26 January 2004 1 AN APPARATUS FOR THE SEPARATI ON OF SCLI DS FROM FLOW NG

LIQUI D This invention relates to nethods of and apparat ugé#apuargpest ati ng
floati ng and suspended solids froma flowng liquid using continuous

defl ective separation, and particularly, but not solely non-nechani cal

met hods and apparatus. There are many applications where it is desirable to
separate solids froma flowing l[iquid including: 1. Separation of solids
fromstormnvater. In many areas of Australia, and in countries other than
Aust r al Y, ASFPARAREEeFORSTHEr SEPABAT BOMRR rSiydP S FRBE ALOVINGOLFRIIS is a
maj or carrier of solid pollutants such as plastics, cans, tree branches
and ani mal faeces, anongst others to waterways and seas. Endeavours have

been mage s 0 gh%_hﬁ&gﬁ P3Ss Qg.ssof £t !mseﬁadfzoaf OEn&heéﬁ%éfPém?ﬁéa' ?cfme

met hod usé aving gra across outlets fromthe drains bu hese

have ge%%?&'ﬂa)tilﬂ%e&loﬁﬂiﬁbi shackesyehasauseliae sige af c1beigyaleqiugt be
such as o0 enabl’'e water fo pass even if material is held agalnst the

gr at e bysdmicerequtdssidue e ledtasrdesspaisoaisegr yaridapart henlgriat £ batof
substanti al opening size. Also, even such grates can be blocked and it is
essent i alott ¢9dedyi donarmprbanpaeh metiods aand Apppratus.

There are many applications where it is desirable to separate

solids from a flowing liquid including:
1. 'Separation of solids from stormwater.

In many areas of Australia, and in countries other than
Australia, stormwater is directed to waterways and seas.
Stormwater is a major carrier of solid pollutants such as
plastics, cans, tree branches and animal faeces, amoengst

others to waterways and seas.

Endeavours have been made to limit the passage of at least
some of these materials. One method used is by having grates
across outlets from the drains but these have generally been
unsatisfactory because the size of the grate must be such as
to enable water to pass even if material is held against the
grate by water pressure so it has been necessary that +the
grate be of substantial opening size. Also, even such grates

can be blocked and it is essential to provide a flow path



2 around or over the grate'to prevent build up of water upstream in the
drain system A second alternative proposed has been tR@JarusrpR0®y st ens,
such as cycl ones and dynanic separators, to renove the waste. Wil st these
can be efficient, they are too expensive to be used in the whole of a
stormmvat er system 2. Separation of |pquid fromsewage A major difficulty
with many sewage plants is the sheer volune of liquid to be handled. This
i s aggLawained odherera tHE Xfthte si@mgventabuiddaupy sifemakigicc pskmeiags bot h
sewage and storm water is used. In nmany cases, sewage plants could handle
nore sewages i drahe gyabemty of Secoad dbteveawive NRFRBPEPA cBafdheen
reduced, if, for exanple, liquid was repoved fr msewage before is enters

trunk $heerese ThEs SYSSEaMe, DEIGR cB8RsFHGHRRES 1 34 AYRARAL  FeRATAREO TS e
regi ons where st t d i yed : t Thi
o kb KRS 0T CHaEtRGs cIPROFE SPEsgoSaD PEI cPAIEIEARITRARYC R TN S

systemas it_is _undesir.abl ner. S e rRASeet OsP¥EER| OW. 3.
Renoval % ?ﬁﬁefrfﬁ%ﬁl S %r%"?sné uslfgfiﬁﬁet V\ng}tﬂgs.gwal\/gniei@ndustri al?pl ants nust
pay prohibitive rates to discharge polluted liquids into sewers. It would
be nost desirable to separate a part of the pollution before the waste is
del i vergd 26sdpatat¥oR0OF liquid from sewage.

2 major difficulty with many sewage plants is the sheer volume
of liquid to be handled. This 1s aggravated where a "mixed"
system, that is a system which carries both sewage and storm
water is used. In many cases, sewage plants could handle more
sewage if the quantity of liquid delivered therewith could be
reduced, if, for example, 1ligquid was removed from sewage
before is enters trunk sewers. This has not been considered

feasible.

Also, +there are regions where stormwater and sewage 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 sewage t¢ pass to overflow.
3. Removal of pollutants from industrial wastes.
Many industrial plants must pay prohibitive rates to discharge.

polluted liquids into sewers. It would be most desirable to

separate a part of the pollution before the waste is delivered



3 to sewers and this would provide econom es both to the plant and to the
authority if this cost of the early renoval of poll uted2édanuary 28 | ess
than the cost of cleaning up pollution later. 4. Separation of solids from
liquid in industrial applications including food processing. The princi pal
object of the invention is to provide3non- nechanical nethods of and
apparatus for separating floating and suspended solids fromfl ow ng
liquids., In accordance with an aspect of the invention, there is provided
an appalQt G8VEESsEP4r 4t SsATH het T Y149 oRTanPPEes destResm thas$1k@d@tt hr ough
the apparatus al ong a predeterm ned path, said apparatus including a

separ at 20 paneihe oeatearénysdid phih @est hali thea dacey ovemowhlcloft he

| iquid passes in a predeterm ned direction, the panel having a plurality
of aperpaotéestedir ougbtenhiwds solesis natiter ofha sioe: | arfjerclidm@ng up
predeterm ned size cannot pass, said apertures being |ocated at positions
spaced pbdllitionsaatiepredeterm ned direction as well as generally
transversely of said direction, and wherein said panel has protruding
solid segnments associated with the apertures which shield the apertures

Wi th regpectsioabiaubd passi ngdihapangloly {egfigy asubstantdaliy cf osed

face to the liquid passing in said direction.

applications including food processing.

The principal object of the invention is to provide non-
mechanical methods of and apparatus for separating floating

and suspended solids from flowing liquids.

In accordance with an aspect of the invention, there is provided
an apparatus to separate solid matter from a liquid stream
passing through the apparatus along a predetermined path, said
apparatus including a separation panel located on said path and
having a face over which the liquid passes in a predetermined
direction, the panel having a plurality of apertures through
which solid matter of a size larger than a predetermined size
cannot pass, said apertures‘being located at positions spaced
both in said predetermined direction as well as generally
transversely of said direction, and wherein said panel has
protruding solid segments associated with the apertures which
shield the apertures with respect to liquid passing the panel by
forming a substantially closed face to the liquid passing in

said direction.



