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REMOVABLE NOZZLE ASSEMBLY AND GAS TRANSFER SYSTEM

FIELD OF THE INVENTION

{0001} The present technology relates to novel apparatus for gas transfer that inchudes a

removable ejector nozzle assembly.

BACKGROUND OF THE INVENTION

[0002] A plurality of fields and endeavors practice combining a gas stream with a liquid.
Devices used for the dispersion of gas into a Hquid include ejectors, venturi injectors, slot
injectors, jet mixers and jet asrators and other gas hiquid mixers. Such gas transfer devices have
found widespread use in a variety of fields including those of wastewater treatment and
fermentation.,

[0003] Ejectors can move gas into a Hauid with or without the aid of a fan or blower. The
liquid spray coming from a nozzle in the gjector creates a pressure drop due to the Bernoulli
effect. This pressure drop can be used to move gas through the ejector. Ejectors can be used to
introduce an oxygen-containing gas such as air into a liquid with high gas transfer and energy
efficiency, and they are typically installed at or near the bottom of a reactor (which may be a
tank, basin or other natoral or man-made container) containing the lguid to receive gas injection.
{0084] Ejectors are applied across a wide range of hiquid treatment applications. Their
primary purpose is to transfer gas to the Hguid. For example, in wastewater treatment, biological
reactors are provided with a combination of mixing and‘or acration devices that are used to
transfer oxygen into wastewater, Ejectors are often used in these applications because they can
provide independent control of oxygen transfer and mixing with the same device.

{0005} Fiectors have typically either been attached to piping systems using intermediate
pipes to deliver liquid and gas from generic distribution piping to the independent gjector, or
distribution piping has been fabricated integrally with ejectors, injectors or other gas transfer
devices. These configurations are either bulky or do not allow for the removal of the devices for
inspection, cleaning or replacement. The use of feed pipes creates additional head loss and
additional opportunity for fouling. Systems with fixed gas transfer devices cannot be readily

cleaned, replaced or repaired.
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{0006} Schulte et al. US Patent No. 4,098,851 discloses a device for mixing gases and
liguids which is said to have an intense mixing effect and be very easy to clean. The device
comprises a housing with feed pipes for gas and liquid, An injector nozzle is inserted into the
housing, and a mixing nozzle is screwed in the housing.

{0007} Zlokamik et al. US Patent 4,162,970 discloses an injector for the dispersion of a
gas into a liquid and comprising a gas inlet, a lquid inlet, and a mixing chamber communicating
with said inlets and having an inlet and an outlet. The inlet of the mixing chamber is substantially
round in cross-section and the outlet is substantially slit-shaped.

[0008] Zlokamik et al. US Patent 4,162,971 discloses an injector for the dispersion of a
gas into a ligoid and comprising & gas inlet, a liquid inlet, and a mixing chamber communicaiing
with said inlets and having an inlet and an optlet. At least one deflecting element is disposed in
the mixing chamber along the axis of the Hquid inlet, whereby the liquid is distributed across the

full cross~section of the mixing chamber,

SUMMARY OF THE INVENTION
[6009] The present disclosure provides a gas transfer assembly having removable
nozzles, suilable for a monolithic manifold systern, The nozzles are not integral with the

manifold system, but rather adapted for sealable attachment and facile removal when desired.

[6010] As one aspect of the present invention, a gas transfer system for mixing gas and
hquid is provided. The gas transfer system for mixing gas and liquid comprises an elongated gas
magifold and an elongated liguid manifold running parallel to the gas manifold. The system
comprises canisters encircling the side apertwres and having openings opposile the lguid
manifold. One or more removable nozzle assemblies are provided in fluid connection with the
side apertures, and each removable nozzle assembly comprises an inner nozzle connection
assembly, an ouler nozzle device, and a cap. The inner nozzle connection assembly comprises
{a) an inner nozzle device having a base and a nozzle extending from the base, and the base
comprises a bottom projection on one side of the ring adapted to substantially match the curved
side aperture of the hquid manifold; or (b) at least one curved pipe adapter having a ring and a
bottom projection on one side of the ring adapted to substantially match the curved side aperture
of the iquid manifold; and an inner nozzle device having a base and a nozzle extending from the

base, wherein the base contacts the curved pipe adapter and is positioned to receive liquid from

