1 A METHOD AND DEVI CE FOR CLEANI NG NON- FI XED MEDI A FI LTERS BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention rel ates
generally to the field of liquid filtration using unfixed filter nedia, and
nore specifically to a nethod and systemfor renoving filtered contam nants
fromthese type filter beds during periodic cleaning cycles. 2. The Prior
Art Various types of nethods andjsystens have been used in the prior
art to renove accunul ated contam nants froma bed of granular filter

medi um The nethods utilized to date generally have these comobn processing
steps: 1) providing an agitation nmeans to break-up agglonerations of filter
medi a and contam nants typically forned during the filtration process, 2)

flowi ng a ca MEYTHOB ANDDEVICEFOR CLEANING NONGFERD MERIA FBIERS e t he
contam nants away fromthe filter nedia, 3) retaining the filter nedia
within the filter while allow ng contaminants to flow out, and 4) returning

the cleaned filter media BACKGROUND QfoFHEINYENTION These four steps can be

condensed to the followi ng: 1) agitation, 2) washing, 3) separating, and 4)

ref orm ng. " rd.to common Step 1, various neans are disclosed
to agitate the f¥¥¥%§kﬁ#§%$§“§ﬁ%h as rotary blades and high-velocity liquid

jets (See U S. Patent Nos. 2,521,396 and 3,992,291 /3, 953, 333). However,
both of these nMeffqplSecmiRRhorfielated @slerdo G GRididf tiguid fifa0loh asibg  Fi r st

rotary bl ade systens often _have nechanical seals that .t i .e frequent
mai nt enance?‘“fgéé g medin, apd ﬁ'ﬂfe\fgfcdtg‘iaﬁ¥/ Wﬁ'ﬂﬁlﬁ%‘??nétsggﬁrfl&ﬁ%g&{"% ge vol unes of
di rty backwatiéredvedngamibdnsst frovu thesdippsiiltar bedsaludng pesipdicelpaning exsdfs- t he process.

What is needed in the art is an agitating neans that does not require

rotating internal baffles or inpellers and mnimzes |iquid usage.
2. The Prior Art

Various types of methods and systems have been used in the prior art to
remove accumulated contaminants from a bed of granular filter medium. The
methods utilized to date generally have these common processing steps: 1) providing
an agitation means to break-up agglomerations of filter media and contaminants
typically formed during the filtration process, 2) flowing a carrier medium through the
agitated granules to mobilize the contaminants away from the filter media, 3)
retaining the filter media within the filter while allowing contaminants to flow out,
and 4) returning the cleaned filter media back to its normal state. These four steps can
be condensed to the following: 1) agitation, 2) washing, 3) separating, and 4)

reforming.

With regard to common Step 1, various means are disclosed to agitate the
filter media such as rotary blades and high-velocity liquid jets (See U.S. Patent Nos.
2,521,396 and 3,992,291 / 3,953,333). However, both of these methods create at least
two significant problems. First, rotary blade systems often have mechanical seals that
require frequent maintenance. Second, the high-velocity liquid jets produce large
volumes of dirty backwash water that must be stored and recycled through the
process. What is needed in the art is an agitating means that does not require rotating

internal baffles or impellers and minimizes liquid usage.



2 Wth regard to common step 2, the carrier nmediumused to flush the
filter media is nost commonly the clean filtrate fluid. In many systens,

| arge vol unme storage of clean filtrate is required to provide surge
capacity when the backwash cycle draws a high-volunme rate to flush the
media during this step. Sone nethods utilize the high-volunme water jets to
both agitate and back flush, which is a conbination of common steps 1 and
2. However, such systens still generate |arge vol unes of backwash Iiquid
that must be stored and recycl ed back through the process. Also, it would
be preferred to utilize contam nated pzocess fluid for backwashi ng instead
of clean filtrate. This would avoid having to have clean filtrate storage

vessel s and punps specifically for periodic backwashing cycl es. Wth
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means whil e the filter media is retained wwthin the filter housing.
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filter nedia. zing action Qvi e requl si ee of

agi tation oT"'"’PH@‘ tﬁ@&ﬁ‘h‘hﬁéchm%ﬁﬁ‘séﬁdeﬁ'ﬁlﬁ“F’i ?@'%Eﬁ?‘éﬁ?%&ﬁ'f"“ %Frer ations
Wi t hout thehswsiag. for high |iquid space velocities comon to other filter

cl eani ng net hods. This method provides the benefit of allow ng use
of contam nat ed ocess liquid in the jetting stream which elimnates the
need for stori ngjg@lpeeawtﬁnwtvmledmtedusearamtn@/ebtaemm in-sita@giation

and fluidization of filter media granules to sufficiently liberate collected contaminants
as rapidly as possible and flushing those contaminants from the filter housing using
the least amount of liquid necessary, Other advantages that are inherent in the

disclosed and claimed invention will be apparent of those of ordinary skill in the art.



