portion 186  backwash Cbml@beaﬁétbmlfpbﬂctwm chggber B3y trhedwmhmt'mé agitadionclidie st em
188 is a conig [ en 190 t ssed farough
the anchor hol % irg%i tgrt]hco,ﬁ'gnuqar aﬁiltcchPIS fﬁ‘fr“h%'mpu”[’aﬁtf’erf rom. ©TRE oy xmpun lg

cannot be easmqm thersasiechsh A&mbeﬁ@immh&&itrall&ca fdauifahd 1hﬂBprrﬂforTah:6 cdlifdect i on
of arrow 192 causes t |l es 70 to he closed by the stopper

flap 186,73t heééb@ndp?l’émﬁnfiﬂas therdof 138 '}qt?jiuthﬁ duripgtheifiuigizgtion pracessther
assenbly case chédk valve clasgi:IL thél-gort T?df'ﬁ"l thé ﬁh@rQszeanW datk 1t3lﬁethereby prevennqgﬁe(:t lon of
arrow 194 allows fluid | ow t hrough ports 70. during the
filtration opeubitanyal ﬂqvn«pﬂ'th@bﬁcktyagh lpasis*adlﬁl*ycmrg\harﬂhéhrpogh &be poter perforgthe

vol une 162 & ULy n |G 8)
Wi e onty iy 88 7' B e i tareREH) MR KA Biel¥ittd oy o)
as to be coverfm]ln th; ub;hehdellwsﬂt thetrnier perfoeatid cylinder 54 malthbeoﬁér&ﬂmﬁﬁr at&o160Qt her

t ypes of heck h as el astongeric flaps can be f ast ened
al ong ond edgé’"gﬂﬁéw ?ﬂ‘éefcﬂ’g\e‘&fé“\qg of the filter assenbly case 140
to t her eby Fpg. § mnﬁﬁ%s%@aﬁ@bmem@nﬁ%w valves P50 el wWathfl thé Inayy Of

i quid, and thereby function as a check valve Those skilled in the

art may pref erPeffB"aEﬁﬁ‘mYWeéS%the checkotalier] 59 is constugtpdawitira plate 70 baniega val ves
and i nner cyI kfd?@i’}éz 114?\ Af Be glﬂ SAARCS s‘,éag& daM-LngéJﬁufﬁh.t Phe ball 174 is 120
n| cal an evi ces.

I ncl udi ng mec ectri oper at FI G
13 illustrat es)rﬁfcr@blheonse'ntiodjoﬁaapiastloformhﬂarrlaatieéatlmalt ts\bub)"dnt eTheciodisidnalct ed i n

accor dan Wi t he Cl cepts of 't t| on, | l.t er
assenbl y?§0 cfledi valv@ﬁslgs n% tf g?%fm%e}bqty tyeeihf r\? % t@ﬂ%\%ﬂ] e
8. Wth the cmhsartmjrpmfer&f mﬁmdatnahe Bﬂl 174 wnﬂﬁseﬁfabyagép& théhleereopﬁéeerﬁmvm
plural elasto C s 202 | oc bet ween { he perforat ed
cyl i nder 60 ageﬁh 5'81"1 ‘?“@HY” ertiamlmsg)ppgg,tht@oﬁq indhe cheek AGARE N ¢ he
embodi ment  of 1ddafed tAstebefn my@hﬁme@alt%&mmaemaﬁa%nybf breSffificE20r8 thit" | NQ

202 provi des a seal between the outer perforated cylinder 60 and
t he i nner sur PEROtFRuggesor otherwise stopped by the check valve ball 174. The orifices 176

20 function much like those noted above in connection with FIG. 3 and identified as
reference numeral 66. Again, the cumulative open area of cach of the orifices 176 of
one check valve plate 170 are preferably different from that of the other check valve
plates fixed within the inner perforated cylinder 58.

FI1G. 10 illustrates another embodiment of a check valve plate 180 that can be

25 fixed within the inner perforated cylinder 58. Rather than having the apertures 176
shown in FIG. 9, the check valve plate 180 of FIG. 10 includes a roughened or serrated
edge 182 to prevent the ball 174 from seating in a sealed manner to the plate 180. The
irregular-shaped scat 182 of the plate 180 allows liquid to pass therethrough even when
the ball 174 is forced within the hole of the plate 180.