Pt
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the liquid manifold. The bottom projection of the inner nozzle assembly is inserted in the side
aperture, optionally providing a liguid-tight fit. The outer nozzle device comprises a cylinder
and a nozzle extending from the cylinder, wherein the cylinder contacts the inner nozzle device
s0 as to receive a liquid from the inner nozzle device, and the outer nozzle device has a opening
for receiving a gas into the cylinder, thereby providing space for contact between the liquid and
the gas. A cap is removably aftached fo the canister and forms a fluid-tight connection with an
outer surface of the outer nozzle device. The system also includes one or more gas passages
from the gas manifold to the canister of each removable nozzle assembly which provides a

closed path for gas from the gas manifold to travel o the nozzle assembly.

{0011} As another aspect of the present invention, @ gas transfer assembly is provided for
removable attachment to a liquid manifold. The gas transfer assembly comprises a curved pipe
adapter and inner and outer nozzle devices. The curved pipe adapter provides a fluid-tight
attachment to the liquid manifold on one side and a fluid-tight attachment to the inner nozzle
device on an opposite side. The liquid manifold is curved convexly, and g boitom projection of
the curved pipe adapter is curved concavely. The degree of curvature of the bottom projection

may, but does not have to, substantially match the degree of the curvature of the liquid manifold.

{0012} Another aspect of the present invention is a treatment apparatus ccmprising a
reactor for holding a liquid and a gas transfer system as described hevein, including any of the
optional elements set forth. The liguid may be a wastewater for aerobic treatment, or another
hiquid to be treated with a gas. The apparatus can also include a liquid outlet, optionally located
at or near the bottom of the reactor~which allows wastewater o exit the reactor; a gas source
connected to the gas manifold; a motive pump connected to the liguid outlet such that
wastewater is withdrawn from the reactor by the motive pump; a motive pump conduit leading
from the motive pump to the liquid manifold such that wastewater is pumped through the conduit
into the liquid manifold and forced through the gas transfer device by force of the motive pump.
The apparatus can further include a controller for automatically controlling the motive punp, the
gas source or both; and a sensor in communication with the controller, wherein the sensor
provides a signal to the controller to adjust the amount, flow rate or pressure of gas provided to

the gas manifold.
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[6813] As yet another aspect of the present invention, a method is provided for cleaning
or performing maintenance on a ireatment reactor. The method comprises removing a removable

nozzle device(s) and cleaning or performing maintenance on the nozzle device(s).

BRIEF DESCRIPTION OF THE DRAWINGS

{0014} Figure 1 shows a prior art wastewater treatment reactor containing a series of

ejector devices for acration of wastewater,

[0015] Figure 2 is a cut-away view of a prior art gjector device adapted for aeration of
wastewater,
{0016} Figure 3 shows a prior art system with an ¢jector and piping that fluidly connects

an ejector to an air manifold and a liquid manifold using intermediate pipes.

{0017} Figure 4 shows a novel gas transfer assembly bhaving removable nozzles for a
monolithic manifold system.

[0018] Figure 5 is an exploded view of an embodiment of a novel gas transfer device thai

is removable from an aeration system.

[0019] Figure 6 shows an exploded view of an embodiment of the novel gas transfer
device.,
[0020] Figure 7 shows a curved pipe adapter adapted to fit the curved side aperture of the

liquid manifold.

DETAILED DESCRIPTION
[0021] The present invention uvses a gas transfer system where nozzles can be removed or
installed independently on the lignid manifold. The compact nature of the manifolds leads to
more efficient shipping and handling. For example, the present apparatus takes less space for
shipping such as in export containers or boxes and is less susceptible to damage during handling
and installation and allows for more efficient application in tight space configurations. The
monolithic nature of the apparatus allows for the use of lightweight, corrosion and erosion
resistant, high strength materials. The combination of the elimination of the feed pipes and

removability of the nozzles results in a stronger, more robust gas transfer sysiem that is less
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susceptible to fouling and offers superior gas and lquid distribution with reduced instatlation
time. The present invention allows the gas transfer assembly to be modified or upgraded based

