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(57) Abréegée/Abstract:

An aerator/mixer which includes a rotatable hollow drive shaft one or more air intake ports adjacent one end, and a propeller and
an air permeable diffuser mounted adjacent to the other end; the diffuser is mounted below the propeller; and Is In communication
with the Interior of the hollow drive shaft such that air supplied to the air intake port can exit only through the diffuser; the

aerator/mixer further includes means for rotating the drive shaft and the propeller and means for supplying air at above atmospheric
pressure to the or each air intake port.

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
% N [ 1/
S
N

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 02/38510 Al

CA 02463670 2004-04-14

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
16 May 2002 (16.05.2002)

CO2F 7/00

(51) International Patent Classification”:

(21) International Application Number: PCT/NZ01/00247

(22) International Filing Date:
5 November 2001 (05.11.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

508044 8 November 2000 (08.11.2000) NZ

(71) Applicant (for all designated States except US): DIABLO
INDUSTRIES LIMITED [NZ/NZ]; c/o Tait Ward Adams
& Murdoch, 65 Don Street, Invercargill (NZ).

(72) Inventor; and

(75) Inventor/Applicant (for US only): HENLEY, Bruce,
Hyndman [NZ/NZ]; 120 Gladstone Terrace, Invergargill
(NZ).

(74) Agent: BUCHANAN, Elspeth, Victoria; P.L. Berry &
Associates, P.O. Box 1250, Christchurch (NZ.).

(54) Title: IMPROVED AERATOR AND MIXER

PCT

(10) International Publication Number

WO 02/38510 Al

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK,
SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA,
7ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, I, FR, GB, GR, ILE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD,

TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

™

15 17

(57) Abstract: An aerator/mixer which includes a rotatable hollow drive shaft one or more air intake ports adjacent one end, and
a propeller and an air permeable diffuser mounted adjacent to the other end; the diffuser is mounted below the propeller; and is
in communication with the interior of the hollow drive shaft such that air supplied to the air intake port can exit only through the
diffuser; the aerator/mixer further includes means for rotating the drive shaft and the propeller and means for supplying air at above

atmospheric pressure to the or each air intake port.
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IMPROVED AERATOR AND MIXER

Technical Field

The present invention relates to an improved aerator and mixer. The device of the
present invention has been designed especially for aeration and mixing of wastewater,
and will be described with particular reference to this application. However, it will be
appreciated that the device of the present invention could be used in a wide range of

~ other applications where aeration and/or mixing are required.

Background of the Invention

One known design of aerator/mixer in use at present consists of a rotatable hollow
drive shaft with air intake ports at one end, open at the other end, and a propeller

adjacent said other end. In use, the aerator/mixer is mounted with the propeller

immersed in the wastewater or other liquid to be aerated/mixed, but with the air intake

ports above the water line.

The drive shaft is rotated (e.g. by an electric motor) to drive the propeller. The rotation
of the propeller mixes the liquid in which the propeller is immersed, and also induces a
fluid flow across the lower, immersed, end of the drive shaft. This creates an area of
reduced pressure at the lower end of the drive shaft, and hence a similar reduction of
pressure at the air intake ports, drawing atmospheric air into the ports and down the

shaft.

The air so drawn into the shaft is released as small air bubbles into the liquid flow

pattern created by the propeller.

The object of aeration is to introduce oxygen into the wastewater, since oxygen is
needed to promote the growth of aerobic micro-organisms which consume the
biological nutrients in the waste. The more oxygen is introduced into the wastewater,

the greater the rate of growth of the aerobic micro-organisms.

Henry's Law states that the amount of gas absorbed by a given volume of liquid at a

given temperature is directly proportional to the pressure of the gas.

Thus, if the pressure of the air introduced into the wastewater at the lower end of the
drive shaft can be increased, the amount of air absorbed by the wastewater will be

increased proportionately.
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Object of the Invention

It 1s therefore an object of the present invention to provide an aerator/mixer which 1s
capable of supplying air to the propeller at above atmospheric pressure, without in any

way decreasing the efficiency of the mixing function of the propellert.

