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APPARATUS AND METHOD FOR INCREASING THE MASS TRANSFER
OF A TREATMENT SUBSTANCE INTO A LIQUID

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to improving the mixing
efficiency of an additive in a liquid flowing under pressure through a large diameter
conduit. The present invention more particularly relates to mixing systems in which a
side stream is diverted from the main liquid flow, an additive mixed with the side
stream, and the concentrated mixture injected back into the large diameter conduit.
[0002] The present invention is applicable to treatment of liquids by the
infusion of additives. While the structural components of the invention may be utilized
for treating many kinds of liquids, its principal application will be in the field of water
treatment where there is substantial volumetric flow. For example, embodiments of
the present invention may be utilized in municipal waste water treatment facilities
where flow rates are at least 500 gallons per minute, and generally much higher. In
such systems, it is desired to achieve effective and efficient blending of the returning
side stream into the main flow of liquid. The volumes of water requiring treatment are
typically substantial, and reducing or eliminating the amount of time required for any
storage of the liquid is desirable. Thus treating the water as it is flowing —as opposed
to processes employing settling ponds and/or holding tanks — can be advantageous in
expediting the treatment process and reducing capital expenditures by reducing the
required storage capacity of the overall system. These dynamic mixing systems provide
even more advantage when the volume of the side stream can be reduced because of
the corresponding reduction in energy required for processing the side stream and
infusing the side stream back into the main flow of liquid.

[0003] The treatment substances utilized with the present invention may be in
the form of a gas, liquid or slurry, where the treatment substance is capable of being

mixed with the side stream through a mixing apparatus, such as a venturi mixing
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injector, chemical mixer, mixing nozzle. One well-known example of a treatment
substance is ozone which is a very effective disinfectant chemical which is in gas form
which decomposes into molecular oxygen at standard temperature and pressure. As
described in U.S. Patent No. 7,779,864, in which one of the inventors herein is named as
an inventor, ozone may be mixed with the mixing apparatus into the side stream and
then infused through nozzles into a large diameter conduit into a mainstream of flowing
liquid. The conduit is a large pipe often on the order of 48 inches in diameter.

[0004] The object of present invention is to improve the transfer efficiency of
the treatment substance into the flowing stream. Improvements in transfer efficiency
will result in reduction of the treatment time required for the flowing stream, which can
minimize retaining the water for additional treatment and prevents "over-dosing" the
stream in order to be assured of a sufficiency throughout the treated liquid. In other
words, improving the mass transfer efficiency may reduce initial capital investment in
the system and reduce the operating expense for the system.

SUMMARY OF THE INVENTION

[0005] Embodiments of the present invention provide an apparatus and a
method which may be applied to the need described above to improve the transfer
efficiency of a treatment substance with a liquid mainstream flowing through a large
diameter conduit. In the fluid handling systems to which the present invention may be
applied there is a pipe having a cylindrical inner wall having a central axis, wherein a
liquid flows in a full pipe flow regime (i.e., a pressurized system) through the pipe.
[0006] In a first embodiment of the apparatus, a diversion conduit provides a
diversion flow of a portion of the flow of liquid from an upstream location. The
diversion conduit diverts the portion of the flow of liquid to outside of the pipe where a
treatment substance mixing apparatus mixes a treatment substance with the portion of
liquid resulting in a first mixture made up of the originally diverted liquid flow having a
relative high concentration of the treatment substance. This first mixture is returned
to the pipe via an injection structure which injects the first mixture into the pipe at a
downstream location, where the first mixture mixes with the liquid mainstream
resulting in a second mixture. Between the upstream location and the downstream

location there are a plurality of flow vanes disposed circumferentially about the
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cylindrical inner wall of the pipe. Each of the flow vanes extends radially inward from
the inner wall of the pipe toward the central axis of the pipe. As explained further
below, this plurality of flow vanes configured in the pipe between the upstream location
where the diversion conduit takes the portion and the downstream location where the
first mixture is infused into the mainstream flow by the injection structure significantly
— and unexpectedly — improves the transfer efficiency of the treatment substance into

the mainstream flow.

