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LIQUID SEPARATING DEVICE

This invention relates to a device, designed for the
separation of at least two immiscible 1liquids, of
different specific gravities or densities, for example:

oil and water.

Gravity separators utilize gravity for the separation
of the immiscible constituents of a liquid mass, i.e.
to separate substances of high density from those of
low density. If the substance is ligquid, it is common
for the liquid of higher density to be referred to as
the "carrier liquid" and the liquid of lower density
to be referred to as the "surface liquid". Hereinafter
the two abovementioned terms shall be used. The means
of delivery of liquid to a separator may be in the
form of pumped-flow or gravity-flow. In either case,
the 1ligquid is disturbed to a great extent and fine
particles of the surface 1iquid-are dispersed 1in the
carrier liquid. This is caused by the agitation of the
ligquid by the pump or orifice in the flow to the

gravity separator.

Upon entry into the separator, the large globules of

surface 1liquid float quickly to the surface of the
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carrier 1liquid and the said surface 1liquid is
discharged through outlets provided, usually above the
level of the carrier 1liquid, or the surface 1liquid is
allowed to accumulate and is skimmed off the surface by
suitable means. The size of a liguid separator
depends on various factors, for example: flow rate,
liguid temperatures, liquid type, presence of solids,
difference in the density between the carrier 1liquid
and the surface liquid and also the presence of any
chemicals which may affect the gravitational separation
of such liquids. Further design features may take
into account the rising velocity of a discrete particle
of surface liquid, which may be contained within the
carrier liquid mass. The rising velocity of a discrete
particle 1is directly dependent upon the difference
between the specific gravities of the carrier liquid
and the surface liquid, together with the size of the
discrete particle, which is usually expressed 1in
microns. Owing to the fact that the minute particles
dispersed within the carrier liquid rise at such a
low rate, separators usually have to be of enormous
size, which often makes them largely impractical. The
reason for this is that the combined residence time of
the liquid mass contained within the separator is far

less than the time needed for a discrete particle to
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rise to the surface of the carrier 1liquid.

A further problem with the prior art 1is the
"channelling effect", i.e. a situation where the entire
volume of the liquid separator is not used efficiently
and whereby the velocity at certain points in a liquid
separator is far greater than that desired. As a
result of channelling there is a great wastage of
volume which inevitably translates into a decrease in

efficiency.

Since the rising velocity is largely proportional to
the size of the discrete particle, attempts have been
made, to install, within separators, various types of
plates, to coalesce these small particles of the
surface 1liquid into 1large globules, which will
immediately increase their rising velocity, and
therefore ensure that the 1liquid rises to the surface
within a sufficient time, prior to the discharge of the
carrier 1liquid. It occurs often, however, that the
design of these plates really disperse globules or
discrete particles of o0il to a greater extent and
therefore inhibit efficient separation. In most
cases, however, the plates provided are only marginally

successful in achieving its desired aim.
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OBJECT OF THE INVENTION
It is the aim of this invention to provide a 1liquid
separator which has a set of plates which overcomes

the problems associated with the prior art.

The said separator can be used in commerce and
industry, for the decontamination or clarification of
effluent, or for the recovery of oil spills at sea, as

well as many other industrial applications.

It is a further object of the invention to provide a
liquid separator, which comprises various compartments,
which are so designed so as to evenly distribute the
incoming contaminated 1liquid. The plurality of
compartments and plates are so positioned, so that the
aforementioned T"channelling effect" 1is overcome.
Separation is also conducted in four stages, which
ensures the most efficient separation and quick
discharge of separated 1ligquids, through separate
discharge openings provided in the various discharge
chambers, with the discharge 1level of each opening
being wvariably adjustable by means of an adjustment
plate. The conglomeration of compartments and plates
treat 1liquids to varying degrees of purity. The first

two stages marginally treat the liquid, which is then
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distributed to a set of plates, hereinafter referred to
as "entrapment plates", which remove minute particles
of the surface liquid which are dispersed in the
carrier 1liquid. The fourth stage is a safety stage
which traps any surface liquid which has escaped
separation, in the preceding three stages, so as to
remove all traces of the surface liquid from the

discharged carrier liquid.