30 FIGS. 11 and 12 illustrate a check valve that can be employed within sidewall

140 the filter assembly case 138, and particularly in connection with the port 70 of F1G.



case 204. The Orings 202 function to change or nodify the direction of the

l'iquid.flow 25 I nsi de the porous nedia 56. A substantial anmount of the
radi al flow through the porous media 56 is changed to axial flow.
Mor eover, additional axial forces are generated Wi thin the porous

medi a 56. Thwouwsad4ni the O rings 202 may change the nunber pérmusengesz check
val ves 150 needed, and indeed may pequire a | eak hole 206 in the side wall

of the case 204. The | eak hol es 206 woul d be | ocated between each
adj acent Oring 202 in 30 order to allow for liquid flowin and out of
each sectlon of the porous nedia. As can be appreci ated, the

sel ecti on $f Thifpghegk Hﬂé‘? ingludey.aniefpstomerie stopger d 84 having asplaras pomion 86 check
WO 97/ 44114 5 stem
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val ves 15019 thattchiebeysriessed ng;hhbe wichohiels Btin onsdietion dginganddationdequat e

axi al for n t he, backwash
oper at i onco(%J§ catifot be easily remo Efd lg%ggalexnﬂFém?Ud“q? °g‘6’"s‘?f(§\9\%9“’t o include .

t he bbaddero2kagses fegob mdsdeo to be closed byllﬁwst&?@ r M %eﬂleﬂeﬂy Eﬁmt?@t ion, wth
or without. the orifices in the check valv asthe

O rings 208w troneg dhe ﬂ%aﬁsﬁfﬂ@t’ |°@ﬁ?§4901'b5lr¢té%¢thab@l¢ﬂmuraml ally all of

t he backwagfachd oA ef S4.is directed to
that area cidrf¥f'a Ow l(a?téve Bvéil% ?‘g‘ék‘?@%éﬁgﬁhﬁmgch ct 111(;9 ‘%‘f‘v%thfSO The

bl adder 10’@trmquzegn,tmfbnemumss through the ports #Xintd thé volumehe2 exists in each

h d |
ot or med. 1 BaePRf Beout Eerbrdi Ginde SolFic 85" Binle brlypve poas a6 exertoa on

10 10t he sbonlmrmawnﬁ(ﬁe holeh@nde forthed iso s @ Heldolérad byihe eMStbReric check

Lastly, the]fl | ter 650 %IYPZOO I n Iudes a backwash outl et check val ve 210.
The va VS&PPR?( ep LyPesPTshesk valves, sechcpselgstameriniflansican be ed portion of
the inner feydredd@hg 5ﬂe edge thereof tcp{h‘éfn%f(ﬁma‘ﬂ R lleP SO0 gﬁk‘?ﬁo tge filter
assenbly 200. Wen forced to an open condition the pressure of

t he backwdderely bgfpiged clreedniopened by thadisegtianal Moﬁumd dluistharebjr ow path 15
fromthe igMEbRad 2 MQ:EHUE of | J18, AN vol une 162
that exists bet W‘e’en %ﬁhgsuélggggﬁ %ﬁfln rﬂ;g(e‘{r Re" t(S)Uet?"epr er%g&‘gé‘a cyl i nder
60. The ouynesof inlet check ahlves and dnner cylinder chéckovalyved mltoﬁdten(haﬂiﬂv\ﬂ\%fﬁltbﬂ quid to
exit belo rat,i on.ch | ar.ri ed directly to the
out si de aﬁ%gpg‘flu‘#} m%éha%ai Flﬁ‘%'d‘fa?PP?rgthﬁg‘(}?eﬁg to pass through the

porous nedi a 561G.Q3cRustiates ahdiliertehBoditiieni diehevaial-Bow HRL-EORstA8Rd it he backwash
l'iquid 20 exits, through either the | eak holes_206 or out into the top

backwash GRORIREFE wBh theprinfiples an concepihefgliginteion. The filter assembly 200 The
outlet cheakstMahird fesbtesdimarty Mat 100 ih 216 88 With he Bh&huctOEGaNR! ves 184

20 assembly 200, there are shown plural elastomeric O-rings 202 located between the outer

portion 188. Formed at the end of the stem 188 is a conical or Lnlargfg end

perforated cylinder 60 and a cylindrical case 204. While four QO-rings are shown in the
embodiment of F1G. 13, any number of O-rings may be utilized. Each O-ring 202
provides a seal between the outer perforated cylinder 60 and the inner surface of the
case 204. The O-rings 202 function to change or modify the direction of the liquid flow

25 inside the porous media 56. A substantial amount of the radial flow through the porous
media 56 is changed to axial flow. Moreover, additional axial forces are generated
within the porous media 56. The use of the O-rings 202 may change the number of
check valves 150 needed, and indeed may require a leak hole 206 in the side walt of the
case 204. The leak holes 206 would be located between each adjacent O-ring 202 in