26 January 2004 4 The arrangenent is such that -even solids smaller than the

size of the apertures can be caused to nove past the apéétamesy 200sher
because of the inertia of the solids, or the action of gravity, or both.
In this specification, where we refer to water flow, this is intended to
include relative water flow and thus there can be 26 January 2004 5
ci rcunst ances where the separation plate is noving as well as, or instead
of, the water. In order that, the invention may be nore readily understood,
reference will be nade to the acconpanyi ng draw ngs, which show certain
exanpl es_of the invention. In the drawings: Figure 1 is a plan view
t hr oughTBRe 2EXARBFBERTF 2 parcht oF Refadevet nS @bt dirlel &t ttHathethawvers on;
Figure 2 is a vertical section along line a-a of Figure-1; Figure 3 is a
verti caPfsBRei IPLBIWIRF |528e 18- saé?egi freeve pastgihe 4PREtARTOf evi Hhong
arrow "4" of Figure 1; Figure 5 shows a vertical section through a second
exanpl ePBrauge sehakag obnaticiey difhdgheo seriisisi nesnthenackigur ef 69s#oiiEy an
enl ar ged dgtgil of the vertical section

or C .

In this specification, where we refer to water flow, this is

intended to include relative water flow and thus there can be



t hrough the separation panel; Figure 7 shows an exanple of an installation
in a channel or river of separation panels for the renpg@lamfarspddads from
a flowng liquid and subsequent collection and 26 January 2004 6 storage;
Figure 8 shows an enl arged section a-ga through the hol di ng chanbers; Figure
9 shows as enl arged horizontal section through the separation panel;

Figure 49rshin¥eatBe8™BES80+RbCYabABAE DN }_ﬁ@t&.ew aidviimgangl welryi gued in
the direction of flow of the channel in igure 9 at view 't10" with the
openi nger iunbstadt 0dl | yhelwaeerio view, Figure 11 shows an enl arged

el evation of the separation panel fromthe angle giving maxi nrum open
space, in Figure 9 at view "11"; Figure 12 shows a side el evation view of

a system whi ch ca renpve water from se e whil st rmtti the solid
matter B SRS dhahdthe. LYAReHOR gAY | PRoTPae1 LYY o HPECESESRRgur e 13

¥ Pg\é\s " ;%%%%Fiéiﬁ?‘é"uv?i‘;ﬁl g;ﬁes Vedfm b @&9 " Gedmpaliy OHE € atdulihdy V1 G1ahONY

show certain examples of the invention.
In the drawings:

Figure 1 is a plan view through -one example of separator made

in accordance with the invention;
Figure 2 is a vertical section along line a-a of Figure-1;
Figure 3 is a vertical section along line b-b of Figure 1;
vFigure 4 is a view along arrow "4" of Figure 1;

Figure 5 shows a vertical section through a second example of

a separator according to this invention;

Figure 6 shows an enlarged detail of <the vertical section

through the separation panel;

Figure 7 shows an example of an installation in a channel or
river of separation panels for the removal of solids

from a flowing liquid and subsequent collection and



Figure 15 is a view along li-ne 15-15 of Figure 13; 26 January 2004 Figure 7

16 shows a cylinder driven nechanically in a direction oppdaeshry 200he
protrudi ng defl ective segnents of the separation apparatus causing
deflection of particulant natter away formthe device while allow ng
liquid to pass through via the openings; Figure 17 shows a nechanically
driven apparatus with internal deflecCtive segnents and openings; Figure 18
shows a | ongitudi '%ggytical section through further enbodi ment of the

i nvention; Figure dws an enl arged detail of the section through the

| ower separation panel of Figure 18; Figure 20 shows a | ongitudi nal
vertical section through another exanple of-this invention which has a
water fikhed solsitsreobheadnlorgudmsedt i ea2d stiwudgin enkangexhide) ai | of
the section through the upper separation panel of Figure 20; Figure 22
shows a pl an vi ewldmbersn arrangenent using a separation plate of the

i nvention, together with a "dynam c separat or whereby the vol une of water
relative to solid material can be restricted; and

Figure 9 shows as enlarged horizontal section through the

separation panel;

Figure 10 shows an enlarged elevation of the separation panel
viewed in the direction of flow of the channel in
Figure 9 at view  "10" with the ' openings

substantially closed to view;

Figure 11 shows an enlarged elevation of the separation panel
from the angle giving maximum open space, in Figure
g at view "11l%;

Figure 12 shows a side elevation view of a system which can
remove water from sewage whilst permitting the solid
matter to proceed, and is a view along line 12-12 of
Figure 13;

Figure 13 shows a plan view of the system of Figure 12;

Figure 14 is a view along line 14-14 of Figure 13;

Figure 15 is a view along line 15-15 of Figure 13;



26 January 2004 8 Figure 23 -shows a section along line 23-23 of Figure 22.
Referring first to Figures 1 to 4 we illustrate an appar 2 Usnuanppodu i s a
gross pollutant trap, placed in line in, say, a stormmvater drain. Before
describing this in detail, the invention is equally applicable to ngjor
applications, such as in open channels feeders or trunk stormwater drains
or can be-used in smaller applicationg such as in car parks. In the first

type of FERREECRE ] SRows e BPRRhALHS aERPehCnERibniBafly Uil aC Q%ﬁlr.qa&eion
of .~ a pre-cast

fabricated from pre-cast cofrponents, in the second could be

construction. The dypesed Bppohalpiotitddisly aierfd dotivie) Wedmehtko of Ga{k be
considered a | arger construction and, in this case, the apparatus can be
retro-fitted into scpevavimer sppesatand mefsErgbly dafdaectien which

gi ves reasonabl e access. The apparatus has a contai-nment sunp 10 which, as
shown, is conti guBRESWFEHRRE s FFEERE on 8Walbetod®. e dAicm ivhilecat ed

besi de the originallgositio 'Of*%Hf storn%%%er rakn, . which is broken to

provi de an inl et 13 RV Antt Ao 9 &85 P8 tﬁéasgﬁﬁrgP?Bﬁngﬁanber. As
the sunp has to be cleaned at intervals, the size of the sunp is such. as
to give arequired interval between cleaning and to allow recircul ation of

liquid Figure 17 shows a mechanically driven apparatus with internal

deflective segments and openings;

