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(57) ABSTRACT 

A gas injection assembly for injecting a gas into a liquid to 
form a solution includes a vessel that receives the liquid, a 
flow channel that conveys the liquid from the vessel through 
an upstream inlet to a downstream outlet that is configured 
to dispense the solution, and a sparger having a porous 
surface positioned in the flow channel such that the liquid 
flows across the porous Surface and the porous Surface 
injects the gas into the liquid as the liquid flows across the 
porous Surface. 
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GAS INUECTIONASSEMBLES FOR BATCH 
BEVERAGES HAVING SPARGERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims priority to U.S. 
Provisional Application No. 62/367,928 filed on Jul. 28, 
2016, U.S. Provisional Application No. 62/339,528 filed on 
May 20, 2016, U.S. Provisional Application No. 62/241,928, 
filed on Oct. 15, 2015, U.S. Provisional Application No. 
62/211.414, filed on Aug. 2, 2015, and U.S. Provisional 
Application No. 62/209,701, filed on Aug. 25, 2015, which 
are hereby incorporated herein by reference. 

FIELD 

0002 The present disclosure relates to gas injection 
assemblies for batch beverages, particularly gas injection 
assemblies having spargers. 

BACKGROUND 

0003. The following U.S. Patents, U.S. Patent Publica 
tion, and U.S. Patent Applications are incorporated herein by 
reference, in entirety: 
0004 U.S. Pat. No. 9,114,368 discloses a batch carbon 
ation apparatus that includes a housing defining a vessel 
cavity. The housing includes an agitation mechanism. The 
pressure vessel includes a cap that has a CO2 inlet and a 
CO2 outlet. The pressure vessel also includes a seal. The 
pressure vessel is moveable into an out of the vessel cavity. 
A locking mechanism is provided and is attached to the 
agitation mechanism to removably lock the cap and seal 
relative to the pressure vessel. A CO2 source is connected to 
a plurality of valves where each valve has a differing 
pressure. A selection toggle is attached to the housing. A 
control mechanism is coupled to the plurality of valves. A 
user selects a desired carbonation level using the selection 
toggle and CO2 is introduced to the pressure vessel at a 
specified pressure, wherein the agitation mechanism agitates 
liquid within the pressure vessel forming a carbonated 
beverage having a selected carbonation level. Also disclosed 
is a process of forming a carbonated beverage in a batch. 
0005 U.S. Pat. No. 9,107,449 discloses a CPU that 
controls an inlet valve, which connects a tank of pressurized 
carbon dioxide to a vessel containing the beverage to be 
carbonized. The tube connecting the tank of pressurized 
carbon dioxide to the vessel contains an orifice for reducing 
the carbon dioxide’s flow rate, thereby increasing control 
over the amount of carbon dioxide introduced to the vessel. 
A motor agitates the vessel, causing the carbon dioxide to 
become absorbed in the beverage. During the pressurization 
process, the pressure inside the vessel is monitored by the 
CPU to determine whether more CO2 should be added to the 
vessel. An outlet valve causes excess pressure to drain from 
the vessel. An outlet orifice causes the pressure to release 
gradually, thus preventing the beverage from foaming. 
0006 U.S. Pat. No. 8,882,084 discloses an inline carbon 
ation apparatus that includes a fluid tube having an inner 
diameter. At least one water orifice is linked to a water 
source and is attached at one end of the fluid tube. The water 
orifice atomizes water passing there through. A carbon 
dioxide source is connected to a carbon dioxide Solenoid 
valve. The carbon dioxide solenoid valve is connected to a 
carbon dioxide regulator that is coupled to a carbon dioxide 
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orifice and attached to the fluid tube in a spaced relationship 
from the water orifice. The atomized water has a pressure 
less than the carbon dioxide such that carbon dioxide is 
absorbed into the water forming carbonated water having a 
specified volume of carbonation. The carbon dioxide sole 
noid valve is opened and closed for a predetermined portion 
of a drink dispense time providing a volume of carbonated 
and non-carbonated fluid which upon mixing achieves a 
desired carbonation level. 

