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3 APRIL 2006 1 HYDRODYNAMIC TREATMENT DEVICE This invention
relates to a hydrodynamic treatment device for separating material from a
liquid flow which carries the material. 5 The material to be separated may
be settleable solids such as grit, sediments and fine particulates, or

liquids having a lower density than the main liquid flow (which magbe 0ils06
and hydrocarbons if the main liquid is water), or gross solids that may be
neutrally 10 buoyant, such as street debris including bottles, crisp

packets, cigarette ends, leaves, etc. Hydrodynamic treatment vessels or
vortex separators ai¥ DRINAMIEN CREATMENTODRVIGEresearch work
carried oTl.&t1 in the 1950t's and 1960's 15 gDesigrP], Construction ang .
performanclesoflv%YteeI9< 6\9é1rfljcf)\§vs?§%§nar8 Samisggrrl,o )}Zn%g%iﬁm O SHOIRY
Sewage cOYerflowsy dstitlition of-Ciwit Enginesss, 067 pages AP 10hich

The%have fQC nd %%%Iicatiori as combined sewer overflows (CSOs) and
Cca les e ria n R
as grlfE Separators. §epara’[ors known as "Hydro-Dynamic" separators

are low hergyedesiceslwhichl@gpesatednatausing a ligaics €ohfaringe
suspended solig material.to rotate in lindrical vesse| so that ttie lid
T e e i o s e pol
there isisiveptstoreaceanteal Joweneutiel byt inward rswéeping effe¢ti quid

caused by camplexflow patterns in the \deyice. 16is known hat the device

is suitable for providing enhanced settlement of solids material from a
liquid is water), or gross solids that may be neutrally
buoyant, such as street debris including bottles, crisp
packets, cigarette ends, leaves, etc.

Hydrodynamic treatment vessels or vortex
separators are well known and are based on initial
research work carried out in the 1950's and 1960's
(Design, Construction and performance of vortex
overflows, Bernard Smisson, Symposium on Storm Sewage
Overflows, Institution of Civil Engineers, 1967, pages
99-110). They have found application as combined sewer
overflows (CSOs) and as grit separators.

Separators known as "Hydro-Dynamic" separators are
low energy devices which operate by causing a liquid
containing suspended solid material to rotate in a
cylindrical vessel so that the solid material falls
under gravity and inertial forces to the base and once
there is swept to a central lower outlet by an inward
sweeping effect caused by complex flow patterns in the
device. It is known that the device is suitable for
providing enhanced settlement of solids material from a
liquid/solid mixture. Thus, such devices have been
used in sewage treatment for separating hard grit from
the incoming raw sewage, with the resultant degritted

sewage then being passed to a conventional sewage
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liquid/solid mixture. Thus, such devices have been 30 used in sewage
treatment for separating hard grit from the incoming raw sewage, with the
resultant degritted sewage then being passed to a conventional sewage 3
APRIL 2006 2 treatment plant. They are also used as "storm water
overflows" upstream of conventional sewage treatment works taeRsure> 006
that gross contamination is separated from liquid waste discharged to
watercourses during 5 storm condition®when the sewage treatment works
is unable to cope with the high flow. "Hydro-Dynamic" separators of this
typeayemieseripadand claimed iar fordnstancecourBritishtRatentiater
Specifications Nos. 2082941 orresponding to US Patent No 4451366)
and 102128741 (S reSiBhditg 60 eﬂ&te%? RO. A747662) ETHeRown

hydrokdynamie separatahista simple deviceawith stoimavihg pastsafheed
simple geometry of the deyice however, hides an, mternal comp lexit
flc?\%/p strugtlu?e %e mean fﬁc/)w paﬁer% OJt')sj%rve 54 15 d%wnwar%ﬁw ¥ILgaI
flew ar thecouter tegiors andeam uhwarske helical florenearthe wenkral region

of th Se arator., These two eral flo re].gimes are arat Q rg\shear
zonegPegéf’orllE Qr Cogomgmatlon ?unég rfiow and over%%Br t% a

nerspaifertne axiab flowlprefiley Phe ®ffectse 2010f flai wsdogtl,fabmadda;ny,
laygts and, ggqq%eentughnga@;ﬁr&gﬁ){veﬁgt%q;@c%gggpﬁe O flow rmoying at

different velocities, cause velocity gradients and vorticity (rotation) to be
preseAl Thebeqesdls ra Seeantantifow ssupekimpsosed onl thetprirmag

ﬂ@@B@h@@ (corresponding to US Patent No. 4747962).