Disclosure of Invention

The present invention provides an acrator/mixer which includes: a rotatable hollow
drive shaft with at least one air intake port at or adjacent one end thereof and a
propeller mounted adjacent the other end thereof so as to be rotatable with the drive
shaft; means for rotating the drive shaft and the propeller; means for supplying air at
above atmospheric pressure to the or each said air intake port; an air permeable
diffuser mounted on said other end of the drive shaft, with the interior of the diffuser in
communication with the interior of said hollow drive shaft such that air supplied to the
or each said air intake port can exit the other end of the drive shaft only through said

diffuser; the propeller being further from said other end of the drive shaft than said
diffuser.

Preferably, the drive shaft 1s formed with a plurality of spaced air intake ports.

The means for supplying air at above atmospheric pressure may be any suitable means,

e.g. a fan, compressor or blower.

As used herein, the term “air permeable™ includes any structure through which air can

pass, €.g. a perforated plate or a porous material.

Accordingly, 1n another aspect, the present invention resides in an aerator/mixer which
includes: a rotatable hollow drive shaft with at least one air intake port at or adjacent
one end thereof and a propeller mounted adjacent the other end thereof so as to be
rotatable with the drive shaft; means for rotating the drive shaft and the propeller;
means for supplying air at above atmospheric pressure to the or each said air intake
port; an air permeable diffuser mounted on said other end of the drive shaft, with the

interior of the ditfuser in communication with the interior of said hollow drive shaft
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such that air supplied to the or each said air intake port can exit the other end of the
drive shaft only through said diffuser; the propeller being further from said other end
of the drive shaft than said diffuser, and wherein said diffuser is closed at its lower

end, such that air can leave the diffuser only through the side wall or walls thereof.

In a preferred embodiment of the invention, the diffuser comprises a perforated plate.

However, for some applications, it may be preferable to form the diffuser from a

porous material.

The porous diffuser may be any suitable type of material capable of delivering bubbles
of air of a predetermined size (e.g. stainless-steel, ceramics). Porous stainless-steel
providing tortuous paths typically 20 micron average diameter has been found to be

suitable for delivering air bubbles of an average diameter of 1.5 mm.

Brief Description of the Drawings

By way of example only, preferred embodiment of the present invention are described

in detail with reference to the accompanying drawings, in which:-

2a
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Figure 1 is a diagrammatic longitudinal section through an aerator/mixer in accordance

with the present invention;

Figure 2 is an isometric view of a pontoon supporting the aerator/mixer of the present

invention;
Figure 2a is an isometric view of a detail of Figure 2;
Figure 3 is a plan view of a second pontoon layout; and

Figure 4 is a plan view of a third pontoon layout.

Best Mode for Carrying out the Invention

Referring to Fig. 1 of the drawings, an aerator/mixer 2 is supported upon a platform 3

carried by pontoons 4,5. The pontoons 4,5 are shown only diagrammatically in Figure
1.. The pontoons 4,5 allow the aerator/mixer 2 to float on the surface of a lagoon or
tank; the liquid level is indicated by broken line 6. The aerator/mixer 2 is supported so
that a propeller 7 adjacent the lower end of the aerator/mixer is below the surface of
the liquid, but the upper part of the aerator/mixer is well above the surface. It will be
appreciated that the aerator/mixer may be supported by alternative known means, e.g.

fixed mountings fo bridges or walls.

The aerator/mixer 2 comprises an electric motor 8 which is coupled by a known flexible
coupling assembly 9 to one end of a hollow drive shaft 10. The propeller 7 is mounted
adjacent the other end of the drive shaft 10, to rotate with the drive shaft. Immediately
below the propeller 7, at the very end of the drive shatit 10, a diffuser 11 is mounted on,
and rotates with, the drive shaft. The hollow interior of the drive shaft opens into the

interior of the diffuser 11.

The drive shaft 10 is surrounded by a housing 12 which encloses the coupling 9 and all
of the drive shaft up to the point immediately above the propeller 7. The lower end of
the housing 12 is sealed to the drive shaft by a bearing seal 13.