0007 U.S. Pat. No. 8,857,797 discloses an inline carbon 
ation apparatus that includes a fluid tube having an inner 
diameter. At least one water orifice is linked to a water 
source and is attached to one end of the fluid tube. The water 
orifice includes a plurality of holes atomizing water that 
passes there through. A carbon dioxide orifice is linked to a 
carbon dioxide source and is attached to the fluid tube in a 
spaced relationship from the water orifice. The atomized 
water has a pressure less than the carbon dioxide Such that 
carbon dioxide is absorbed into the water forming carbon 
ated water having a specified Volume of carbonation. 
0008 U.S. Pat. No. 8,840,092 discloses an inline carbon 
ation apparatus that includes a fluid tube having an inner 
diameter. A water flow control module is connected to a 
water source. At least one water orifice is linked to the water 
flow control module and is attached at one end of the fluid 
tube. The water orifice includes a plurality of holes atom 
izing water passing there through. A carbon dioxide source 
is connected to a carbon dioxide valve. The carbon dioxide 
solenoid valve is connected to a carbon dioxide regulator 
that is coupled to a carbon dioxide orifice and attached to the 
fluid tube in a spaced relationship from the water orifice. The 
atomized water has a pressure less than the carbon dioxide 
such that carbon dioxide is absorbed into the water forming 
carbonated water having a specified Volume of carbonation. 
The water control module regulates a water flow rate into the 
inline carbonation apparatus. 
0009 U.S. Pat. No. 5,792.391 discloses a carbonator 
comprising a tube cylinder having a closed and an open end. 
A disk is removably retained in the open end for providing 
access into the interior volume thereof. The disk provides for 
mounting thereto of water and carbon dioxide gas inlets, a 
carbonated water outlet, a safety relief valve and a water 
level sensor. A rigid retaining wire is bent into a square 
configuration wherein radiused corners thereof cooperate 
with slots in the open end of the cylinder to retain the disk 
therein. Manipulation of the retaining wire provides for 
removal of the disk from the cylinder when the carbonator 
is not pressurized. 
(0010 U.S. Pat. No. 5,515,687 discloses an apparatus for 
providing carbonating of water. The apparatus includes a 
carbonating tank having a carbon dioxide inlet, a water inlet, 
and a carbonated water outlet. The carbonating tank is 
pivotally mounted to a rigid structure and connected to an 
electric motor for providing an undulating or rocking motion 
of the carbonator about its pivot mounting. The motion of 
the carbonating tank provides for carbonating of the water 
held therein. 