The known hydro-dynamic separator is a simple
device with no moving parts. The simple geometry of
the device however, hides an internal complexity of
flow structure. The mean flow pattern observed is a
downward helical flow in the outer region and an upward
helical flow near the central region of the separator.
These two spiral flow regimes are separated by a shear
zone region. The combination of underflow and overflow
leads to a non-uniform axial flow profile. The effects
of fluid viscosity, boundary layers and momentum
transfer between adjacent zones of flow moving at
different velocities, cause velocity gradients and
vorticity (rotation) to be present. These result in a
secondary flow, superimposed on the primary flow, which
in turn results in solids being swept towards a lower
outlet, and thence to a solids collection trough or
hopper. The hydraulic regime in the separator ensures
very little short-circuiting with a near plug-flow type
flow regime.

The effectiveness of a hydrodynamic separator can
be expressed quantitatively in terms of removal

efficiency and retention efficiency. Removal
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25 in turn results in solids being swept towards a lower outlet, and thence

to a solids collection trough or hopper. The hydraulic regime in the
separator ensures very little short-circuiting with a near plug-flow type

flow regime. 30 The effectiveness of a hydrodynamic separator can be
expressed quantitatively in terms of removal efficiency and retentiens, 2006
efficiency. Removal 3 APRIL 2006 3 efficiency represents the percentage

of particles in the incoming flow which @are removed from within the
separator. Retention efficiency represents the percentage of particles or
oWer contaminamtsgn die htircammgdionswhichoaredetaiaed withisthen
device and dq not reach th .cl%an water outlet.ol[%o%krl the removal

effitient]) AR FeEntion Erfidlendy Wifvary SREsHing B the ERaractetistics

ofsparticletconcermet;, stich as kS Size; densityrand-shape, Hut the
]E)r%);ectlve isto 10 rfaxml%ei* the ﬁ]ercent%q{eeof pa}jrrtllggr% either removetq16

r%rtﬁ%%ﬁ\?ce)r fetained within the treatment d%wce, plar}ﬁgu aslrlyl for

smaltlempargclélsizesylsuich agrthose thelow 400 micions: I@ptimeigingsthend
peformance.of lydradynamic 15, sepayalors s pirerpaly diffiut. Small o,
changes in geometry can have major effects on removal and retention
efficienciesnand zoAseqientlyithe eptimisator proceks reguivesithecording

C%@St%goggg{rgagyepg%tgtyglpgsOF'@A%QQ@%X%%}%V&Q%ym&C}] as

consuming, 20 and does not lead to a guaranteed improvement in
its size, density and shape, but the objective is to

maximise the percentage of particles either removed
from the flow or retained within the treatment device,
particularly for smaller particle sizes, such as those
below 400 microns.

Optimising the performance of hydrodynamic
separators is extremely difficult. Small changes in
geometry can have major effects on removal and
retention efficiencies, and consequently the
optimisation process requires the construction of many
prototypes. This is both expensive and time consuming,
and does not lead to a guaranteed improvement in
performance.

Computational fluid dynamics enables computer
modelling of treatment vessels, and of the flow regimes
which are created within them. However, the complex
nature of the flow and, as mentioned above, the effect
on performance of small changes in geometry mean that
even computational fluid dynamics is not completely
reliable in optimising the performance of hydrodynamic
treatment devices in a practical environment.

A development of the separators disclosed in GB
2082941 and GB 2158741 is disclosed in W000/62888.

The separator disclosed in that document comprises



10

15

20

25

30

performance. Computational fluid dynamics enables computer modelling

of treatment vessels, and of the flow regimes which are created within

them. However, the complex 25 nature of the flow and, as mentioned

above, the effect on performance of small changes in geometry mean

that even computational fluid dynamics is not completely reli@ableciir, 2006
optimising the performance of hydrodynamic treatment devices in a
practical environment. 30 A development of the separators disclosed in

GB 2082941 and GB 2158741 is disclosed in W000/62888. The

separatof whisclesed dbatdoctynenticommpyisesnd APRIL 2006néha

c I(%rlldrigaltvessel cotntainin atholltzw columndwhich tegninates tlits lower
end afa downlvaraly” diverging SonicAr merhiSer® Shartly 2BovatthaY
canicalremiber,dhe dwlloweatismn hastopeningsahwkch: permit flow from
thgonﬂzilin qoqg/e%f th](_; Veﬁﬁ%' hntti %%7 colgTwunm;I'hgres isoaré Iq%etsfor such
flow at the top o fhe coltimn. A ip plzﬁe surrounds théjcolur’r%, and acts
tovistabilisecftow patiéms viithin thé gessel ninckgperatiohsflowe sar take

plgge araund theydip plate-ip the apenings i the colmn.and hengs up
the column'to the outlet. The present invention arises from a desire to
ineredsesthésemobakard reténtion efficiencies of 15 separators of the

type disclosed inGB2082941 .G 21PRZ41 3nd{00Q/B2888: 5+
stabilise flow patterns within the vessel. 1In
operation, flow can take place around the dip plate to
the openings in the column, and thence up the column to
the outlet.