on material or process advancements,

{0022} A gas manifold is a manifold for providing gas such as nitrogen, air or other gas to a
nozzle of an gjector device or other gas-liquid mixing device. A liquid manifold is a manifold
for providing liquid sach as wastewater or another liquid stream 1o an ejector device or other gas-
iquid mixing device, directly or indivectly (via another conduit). A gas transfer system generally
meludes all the components for dispersing gas into a liquid, including gas and liquid manifolds
and gas transfer devices. A gay transfer assembly generally refers to a set of nozzles and other

components which, when assembled, provide a structure where gas is transferred into a liguid.

{0023] Figure 1 shows a wastewater treatment reactor containing a series of eiector devices.
Wastewater is an example of liquids that may be treated with a gas using the present apparatos
and methods, and it should be understood that any reference to wastewater is intended o be a
teaching regarding liquid in general, and any reference to air is intended to be a teaching
regarding gas in general. Figure 1 shows a wastewater treatment reactor 101 and associated
process equipment for the treatment process, The reactor 101 containg a wastewater to be treated.
The reactor contains an arrangement or unitary sequence of ejector devices (s described in more
detail befow and shown in cross-section in Figure 2) extending from a liguid manifold 103a
affixed to the bottom floor of the reacior via one or more supports 102, {Additional details
regarding wastewnter treatment reactors containing a jet aeration device and their operation can
be found in UK. Patent No. 6,203,701)

{0024} A motive pump 105 may be employed fo circolate the wastewater through the Hquid
manifold 103a (shown in cross-section in Figure 203 as liquid manifold 3). The mative pump
145 pumps the wastewater through the liquid manifold 103a. The motive pump 105 can have a
variable frequency drive 107 or other means of varying the liquid flow, which may vary the force
generated by the motive pump 105, thereby varying the flow rate and pressure of the wastewater
through the liquid manifold 103a and throngh the ¢jector. Different amounts of energy may be

needed at different phases of a treatment operation.

{0025] Air or another oxygen-containing gas is infroduced from outside the reactor through a gas

intake pipe 109 whose upstream end is connected to one or more air blowers 111 which blow air

(¥4
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or another suitable oxygen-containing gas through the gas intake pipe 109, The gas intake pipe
109 transports air or gas to the gas manifold 103b {shown in Figure 2 gas manifold 203b). The

gas manifold 103b is affixed to the liquid manifold 103a.

[0026] In some embodiments, the motive pump 103 withdraws wastewater from the reactor 101,
and a positive pressure liguid pipe 113 reintroduces the withdrawn wastewater into the reactor
101 (indirectly, through the gas transfer device). In other embodiments, the motive pump 1035
and/or the positive pressure liguid pipe 113 pump and introduce the wasiewater from another

source (a different source than the solution already present in the reactor 101).

{0027] Fig. 2 shows the interior of a prior ejector device as well as a way of fluidly connecting
the air manifold to the outer nozzle. The device has a relatively small opening or inner nozzle
207 which allows the liquid fo exit from the liguid manifold into an outer nozzle 209 or other
conically shaped structure. The inner nozzle 207 and/or owter nozzle 209 can have a circular
shape or any other desired shape, such as a flat-sided oval, square, rectangular, or another shape.
The gas manifold 203b also has a gas manifold opening 211 which allows the gas to exit through
a gas passage 213 into the same outer nozzle 209. The gas passage 213 connects the pas
manifold 203b to the liguid manifold 203a and provides a closed path for gas from the gas
manifold 203b to travel to the outer nozzle 209 and enter the outer nozzle 209, As can be seen,
the inner and outer nozzles are integral with the manifolds, making their removal impossible
without cutiing them out of the manifold, thus making cleaning and maintenance of the nozzles