DETAILED SUMMARY OF THE INVENTION

According to the invention, a liquid separator is
provided, comprising a primary separation chamber into
which the contaminated liquid mixture, containing
various proportions of carrier and surface liquid, is
introduced by means of an inlet conduit. The said
primary separation chamber, further comprises a set of
distribution plates which converge and are in close
proximity with the inlet conduit. The distribution
plates evenly distribute the incoming liquid through
the primary separation chamber. Typically, the primary
separation chamber comprises one tenth of the entire
volume of the separator. The said chamber is positioned
along the surface of the main body of the separator.
The furthest and 1lowermost end of the primary

separation chamber being in communication with the
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second stage separation chamber. In a preferred form of
the invention, the primary separation chamber forms
an "L" shape which runs horizontally along two surfaces
of the main body of the separator. The primary
separation chamber provides for the initial separation
of surface ligquid, which 1is discharged through an
opening situated at the preferred uppermost portion
of the chamber.

The 1liquid exiting the 1lowermost portion of the
separation chamber is deflected upward by means of a
deflection plate situated, generally, centrally on the
base of the secondary separation chamber. Here further
settling takes place and surface liquid exits by means
of an opening, provided at the preferred uppermost
portion of the secondary separation chamber. The
carrier liquid flows over the deflection plate and into
a set of distribution plates which 1is in
communication with numerous entrapment plates,
positioned in the tertiary separation chamber. The
secondary and tertiary separation chambers are
separated from one another by means of a plate which
provides communication between the chambers at its

lowermost end.
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According to one aspect of the invention, there is
provided a plate like device for use within a liquid
separator. It is preferred that the entrapment plates
are situated in the tertiary separation chamber. In the
preferred form of the invention, the device consists of
at least one sheet with numerous apertures, provided by
means of perpendicular plates attached to at least one
surface of the sheet. The said attachment may be by
various means, depending on the type of materials and
manufacture, for example: by means of welds or rivets.
The liquid is introduced inte the separation chamber
and the carrier liquid together with minute particles
of the surface liquid, flow between these plates which
are stacked directly above one another, so as to form

a pack through which the liquid flows.

The plates are separated from one another by means of
narrow tubes or bars, so as to form channels between
themselves for the passage of the contaminated carrier
ligquid. The spaces between the perpendicular plates
form "quiescent zones", for the settling of minute
particles of the surface liquid, which coalesce into

larger droplets.

This Sheet Has Been Replaced

AT




10

15

20

In a preferred form of the invention, the plate is
positioned so that it defines an axis that is parallel
to the direction of flow of 1liquid through the
separator. In a further preferred form of the
invention, the plates are constructed within a
structure so as to form a pack of plates, all defining
channels in between, for the unobstructed flow of
carrier liquid containing minute particles of surface
liquid. The said pack can be removeable, in whole or in
part, from the body o©f the separator. One end of the
pack is in communication with a receiving chamber,
towards which the said pack 1is preferably inclined.
Surface liquid captured by these plates flows along the
channels created in between the perpendicular plates
into the receiving chambcr which forms part of the
boedy of the separator. The said receiving chamber is
designed in such a manner that it is not in the direct
line of flow of the carrier 1liquid, and so creating
another "quiescent 2zone". The said receiving chamber
has a discharge opening, through which the separated
surface liquid is discharged. The carrier liquid exits
the pack formation and the flow is channelled, by means
of a reverse flow plate, into the upper body of the

tertiary separation chamber.
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The upper body forms the fourth separation chamber
which is provided with an inclined plate, which leads
to a discharge opening, for the removal of any residual
surface liquid. The carrier 1liquid now flows under a
vertical plate, which separates the fourth stage
separation chamber from the discharge opening of the
carrier 1liquid. To prevent any carrier 1liquid from
being discharged through openings provided for surface
liquid, the discharge opening of the carrier liquid is
operatively lower than all discharge openings provided
for the surface 1liquid. All discharge openings are
provided with adjustable overflow plates so that the
difference between the discharge level of the surface

and carrier liquids may be adjusted.

BRIEF DESCRIPTION OF DRAWINGS

Figure one is a perspective view of the separator
showing the relative position of the inlet, the primary
separation chamber, the secondary separation chamber,
the tertiary separation chamber and the entrapment
plates which are 1located in the tertiary separation
chamber. Shown also is the receiving chamber, into
which the entrapment plates lead and the fourth stage
separation chamber, leading to the discharge chamber

which is connected to a discharge outlet.
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Figure two is a side view of the separator broken away
from the receiving chamber, showing side two of the
primary separation chamber, the secondary separation
chamber and the deflection plate, the tertiary
separation chamber distribution plates, the entrapment
plates, the reverse flow plate, the fourth stage
separation chamber, inclined plate and the discharge
chamber separation plate. Also shown are the surface
liquid outlets in the primary separation chamber, the
secondary separation chamber and the fourth stage
separation chamber. Also shown is the carrier 1liquid

outlet in the discharge chamber.

