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(54) Title: AERATION APPARATUS WITH DIFFUSER

(57) Abstract

Aeration apparatus in which a dense disper-
sion of bubbles is generated within a conduit or tube
(3) having its lower end (5) immersed in a body of Li-
quid (4) is provided with a diffuser plate (10) extend-
ing outwardly and upwardly from the outer peri-
phery of the conduit (3), and immersed in the liquid
(4). The diffuser plate (10) is typically conical or dish
shaped and has a number of holes therethrough per-
mitting bubbles to be released from the underside of
the diffuser plate in an even dispersion through the
holes into the body of liquid (4). Embodiments are
also described wherein a gap is provided between the
diffuser plate and the outer periphery of the conduit
(3), allowing solids accumulating on the top surface
of the plate to be dispersed through the gap.
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WAERATION APPARATUS WITH DIFFUSER"
TECHNICAL FIELD

This invention relates to an aeration apparatus which
may be used in many diverse fields including the aeration
of water or other liquids in waste water treatment and
pollution control, the separation of oil from water, or
the separation of minerals in suspension by the so-called
flotation method.

BACKGROUND ART

Various types of aeration apparatus are known where a
dense dispersion of bubbles in a liquid is emitted from
the lower end of a downwardly extending pipe or column and
allowed to rise, either in a large body of liquid or
within a cell or column.

The gas-liquid mixture which forms in the pipe can
have a voidage of up to 60 percent by volume
approximately, and behaves as a homogeneous fluid whose
density is much less than the liquid in which the pipe is
immersed. Accordingly, in the absence of any special
precautions, it tends to rise as a buoyant plume, hugging
the outer wall of the pipe and rising rapidly to the
surface of the liquid in which the pipe is immersed.
Consequently, the bubbles in the plume do not mix well
with the liquid and the possibility of optimising contact
with this liquid is lost. The present invention aims to
prevent the formation of the plume, by mounting a shield
or diffuser outside the vertical pipe, which has the
effect of breaking up the dense foam which issues from the
pipe exit, and allowing the gas bubbles to rise
individually in the liquid in the reserveir rather than as
a plume.

DISCLOSURE OF INVENTION

Accordingly the present invention provides apparatus
for aerating liquids wherein a dense dispersion of bubbles
is emitted from the lower end of a substantially vertical
conduit adapted to be immersed in use in a body of liquid,
characterised by the provision of a diffuser extending
outwardly from the exterior of the conduit and positioned
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to be immersed in the body of liquid, the diffuser being
arranged to disperse bubbles issuing from the lower end of
the conduit outwardly away from the conduit as the bubbles
rise in the body of liquid.

Preferably the diffuser comprises a plate surrounding
the conduit and extending outwardly and upwardly from a
predetermined position on the exterior of the conduit.

Preferably the plate is provided with a plurality of
holes therethrough sized to allow a predetermined flow
rate of bubbles through each hole.,

Preferably a gap is provided between the inner
periphery of the plate and the exterior of the conduit and
a diverting ring is positioned on the exterior of the
conduit below the gap, arranged to divert upwardly moving
bubbles outwardly away from the conduit and away from the
gap between the conduit and the plate.

BRIEF DESCRIPTION OF DRAWINGS

Notwithstanding any other forms that may fall within
its scope, one preferred form of the invention and
variations thereof will now be described with reference to
the accompanying drawings, in which:

Figure la is a diagrammatic cross-sectional elevation
through a basic form of aeration apparatus with diffuser
according to the invention;

Figure 1b is a view similar to Figure la showing the
behaviour of a bouyant plume of dense foam in the absence
of a. diffuser;

Figure 1lc is a sectional plan view of the diffuser
incorporated in the apparatus of Figure la;

Figure 2a is a cross-sectional elevation through the
lower part of the conduit forming part of the apparatus of
Figure la showing an alternative embodiment of the
diffuser;