(0011 U.S. Pat. No. 5,419,461 discloses a narrow profile 
Substantially flat carbonator, consisting of a pair of cold 
drawn sheet metal halves. Each half defines corresponding 
alternating seams and ridges and are welded together around 
a perimeter thereof and along each corresponding seam. 
When both halves are welded together the ridges define an 
interior plurality of vertical interior columns, which columns 
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are fluidly interconnected with top and bottom interior 
channels. The channel includes a pressure relief valve, a 
carbon dioxide inlet fitting, a water inlet fitting, and a level 
sensor fitting for retaining a level sensor. A plurality of 
carbonated water lines extend from the bottom of the 
carbonator and up along and closely adjacent a side of the 
carbonator. The carbonated water lines terminate at a point 
above the carbonator and provide for direct securing to a 
beverage dispensing valve. The carbonator is preferably of 
the integral type and held within the water tank of an ice 
bank type dispenser or within the ice bin of a cold plate 
cooled dispenser. 
0012 U.S. Pat. No. 5,038.976 discloses a beverage dis 
pensing head and a method of dispensing that provides 
increased carbonation in a dispensed fountain beverage. The 
dispensing head has a discrete carbonated water decompres 
sion chamber in-between an upstream volumetric flow con 
trol and a downstream normally closed valve. The method 
includes the steps of propelling carbonated water through a 
flow control and then decompressing the carbonated water 
before it reaches the normally closed valve. 
0013 U.S. Pat. No. 4,708,827 discloses a method of and 
apparatus for making and dispensing carbonated water. A 
double diaphragm continuous delivery pneumatic liquid 
pump has a water pressure regulator on a water inlet line to 
the pump, a water fill line to a carbonator, a propellant 
exhaust line from the pump to the carbonator, a carbon 
dioxide line to the carbonator, and a gas pressure regulator 
for controlling the storage pressure in the carbonator and the 
exhaust back pressure in the pump propellant outlet. The 
exhaust back pressure is kept higher than the water pressure 
at the pump preventing diaphragm inversion. 
0014 U.S. Pat. No. 3,617,032 discloses a carbonator or 
carbonator-blender for producing and storing carbonated 
water or an admixture of carbonated water and syrup. An 
open-top bowl is disposed within a cylindrical carbon diox 
ide-pressurized chamber formed within a pressure tank. A 
nozzle is provided within the chamber for directing a conical 
stream of pressurized water into the bowl and another nozzle 
directs a stream of syrup against the side of the water stream. 
The bowl is provided with an abutment to produce a swirling 
action of the water and syrup there within and an aperture is 
formed in the bottom of the bowl for draining the admixture 
of water and syrup into the lower portion of the chamber. 
0015 U.S. Patent Application Publication No. 2014/ 
0302212 discloses a carbonation apparatus that includes a 
pressure vessel having a cap with a gas inlet and a gas outlet. 
The carbonation device also includes a seal. The seal 
includes a labyrinth preventing contact of a liquid within the 
pressure vessel with the cap during a carbonation process. A 
locking mechanism removably locks the cap and seal and 
antifoam device relative to the pressure vessel. 
0016 Pending U.S. patent application Ser. No. 15/138, 
643 filed on Apr. 26, 2016 discloses batch dissolution 
assemblies comprising a pressure vessel having an open end 
and being configured to contain a beverage to be carbonated 
and a flexible seal that covers the open end of the pressure 
vessel. 

SUMMARY 

0017. This Summary is provided to introduce a selection 
of concepts that are further described herein in the Detailed 
Description. This Summary is not intended to identify key or 
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central features from the claimed subject matter, nor is it 
intended to be used as an aid in limiting the scope of the 
claimed Subject matter. 
0018. In certain examples, a gas injection assembly for 
injecting a gas into a liquid to form a solution includes a 
vessel that receives the liquid, a flow channel that conveys 
the liquid from the vessel through an upstream inlet to a 
downstream outlet that dispenses the solution, and a sparger 
having a porous Surface positioned in the flow channel Such 
that the liquid flows across the porous Surface and the porous 
Surface injects the gas into the liquid as the liquid flows 
across the porous Surface. 
0019. In certain examples, a gas injection assembly for 
injecting a gas into a liquid to form a solution includes a first 
vessel that receives the liquid, a second vessel, a flow 
channel that conveys the liquid from the first vessel through 
an upstream inlet to a downstream outlet that dispenses the 
Solution into the second vessel, and a sparger having a 
porous Surface positioned in the flow channel Such that 
liquid flows across the porous Surface and the porous Surface 
injects the gas into the liquid as the liquid flows across the 
porous Surface. 
0020. In certain examples, a method for injecting a gas 
into a liquid to form a solution includes receiving the liquid 
in a vessel, conveying the liquid from the vessel through a 
flow channel from an upstream inlet and a downstream 
outlet, and injecting gas into the liquid with a sparger having 
a porous Surface positioned in the flow channel Such that the 
porous surface injects the gas into the liquid as the liquid 
flows across the porous Surface. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0021. The present disclosure is described with reference 
to the following Figures. The same numbers are used 
throughout the Figures to reference like features and like 
components. 
0022 FIG. 1 is an example gas injection machine for 
batch beverages. 
0023 FIG. 2 is an example vessel and closure mecha 
nism. 
0024 FIG. 3 is an example gas injection assembly with 
an intake member and without a dispensing member. 
0025 FIG. 4 is an exploded view of the gas injection 
assembly of FIG. 3 with the intake member and the dis 
pensing member. 
0026 FIG. 5 is an example sparger. 
0027 FIG. 6 is a cross section view of an example gas 
injection device. 
0028 FIG. 7 is another example sparger. 
0029 FIG. 8 is a cross section view of another example 
gas injection device. 
0030 FIG. 9 is a bottom view of an example intake 
member. 
0031 FIG. 10 is a bottom view of an example dispensing 
member. 
0032 FIG. 11 is a bottom view of an example top cap. 