The present invention arises from a desire to
increase the removal and retention efficiencies of
separators of the type disclosed in GB 2082941, GB
2158741 and W0O00/62888.

According to the present invention there is
provided a hydrodynamic treatment device for separating
material from a liquid flow, the device comprising a
vessel having a cylindrical outer wall and an inner
partition which divides the interior of the wvessel into
outer and inner separation regions which communicate
with each other across the inner partition, the vessel
having an inlet which is directed into one of the inner
and outer regions to promote a rotating flow in the
vessel, a liquid outlet which extends from the other of
the inner and outer regions, and a frustoconical base
which converges downwardly to an outlet opening for
separated material, the inner separation region being
annular, and defined at its inner periphery by a central
cylindrical partition, the interior of which is open at

its lower end to provide access to the outlet opening,
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According to the present invention there is provided a hydrodynamic
treatment device for separating material from a liquid flow, the device
comprising a 20 vessel having a cylindrical outer wall and an inner

partition which divides the interior of the vessel into outer and inner
separation regions which communicate with each other acrogs ferinnepooes
partition, the vessel having an inlet which is directed into one of the inner
25 and outer regions to promote a rotating flow in the vessel, a liquid

outlet which extends from the other of the inner and outer regions, and a
frustecanicairbasep sauah eonverges dowanmandly 10 asduilet openingwet
se agated material, the inner separation region being 30 annular, and
défiied at its inner periphery by a central cylindrical partition, the interior

of whichdsieper at lits lowes @odita provide ateessitoctheoutlehepemiagent

3 APRIL 2006 5 the inner separation region bei I se%a its lower end.
OHAYRBII SF adoptiHne TOnBSof (i oSN voRiad iSthat How e
patteras &stablished imthesinnenb separatpaegibntarecnct propagated 1et

thiough the oullel apening 0.4 seperated materalaliegton fegien I 1
h ected materi [, and

known éggices, s?uc ow patterns can stir up co
causevit talatigrates backithrodighe thee outletropering te tajointhe gndihected

flow. 10 Prgferred embodiments eqnsirycted in accordance, with the,
present invention demonstrate excellentremoval and retention
effigiehefesoprening to rejoin the main flow.

Preferred embodiments constructed in accordance
with the present invention demonstrate excellent removal
and retention efficiencies.

In a preferred embodiment, the inlet opens into the
outer separation region and the outlet opens into the
inner separation region, although the reverse
arrangement is possible.

Communication between the outer and inner
separation regions may be provided by means of at least
one aperture in the inner partition. The or each
aperture may be disposed adjacent the lower end of the
inner partition.

A screen may be provided over the or each aperture.
In one embodiment, the aperture may comprise a
circumferential slot extending entirely around the inner
partition.

A frusto-conical downwardly extending wall may be
provided at the lower end of the inner separation
region. The inner partition may abut the frusto-conical
wall, so that the frusto-conical wall serves to close
the lower end of the inner separation region. The
frusto-conical wall preferably projects beyond the inner

partition, the outer edge of the frusto-conical wall
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In a preferred embodiment, the inlet opens into the outer separation

region and the outlet opens into the 15 inner separation region, although

the reverse arrangement is possible. Communication between the outer

and inner separation regions may be provided by means of at least one
aperture in the inner partition. The or each 20 aperture may be dispased 006
adjacent the lower end of the inner partition. A screen may be provided

over the or each aperture. In one embgdiment, the aperture may

comprise a circumferential slot extending entirely around the inner 25
paritian. Afrusteicanical downwarey exteadingavalbmay bher provided atel,
the lower end of the inner separation .r 9ion. The inner partition may abut
the Tt bnical WAL, So Tt t6 LSS Bonical WAl SERIes18 cRide 6™
theHewen ead 0f theoiinehseparation regiont khe cftuste+conican wadj .

preferabllyh%ro'kencts beyond the.inner par itieonét e ggtrerggfge Ogr%e nav be
frusto-conicai wall 3 APRIL 20086 B]elﬁg spacé( from the frusto-conical
baseafithe wessel, tSeeas tadefinend gap providing communication

between_the interior of the vessel and the ou Igt opening. The inner

T , )

partition n%layab ]é)e/l]fr?d:rf:c%, a%n r%%rg%né cogaxm?ﬁ\)/l\%%et%e%%%er vﬁéﬁﬁﬁ %S
preferred embodiments apaoutlet doctrexdénds frone tedlinblee separation

regian fueyah the, gylindrical puter wall.offhe vessel. AR inlgt ducty, ¢
may be provided to conduct flow to the inlet, and this
inlet duct may extend through the cylindrical outer
wall. The inlet and outlet ducts may be aligned with
one another and may be provided in an upper region of
the vessel. Alternatively, the inlet may be supplied
with inflowing liquid from an overhead grating, for
example situated to receive run-off from a road
surface.