Figure 2b is a plan view of the diffuser shown in
Figure 2a; and

&?@ i

Figure 3a and Figure 3b are diagrammatic
cross-sectional elevations of alternative forms of
diffuser.
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MODES FOR CARRYING OUT THE INVENTION
Although the invention relates to any form of
aeration apparatus in which a dense dispersion of bubbles
is emitted from the lower end (5) of a downwardly
5 extending conduit or pipe (3) immersed in a body of water
(4), in the form of the invention shown in Figure 1la,
liquid enters through an entry pipe (1) and a nozzle
assembly (22) which terminates in an orifice (2) which
faces essentially vertically downwards. The nozzle is
10 mounted in the top of a conduit or pipe (3) which is
essentially vertical. 1In operation, the liquid issues
from the orifice (2) in the form of a high-speed jet (8)
which can move downwardly through the pipe (3).
The vertical pipe is mounted by way of support means
15 (not shown) so that its lower end is submerged in a
reservoir of liquid (4) having a surface (9). The liquid
may or may not be identical in all respects to the liquid
entering through the entry pipe (1).
Initially, the liguid levels in the reservoir and
20 inside the vertical pipe (3) are the same. When the
high-speed liquid jet is first established by the orifice
(2), it travels downwards through the pipe (3) and plunges
into the liquid, entraining gas which is inside the pipe
and carrying it out of the lower extremity (5), to rise in
25 the reservoir (4) in the form of fine bubbles. The
vertical pipe (3) fills rapidly with a dense foam of
bubbles dispersed in the feed liquid, and the pressure in
the head space of the pipe drops below the ambient
pressure outside the pipe. Accordingly, new gas is drawn
30 into the pipe through the air entry (6) and may be

regulated by valve (7).
The gas-liquid mixture which forms in the vertical

pipe (3) has a voidage of up to 60 percent by volume
approximately, and behaves as a homogeneous fluid whose
35 density is much less than the liquid in the reservoir
(4). Accordingly, in the absence of any special
precautions, it tends to rise as a buoyant plume, hugging
the outer wall of the pipe (3) and rising rapidly to the
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surface (9), as shown in Figure 1b. Consequently, the
bubbles in the plume do not mix with the liquid in the
reservoir, and the possibility of contact with this liquid
is lost. To prevent the formation of the plume, it has
been found advantageous to mount a shield or diffuser (10)
outside the vertical pipe (3), which has the effect of
breaking up the dense foam which issues from the pipe exit
(5), and allowing the gas bubbles to rise individually in
the liquid in the reservoir (4) rather than as a plume.

The bubble diffuser can conveniently be made from a
plate in the form of a frustum of a cone, inverted so that
the open end is uppermost. The cone is perforated with a
multiplicity of holes (11) as shown in the alternative
view, Figure 1lc. In operation, the buoyant plume issuing
from the exit (5) of the vertical pipe (3),rises and
spreads over the underside of the diffuser (10), to pass
through the individual holes (11) in the diffuser (10).
After passing through the individual holes (11), the
bubbles of gas rise individually through the liquid in the
reservoir (4).

The diameter of the conical diffuser (10) shown in
Figure 1c should be in the range 1.5 to 10 times the outer
diameter of the pipe (3), with good practical results
being found when the cone diameter is 2 to 3 times the
pipe diameter. The half-angle of the cone from which the
frustum is formed is conveniently in the range 30° to
60°. The diameter of the holes (11) can be in the range
1 to 30 mm, and the holes should be distributed evenly
over the conical surface to give an open area in the range
1 to 15% of the area of the surface.

It is not necessary for the diffuser to be in the
shape of a cone. Other shapes will perform as well,
providing the elevation of the underside of the diffuser
above the exit (5) of the vertical pipe (3), always
increases as the radial distance from the axis of the pipe
increases. If the underside of the diffuser surface is at
any stage horizontal or tending to dip downwards as radial

distance from the vertical pipe increases, there will be a

oy, “
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tendency for the bubbles to collect in this area and
coalesce, and thereby form less surface area per unit of
gas volume, which will reduce the efficiency of any
contacting operation between the gas and the liquid.