DETAILED DESCRIPTION 

0033. In the present disclosure, certain terms have been 
used for brevity, clarity and understanding. No unnecessary 
limitations are to be inferred therefrom beyond the require 
ment of the prior art because such terms are used for 
descriptive purposes only and are intended to be broadly 
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construed. The different apparatuses and methods described 
herein may be used alone or in combination with other 
apparatuses and methods. Various equivalents, alternatives 
and modifications are possible within the scope of the 
appended claims. 
0034. Through research and experimentation, the present 
inventors have developed a machine configured to quickly 
and effectively inject a gas into a liquid to form a solution 
(e.g. a consumable flavored beverage). The machine can 
inject gas (e.g. nitrogen and/or carbon dioxide) alone or in 
combination as a mixed gas composition into the liquid 
through a gas injection device. The concentration of a gas 
and/or the ratio of the mixed gas composition to be injected 
into the liquid can be adjusted to various levels. As described 
in the above-incorporated U.S. Patent Applications and U.S. 
Patents, an operator can place a liquid (such as a beverage 
including but not limited to water, flavoring syrups, and 
additives) into a vessel and convey the liquid to the gas 
injection device where a sparger injects the gas into the 
liquid to form a solution. 
0035. The examples described and depicted in this dis 
closure can be utilized in combination with the apparatuses 
and machines disclosed in the above incorporated U.S. 
Patents, U.S. Patent Publication, and U.S. Patent Applica 
tions. 
0036 Referring to FIG. 1, a beverage machine 1 includes 
a housing 2, an operator input device 6 configured to receive 
an input from an operator, and a gas injection assembly 10 
configured to inject a gas or mixed gas into a liquid to form 
a batch or single serve beverage or solution (FIG. 1 depicts 
a portion of the gas injection assembly 10; see also FIGS. 3 
and 4 for an example gas injection assembly 10). The 
housing 2 includes side panels 4, and a rear panel (not 
shown). 
0037 Referring to FIG. 2, the gas injection assembly 10 
includes a container or vessel 20 and a closure mechanism 
30. The vessel 20 is configured to receive the liquid into 
which the gas is injected. The vessel 20 has an open end 21 
and an opposite closed end 22. The vessel 20 can be 
transparent Such that the operator can view the Solution 
contained by the vessel 20. A peripheral flange 23 extends 
radially and peripherally around the open end 21. In certain 
examples, the vessel 20 can be a pressure vessel. 
0038. The closure mechanism 30 has a retainer 32, a top 
cap 34, and a clamping mechanism 38. Reference is made to 
the above incorporated pending U.S. patent application Ser. 
No. 15/138,643 filed on Apr. 26, 2016 for further description 
of the closure mechanism 30 and related components. A 
flexible seal 40 is configured to cover the open end 21 of the 
vessel 20. The clamping mechanism 38 clamps the top cap 
34 onto the open end 21 of the vessel 20 such that the 
flexible seal 40 is sandwiched between the top cap 34 and 
the open end 21 of the vessel 20. 
0039 Referring to FIGS. 3 and 4, the gas injection 
assembly 10 defines a flow channel 42 that conveys a liquid 
from an upstream inlet 43 configured to receive the liquid to 
a downstream outlet 44 configured to dispense the solution. 
The flow channel 42 has an inner perimeteral surface 46 that 
extends along an axis 47. The flow channel 42 can be defined 
by tubing or piping 48 and/or a gas injection device 50 
(described further herein). As depicted in FIGS. 3 and 4, the 
Solution is dispensed from the downstream outlet 44 into a 
second vessel 28 which is configured to receive and/or 
contain the solution. The second vessel 28 can be a cup or 
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other suitable container which can be delivered to a con 
Sumer. A nozzle or valve (not shown) can be included to 