The inlet may be in the form of an inlet port
which communicates with the inlet duct, which is
situated below the inlet duct, and which opens in a
generally tangential direction with respect to the axis
of the vessel. The inlet duct may also communicate
directly with the inner separation region, for example
over a welr having a top edge above the inlet port, or
other bypass facility such as a siphon.

The inner separation region may contain filter
media and, in a preferred embodiment, the filter media
substantially fills the inner separation region. The
filter media may be in the form of a replaceable
cartridge.

For a better understanding of the present

invention, and to show more clearly how it may be
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may be provided to conduct flow to the inlet, and this 10 inlet duct may
extend through the cylindrical outer wall. The inlet and outlet ducts may
be aligned with one another and may be provided in an upper region of
the vessel. Alternatively, the inlet may be supplied with inflowing liquid
from an overhead grating, for 15 example situated to receive sunpffffomoos
aroad surface. The inlet may be in the form of an inlet port which
communicates with the inlet duct, which is situated below the inlet duct,
and which opens in a 20 generally tangential direction with respect to the
axisrefitbe vessel. Fhednlet duciffaay alse communivate «iregty withytheay
innﬁr separaiion re%ion for examrEIe over a weir havingzasto %%gie %b:ove

theinfet PORL6r oter Bypads T2ty SR %s " SiphoA e'innet

separatiori tegien mayhcontam filted noeédiasanid; in agurefesred device
er“rilg)grglim%r]]:ttthgmfilltce{ rgedrjarsublsg%ntjcally fills the inner separation region.
The Tiltef Media may b€ in the form of ayr’eplaceable cartridge. 30 For a
better urideystandinhgicf the presentniaventicry ant tolshowrmatenckearly
how it.may be 3. APRIL 2006 7 carried into effect, reference will now be

ma%\é,lby way otlgilé:r%p e, t(ﬁhe accompanying drawings, in which:

Figure 15howsea Rydrodyramictisatheerit device withuygarsbmittedsfor
clﬁgg/i ?i':égu@e% ESC% §ectiona| view of the treatment

The treatment device of Figure 1 comprises a
vessel 2 defined by a cylindrical outer wall 4. An
inlet duct 6 and an outlet duct 8 extend through the
wall 4 and are aligned with each other. Within the
vessel 2, the inlet duct 6 emerges into a chamber or
trough 10. The base of the trough 10 opens into an
inlet shute 12 which is situated adjacent the inner
face of the wall 4. The shute 12 has an inlet port 14
in the form of an opening directed generally
tangentially of the wall 4 for admitting flow to the
interior of the vessel 2. The inlet port 14 is
disposed below the trough 10 and the inlet duct 6.

At the lower end of the vessel, there is a
downwardly convergent frusto-conical base 16 which
extends from the wall 4 to a outlet opening 18 for
separated material, which provides access to a sump 20
for collection of the material.

An inner partition 24 is situated within the
vessel 2. In the embodiment illustrated, the inner
partition 24 is cylindrical and is coaxial with the
wall 4. However, in other embodiments the inner
partition 24 may have a different shape and
disposition. The partition 24 divides the interior of

the vessel 2 into an outer separation region 22 and an
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device of Figure 1; and Figure 3 corresponds to Figure 1 but shows a
modified device. The treatment device of Figure 1 comprises a 10 vessel

2 defined by a cylindrical outer wall 4. An inlet duct 6 and an outlet duct 8
extend through the wall 4 and are aligned with each other. Within the
vessel 2, the inlet duct 6 emerges into a chamber or trough 1. Ahehaseyos
of the trough 10 opens into an 15 inlet shute 12 which is situated adjacent
the inner face of the wall 4. The shute 42 has an inlet port 14 in the form

of an opening directed generally tangentially of the wall 4 for admitting
flqwﬁ@ihesé@i@fierc@bmex\@gosehz ZBhe infetporh i is %@ﬁ&p@ﬁ@dﬂaelow
the trou C%and the inl tduct 6, At the lower end of the yessel, there |s

a dowiwar cgnveragntaTrUSto oRichr Badd 18 wRER | \ét‘gﬁ s Sm e
whal 440 @eotittet Dpeningntd fora separateikmateriad, .which provides

access t9 asum 20 25 for cg4ect n of of the materi IL}An inner partition 24

is sﬁuatecFWltﬁln tﬁe vessel 2.1n the embo@me%t ustraféde¥he inner
partiten 24-is cyhrdricahafd iseasaal, withtheh svatidh ddowever, mhathier in

odiments the inner 30 par 4 may have a different shape and ,
dlspgéllﬁoanhg%artltlgﬁ Ziotdl\%%es%thei?nénor ?)}%the%e%qsel Eel?no z?n
odter sepanationwegionZ2sand ArB ARRHNA06H 8virnéhseparatidn ragion