A series of six equidistantly spaced ports 14 (only one of which is visible) is formed
around the circumference of the upper end of the drive shaft 10, just below the
coupling assembly 9. Each of the ports 14 opens into the interior of the drive shaft 10.
An inlet 15 is formed in the wall of the housing 12, aligned with the ports 14. A hose 16
is connected between the inlet 15 and an air blower 17 of known type, mounted on the

platform 3. Any of a wide range of types of blower (or equivalent) may be used;

3



10

15

20

25

30

CA 02463670 2004-04-14

WO 02/38510 PCT/NZ01/00247

typically, for an aerator having a propeller of.... diameter, a suitable blower would be
capable of delivering 500-600 cubic meters per hour of air, at a pressure of about 10

kpa.

It is important that all air supplied through the inlet 15 passes into the hollow drive shaft
10, and does not pass between the outer surface of the drive shaft 10 and the inner
surface of the housing 12; to ensure this, a seal 18 is located between the interior wall
of the housing 12 and the exterior wall of the drive shaft 10, just below the ports 14. Air
passing down the outer surface of the drive shaft 10 would enter the liquid above the
oropeller 7, and this would tend to cause cavitation of the liquid and hence damage to

the propeller surfaces.

‘The diffuser 11 comprises a cylinder the lower end 11a of which is closed; the curved

wall of the cylinder is perforated by a plurality of perforations (not shown) typically
having a diameter in the range 1 — 5 mm. The end 11a of the diffuser is closed and

unperforated to ensure that air must leave the diffuser perpendicular to the axis of the
drive shaft 10.

The above described aerator/mixer operates as follows:- the aerator/mixer is
suspended with the propeller 7 immersed in the liquid to be aerated/mixed, but with the
ports 14 well clear of the liquid. The electric motor 8 is operated to rotate the drive
shaft 10 and hence the propeller 7, mixing the liquid. The mixing by itself provides a
certain amount of aeration, but aeration is optimized by supplying pressurized air from
the blower 17 through the hose 16 and into the ports 14. The air then travels down the
hollow interior of the drive shaft 10 into the diffuser 11, which is rotated with the

propeller but lies below the propeller.

It will be appreciated that the air bubbles from the diffuser 11 enter the liquid below the
propeller 7, and thus do not cause cavitation of the liquid. The propeller 7 disperses

the oxygen in the liquid around the lagoon or tank.

Simply supplying additional pressurized air to the aerator does not provide efficient
aeration:- the pressurized air would tend to enter the liquid in large bubbles which are
not effective aerafors. The purpose of the diffuser 11 is to reduce the size of the
bubbles being introduced into the liquid so as to optimize aeration by maximizing the
surface area of the bubbles, which in turn maximizes the oxygen/liquid interface. The
diffuser utilizes shear as the means of minimizing bubble size and therefore
maximizing total bubble surface area. The perforations on the diffuser are located only
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on the curved surface to maximize shear, since this ensures that all of the air must
leave the diffuser perpendicular to the drive shaft axis. The air stream is thus exposed
to two forms of shear:- first, radial shear created by the drive shaft rotation, and
second, linear shear from the water stream, created by the thrust from the propeller

which is parallel to the drive shaft axis.

It will be appreciated that the perforation size and spacing of the diffuser can be altered
to suit different aerator sizes and blower capacities. If a porous diffuser is substituted
for a perforated plate diffuser, then similar variations can be achieved by varying the

diameter, length and path size of the pores in the porous diffuser.

The above described aerator may be supported from any of a range of known floats or
pontoons or by means of a fixed support. Preferably, however, the aerator is
supported from a pontoon of the general design shown in Figures 2-4.

Referring in particular to figure 2, a pontoon 20 in accordance with the present
invention consists of six floats 21 arranged in opposed pairs in two parallel rows of

three.

Each float 21 consists of an outer shell made of tough, impact resistant plastics
material (e.g. high-density polyethylene) filled with a core of closed cell foamed plastics

material (e.g. polyurethane foam).

Each float 21 is substantially cuboid in shape and is formed with two parallel channels

22 across the width of the float, just below the upper surface 23.