and manifolds difficult,

[0028] Figure 3 shows another prior gas transfer system 301 using an ejector device with an
aliernate way of fluidly connecting the air manifold to the outer nozzle. The device inchudes a
liquid manifold 303a and a gas manifold 303b. The liquid manifold and the gas manifold may be
eylindrical or another shape. The liquid manifold 303a transports a liquid such as an untreated or
recycled wastewater or other liquid stream. The liquid manifold 303a and gas manifold 303b
have openings on their sides, and an ejector device 305 is attached to a canister 307 at a first end.
The cantsier is attached at a second end 307 to piping 309 that extends from an opening of the
liquid manifold 303a. The canister is also attached on its side 307¢ to etbow piping 311 which in
turn is attached to piping 313, The piping 313 is connected to the gas manifold 303b. This

system includes several segments of exira piping which add to the size and expense of the
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aeration systems. Fig. 3 is typical of systems using intermediate pipes to deliver lquid and gas
from generic distribution piping fo the independent ejecior. These configurations are either bulky
or do not allow for the removal of the ejectors for inspection, cleaning or replacement. The use
of feed pipes also creates additional head loss and additional opportunity for fouling. Systems

with fixed gjectors or other gas transfer devices cannot be readily cleared, replaced or repaired.

{0029] Figure 4 shows an embodiment of the novel gas transfer system for liquid treatment
having a liquid manifold 403a and a gas manifold 403b. This system can have gas transfer
assemblies like those shown and described in Figures 5 and 6, The system can be disposed in a
reactor like that shown in Figure 1, and the overall arrangement and components are like those
shown in Figure 1 with the exceptions described herein, and any other suitable modifications that
may be made in light of this description. The liquid manifold 403a can be affixed to the botiom
floor of the reactor via one or more supports, and the gas manifold 403b can alse be affixed to

the bottom floor of the reactor. In Figure 4, the gjector 405 has a flat-sided oval {or slof) shape,

the outer nozzle as well as the inner nozzle (not visible) can have any desired shape.

{0030] Fig. 5 shows an exploded view of an embodiment of the present removable nozzle
asserably. A curved pipe adapter 501, an inner nozzle device 303, and an outer nozzle device
S05. The curved pipe adapter 501 is inserted into a side aperture of a liquid manifold. A recess
507 in the bottom surface of the ring 509 of the adapter 501 allows the adapter 501 to engage the
liquid manifold wall more closely. The vertical wall 504 of the inner nozzle device 503 has a
recess 506 for receiving a protrusion 511 on the outer nozzle device 505, thereby ensuring proper
alignment. The outer nozzle device 505 comprises g cylinder 513 and a nozzle 515 that extends
from and is integral with the cylinder 513. The eylinder 513 has one or more openings 517 in its
sidewall which allows gas from an opening 519 in the canister. The top flange 521 meets the
nozzle 515 which converges from its outer nozzle for opening. The opening 523 having a smaller

diameter than that of the cylinder, thereby increasing pressure of the Hquid-gas mixture.

[B031] A cap 525 has slots 527 {o engage a screw-driver type tool for rotating the cap 525 in the
canister. The cap 523 should contact the top of the outer nozzle device 521 to form a lguid-tight
fit. The cap 525 has exterior threads 529 which are reciprocal fo interior threads 531 in the

canister 520,



WO 2017/011650 PCT/US2016/042266

{0032} The canister 520 contacts a top surface 522 of the curved pipe adapter 501; they may be
fastened together by an adhesive or by reciprocal threads, such as on the exterior of the ring 509
and interior of the canister 520. The canister opening 319 i3 adapted to receive gas from a gas

passage such the piping transporting gas from gas manifold.

{8033} In some embodiments, the curved pipe adapter 5301 has an inside lip 533 uvpon which the
inner nozzle device 503 may sit. The inside lip may be chamfered or have another configuration
that is reciprocal {o the bottom of the inner nozzle device 503, The inner nozzle device is
separable from the adapter but has the chamfered edges to provide a liquid-tight fit. In some
embodiments of the present assemblies, the curved pipe adapter and the inner nozzle device are
integrally formed, or a one-piece nozzle connection assembly performs the functions of each,
Such a nozzle connsction assembly comprises an inner nozzle device having a base and a nozzle
extending from the base, and the base comprises a ring and a bottom projection adapted for

insertion in a side aperture.