Figure three 1is a schematic side view of the primary
separation chamber, comprising the inlet, the
distribution plates, the surface liquid outlet of the
primary separation chamber and the communication
passage between the primary and secondary separation

chambers.

Figure four is a perspective view of Figure three.

Figure five is a plan view of figure one indicating the

relative position of side one and side two of the

primary separation chamber, the secondary separation
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chamber together with the deflection plate located
generally centrally within the secondary separation
chamber, the column separation plate and the tertiary
separation chamber housing the entrapment plates. The
fourth stage separation chamber lies directly above the
tertiary separation chamber. The figure also indicates
the receiving chamber, the reverse flow plate, the
vertical plate, the carrier 1liquid outlet, and the
surface liquid outlets. The flow through the separator

is indicated generally by the arrows.

Figure six is a perspective view of the entrapment
plate indicating the plain surface, the perpendicular
plates and the dividing strips. Also shown 1is the
direction of flow of the carrier 1liquid and of the
surface 1liquid, including the rounded edge and the

preferred angle of the perpendicular plate.

Figure seven shows a side view of the entrapment
plates in a pack formation leading into the receiving

chamber.

Figure eight is a perspective view, of the entrapment

plates pack and the receiving chamber.
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DETAILED DESCRIPTION OF THE DRAWINGS

Figure one is a perspective view of the 1liquiad

separating apparatus in accordance with the invention.

Referring to figures three and four.

The contaminated liquid enters the separator via liquid
inlet (1). The liquid is then evenly dispersed by mean
of the primary distribution plates (2). Settling of
large globules of the surface liquid takes place as the
ligquid flows along side one (6) of primary separation
chamber (3} and then along side two (7) of primary
separation chamber (3).

The shape of the primary separation chamber ensures an
increased residence time. The primary separation
chamber extends along two surfaces of the separator and
the two surfaces are illustrated by numbers (4) and
(5). Hereinafter,-the surface (5) will be referred to
as separation plate (5). The first side (6) of the
primary separation chamber (3) is in communication with
the second side (7). The second side (7) is
provided with a discharge opening (8) for the
discharge of the separated surface 1liquid. The
direction of flow of the liquid is indicated by the
arrows. The separation plate (5) provides a

communication between the primary separation chamber
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(3) and the secondary separation chamber (11), by

means of passage (10).

Figures two and five.

Figures two and five refer to the separation plate
(5) which does not extend all the way to the bottom
of the liquid separator, but forms a communication
between the primary separation chamber (3) and the
secondary separation chamber (11) by means of passage
(10). The partially decontaminated carrier 1liquid
enters the secondary separation chamber (11) via
communication passage (10). Here the entire mass of
liquid is channelled upward by a deflection plate (12).
Secondary settling of the surface 1liquid occurs in
chamber (11) and the separated surface liquid exits the
separator via discharge opening (13). The carrier
liquid then flows under column separation plate (14)
and via the distribution plates (15) and then into the
set of entrapment plates (16). The 1liquid is evenly
distributed to the set of entrapment plates (16) by
the distribution plates (15). The liquid is prevented
from entering directly into the fourth stage
separation chamber by means of a seal plate (9).

The set of entrapment plates (16) is inclined towards

and in communication with the receiving chamber (17) by
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means of an adequate opening, for such communication
being provided for by plate (18). Surface 1liquid
collected by entrapment plates (16) is discharged into
the receiving chamber (17) and the said liquid exits
the separator by rising to the top of chamber (17) and
flowing out through discharge opening (19). The liguid
exiting the entrapment plates (16) is deflected upwards
by reverse flow plate (20) which also reverses the flow
of the 1liquid. The said plate forms a communication
passage (21) between the entrapment plates (16) and
itself. The said communication passage leads the liquid
into the fourth separation chamber (22) wherein further
separation takes place. Settled oil in the said chamber
exits via discharge opening (23). Partial coalescing of
the 0il is enhanced by an inclined plate (24) situated
within the fourth separation chamber (22).

The fourth separation chamber (22) is separated from
the discharge chamber (25) by means of vertical plate
(26) which provides communication with the discharge
chamber (25) via passage (27). Discharge chamber (25)
is provided with a discharge opening (28). The level of
the said discharge opening is variably adjustable by
means of an adjustable plate (29). The said plate is
attached to the body of the separator by suitable

means, for example: attachment bolts (30).
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Referring to figures six, seven and eight.