[0007] The injection structure may comprise any structure which introduces a
mixture of a treatment substance and a carrier fluid from the exterior of the pipe into
the interior of the pipe, such as various inlet mechanisms known in the art. Among the
known injection structures are nozzles. In embodiments of the present invention, the
injection structure may comprise a number of different configurations of nozzles which
extend through the cylindrical wall. These configurations may include, by way of
example, single nozzles, a plurality of nozzles in axial alignment along the pipe, a
plurality of nozzles in random distribution along the pipe, a pair of opposite facing
nozzles on opposite sides of the pipe, and a plurality of pairs of nozzles in opposite
facing relation. For installations comprising a plurality of nozzles, each nozzle of the
plurality of nozzles may receive a substantially equal portion of the first mixture, the
nozzles so disposed and arranged as to inject the equal portion of the first mixture into
the mainstream flow at the downstream location. Each nozzle of the plurality of
nozzles may be spaced apart linearly along a length of the pipe from each adjacent
nozzle. The plurality of nozzles may be configured as a plurality of pairs of nozzles,
where each pair of nozzles is spaced apart linearly along a length of the pipe from an
adjacent pair of nozzles. A pair of nozzles may be disposed such that a first nozzle of
the pair and a second nozzle of the pair are installed within a length of the pipe where
the first nozzle and the second nozzle are in opposite facing relation as each nozzle

injects the first mixture into the flowing stream of the pipe.

[0008] In another embodiment of the invention, a booster pump may be
hydraulically connected to the diversion conduit, where the booster pump is configured

to receive the diversion flow and boost the pressure of the diversion flow. Such an
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embodiment may further include an aspirating injector which receives the diversion
flow from the booster pump and mixes the treatment substance with the diversion

flow.

[0009] As a result of the increased transfer efficiencies realized through
embodiments of the present invention, it is possible to reduce the volume of the
diversion flow to as little as 3% of the total fluid flow through the pipe. In other cases,
for example were air is utilized as the treatment substance, it may be desirable to have
a substantial diversion flow, for example up to 40% of the total fluid flow through the
pipe. Thus, embodiments of the present invention provide a wide range of treatment
options made possible through the increased transfer efficiencies realized by the
utilization of the plurality of flow vanes utilized between the upstream location where
the diversion conduit takes the portion and the downstream location where the first

mixture is infused into the mainstream flow by the injection structure.

[0010] The inventors herein have found that an additional structure in the pipe
disposed downstream of the injection structure may further increase the transfer
efficiency. This structure — a flow grid placed in a location downstream of the infusion
of the mixture of treatment substance and diverted flow — is a flow grid which is
disposed perpendicular to the central axis of the pipe, where the flow grid has an
upstream face pointing upstream and an downstream face pointing downstream. The
flow grid may be made up of a plurality of intersection grid members. The flow grid
may further be configured into a semi-circular shape having a diagonal base member.
With this embodiment, the flow grid may have a radius of curvature which allows it to
be placed within the circle defined by the internal diameter of the pipe, with the
circumferential edge of the flow grid abutting the internal circumferential surface of the
pipe. Moreover, where the cross-sectional area of the pipe defines a circle of 360
degrees and the top of the pipe is defined as having a zero degree position (i.e., twelve
o’clock), a grid member may be disposed within the pipe such that the diagonal base
member has a first end adjacent to an approximate 60 degree position (i.e., 2 o’clock)

and a second end adjacent to an approximate 240 degree position (i.e., 8 o’clock).
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[0011] A flow grid having a semi-circular shape may be further sectioned into a
first half of the semi-circular shape and a second half of the semi-circular shape, where
each half has a plurality of intersecting grid members set in a parallel configuration with
the diagonal base member. The flow grid has a thickness extending from the upstream
face to the downstream face, where the intersecting grid members may extend from
the upstream face to the downstream face. In this configuration, the intersecting grid
members may be angled with respect to the central axis of the pipe. The inventors
herein have found that angling of the grid members further promotes transfer
efficiency. In one embodiment, the grid members of the first half of the semi-circular
shape may be set between the upstream face and the downstream face to form an
angle of approximately 10 degrees upward from the central axis. Likewise, the grid
members of the second half of the semi-circular shape may be set between the
upstream face and the downstream face to form an angle of approximately 10 degrees
downward from the central axis of the pipe. With this combination — one side of the
flow grid imparting an upward flow of the liquid and the other side of the flow grid

imparting a downward flow of the liquid — the transfer efficiency is further increased.

