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$OLI DS FROM FLOW NG LI QUI DS OR GASES  Field
of the invention This invention relates to apparatus and net hods for
separating solids or parti cuI ate matter fromflowng I|i qui ds or "gases.
The i nvention has part | cuI ation to
the filtration of floF §@%ﬁ@§%@@ﬁﬁ%@%g wat er .
One - parti cul ar appl [ c Eﬁdm TIVRIUTDS OR gASKS! ation to storm
wat er drai.n technol ogy. %wc ground to the I'nvention There are
many applicati ons wher e |t is desirable to separate solids froma flow ng
liquid. 10 Fieldsf the javemtiePons i ncl ude the fol | owi ng. 1.

Separation of solids from storm wat er In many parts of the world,

st orm wat er Tifis ShveRGéie colites WoipparnmysSam) whethods for Separming kslidsioi particulaté niiReO"

carrier of solid pollutants, such as plastlcs cans, tree branches and

ani mal fagcefsom flowing liquids or gases. The invention has particular, although not exclusive,
apphcancm to the filtration of floating and entrained solids from discharges of water. One

particular application of the invention is in relation to storm water drain technology.

kground to the Invention

There are many applications where it is desirable to separate solids from a flowing liquid.

10  Such applications include the following.
1. Separation of solids from storm water

In many parts of the world, storm water is directed to waterways and secas. Storm water is
a major carrier of solid pollutants, such as plastics, cans, tree branches and animal faeces,

amongst other things, to waterways and seas.

15 Endeavours have been made to date, to Emm the passage of at least some of these materials
to waterways and seas. One method which has been used is to employ grates across outlets
from the drains. This method has been generally unsatisfactory because the size of the
grate must often be such as to enable water to pass, even if solid material is held against the

 grate by water pressure. Accordingly, it has been ECesSary that the grate be of substantial

20 opening size. A further problem is that even large grates can become blocked, and it is
essential to provide a flow path around or over the grate to prevent build up of water
upstream in the drainage system. A second alternative proposed has been the use of
systems, such as cyclones and dynamic separators, tb remove the waste. While these can
be efficient in some circumstances, they are often to0 expensive to be used in the whole of

25 a storm water drainage system.
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PCT/ A 0Q§e5&uantrty of liquid delivered could be reduced This could occur if, for example, liquid
was removed from the sewerage before it enters 1nto trunk sewers. To date, thrs has not

been considered feas:ble.

Further, there are also many regions in the world where storm water and sewerage are
received by the same system. This can cause difficulties where there are heavy rains which

10 overload the system, as it is undesirable to perrnii raw se_werage to pass to overflow.
3. Removal of pollutants from industrial wastes

Many industrial plants rnnst pay prbhibitive rates to discharge polluted .quuids into sewers.
It would be rnost desirable to separate a part of the pdllution before the waste is delivered
to sewers, and this will provide economies both to the'plant and"te the authority, if the eost
15 ef the earlier removal of polluted matter was less than the cost of cleaning up pollution ata

-later time.

These are merely illustrations of the many :u's'es to .which an apparatus or method for
‘separating solids from a ﬂbwing liquid, could be put. There are many other such

applications which could be described.

20 In our International Patent Anplication number PCT(AU94/_OOO6_1, we disclosed and
claimed apparatus and methods for separating soli_c.ls.fro_m'ﬂowing linnids. We believe that
the apparatus and methods disclosed in that applicatinn provide very good results in
applications requiring the separation of solids fror'n flowing liquids. We have now
developed imnrovemenrs and/or reﬁnements to the invention disclosed in that application,

25 which we believe provide even better results than those disclosed in our earlier application.
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that only solid or particulate matter smaﬁler than that size is able to pass through the

openings, and wherein further, the configuration and arrangement of the openings on the
separation panel is such that in use of the apparatus, solid or particulate matter larger than
the predetermined size is substantially prevented from adhering to or obstructing the

10  separation panel.

Preferably, the arrangement of the openings in the separation panel is such that, in use of
the apparatus, the openings are disposed at an angle relative 1o the direction of flow of the

liquid or gas.

Preferably further, the configuration of the openings is such that each opening includes a
15 deflection means generally opposed to the direction of flow of the liguid or gas, to assist in

deflecting solid or particulate matter entrained in the flow, away from the openings.

In a preferred form of the invention, the separation panel takes the form of a curved .

structure.

It is particularly preferred that the apparatus includes a generally cylindrical separation
20 panel. It is particularly preferred that the separation panel is in the form of an open ended
generally cylindrical structure. In this preferred form of the invention, it is also preferred
that mﬁe separation panel forms part of a larger separation chamber, into which, in use of
the apparatus, the liquid or gas flow is introduced by an inlet means, so as 1o establish a
circular ﬂéw of the liguid or gas within the separation panel. This circular ﬁéw enables
25 solids or pasticulate matter of a predetermined size entrained in the liguid or gas, to be
trapped and to circulate within the confines of the separation panel. The circular motion of

the flowing liquid or gas within the separation panel also results in the entrained solids or
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ns of the many uses to which an apparatus or method for

solids froma flowing liquid, could be put. There are many ot her

applications which could be deséribed. 20 In our International
I cation nunmber PCT/ AU94/ 00061 we di scl osed and cI ai ned
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3tia?lé‘lt 10042t as a generallp sgﬁlo'fe'ihﬁ% filter for the solid or partlculate matte:r), entrained
within the flowing hqmd or gas The fact that the hquxd or gas 1s able to pass freely
through the opemngs in the separatlon panel means that the panel is- able to filter solid or
particulate matter of a predetenmned Slze from the ﬂowmg hquld or gas, thereby enabling

the liquid or gas to be discharged to an outlet means,- at least substantially filtered of the

solid or particulate matter.