2%ﬂ@¥%@n§ﬁ§§8a%w0@, and at their lower ends they extend

to the level of the frusto-conical base 16, although
they may terminate short of this position. The central
cylindrical partition 26 is continuous, i.e. it
contains no apertures or perforations.

The central cylindrical partition 26 is provided
at its lower end with a downwardly divergent frusto-
conical wall 30. The inner partition 24 abuts the
frusto-conical wall 30, and it will be appreciated from
Figure 2 that the frusto-conical wall 30 thus closes
the lower end of the inner separation region 28.

The frusto-conical wall 30 extends outwardly
beyond the inner partition 24 and stops short of the
frusto-conical base 16. An annular gap 32 is thus left
between the frusto-conical base 16 and the frusto-
conical wall 30 to provide communication with the outer
separation region 22 and the outlet opening 18.

Apertures 34 are provided in the inner partition
24 adjacent its lower end. In the embodiment shown,
there are four such apertures distributed equally
around the inner partition 24. The apertures 34 may be
provided with screens such as mesh screens. 1In
alternative embodiments, the apertures may be replaced
by a single slot extending circumferentially around the

inner partition 24, or defined by a gap between the
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region 28 is annular, with its inner periphery defined by a central

cylindrical partition 26. The partitions 24, 26 defining the inner 5

separation region 28 extend, in the embodiment shown in Figure 1, for
almost the full height of the vessel 2. At their upper ends, they extend

above the inlet and outlet ducts 6, 8, and at their lower ends theypextend 006
to the level of the frusto-conicai base 16, although 10 they may terminate
short of this position. The central cylindrical partition 26 is continuous, i.e.

it contains no apertures or perforations. The central cylindrical partition 26
isipevided datdtsolower €ndrwidir a slonainardly divergeat trustors 15 copical

wall 30. The inner partition 24 abuts the frusto-conicai wall 30, ang]it ill
o 5w 55

b& appretiatéd igurs2 that the Fusts donicsiwalr 36 s aoSed * 2

the leweeend of the inner separation region 28. The frusto-conicai wall 30

extends gutwardly, 20 beyond the inner partitign 24 and stops shart of th
frusto-coﬁr)#ceai %%Jgé el% ilr}llca% n%léjrp geélpSSfajlcs tqﬂg left rbee]ivvé)%ﬁ%ﬁe 180774
frustorcomicai base W 6famanthe frustoneanicalwalb30 toprovideon 28 into
communication with theouter separation region 22 and the outlet opening
18. 265 Rg%rtten%;% él4ct5re8p')rovided in the inner partition 24 adjacent its

lower enéinlretherermbodiment showng therevarefour suchnapertureser

distriputad, equally, araund thedaner patitian 24, 1he apertyrgs 34 may be

provided with Screens such as mesh screens. In 30 alternative

embbinseris ctheapettures htayilsd repiaced bytabihglensioesitending

C%ﬁHﬂJ@&“@E@y@%g@Qg}h? by way of the inlet duct 6. The
flow passes through the trough 10 into the shute 12 and
thence through the inlet 14 to establish a rotating
flow within the vessel. Complex flow patterns are set
up within the liquid within the wvessel, and this
enables solids and other settleable material to settle
and eventually to pass through the gap 32 and the
outlet opening 18 into the sump 20. Floatable
material, such as o0il and hydrocarbons as well as
solids with a density lower than water, will similarly
be separated from the flow and will rise within the
vessel to accumulate in the upper region 36.