[0012] The flow grid utilized in embodiments of the invention may be
configured such that the openings defined between the intersecting grid members are
either square or rectangular. The size of the openings may also be adjusted to change
the transfer characteristics of the treatment substance. One embodiment may have
square openings where each opening is 2 inches by 2 inches. Alternatively, for
rectangular openings, the opening may have a minimum height of 1 inch and a

minimum width of 2 inches.

[0013] Because of the large volume of liquids processed through these systems,
the pipe will have a diameter typically utilized for municipal operations and have a
diameter greater than ten inches. The treatment substance will typically be a gas and,

depending upon the application, may be ozone, oxygen, chlorine, and air.

[0014] Methods of the present invention for increasing the mass transfer of a
treatment substance into a liquid flowing through a piping system include the steps of

diverting a portion of the liquid flowing through the pipe from a first upstream location,
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leaving a main stream flow passing through the pipe and through a plurality of vanes
disposed circumferentially about an interior wall of the pipe. The diverted liquid is
flowed through a treatment mixing apparatus which mixes a treatment substance into
the diverted liquid resulting in a mixture. This mixture is injected into the pipe
downstream of the mixing vanes. The treatment substance may be a gas such as
ozone, oxygen, chlorine or air. The mixture may have a gas liquid ratio of at least 5%.
The diverted fluid may comprise 3 percent to 40% of the total liquid flowing through

the pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 depicts a side view of an embodiment of the invention.

[0016] Figure 2 is a sectional view taken along line 2-2 of Figure 1.

[0017] Figure 3 is a sectional view taken along line 3-3 in Figure 1.

[0018] Figure 4 is a perspective view depicting a pipe segment of an

embodiment of the present invention, showing the location of the flow vanes and a

downstream injection structure.

[0019] Figure 5 shows an end view of the pipe segment depicted in Figure 4.
[0020] Figure 6 shows a top section view of the pipe segment depicted in Figure
4,

[0021] Figure 7 shows a side section view of the pipe segment depicted in Figure
4,

[0022] Figure 8 depicts a side view of an embodiment of a flow vane which may

be utilized in embodiments of the present invention.

[0023] Figure 9 shows an end view of the flow vane depicted in Figure 8.

[0024] Figure 10 shows a perspective view of a pipe segment of an embodiment
of the present invention, showing the location of the flow vanes, a downstream

injection structure, and a flow grid disposed downstream of the injection structure.
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[0025] Figure 11 shows an end view of the pipe segment depicted in Figure 10.
[0026] Figure 12 shows a top view of the pipe segment depicted in Figure 10.
[0027] Figure 13 shows a side view of the pipe segment depicted in Figure 10.
[0028] Figure 14 shows an end view of the pipe segment depicted in Figure 10.
[0029] Figure 15 is a side sectional view of a semi-circular flow grid taken along

line 15-15 of Figure 14 showing the orientation of the grid members on the left-hand

side of the flow grid.

[0030] Figure 16 is a side sectional view of a semi-circular flow grid taken along
line 16-16 of Figure 14 showing the orientation of the grid members on the right-hand

side of the flow grid.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Referring now to the Figures, Figures 1-3 illustrate a system previously
disclosed by one of the inventors here, as set forth in U.S. Patent 7,779,864, but which
has been modified according to the present invention by the addition of flow vanes 100
downstream of diversion conduit 35 but upstream of nozzles 45,46.

[0032] The ‘864 patent taught a pipe 20 having a cylindrical wall 21 which
formed a flow passage 22 having a central axis 23. End 24 is regarded as an upstream
inlet end and end 25 is regarded as a downstream outlet end. Flanges 26 are shown by
means of which segments 27 can be installed in the completed pipe. The main flow of
liquid, in this example water, flows from inlet 24 to outlet 25. In operation, pipes of this
type operate full, and the stream may flow at axial rates ranging from 0.75 feet per
second to 5 feet per second. In large diameter pipelines, say forty-eight inch or larger,
these flow rates represent a very substantial flow of water, and injection/infusion to
treatment substances must be quick and reliable. Embodiments of the present
invention will generally be utilized in conduits having a diameter of 18 to 84 inches,
with an operating pressure of approximately 10 psig.

[0033] The ‘864 patent notes with respect to Figure 1 of that patent, that for

that invention there are negligible, if any, structural features between the upstream
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region 30 and the downstream region 31, related to the infusion apparatus, such that
the invention disclosed in the ‘864 had negligible energy loss from disruption of the
main flow. In contrast, as noted above, embodiments of the present invention include
a structural feature — flow vanes 100 — between the diversion conduit 35 in the
upstream region 30 and the injection structure, which for this embodiment crompises
nozzles 45, 46 located in the downstream region 31.