It is also preferred that the configuration of the apparatus is such that in use, the flow of the
liquid or gas outside the confines of the separation panel is in a direction opposite .to the
direction of flow of the liquid or gas within the conﬁneé of the .separatxfon panel. Such a
configuration assists in maintaining the self-cleaning'”function of the separation panel, in

use of the apparatus.

Prefer'ably, the apparatus also includes means for facilitating the'cellection t)f the solid or. |

partichl_ate matter into a receptacle, from which_ it may be re_nioved. In some embodiments
of the invention, gravitational forces may combine With: the circulé.r motion of the gas or
liqulid within the cylindrical separatioh panel, so as genefally 0 encourage the deposition
of the solid or particulate matter into a receptacle which may be positioned generally below
and/or above the separation panel, depending upon the specific gravity of the solid or
particulate matter.. In the case of solids or particulate matter having a lower specific

gravity than the liquid or gas, they will tend to float on the surface of the liquid or gas, in

which case, they can be collected by a receptacle generally disposed abeve the separation

panel. In the case of solids or particulate matter having a higher specific gravity than the
liquid or gas, they will tend to settle under the action of gravitational forces, in which case,

a receptaeIe to capture them will generally be positioned below the separation panel.
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Surrmary oﬁ@%ﬁ@/ention - The present invent'i on gener aciAlss08astes an
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positioned in the path of flow of the liquidr gas, the separation panel

5 including a plurality of openings, wherein the openings are of a _ :
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relative toghe di ti of flow of the liquid or gas.

Preferably Tsurpﬁ%?{nﬁ?eh@&%ghf i guration of the openings is such that each
opening includes a 15 deflection nmeans gener al lat% opgoged to, the direction
of flow of theTheduvention aleos provises & methad,for separating solid or particulate matter from a

flowing liquid or gas, the method including the steps of:

- positioning a separation apparatus in the path of flow of the liquid or gas; and

- providing the scparation apparatus with a separation panel having a plurality of

16 openings therethrough, wherein the openings are of a predetermined size such that

| only solid or particulate matter smaller than that size is able to pass through the
openings, and wherein further, the configuration and arrangement of the openings

on the separation panel is such that in use of the apparatus, sclid or particulate

matter larger than the predetermined size is substantially prevented from adhering

15 to, or obstructing the separation panel.

Preferably further, in the method, the arrangement of the openings is such that, in use of

the apparatus, the openings ase disposed at an angle relative to the direction of flow of the

liquid or gas. |

It ﬁé also preférred, in the method, that each of the openings includes a deflection means
20 generally opposed to the direction of fiow of the liquid or gas, to assist ﬁﬁn deflecting solid

or particulate matter entrained in the flow, away from the opening.

Preferably, in the method descnhed above, the separation panel takes the form of a curved

structure.

meembﬁy' fusther, in the mﬂx@d described above, the separation panel takes the form of a

25 generally cylindrical structure, and the separation apparatus includes inlet and outlet means

' for directing the flow of liquid or gas into, and out of, the separation apparatus
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separatio anel .als sults jin the entrain
PC‘FIJ'/ AU95 / Sog%efaratmn %am%er whlch mc]u es a ge_neraﬁy cy mdncal separation panel, so that a

circular motion of the liquid or gas is established within the confines of the separation
panel, so as gen‘et:ally to trap 'soiid or partieulat_e matter of a pre-determined size within the
separation panel, yet at the same time, permit the liquid or gas to t:ase therethrough freely,
and so that the separation panel is continually cleaned by the circular motion of the liquid ‘

10 or gas within it.

- Preferably further, in the method, the configuration of the apparatus is such that in use, the
flow of the liquid or gas outside the confines of the separation panel. is in a direction
opposite to the direction of flow of the liquid or gas' within the confines of the separation
panel, so as to assist in maintaining the self-cleaning function of the separation panel, in

15  use of the apparatus.

Preferably further, the method also includes the step of providing means to facilitate the
collection of the solid or particulate matter separated by the method, ftom the flowing
liquid or gas. Such means could, for example, utilise the assistance of gravitational forces,

to assist in the collection of the solid or pamculate matter.

20 Preferably further, the method also incliudes means for facilitating- the removal from the
separation apparatus, of solids or particulate matter separated from the flowing liquid or

gas.
Descfiption of preferred embodiments of the Invention

In order that the invention may be further understood, we will now describe preferred
25 - embodiments of it, by way of example only, with reference to the accompanying”drawings,

- in which;
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t he girectio eﬁugdhgmof the liquid or gas within the confines of
t he separ at | on pane configuration assists in maintaining
t he self-cleanin functlon of the_ separation panel, in -use of the
appar at us. ang4 is a view from the s(n?de oip a vertical sec%mn through an exemplary separator made in

accordance with the invention.

Referring now to the accompanying drawings, Fig 1 shows a plan view of an apparatus
which could be used to seperate solids from a flowing liguid, such as water (and
10 pmicnﬂaﬂy, storm water). The apparatus shown, generally denoted 25, ‘includes a
separation panel 1, which as depicted, is of a generally circular shape, when viewed in
horizontal cross-section. When viewed in three dimensions (as shown more particularly in
Fig 2}, it can be seen ghat the separation panel | has an open-ended generally cylindrical

configuration.