Clean water, ie water from which most settleable
solids and floatable materials have been separated,
will pass through the apertures 34 into the inner
separation region 28. If screens are provided over the
apertures 34, these will provide additional removal of
solids before the flow enters the inner separation
region 28. Additional settling may occur within the
inner separation region 28. Solid material settling in
this region will accumulate on the wall 30 and possibly
pass back through the apertures 34 to migrate to the
outlet opening 18.
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inner partition 24, or defined by a gap between the 3 APRIL 2006 9 lower
edge of the inner partition 24 and the frusto- conical wall 30. Such a slot
may also be provided with a screen. The outlet duct 8 opens at the inner
partition 24 5 to permit flow from the inner separation region 28 into the
outlet duct 8. In operation, incoming flow, for example water gomtaiing 2006
contaminants to be separated, such as settleable solids material and
floatable material, 10 enters the vessei 2 by way of the inlet duct 6. The
flow passes through the trough 10 into the shute 12 and thence through
the inlet 1440 astahlish arretatingh downwithin she yessel oG ompledofiow 111
pat}tlerns are set u withinttge Iiguid withi%the vgssfel, an ,thi%15 enables
St Sther S5ftiedble Materar t& Sefls “and evehtuaiy (6 pass ©*
thfaughhthe gae32endithe oultet topehingnbd atd dies sump120: Hoatable

ma}'%eerlal, such as, il and hydrocarbons.as well aﬁ? sol df. with a density

Io1\:/ver tﬁgr?\}v%?er, gvilf:éal%%ﬁyﬁ%nboevggpfr%{eldp ér%at eflow and Wil rise

withintthe dvessed toladcumulateiihathe dipper régiols 36p Chidan waterpiel 1

water from which mos %ettlea le li sanqlfloataltale m terials have
B o R i Cosg e toalhle e A b
sepdratiowe fediom 2891t scheensrarerprovided oveee thee rapesgtlres 34, these

Wﬁ'ﬁ@%{i&‘&a@ﬂ“%ﬁ ferpgval of solidshefors the flow gpters (e inger g

Sepamu%@lter media (not shown) may be provided in the
inner separation region 28. This filter media may
substantially fill the region 28 and will serve to
extract further solids from the flow before it reaches
the outlet duct 8. For ease of maintenance, the filter
media may be in the form of, or contained in, a
cartridge so that periodic replacement is simplified.

In the event of heavy flow, in excess of that

which can pass through the shute 12 and the inlet port
14, the level in the trough 10 will rise. The trough
is bounded at its end away from the inlet duct 6 by a
weir 38, the top edge of which is substantially above
the inlet 14. When the level in the trough 10 reaches
the top edge of the weir 38, flow will bypass the inlet
14 and pass over the weir 38 directly to the inner
separation region 28 and thence to the outlet duct 8.
It will be appreciated that rapidly settling solids
will tend to move along the lower region of the trough
10 and so will not flow over the weir 38 but instead
will pass into the vessel 2 through the inlet 14. Some
solids which pass over the weir 38 will have a settling
rate in excess of the upflow rate of liquid in the

inner separation region 28 and will fall to the bottom



10

region 28. Additional settling may occur within the inner separation region
28. Solid material settling in 30 this region will accumulate on the wall 30
and possibly pass back through the apertures 34 to migrate to the outlet
opening 18. 3 APRIL 2006 10 Liquid flow from the inner separation region
will then pass through the outlet duct 8 for discharge or further tireatmentos
Floatable materials collected in the region 36 can be removed
periodically, as can 5 settled material agcumulated in the sump 20. It will
be appreciated that access to the sump 20 can be achieved through the
interiartof the centrale pyingticahwalk: 26 @ndBraughstheratilet opanitge
18. Filter media#;ot s@ow@lmalx be prfoi/ided,in the 10 inner eBaration
region 28 This fitter edlia may" Sdbstantaily fill théFedion8 and wil
serve to Fexjract firthersodids fromad thed falv defare dt reaches dhe otlet
cuct 8. for case of mainiepance, the filer mediamay be.n the form of, or
contained in,pa ]ﬂ% cartridge so t atsperlodic reﬁacement i3 simp ified. Fn
thecevent ¢ heavy flowein, excess of that swhichmangpasstheoughetheower
shute 12 and the inlet port 14, the level in the trough 10 will rise. Th
T Doy S S g By o' ths TGk dck 6B 2 90 ban 38,
thevtbpredige offivhich esubstantiliyabole thedhlet 14n¥dien thedeveld
indhe rough 1Q.reaches e top edag of the weir 38 flow will bypass the
inlet 14 and pass over the weir 38 directly to the inner

wall 30. Alternatively, the portion 42 may be omitted,

so that access to the inner separation region 28 is
achieved by way of a circumferential slot between the
portion 40 and the frusto-conical wall 30, or between
two spaced apart continuous portions of the inner