5 An alternative form of the diffuser is shown in
Figures 2a and 2b, where the diffuser (12) takes the shape
of part of a circular dish, with holes (13) perforating
the dish. The radius of curvature of the dish can
conveniently be in the range 2 to 20 times the diameter of

10 the vertical pipe (3), and the diameter of the diffuser
(12) shown in Figure 2b should be in the range 1.5 to 20
times the outer diameter of the pipe (3), with good
practical results being found when the diffuser diameter
is 2 to 3 times the pipe diameter. The diameter of the

15 holes (13) can be in the range 1 to 30 mm, and the holes
can conveniently be distributed evenly over the surface to
give a total area of the perforations in the range 1 to
20% of the area of the diffuser surface.

A difficulty which can arise with the diffuser

20 arrangements as shown in Figures la and 2a is that solid
matter which may have been suspended in the liquid in the
reservoir, may tend to settle on the upper face of the
diffuser (10) or (12) and build up into a thick layer
which may block the holes (11) or (13). This possibility

25 can be avoided by mounting the diffuser (10) or (12) so
that an annular gap (15) exists between the diffuser and
the pipe wall (3). The conical diffuser is advantageous
in this application because it will provide a surface of
constant angle to the horizontal, down which any solids

30 which may have deposited on the upper surface may slide
toward the axis of the cone. The half-angle of the cone,
of which the diffuser is a frustum, should be such that
the solids will slide toward the axis and hence fall
through the annular gap (15).

35 It is advantageous to use a diverting ring (14) or
(16) in conjunction with the annular space (15). The
purpose of the diverting ring is to prevent the dense foam
rising from the open end (5) of the pipe (3), from
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entering the annular gap (15) and thereby evading the
diffuser (10) or (12). The ring is mounted on the outer
wall of the vertical pipe (3), and can conveniently be of
triangular section (14) as shown in Figure 3a or of
semi-circular section as in Figure 3b at (16).

Although the invention has been described with
reference to the aeration of wastewaters, it is also
suitable for the flotation of mineral particles so as to
remove the valuable minerals from unwanted waste matter,
by contacting them with fine bubbles in a suspension of
the mineral in water, so that the particles which it is
desired to remove have been rendered non-wetting by the
liquid while the particles which are to remain in the
liquid are rendered wettable by the liquid. The valuable
particles then adhere to the surface of the fine bubbles
and rise with them to the surface of the liquid, from
which they may be removed as a froth.

o
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CLAIMS:-

1. Apparatus for aerating liquids wherein a dense
dispersion of bubbles is emitted from the lower end of a
substantially vertical conduit adapted to be immersed in
use in a body of liquid, characterised by the provision of
a diffuser extending outwardly from the exterior of the
conduit and positioned to be immersed in the body of
liquid, the diffuser being arranged to disperse bubbles
issuing from the lower end of the conduit outwardly away
from the conduit as the bubbles rise in the body of liquid.

2. Apparatus as claimed in claim 1 wherein the
diffuser comprises a plate surrounding the conduit and
extending outwardly and upwardly from a predetermined
position on the exterior of the conduit.

3. Apparatus as claimed in claim 2 wherein the
plate is substantially circular in plan view having a
diameter between 1.5 and 10 times the outer diameter of
the conduit.

4, Apparatus as claimed in claim 3 wherein the
diameter of the plate is between 2 and 3 times the outer
diameter of the conduit.

5. Apparatus as claimed in any one of claims : to
4 wherein the plate is shaped to the frustrum of a cone
having a half angle between 30° and 60°.

6. Apparatus as claimed in any one of claims 2 to
4 wherein the plate is dish shaped, having a radius of
curvature between 2 and 20 times the outer diameter of the
conduit.

7. Apparatus as claimed in any one of claims 2 to
6 wherein the plate is provided with a plurality of holes
therethrough sized to allow a predetermined flow rate of

bubbles through each hole.
8. Apparatus as claimed in claim 7 wherein the

holes have a diameter between 1lmm and 30mm.

9. Apparatus as claimed in either claim 7 or claim
8 wherein the total area of the holes is between 1% and
20% of the surface area of the plate.

10. Apparatus as claimed in any one of claims 2 to
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9 wherein a gap is provided between the inner periphery of
the plate and the exterior of the conduit.

11. Apparatus as claimed in claim 10 wherein a
diverting ring is positioned on the exterior of the
conduit below the gap, arranged to divert upwardly moving
bubbles outwardly away from the conduit and away from the
gap between the conduit and the plate.
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