[0034] The object of this invention is to provide increased transfer efficiency
between a treatment substance and the main flow of liquid in the pipe 20. A diversion
conduit 35 provides a diversion of a first portion of the flow of the liquid from the
upstream region 30. Pump 36 draws a diversion stream from the main flow and boosts
its pressure. After the pump 36, the diversion stream is directed to the inlet port 37 of
an aspirating injector 38. The pressure applied to the diversion stream is sufficient to
operate an aspirating injector 38 and to return the diversion stream to the mainstream
flow in pipe 20. In most applications, the raise in pressure will be about 30 psi.
Aspirating injector 38 includes a port 39 which receives a proportioned supply of
treatment substance from source 40. A regulator valve 41 passes the substance at a
controlled pressure to port 39. Most frequently the treatment substance will be a gas,
and may include ozone, oxygen, chlorine and air. A mixture is formed once the
diversion stream is infused with the treatment substance, where the mixture comprises
a concentrated treatment stream for infusion back into the mainstream flow.

[0035] The diversion conduit 35 continues from the outlet end 42 of the
aspirating injector 38 to at least one nozzle 45 or a pair of nozzles 45, 46 as shown in
Figure 2. If used as pairs, the nozzles 45, 46 receive an identical supply of treatment
substance, and may be regarded as manifolded. As shown in Figures 2 and 3, the
opposing nozzles in a pair may be configured such that an axis extending from a nozzle
may coincide from the axis of an opposite facing nozzle.

[0036] As further shown shown in Figure 1, a plurality of pairs of nozzles 50, 51,
52 may be manifolded from the diversion conduit 35. A single nozzle 45, a pair of
nozzles 45, 46 or a plurality of pairs of nozzles 50, 51, 52 may be used in embodiments
of the invention. If desired, valves may be inserted just upstream from each nozzle so

that the nozzles can be utilized individually, in pairs, or other desired configuration to
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return the mixture into the mainstream flow. As indicated in Figure 1, a single
aspirating injector 38 can be utilized to supply all of the nozzles. The system size and
capacity will determine whether multiple aspirating injectors 38 are required or
whether a single one is sufficient.

[0037] As stated above, embodiments of the present invention include flow
vanes 100 which are located downstream of the diversion conduit 35 but upstream of
nozzles 45,46. Figure 4 depicts a pipe segment of an embodiment of the present
invention, showing the location of the flow vanes 100 and a downstream injection
structure which, for the embodiment shown in Figure 4, are opposing pairs of nozzles
50, 51, 52. Figure 5 shows an end view of the pipe segment depicted in Figure 4,
looking upstream seeing first nozzles 45, 46 and flow vanes 100 even further upstream.
Figure 6 shows a top sectioned view of the pipe segment depicted in Figure 4, again
showing the the flow vanes 100 and opposing pairs of nozzles 50, 51, 52. The flow
vanes will generally be located a linear distance of 0.2 to 3.0 pipe diameters upstream
of the nozzles.

[0038] Figure 8 depicts a side view of an individual flow vane 100, showing the
flow vane in greater detail. The flow vanes 100 are disposed circumferentially about
the cylindrical inner wall 21 of the pipe 21, with each flow vane extending radially
inward toward the central axis 23. The inventors herein have found that a total of six
flow vanes 100 having equal spacing provides effective service. The flow vanes 100 may
be installed, as best shown in Figures 6 and 7, to be slightly angled from the central axis
23 and to have alternating 7 degree orientations. As further indicated in Figure 8, the
leading edge 102 of each flow vane 100 may have a generally angular profile, with the
trailing edge 104 having a curved profile. Flow vanes 100 may have a length L, a height
H and a thickness W, and the trailing edge 104 may have a radius of curvature R. As an
example, for a 48 inch diameter pipe, each flow vane 100 may have a length of 24
inches, a height of 8.3 inches and a thickness of 0.5 inch. Trailing edge 104 may have a
radius of curvature of 6 inches.