Figure 18 shows a longitudinal: vertical section through a

further embodiment of the invention;

Figure 19 shows an enlarged detail of the section through the

lower separation panel of Figure 18;

Figure 20 shows a longitudinal vertical section through
another example of this invention which has a water

filled solids collection sump;

Figure 21 shows an enlarged detail of the section through the

upper separation panel of Figure 20;

Figure 22 shows a plan view of  an arrangement using a
separation plate of the invention, together with a
dynamic separator whereby the volume of water

relative to solid material can be restricted; and



26 January 2004 9 into the-separation chanber. It can vary in form and
dimensions to suit specific site and project requirenentgs Jdmearg2P@-ati on
chanmber has the separation panel 13 which is preferably a stainless steel
plate, as will be described hereinafter, and which acts to separate the
inlet 11 fromthe outlet 12. Parallel to the separation panel there may be
a containnment and flow direction baffle 14 which can be basically parallel
t o ‘and spaced fromthe separation panel. This baffle 14 nust be arranged

to all origeeer 28l ahbws ansed®don RGN abhy 9%Legd, grp{%;f:@ 'T;] p of the
chanber to contain floatables and to bel ow the bottonio e separation

plate to permt recirculation. A high level baffle 15 can be provided to
retain floatables during extreme conditions. As illustrated, the.
separation panel 13 is perforated but is formed so that it presents to the

I ncom n eIigg_Ld a clog face. As can be seen from Figure 6, the panel can
be def of AEa--5B9t FAFSEN&Pe FAHEETESnINDR Hf WS Ui} HRSETSEE WA c ADpEFatiusect ed

t owar dsy 4, henf 15 %F;grgl behi nd_a_number. of ertures 21,
whi ch pass ?hrgﬂé t#%faéiﬁ%n ¥a%npgﬁﬁﬁd t+ﬁ%?|%gpo§§§%seé-by
expandeétaeﬁhatgbeagagﬁe ot her ways in which the separation panel may be

Before describing this in detail, the invention is equally .
applicable to major applications, such as in open channels,
feeders or trunk stormwater drains or can be used in smaller
' applications such as in car parks. In the first type of
application, the apparatus can be cast in situ or could be
fabricated from pre—cas-t components, in the second could be of.

4 pre-cast construction.

The type of apparatus illustrated in Figures 1 to 4 can be
considered a larger construction and, in this case , the
apparatus can be retro-fitted into a stormwater system and

preferably in an area which gives reasonable access.

The apparatus has a contaim_aent sump 10 which, as shown, is
contiguous with a separation .chamber 16. The sump 10 is
located beside the original pos:.t:.on of the stormwater drain,
which is broken to provide an inlet 11 into and an outlet 12
from the separation chamber. As the sump has to be cleaned at
intervals, the size of the sump is such as to give a required

interval between cleaning and to allow recirculation of liquid



formed, including the use of a series of bars or flat rods 26 January 2004

10 which are located to provide a closed face to the fl 2§wWéniary 2004h
apertures | ocated behind and between these. it is.preferred, in this and

t he ot her enbodi ments to be described that the closed face, as a whole,
presents a positive angle to the flow of Iiquid. The preferred angle wll
vary with different applications of the invention and can be close to

bei ng diftect kheaClseparizhechl ovhhfbEel Ng stibsdant ivddyy par alfoaim t arddhe
flow. On liquid entering through the inlet, the sunp 10 is first filled
and t hedindmsianpith isiitthepecdddedsibenaue pronpect heeqiepementdn panel 13,
and is constrained to this novenent by the ‘containnment and flow direction
baffle 14. As there is effectively an hydraulic head between the inlet 1].

dth tlet 12, . whil st h ill. b t of he 1j id. d
o ol s sEhatatian chonblf hah 'end CpEBENENR ObahRY 1A ARSI ATY
| i i d 1, h tl 12.,: 1l | i el d.qal
Wil R R IPe FORLRTECE stdet NP1 Che ZuillIC 10| dbdBEHAS
monent waeds fdeced | Gand ROk 0xE: & heo PaBphraby ghavih¥etShaulfdowoltk

material |arger than the apertures strige-the surface, the forward

novenensuplet hezli quakgiriml des aheekkpekeanpng penetlhelsnd apay be a
containment and £low direction baffle_ 14 which can be
basically parallel to and spaced from the separation panel.
This baffle 14 must be arranged to allow recirculation anci may
preferably extend from the top of the chamber to contain
floatables and to below the bottom of the. separation plate to

permit recirculation.

A high level baffle 15 can be provided to retain floatables

during extreme conditions.

As illustrated, the. separation panel 13 is perforated but is
formed so that it presents to the incoming liquid a closed
face. As can be seen from Figure 6, the panel can be deformed
so that there are a I-mmber'of surfaces 20 which are directed
towards the flow and which have therebehind a number of
apertures 21, which pass through the panel. A formation sucﬁ

as this is possessed bﬁf expanded mesh.

There are other ways in vwhich the separation panel may be 7

formed, including the use of a series of bars or flat rods



of the panel so there is little or no tendency for bl ocka

The appar at us

e.
can thus be left for substantial periods with confi denc@gﬂmarl Be0danel

wi {4 not. beconme bl ocked, it only be 26 January 2004 11 necessary that the
sunp is cleaned at intervals before it is

over-filled with solid materi al.

Because of the form of novenent, we have found the arrangenent such that
not only-is all solid material |argefPthan the apertures in the panel

tained, but that i ller. The sold.materjal i  ed {hrough t
he- st HIRnGe | LoCPERAs H BT Uhbr CJPRORT § a1 Vi PR CONE nbbby ol

par t1 ouah] Lo IR0 erlaly 5201108 SBYhbAM: difweeparation panel
e l1quid e

t han once.

manner

Ich enters t sunp ten
and nost of the material falls into the sunp after its first

novenent therethrough and before it is again passed along the face of
separ atitonipanstefddmsd abies whid ahso fiee helttern éhizodimgmtsioveyebei f

upstream control of floatables, say by the provision of simlar apparatus

nor e

S to nove in an arcuate

“t he

at mj cressaubeds thel atheakelese§ fEAREoudSet @ c#hparks, Presgasd, ehere

may not be great quantities of __floatahles . to be retained. In order to
mai nt AP Ve PRI Ys EOi tEhS SRPY Hécgéﬂﬁ%? ?é?%ﬂﬁ%

‘to 893

| nt erv%\lrisllt % r%*e\@%.r}:th %Cﬁeszie\ﬁ% %lf:&:h.d(.t:agg_ons of the invention and can

be close to Being directly across the £low to being

substantially parallel to the flow.