- 13 As shown in Figs | and 2, the separation panel 1 is located within a separation chamber 2.
The liguid enters the separation apparatus 25 via an inlet means 3, in the direction of the
arrow 27 shown in Fig 1. As shown in Fig 1, the inlet channel 3 curves to the left until
reaching the body 37 of the separator 25, where water and entrained solids or particulate |
matter are presented through an opening 8 into the interior 19 of the separation panel 1.

20 The generally cylindrical cuxifiguraticn of the separation panel 1 is such that when the
~ water leaves the opening 8 and enters the interior (or confines) 1.9 of the separation panel 1,
a circular flow m@ﬁ@n is established within the confines 19 of the separation panel 1, in the

direction shown by the arrow 29 shown in Fig 1.

Refemring now to Fig 3, it will be seen that the exémp]lary separation pane] 1 depicted
25 consists of a number of deflection means in the form of solid deflective segments 10 which
generally present a closed face to the direction of flow of the liquid (as shown by the arrow

numbered 31 in Fig 3) within the separation panel 1. Behind each deflective segment 10 in
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smaller than that of the openings 9 are able to pass through the separation panel. Solids or

particulate ma_tter of a larger s:ze_ are therefore trapped within the confines 19 of the
separation panel. Moreover, the circular motion of the liquid within the confines 19 of the
10 separation-panel Ime.ans that trapped solids or particles are continuously deflected from the
interior wall 33 of the separatton panel. The net effect of this arrangement is therefore that

the separation panel 1 is substantially self-cleamng

Solids trapped within the conﬁnes 19 of theE separation panel are therefore caused to
continue moving by the circular flow until they settle under gravity, or, if floatable, are
15 retained on the surface. At the same time, untrapped solids and the liquid are able to pass
through the separation panel into the upper portion 5 of the separation charnber 2, and
thence to the outlet means 6 (which, as shown in Fig 1, niay"take the form of a channel,

pipe or other suitable outlet structure).

As shown in Fig 3, preferably, the flow _oi" the liquid or gas outside the confines of the
20 separation panel is in a direction opposite to the direction of its ﬂow within the confines of
the liquid or gas.. This counter-current ﬂow motion on opposite sides of the separat-ion
panel establishes a kinetic equilibrium which in turn facilitates the generally self-cleanmg
function of the circular flow motion estabhshed w1thm the confines 19 of the separation

panel.

25 As shown in Figs 2 and 4, the separation apparatus 25 may also incluc_le a receptacle 4,

such as a collection sump, for the containment (and removal, if desired) of settleable solids.

The sump 4 may be sized or configured 50 as to slow down the circular flow of the liquid |
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'I:he appar g 9s8ys al so i ncl ude nechani cal neans to assi st tpergapRessision of
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As shown more particularly in Fig 4, the separation apparatus may also include means for
-assﬁsﬁng the settlement of solids into the sump 4. The means shown in Fig 4 take the form
of a downwardly directed annular flange or baffle 17, which assists in directing
10 downwardly moving solids intc sump 4. The flange or baffle 17 also substantially prevents
the circular motion of the liquid or gas within the upper regions of the separation chamber

from being transferred into the sump 4.

Referring now to Fig 2, as illustrated, the cylindrical separation panel 1 may be fitted with
a continuation part 7 of the same material (or of another, generally impervious material)
15 a‘b@ve the level of the momal inlgt ﬂbw. This continuation part 7 ensures the retention of
floating solids if the separation apparatus is subjected to head pressure {eg during flood
conditions), if the apparatus is being used, for example, for the removal of litter from urban

stormwater runoff.

Where particularly "purified” liquids or gases are required at the conclusion of the filiation
20 procedure, it is possible for the outlet from one separation apparatus according to the
invention to feed into the inlet for a second such separator, and therefore, for the liquid or
gas to be filtered sequentially by two or more such separators, arranged in series. In such
an arrangement, the size of the openings in the separation panels for the second and
subsequent scparators could be Sequﬁntially (and increasingly) smailer, so that each
25 subsequent separator removes inéréasingly finer particies. Hence, by this arrangement,

very high, or indeed, any desired level of filtration or purification could be achieved.
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for directing the flow of liquid or gas into, and out of, the separation
apparatus5 with the invention, it would be necessary for the separator to be constructed as a sealed
unit, so as to prevent the undesired escape of gases undergoing filtration. (This is a feature

which could also be utilised in some liquid/solid separators constructed in accordance with

the present invention). In this way, solid matter entrai_ined in exhaust gases and gaseous

emissions from various manufacturing plants, could be filtered in much the same way as

10  solid-bearing liquids are treated, using the apparatus and methods of the present invention.

Those skilled in the art will therefore réadily appreciaté that the apparatus and methods of

L

the present invention are capable of beitig put to many different hses, and that they

embrace many modifications and variations: It is therefore also to be understood that the

spirit and scope of the present invention is i no way limited to the particular details of the

15 preferred embodiments described herein, but extends to, and is to be determined by

reference to each novel feature and combination- of features defined by the appended

claims.