30 order to allow for liquid flow in and out of each section of the porous media. As can be

appreciated, the selection of the number of O-rings and the orifice sizes in the check



cl osed duri ng backwashing. This is helpful in situations where very small

gr anul ar porous nedia 56 becones packed with contam nants and
allows small anounts of the 25 backwash liquid to reach the outside
annul ar volune_162. In addition, the outlet check val ve 210

provi des backwhM4 i d to the outside annul ar vol ume 162 anbCHUSER42|
t he fluidization of the poroG% nmedia 56 by the additional liquid
diverted inwardly by the O rings 202 into the porous nedia 56. It
al so produces a water scour to the outside annul ar vol une 162 and

significantl ¥al(1&dll56%ﬁd #l@%\(ﬁmw&s (9 hpégﬁg@%%xgkﬂghﬂt £(ﬁgHL£ g)ﬂa]tfgrc?%e | ar ger

renmove the inpurities fromthe porous ne ecause
i mpurities the porousinedipeid dxist duremgsies ekwasbopemtien. f | ushed directly out of

}Dger / IUgSI; / gglgig 2O?hc ﬁl‘a}r gs%%m}:lg%ﬂo ts also shown to include the blaxg) r ?gé 4'?'l1lc§iaddcr

being carri edOdD@th)eluaéd)mfcbﬁbxﬂélidhuﬁntmﬂh@h&ﬁ tieNified in ke Bedkvalvea shagk wash
chanber 62. y di sch argl ng the larger inmpurities directly out of

the | eald hol 8l gpthe Qﬁ@ssﬁ&?t iTaeibladder 100 functiongin ¢aneentiate subsantiglipathel wi se be
too large toth%'ya watsﬁ'ﬁ&’tﬂﬁlho&/n? et eF'r éﬁ%&f‘cﬂﬁ&%ﬁ lsdnrected?@fﬁg{é&gg the outer

perforated cylinder 'S conp reane
al ternati ve, loghted Hmd-'.ly thedeath elactt chetievaheealé Oh dlhe b3Oder 400 agintizee thbaumduet

elimnated ach Ori 202 has a.verdt.i | . channel, cut therein to
al 1 ow the bali& éﬂoﬁ ﬂ%eﬁ’s?b" ‘T‘alcg rous me asq&ﬂ%rt}re\}qadq:d showvnvith g 202.
Mor eover, al thelsitieivaly @cfointedtimieardlh Gk condhveafiapkDud the fluid pressubtfexdfid §£d by

t hose s |Ilegle| n the art i ncl udi nﬂiform ng orifices in the bladder 100

itself, OULER §ur CFHW‘??Q"%F"}S& I#enEyclehe bl adder to bl ock the vertical

passageway in th I r As
can be seen, theems{l Qﬁeglgesrgs qemg@zzgghgg‘lﬁl%l%éc‘i»g%grogﬁécfggwaﬁdv ¢ 218ngfw

feat ures outlet chgek yalveralo is placeskis ianl unpeforaad nomadn otahninnet cylinder 54,
Cl rcunst ancegus n trgegf'ﬁﬁ%gﬁg}ﬁ%f thy?ﬂglgasaembly d%Joa(t)[ ﬁ?!éegt d pootnh?e%g cnmﬂtEl n

that in vari Ions, varrous in
enbodi rrent s bmethe peesamt efthe tackevasidiquial, mecmduae:heqktualwmm ptdvities B gowpdthbackwash

result ile t 6 has been described above
gener : a Py i nfrB'Bﬁ@e'B'tcf'Unh W‘I‘ﬁ°{]‘ﬁ%'""°r cy '"Fg%%‘gaf““ ar ﬁ%’l“f"icdéi thabexistet er or
i npurities, wedn thypRs 204 aniRHé autexa;sbrﬂamaﬁiyﬁsdeedo SPhéSuticPcheck valve 21020V E
di ssol ved soI provi de coaction between solids and fluids, provide

coal esci ng f°ws for the bagkwesh ljquid ta gxit Belew the filtyatinn chambar and be carded he i nf | uent
supplied to gihenfid ke 'E)uts1de annular vDIgME6D G)xtﬁ?ctﬁ 1ﬂh§t Iﬂg\sgé {dl ks t@xﬂpu?ﬁl fpict ed

according to the principles and concepts o I nventi on provides
an i ncr easedrayous media 5. c@ndegnteringtheadiside ahhubay vofunfel 162 ctbe bimkeiasthliquitt

20 exits through either the leak holes 206 or out into the top backwash chamber 62 via the
porous media 56.

The outlet check valve 210 also functions to seal the inlet check valves 184
closed during backwashing. This is helpful in situations where very small granular
porous media 56 becomes packed with contaminants and allows small amounts of the

25 backwash liquid to reach the outside annular volume 162. In addition, the outlet check
valve 210 provides backwash liquid to the outside annular volume 162 and assists in the
fluidization of the porous media 56 by the additional liquid diverted inwardly by the O-
rings 202 into the porous media 56. It also produces a water scour to the outside
annular volume 162 and significantly reduces the amount of backwash liquid required to

30 remove the impurities from the porous media 56. This is because the larger impurities

lodged in the screen mesh are flushed directly out of the leak holes 206, rather than



medi a, whether or not it is used for filtering purposes, and provides for

an efficient backwash for fluidizing the nedia.