This nmethod provides the further benefit of mnimzing the vol une of
contam nant-1laden liquid water that nust be reprocessed. Qher filter

cl eaning methods require large liquid volunme rates, up to 1.5 tines the
incomng liquid rate during normal operation, to provide sufficient
interstitial velocity to nobilize contam nants away fromthe filter nedia.
Lower backwash vol unmes reduce ancillary equi pnent costs and reprocessing
costs. This method provides the further benefit of reducing the
cleaning cycle time. Qther filter cleaning nethods flow the gas separately
through the filter nedia to break contam nant aggl onerations followed by
liquid flow through the nmedia to flush contam nants away. By conbining the
agitation step with the fl| SINVMNMARY OF THE BRVENDGON/cl e ti nes can be
significantly reduced. Shorter cleaning cycle tinmes will provide inproved
overal |l performance of the filter system This nmethod provides the
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contaminants away. By combining the agitation step with the flushing step, cleaning
cycle times can be significantly reduced. Shorter cleaning cycle times will provide
improved overall performance of the filter system.

This method provides the further benefit of allowing optimization of media
cleaning cycle for a variety of filtering process. By adjusting the ratio of gas to liquid
in the jetting stream and; if necessary, the size and location of the radial jetting



As the jetting stream |iberated contam nants, and some fluidized filter
granules flow towards the inlet port, the nmechanical sieve retains the
fluidized granules within the filter housing while allowing the jetting
stream and contam nants to exit the filter housing. The enbodi nent further
I ncludes a vent port at the top of 5 the filter housing to allow trapped
gas fromthe jetting streamto escape prior to returning the filter to

nor mal operati on. The rate of gas and liquid mxed to formthe
jetting streamand used to agitate and flush the contam nants fromthe
filter housing should be selected to agcount for the foll ow ng
considerations: (1) adequate nozzle exit velocity to produce a uniform gas
di spersi on wzzles,rthd d:leadiﬂgpybld camabcsminsdasi brahdet Sardatpgfronfamitae j et ting stream

across the ﬂ;g%hgf{g ﬁ»ﬁ?«%&d? Feé"ﬁ‘hlpﬁ}%e co c}@g&éscal gas velocity to

expand the ne n am nant aggl oner ati ons;
(3) adequate gas veI oci ty to fluidize and agitate the nedi a granul es, and
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When sufficient levels of contaminants are trapped within the filter housing,
normal flow to the filter housing is stopped and a cleaning cycle is initiated. The
embodiment filter housing has a single radial nozzle, or a plurality of evenly spaced
radial nozzles depending on the filter housing diameter, placed just above the bottom
of the filter bed. A conduit or pipe runs from a nozzle with a connection on the
outside of the filter housing to the radial nozzle. During the cleaning cycle, a
controlled rate of a jetting stream flows through the radial nozzles, up through the
filter media, and up towards the inlet port distributor/mechanical sieve. The jetting
stream is comprised of a mixture of gas and liquid formed outside of the filter housing
and transported to the radial nozzles via the connecting conduit. The radial nozzle is
designed to create an optimum dispersion of the gas and liquid components so that the
mixture can simultaneously agitate the filter granules and flush out contaminates from
the interstitial spaces of the media.

As the jetting stream, liberated contaminants, and some fluidized filter
granules flow towards the inlet port, the mechanical sieve retains the fluidized
granules within the filter housing while allowing the jetting stream and contaminants
to exit the filter housing. The embodiment further includes a vent port at the top of



6 FIG 2 is horizontal sectional view across the filter housing

di aneter, which forns part of the present invention, show ng one enbodi nent
position of the jetting nozzles in a 45 angle between the filtrate outl et
si eve manifol d. FIG 3 is a three-dinensional sectional view of FIG
2 enbodi nent as viewed fromthe underside of the filter housing vessel.
This view provides further detail of the enbodi nent presented in FIG 2.
FIG 4 is a top cross-sectional viewsimlar to that shown in FIG 2 but
with the radial nozzles |ocated just above and aligned with the outl et

si eve mani fold nenbers showi ng an alteynate |ocation of the radial nozzles
for use in the present invention. FIG 5 shows a detail ed,

t hr ee- di mentik @ned housiaptcOdlion ttapPédidas RoMmahSeRing strdatn 9eb@pepivrent S. Dashed

| i nes extend,fr.om,t nul e of the radial nozzle indicating general
notion of t eé"rf'lgn%hlc%teg{%rné’g%lfoﬁg%n? "he nozzle and the effect the jetting

stream has on the fluids surrounding the nozzle. FIG 6 shows
vertical cross- Sgflrhie BRbas\eh®g@ll mdRd forh Bl jenit R @atusQfto hfid adi al
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to provi de Brawdiahgd srost-srstian. £)adsaupfe Veiticr! gay winsitydo Geprd themedia | ter
medi a in theedinovilenN® bitukilitge tdn@antih@bigaRanoimionQd3)RisQuatend vdlevigita. FI G 8
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mobilize and carry liberated contaminants away from the filter bed.