]
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irespectively. It is parteculLa rred-that *tthe separation panel is an
open ended general ly cylindrical "strikfure. ===z It is
particularly preferred, in the said nethod, that the arrangenent is such
that the liquid or _das | | I 0t L.Qn appar at us
via the inl et THESGEAINES DESINT] @%Mﬁgﬂm&m&ﬁﬁ%& whi ch
includes a generally cylindrical separation panel, so that a

circular notipn of Af kpdrawe ifsk epargtisg sclidesipRitdutdie thanki fiom 4 flowig Tiduider gds,
the separation panel, so as generally to trap solid or particul ate
matter of a pre- dethe apparaus Scheling:t hi n t he separation panel, yet at
the sane tinme, permt the liquid or gas to pass therethrough freely,

and so that the se ' oo I : . i .
notion of the Ii quéf)%rpwﬁ %%ﬁ%ﬂﬁﬁ@? %&ﬂd&ﬁg@%@%?@gﬁmﬁg , P?in
the nethode the c ' ' f : r j :t h ' 4he,
fl ow of thsé l'i qui o?ggggﬁlou s%d %@e@&rﬁfiﬁ es %sfs” ?}#gkéipgl%altopzﬂr?ﬁgsanae’F i0£ 2

in a direction redet@RIRE $ige Sukhithe cdly fidi iR pafticulatOMiatér snhiflet tHiditHatQlze is

gas within the confines of the separation
' able to pass through the openings, and wherein further, the configuration and

arrangement of the openings on the separation panel is such that in use of the
apparatus, sclid or particulate matter larger than the predetermined size is
10 substantially prevented from adhering to or o]bStmctimg the separation panel.

2, An apparatus as claimed in claim 1, wherein the separation panel is in the form of a

. curved structure.,

3. An apparatus as claimed in claim 1 or claim 2, wherein the separation panel is in
the form of a generally cylﬁndwicﬂ structure.

15 4. An apparatus as claimed in any of the preceding claims, wherein the separation
~ panel is an open ended generally cylindrical structure.

5.~ An apparatus as claimed iz any of the preceding claims, wherein the arrangement of
the openings in the separation panel is such that in use of the apparatus, the
openings ase disposed at an angle relative to the flow of the liquid or gas.

20 6. An apparatus as claimed in any ofl the preceding claims, whemizﬁ the ponﬁguratibn
of the opénings is such that each opening includes a deflection means generaily
Wd to the direction of flow of the liquid or gas, to assist in deflecting solid or

particulate matter entrained in the flow away from the openings.

7. An apparatus as claimed in any of the preceding claims, wherein the separation
25 pane! is housed in or forms part of a separation chamber into which, in use of the

apparatus, the liquid or gas flow is introduced by an inlet means so as to establish a

s



panel, so as to assist..n.nmintai n| ng the sel f-cleaning function of ‘the
separ atrof‘|"(b%§’ﬁ,5ll45 in 01, LIe_abpa at us. - Pref ePﬁ'!MASU%IWSSher

t he met hod al so i ncl udg S1 epi 2ol di ng neans to facititatethe

col l ection of the sol-if -particalate fHIt er separate rom
the fl ow ng- - liquid or gas Such neans oul d, for mmmn m miﬂﬁ(the

assi stance of gravitational fOI’ ces, to assist in et:CO ect IO

S5y AR B AR e B i
apparatus, of so '@?rcﬁ’l%r ARG bk al (@Ilcgﬁ; g?‘{ .ﬁﬁ@:@ cgﬂﬁ%oé? ﬁr@eseé&géfi‘érpﬁanel and

liquid or Descri pre nent

| nvention In vﬂresﬂar thé'adrar geaelnwﬁﬂ&seofeaﬂaax BesdcHrab le@enérsruiﬁﬁa& %9§am late '

wi Il now describe preferred 2 enbodi ments of it; by way of exanpl
with reference to itepof afpéditéritinél §ivé Bftfained in- thellia;uwhblc@as, to be trapped thhm

5 the confines of the separation panel.

8. -An apparatus as claimed in claim 7, wherein the arrangement of the features in the
apparatus is such that in use of the apparatus, the separation panel is generally self-

cleaning.

9, An apparatus as claimed in claim 8, wherein the configufation of the apparatus is

10 such that in use, the flow of the liquid or gas outside the confines of the separation
panel is in a direction opposite to the direction of flow of the liquid or gas within

the confines of the separation panel, so as to assist in maintaining the self-cleaning

function of the separation panel, in use of the apparatus.

10.  An apparatus as claimed in any of the preceding claims, wherein the apparatus
15 additionally includes means to assist in collecting the solid or particulate matter

trapped within the separation panel.

11.  An apparatus as claimed in claim 10, wherein the means to assist in collecting the
solid or particulate matter are biasing means which utilise gravitational forces to

encourage the settlement of settleable solid or particulate matter.
20 12 An apparatus as claimed in claim ll; wherein the biasing means take the form of
providing the apparatus with at least one downwardly directed baffle or flange to

"encourage the deposition of settleable solid or particulate matter.
13.  An apparatus as claimed in any of the preceding claims, wherein the apparatus
includes a receptacle for collecting the solid or particulate matter. |

25 14.  An apparatus as claimed in claim 13, wherein the apparatus additionally includes

means for removing the solid or particulate matter from the receptacle.

Ui~
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the invention;

arrow mar ked "B"
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Fig 2 represen’fs a vilew (in“the direction of the
in Fig 1") of a vert.ical section of the

h k | h hat Fiqur.e: _
£ 9 shons. o oniét et o B o kil 1o g i o,
sect I O jeu ahé“ﬁ?g}% an.% ccptacie lh&u@% p%r?g%néglewcf &853:&98 \glltl‘g%

use in the
of a verti cal

accordance with t

TR Separ a

tcbn?@mer into wku@ﬁftﬁé sblid &M@E@Mﬁ%ﬁ%irﬁ%ﬁm

drawings, Fig 1 shovvs a pI an view of an apparat us

used to separate %ﬂtﬂxﬂﬁwfr&%ﬁ kPiderT thé Sgplatatusuch as water (and 10

storm wat er The "appar at us shown general ly denoted 25,

particul arly,

cicular chadé Wéﬁfe&o@@sﬁpﬁnﬁéﬁ@m' e SBieE b bindie BudTAroik

in three di nensions ‘ticularly in Fig 2), it can be
seen that the sepé@%ﬁ‘?‘%ﬂcg'mtggsﬁgggfan open- ended general Iy cylindrical

10

15

20

«

18.