[0039] Figures 10 through 16 show an embodiment of the apparatus which
includes a flow grid 200 which is placed downstream of the injection structure, which in

this embodiment comprises opposing pairs of nozzles 50, 51, 52. The flow grid 200 may
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be configured to have a semi-circular shape as the embodiment shown in Figures 10, 11
and 14 and have a diagonal base member 202. The flow grid 200 may be made up of a
plurality of intersecting grid members such as first members 204 which are a parallel to
the diagonal base member 202 and second members 206 which are perpendicular to
the diagonal base member. With this embodiment, the flow grid 200 may have a radius
of curvature which allows it to be placed within the cylindrical wall 21 of the pipe 20,
where the circumferential edge 208 of the flow grid 200 abuts the internal cylindrical
wall.

[0040] As best shown in Figure 14, where the cross-sectional area of the pipe 20
defines a circle of 360 degrees and the top of the pipe is defined as having a zero
degree position (i.e., twelve o’clock), the diagonal base member 202 may have a first
end 210 adjacent to an approximate 60 degree position (i.e., 2 o’clock) and a second
end 212 adjacent to an approximate 240 degree position (i.e., 8 o’clock).

[0041] A flow grid 200 having a semi-circular shape may be further sectioned
into a first half 220 and a second half 222 of the semi-circular shaped flow grid 200,
where each half has a plurality of grid members 204 set in a parallel configuration with
the diagonal base member 202, and intersecting grid members 206 which are set
perpendicular to the diagonal base member 202. The flow grid 200 has a thickness T
extending from the upstream face 224 to the downstream face 226, where the
intersecting grid members may extend from the upstream face to the downstream face.
By way of example, thickness T may equal 2 inches for a flow grid 200 used in a pipe
having a 48 inch diameter. In this configuration, grid members 204 may be angled with
respect to the central axis of the pipe to improve transfer efficiency.

[0042] In the embodiment depicted in Figure 15, as grid members 204 of the
first half 220 of the semi-circular shaped flow grid 200 extend between the upstream
face 224 to the downstream face 226, the grid members 204 form an angle of
approximately 10 degrees upward from the central axis or flow axis.

[0043] Likewise, as illustrated in Figure 16, as grid members 204 of the second
half 222 of the semi-circular shaped flow grid 200 extend between the upstream face
224 to the downstream face 226, the grid members form an angle of approximately 10

degrees downward from the central axis or flow axis.
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[0044] The flow grid 200 utilized in embodiments of the invention may be
configured such that the openings defined between the intersecting grid members 204,
206 are either square or rectangular. The size of the openings may also be adjusted to
change the transfer characteristics of the treatment substance. One embodiment may
have square openings where each opening is 2 inches by 2 inches. Alternatively, for
rectangular openings, the opening may have a minimum height of 1 inch and a
minimum width of 2 inches.

[0045] The inventors herein have created a flow simulation model using
computational flow dynamics (“CFD”) to ascertain the impact of various variables on
the mass transfer. Table 1 below summarizes the results of the modeling for a pipe
having a diameter of 48 inches having a flow velocity of 1.5 feet/second. The upper
part of Table 1 shows the mass transfer for the situation where the volume of liquid
diverted into the diversion conduit 35 is 10% of the total flow volume of the pipe 20.
The lower part of Table 1 shows the mass transfer for the situation where the volume of
liquid diverted into the diversion conduit is 5% of the total flow volume of the pipe 20.
The “standard PFR without vanes” described in Table 1 is the apparatus disclosed and
claimed in U.S. Patent No. 7,779,864. The second figuration — “Standard PFR with
upstream flow vanes” — is the embodiment generally depicted in Figures 4-7 herein.
The third configuration — “Standard PFR with upstream flow vanes and downstream
mixing flow grid — is the embodiment generally depicted in Figure 10-13 herein. As
demonstrated by the CFD analysis, embodiments of the present invention provide the
ability to substantially reduce the flow rate through the pipe without adversely
impacting the mass transfer. Given the typical design flow rates of 4 to 5 feet/second,
the flow rate of 1.5 feet/second is an extreme scenario. However, as demonstrated by
the results reported in Table 1, the present invention provides a substantial ability to