FIGS. 14a and 14b illustrate another enbodi ment of the radial flow filter
220, i ncorporating a perforated bl adder 222. The bl adder is
preferably merasitla flexi ble 25 el astoneric materi al ®sarTwWaNog942
constructed to withstand the press#r es encountered within t he
filter, as well as the type of influent and backwash fl ui ds passed through
the filter 220. The bl adder 222 may be constructed as a tubul ar
menber. Arigid plate 224 functions as the bl ocking obstruction

wi t hi n t héeinp mmieqbbud\dntanhnjpmw#nnﬂé?dwd out through the backwasRachimeber 6Ran
utilizing,chec es Wth or es, or I,fic ate structures 30

escr | bed et dREiationnies SrESnie 8F e R HBlen 28 SRl one 226
functi oni mgatt@Bthat would otiRRwikd K880 lafgetoQntek tiFBSahARE olirer S¥RUn hiesh he bl adder 222

adj acent a top section 80 of the WO 97/ 44111
PCT/ US97/ 68apy the outer perforated cylinder 60 is completely removed.

filtey nmedia 56f aH'ﬂﬁ&rhﬂﬂé élﬂeﬁcgﬁliﬂs%uﬂhb”léikigﬂ%'zﬁ atHiE kd&&gﬂbﬁ@lﬁm&ﬁé‘ cycle.

The orifices can ' ocat ed ann y aro e upper section
of the bl acaech OMZMDEV&IIG&I channel cut theiieiniio allowe therbdcloreash liquid 82flof t he

porous nedi a are, an addit set of orifices 228 fornmed in

e br adqepaasty srSin Bt OiinedoBl Mord s Bhespiiyet {506 SRtk alves 130 the 5
bl adder 232 deAtid b‘?ﬂﬁb%eakxﬂai |ﬁflhe€hitt}thcﬁﬂlng3&‘ﬁ'nﬂ%3@nﬂ&:s Wthd blaRRr 10D itsRfFger, as a
function of stance_ awa te 224. As such, the sets of

orifices podalqwipg %E?'Voﬁﬂﬁql?e Iblaﬁ@” to block thet"ﬁ’é‘l“'cl’é@éﬂ?"t‘i’éd’ HI8 &A6T i

conj ygcti g QrfWa%G ciiiePsq4 fice structures shown in FIGS. 3 and 4. The
variation'in the open area between the sets of orifices can be acconplished
in var |A@l§sn biasesn, thofiltes gssepbly 200 bEFICH 13 provides addugnabR@urzan conpri se

2,07 &9 G N 2STondfer on Bl OB B8 HhIMnghs il B8 pECRUE! S e Sec0nd

set 228 of’ rl'? I‘’ces can in 'ngs, but of
a | arger dkitlecinake arEﬂﬁhﬁﬁdJihseiqurmiﬂussmtzatiaﬁé)v&aﬁzsﬁﬁdmdml features of ther i fi ces can

be forned th orific ccesswl | ar di .anet an

al ternat i \7%°d'mems may?’ﬁég dlfjﬁ"(,aééo P%@pé‘ﬂ'g'g‘ fitgring an cgt?adf‘ﬁéﬁﬁfﬁgs di anet er,
but [sngi ngsd, Waile amema\l hedia! SORAs beén described abéVel deh&r @Sy insoMebnadtvhED set
226, and with | arg nunbers of orjfices as a function of the 15

di st ance FemBeMal ﬂ%“aﬁq‘%*!ﬂéﬁ matier of HRRMTER StheRiyPeTRfanasin can e felestedgois &d by
those skilrlfgheldi d’sfs?Ived solids, ip #cﬁ:réoaétfsn%%m&xgolﬁg afd it sm%rde Uehibichgt hat

faC|I|tatesth di zing of the porous nedia
capabilities and even provide a catalyst to the influent supplied to the ﬁlter
Nevertheless, the filter constructed according to the principles and concepts of the
20 invention provides an increased surface area for the radial flow of fluids through the
media, whether or not it is used for filtering purposes, and provides for an efficient
backwash for fluidizing the media.
FIGS. 14a and 14b illustrate another embodiment of the radial flow filter 220,
incorporating a perforated bladder 222. The bladder is preferably made of a flexible
25 elastomeric material suitably constructed to withstand the pressures encountered within
the filter, as well as the type of influent and backwash fluids passed through the filter
220. The bladder 222 may be constructed as a tubular member. A rigid plate 224
functions as the blocking obstruction within the inner perforated cylinder 54
Rather than utilizing check valves with orifices or orifice plate structures

30 described above, the bladder 222 includes a pattern of perforations 226 functioning as

orifices. The orifices 226 formed in the bladder 222 adjacent a top section 80 of the



It is significant to note that the orifices of the various sets 226-236 are

fabricated so as to be aligned with respective perforations in the
i nner perforated cylinder 54. In 20 this manner, the backwash fluid is
allowed to flow through both the orifices of the bl adder 222 gnd

the perforati®@S74atithe i nner perforated cylinder 54, into t¥HePE78H4
media 56. Wth regard to the bottomeset 236 of orifices, they are
substantially large so as to pass the filtered influent

t heret hrough without creating a pressure differenti al t her eacr oss.