On liquid entering through the inlet, the sump 10 is first
filled and then the iiquid is then caused to move along the
separation panel 13, and is constrained to this movement by

the containment and flow direction baffle 14.

As there is effectively an hydraulic head between the inlet 11
and the outlet 12, whilst there will be movement of the liquid
and any entrained solid material along the panel 13, there
will be movement of liquid through the apertures 21, to the
outlet 12. The solid material will, if it strikes the panel,
tend to move along the panel by the forward momentum of the
liquid and down the panel, by gravity. Should solid material
larger than the apertures strike the surface, +the forward
movement of the ligquid provides a self-cleaning of the surface
of the panel so there is little or no tendency for blockagé.
The-apparatus can thus be left for substantial periods with

confidence that the panel will not become blocked, it only be



of solid matter in the sunp.. Under extreme conditions, say flood or near
flood conditions, it will be seen that the apparatus of 26benuiany2084 on wil |
not .26 January 2004 12 act as a source of difficulties. The apparatus can
be so designed as to carry as nuch liquid, as the inlet stormnater drain.
| f, say because of poor maintenance andit he build up of solid in the sunp,
an overflow can be provided over the top of the separation plate. For

t hese condetesasrywehptothde simp hHigghcldanad daf LhbeiBahhi bhfereedds fsom
just below the top of the separation plate to the top of the flow diverter
baffl e anﬁveﬁtfélgﬁdrﬁ%éhns¢lkﬁumﬂﬂQ§&31Referring now to Figures 5 and 6, we
- illustrate a sinple construction which utii1ises the invention and can be
used in open channels or the like. The liquid containing suspended and

The chanbBr " 82ans, 6ag Fars varat derty, LS00 e Rl

The chanmber 1S di dut separat i

22 fixed ghuchhechoyenoedosnip tike gut!l @blsiadengtetel ChaRlr €Randnthe
inclined at an angle towards the inlet 24. Again the panel” 22 presents a

cl osed suambareutrest hp theopangl | tepdichdayt buks mescthhediensmal Béton to the

previ ous enbodi nent, liquid
The sold material is carried through to the sump where it
tends to drop under gravity and whilst some matérial,]
particularly light material, can be moved past. the separation
panel more than once. The liguid which enters the sump tends
to move in an arcuate manner and most of the material falls
into the sump after its first movement therethrough and befdre

it is again passed along the face of the separation panel.

Floatables ﬁill also be held in the sump. However if upstream
éontrol of floatables, say by the provision of similar
apparatus at major sources such as take away food outlet
carparks, is good, there may not be great guantities of

floatables to be retained.

In order to maintain the- apparatus, it is only necessary to
empty the sump 10 at intervals to prevent exXcessive build. up

of solid matter in the sump.

Under extreme conditions, say flood or near flood conditions,

it will be seen that the apparatus of the invention will not



can pass through the panel 22 and to the outlet 25. The panel 22, the sides
of the inlet 24 and the inlet sides of the chanber 23 ef8dalanp2@0shei ght
above surface sufficient to prevent any floating solids fromcrossing over
to the outlet 26 January 2004 13 side of the chanber 23. The panel 22 can
be skewed to one side to aid the novengnt of floatable materials off to the

si de and'amay fromthe panel. Again, previously discussed, the
separ at pagely 2 c t ik 2 sghles ﬁgggn mhlch are
angl ed \ﬁn% é?he %%%?ce Q'&S #Jgfﬂ%lu&’r ‘ed (;&{l en?g%‘?%n and epr&\ﬂ de a

subst antdead eiplag Eace.-a&&@osagﬁgmhm higuisd -0V e di g1 601 1 poy
series of substantially horizontal openings '21 that. allowthe liquid to

pass up damir.hrough the panel 22 to the outlet side of the chanber 23 and
thence to the outlet 25. The substantially horizontal orientation of the
openings 21 in the panel 22, conbined with the general downward |iquid
flow over the inlet side_of the panel, discourages clogging and bl ocki ng

of the ddeniSiys BFFIMRE s%%p%?i%cl‘“%b‘l‘?%l%an?ﬁl%ﬁﬁeg %oF’F-F BP Phe Skildet i c

For cod ddhrise DBpantl SUERIAPHGPHo e & KOHIeE (AT (UE hEoROPF otbeon

sump 26 flpdiift 1S LML th?of“@ﬁ@éé é3nallesfs SOLbIpr698aa! 8RePRiGRSCd
level baffle 15 which extends from just below the top of the
separation plate to the top of the flow diverter baffle and

acts to retain floatables.

Referring now to Figures 5 and 6, we - illustrate a simple
construction which utilises the inventien and can be used in

open channels or the like.

The 1liguid containing suspended and floating solids enters
- . through inlet 24 into the separation chamber 23. The chamber
is divided into inlet and outlet sides by a separation panel
22 fixed at the lower edge to the outlet side of the chamber
23, and incliﬁed at an apgle towards the inlet 24. Again the
panel 22 presents a closed suf%ace to the incoming liquid but,
as described in relation to the previcus embodiment, liguid

can pass through the panel 22 and to the outlet 25.