The number and location of the radial nozzles within the filter housing should
be selected to account for the following considerations: (1) even distribution of the
jetting stream across the filter bed cross-section and minimizing “blind-spots” or the
volume of filter media uncontacted by the jetting stream; and (2) close enough to the
bottom of the media bed so that the nozzle outflow contacts the bottom outlet port

mechanical sieve to clean the sieve of filter media collected thereon;

Although the invention has been summarized as including a method and
apparatus for removing contaminants from a bed of granular filter media, other uses
within the scope of the invention may become apparent to those in the filtration art.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a vertical sectional view of a non-fixed media housing, which forms
a part of the present invention, showing internal members used to carry out the medial

cleaning method herein described..



plurality of filter housings, each incorporating the internal nenbers
required to carry 7 out the cleaning nethod herein, is incorporated into
one horizontal filter housing separated into individual conpartnents by
internal baffles. DETAI LED DESCRI PTI ON Referring to FIG 1, a filter
vessel 10 is illustrated for housing a bed 12 of granular filter nedium
The filter housing is a pressure-rated vessel having a 2:1 ellipsoidal
upper and | ower heads. O her filter vessel shapes and designs nmay be used
and will not effect the principle operation of the invention. The granul ar
filter media 12 may be any of a nunbersé of materials chosen based upon the
characteristics of the liquid to be filtered and the properties of the

cont am nants. FOFIGE 2 isthosigontal sextional tview acorss the dilteghaisigg diadetdr, whichdr opl et s and
solids cont gu I : g{pjgﬁ), used. A
space 14 ex?ﬁngﬁgﬁiﬁv&é&%’ﬁ%u#?h&g? p’ﬁ@‘f%ﬁ%&%\?ﬁ é‘ga?sgtgdrﬁno?or t eélbed to
expand dur i PRFelen i a4% apgln Betwgen the fijtratea quplpt sisve mRR!dt 0od, of course, that
any suitable filter housing may be utilized for confining the bed of
granular filter material. The filter vessel 10 also includes inlet
distributors 20 for the introduction of contam nated [iquid from an

ext eri or condui tFIGn3isdi thiserdipnengiond] sedtiopal ivitwsefFdG ahembddimeny ag Yiewad y acr oss
the cross- sgghitundbrsiab f dhi it hodSins Cdssel ATRSGHWGPbViddtelBler BRAAGT 22 is al so
install ed 'F. tglg (i.ogntof txge flax_J{}e vessel for receiving flow ofjetting
stream and PFEEPAPREPEHEUR WAiPs®during the cleaning cycle. The outl et
header al so contains a nechani cal sieve neans 23, shown here as slotted

pi pe or wedge- Wi gig. MG 6p L6s-QBehalNih SinfafioRhat ShARBIG! 2 B RAn t han the
smal | est ne La granule st ze and prevent any mobilized tilter nmedia from

bi |
escapi ng t h&*® apzz{es focatgd fyshabone prgaligned ith.the aptle sigyrmanifold i gure shows
separ at e pr membas fHowlin dnrditeina@nekabiackmbsiadialiidzelts foe asesin thegmsentn| et
di stri but oringﬁ_ﬁgog_ns conmbi ne both process fluid distribution arid backwash
extraction. e description of the inlet is exenplary of a preferred
enbodi nent and that other feed inlets may be utilized depending on the

characteristics [m6. $ fiowsiaGiatled, thrbdiehdiGiaPrieRd€a AR B621caRY RANT S cont ai ned
therein. Ssubcomponents. Dashed lines extend from the annular space of the radial nozzle
indicating general motion of the jetting stream from the nozzle and the effect the

jetting stream has on the fluids surrounding the nozzle.

FIG. 6 shows vertical cross-sectional view of an alternate embodiment of the
radial nozzle where the nozzle plates are modified to enhance uniformity of jetting

stream distribution and reduce media plugging of the nozzle when inactive.

FIG. 7 shows three-dimensional, top-side view of a furthe.r alternative
embodiment of the present invention where the radial nozzles are located underneath
the filtrate outlet sieve manifold members in order to provide cleaning of the sieve
manifold screen as well as the filter media in the housing during the cleaning method
described herein.

FIG. 8 shows an alternate embodiment of the present invention where a

plurality of filter housings, each incorporating the internal members required to carry



FIG | also shows an outlet header 30 to which attached are nechani cal
sieve neans 33, shown here as slotted pipe or wedge-wire. After passing
through the filter bed, the cleaned filtrate exits the filter vessel