The floats of each opposed pair are connected together by pairs of parallel cross
members 24 which extend at right angles to the length of the floats; each end of each
cross member 24 is slotted through one of the channels 22 and is retained in place by
a through pin 25 which extends through a hole formed in the end of the cross member.

The cross members 24a which extend across the top of the drive shaft 10 of the
aerator/mixer 2 (parts of which are omitted in this figure for clarity) are arched across
their centre sections so that the lower portion of the aerator/mixer can be pivoted from
the inclined operating position shown in Figure 2 to a position in which the drive shaft
10 lies in a substantially horizontal plane (i.e. on top of the float) so as to be accessible

for maintenance purposes.

The cross members 24/24a and hence the aftached floats 21 are secured together in
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two parallel rows by means of beams 27. Each cross member 24/24a is slotted
through holes 28 in the beams 27, and is prevented from sliding relative to the beams
27 by securing pins 29 (only some of which are shown) which extend through
corresponding apertures formed in the beams 27 and the cross members 24/24a.

Preferably, the cross members 24/24a and the beams 27 are made of a tough,

lightweight corrosion resistant material such as aluminium.

The aerator/mixer 2 is supported upon the pontoon 20 by a pair of brackets 30, which
are shown on an enlarged scale in Figure 2a. Each bracket 30 is securable to the
underlying beam 27 at any of a range of positions along the length of the beam by
means of bolts extending through holes 35 in the base of the bracket, into

corresponding holes formed at intervals along the length of the beam 27.

Each bracket 30 is substantially triangular in side view, with the hypotenuse of the
triangle formed with a series of four slots 36 down the length of that side of the bracket.
The brackets are secured to the beams 27 opposite each other, and the aerator/mixer
2 is supported by engaging a pair of opposed flanged pins formed on opposite sides of
the electric motor housing into one pair of opposed slots 36. Thus, the height and
angle of the aerator/mixer can be adjusted by selecting the appropriate pair of slots 36.
The aerator/mixer is secured in position by passing bolts through any of the
appropriate holes 37 formed in the walls of the bracket.

[f the aerator/mixer 2 needs to be pivoted to a horizontal or near horizontal position for
maintenance, the bolts are removed from the holes 37 and the aerator/mixer is simply
pivoted on the slots 36 to the required position and is secured in this position by

placing bolts in corresponding holes 37.

The combination of the range of positions of the brackets 30 and the fact that each pair
of brackets offers a selection of four different positions, means that the aerator/mixer
can be rapidly and easily adjusted to compensate for different sizes of aerator mixers
and for different loadings on the pontoon, so that the aerator/mixer is always at an
optimum position relative to the surface of the liquid. It is essential for efficient
operation that the aerator/mixer is fully submerged in operation:- the movement of the
propeller of the aerator/mixer tends to lift the front of the pontoon, and the position of
the aerator/mixer relative to the pontoon must be adjusted to compensate for this so
that the pontoon lies substantially flat on the surface of the liquid, with the drive shait
10 of the aerator/mixer at about 45 degrees to the surface. In addition, it may be
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necessary to adjust the position of the aerator/mixer relative to the pontoon to
compensate for additional loading on the pontoon, e.g. the addition of a walkway or of

additional equipment.

A vortex shield 31 is rigidly suspended from the cross members 24/24a in a plane
substantially parallel to the plane of the liquid surface, below the liquid surface. The
vortex shield 31 is a flat perforated plate and is suspended directly above the propeller
7 of the aerator/mixer. The vortex shield 31 prevents a vortex from forming in the liquid
above the propeller 7 and thus inhibits cavitation in the liquid, which would damage the
propeller. It is important that the vortex shield is rigidly suspended, so that it cannot
rise above the water surface, since this would allow the propeller vortex to draw air

downwards, causing cavitation around the propeller.

Figure 3 shows a variant of the design of Figure 2, using only two pairs of floats 21,
secured together in the same manner as described with reference to Figure 2.

Figure 4 shows a further variant, using one pair of floats 21 secured together as an
opposed pair using cross members 24, with a third float 21a secured behind the pair of
floats, so that all three floats lie in a triangular configuration in plan. A pair of beams
27a extend between the cross members 24 and are secured thereto as described with
reference to figure 2. However, the beams 27 also extend to the rear of the floats 21 to
support a pair of short cross members 32 which are secured to the float 21a.