Figure six is a perspective view of one entrapment
plate (49) forming part of the pack of entrapment
plates. The plate is preferably formed by bending a
single sheet twice at both ends as indicated by
numerals (51) and (52). Each angle should preferably be
90 degrees. In accordance with the invention the
formation is such that the upper surface (53) is
generally smooth and free of preforations or ridges.
This creates a smooth and non turbulent flow through
the plates. Perpendicular plates (55) are attached to
the lower surface (54). It is preferred that the lower
end of the perpendicular plate is bent inward towards
the lower surface (54) at an angle of approximately 45
degrees, as indicated by reference numeral (59). It
is a further preferred embodiment of the perpendicular
plate that the angle formed which is in the direction
of flow, as indicated by arrows (100), is rounded as
indicated by numeral (60). In a preferred form of the
invention, the angle formed between the lower surface
(54) and the perpendicular plate (55) should be 90
degrees. The attached perpendicular plates (55) form
entrapment channels (56) between themselves. The
direction of flows is indicated by arrows (100). In a

preferred form of the invention dividing strips (57)
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are attached to the upper surface of the plate. The
dividing strips function as spacers between each
entrapment plate, so that channels (200) are defined
between themselves, for the passage of 1liquid. It is
preferred that the end of the dividing strip (57)
which is opposite to the direction of flow, be tapered
as indicated by reference numeral (58). This has the
effect of reducing turbulence and forming a more
streamlined flow. The direction of flow of the carrier
ligquid is indicated by arrows (100). The dispersed
droplets of surface liquid rise into entrapment
channels (56) as indicated by arrows (101). Here they
rise towards the lower surface of the plate (54) and
then coalesce into larger globules which rise in the
direction of receiving chamber (17), towards which the
entrapment plate (49) is inclined, as indicated by
arrows (102). Surface 1liquid entering the receiving
chamber (17) rises to the top, as indicated by arrows
(103), and is discharged through the discharge opening

(19).
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CLAIMS

1) A liquid separator characterized in, that it has
primary separation champber with at least one separate
discharge outlet and secondary separation chamber
with at least one separate discharge outlet, a
tertiary separation chamber containing at least one
entrapment plate, which is inclined towards, leads into
and is in communication with at least one receiving
chamber which has at least one separate discharge
outlet, a fourth separation chamber which has at least
one separate discharge outlet and which 1is in
communication with a discharge chamber, having also

at least one separate discharge outlet.

2) A liquid separator, according to claim one,
having four separation chambers, each chamber having
at least one separate discharge outlet for the

discharge of separated surface liquid.
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3) A primary separation chamber, according to claim
one, which has at 1least two distribution plates in
proximity with the liquid inlet and the said primary
separation chamber runs adjacent to at 1least one
surface of the body of the separator and that the lower
end of at least one surface being in communication with

secondary separation chamber.

4) A secondary separation chamber, according to claim
one, which has a deflection plate connected to the base

of the said chamber.

5) A tertiary separation chamber, aécording to
claim one, characterized in that the said chamber

houses at 1least two distribution plates.

6) A tertiary separation chamber, according to

claim one, housing at least one entrapment plate.

7) A fourth separation chamber, according to claim one,
characterized in that it has at least one inclined
plate, angled toward at least one separate discharge

outlet.
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8) An entrapment plate, characterized in that it has a
smooth upper surface with at least one dividing strip
attached to it and a lower surface consisting of

channel formations.

9) An entrapment plate, according to claim eight,
having a smooth upper surface for the uncbstructed flow
in between at least two entrapment plates, each having
channel formations on the lower surface, which are
shielded from the direct line of flow and therefore
forming "guiescent =zones" for the unobstructed

accumulation and flow of surface liguid.

10) A set of entrapment plates, according to claim
eight, having at least one dividing strip bevelled at,
at least one end, attached to the upper surface of each
plate, so as to form channels between themselves, and

between the plates, for the passage of liquid.

11) At least one entrapment plate, according to claim
eight, which is removable from the ligquid separator,
and which can be 1installed and used within any
separator utilizing gravity.
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12) A gravity separator housing at least one entrapment
plate, according to claim eight, which 1is inclined
towards, leads into and is in communication with a

receiving chamber.

13) A receiving chamber for the collection and
discharge of surface liquid, received solely from the

entrapment plates.

14) A receiving chamber which is connected to the main
body of the separator in such a manner, that the said
receiving chamber is not in the direct line of flow of
any carrier liquid, therefore forming a "quiescent

zone" within the said chamber.

15) Separate discharge outlets, according to claim one,

with each outlet having an adjustable overflow plate.

16) At least one ditribution plate, which 1is situated
within a gravity separator, for the even distribution

of liquid.
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