19.

20.

21.

positioning & separation appamus in the path of flow of the liquid or gas; and

. providing the separation apparatus with a separation panel baving a plurality of

openings therethrough, wherein the openings are of a predetermined size such that

‘ony solid or particulate matter smaller than that size is able to pass through the
openings, and wherein further, the configuration and arrangement of the openings

on the separation panel is such that in use of the apparatus, solid or particulate
matter larger than the predetermined size is substantially prevented from adhering
to, or obstructing the separation panel.

A method as claimed in claim 16, wherein the separation panel takes the form of a

curved structure.

A method as claimed in claim 16 or claim 17, whesein the sepmﬁon panel is in the

- form of a generally cylindrical structure.

A method as claimed in any of claims 16 to 18, wherein the separation panel is an
open ended generally cylindrical structure.
A method as claimed in any of claims 16 to 15, wherein the arrangement of the

openings in the scparation panel is such that in use of the apparatus, the openings

are disposed at an angle relative to the flow of the liquid or gas.

A method as claimed in any of claims 16 to 20, wherein the configuration of the
openings is such that each opening includes a deflection means generally opposed




configuration. 15 As shown.in Figs 1 and 2, the separation - 1. ié
| ocat ed wolobhsyas separ at |@W¢hgﬁ,’p‘“ﬁf’aﬁ‘: - The liquid gﬁr&@%{%ﬁ%ﬂ
separati on apparatus 25 v]g a an F#E‘?E_ t\Weetitsy 3, i n the ditectiomof—the

arrow 27 shown in Fig 1. =shewn (A Pig 1, //the inlet 0
the left until "reaching the bo t he sepaqmmm[lﬂzl ‘l ter
and entrained solids or particulate _ matter are presente an

| opening 8 into the interior 19 of the s ration panel 1.. .20, -Th .
. general |y cylindri®athecdirestipnr gt iflay of ‘ggglcﬁ’é‘%é’fr *}Sgﬁo RSt 1 qeglegt‘ff% sphid, or

when the . wat er, | ¢ th ' d ' [
Confi nos) 19 of | eGSR FRRIs: SuRBrd i the Hob Ewa Fedth Tof Gfemiel 1ot O 15

established within the confines 19 of the separation panel 1, in the :
direction shogm byAtinethedrasvelfitnedhiavanyi of laigns116 to 21, wheysinethe; segarstion tpanel; i§
3, it will be seen that the exenplary separation panel 1 depicted 25

consi sts of a numbhoused inlef fosws pam ofi separationichampey; fte Whicl), injusecofi the apragatus, .

segnents 10 which general ly present a clqgsed face to the directi
of flow of 5the I i qthiediquid oz Bas\flowyis imteoduced Ry an inlet meang,so as)to3gstal Is i"géi%']Jlar

wi thin the separation panel 1, Behind ea f iLve : '
P flow opf the liquid or gas witl?m Ctﬂe' ggntjm%g tolf\ﬁ?e sse%grnﬁ% p%gell, And whereby

the arrangement of these features is such as to enable solids or particulate matter of
~ a predetermined size entrained in the liquid or gas, to be trapped within the confines

of the separation panel.

10 23. A method as claimed in claim 22, wherein the arrangeinent of the featufes in the
apparatus is such that in use of the apparatus, the separation panel is generally self-

cleaning. |

24. A method aS claimed in claim 23, wherein fhe configuration of the apparatus is such

that in use, the flow of the liquid or gas oufside the confines of the separation panel

15 is in a direction opposite to the direction of flow of the liquid or gas within the
confines of the separation panel, so as to assist in maintaining the self-cleaning

function of the separation panel, in use of the apparatus.

25. A method as claimed in any of claims 16 to 24, wherein the apparatus additipnally
. includes means to assist in' collecting the solid or particulate matter trapped within

.20 the separation panel.

26. A method as claimed in claim 25, wherein the means to assist in collecting the
solid or particulate matter are biasing means which utilise gravitational forces to

encourage the settlement of settleable solid or particulate matter.

27. A method as claimed in claim 26, wherein the biasing means take the form of
25 providing the apparatus with at least one downwardly directed baffle or flange to
: encourage the deposition of settleable solid or particulate matter.
[ — _
as Been Reilaced
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openi ng o VOSRRARL S or B L e vecer o [or PIGRAGRAERy "

lkiquid in the sep i s 9 are all of
a predeterm ned S']EM
particulate. 5

&) rgover, REAA OB Ning
, :.'!‘ 's-e-—fz-f?:z ' e passage only of
ey | 'size than that of the openings. The
liquid is of course, also able to pass freely through the openings..In

use of the 28eparfamisthodogspaiaiatedsin2®y oftalaiafst Micto F, witerein the apparatus gnohudes aof
features is that only the liquid, and solids or particulate matter of a

si ze smal | eecepiagle fonenliegting the selié ar RyYcYlatg@ates| ¢ t o pass through the
separation panel. Solids or particulate matter of a larger size are
therefore Hgapped pichdl Bs chEme@Nhi Bt 18, hekdie tﬁ@ﬁpﬁ@h@u@%@ﬁimaﬂ?ﬂﬁém&cs

Mor eover, the circular notion of the liquid within the confines 19 of the

separation niane for TR0 Gink iR solidap pericaizske shattearfroa tite rebeygacie.e
continuously deflected fromthe interior wall . 33 of the separation