25 FIG 14a illustrates.the radial enbly 220
during the filtgriragdia 3 fugctions to e"aglegﬁﬁs‘ilzﬂﬁo {Hf'l‘}"(?%‘fk&%ﬂ'é:i ﬁr?’F E‘fesenters t he
assenbly 22954 py d%%éiwd%hulmy@Bu@rm@wp%ﬂma&doﬂhe bladder 870, eASotilxed col urm of
t he porous rredla 56 at the top thereof However, a majority of the

i nfluent pasdtbs semdughion 8d obthemerbus msdia Soatre ar additipnahist ol willsesy X8 al | y

t hrough the % Each
section is g‘B'B’ﬁ?éﬁtgﬁBﬁ?f&éarﬁée's%lebggﬁ%‘os@é Zgé 2%@%{9&{&&‘%8W ea"f&m litating

f1 ui di zati oplad&eri2ng. Theofeackeaas bachysed 226-Béad osificesis larlger psaefmcucm of of
E)'Pet Llel Lfgggg{;am:el ;J\Sar;ftfro%ﬁxilpva?e 52%(:“ al% téf-'l%;soijf fnPces rfmnctron very" mugle 5 deval |

PCT/ US97/ 08g412 bed above in conjunction with the orifice structures shown in FIGS. 348d 4.
222 is forc%]é F%S\(/:vgre a?veas sjown in FIG 14a. Wile sone of the filtered

i nfl uent paJbesariation in thc opemaseagietwesa thessersf grifiess sambe aseomplished iguri ng t he

filtration cyele ] Si862q nllmBstoh t he
set of Iarggxr ulsf“l'ac\,'ersTP éf(f&d';l%lg'q {OB%{ME%ACV?% %agrcoglgrslseerﬂ)‘f}g, ﬁ%own By

arrow ##2. of bpenings havmg a firsFdi€netdrd [T hielstaond sett238 of brifices tandncludegbadame 220
during a backwash c pe backwash

fluid enter SUPPE °£§ yb“\t r‘?}‘f %égeaﬁﬁag‘s’fr oﬁacgfsgtgf??‘be\ﬂf?hgy&5% of

backwash | i gificbs@Bh B¢ forth&tEwith bficey 6f siidEessiely Rnebliamerers. 232n attémaw[&r eSSI ng
it agai nst t he inside surface _of the inner erfor I|nder 54.

c
The backwas hhel cmfngmof the yepy qaa fe of the same digmptey, iyt f@?ﬁéﬂ% ?né asma LP‘?’P‘?
noted by arr s%%s@mafﬂa%ﬂaas%kms Khdf»l/l'tﬂ Qréehﬁ&hﬂc&’%n‘ﬁ@és%s 3 @unctioh bﬂh@or OUS

nmedi a 66 for zat1on thereof in thé manner noted above The check

val ves1584 drsmncé fromdheiplate 334 t mnm@kma@ngmt@an by devisefl by thase HifleddRuent i al
P ul i zatl o O 1o achieve an drltie \.{m&ym%&eﬁﬂa%%h@ﬁmg,a BEME PSrollEMkedia 56. The
backwash fl Mo The e rel eased particles
out of the fsg|ter assenbly 220 in the direction noted by arrow

248. 15

A t t f th
radial -flow filt&is f’ﬁ%lgcsam f6 Tote thﬁ‘p‘é? 8?%“'53 gﬁ&éﬁafﬁwgﬁf 2%6 @%@Eabﬁ'ﬁaq ° ©
enbodi ment isg aPRS Bel dhgh& Wivh 1e6pektivel et fBfhtibAY in tifednidr bérforated cylinder 54. In

20 this manner, the backwash fluid is allowed to flow through both the orifices of the

bladder 222 and the perforations in the inner perforated cylinder 54, into the porous
media 56. With regard to the bottom set 236 of orifices, they are substantially large so
as to pass the filtered influent therethrough without creating a pressure differential
thereacross.

