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APPARATUS AND METHODS FOR SEPARATING SOLIDS
FROM FLOWING LIQUIDS OR GASES

Field of the invention

This invention relates to apparatus and methods for separating solids or particulate matter

from flowing liquids or gases. The invention has particular, althcugh not exclusive,

.applicaﬁmn 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.

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.

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
fmm 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 necessary that the grate be of substantial

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

a storm water drainage system.
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2. Separation of liquid from sewerage - -

A major difficulty with many sewerage plants is the slieer volume of liquid to be handled.
This is aggravated where a mrxed" system, that i 1s, a system whrch carries both sewerage
and storm water, is used. In many cases, sewerage plants could handle more sewerage if
the quantity of liquid delivered could be reduced This could occur if, for example, liquid

was removed from the sewerage before it enters mto trunk sewers. To date, thlS 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

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

Many industrial plants rnust pay prohibitive rates to discharge polluted .quuids into sewers.
It would be mbst desirable to separate a part of the pollution before the waste is delivered
to sewers, and this will provide economies both to the'plant and to the authority, if the cost

of the earlier removal of polluted matter was less than the cost of cleaning up pollution at a

-later time.

These are merely illustrations of the many :us'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.

Iri our International Patent A;iplication number PCT(AU94/_0006_1, we disclosed and
claimed apparatus and methods for separating soli_ds fro_m'ﬂowing liduids. We believe that
the apparatus and methods disclosed in that applicatien provide very good results in
applications requiring the separation of solids frorri flowing liquids. We have now
developed imrirovements and/or retinements to the invention disclosed in that application,

which we believe provide even better results than those disclosed in our earlier application.
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Summary of the Hmvemﬁmm

The present invention generally provides an apparatus for separating solid or particulate

matter from a flowing liquid or gas, the apparatus including:

a separation panel positioned in the path of flow of the liquid or gas, the separamién panel
including a plurality of openings, 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, solid or particulate matter larger than
the predetermined size is substantially prevented from adhering to or obstructing the

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
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
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 flow of the liquid or gas within the separation panel. This circular flow enables
solids or particulate matter of a predetermined size entrained in the liguid or gas, to be
trapped and to circulate within the confines of thé separation panel. The circular motﬂqm of

the flowing liquid or gas within the separation panel also results in the entrained solids or
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particulate matter generally not adhering to the separation panel, but being entrained in the
circular motion of the liquid or gas. In this way, the establishment of a circular flow
motion of the gas or liquid within the separation panel is such as to enable the separation
panel to act as a generally eelf-eleaning filter for the solid or particulate matter entrained
within the flowing liquid ot' gas The fect that the liquid' or gas is 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 dlscharged to an outlet means, at least substant1ally 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 apperatus also includes meens for facilitating the'eellection ef the solid or. |
partichl_ate matter into a receptacle, from which_ it may be reniovect. 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 above 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 gra:tvitational forces, in which case,

a receptaeIe to capture them will generally be positioned below the separation panel.
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The ap?mms may also include mechanical means to assist the deposition of the solid or |
particulate matter in ﬁhe receptacle, through the action of gmviity. Such means could take
any number of forms, but would include, for cxample, providing the recept,acle' with a
baffle or flange directed downwr}mdly to emcoumge the deposﬁtion of settieable solid or

particulate matter.

The invention also provides a method for separating solid or perticulate 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
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

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 is also preférred, in the method, that each of the openings includes a deflection means
generally opposed to the direction of flow 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 described above, the separation panel takes the form of a curved
siructure.
meemblyfuﬁher, in the mﬂx@d described above, the separation panel takes the form of a

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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- respectively. it is pérticularly preferred that the separation panel is an opeh ended generaily

cylindrical structure.

It is particularly pfeferred, in the said method, that the arrangement is sdch that the liquid

or gas is introduced into the separation.apparatus via the inlet means and presented to a

~ separation chamber which includes a generally cylindrical separation panel, so that a

circular motion of the liquid or gas is established within the confines of the separation
panel, so as generally to t.rap solid or parfiéulat§ matter of a pre-deiermined size within the
separation panel, yet at the same time, permit the liquid or gas to pass therethrough freely,

and so that the separation panel is continually cleaned by the circular motion of the liquid ‘

~ 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 panell. is in a direction
opposite to the directiori 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.

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, ﬁ;om 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.

Preferably further, the method also incliudes means for facilifating- 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

- embodiments of it, by way of example only, with reference to the accompanying”drawings,

- in which;
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Fig 1 is a plan view of one example of a separator made in accordance with the invention;

Fig 2 represents a view (in the direction of the arrow marked “B" in Fig 1") of a vertical

section of the separator shown in Fig 1, taken along the line A-A in that Figure;

Fig3 shows an enlarged horizontal section of part of a separator panel for use in the

invention; and

Fig4 1is a view from the side of a vertical section through an exempléry 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 sepérate solids from a flowing liguid, such as water (and
pmicnﬂaﬂy, storm water). The apparatus shown, generally denotéd 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.

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.

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 motion 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
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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the sep'arétion panel, there_is'an opehing 9. As illustrated, each dpening 9 1s disposed at an
angle .to the direction .of flow of the liquid in the separatibn panel 1. Moreover, the
openings 9 are all of a predetermined size, which is such as to permit the passage only of
particulate matter smaller in size than that of the openings. The liquid is of course, also
able to pass freely through the openings. In use of the separation apparatus 25, the effect of
this arrangement of features is that only the liquid, and solids or particulate mattef of a size
smaller than that of the openin.gs 9 are ablg to pass throﬁgh th¢ separation panel. Solids or
particulate ma_ttel" of a larger size are therefore trapped withih the confines 19 of the
separation panel. Moreover, the circular motion of the liquid within the corifines 19 of the
separatioh-panel Ime.ans that trapped solids or particles are contiriuously deflected from the
interior wall 33 of the sépéraﬁon panel. Tﬁe net effect of this arrangement is therefore that

the separation panel 1 is substantially self-cleaning.