[0034] Fig. 6 shows an exploded view of the present gas transfer assembly in conjunction with a
liquid manifold. The canister 601 has Intertor threads 602 which are reciprocal to threads on a
cap 607. The inner nozzle device 603 has a concentric or circular base 609 and an oval-shaped
nozzle 611 integral with and extending from the base 609. The nozzle can be any desired shape,
The base 609 includes a vertical wall (see 5304) which can engage the bottom of an outer nozzle
device 605 at a height above the top of the vertical wall of the curved pipe adapter 613, As
better shown in Fig. 5, the vertical wall 504 has a recess 506 for receiving a protrusion 511 on
the outer nozzle device 605, thereby ensuring proper alignment, The outer nozzle device 605
comprises a cylinder 613 and a nozzle 617 that extends from and is integral with the cylinder
615, The cylinder 615 has one or more openings 619 in the sidewall which allows gas from an
opening in the canister 601. The outer nozzle device 603 defines a location for mnitial contact of
gas froms the gas manifold and liquid from the liquid manifold via the inner nozzle, The cylinder
615 has a sidewall and a top Hlange 521; the top Hlange meets the nozzle 617 at an opening
having a smaller diameter than that of the cylinder, thereby increasing pressure of the lquid-gas
mixture. The liquid-gas mixture passes through the outer nozzle 617 where it undergoes

Vigorous mixing.
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{B035] A curved pipe adapter 613 (pariially hidden by the canister 601 in Fig. 6} has a flat top
surface ring to make a flush contact with the flat end of the canister 601, The adapter 613 can be
placed between the liquid manifold 621 and the canister 601 or it can be integral with the Hguid
manifold 621, In one embodiment, the canister 601 and the curved pipe adapter 613 are directly
attached to the side of a liquid manifold to form a monolithic piece. The curved pipe adapter 613
also has a special configuration (shown and discussed below) adapted to fit the curved side
aperture of the hquid manifold. On the ring of the adapter is a vertical wall (shown as 509 in Fig.
3} adapted io be inserted in the canister 601 in some embodiments, the exterior citcumference of
the vertical wall 509 is sized to provide a liguid-tight attachment andfor an attachment that is
friction-based, recessed, overlaid, restricted, and/or adhesive-free (one that holds the canister 601
to the pipe adapter 613 without an adhesive and remains in place during normal operation). The
canister opening is adapted to receive gas from a gas manifold 623 via a gas passage 625 inside

of or formed by a structural connection between the gas and liquid manifolds.

{0036] When assembled, the inner nozzle device 603 sits on the jnside lip of the curved pipe
adapter 613. The outer nozzle device 603 sits on the inner nozzle device, and the threaded cap
607 holds the nozzie devices inside the canister 601. The cap 607 should contact the top of the

outer nozzle device 603 to form a hquid-tight fit.

[0037] Fig. 7 shows a curved pipe adapter 701 and its special configuration adapted to fit the
curved side aperture of the Hquid manifold. The adapter 701 has a bottom concentric or circudar
projection 703 adapted to mimic or substantially match the curved side aperture 703 of the liguid
manifold. It need not have the same curvature in order to substantially match. Generally, the
bottom circular projection 703 is circular with an outer diameter substantially the same as the
diameter of the side aperture {generally shown by 707) of the liquid manifold wall 703, the
height of the bottom circular projection 703 is substantially the same as the thickness of the wall
of the liquid manifold, and/or the bottom projection 703 has a concave curve is substantially the
same as the curvature of the wall of the Hquid manifold. In some embodiments, the bottom
projection 703 and the inner wall of the liquid manifold 705 form a liquid-tight fit and/or form a
substantially even surface inside the liquid manifold, with no recesses or projections where solid
material in the lguid could accumulate. In some embodiments, the bottom projection has a
curvature that substantially matches the curvature of a pipe having a diameter of from about 6

inches to about 30 inches alternatively from about 8 inches to about 24 inches, alternatively from

9
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about 12 inches {o about 18 inches, alternatively sbout 8 inches, altematively about 10 inches,
alternatively about 12 inches, alternatively about 14 inches, alternatively gbout 16 inches,
alternatively about 18 inches, alternatively about 20 inches, alternatively sbout 22 inches,
alternatively about 24 inches. In some embodiments, the bottom projection 703 is sized and
shaped so as to fit multiple pipe diameters. For example, a bottom projection 703 having a

diameter from 2 to 6 inches and/or a curvature from 3 o 10 inches is contemplated.