t hrough the openings in the sieve. The dianeter of the sieve openings is
smaller than the smallest filter media granule dianeter so that the nedia
is retained inside the vessel during operation. FIGS. | and 2 shows a
plurality of radial nozzles 40 having outlets just bel ow the bottomtangent
of the mechanical sieves. In the enbodi nent showmn in FIG 2, the nechani cal
sieves means 33 is conprised of fours yedge-wire screens formng a
cross-shaped outlet header. In this configuration, four radial nozzles 40
are pl aced witthe cledning nsqtlzmsideredirg isvpesrpdrhted invionertechental ddter Isdusiugs 33 in t he
outl et head Total" b Lonl ; to those skilled in the
art that thgépg'fagg lgﬁg{dzﬁ%uageog‘léﬁfgng%{I%g?ﬁél?gg%grreans and the nunber of
radi al nozzles enployed will be dependent on the dianeter of the filter
housi ng. The radi al nozzl es 4DETAOLED DESERBHION and 2 are conprised of two
hori zontal circular discs spaced-apart to create a void through which the
jetting streamflows into the filter nedia bed during the cleaning cycle.
The el evati on of Refhring sff IS Lrofilicr sesseltl0as illpsiragedifor howoing a bedht200fi nat el y even
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FIG 2 shows the placenent of the plurality of nozzles across the vessel
cross section in relation to a vessel/nozzle centerline radius R This
vessel nozzle radius Rwill vary with filter nmedia type, filter vessel

di ameter, contam nant | oadi ng, and contam nant physical properties. The

i nventors have found that for water filtration of oil and solids using

bl ack wal nut shells, an R value in the range of 25% to 36% of the vessel
dianeter D w Il provide adequate coverage of the jetting stream for
effective nedia agitation cl eaning. FIG 4 shows an alternate |ocation
of the four nozzles shown on dotted raglius "R', each rotated 45 fromthe
positions shown in FIG 2 and | ocated just above the nechanical sieve
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no effectwe use. Normally, the radial nozzle outlet voids are placed near the bottom

tangent of the sieves pipes 33 so that filter media near the base of the tank can be
contacted by the jetting stream. The placement of nozzles near the base of the filter
media bed also allows the jetting stream to clear the openings of the sieve slots of
possible media or contaminant obstructions. For applications where contact with the
media near the base or jetting of the sieve is not required or desired, the height of the
outlet voids of the radial nozzles may be elevated above the outlet manifold so that
the jetting dispersion can penetrate to the full extremities of the vessel without

interference from the outlet manifold or sieve screens.



11 pressure suddenly drops to that of the filter vessel. The gas within the
liquid portion of the jetting streamfornms a continuous high-velocity
bubbl e di spersi on extending away fromthe nozzle shown in FIG 5 as the
dashed straight lines. As this jetting stream noves away fromthe nozzle
and into the filter nmedia, it causes liquid wwthin the area around the
nozzle to circulate, shown in FIG % a the curved dashed lines with arrows
on the end. By causing circulation of the internal |iquid, the anmount of
liquid added to the jetting stream can be reduced, thereby reducing the
overal | volunme of backwash |iquid requiring disposal or reprocessing.
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Alternatively. as shown in FIG. 7, the radial nozzles may be placed below and
aligned with the outlet sieve screens so that the jetting stream comes in direct contact
with the sieve screens to flush and clean filter media and contaminants away from the
sieve openings. This nozzle orientation may be preferred in some applications where
jetting of the sieve screens is required to agitate media around the sieve screens for
contaminant removal and to flush away any media that may have become lodged

within the sieve screen openings.

FIG. 5 shows a single radial nozzle element contemplated by the inventors for
dispersing the jetting stream. The radial nozzle is comprised of a top circular plate 50
and a bottom circular plate 51 into which an opening (not shown) is placed for
connection to conduits 38, 37, 36, & 35 to transport the jetting stream to the nozzle.
Each circular plate is of diameter D. The nozzle plates 50, 51 are spaced apart by a gap
“h’. which can be of variable dimension based on the size of the vessel, the filter media
being cleaned, and the jetting radius desired. The inventors have found satisfactory
performance for a nozzle gap ‘h’ within the range of 2 mm for small filter systems to
30 mm for large industrial filter applications. In general, the gas diameter ‘h’ should be
smaller-than the smallest sized filter media granule in order to prevent said granules
from plugging the gap when the nozzle is not in operation. The diameter D of the
circular plates 50, 51 typically ranges from 100 mm for small filter systems to 400 mm

for large industrial filter systems.

In further reference to FIG. 5, as the jetting stream flows through the void
between the plates 50, 51 and exits the outer boundary of plates 50,51 the jetting stream



conprising: a vessel defining an internal space for containing a liquid to
be filtered,; a bed of granular filter nmedium di sposed inside the
vessel in at |least a | ower region thereof; i nl et connection and

di stribution neans situated in an upper region of the vessel, for receiving
a contam nated liquid and distributing that Iiquid downwardly and
substantially uniformy across the vessel cross section during a filtering
cycl e; outlet filter neans, situated in said | ower region of said
vessel and lowin said filter nedium coupled to an outlet conduit, for
withdrawing filtered liquid fromthe vgssel while retaining the granular
filter mediumwi thin the vessel during said filtering cycle; at
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Wit hdr awi ng t he CORPPTRHEN MySXYDe Rishsprogsyee liry hpysing: HermanbeRe vessel during
t he rej uvena¢ndercyof Glte mddid te paek intorthegpid kpacgbeawednaiie flates efithensadialim wi t hi n