The panel 22, the sides of the inlet 24 and the inlet sides of
the chamber 23 extend to a height above surface sufficient to

prevent any floating solids from croésing over to the outlet



nove to the side as well as -down. The collected solids are renoved

periodi cal.ly by manual or mechanical neans. Referring no26tanidme2@ioodi nent
of Figures 7 to 11. This 26 January 2004 14 - enbodi nent shows use of the

i nvention as a boomor the like extending across a waterway or channel.
The separation panel 31, which can bﬁ:"i n one piece or nade up of

overl apping segnents, is placed in the flowwng liquid at an angle so as to
def | ect g8Hap8RUEHe 2aRFakih @At 80 solids to the side callection chanber 32.
The panel - 31 preferabl e extends far enough below surface |level to catch
floating and near-surface suspended solids. It can, in the case --of a
channel or river installation as shown in Figure 6, be supported by a

t ensi onBbe pabkd 33 smeohdecdkewethgobame Z4idet toneidndhgntovement of

subst ant | al |lon 35 set_in the channel, at the other end. It nmay be

cont i nugﬁgaﬁéxégsm?ﬁﬁr&ﬁﬁﬁ hotf shehe \wirdeoandsa¥RBWATPR tie geaRek: onl y
project part way across, being placed at a strategic |ocation near a bend
to mexinise the amount of solids caught. , The coll ection chanber 32 has an

open! Nga3aiko I Q‘%Q@.@Lsngg'ﬁ@c@stsléﬁwhtﬂ@rE@%éfapféﬁg aRR. 25 s

periodically close hani cal operated door 37 to prevent furt her
I ngr esse@hstructed with a series of segments 20 which are angled when

the panel is in its - required orientation and thus provide a
substantially solid face opposing the liquid flow and a
corresponding series of substarftially ho;fizontal openings 21
that allow the liguid to pass up and through the panel 22 to

the outlet side of the chamber 23 and thence to the ocutlet 25.

The substantially horizontal orientation of the openings 21 in
the panel 22, combined with the general downward liguid flow
over the inlet side of the panel, discourages clogging and
blocking of the openings by the suspended solids. A large
portion of the kinetic energy of the suspended solids is
dissipated as they are deflected and forced down at the panel
causing them to séttle down to the collection sump 26 at the
bottom of the chamber 23. These solids can also be caused_ to

move to the side as well as down.

The collected solids are removed periodically by manual or

mechanical means.

Referring now to the embodiment of Figures 7 to 11. This



liquid and solids. Wien this door 37 is closed, the nechanically operated
door 38 to the stockpiling chanber 39 is opened, allow B§Jadlary pa04 i qui d
and-solids fromthe collection chanber 32 to enter. Wen the collection
chanber 32 is enpty, the door 38 to the stockpiling chanber 39 is closed
and the door 37 to the channel is opened again allow ng ingress of |liquid
and solids to the collection chanber 32. 26 January 2004 15 The
stockpiling _chanmber 39 contains a, renovabl e basket 40 open at the top

made of @BPRALERAFaERGR Y%Lt AE EBBaLRVEBRLBRNGS, 2 thesmaPFoitty +kEel i quid
to pass _through the basket tqQ the | owe art 41 _qof the stqckpilin hanber
£ om whereEshine, SEFBRR & uakeeiey. o3 cBAPRELY o THR MRRSIAF SOt HRAFES

means sugegh iéh Py, 4 [ are; ai | ;o t baske, ' can
be'rennggd éﬁ%lg%ptled ggr?%giggﬁlyﬁlégéhkﬁﬁgﬂ%g?shg}eaicoégégéﬁggfﬂg-
removabgeghkedes45isTheasepanatl tR8 PESRIndlliduidi St exanPh&lé Ss@aexggnded
netal stainless steel plate placed in a substantially vertical plane and
angl ed dHefflketdisnmpdmiedfaid oflsatidatséhidsotod thegneides cdBleftijone 9
forma substantially closed face when viewed fromthe direction of flow

causi ngchambes 3 -be The |RzRRY 3% BFREURDIS rasrenste ofat hengkgie| belowThe
'Tauid gassesl TEETYr Y OUERh "% R8N0 e ik "shOS R308' and
solids. It can, in the <case -of a channel or river
- installation as shown in Figure 6, be supported by a tensioned
cable 33 anchored to the bank 34 at one‘ end and to a
substantial pylon 35 set in the channel, at the other ehd. It
may be continucus across the width of the river or as shown in
Figure 6 only project part way across, being placed at a
strategic location near a bend to maximise the amount of

solids caught.

‘The collection chamber 32 has an opening 36 to the channel
which although normally being open, is periodically closed by
a mechanical operated door 37 to prevent further ingress of
liquid and solids. When this door 37 is closed, the
mechanically operated door 38 to the stockpiling chamber 39 is
opéned, allowing all the 1i§uid and solids from the collection
chamber 32 to enter. When the collection chamber 32 is empty.,
tye door 38 to the stockpiling chamber 39 is closed and the
door 37 to the channel is opened again allowing ingress of

liquid and solids to the collection chamber 32.



continues, uninpeded by the-panel 31, in the flow Figures 12 to 15 show a

system whereby liquid can be renoved from sewage so thapé tUaeiaseReie,
together with enough liquid to act as an effective carrier thereof can be
passed to a main sewer, possibly through a punping station, and the liquid
can be passed to a treatnent plant ereby it can be treated either to a
stage in which it can be used, for eXanple, for watering or even to a

st age | | | o] ble. ' SRPF 0] ateskitdatsd pacity
of sem%ggmgﬁégl%%gﬁga%%%g %g céturr“é%%ﬂrréen%efol ant%:]ér e limted El'ip flﬁe
amount 28f thiequidh NRS&SE NGE Ehanehbr aughroalt ker ahe csepdratiomnpamst, of
liquid can be restricted, this wll enable effectively greater capacities
t han wehttd a@liewiirsp bkeet Adquise.tcSepage throfigbhn s sbdskat otigh @i ng
stations and if there is to be separation of the liquid fromthe solid
mat er i Apweirt pamt nétefaryhe hstoskPhlivgaFREFBRT oS BRERFR drty HEinpi ng

whi ch tends to h ' t ial._Th t f.Fl 2 15

el UdEERe et ailo A LEGHaRRPAn OckF | CB2PREL | P PaTRErH 6o N RFins Shon one
i de of _thi er [ [ aBﬁ-ﬂeI% : [

|ts)|roperF|Se§'-,ILI %c'#bt he ‘p;ﬁsecﬁéiscgggga([:% Ib"gé(}: earl.l elrjlphlte%:lﬁ&mm ﬁ\éﬂgéo}g %?Hfhe
panel 1@l @uR¥vbROMhhBE ehppDed Hrid@icdlly.  Both chambers are

covered by removable lids 45.

The separation 'panel 31 in this ‘'example is an expanded metal
stainless steel plate placed in a substantially vertical plane
and angled to the direction of flow so that the solid segments
43, Fj;gure 9, form a .substantially closed face when viewed
from the direction of flow causing solids to- be deflected
along the direction of the panel 31. The liquid passes freely
through the openings 44, Figure 11, in the panel and

continues, unimpeded by the panel 31, in the flow.