25 FIG. 14a illustrates the radial flow filter assembly 220 during the filter cycle.
During such cycle, the influent enters the assembly 220 in the direction of arrow 240 and
enters the column of the porous media 56 at the top thereof. However, a majority of the
influent passes through the opened check valves 184 and flows radially through the
respective sections of the porous media 56. Each section is separated by a respective o-

30 ring 202 for facilitating fluidization during the backwash cycle. Because of the pressure

of the filtered influent passing radially through the media 56, the sidewall of the bladder



granul ar beads that are either large or generally lightweight. In the

filter cycle, as shown in FIG 15a, a porous nedia setting |iquid,
which is preferably not the influent, is punped into the filter
assenbly 250 in the direction of arrow 252. The drag forces 20 I nparted

fromthe set WOng§Mfitmi d to t he porous nedia 56 caused the bepcsussniazlifted
upwardly into the top portion of t filter chanber. Each check val ve 150

fixed wthing the inner perforated cylinder 54 in the backwash
chanber 62 is closed, while the check val ves 150 situated in the
filtration chanber are opened. Once the porous nedia 56 is lifted

into the f232is &artesrinwhrdlybasshbyn irh Gs dd. i Whild soel of theefilerd M@ nepdsangenent

(not sho ) 1€ allow the influent. to pass into

the fil t%é@s”h r‘ri{)el vanégsgs% soq" )HFces%urm thegﬁaélgne F’H‘F ﬁgtaéﬁntbvt tg? indueso

Mor eover , pdsmumbbg,tamb sdt ®f Ardeqstitidest 236RAS Sut dTT KW ker bBmbly, shown bgPeEN i nl et

check vaI ves 1§A2 in the direction of arrows 254. The influent passes

radially 3MOW242.¢ 1 0ugh the media 56 and into the internal volume of the

| nner sper f or at edGe YAY Ngkfares fhe f1 K SGiniSRe 100~ The

filtered influent theln exaltts et hteer gggrg%%?% glg@g%%%aﬁgasgﬁ&% 5 §?| on noted

by arrow Z@kaash cycle, the backwash fluid mrgmemtmbly in the direction of arrow 244

PCT/ US97/ _

FIG 15b i ieadayif entersfhs sy vplumedf thecbladde 32281 Assiinggt %BaH‘cib kwash

cycle. In the msxde surrdceomem.sﬂsermyazécecyhhm 5pOTaBackREsAiqakd it forsddPl y al | owned
into the filter chanber |ocated at the

to settle
bot t om of ‘F%@V\EZ}? °"é§§¥|aﬁ§°'teﬁ§y ABOWHAHE e backwash fluidigkenfflawsdntonedi a 56
fromohe uRBsrohs JnEdhﬁlBG £ fmamh&r thEﬁomQhé Aer RAGKNRSE FThAmRel. S the

granul ar particles are separated and the inpurities are renoved therefrom
The valvgs | 84 arg closed dmnng the baddﬂaShpmlq for Esilipptisg sct!iuemmgﬁmdxlzmonpﬁned check
val ves wt t f orat ed. cyl i nder 54
and are cat?Jr: Paerg’hga%cgo Ofthee %)sr%uesﬁ'gﬁ%aéfgnm%baémas}‘ﬁ 'ei) SIJRB‘Q' e i quid, in
t he di r ectandthegkleased parti2zig§outlof tlterf‘étcemembly bz mtthednﬁaahwriibtélf byt &tfow

por ous mecg 56 is not noved downwardly by the force of gravity, the
backwash I|qU| d 10 entering the assenbly 250 in the direction of arrow
262 ¢auses seqURGSI Ha ahd USkillaatatedthotier embodiment bhfhe %4 INBASHIleP tHahe nManner
descri bed above. VWil e the preferred and ot her enbodi nents

of the i nPRREAFESIN FLipertsdananpsrs dihisembpodiment is pargipylarlyrugliosuited for uee Witk peci fi c
radi al - f | @ardular bedds that aleSithér 1418e &%Eﬁﬁp%&é} TR £ fﬁblaé}gﬁo A 816 artin
s u parting

detail may be nmade as a matter of engineering ch0|ce
from the dBFfFG-t152 porousspediasetsing lignid; which iswesferabin notabc dhemdsl by t he

appended GuipBFintd 1he BftEr astedBRP250kh Hefireltfbn of arrow 252. The drag forces

20 imparted from the setting fluid to the porous media 56 caused the beads to be lifted
upwardly into the top portion of the filter chamber. Each check valve 150 fixed withing
the inner perforated cylinder 54 in the backwash chamber 62 is closed, while the check
valves 150 situated in the filtration chamber are opened. Once the porous media 56 is
lifted into the filtration chamber by the setting liquid, a valving arrangement (not shown)

25 is actuated to thereby allow the influent to pass into the filter assembly 250 in the
direction noted by arrow 252. Moreover, the influent is allowed to pass through the
open inlet check valves 184 in the direction of arrows 254. The influent passes radially
through the media 56 and into the internal volume of the inner perforated cylinder 54,
via the opened check valves 150. The filtered influent then exits the assembly 250 in the

30 direction noted by arrow 256.