partition 24.
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separation region 28 and thence to the outlet duct 8. 25 It will be
appreciated that rapidly settling solids will tend to move along the lower
region of the trough 10 and so will not flow over the weir 38 but instead
will pass into the vessel 2 through the inlet 14. Some solids which pass
over the weir 38 will have a settling 30 rate in excess of the upflawgate ofo o6
liquid in the inner separation region 28 and will fall to the bottom 3 APRIL
2006 11 of the inner separation region128 to emerge from the apertures
34 into the main flow in the vessel 2. Figure 3 shows a modified device in
wbichIMsre are no apertures 34. Instead, the inner partition 24 5
comprises an upper, continuous, portion 40 and a lower perforated portion
42. The portion 42 may comprise a cylinder of screening material, such
as mesha seguredd betweien thecuppes porticny4@ anddhe fresto-eariical
wall 30. ﬁ\[at%@ativ?lyf'g:hoe mportigr{ 42.rga¥ Pe om%tgd, %[0 so that access to

the inner separréﬁlon region 28is Achieved t‘)ﬂy Wayeof a circumferential Siot ©

betweenzheepertiondvamdythe frystorcamicad Wat 80 or betweemdwan

spaced apar continutou .portio%s. ofhthg .inn%r pa tgion '241:' 3 APRIL %OQI%
12 CLAII%/I%n .IA%%rol yﬁ%rr}lig trle(a:ttmerﬁV ev?ce orese[lagraetﬁléorrna?eria ©

from a liongid $lol, the device €onfprisingd arvessebhavinga cyindics

mﬂerwam%m%@%ommunicate with each other across the inner
partition, the vessel having an inlet which is
directed into one of the inner and outer regions to
promote a rotating flow in the vessel, a liquid
outlet which extends from the other of the inner
and outer regions, and a frustoconical base which
converges downwardly to an outlet opening for
separated material, the inner separation region
being annular, and defined at its inner periphery
by a central cylindrical partition, the interior of
which is open at its lower end to provide access to
the outlet opening, the inner separation region

being closed at its lower end.

2. A hydrodynamic treatment device as claimed in claim
1, in which the inlet opens into the outer
separation region and the outlet opens into the

inner separation region.

3. A hydrodynamic treatment device as claimed in any
claim 1 or 2, in which the inner separation region
communicates with the outer separation region
through at least one aperture formed in the inner

partition.
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inner partition which divides the interior of the vessel into outer and inner
separation regions which communicate with each other across the inner
partition, the vessel having an inlet which is 10 directed into one of the
inner and outer regions to promote a rotating flow in the vessel, a liquid
outlet which extends from the other of the inner and outer regiopsgand aooes
frustoconical base which converges downwardly to an outlet opening for
15 separated material, the inner separagon region being annular, and
defined at its inner periphery by a central cylindrical partition, the interior
of4 whiclnisropercatiitslower end4e provide aceess s thel autteidpening, aim
the inner_separation r%gior% 20 beingﬁg osed at jts lower end. 2

C

A
hydrodydmic tréathient device as daimed i aint - n Whidhhenlet

opens intaltheceuter tSepatationrregiah arfd tirecoutietcapensintotthe25

inner separation region. 3. A hydrodynamic treatment device as claimed in
any claim 1 or 2, in which the inner separation region communicates with
the.outeAséparatioly regior 30rthroughrdt |dastiore aperture formed in theaim

inner paﬁtit(ijorn. 3 AE’QIL %0% 1§h4e. A h)éq:rggyelarggc treatment gevice as
claimed in claim “3,7in which the or eaé% aperture is I(T:]Fsposeg adjacent

the lower end wfifiver mmet partitionx 5 <S1A hydredyharhit tréatmenteievice
as claimgd n elaig,,

6. A hydrodynamic treatment device as claimed in claim
3 or 4, in which the aperture comprises a
circumferential gap between the inner partition and
a wall closing the lower end of the inner

separation region.

7. A hydrodynamic treatment device as claimed in any
one of claims 3 to 6, in which the or each aperture

is provided with a screen.

8. A hydrodynamic treatment device as claimed in any
one of the preceding claims, in which the inner
separation region is closed at its lower end by a

wall.

9. A hydrodynamic treatment device as claimed in claim
8, 1n which the wall is frusto-conical and diverges

in the downwards direction.

10. A hydrodynamic treatment device as claimed in claim
11, in which the frusto-conical wall projects

beyond the inner partition.
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3 or 4, in which the aperture comprises a circumferentially extending slot
in the inner partition. 10 6. A hydrodynamic treatment device as claimed
in claim 3 or 4, in which the aperture comprises a circumferential gap
between the inner partition and a wall closing the lower end of the inner
separation region. 15 7. A hydrodynamic treatment device asxlaimedin2 006
any one of claims 3 to 6, in which the or each aperture is provided with a
screen. 20 8. A hydrodynamic treatmentdevice as claimed in any one of
the preceding claims, in which the inner separation region is closed at its
lower end hyyalrwal:25:9.A bydeptlysamicitreatraenidevicei asalaimed fy
claim 8, in whi thle wall is frusto-ccg)nical ang .di\fler es in th? downwards
% wWhRi g &

direction”16. & hydrsdyhiantic teatment device 58 clatmeddn tlaim™ 3011% ¢S
in which she frustotcanieal ivalkprojecis beyand thesinoér paditions3el,

APRIL 2006 14.11. drodynamic treatment device as claimed in
one of IR B18 107 e AiEh T8 VAN Rnales SR atle e Thbsto-
frusto-comical base lof the wesset,htherely defining an annular gap

between the frusto 5 conical base and the wall. 12. A hydrodynamic

treatment device as claimed in any
12. A hydrodynamic treatment device as claimed in any

one of the preceding claims, in which a filter

media is provided in the inner separation region.