Figures 12 to 15 show a syétem whereby liguid can be removed
fron sewage so that the sewage, together with encugh liquid to
act as an effective carrier thereof can be.vep'asse'dl“to a main
sewer, possibly through a pumping station, and the liguid can
be passéd to a treatment plant whereby it can be treated
either to a stage in 'which.it can be used, for example, for

watering or even to a stage in which it become potable.

It will be appreciated that the capacity of sewers and
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is aliquid receiving area 102 which has an outer wall 103. The outer wall
103 defines the volume of material which can pass throughJamers20@en and
the-tapering shape aids in the mai ntenance of simlar surface gradients on
each side of the plate 101. If the volune of flowis sufficient, it may be
desirable to have .separation panels on each side of the channel and the

| ocati on-of the other separation pandalé and its receiving area and wall are
illustrated in broken line in Figure 13. 26 January 2004 17 The oquter wall
has an tmedtatentoplintsh ang Bémitededybtheatampuntohnliquéd PRESIRG 105
effectively contraols the head in the_channel 100 as_liquid w |l pass

t hr ougHE R ERTEARID 09T 2 FBCTRARER - t helfefBE GPAURE 19D JATHE 272 %@5

bef ore any_l. qui S.pass to t outd.et T 1 i J.n. the
controlre%"'fntcﬁ%ecg'l zkéﬁbg t'ffes UFP%FESI’I;&%%&%: tgé%yc%%ﬁ%i %tg“ &ﬁg “he
flow. §9ﬁ$jf'£a Y, g}h S L2 HL Ul ehghhe effective head and thus ensures
that the 'Lg&wt c!(l)uc’i‘j‘:f'uﬁt esgeﬁanne I S guch as to ensure that the screen 101
is self cleaning. Referring nowto Figure 16, the apparatus 61 is placed in
liquid 64 containing particulate matter and rotated as shown at 63 in a

di rect i Dewage asst ofpead peessed athinagiovsmgrinaeratieisecardnify thiere

protrudi ng segnents 68 while allow.ng |iquid ) ] )
is to be separation of the liquid from the solid material, it

is neceSsary that such separation occurs before any pumping

which tends to homogenise the material.

" The System of Figures 12 to 15 includes -a channel 100 which
carries the liquid/solid mixture and on one side of this there
is a separation panel 101 which can have the same properties

of the panels described earlier herein.

Oon the side of the panel 101 away from the channel 100 there

is a liguid receiving area 102 which has an outer wall 103.

The outer wall 103 defines the volume of material which can
pass through the screen ,énd the tapering shape aids in the
maintenance of similar surface &iadients on each side of the

plate 101.

If the wvolume of flow is sufficient, it may be desirable to
have separation panels on each side of the channel and the
location of the other separation panel and its receiving area

and wall are illustrated in broken line in Figure 13.



to pass through the surface-62. of the apparatus by way of the openings
67. Liquid.is renoved frominside the cylinder 66. The appameary2004s
rotated about its centre 65. It may be preferred that the liquid 64 is al so
be caused to nove relative to the apparatus to obtain the best operation.
Referring to Figure 17, the apparatus 69 has a coni cal shape and rotated
at its axis 70 at an angl e downward sﬁﬁﬂﬁng the openings 73 to be cl osed
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cont ai ni'hg” par ent er openin

passes oues Lhg iadwl.de @Héf%a%eofwtshae@mia;éﬁr ISonthL P 0hé UBicdd in
defl ective 26 January 2004 I8 segnents 72 as Shown in detail 71 cause

particulttie dhdnmsl t D00 pass ldguwnd akoby phesi shirdaghuthacelafte 02 appdr at us
and exit at the larger opening 76 while liquid is able to pass around the
def | ect immackghkat $ev2lt pdougdie ttep openthesgFee ahlS bedrwer anywaldiduisin t he
apparatus 75. This process is aided by its rotation 79. Referring to
Fi gures 48 B359ad 4R HhePWeleh HWfar AR MRS ddsdudiigy ool
principle.of. the.invention, highlights.th ffect of .agravity ondiquid
rr_Dverrent°¥ hIF]Bﬁgﬁl?ﬁeo eﬁ'ﬁﬁaﬂu %eﬁa%&}fi_ ﬁ!%t ﬁ:?'éa %%*55%1"5‘%5 ,Sttl'xr%:es _Icfng i solid
m xture ff&?.rs %E)re%‘i@lcally, this can control the effective head and

thus ensures that the flow though the channel is such as to

~ensure that the screen 101 is self cleaning.

Referring now to Figure 16, the apparatus 61 is placed in
liquid 64 containing particulate matter and rotated as shown
at 63 in a direction so as to produce relative movement and
defi;ction by the protruding segments 68 while allowing ligquid
to pass through the surface 62 of the apparatus by way of the
openings 67. Liquid is removed from inside the cylinder 66.

- The apparatus is rotated about its centre 65.

It may be preferred that the ligquid 64 is also be caused to

move relative to the apparatus to obtain the best operation.

Referring to Figure 17, the apparatus 69 has a conical shape
and rotated at its axis 70 at an angle downward showing the
openings 73 to Be closed to a perpendicular view from the
inside of the apparatus 69. Liquid containing particulate
matter 74 enters at the smaller opening 77 aﬁd passes over the

inside surface of the apparatus 78. The protruding deflective



the inlet 81 into the upper -part of the inlet side of the separation
chanber 95, passing over a substantially horizontal spreadenuspyao® 82 to
allowthe flew fromthe restricted inlet 81 to spread out towards the
sides of the chanmber. It then passes over the direction plate 83 which is
curved to further spread the flowto the width of the chanber and direct
the flow towards -the upper separati¥h panel 84. The spieader plate 82

dth ti | 84 ar bstantially. t tial to. th
cur ved F8GIPRE S 42885 BR idp SRTE ot Lo Puige DA SHIAI e AL HAF (96 5
I f the. i ti t he_ s; ' | .84 | d
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subst anf | i.¢al NN 26 Uad VaB 904 +89 naennged: solid
segnen?éségth%aé%&?e%gsﬁp%@e%dgﬁnm‘g}zai%lo%& n the direct iPon of floﬂvxt/;g They
forma ggei egepicopbit dewgmerts SiDpitlraigps theer agimingshe 13ar gaid sol i ds
are directed, by the action of gravity and force of the flowng liquid, to
the sofbowswand| aesayofiramnph8bappardtushdSe ofThilfe praress4s Rided biy be a
solids straight or curved transition panel 85 at the base of the

separ atibs pahatied 79-aid in clearing the panel of certain types of
solids. The layer of liquid closest to =the separation panel 84 is

Referring to Figures 18 to 21, we provide an apparatus which,
whilst using the principle of the invention, highlights the
effect of gravity on liquid movement through the separation

panel.