the vessel dfiidighdSab the'jEitiby SRAM BRASEY FI6: 6 shows a madified nozzle
embodiment that includes a top plate 64 that has diameter slightly larger than the
bottom plate 65 to reduce granule packing into the nozzle outlet caused by weight
pressure of the media on top of the nozzle. This nozzle also has a tapered plate
spacing that is comprised of a narrowing section H1 that is smalfer than the outlet
height H2. The tapered and non-parallel faces of the top plate 64 and bottom plate 65
also aid in the jetting stream clearing the radial void between the plates when jetting
cycle is initiated. The embodiment shown in FIG. 6 also shows a dividing cone 66
that is comprised of a cone extending away from the underside of the bottom plate
and into the conduit opening of the top plate. The axial center of the cone is aligned
with the axial center of the conduit opening to provide more even distribution of the
Jjetting stream throughout the radial void space between the nozzle plates.

In reference to FIG. 8, an embodiment is presented wherein several filter
housings, containing the internal members described herein for carrying out the
cleaning method and shown in the previous Figures, are placed inside a singular
horizontal vessel 80 and separated by a plurality of dividing baffles 84. Note that for
clarification purposes, the component numbers of the embodiment in the figure is
shown for one chamber and it is to be understood that each chamber has identical
components. Each filter chamber contains a process inlet nozzle 82 and a process

outlet nozzle 81. A plurality of piping conduits may connected to these inlet and



2. The deep bed filter as clained in claim11, wherein the outlet filter
means conprises outlet mechanical sieves , and wherein said controlled

m xture di spensed fromsaid at | east one radial nozzle during said
rejuvenation cycle directly contacts said nechanical sieves so as to flush
and cl ear any nedi a which nmay have becone | odged in openings in said
mechani cal sieves . 3. The deep bed filter as clained in any one of claim
1 or 2, wherein the outlet filter means contains nechanical sieves having
openings snmaller than the small est granules of nediumso that the nmediumis
retained within the vessel during boththe filtering cycle and during the

rejuvenation cycle . 4. The deep bedfilter as clainmed in any one of the
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that the filter operator can adjust the rate of gas and liquid flowing to the nozzles.

Typical gas sources are compressed air or natural gas. However, any inert gas would

be applicable. For economic reasons, the liquid source typically used by the inventors

is the incoming contaminated process fluid.

The amount of liquid and gas flowing into the common header is largely
dependent on the overall size of the filter housing. The inventors have determined that
approximately 9 gpm (gallons per minute) of water per square foot of bed area and 0.7
SCFM (standard cubic feet per minute) of gas per cubic foot of bed provide adequate
performance for cleaning black walnut shells filtering oil and solids from produced
water. Converting these values to a common volumetric units gives and typical value
of 1.7 cubic feet of liquid per square feet of bed area per standard cubic feet of gas per
cubit feet of filter media inside the housing. This ratio will vary to some extent based
on the size of the vessel, the number of radial nozzles used, the size and volume of

filter media being cleaned, and the physical characteristics of the contaminants.



8. The deep bed filter as clained in any one of the preceding clains,
wherei n said backwash renoval neans conprises a plurality of backwash
mechani cal sieves and said inlet connection and distribution neans
conprises a corresponding plurality of apertures situated proximte
respective backwash nechani cal S|eves such that contam nated liquid
exiting said apertures during said %llterlng cycle directly contacts said
backwash nechani cal sieves. 9. The deep bed filter as clained in claimS8,

wherein 0 exte anestur ach
respect i ?eogr{ Ig8&§m£mgﬁyg gﬁl#@é?ﬁmﬂg%oveléggg g%é gﬁdlng
respectiQObam&@ashmmaaﬂanunmﬁmsmeﬂ@xsﬁma@&mmgﬂstmwémummkednkany medi a

whi ch may_ _have mechani cal
o evos. ey Rt ERE R A8 e RERL B 1 Bl e e O el ot
wherein said at |east one radial nozzle is/are conprised of a C|rcular top

and bott om pl Ahescapnefdhe ¢leimp alraujdast e Bpirddy thgorpfered SrRcdHCAS 8%ther to create

a cylindiggal th\é%rggogr@reQMﬂhesV\Mt SbuR@e dive Pt B@Me@tClnt@i'pﬂ&%ﬁcdﬁElstgﬁs and |iquid
may exit in a radially-outward manner, with one plate ne havi ng a

central ofBilerfgscipheneisteeuhalcy aidiBe CAIERIE npigP bﬁé‘i"ﬁ?q jthfgpr §"§,1af§e of the

m xture kaQﬁﬁmﬂﬂﬂmhhﬁH@Gf&@ﬁ@mﬁﬁhd cylindrical void. 11. The deep bed
filter as claimed in claim 10, wherein the spacing between the top and
bottom pl ate menbers is equal to or between 2 millineters and 30
mllimeters. 12. The deep bed filter as clainmed in claim210, wherein the
top and bottom pl ate nenbers are of equal dianeter and between 100 and 400
mllimeters in dianeter. 13. The deep bed filter as clained in claim 10,
wherein the spacing between the top and bottom plate nenbers is
substantially equal across a radius of the cylindrical void. 14. The deep
bed filter as clainmed in claim 10, wherein the plate nenbers are arranged
substantially coaxially but spaced apart from each other, and wherein a