{0038] The curved pipe adapter 701 of Fig. 7 also includes a vertical wall 709 on the side
opposite the bottom circular pmjectibn 703 and a ring 710 having a top surface. The vertical
wall 709 is adapted to be inserted into a canister 711, The vertical wall 709 can have an exterior
circumference adapted fo provide a liquid-tight attachment and/or friction-based, adhesive-free
attachment to the canister 711. The bottom of the canister contacts the top surface of the adapter
701, The curved pipe adapter 701 can also have recesses {not shown) on each side for the
purposes of allowing closer contact with the outer wall of the liquid manifold and to assist in
providing a perpendicular fit between the curved pipe adapter 701 and liquid manifold 705. In
some embodiments, the recesses are simple rectangular cut-outs; in other embodiments, the
recesses are curved to substantially match the curvature of the liguid manifold, The curved pipe
adapter 701 can have a chamfered inside lip 713 configured 1o engage an inner nozzle device.

The canister 711 has an opening 715 for receiving gas into the canister 711.

{0039] The present gas transfer assembly provides several advantages over prior devices and
systems as shown in Figures 2 and 3. In contrast to prior art systems where the gas tramsfer
assembly is permanently attached to the liguid manifold, in embodiments of the present
invention, the gas transfer assembly is removable, making maintenance and cleaning much
easier. In conirast fo systems where the outer nozzle is permanently affixed to the liguid
manifold or canister, embodiments of the present invention are much easier to {ransport, singe
they are essentially long pipes, even pipes 40 feet or more in length, without nozzles attached. In
contrast to the system shown in Fig. 3, embodiments of the present invention do not require

piping or connections o the gas and liguid manifolds and are much easier to ransport and install,

[0040] Apother advantage of the present apparatus Is that canisters can be made from common
fittings or produced as a commaodity, rather than being specially designed to accommodate the

inner nozzle, Alternatively, in some embodiments, the canister andior curved pipe adapter are

it
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made from a different material than the liquid manifold. For example, stainless steel or cast iron
can be used, and parts made from such materials can be welded together. Stainless steel in
particular may be more durable in some non-wastewater applications, such as where steam is
used for cleaning. In some embodiments, the entire gas transfer system (including the manifolds,
other piping, nozzles, canisters and other components) are made from stainless steel. Another
advantage is that the need for clastic seals can be reduced or eliminated due to friction, overlaid,
and/or compression-fit contact between pileces and having chamfered surfaces for contacting
each other. In some embodiments, the gas transfer assembly is scal-less, meaning it does not

have separste structures (such as a rubber o-ring) to provide a Haquid-tight seal,

{0041] All of the references cited herein, including patents, patent applications, and publications,

are hereby incorporated in their entireties by reference.

[0042] In the present disclosure, wherever the word “comprising” is found, it is contemplated

that ithe words “consisting essentially of” or “congsisting of” may be used in its place.

{8043} While particolar elements, embodiments and applications of the present invention have
been shown and described, it will be understood, of course, that the invention is not limited
thereto since modifications can be made by those skilled in the art without departing from the

scope of the present disclosure, particularly in light of the foregoing teachings.

[8044] Although the dependent claims have single dependencies in accordance with U.S. patent
practice, each of the features in any of the dependent claims can be combined with each of the

teatures of other dependent claitos or the main claim.
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What we claim is:

1. A gas transfer system for mixing gas and Hguid comprising:
an elongated gas manifold;

an elongated liquid manifold running parallel to the gas manifold, the elongated liquid

manifold having one or more side apertures;

a canister encircling the side aperiure and baving an opening opposite the liguid

manifold;

one or more removable nozzle assemblies in fluid connection with the side apertures,

sach removable nozzle assembly comprising:
an inner nozzle connection assembly comprising:

{(a) an Inner nozzle device having a base and a nozzle extending from the
base, and the base comprises a bottom projection on one side of the ring adapted

to substantially match the curved side aperture of the hquid manifold; or

{b) at least one curved pipe adapter having a ring and a bottonm projection
on one side of the ring adapted to substantially match the curved side aperture of
the liquid manifold; and an inner nozele device having a base and a nozzle
extending from the base, wherein the base contacts the curved pipe adapter and is
positioned to receive liquid from the Hguid manifeld;

B

wherein the bottom projection of the nner nozzle assembly is inserted in

the side aperture, optionally providing g liquid-tight fit;

an outer nozzle device comprising a cvlinder and a nozzle extending from the
cyvlinder, wherein the cylinder contacts the inner novzle device so as to receive a liquid
from the inner nozzle device, and the outer nozzle device has a opening for receiving a
gas into the cylinder, thereby providing space for contact between the liquid and the gas;

and

a cap removably attached to the camister and forming a flutd~tight connection with

an outer surface of the outer nozzle device; and

12
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one or more gas passages from the gas manifold to the canister of each removable nozzle
assembly which provides a closed path for gas from the gas manifold to travel to the nozzle

assembly.

2. The gas fransfer system of claim 1, wherein the buer nozzle device and the

curved pipe adapter contact to form a Hquid-tight connection.

-

3. The gas transfer system of claim 1, wherein the curved pipe adapter further
comprises a concentric or circolar wall on an opposite side of the ring adapied to be inserted in

the canister

4, The gas transfor system of claim 3, wherein the concentric or circular wall has an
exterior circumference adapted fo provide a lquid-tight aitachment andfor friction-based,

recessed, restricted and/or adhesive-free attachment to the cantster.,

5. The gas transfer system of claim 1, wherein the bottom projection is circular with

an guter diameter substantially the same as the diameter of the side aperture.

6. The gas wansfer system of claim 1, wherein the bottom projection has a height

that is substantially the same as the thickness of the wall of the liquid manifold.

7. The gas transfer system of claim 1, wherein the bottom projection has a concave

curve that is substantially the same as the curvature of the wall of the liguid manifold.

&. The gas transfer system of claim 7, wherein the bottom projection and the inner
wall of the liquid manifold form a liquid-tight £it and/or form an even surface mside the liguid

manifold, with no recesses or projections where solid material in the liquid could accumulate.
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9, The gas transfer sysiem of claim 1, wherein the bottom projection has a curvature
that substantially matches the curvature of a pipe having a diameter of from about 6 inches to

about 3¢ inches.

10.  The gas transfer system of claim 1, wherein one or more of the curved pipe
adapter, the inner nozzle device, the outer norzle device, or the canister is made from metal or

plastic,

11. A treatment apparatus comprising:
a reactor for holding a Hquid; and

the gas transfer system of claim 1 disposed within the reactor.

12, The apparatus of claim 11, wherein the liguid is a wastewater.

13, A process for cleaning or performing maintenance on a freatment reactor having a

gas transfer system, said process comprising;

{a)  substantially empiying the treatment apparatus of claim 11 of any liquid within

the reactor so that the removable nozzle assembly is accessible;

{b} removing the cap, the outer nozzle device, and the inner nozzle device of the

removable nozzle assembly without permanently altering the gas transfer system; and

{c) cleaning or performing mainfenance on one or more of the nozzles, canister, or

manifold.

i4. A process for transporting 2 monolitlic manifold system for a treatment reactor
having a gas transfer system, said process comprising:
{a)  providing a manifold comprising a hollow pipe having a length of at least 10 feet,

wherein the pipe does not have any nozzie protruding from a side of the pipe;

14
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(b}  removing the cap, the outer nozzle device, and the inner nozzle device; and

{c}  cleaning or performing maintenance on one or more of the nozzles, canister, or

mantfold.

15, The process of claim 14, wherein the manifold does not have any nozzle attached

10 i3 side.