Pancl 1% 's Moot eciad s tibhect ol BARR AN wilsheih 46¢ SBE sdeibinovil BREAERL 6"
fi 19 of . j thdhe; VIR i .
(r:nc))\r/]i I'ngezy t h(ca) c?@gﬁggé%i)u& I Inﬁlt5 h%%é:psetlt lrnﬁéélﬁ%@ggr gr agiﬁlg,&g?j, I %Q“k? 2

floatabl e, are hehaleflcotahpinto whith'thea6iid A defubae tndtiof TnaytBE eRRRA

solids and the Irtquid are able to pass through the - separ at’i on panel

into the upper RGfik @2 receplacld)th GRIGTHS spparstu€’ 2, and thence to the outlet
means 6 (which, as shown in Fig 1, may take the formof a channel, pipe or

the 11 ow o 1t e A7 SRFRCF o, Sepatin 1d o Bl BT Aobing 1G5 01
panel I, 1n & difSebiQfly WPRShBerbR SAEnld, Snl' Otn Hhrckdne b W Yeldhhnlylc

confin
drawings.
32. A method for separating solid or particulate master from a flowing liquid or gas,
subsmtiany as hereinbefore described, and with reference to the accompanying

drawings.




Thi s COUNGRL gadldsent flow notion on opposite sides of the sppmasssemespanel
est abl i shes a |net|c equi libriumwhich in turn facilitates the generally
sel f-cl eaning function of the circular flow notion established within
the confines 19 of the separation panel. 25 As shown in Figs 2 and 4,
the separation apparatus 25 may also include a receptacle 4, such as

a collection sunp, for the containnenti¢and renovalgifydesire of

settl eable solids. The sunp 4 may .e_swged or|co;ﬁ‘oured 0 as to

sl ow down the circular flow of thd9iqui WD 95¢ BﬂiJS

"PCT/ AU95/ 00351 o 9
at the | ower portion of the apparatys 25,aso_a§§ﬁo Q'ﬁ‘pitatsigettlenent of
solids. The sunp 4 may al so bg proyvi ded ¥ ystal t abl e neans to

Such
or

facilitate the renoval settled S Q42 ulate matter.
means coul d include, for exanpke, /3 7?%**
a nechani cal bucket or basket t s
which are |eft 5 floating

t he separation apparatus 25 cof 4 Y™ ]
neans.  e=bSpsh :>='.7;,ear%?} Jn Fig Lyrlaﬁg—neparatlon appar at us
may al so i nclude neans for q 5 o nt of solids into

25

the sunp 4. The means shown i

S i 1

N

FIGURE 2



of a downygjél3448 rected annular flange or baffle 17, whichs@ssi 3%1n _
directing 10 -downwardly noving solids into sunp 4. The flange or baffle
37 al so substantially prevents the circular nmotion of the liquid or
gas within the upper regions of the separation chanber from bei ng
transferred into the sunp 4. Referring now to Fig 2, as illustrated,
the cylindrical separation panel 1 may b@A3tted with a continuation

part 7 of the sane material (or of another, generally inpervious material)
15 above the level of the normal inlet flow This continuation part 7
ensures the retention of floating solids if the separation apparatus
is subjected to head pressure (eg during flood conditions), if the
apparatus is being used, for. exanple, for the renoval of litter fromurban .
‘stormnvat er runoff. Where particularly "purified" |iquids or gases are
required at the conclusion of the filiation 20 procedure, it is possible
for the outlet fromone separation apparatus according to the

invention to feed into the inlet for a second such separator, and
therefore, for the liquid or gas to be filtered sequentially by two
or nore such separators, arranged in series. In such an arrangenent,
the size of the openings in the separation panels for the second and




'subsequenW@@gQgM@tors coul d be sequentially (and increasi n@otia®BRbisar, SO
that each 25 subsequent separator renoves increasingly finer particles.

JHence, by this arrangenent, very high, or indeed, any desired |evel
of filtration or purification could be achieved. WD 95/.35145

PCT/ AU95/ 00351 3/3 10
Wil e much of the aforeg0|ng description of the preferred enbodi nents has
been concerned with apparatus for separating solids entrained in
liquids, it is to be understood that the invention is equally

applicable to the separation of solids entrained in gases.

Cenerally, for nore efficient operatigon of gas/solid separators constructed
i n accordance 5 VRth the inv%Qiiqn, it would be necessary for the
separator to be consfructed as a ‘seal{ed unit, so as to prevent the
undesi red escape of ggases undergoirgifiltration. (This is a feature

whi ch could also befutilised in sdnmeqliquid/solid separators constructed in
accordance with . = Su

202

FIGURE &
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fhe present invention). In this way, solid matter entrained Yn exhaust

gases and gaseous eni ssions from various nanuf ﬁ??ﬁlﬁ”} (Eﬂ hrg SERc4¥g

ke filtered in nmuch the same way as 1B solid-beari I qui are
treated, using the apparatus and methods of the present invention.
Those skilled in the art will therefore readily appreciate that the

appar at us and net hods of the p esen, |nv n are C pa l e f bein
put to mdhg seneration napely, diste isARORSRIRE H‘ﬁﬂ?ﬁea(%ﬂ’ong

and vari ﬁa@@%% I%géqiﬁﬂté BEAGEHVr SacPhifd {rnb SepaRfid ?aﬁéﬂdi tM@koﬁr&et&w opemngs 9

spirit andscope present 1 nvention s 1N [Tmted to't
parti cul age didtofid predéteﬁhmad 3ize, phicheisrsach astto germittthe gessege buly ﬁepmmaﬁbut

Foat Ufe dmeE GBI BRE HiatBak of BE aRbringeq Thy Hall Rofrrict. Ao S fo,pate
11 freelf tfio@fthe openings. In use of the separation apparatus 25, the effect of this
arrangement of features is that only the liquid, and solids or pasticulate matter of a size
smaller than that of the openings 9 are able to pass through the separation panel. Solids or

particulate matter of a larger size are therefore trapped within the confines 19 of the separation

10 panel. Moreover, the circular motion of the liquid within the confines 19 of the separation
panel means that trapped solids or particles are continuously deflected from the interior wall
33 of the separatipn panel. The net effect of this arrangement is therefore that the separation
panel [ is substantially self-cleaning.

