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(57) Abrege/Abstract:
A device for the mixing of a gas into a liquid comprises a hollow frustum shape housing having a central axis, extended from a small

diameter fluid outlet end, defining a fluid outlet opening, to a large diameter end; a liquid inlet port positioned adjacent the large
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(57) Abrege(suite)/Abstract(continued):

diameter end Is formed In said housing which allows delivery of pressurized liguid into said hollow housing, and a helically cut
conical member Is positioned and affixed within the hollow center of the housing with its axis aligned with that of the hollow frustum
shape housing such that fluid delivered into the housing forms a swirling motion around the outside of the conical member as It
passes from Inlet port to outlet opening. The housing has a gas inlet for delivery of gas to the fluid within the frustum shaped
housing at a position adjacent to the fluid outlet opening as the fluid moves from inlet to fluid outlet opening.
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(57) Abstract: A device for the mixing of a gas into a
liquid comprises a hollow frustum shape housing hav-
ing a central axis, extended from a small diameter fluid
outlet end, defining a fluid outlet opening, to a large di-
ameter end; a liquid inlet port positioned adjacent the
large diameter end 1s formed 1n said housing which al-
lows delivery of pressurized liquid mto said hollow
housing, and a helically cut conical member 1s posi-
tioned and affixed within the hollow center of the hous-
ing with its axis aligned with that of the hollow frustum
shape housing such that fluid delivered into the housing
forms a swirling motion around the outside of the coni-
cal member as it passes from inlet port to outlet open-
ing. The housing has a gas inlet for delivery of gas to
the fluid within the frustum shaped housing at a posi-
tion adjacent to the tluid outlet opening as the tluid
moves from inlet to tluid outlet opening.
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Device for Mixing Gas into a Flowing Jiguid

Field of the Invention

This invention relates to an inline device for mixing gas into a flowing liquid. Amongst

its applications, this device provides a means for efficiently dissolving oxygen 1n water

and creating an air bubble in water suspension.

Background Of The Invention

The general need to thoroughly mix oxygen rich air into water is becoming more
important as the public realize the benefits of oxygenated water. As this mixture is
comprised of a plurality of microscopic bubbles in water, one of its exemplary benefits is

that it is able to deliver actual oxygen rich gas to places normally submerged under water.

Traditional methods for mixing a gas into a liquid are described in the following patents:
e [S-3775314 “Method and apparatus for mixing gas with water” 1973
e US-4271099 “Apparatus For Thorough Mixture of a Liquid with a Gas” 1981
o [JS-4838434 “Air Sparged Hydrocyclone Apparatus and Methods for Separating
Particles From a Particulate Suspension™ 1989
o [US-5049320 “Gas Dissolving System and Method™
o [US-6103128 “Method and Apparatus for Mixing Gas with Liquid”

There exists a need for an improved method and apparatus for mixing gas into a flowing

liquid over the devices disclosed in the prior art.

Summary Of The Invention

In accordance with an aspect of the invention there is provided an inline device for the

thorough mixing of a gas into a liquid. This device is comprised of two components. The
first of which is a housing of hollow frustum shape having a central axis, extended from a
small diameter fluid outlet end, defining a fluid outlet opening, to a large diameter end; a
liquid inlet port positioned adjacent the large diameter end is formed in said housing

which allows delivery of pressurized liquid into said hollow housing, and a helically cut
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conical member is positioned and affixed within the hollow center of the housing with its
axis aligned with that of the hollow frustum shape housing such that fluid delivered into
the housing forms a swirling motion around the outside of the conical member as it passes
from inlet port to outlet opening, said housing having a gas inlet for delivery of gas to the
fluid within the frustum housing at a position adjacent to the fluid outlet opening as it
moves from inlet to fluid outlet opening. The gas infused fluid passes through the frustum
shape housing through the fluid outlet at the small diameter end and enters the interior
space of the second component which is a containment shell. In one example
embodiment, this containment shell completely encompasses the first component or in
another example embodiment, simply collects the fluid leaving the first component outlet
opening. Fluid entering the containment shell from the hollow frustum outlet collects in
the containment shell and exits through a discharge port formed in the containment shell.
The device ts an inline device in the sense that pressurized fluid enters the fluid inlet and
passes through the hollow frustum, at which point it is infused with gas, and then passes

through its outlet, into the containment chamber and out the containment chamber outlet

driven by an incoming pressurized fluid.