16, The process of claim 14, further comprising one or more of the steps oft
packaging the manifold in an export container;

stacking said manifold within a plurality of such manifolds in a transportation vehicle

such as a tratler or railcar;

transporting a plurality of gas transfer assemblies for later assemnbly with the manifold,

7. A curved pipe adapter having a ring, a bottom circular projection on one side of
the ring, wherein the bottom circular projection has a concave curvature, and g vertical circular

wall on an opposite side of the ring,

18, The curved pipe adapter of claim 17, further comprising recesses on each side of
the ting for allowing closer contact with a curved surface defining an aperfure into which the

bottom circudar projection is inserted,

19. A monolithic manifold gas transfer system comprising:
an clongated gas manifold;

an elongated liquid manifold running parallel to the gas manifold, the clongated hguid

manifold having one or more side apertures;
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one or more canisters encircling the side aperture and having an opening opposite the
Liquid manifold;
a pipe adapter encircled by each of the canisters and located over the side aperiure of the

liquid manifold, the pipe adapted for connection 1o a nozzle device;

one or more gas passages from the gas manifold fo the canister of each removable nozzie
assembly which provides a closed path for gas from the gas manifold to travel to the nozzle

assembly;

wherein the gas manifold, the liquid manifold, the pipe adapters and the canisters are

fabricated and supplied as a monolithic piece,
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Continued from Box No. ll, Observations where unity of invention is lacking,

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-13 and 17-19, drawn to gas transfer systems and an adapter.
Group li: Claims 14-16, drawn to a process for transporting a monolithic manifold system.

The inventions listed as Groups | and Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group Il does not require a gas transfer system for mixing gas and liquid comprising: an elongated gas manifold;

an elongated liquid manifold running parallel to the gas manifold, the elongated liquid manifold having one or more side apertures;

a canister encircling the side aperture and having an opening opposite the liquid manifold;

one or more removable nozzle assemblies in fluid connection with the side apertures, each removable nozzle assembly comprising:

an inner nozzle connection assembly comprising: .
(a) an inner nozzle device having a base and a nozzle extending from the base, and the base comprises a bottom projection on one side
of the ring adapted to substantially match the curved side aperture of the liquid manifold; or

(b) at least one curved pipe adapter having a ring and a bottom projection on one side of the ring adapted to substantially match the
curved side aperture of the liquid manifold, wherein the bottom circular projection has a concave curvature, and a vertical circular wall on
an opposite side of the ring; and an inner nozzle device having a base and a nozzle extending from the base, wherein the base contacts
the curved pipe adapter and is positioned to receive liquid from the liquid manifold; wherein the bottom projection of the inner nozzle
assembly is inserted in the side aperture, optionally providing a liquid-tight fit; an outer nozzle device comprising a cylinder and a nozzle
extending from the cylinder, wherein the cylinder contacts the inner nozzle device so as to receive a liquid from the inner nozzle device,
and the outer nozzle device has an opening for receiving a gas into the cylinder, thereby providing space for contact between the liquid
and the gas; and a cap removably attached to the canister and forming a liquid-tight connection with an outer surface of the outer
nozzle device; and one or more gas passages from the gas manifold to the canister of each removable nozzle assembly which provides
a closed path for gas from the gas manifold to travel to the nozzle assembly; wherein the gas manifold, the liquid manifold, the pipe
adapters and the canisters are fabricated and supplied as a monolithic piece, as required by Group .

Group | does not require a process for transporting a monolithic manifold system for a treatment reactor having a gas transfer system,
said process comprising: (a) providing a manifold comprising a hollow pipe having a length of at least 10 feet,

wherein the pipe does not have any nozzle protruding from a side of the pipe;

(b) removing the cap, the outer nozzle device, and the inner nozzle device; and

(c) cleaning or performing maintenance on one or more of the nozzles, canister, or manifold, as required by Group |I.

Shared Common Features

The only feature shared by Groups | and Il that would otherwise unify the groups is a gas transfer system, a monolithic manifold system,
a pipe, cap, nozzle, and canister. However, this shared technical feature does not represent a contribution over prior art, because the
shared technical featurc is anticipated by US 2014/0316182 A1 (Singh). Singh discloses a gas transfer system (para {0065), [0081]), a
monolithic manifold system (para [0026], [0089]), a pipe (para [0053]), cap (para [0070]), nozzle (para [0048], [0053], air intake shell.),
and canister (para [0045], (0084])).

As the technical features were known in the art at the time of the invention, this cannot be considered a special technical feature that
would otherwise unify the groups.

Groups | and !l therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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