In this embodiment, the liquid/solid mixture enters through
the inlet 81 into ﬁhe upper part of the inlet side of-the
separation chamber 95, passing over a substantially horizontal
spreader plate 82 to allow the flow from the restricted inlet
‘81 to spread out towards the sides of the chamber. It then
passés over the direction plate 83 which is curved to further
spread the flow to the width of the chamber and direct the
- flow towards -thé upper separation panel 84. The spreader
plate 82 and the upper sep.ara:tion pahel 84 are substantially
tangential to the curved flow plate 83 at its top and bottom

edges respectively.

In this example of the invention the separation panel 84 is
made from expanded metal sheets. The op‘enings 91 in the panel

are individually in a substantially vertical plane while the



subject to pressure by the action of gravity and the pressure of the
overlying blanket of liquid and at each step in the pan26J&duasy pad4 i on of
the - liquid passes through the openings 91 to drop.to the outlet collection
sunps 89 bel ow and thence to the outlet 90. The solids collection sunp 86
has on at | east one side a backwardig.sloping separation. panel. 8.7 fixed
to . the outlet side of the sunp 86. This | ower separation panel 87, is

f or ned conneptingespéddofseguentsad2 drabmck viposhitsivei dopmoird segreents 94
that provide a substantially solid face to solids in the sunp 86, and a

cor r esFORdEIFeSEires of SRyt anthey | §ormop s6FieF Gfemmgd oPvmmardl | ow
the liquid.and fi d | i t Ss, | h th | 87 und
the actieRiRer SRAME RYEToHPEChander HARAPY FOHEDUERE COgRECES arkl (he
out| et +80. 5281 daNNY % 2AA%2 Aneh SOLd defdheotd o, Aanal; AR g De. pcat ed
bel ow the I ower portion of the upper separation parel .Sl opl ng” down

from Eaeitdepcedgecefiohh@unbansi hitoRhBARRISB8D£! QHEO\RINAING 4. OWeFhere
separation panel 87. Liquid and finer suspended solids dropping down from

the uppey depar atdldripastataifvhtaior dureeide dransitieonoganet @l lactign sunp
89 and thence to the outlet 90. In another, simlar, exanple of the
i nvent PG8e $fovikhe nSEP@ERkion panel 84 to aid in clearing the panel

of certain types of solids.

The layer of 1liquid closest to -‘the separation panel 84 is
subject to pressure by the action of gravity and the pressure
of the overlying blanket of liquid and at each step in the
panel 84 a portion of the liquid passes through the openings
91 to drop to the outlet collection sumps 89 below and thence

to the outlet 90.

'J:‘he solids collectj.on sump 86 has .on at least one side a
backward. .sloping separation panel 87 fixed.to. the outlet side
of the sump 86. This lower separation panel 87, is formed
with a series of vertical or backward sloping solid segments
94 that p:ovide a substantially solid face to solids in the
sump 86, and a corresponding series of substantially
horiéontal openings 93 that allow the 1ligquid and finer
suspended solids to paés through the panel 87 under the action

of water pressure, and thence to the outlet sump 89 and the

~ outlet 90.



20, the solids collection sunp 100 is divided into inlet and outlet sides
by the | ower separation panel 87 fixed at its |ower. edgéJaauarh@0®ut | et
side of the sunp 100 and inclined back at an angte towards to | ower edge
of. the transition panel 85. The portion of liquid that reaches the sunp
100 is forced by water pressure thrgugh the | ower separation panel (forned
wi th openings and solid segnents as in the previous exanple), into the

out | eta skdeiaf ddFletiipnlOPfanslesst hmy ipe 1Qdcated hdelounptidO loweko t he
outlet collection sunp 89 and thence to the outlet 90. In all other ways

t hi s epodiomnofoftheheuppemenseparation hpasakesas ddswpdingeddewn t Eopr evi ous
enbodi nent. The enbodi ment of Figures 22 and 23 show the use of the
concepth®f tPRe 4HRNPT ofPEOJEIBREL tHPN BRRBIN AR c 0o FaVaTorthe ThPYeT

enbodi nent _canp be particylarly useful, -fo 1 xed syste of _s e and -
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Januaryo20R4 &dti ¥t tEolhesd g il andagHehder €o citie haundws of raw

sewage and any stormwater carried debris. in the enbodi nent, under nornal

conditions, the inlet 110 wil| ’ )
In another, similar, example of the invention, shown in Figure
20, the solids collection sump 100 is divided into inlet and
outlet sides by the lower separation panel 87 fixed at its
lower edge to the outlet side of the sump 100 and inclined
back at an angle towards to lower edge of the transition panel
85. The portion of liguid that reaches the sump 100 is forced
by water pressure through the lower separation panel (formed
with openings and solid segments as in the previous example),
into the outlet side of the sump 100, over the lip 101 of the
sump 100, into the outlet collection sump 89 and thence to the

outlet 90. 1In all other ways this embodiment of the invention

is the same as described in the previous embodiment.

The embodiment of Figures 22 and 23 show the use of the
concept of the invention together with a dynamic separator.
This embodiment can bé particularly useful £for a mixed system
of sewage and stormwéter. . As previogsly' mentioned, such
systems normally darry the sewage load and this can be
. multiplied many times when there is, say a heavy storm.