The above described pontoon structure gives an exceptionally stable and versatile
pontoon:- larger or smaller pontoons of a variety of configurations can be assembled
quickly and easily due to the easily released connection between the cross members

24 and the floats 21, and beftween the cross members 24 and the beams 27.
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CLAIMS:

-

AN

An aerator/mixer which includes: a rotatable hollow drive shaft with at least one
air intake port at or adjacent one end thereof and a propeller mounted adjacent
the other end thereof so as to be rotatable with the drive shaft; means for
rotating the drive shaft and the propeller. means for supplying air at above
atmospheric pressure to the or each said arr intake port; an air permeable
diffuser mounted on said other end of the drive shaft, with the interior of the
diffuser in communication with the interior of said hollow drive shaft such that
air supplied to the or each said aw intake port can exit the other end of the drive
shaft only through said diffuser: the propeller being turther trom said other end
of the drive shaft than said diffuser, and wherein said diffuser 1s closed at 1ts
lower end, such that air can leave the diffuser only through the side wall or

walls thereof.

The aerator/mixer as claimed m claim 1 wherein said drive shaft is formed with

a plurahity of ar intake ports spaced around the circumference ot the drive shaft.

The aerator/mixer as claimed in claim | or claim 2 wherein said means for

supplying air at above atmospheric pressure comprises a blower.

The aerator/mixer as claimed 1n any one of claims 1 to 3 wherein said diffuser

comprises a substantially cylindrical perforated plate.

The aerator/mixer as claimed in any one of claims | to 3 wheremn said ditfuser

comprises a section of porous metal

The aerator/mixer as claimed 1n any one of claims 1 to 5 wheremn the means for
rotating the drive shaft and the propeller comprises an electric motor mounted
adjacent said one end of said drive shaft and connected thereto by a flexible

coupling.

The combmation of the aerator/mixer as claimed i any one of claims | to 6 and
a pontoon which includes three or more floats secured together to form a

supporting structure adapted to support the aerator/mixer at an acute angle to the
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plane of the surface of the liquid to be aerated/mixed, with said one end of the

aecrator/mixer supported clear of the liquid.

The combination as claimed in claim 7 wherein said floats are releasably

secured together.

The combination as claimed in claim 7 or claim 8, wherein said floats are
releasably secured together by means of cross members passing through

channels formed in said floats.

The combination as claimed in claim 9 wherein the cross members are

releasably secured together by means of one or more pairs of beams.

The combination as claimed 1n claim 10 wherein said pontoon consists of an
even number of floats greater than two, arranged 1n opposed pairs 1n two parallel
rows, with the floats of each opposed pair releasably secured together by one of
sald cross members; said beams extending parallel to said rows of floats, and the

aerator/mixer being supported upon the pontoon between said beams.

The combination as claimed in claim 11 wherein the aerator/mixer 1s supported
upon the pontoon by means of a pair of opposed brackets, each bracket being

releasably mounted upon one of said beams.

The combination as claimed 1n claim 12 wherein each bracket provides a
plurality of mounting positions for said aerator/mixer and the corresponding
beam provides plurality of mounting positions for the bracket along the length

of the beam.

The combination as claimed 1n any one of claims 11 to 13, wherein said pontoon
also mcludes a vortex plate secured between said rows in a plane parallel to the
plane of the surface of the liquid and below the surface of the liquid,

immediately above the propeller.

The combination as claimed 1n any one of claims 7 to 10, wherein said pontoon

consists of three floats secured together in a regular triangular configuration.



R AT AT R LN r A Bty M A L JE L b P e a | e e e e T R e R e ek L e 2 e

L e DN AR AN b AR T 3P, A e (S A T A TR N AT WG g e Lt L T e T T S VR e M R e R S T I B A L dm SR T T e e e, e 485 ey VA AT S S e e e e o

CA 02463670 2009-08-13

16.  The combination as claimed in any one of claims 7 to 15, wherein each float
consists of a shell of a tough impact resistant plastics material filled with a core of

foamed plastics material.

10
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