turn down the flow rate and maintain acceptable mass transfer.
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Table 1
Ozone Mass Transfer Computational Fluid Dynamic Analysis Results:
Mass transfer into:clean water (no ozone demand)
Ozone dose of 1 mg/L
Water temperature= 25 C
Pipeline pressure = 10 psi
Pipeline Configuration Mass Uniformity Mass Uniformity Mass Uniformity
welogity {ft/s) transfer at at3 pipe transfer at Index at-6 transfer.at Index at 10
(Diameter 3 pipe diameters 6 pipe pipe 10 pipe pipe
=48 inches} diameters diameters diameters diameters diameters
Standard PFR without 64% 75% 67% 78% 72% 81%
vanes
1.5 fi/sat10 % Standard PFR with 71% 80% 73% 83% 79% 85%
sidestream upstréam flow vanes
ratio, 0.28a5%0 [ i jard PFR with 5% 86% 8% 87% 90% 89%
liguid ratio .
upstream flow vanes
and downstream
mixing flow grid
Pipeline Configuration Mass Uniformity Mass Uniformity Mass Uniformity
velacity {ft/s} transfer at at3 pipe transfer.at Index at 6 transfer at Index at 10
{Diameter 3 pipe diameters & pipe pipe 10 pipe pipe
=48 inches) dizmeters diameters digmetars diameters diamaters
Standard PFR without 58% 73% 64% 75% 66% 77%
vanes
1.5 ft/sat 5% Standard PFR.with 64% 77% 7% 80% 75% 83%
sidestrean upstream-flow vanes
ratio, 0,2 gas'to
liquid ratio Standard PFR with 77% §3% 84% 85% 86% 87%
upstream flow vanes
and downstream
mixing flow grid
[0046] In summary, the disclosed invention is, in combination with a pipe, said

pipe having a cylindrical inner wall with a central axis, providing for a flow of a liquid

including flow from an upstream location to a first downstream location in a full pipe

flow regime, an apparatus to increase mass transfer of a treatment substance into the

liquid has the following components: a diversion conduit for externally providing a

diversion flow of a first portion of the flow of the liquid from the upstream location to

the first downstream location, the diversion conduit receiving the diversion flow from

the flow of the liquid, leaving a main stream flow of the liquid inside the pipe flowing

from the upstream location to the first downstream location; a treatment substance

mixing apparatus which mixes a treatment substance with the diversion flow resulting in

12
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a first mixture; an injection structure which injects the first mixture into the pipe at the
first downstream location resulting in a second mixture comprising the first mixture and
the main stream flow of the liquid; and a plurality of flow vanes disposed
circumferentially about the cylindrical inner wall, the plurality of flow vanes disposed
between the upstream location and the first downstream location, each said flow vane
extending from the inner wall and extending radially inward toward the central axis from
said cylindrical inner wall and extending into the main stream flow of the liquid.

[0047] In another embodiment, the injection structure comprises a plurality of
nozzles extending through the cylindrical inner wall.

[0048] In another embodiment, each nozzle of the plurality of nozzles receives a
substantially equal portion of the first mixture, each nozzle so disposed and arranged as
to inject said equal portion of the first mixture into said downstream location.

[0049] In another embodiment, each nozzle of the plurality of nozzles is spaced
apart linearly along a length of the pipe from an adjacent nozzle.

[0050] In another embodiment, the plurality of nozzles comprises a plurality of
pairs of nozzles, wherein each pair comprises a first nozzle and a second nozzle, wherein
each pair of nozzles is spaced apart linearly along a length of the pipe from an adjacent
pair of nozzles.

[0051] In another embodiment, the first nozzle and the second nozzle are
disposed in the pipe in opposite facing relation.

[0052] In another embodiment, a booster pump is hydraulically connected to the
diversion conduit, wherein the booster pump is configured to receive the diversion flow
and boost the pressure of the diversion flow.

[0053] In another embodiment, the treatment substance mixing apparatus
comprises an aspirating injector which receives said diversion flow from the booster
pump and mixes the treatment substance with the diversion flow.

[0054] In another embodiment, the diversion flow is in a range of 3 percent to 40

percent of the flow of the liquid.
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[0055] In another embodiment, a flow grid is disposed in a second downstream
location, the flow grid disposed perpendicular to the central axis, the flow grid having an
upstream face and a downstream face.

[0056] In another embodiment, the flow grid comprises a plurality of intersecting
grid members.

[0057] In another embodiment, the flow grid comprises a semi-circular shape
having a diagonal base member.

[0058] In another embodiment, a cross-sectional area of the pipe into which the
flow grid is disposed defines a circle of 360 degrees with a zero degree position defined
at a top of the pipe, wherein the diagonal base member has a first end adjacent to an
approximate 60 degree position of the circle and the diagonal base member has a
second end adjacent to an approximate 240 degrees position of the circle.