Solids trapped within the confines 19 of the separation panel are therefore caused to continue

15 moving by the circular flow until they settle under gravity, or, if floatable, are retained on the
surface. At the same time, untrapped solids and the liquid are able to pass through the
separation panel into the upper portion 5 of the separation chamber 2, and thence to the outlet
means 6 (which, as shown in Fig 1, may take the form of a channel, pipe or other suitable
outlet structure). | ' |

20 As shown in Fig 3, preferably, the flow of the liquid or gas outside the confines of the
sepamtnpm panel is in a direction opposite to the direction of its flow within jis the confines, of

as—_This counter-current flow motion on opposite sides of the separation panel

establishes a kinetic equilibriumn which in turn facilitates the generally scif-cleaning function
of the circular flow motion established within the confines 19 of the separation panel. |

25  As shown in Figs 2 and 4, the scparation apparatus 25 may also include a receptacle 4, such as
a collection sump, for the containment (and removal, if desired) of settleable solids. The
sump 4 may be sized or configured so as to slow down the circular flow of the liquid
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i ow A “ Ram%%é‘t o AECBINED 1 8 SEP 535
a separatlon pa‘ﬂel e of the liquid or gas t he
separation o sl uding a plural Lty of openinds . whar ei
solid or part 'cﬁrﬁﬂﬂi @oﬁmbi e ﬁ@@ﬁ'&rgdshﬁﬂhﬁh%é @nﬁﬁes ef ﬂi@ @pmnb@sﬁméih ra@ggh
t he openi ngs, and wherein further, the confi %;Jrat i on and

arr angenent oﬁvhmbyoﬁbsmmggewtmféh@@pf&mdﬁ siiethas to enable solids or partienlafech

o et i e ooty B YA ) Sk 90 BRI

to orSQbstructcb@gmgsrwmg@ﬁb@pamnel and wherein f ut her,
the configuration of the apparatus is such that in use the flow of te

|1 qui d_Ofg 035 An apparatus as cleim@iiP bidfin ) Syteith IBC Rrriligolrdfe SPRR! RUAAR MARE!
Isin a |rect|on opp05|tetothe eétion of flow o

liquid or gas apparhius is lechcthaf imes off the pparetus; theisoparpiorepanel is generally self= An
apparatus as c%al med in claim1, wherein the apparatus additionally

i ncl udes nmean$*EBEssi st in collecting the solid or

particul ate matter trapped wi.thin the separati onﬂganl

15 3. Al
appar at u$-as hFRRREALISasglaimed in cm SeWheteiibthg ey omsaf the apparatys isgwsb ng
the gglid Of in use, the flow R e Cour gﬁ@%&& 1R ©nfhaSo e FdRRiol Habll is

utilise graV|ta ional’ Torces to
. in a direction opposite to the direction of flow of the liquid or gas within the confines

of the separation panel, so as to assist in maintaining the seif-cleaning function of the

separation panel, in use of the apparatus.

10. An apparatus as claimed in any of the preceding é)laims,, wherein the apparatus

15 additionally includes means to assist in coﬂgctﬁng the solid or particulate matter
trapped within the separation panel. |

i1.  An apparatus as claimed in claim 10, wherein the means to assist in collecting the solid

or particulate matter are biasing means which utilise gravitational forces to encourage
the settiement of settleable solid or particulate matter.

20 12,  An apparatus as claimed in claim 11, wherein the biasing means take the form of
providing the apparatus with at least one downwardly directed baffle or flange to
encourage the deposition of settleable solid or particulate matter. ' '

13. Aa apparams as claimed in any of the preceding claims, wherein the apparatus
includes a receptacle for collecting the solid or particulate matter. :
25 14. An apparatus as claimed in claim 13, wherein the apparatus additionally includes
means for removing the solid or particulate matter from the receptacle.

This Sheet Has Been R]illaced
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settl errent of settl eabfe solid or particulate matter. 4. An

appar claim 3, wherein the biasing nea

provi di By ' apparatus with at |efSf_qne.d

di rected baffY e”or i @&nge to encourage the depositjion ™

settleable solid or particulate matter. g3 S. |

clainmed in any of the preceding clainms, wherein tHRle_ap 41

r ecept ac e digif: col | ecting the solid or particulate rratter 6. An

apparatus as claimed in claim5 wherein the apparatus additionally

Rk r'fbofh iy Gt bf ghP the

i ncl udes weanmfg@m for separating o862 \aRtStulaRemsit
:af.us as claimed in claim6, wherein the nmeans for

fromthe recept
12 7.

renovi ng the wi 7“5 iculate matter fromthe receptacle
i ncl ude provi Q's%ﬁbﬁ pahl PREBGHeR ilVitle bath SEARY BPME ]li%%ﬁto?'ggs%rme! & Seation panel
5 inchuding a pluzality of openings, wherein the openings are of a predetermined size such that

ibstantially prevented from adhering to or obstructing the separation panel, and wherein

10 famhcr,theconﬁgnmtionoﬂhzappmmsismmhthatinuse,theﬂowofﬁheﬁqmidmgm
outside the confines of the separation panel is in a direction opposite to the direction of flow of
the liquid or gas within the confines of the separation panel.