13. A hydrodynamic treatment device as claimed in claim
12, in which the filter media substantially fills

the inner separation region.

14. A hydrodynamic treatment device as claimed in claim
12 or 13, in which the filter media comprises a

replaceable cartridge.

15. A hydrodynamic treatment device as claimed in any
one of the preceding claims, in which an outlet
duct extends from the liquid outlet through the

cylindrical outer wall of the vessel.

16. A hydrodynamic treatment device as claimed in claim
15, in which an inlet duct extends to the inlet of
the vessel through the cylindrical outer wall of
the vessel, the inlet duct being aligned with the
outlet duct.

17. A hydrodynamic treatment device as claimed in claim
16, in which the inlet is disposed below the inlet

duct and comprises an inlet port oriented to
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one of the preceding claims, in which a filter media is provided in the

inner separation region. 10 13. A hydrodynamic treatment device as

claimed in claim 12, in which the filter media substantially fills the inner
separation region. 15 14. A hydrodynamic treatment device as claimed in
claim 12 or 13, in which the filter media comprises a replaceabler11. 2006
cartridge. 15. A hydrodynamic treatment device as claimed in any 20 one

of the preceding claims, in which an outiet duct extends from the liquid

outlet through the cylindrical outer wall of the vessel. 16. A hydrodynamic
treatmerd deviceragclaimed infclaim i2f 35 tinavkiels aalinleh dact extends

to the inlet of the vessel through the %y]indrical outer wall of the vessel,

the inlet UCCHEIRG Atighed With'tR8 Suitlet duet 017, %A njdfodyhamic ©
treatmentldevicelasdatned inoclakmr 16 10 which the inlet is disposed

below the inlet duct and comprises an inlet port oriented to 3 APRIL 2006
15 discharge inlet flow into the vessel in a tangential direction with

respect b the@axislgh dnel cylindeieaheuter vwallisd48aA hydsddharanmic claim

treatmeny deyice,as claimed in glaim 16 o1 17, inwhich fhe inlef and., ¢
outlet ducts are disposed at an upper region of?he vessel. 19. A
hydrodyddmizotseatntent aevicerastclaimedany bnéhe vessel.

19. A hydrodynamic treatment device as claimed any one
of claims 16 to 18, in which the inlet duct
communicates with the inlet through a chamber, the
chamber being provided with bypass means for
allowing flow from the chamber to the inner
separation region, by passing the outer separation

region.

20. A hydrodynamic treatment device as claimed in claim
19, when appendant to claim 18, in which the inlet
port is provided in the wall of an inlet shute

which extends downwardly from the chamber.

21. A hydrodynamic treatment device as claimed in claim
20, in which the bypass means comprises a weir
disposed between the chamber and the inner
separation region, the overflow edge of the weir

being at a level higher than the inlet port.
22. A hydrodynamic separator as claimed in any one of
the preceding claims, in which the inner partition

is cylindrical.

23. A hydrodynamic separator as claimed in any one of
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10 of claims 16 to 18, in which the inlet duct communicates with the inlet
through a chamber, the chamber being provided with bypass means for
allowing flow from the chamber to the inner separation region, by passing
the outer separation 15 region. 20. A hydrodynamic treatment device as
claimed in claim 19, when appendant to claim 18, in which the intet 1porbooe
is provided in the wall of an inlet shute 20 which extends downwardly from
the chamber. 21. A hydrodynamic treatment device as claimed in claim

20, in which the bypass means comprises a weir disposed between the
chamberard the-inset 25 sepatation regiom, thenoverfdowredge efdhe weion
being at a level higher than the jnlet port. 22. A hydrodynamic separator

as claiméd i Sﬁff%%eé JFthd ptrfégeéaﬁ‘}ﬁ %fair“ﬁ%A,lﬁq'which the inner partition
30 is cylindrical. 23. A hydrodynamic separator as claimed in any one of 3
APRIL 2006 16 the preceding claims, in which the inner partition is coaxial

with the outer wall. 5 10 15 20 25 30