[0059] In another embodiment, the flow grid comprises a first half of the semi-
circular shape and a second half of the semi-circular shape, the first half and the second
half each comprising a plurality of intersecting grid members disposed in a parallel
configuration with the diagonal base member.

[0060] In another embodiment, each intersecting grid member of the first half,
from the upstream face to the downstream face, is disposed in an approximate angle of
10 degrees upward from the central axis.

[0061] In another embodiment, each intersecting member of the second half,
from the upstream face to the downstream face, is disposed in an approximate angle of

10 degrees downward from the central axis.

[0062] In another embodiment, the flow grid comprises a plurality of square
openings.
[0063] The apparatus of claim 10 wherein the flow grid comprises a plurality of

rectangular openings.
[0064] In another embodiment, each of the square openings is approximately

two inches by two inches.
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[0065] In another embodiment, each of the rectangular openings has an
approximate height of 1 inch and an approximate width of 2 inches.
[0066] In another embodiment, the pipe has a diameter of greater than ten

inches up to a diameter of eighty-four inches.

[0067] In another embodiment, the treatment substance comprises a gas.

[0068] In another embodiment, the first mixture comprises a gas liquid ratio of at
least 5%.

[0069] In another embodiment, the treatment substance is selected from the

group of gases consisting of ozone, oxygen, chlorine and air.

[0070] An embodiment of the apparatus may be utilized in a method of
increasing mass transfer of a treatment substance into a liquid flowing through a pipe
where the steps of the method include diverting a first portion of the liquid from a first
upstream location of the pipe, leaving a main stream flow of the liquid flowing inside the
pipe from the first upstream location to a first downstream location, wherein between
the first upstream location and the first downstream location the main stream flow of
the liquid passes through a plurality of flow vanes disposed circumferentially about and
extending from_an inside wall of the pipe; flowing the first portion of the liquid through a
treatment mixing apparatus which mixes a treatment substance into the first portion of
the liquid, resulting in a first mixture; and injecting the first mixture into the pipe at the
first downstream location.

[0071] In the method, the pipe may comprise a flow grid disposed in a second
downstream location. In the method, the treatment substance may comprise a gas. In
the method, the

[0072] In the method, the first mixture may have a gas liquid ratio of at least 5%.
[0073] In the method, the treatment substance may be selected from the group
of gases consisting of ozone, oxygen, chlorine and air.

[0074] In the method, the first portion of the liquid may comprise a range of 3

percent to 40 percent of the total liquid flowing through the pipe.
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[0075] Having thus described the preferred embodiment of the invention, what is

claimed as new and desired to be protected by Letters Patent includes the following:
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CLAIMS:

1.

In combination with a pipe, said pipe having a cylindrical inner wall with a
central axis, providing for a flow of a liquid including flow from an upstream
location to a first downstream location in a full pipe flow regime, an
apparatus to increase mass transfer of a treatment substance into the liquid
comprises:

(a) a diversion conduit for externally providing a diversion flow of a
first portion of the flow of the liquid from the upstream location to
the first downstream location, the diversion conduit receiving the
diversion flow from the flow of the liquid, leaving a main stream
flow of the liquid inside the pipe flowing from the upstream
location to the first downstream location;

(b) a treatment substance mixing apparatus which mixes a treatment
substance with the diversion flow resulting in a first mixture;

(c) an injection structure which injects the first mixture into the pipe
at the first downstream location resulting in a second mixture
comprising the first mixture and the main stream flow of the
liquid; and

(d) a plurality of flow vanes disposed circumferentially about the
cylindrical inner wall, the plurality of flow vanes disposed between
the upstream location and the first downstream location, each
said flow vane extending from the inner wall and extending
radially inward toward the central axis from said cylindrical inner
wall and extending into the main stream flow of the liquid.

2. The apparatus of claim 1 wherein the injection structure comprises a
plurality of nozzles extending through the cylindrical inner wall.

3. The apparatus of claim 2 wherein each nozzle of the plurality of nozzles
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receives a substantially equal portion of the first mixture, each nozzle so disposed
and arranged as to inject said equal portion of the first mixture into said
downstream location.

4, The apparatus of claim 3 wherein each nozzle of the plurality of nozzles
is spaced apart linearly along a length of the pipe from an adjacent nozzle.