In accordance with a further aspect of the invention, the first component is of the frustum
dispersion type having a housing forming a conical cavity, sealed at one large end,
tapering to a discharge at the other end. There is a fluid inlet tangential to the cavity near
the sealed end. There is a hollow, tapered helix cut cone shape (“The Unicorn”) in the
center of the cavity, affixed to the sealed end, with the point of the cone shape “Unicorn”

axially aligned with the discharge orifice to help enable the continuous swirling motion of

the contained fluid and to act as a gas inlet port to start the formation of a gas vortex. The
fluid inlet of this first component receives pressurized fluid from a pumped source
causing a fluid rotation inside the cavity. The fluid progressively gets pushed towards the
first component discharge opening due to the constant inflow from the pump and as it

approaches this discharge it is accelerated because of the reduction of area inside the
cavity. The difference in density between the liquid and gas causes the denser swirling
liquid to be pushed to the outer circumference and the less dense gas forms a cyclone at
the vertex. The difference in velocities between the two phases causes shear between the
liquid and gas. The net result is at the point of discharge from the first component the now

thoroughly mixed suspension is heavily loaded with small bubbles of gas.
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One of the advantages provided by the device of this invention over other gas dissolving

apparatus is its ability to produce extremely fine bubbles which maximize many ot the

posttive aspects of aeration and other types of gas dissolution.

This device of the herein invention provides a means of efficiently dissolving gas such as

for example, oxygen in liquid, such as for example water and creating an air bubble in

water suspension,

This device of the herein invention is particularly suited to the hydroponics industry as
oxygen delivery to the roots of plants is critical to the plants health and growth rates.
Highly oxygenated water 1s also key for aquatic life like fish and plants that require
oxygen to survive and flourish. Use of this device to supply an aquarium with oxygen
infused water, would allows for a higher density of oxygen consuming life forms in a
fixed volume aquarium. Laundry and textile cleaning is another application which can
benefit from highly oxygenated water and tiny air bubbles. The oxygen helps the soap
clean better and the bubbles allow the soap to lather and penetrate deeper into the fabric

and even rinse cleaner, allowing washing machines to reduced soap and water

requirements.

Brief Description Of The Drawings

Reference to example embodiments of the invention will now be made in the

accompanying drawings in which:

Figure 1 1s a vertical cut away view showing an example embodiment of the device

having a containment shell embodiment encompassing the hollow frustum component;

Figure 2 is a horizontal cut away showing flow passages of the example embodiment of

Figure 1;

Figure 3 1s a perspective view of an alternate embodiment of the device of the invention,

having a collection plenum; and
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Figure 4 1s a vertical cut away view of the embodiment of Figure 3, illustrating the basic

shape and flow passages of this embodiment of the Device.

Detailed Description of the Invention

In the embodiments of invention illustrated, the Device (8) is made of plastic, resembling
a cylinder with a defined fluid inlet (10) and hollow frustum discharge opening (12),
containment shell discharge opening, a gas inlet (14), a frustum (20) defining an internal
conical cavity, and an internal unicorn (16) with the frustum cavity, which assists in
maximizing pressure and velocity gradients to ensure peak efficiency of gas infusion.,

Other suitable materials may be used for construction.

The embodiments of the device are made such that under normal operation it is connected
inline being fed with a pressurized liquid through inlet (10) and discharging through an

outlet (11) to a fixed connection into a pipe, line, or flexible hose.

The first component of the Devices is a frustum (20), with the smallest end (22) having a
discharge opening (12) positioned into the containment shell (24). The axis of rotation is
defined by the line drawn through the center of both parallel ends of the frustum (line A-
A). The embodiment in the Figures shows the preferred ratio of frustum large diameter,

small diameter and inlet, outlet size ratios for ideal injection of gas.

The frustum discharge can be equal in size to the inlet pipe (10) or it can be of another

dimension. In an exemplary embodiment the frustum discharge (12) is 25% smaller than

the inlet pipe (10) diameter.