the art may prefer to utilize only certain features of the invention, or
utilize various features fromthe different enbodi ments to achi eve
t he individual or conbined advant ages t her eof 10989/ 00203
28  WHAT IS CLAIMED | S: 1. A device for fluidi z'&,g,gmgg%g;ii a
conprising: WO rpdia for coacting with an influent;

support structure defining a first &hamber for containing said nedia so
that said influent passes radially through said nedia and coacts therewth;
an inlet structure for directing the influent to said nedia so as to fl ow
radial |y throughpgaid, fRdirdtes lﬂUﬁwened filter as@er%lyb% &drﬂﬁ a%am%ﬁﬁ cflid Tiar ent
fromsaid first chanber to which substantially al nedia is carried
during fl ui dichiapigvisheydofhe e nﬁddm‘m!zwmgfymﬂiawabw sbéibrhg vaiv ohgemit¥ i ci ent

| for all te int | es wh ied f
Said tirer na bRt GRbeRH 4R RRCRT R uRE Dt BSEel ca

term nal enghedtitep medla 56 fiofh the ﬂﬂ)eﬁﬂﬁﬂm@fc}faﬁbm&bh%ﬂ@ Edck&@dh%ﬁarﬂ&bri s to
pass therethrough but not said nedi aégpalrtl cl es. The devi ce

of O aifn 1, ReEsnaas PAGcles pesPRIFAe RIS tmevethasoe. JRed med: 4
during a mghﬁcﬁ%?ﬁaﬁg{‘arﬂﬁﬁhb tle® Pass through the opened checﬂ-bﬂvé.iﬁ\\/ﬂtﬁ?thgflovgra' m 1,

wherein said fluidizin is of a volune of about the same as a
vol ume of sapudioh Dfﬁlﬂlmam&ratc(bmhadmﬁﬂgnd;md:amdpat ofuhé Wm%eﬁﬁiactl on with
the influen rei,n_sa device is

st ruct ur ed i}%? Bagkpyash éﬂ‘ﬂér’?ﬂgle d'reqm@é’?ﬁrce { ﬁ xI%Ie gfeé't that ﬁe FPIRMB NSy chanber
during a fl 'pbﬂ:hi meaa OGP it lrRed downwardly bﬁme force Ir@ad@vmmaa‘wa% Rduid 1,

wherein said suy rt struct C rise of conce suppart
struct U es, cateetd e psembly 459 ?"hg‘r% efariouy %%apﬁqs Eeaueat FLE‘E‘ dieaioniat o
within an i m@mmpmﬁg mahdcr 8lsefied@boveai d pair to restrict a flow of the
influent within said inner support structure.
While the preferred and other embodiments of the invention have been disclosed
with reference to a specific radial-flow filter, it is to be understood that many changes in
detail may be made as a matter of engineering choices, without departing from the spirit
15 and scope of the invention, as defined by the appended claims. Indeed, those skilled in
the art may prefer to utilize only certain features of the invention, or utilize various

features from the different embodiments to achieve the individual or combined

advantages thereof.
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6. The device of O aim 5, wherein said orifice structure conprises a

plate with an orifice therein. 7. The device of Caimb,
wherein said orifice structure conprises a check val ve. 8. The
device of Claim5, wherein a first orifice structure has an effective open
area differ evdodgaomn ot her said orifice structures. 1POBBSOBRNS

29 9. The device of Cagm 8, wherein an effective open area of

each said orifice structure decreases in area for orifice structures

| ocated froma fluid inlet of said device to said fluidizing chanber.

10. The device of Caimb5, further including an obstruction plate fixed
withi n saMHATISICeAPYEN ISt ructure to prevent a flow of fluidizing fluid
axially therethrough, thus directing the flow fromsaid i nner support
structure through said nedia. 11. The device of Claim1, wherein
sai d support structArdevicofsptliigesiga maliy, cohprisiigcent ri ¢ structures, and

wherei n said devi g.e s struct.ﬂ{ Ed. ﬁo that influent passes axially inwardly
through an out &Megia i fopcting With tg iilygnt

B¥™sai d pair of concentric support

strucg ures durj QghpenGRachieTor ARRimtd Al mafidsd thax sfaid%ﬂﬂeﬁt'gﬁgs_efs H@idﬂydo_es_ not
continuously pass through said outer support structure during a tluidizing

oper at i onthrough said mediz The device of Claim 3, wherein said nedia is

contained in ag, APWRud forFECR B HERMEGPRAEN hlda QUs'td ABS rffiaif?! d suppart

structure, said annular vo ur‘rect ving a ftirst al di nmension,” and said
f I ui di zi nehrodighndaidrmedsa; @fxhir act eri zed by an annul ar vol une having a | arger
radi al di mension.... . 13. .. The device of Claim.l . wherein said device
conprises a fi P@é‘#t“"&ﬁ&?@%ﬁf& WE‘(&P&”‘E P:fsscég‘eé‘_rdémﬂ% g']r“&'ﬁﬁgto?&'%s. _
14. 10 The pgtai &@1 MiidiEhg chamb2r bapesfal siffeRhitvdidmé b Zlidving fdiedia EONPr i ses a
backwash chanber . _

separate into particles.