2, An apparatus as claimed in claim 1, wherein the apparatus additionally includes means to assist

in collecting the solid or particulate matter trapped within the separation panel.

15 3. An apparatus as claimed in claim 2, wherein the means to assist in collecting the solid or

4. An apparaf

8 as claimed in claim 3, wherein the biasing means take the form of providing the

| apparatus with at least one downwardly directed baffle or flange to encourage the deposition
20 of settleable solid or particulate matter.
5. An apparatus as claimed in any of the preceding claims, wherein the apparatus includes a
receptacle for collecting the solid or particulate matter.

6. An apparatus as claimed in claim 5 wherein the apparatus additionally includes means for

removing the selid or particulate matter from the receptacle.



,\,\,mch the solid or nartlcul ate matter be received W|th‘| s :t»-,he ee,c&eﬁth & 'i n
use of the ﬁ@larat us. A net hod for separ atxl ng Sci“ 551998 I

par ti cuf SIS MK FARH ﬁ H)lﬂla fI owi ng i qui d or gas, the rtet__hgd ____________________________

h

i ncluin 2ol
the path “of flow of thé liquid or gas; gnd prow d| ng the
separtion apparatus with a separation panel having a plurality of openings

ther et hrpugh, aBitts 35t OaRRPRI iR 62Werein the RERS frShid ﬂ@mﬁh@ﬁo‘i’ \Sattichie!

only solid or 1 partlcufate matter smaller than that "size is

able to pass {iMe4eh B FepRill Bifde providing the receptach Nt Séafviibit Lodulifdr thide

configuration an-d arrangement of thg openi ngs on the separ ati1on panel
I's such that DRSE HhdtSr msi lbé‘ﬁe&{

than the predet erm ne top; 4 i'S svu stantla egfﬁgom
adhering to, e tructing the separation panel, and wherein
further the configuration of the apparatus is such that in use, the flow of

panet 17 2 g a0 e B el sl of iy,
EA retet |hgg| asoglp@@%%ﬁ&ﬁ%{ﬁt gonwlngezl g theeazgg?;?fjlsogdg???onal l'y include

means to, ass'psetstmmng & separation apparatus in the path of flow of the liquid or gas; and

S providing the separation apparatus with a separation panel having a pluratity of openings

10

is substantially prevented from adbering to, or obstructing the separation panel,

and wherein further, the configuration of the apparatus is such that in use, the flow of the liquid

15 or gas outside the confines of the separation panel is in a direction opposite to the direction of
flow of the liquid or gas withia the confines of the separstion panel.
9. A method as claimed in claim 8, wherein the apparats
collecting the solid or particulate matter trapped within the separation panel.
10. A method as claimed in claim 9, wherein the means to assist in collecting the solid or particulate

8 additionally includes means to assist in

20 matter are biasing means which utilise gravitational forces to encourage the seitiement of
settleable solid or particulate matter.

11. A method as claimed in claim 10, wherein the biasing means take the form of providing the

apparatus with at least one downwardly directed baffle or fiange to encourage the deposition

of settleable solid or particulate matter.



=~ col I ecti [ artlcul ate matter trapped within the separation
panel mﬂﬂmim @ nrhod as clainmed in claim 9;- Mefﬁrn'rhe gans to
assi st £ solid or particulate :20 = rorsis nfatter are

bi asi ng means which utilise gravitational forces to ﬁ B 368t he
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11. A met hod as cl ai med in cl aim 10, wherein
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i ncl udes neapg,f memhdorpmmmvﬁ&@ﬂﬁe@&qﬁﬁ&éd or particulate matter
fromthe receptac

5 14, A method as claimed in claim 13, wherein the means for removing the solid or particulate

matter from the receptacle include providing the receptacle with a removable container into
which the solid or particulate matter may be received within the receptacle, in use of the

15.

19

16. separating solid or particulate matter from a flowing liquid or gas, substantial

as hereinbefore described, and with reference to the accompanying drawings.
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| ing liquid or gas, the apperatus includ-
i ing: a separation panel positioned in the

| or particulate matter smalier than that

" o or obstructing the separation panel,
. The invention aisc provides a method

{57) Abstract

The present imvention generally
provides an apperatus for sgparating
sclid or particulate matter from a flow-

path of flow of the liquid or gas, the
separation panel including a plurality of
openings, wherein the openings sreof 8
predetermined size such that only solid

size is able %o pass through the openings,
and wherein further, te configuration
and srrangement of the openings on the
separstion panel is such that in use of
the apperatus, solid or pasticulate mat-
ter larger than the predetermined size
is substantially prevented from adhering

for separating solid or pasticulate mat-
ter fom a flowing liquid or ges, the
method including the steps of: position-
ing & separation spparatus in the path of
flow of the liquid or gas; and providing
the separation apparatus with a separa-
tion penel having 2 plurality of openings
therethrough, wherein the openings are

! of a predetermined size such thet only

| (54) Tltles APPARATUS AND METHODS FOR SEPARATING SOLIDS FROM FLOWING LIQUIDS OR GASES

solid or particulate matter smaller than that size is able to pass through the epenings, and wherein further, the configuration and arrangement
of the openings on the separation panel is such that in use of the apparatus, solid or particuiste matter larger than the predetermined size is
substantislly prevented from adhering 10, er obstructing the separation panel.