di stance separating top and bottom plate nenbers increases with radial

di stance away from an axial center of the plate nenbers. 17



15. The deep bed filter as clained in any one of clains 10-14, wherein
where the circular top plate nenber has a dianeter slightly larger than the
bottom pl ate nmenber to reduce the tendency of the filter nmedia to | odge
within the cylindrical void when the controlled m xture of gas and liquid
is not flowng. 16. The deep bed filter as clainmed in any one of clains
10- 15, wherein said at least one radidl nozzle has a flow diverting nenber
adapted to be contacted by the controlled m xture of gas and liquid so as
to distribute said controlled nixtQ#gAﬂ@%e evenly through the cylindrical
void. 17. The deep bed filter as- I in claim16, wherein said flow

di verting nenber has a circular base fornmed fromone of said first and

I e o

central | yomptisingai d cylindrical void, for diverting said controlled mxture
radially outwardly and into said circular void. 18. The deep bed filter as

claimed in cl alVELdd ety & fichth SpddeRbt dintiiting AfqUIE AR fieREp! | ses a

di viding cone having a circul ar base orrredI one plate nmenber and
connected to the other plate menmber and a distal point extending away from
the surface of Rade ohgrdMiap filgranerivpclisrepemh sidedbgnypirehlt & leastt adPYrat e
nmenbers frggiod @@reFNg hydraulic pressure |ow of the controlled mxture
exiting through the radial nozzle and distributing such m xture nore evenly
nsesepf t he
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controlled ratio of gas to liquid is forned outside said vessel, and said
control | ed ratdufet fitef unednsr sitaptedtin aid djwes regioreoftsaidgsseel apgt Iewiinr &2iflon

during S%’Eé*r FrlitMen By &Y 5h @uBtkt EMIURCIE WinGawi’l ditgAR RIRPHEH the not
only brea |2§ apart cont am nant aggloneratpons within said filter nmedium
but ~ f ur t Nessel Wb eatiniag dogy pameiaafitgignediuy wWitiingtheomessh AddssaithtitaRer eaf t er

causi ng %?égl contam nants to rise within said filter nmedi um and sai d vessel
to thereafter be collected by said backwash renoval neans situated in said
upper region of said vessel. 18 21. The_deep bed filter of any .one of the
precedi ng cl ai ﬁttjea{stlﬂnleﬁéélald%ﬁ N yrahty of eyerﬁy spaced radtlaef nozzfles sm./lateg

low in the vessel and within said medium and located in close proximity to the outlet

filter means, adapted to dispense radially outwardly therefrom a controlled mixture of

gas and liquid comprising a gas-liquid dispersion wherein gas bubbles are substantially

uniformly entrained and dispersed in said liquid in a controlled ratio to said liquid and to

agitate and fluidize the granular filter medium particularly in a region of said medium at

which said outlet filter means is situated during a rejuvenation cycle;

at least one conduit disposed within the vessel for transporting the controlled

mixture of gas and liquid to said at least one radial nozzle; and

backwash removal means, situated in said upper region of said vessel and
independent of both said inlet connection and distribution means and said outlet filter
means, for withdrawing the controlled mixture of gas and liquid from the vessel during
the rejuvenation cycle while retaining the granular filter medium within the vessel during

said rejuvenation cycle.



a primary housing containing a plurality of separate chanbers where each
chanber defines an internal space for containing a bed of granular filter
media and receiving a contamnated liquid to be filtered; each plurality of
separate chanbers contai ni ng: an inlet connection and
di stribution nmeans for receiving during a filtering cycle a contam nated
liquid and distributing that |iquid Ui f or nd y across the chanber
]E:r?)ss sgc'ltion an outlet filter nmeans for w thdraw ng
iltere i qu nmat e bot Mo '
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medi um paJ g e?\hHl g(ﬂ Yaid Rebndrfidh 9ByRf said mediumin which said outlet filter
nmeans i s SI uring a rejuvenation cycle; and a conduit
connected to each radi al nozzl e and extendi ng outside of each separate
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during the regeneration cycle while retaining the granular filter nedium
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plurality of radial nozzles, and said controlled mixture when respectively dispensed

at

outwardly from said plurality of radial nozzles during said rejuvenation cycle directly
contacts respective of said plurality of outlet mechanical sieves so as to flush and clear
any media therefrom which may have become lodged in openings in said outlet

mechanical sieves .

5. The deep bed filter as claimed in any one of the preceding claims, wherein both
the outlet filter means and the backwash removal means each contain mechanical
sieve means having openings smaller than the smallest granules of medium so that the
medium is retained within the vessel during both the filtering cycle and during the

rejuvenation cycle .