2. The device of Claim 1, wherein said fluidizing chamber is located above
said media during a media coaction operation.
15
3. The device of Claim 1, wherein said fluidizing chamber is of a volume of
about the same as the volume between said support structure containing said media

during the coaction with the influent.

20 4, The device of Claim 1, wherein said device is structured so that said

media is carried axially to said fluidizing chamber during a fluidizing operation.

5. The device of Claim 1, wherein said support structure comprises a pair of
concentric support structures, and further including one or more orifice structures fixed
25 within an inner support structure of said pair to restrict a flow of the fluid within said

inner support structure.

6. The device of Claim 5, wherein said orifice structure comprises a plate

with an orifice therein.

30
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15. A method for coacting a nedia wwth an influent, and for fluidizing

the nmedia, conprising the steps of: supporting said nedia in a
first vol une; passing the influent radially through the nedia;
coacting the nedia with the influent; fluidizing the nedia by
transporting t WORMIH to a second vol ume, thereby separati ngPEHESHHAMA
into particles; and passi ng ﬂPItered debris out of said second
vol unme during fluidizing but preventing passage of said nmedia out of said
second vol ume during fluidizing. 16. The net hod of C ai m 15,

further includingmovi 9. ddie8Peliafn IXbALLY sAHEHAR bl ShpHL g5t | on.

The net hod ofval@.ai m 16, further including noving the nedia to a fIU|d|2|ng
chanber that is distinct fromthe first vol une. 18. The net hod of
Claim 15, further including fluidizing said nmedia into particles by
movenent thereof 80 saikk &9REBACMRH 5'herein said orifickStructurbfas Iptdegvef O aim
18, further including sequentially fIU|d|2|ng di stinct portions of the

medi a duti ng OB aTey GHerepdromyetheigRidiqrifige structures. 20, The nethod of C aim
19, further including applying about the same drag force to each said

portion of particles during said sequential fluidizing. 21. The
met hod of O aim 18, f uFhadevice nEClauh &gwldamin sroeftectveeorich ama oféseh 6did bHfice
fluidizing f

a result C ete fluidi f id medi a.
22.  The rreflﬂ'(':?gur@ec(‘ffafifw QTa?‘Flﬂ’ﬁggmcﬂgFﬂﬂ?%ﬁf@gF‘gé‘é’l g ofseid dpvise rate by
causi ng an aecsadfhidizing ciimbehe flui di zed nmedia over an exit area of the
f|UIdIZf ng fluid.
10.  The device of Claim 5, further including an obstruction plate fixed within

said inner support structure to prevent a flow of fluidizing fluid axially therethrough,

thus directing the flow from said inner support structure through said media.

15 11. The device of Claim 1, wherein said support structure comprises a pair of
concentric structures, and wherein said device is structured so that influent passes axially
inwardly through an outer support structure of said pair of concentric support structures
during a coacting operation, and the fluidizing fluid does not continuously pass through

said outer support structure during a fluidizing operation.

20
12, The device of Claim 3, wherein said media is contained in an annuiar
volume between concentric portions of said support structure, said annular volume
having a first radial dimension, and said fluidizing chamber is characterized by an annular
volume having a larger radial dimension.
25

13. The device of Claim |, wherein said device comprises a filter, and said

media comprised granular particles.

14.  The device of Claim 13, wherein said fluidizing chamber comprises a
30 backwash chamber.
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23. The nethod of Caim19, further including containing the nedia in a
first volume defined by concentric inner and outer perforated cylinders,
and further including enclosing said outer perforated cylinder with a
cylindrical case and isolating sections of an annul us defined by a space
bet ween sai avawe@riiperforated cylinder and said cylindri cabcreassemli usi ng
one or nore O-rings. 30

AVENDED SHEET

15. A method for coacting a media with an influent, and for fluidizing the
media, comprising the steps of:
supporting said media in a first volume;
passing the influent radially through the media;
5 coacting the media with the influent; and
fluidizing the media by transporting the media into a second volume, thereby

separating the media into particles.

16.  The method of Claim 15, further including moving the media axially

10 during a fluidizing operation.

17.  The method of Claim 15, further including moving the media to a

fluidizing chamber that is distinct from the first volume.

15 18.  The method of Claim 15, further including fluidizing said media into

particles by said movement to said second volume.

19.  The method of Claim 18, further including sequentially fluidizing distinct

portions of the media during different periods of time.

20
20.  The method of Claim 19, further including applying about the same drag
force to each said portion of particles during said sequential fluidizing.
21 The method of Claim 18, further including decreasing a flow rate of the
25 fluidizing fluid as a result of complete fluidizing of said media.

22, The method of Claim 21, further including decreasing the flow rate by

causing an accumulation of the fluidized media over an exit area of the fluidizing fluid.
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