The 1inlet pipe (10) can be of any size, but in an exemplary embodiment, is 35% of the

large end diameter (26) of the frustum. The device of the invention may still function
under different inlet and outlet ratios, but efficiency will vary and potentially be

compromised 1f altered significantly.
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The discharge outlet defined in the containment shell and discharge pipe (11) can be of
any si1ze but in exemplary embodiments 1s typically equal to that of the inlet pipe (10) size

for ease of installation.

In an embodiment of the invention, the inlet pipe (10) enters the internal cavity of the

frustum (20) at or near tangential to the inner curvature of the frustum. The inlet pipe (10)
1s positioned at or adjacent to the large diameter end (26) of the frustum. If the inlet pipe
1s not tangential to the inner curvature or is not near the large end of the frustum, the

Device will continue to function, but may have reduced efficiency.

In the embodiments shown, the inlet pipe (10) allows fluid to pass into the cavity of the
frustum, but the inlet pipe must not extend into the frustum, rather it should terminate at
the wall of the frustum at a frustum inlet (21) because any objects other than The Unicorn
structure 1n the frustum cavity will disrupt desired uniform flow and lower the

performance of the unit.

The example frustum (20) of the Device serves the function of accepting the pressurized
liquid (usually water) from a liquid source at the frustum inlet through the inlet pipe and
creating a rotating body of fluid about an axis of rotation that is constantly being

replenished at the same rate that it discharges.

The large diameter end of frustum (20) of the invention has a surface (23) which elevates
as 1t extends around the circumference of the large diameter end. It has zero elevation

with respect to the large diameter end in line with the frustum fluid inlet. This ramp
follows and fills the space between the inner surface of the frustum cavity and the outer
surface of The Unicorn structure. The ramp continues around the entire circumference of
the unit until it terminates at the same point where it started (one rotation of the cavity).
The total elevation of the ramp is usually about 10% of the height of the frustum.

Depending on configuration, other ramp tapering may be used to lesser or more effect.
The ramp serves the purpose of added acceleration and swirling motion of the fluid thus

improving efficiency.

The frustum (20) of the device is tapered such that the rotating fluid is constantly pushed

towards the discharge end (12) as new fluid is delivered to the device. The decreasing



10

15

20

25

30

CA 02723743 2015-12-21

YV WS LUV Sl Awrasawr Ao

cross section of the frustum as it moves from inlet position to discharge position causes

the velocity of the rotating fluid to increase 1n order to maintain continuous flow.

In the exemplary embodiments of the invention shown, inside the main cavity of the
frustum, there 1s a helical grooved cone (22) (also referred to herein as “The Unicorn™)
whose base 1s directly affixed to the frustum large diameter end , co-axial with the axis of

rotation (defined by line A-A). The shape and form of the Unicorn as a helical grooved
cone feature helps accelerate the fluid rotation improving efficiency by reducing

excessive turbulence and friction between bounding walls and the fluid.

The Unicorn has a gas inlet (14) orifice running axially from large diameter base of the
frustum, through the Unicomn entering the frustum cavity adjacent the tip of the frustum

for the purpose of gas injection directly into the lowest pressure area inside of the frustum

cavity, which 1s adjacent the frustum outlet.

The gas will enter the frustum through the gas inlet extending through the Unicorn from
the large diameter end of the frustum that is connected in a sealed manner to the large

diameter end of the Unicorn. The gas will exit the Unicorn from the tip or small diameter

end ot the Unicomn.

The gas supply to the Unicorn can be connected cither from a pressurized source or from
one at atmospheric pressure. If the gas is connected to a pressurized source, the supply
may need to be regulated to ensure optimal operation of the Device. If the gas is at

atmospheric pressure, there has to be sufficient fluid supply to the device to create the

required vacuum at the vortex in the axial center of the Device to overcome the pressure
seen at the discharge of the unit. Typically, the device when fed liquid at 20 psi will

create 5 PSI of relative vacuum.

Two embodiments of the containment shells of the herein invention are described below:

A first embodiment is seen in Figure 1. The containment shell (24) is completely
encompassing the frustum, The fluid inlet (10) to the frustum cavity passes thought the
wall of the shell (24) and does not allow any iniet liquid to enter directly into the shell

without first passing through the mixing frustum. After the gas/liquid mixture exits the
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frustum through outlet end it enters the containment shell cavity. The shell has only one
exit (11) which discharges all the mixed fluid. The discharge can be located anywhere on
the shell but depending on the mounting of the device should be as high as possible to

prevent rising bubbles from forming a gas pocket.