Sewage treatment plants may well not have the capacity to cope



carry sewage and any stormmater which will enter the chanber 112 and thence
to the dynam.c separator 115. In this the sewage and wak@danudry 2QMiSs

t hrough aperture 116 to outlet 117. Under conditions where there is greater
flow, where there is substantial stormwater, then the liquid and entrai ned
solids which conme through the inlet 210 nove along the separation plate
113 which acts as described in the previous enbodi nents,” water will pass

t hr ough¥ikB Bh&t éncrsagpd| Filowhanshithertgedansbl ds.1agds |oherawveewageng t he
surface_of, the %ate to the dynam,c separator 115. Thus there is a

restri cergn®BR g 8rmﬁﬁgﬁFiF§r5¥eabf%Pr i ch enters the dynanic separator.
Wth this increased flow, too, there will be a build up of the solids

adj acent. the centre of. the dynam c separator and. these, together with

the entrai egd wAbeAim¥ht!| WRMEr! Qothgl CEBLELidNs, UAd S¥n ALt i @fdf Wil |
pass. through the outlet 116. The renainder of the water wll ten %o be

di spl acedrby Eewkiger addhcamy ngtosheatet twiidith wRYE 2beer tdhe behihee414 and
will tend to re~enter chanber 112. The capacities of the chanber 112 and
the dynakiéc &sbakbedre k5 tha Bynagdkectamkrarognabl®. t helmakhism cel et

of. the separatqr to be the maxi num acceptable at the semage treatment 26
Januar yS8¥84€23nd¥aRRT oYL L nRARE X REAHIR HRAFFWFER 1dGckoasutdetndblie

Under conditions where there is greater flow, where‘ there is
substantial stofmwate:r:, then the 1liqguid and entrained solids
whicl; come through the inlet 110 move along the separation
plate 113 which acts as described in the previous embodiments,
water will pass through the plate 113 whilst the entrained
- solids will be moved along the surface of the plate to the
dynamic separator 115. Thus there is a restriction on the
quantity of water which enters the dynamic separator. With
this increased £low, toc, there will be a build up of the
solids adjacent the centre of. the dynamic separator and these,
togeth_er with the entrained water, will move to the centre, by
vortex action, and will pass through the outlet 116. The
remainder of the water will tend to be displaced by further
incoming water, it will move about the baffle 114 and will

tend to re-enter éhamber 112.

The capacities of the chamber 112 and the dynamic separator
115 can be 'selected to enable the maximum outlet of. the

separator to be the maximum acceptable at the sewage treatment



apparatus to cope with anticipated nmaxi mumflows. the 26 January 2004 23
The clains defining the invention are as follows: 1. An 2®pamarnuz0ddo
separate solid matter froma liquid stream passing through the apparatus
al ong a predeterm ned path, said apparatus including a separation panel

| ocated on said path and having a fﬁce over which the liquird passes in a
predeterm ned direction, the panel %ving a plurality of apertures through
whi ch solid tt of _a size | n edeterpLne 1 c ot pass,
sai d BySPEuretiperhy mstEt ESlgrt GuBheCEh (R PiaabEe ene
predetapai-aedodiheebhany ey aldi AfpARRe il anguar.sely of said

di rectton, ang erern sald panel "has protruding solid segnents associ at ed
with the apertures which shield the apertures with respect to liquid
passi ng the panel by formng a substantially closed face to the liquid
passing in said direction. 2. The apparatus of claim1l wherein said panel

i s expanded netal nmesh. 3. The apparatus of claim2 wherein said panel is
generally flat. 4. The apparatus of claim2 wherein said panel is generally
vertically oriented. 5. The panel of claim3 wherein said panel extends
general ly horizontally transverse of said direction, and sl opes downwardly
in said direction. 6. The apparatus of claim2 wherein said panel is
arcuate so that said face 1is concave. 7. The apparatus of claim®6 wherein
said face is generally vertically oriented. R



8. The apparatus of claim6 wherein said panel is arcuate so that said face
i s convex: 9. The apparatus of claim8 wherein said f ace26 damene2@0q y
vertically oriented. 10. The apparatus of claim1 wherein said apertures
face in a direction which has a- direction conponent in said predeterm ned

direction. -ABSTRACT An apparatus for the seperation of solids from
flowng liquid A method for separation of solids froma flow ng Iiquid
by utilising the energy of the liquid including a separation panel 13

| ocated in the path of novenent, thegpspanel, in the direction of novenent

of liquid, presenting. a closed face 20 to the flow of |iquid and having at
an angILrg‘eP@“IPﬁ elging thejimvention srowe fallows:-a plurality of apertures 21

t her et hr ough fhroug | h L.l ss. wWhilst solid materi al
entr ai ned therrlei n |§n\é\% g%g}st'% Lér?ogi\'/%éjg onémt%%re%?oé%ﬁ §6m§fst¥%81 PAEIE the
ar r angetangh theiapgarstis faldnigat pretietersined péth faéd penedtus Schndidg € seRRatith

panel located on said path and having a face over which the liquid passes in a

predetermined direction, the panel having a plurality of apertures through which solid

matter of a size larger than a predetermined size cannot pass, said apertures being located
at positions spaced both in said predetermined direction as well as generally transversely
of said direction, and wherein said panel has protruding solid segments associated with
the apertures which shield the apertures with respect to liquid passing the panel by
forming a substantially closed face to the liquid passing in said direction.

-2 The apparatus of claim 1 wherein said panel is expanded metal mesh,

3. The apparatus of claim 2 wherein said panel is generally flat.

4, The apparatus of claim 2 wherein said panel is generally vertically
oriented.

5. The panel of claim 3 wherein said panel extends generally horizontally
tfansverse of said direction, and slopes downwardly in said direction.

6. The apparatus of claim 2 wherein said panel is arcuate so that said face
is concave.

7. The apparatus of claim 6 wherein said face is generally vertically
oriented.

8. The apparatus of claim 6 wherein said panel is arcuate so that said face
is convex.

9. The apparatus of claim 8 wherein said face is generally vertically
oriented. |

10. The apparatus of claim 1 wherein said apertures face in a direction

which has a-direction component in said predetermined direction.



Figure 5
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ABSTRACT

2An_apparatug for the séparation of solids from flowing
dicuid ' _

A method for separation of solids frcm a flowing liquid
by utilising the enexrgy of the liquid including a
separation panel 13 located in the path of movement, the
pranel, in the direction of movement of liquid, presenting
a closed face 20 to the flow of liquid and having at an
angle to the direction of movement, a plurality of
apertures 21 therethrough through which the ligquid can
pass whilst solid material entrained therein is caused to
move along the fact 20 of the panel, the arrangement

being such that the face of the panel is self cleaning.

Figure 3