5. The apparatus of claim 3 wherein the plurality of nozzles comprises a
plurality of pairs of nozzles, wherein each pair comprises a first nozzle and a
second nozzle, wherein each pair of nozzles is spaced apart linearly along a
length of the pipe from an adjacent pair of nozzles.

6. The apparatus of claim 5 wherein the first nozzle and the second nozzle
are disposed in the pipe in opposite facing relation.

7. The apparatus of claim 1 wherein a booster pump is hydraulically
connected to the diversion conduit, wherein the booster pump is configured to
receive the diversion flow and boost the pressure of the diversion flow.

8. The apparatus of claim 7 wherein the treatment substance mixing
apparatus comprises an aspirating injector which receives said diversion flow
from the booster pump and mixes the treatment substance with the diversion
flow.

9. The apparatus of claim 1 wherein the diversion flow is in a range of 3
percent to 40 percent of the flow of the liquid.

10.  The apparatus of claim 1 further comprising a flow grid disposed in a
second downstream location, the flow grid disposed perpendicular to the central
axis, the flow grid having an upstream face and a downstream face.

11. The apparatus of claim 10 wherein the flow grid comprises a plurality of
intersecting grid members.

12. The apparatus of claim 11 wherein the flow grid comprises a semi-circular
shape having a diagonal base member.

13. The apparatus of claim 12 wherein a cross-sectional area of the pipe into
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which the flow grid is disposed defines a circle of 360 degrees with a zero degree
position defined at a top of the pipe, wherein the diagonal base member has a
first end adjacent to an approximate 60 degree position of the circle and the
diagonal base member has a second end adjacent to an approximate 240 degrees
position of the circle.

14.  The apparatus of claim 12 wherein the flow grid comprises a first half of
the semi-circular shape and a second half of the semi-circular shape, the first half
and the second half each comprising a plurality of intersecting grid members
disposed in a parallel configuration with the diagonal base member.

15.  The apparatus of claim 14 wherein each intersecting grid member of the
first half, from the upstream face to the downstream face, is disposed in an
approximate angle of 10 degrees upward from the central axis.

16. The apparatus of claim 14 wherein each intersecting member of the
second half, from the upstream face to the downstream face, is disposed in an
approximate angle of 10 degrees downward from the central axis.

17.  The apparatus of claim 10 wherein the flow grid comprises a plurality of
square openings.

18. The apparatus of claim 10 wherein the flow grid comprises a plurality of
rectangular openings.

19.  The apparatus of claim 17 wherein each of the square openings is
approximately two inches by two inches.

20. The apparatus of claim 18 wherein each of the rectangular openings has
an approximate height of 1 inch and an approximate width of 2 inches.

21. The apparatus of claim 1 wherein the pipe has a diameter of greater than
ten inches up to a diameter of eighty-four inches.

22.  The apparatus of claim 1 wherein the treatment substance comprises a
gas.

23.  The apparatus of claim 22 wherein the first mixture comprises a gas
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liquid ratio of at least 5%.
24.  The apparatus of claim 22 wherein the treatment substance is selected

from the group of gases consisting of ozone, oxygen, chlorine and air.

25. A method of increasing mass transfer of a treatment substance into a
liquid flowing through a pipe comprises:

diverting a first portion of the liquid from a first upstream location of the
pipe, leaving a main stream flow of the liquid flowing inside the pipe from the
first upstream location to a first downstream location, wherein between the first
upstream location and the first downstream location the main stream flow of the
liquid passes through a plurality of flow vanes disposed circumferentially about
and extending from_an inside wall of the pipe;

flowing the first portion of the liquid through a treatment mixing apparatus
which mixes a treatment substance into the first portion of the liquid, resulting in
a first mixture; and

injecting the first mixture into the pipe at the first downstream location.

26. The method of claim 25 wherein the pipe comprises a flow grid disposed
in a second downstream location.

27. The method of claim 25 wherein the treatment substance comprises a
gas.

28. The method of claim 27 wherein the first mixture comprises a gas liquid
ratio of at least 5%.

29. The method of claim 27 wherein the treatment substance is selected
from the group of gases consisting of ozone, oxygen, chlorine and air.

30. The method of claim 27 wherein the first portion of the liquid comprises

a range of 3 percent to 40 percent of the total liquid flowing through the pipe.
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