A second embodiment is seen in Figures 3 and 4. The containment shell (24A) is a
spherical shape (or other similar shape) that sits adjacent the frustum, and efficiently
collects all mixed fluid exiting the frustum. It should be of curved shape, such as shown,
and sufficient diameter that it minimizes turbulence, thus reducing friction and increasing
efficiency. As it extends away from the frustum, it then gradually reduces its cross
sectional area to a discharge arca (44), the exemplary embodiment being the same size as
the inlet and has standard threads (or a flange) on the outside to allow for a connection to
standard system tubing or piping. The device will still mix gas and liquid even if the
discharge is of different diameter then the inlet but not as efficiently and it will require

more modifications to the overall system being mixed.

[t should be understood that many changes, modifications, variations and other uses and
applications will become apparent to those skilled in the art after considering the
specification and the accompanying drawings. Therefore, any and all such changes,
modifications, variations and other uses and applications which do not depart from

the scope of the invention are deemed to be covered by the invention.
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Claims:

[. A device for the mixing of a gas into a liquid comprising: a hollow frustum shape
housing having a central axis, extended from a small diameter fluid outlet end, defining a fluid
outlet opening, to a large diameter end; a liquid inlet port positioned adjacent the large diameter
end 1s formed in said housing which allows delivery of pressurized liquid into said hollow
housing, and a helically cut conical member 1s positioned and atfixed within the hollow center of
the housing with its axis aligned with that of the hollow frustum shape housing such that fluid
delivered into the housing forms a swirling motion around the outside of the conical member as
it passes tfrom the inlet port to the outlet opening, said housing having a gas inlet for delivery of
gas to the fluid within the frustum housing at a position adjacent to the fluid outlet opening as it

moves from the inlet port to the fluid outlet opening.

2. The device as recited in claim 1 wherein the gas infused fluid passes through the frustum
shape housing through the fluid outlet at the small diameter end and enters the interior space of a
second component which is a containment shell, which completely encompasses the frustum

shape housing

3. The device as recited in claim 1 wherein the gas infused fluid passes through the frustum

shape housing through the fluid outlet at the small diameter end and enters the interior space of a
second component which is a containment shell, which simply collects the fluid leaving the
frustum shape housing outlet opening, and exits through a discharge port formed in the

containment shell.

4. The device as recited in any one of claims 1 to 3 is an inline device in the sense that
pressurized fluid enters the fluid inlet and passes through the hollow frustum housing at which
point 1t 1s infused with gas, and then passes through its outlet, into the containment chamber and

out the containment chamber outlet driven by an incoming pressurized fluid.
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5. The device as recited in claim 1 wherein the frustum shaped housing forms a conical
cavity, sealed at one large end, tapering to a discharge at the other end and there is defined in the
housing the fluid inlet tangential to the conical cavity near the sealed end, and a hollow, tapered
helix cut cone shape is positioned in the center of the conical cavity, affixed to the sealed end,
with the point of the cone shape axially aligned with the discharge opening to facilitate the

continuous swirling motion of the contained fluid and to act as a gas inlet port to start the

formation of a gas vortex.

6. The device of claim 5 wherein the fluid inlet of this frustum shaped housing receives

pressurized fluid from a pumped source causing a fluid rotation inside the cavity.

7. The device as recited in any one of claims 1 to 6 wherein the hollow frustum shaped
housing discharge opening ranges in size from being equal in diameter to that of the inlet port to

25% smaller than the inlet port diameter.

8. The device as recited in any one of claims 1 to 7 wherein the diameter of the inlet port 1s

approximately 35% of the large end diameter of the frustum shaped housing.

9. The device as recited in any one of claims 1 to 8 wherein the inlet port enters the internal
cavity of the frustum shaped housing at or near tangential to the inner curvature thereof and the

inlet port is positioned at or adjacent to the large diameter end.

10.  The device as recited in any one of claims 1 to 9 wherein the inlet port allows fluid to

pass into the cavity of the frustum, with the inlet port terminating at a wall of the frustum at a

frustum inlet.
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