6. The deep bed filter as claimed in one of claims 2, 3, or 4, wherein said
mechanical sieves are situated in a substantially horizontal plane within said vessel, and
said plurality of radial nozzles are respectively interspersed between and substantially

co-planar with said respective outlet mechanical sieves.

7. The deep bed filter as claimed in claim 6, wherein said mechanical sieves are
situated in a first horizontal plane within said vessel, and said plurality of radial nozzles
are respectively situated in parallel second horizontal plane substantially proximate

thereto but above or below said first horizontal plane containing said plurality of



19 the contam nated liquid being filtered to flow through the plurality of
chanbers within the primary housing either in parallel or in series. 24.
The deep bed filter as claimed in claim?21, 22, or 23, where the
contamnated fluid is arranged to flowin a series direction through the
plurality of chanbers 25. The deep bed filter as clainmed in claim24 where
the average particle size of the granular filter nmedia in each chanber is
arranged to decrease in each subsequent chanber in the direction of flow

26. The %ﬁ%ﬂ?ﬁ@g Jlédj k€' tg Lno%\PX lgngjft ‘?’négtﬁfqgitﬁ'@h&# @SBFe%(’.W‘Sf ghig the

granul ar Som 1% ran ack wal nut s A met hod of
filteringnesbanigatisieans éurfngdhqe eejyvenatian eycleeam conpri si ng by provi ding a deep
bed filter as clained in any one of the preceding clains, and:
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]E)alckvvash rl&rg%ckwash ans a%'cglus?etv%d in said upper region of said deep bed
ilter;

9. The deep bed filter as claimed in claim 8, wherein said plurality of downwardly
extending apertures are each respectively situated substantially directly above a
corresponding respective backwash mechanical sieve so as to flush and clear any
media which may have become lodged in openings in said backwash mechanical

sieves.

10. The deep bed filter of any one of the preceding claims, wherein said at least one
radial nozzle is/are comprised of a circular top and bottom plate member respectively
spaced apart from each other to create a cylindrical void through which said controlled
mixture of gas and liquid may exit in a radially-outward manner, with one plate member
having a central opening connected to the conduit for permitting passage of the mixture

of gas and liquid into said cylindrical void.

11. The deep bed filter as claimed in claim 10, wherein the spacing between the top

and bottom plate members is equal to or between 2 millimeters and 30 millimeters.

12. The deep bed filter as claimed in claim 10, wherein the top and bottom plate
members are of equal diameter and between 100 and 400 millimeters in diameter.

13. The deep bed filter as claimed in claim 10, wherein the spacing between the top

and bottom plate members is substantially equal across a radius of the cylindrical void.

14. The deep bed filter as claimed in claim 10, wherein the plate members are
arranged substantially coaxially but spaced apart from each other, and wherein a
distance separating top and bottom plate members increases with radial distance away

from an axial center of the plate members.



di scharging the m xture of gas and liquid fromthe deep bed filter during
said rejuvenation cycle while retaining the granular filter nmediumwthin
the deep bed filter during said rejuvenation cycle. 28. The nethod as
clainmed in claim?27, wherein: the contam nated |iquid stream
conprises water containing suspended gjl droplets and solid contam nants.
20 the filter nmedia is granul ated bl ack wal nut shells; and

t he flow1rate of water through the deep bed filter is between 8 and 10

gall ons par gtoeév\ﬁq{edsfﬁiﬁﬁﬁg clafthdd ar@e%eaéfe@anms% 14T WinePEh WadreAtheC! @i med

inclaim28 o rate of gas added to the
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foot of fi,liflceMRdididency of the filter media to lodge within the cylindrical void when the

controlled mixture of gas and liquid is not flowing.

16. The deep bed filter as claimed in any one of claims 10-15, wherein said at least
one radial nozzle has a flow diverting member adapted to be contacted by the controlled
mixture of gas and liquid so as to distribute said controlled mixture more evenly through

the cylindrical void.

17. The deep bed filter as claimed in claim 16, wherein said flow diverting member
has a circular base formed from one of said first and second plate members and an
opposite pointed end extending outwardly therefrom and toward an other of said top
and bottom plate members and centrally into said cylindrical void, for diverting said

controlled mixture radially outwardly and into said circular void.

18. The deep bed filter as claimed in claim 16, wherein said flow diverting member
comprises a dividing cone having a circular base formed of one plate member and
connected to the other plate member and a distal point extending away from the surface
of the other plate member along a common axis of the plate members for reducing
hydraulic pressure low of the controlled mixture exiting through the radial nozzle and

distributing such mixture more evenly through the cylindrical void.

19. The deep bed filter of any one of the preceding claims, wherein said deep bed
filter is adapted to use said contaminated liquid stream as said liquid in said controlled
mixture of gas and liquid, so as to eliminate a need for storing and/or using a

contaminant-free liquid.

20. The deep bed filter of claim 1, wherein said controlled ratio of gas to liquid is
formed outside said vessel, and said controlled ratio is further variably adjustable to
allow optimization during said rejuvenation cycle of the action of said gas bubbles in not
only breaking apart contaminant agglomerations within said filter medium but further
themselves agglomerating onto said contaminants and thereafter causing said
contaminants to rise within said filter medium and said vessel to thereafter be collected

by said backwash removal means situated in said upper region of said vessel.