Solids trapped within the coﬁﬁnes 19 of theE sepération panel are therefore caused to
continue 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 sepatation panel into the uppér portion 5 of the separation cﬁaniber 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 _of thé liqﬁid or gas outside the confines of the
separation panel is in a direction oppdsite to the direction of its ﬂow within the confines of
the liquid or gas. This counter-current flow motion on opposite sides of the separafion
panel establishes a kinetic equilibrium whi_c_h_ in-t_um facilitates the generally self-cleaning |
function of the circular flow motion established within the confines 19 of the separation

panel. -

As shown in Figs 2 and 4, the separation apparatus 25 may also incluc_le a receptacle 4,
sﬁch as a collection sump, for the containment (and rembval, if desired) of settleable solids.

The sump 4 may be sized or configured 50 as to slow down the circular flow of the liquid |

This Sheet Has Been Reilaced
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at the lower portion of the apparatus 25, so as to fﬁcilim&e settiement of solids. The sump 4
may also be provided with any suitable means to facilitate the removal of settled solid or
particulate matter. Such means could include, for example, periodic removal by education.
or a m_echmicall bucket or basket that is suspended in the sump. Floatables which are left
floating on the top of the body of water treated by the separation apparatus 25 could be

removed by any convenient means.

As shown more particularly in Fig 4, the separation apparatus may also include means for

assisting 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
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)
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
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
subsequent separator remeves 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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While much of the afefegeing description ‘of the Ebreferned embodiments has been
concerned with apparatus for separaﬁng solids en:t'rained. in liquids, it is to be understood
that the invention is equally apphcable to the separatxon of solids entrained in gases _
Generally, for more efﬁcnent operanon of gas/sohd separators constructed in accordance
with the 1nvent1on, 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 inve'ni-ion). In this way, solid matter entrained in exhaust gases and gaseous
emissions from various manufacturing plants, could be filtered in much the same way as

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

Those skilled in the art will therefore r6adily appreciate that the apparatus and methods of
the present invention are capable o'_f being put to many different nses, 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 in no way limited to the particular details of the
preferred embodiments described herein, but extends to, and is to be-deter’nﬁned- by

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

claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

L. An apparatus for separating solid or particulate matter from a flowing liquid or gas,

the apparatus including:

a separation panel positioned in the path gf flow ;)f the liguid or gas, the separation
5 panel including a plurality of openings, wherein the openings are of a

predetermined size such that only solid or particulate maiter 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
10 shbstamiany prevented from adbering to or obstructing 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




WO 95/35145

PCT/AU95/00351

T T
. * ¢ L M s I*l

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

circular flow of the liquid or gas within the confines of the separation panel, and
whereby the arrangement of these features. is such as to enable solids or particulate
matter of a predetermined size entrained inthe liquid or gas, to be trapped within

the confines of the separation panel.

-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.

An apparatus as claimed in claim 8, wherein the configufation 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 use of the apparatus.

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

trapped within the separation panel.

An apparatus as claimed in clalm 10, wherein the means to assist in collecting the
solid or particulate matter are biasing means which uuhse gravitational forces to

encourage the settlement of settleable solid or particulate matter.

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.

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

An apparatus: as claimed in claim 13, wherein the apparatus additionally includes

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

5
8.
"

10
10.
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15.  An apparatus as claimed in claim 14, 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 apparatus.

5 16. A method for separating solid or particulate matter from a flowing liquid or gas, the
method including the steps of:

- 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
10 ‘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 pane] is such that in use of the apparatus, solid or paﬁiéulaﬁe
matter larger than the predetermined size is substantially prevented from adhering
to, or obstructing the separation panel. |
15 17. A method as claimed in claim 16, whecein the separation panel takes the form of a

curved structure.

18. A method as claimed in claim 16 or claim 17, wherein the sepmﬁon panel is in the
- form of a generally cylindrical structure.

19. A method as claimed in any of claims 16 to 18, wherein the separation pane] is an
20 open ended generally cylindrical structure.

20. A methed as claimed in any of claims 16 to 19, wherein 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 to the flow of the Iiquid or gas.

2l. A method as claimed in any of claims 16 to 20, wherein the configuration of the

25 openings is such that each opening includes a deflection means generally opposed

B@gm &
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to the direction of flow of the liquid or gas, _io assist in deflecting solid or

particulate matter entrained in the flow away from the openings.

A method as claimed in any of claims 16 to 21, wherein the separation panel is |

housed in or forms part of a separatlon chamber into which, in use of the apparatus,

the hqmd or gas flow is introduced by an mlet means o as to establish a circular

flow of the lquId or gas within the confines of the separanon panel, 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.

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.

A method as clalmed in claim 23, wherem the configuration of the apparatus is such
that in use, the flow of the hqmd or gas outsxde the confines of the separation panel
is in a direction opposite to the dn'ectlon 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.

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

the separation panel.

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.

A method as claimed in claim 26, 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.
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A method as claimed in any of claims 16 to 27, wherein the apparatus includes a

receptacle for collecting the solid or particulate matter.

A method as claimed in claim 28, wherein the apparatus additionally includes

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

A method as claimed in claim 29, 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 apparatus.

An apparatus for separating solid or particulate matter from a flowing liquid or gas,
substantially as hereinbefore described, and with reference to the accompanying

drawings.

A method for separating solid or particulate matter from a flowing liquid or gas,
subsmtiany as hereinbefore described, and with reference to the accompanying

drawings.