31. The nethod as clained in claim28 , 29, or 30 wherein:

the controlled mxture is conprised of a mxture of a gas and water in the
ratio between 1.0 and 2.0 cubic feet of water per mnute per square foot of
bed area per cubic foot of gas per cubic foot of filter media . 32. A

met hod of filtering contam nants frﬁgla i quid stream conprising by
providing a deep bed filter as clai 14 in claim1, wherein:

(a) the granular filter mediumis granul ated bl ack wal nut shells;

(b) the qu' Wdtep& e}np%aggp re%réc%@ingid(atid'lé,efuﬂﬁeljéo?d(-Hngin nd gas is
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cycle a contaminated liquid and distributing that liquid uniformly across the chamber

cross-section;

an outlet filter means for withdrawing filtered liquid from proximate a
bottom region of the chamber while retaining the granular filter media within the

chamber;

at least one radial nozzle or a plurality of evenly spaced radial nozzles
located in a region of the chamber proximate the outlet filter means, for dispensing a
controlled mixture of gas and liquid substantially throughout the granular filter media to
thereby agitate and fluidize said granular medium particularly in a region of said medium

in which said outlet filter means is situated, during a rejuvenation cycle; and

a conduit connected to each radial nozzle and extending outside of each
separate chamber, for receiving and transporting a controlled mixture of gas and liquid

to each of said radial nozzle for use during said rejuvenation cycle; and

backwash removal means, independent of each of said inlet connection
and distribution means and said outlet filter means, for withdrawing the controlied
mixture of gas and liquid from each chamber during the regeneration cycle while
retaining the granular filter medium within the respective chamber during the

rejuvenation cycle.

22. The deep bed filter of claim 21, wherein said radial nozzles further direct said

controlled mixture on said outlet filter means.

23. The deep bed filter of claim 21 or 22 further comprising a plurality of conduits
connected to the inlet connection and outlet filter means of each chamber for allowing



19

the contaminated liquid being filtered to flow through the plurality of chambers within the

primary housing either in parallel or in series.

24. The deep bed filter as claimed in claim 21, 22, or 23, where the contaminated

fluid is arranged to flow in a series direction through the plurality of chambers

25. The deep bed filter as claimed in claim 24 where the average particle size of the
granular filter media in each chamber is arranged to decrease in each subsequent

chamber in the direction of flow.

26. The deep bed filter of any one of the preceding claims, wherein the granular filter

medium is granulated black walnut shells.

27. A method of filtering contaminants from a liquid stream comprising by providing a

deep bed filter as claimed in any one of the preceding claims, and:

downwardly filtering the contaminated liquid stream through the deep bed

filter during a filtering cycle;

backwashing the medium with a controlled mixture of liquid and gas
during a rejuvenation cycle, which due to the proximity of the radial nozzles to the outlet
filter media permitting said controlled mixture of gas and liquid to contact an exterior

surface of said outlet filter means;

collecting the controlled mixture of liquid and gas and entrained
contaminants with said backwash removal means situated in said upper region of said

deep bed filter; and

discharging the mixture of gas and liquid from the deep bed filter during
said rejuvenation cycle while retaining the granular filter medium within the deep bed

filter during said rejuvenation cycle.

28. The method as claimed in claim 27, wherein:

the contaminated liquid stream comprises water containing suspended

oil droplets and solid contaminants.

29. The method as claimed in claim 28, wherein:
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the filter media is granulated black walnut shells; and

the flow rate of water through the deep bed filter is between 8 and 10

gallons per minute per square foot of bed area .

30. The method as claimed in claim 28 or 29 wherein:
the rate of gas added to the controlled mixture is between 0.5 and 0.9

standard cubic feet per cubic foot of filter medium .

31. The method as claimed in claim 28 , 29, or 30 wherein:
the controlled mixture is comprised of a mixture of a gas and water in the
ratio between 1.0 and 2.0 cubic feet of water per minute per square foot of bed area per

cubic foot of gas per cubic foot of filter media .

32. A method of filtering contaminants from a liquid stream comprising by providing a

deep bed filter as claimed in claim 1, wherein:
(a) the granular filter medium is granulated black wainut shells;

(b) the liquid component of the controlled mixture of liquid and gas is

water containing suspended oil droplets ;

(c) said vessel is substantially cylindrical , of diameter “D” ;

(d) said outlet filter means comprises a plurality of radially outwardly
extending outlet mechanical sieves uniformly radially spaced from each other and

located in a horizontal plane;

(e) said at least one radial nozzle comprises a plurality of radial nozzles
corresponding in number to the plurality of outlet mechanical sieves, and respectively
interspersed between respective outlet mechanical sieves and co-planar therewith,

about a circular arc of radius “R”, and

(f) wherein “R” is in the range of 25-35% of diameter “D” of said vessel .