selectively control the flow of the solution (i.e. an operator 
can activate flow of the solution by opening the nozzle or 
valve). In other alternative examples, the solution can be 
dispensed back into the vessel 20. 
0040. The gas injection assembly 10 includes the gas 
injection device 50 that injects the gas into the liquid to form 
the solution having a selected ratio of liquid and gas. The gas 
injection device 50 defines a hole 45 that extends trans 
versely to the flow channel 42. The hole 27 includes a 
connector member (not shown). Such as screw threads, quick 
disconnect device, or the like. The gas injection device 50 
includes an injector or sparger 53 (described herein) for 
injecting the gas into the liquid. Reference is made to FIGS. 
5 and 7 which depict example spargers and FIGS. 6 and 8 
which depict cross sectional views of example gas injection 
devices 50 without the sparger 53. 
0041 Referring to FIGS. 5 and 7, the sparger 53 has a 
connector member 56, a porous Surface 54, and a non 
porous surface 55. The sparger 53 is received in the hole 45 
such that the sparger 53 is positioned in the flow channel 42 
(see FIG. 3). The connector member 56 of the sparger 53 
couples to the connector member of the hole 45. The 
connector member 56 can be any suitable connector member 
Such as friction joints, adhesive, screw threads, quick dis 
connect devices, and the like. In one example, the sparger 53 
includes screw threads that engage or mate with screw 
threads of the hole 27. The porous surface 54 is configured 
to inject the gas into the liquid through the porous Surface 54 
as the liquid flows or conveys across the porous Surface 45. 
The porous surface 54 is concentric with the inner perim 
eteral surface 46. Careful selection of the distance between 
the porous surface 54 and the inner perimeteral surface 46 
allows for repeatably consistent injection of gas into the 
liquid. The distance between the porous surface 54 and the 
inner perimeteral Surface 46 optimally ranges from /16 and 
/2 inches (e.g. the porous Surface and the inner perimeteral 
Surface are spaced aparta distance of/16 inches). The porous 
Surface 54 is stainless steel expanded mesh having a plu 
rality of pores having diameters between 0.2 and 5.0 
microns such that the bubble size of the gas in the solution 
in consistent. In certain examples, the sparger 53 is tapered 
from upstream to downstream. 
0042. Referring back to FIGS. 3 and 4, the closure 
mechanism 30 includes a top cap 34 that defines an intake 
passageway 35 (see FIG. 11) configured to convey the liquid 
from the vessel 20 to the upstream inlet 43. In alternate 
examples of the gas injection assembly 10 (Such as examples 
that dispense the solution back into the vessel 20), the top 
cap 34 defines a dispensing passageway 36 (see FIG. 11) 
configured to convey the liquid from the downstream outlet 
44 back to the vessel 20. 

0043. The gas injection assembly 10 includes an intake 
member 60 defining a central bore 61 (see FIG. 9) that is 
configured to convey the liquid from the vessel 20 to the 
intake passageway 35 defined by the top cap 34. The intake 
member 60 includes a first end 62 that couples to the top cap 
34 and a second end 63 opposite the first end 62. The second 
end 63 of the intake member 60 is positioned in the vessel 
20 such that the second end 63 of the intake member 60 is 
located nearer the closed end 22 of the vessel than the open 
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end 21 of the vessel 20. The first end 62 of the intake 
member 60 is coupled to the top cap 34 with a connection 
device 64. 
0044. In certain alternative examples, the solution is 
dispensed from the downstream outlet 44 back into the 
vessel 20. The gas injection assembly 10 can include a 
dispensing member 65 defining a central bore 66 that is 
configured to convey the liquid from the dispensing pas 
sageway 36 to the vessel 20. The dispensing member 65 
includes a first end 67 that couples to the top cap 34 and a 
second end 68 opposite the first end 67. The second end 68 
of the dispensing member 65 is positioned in the vessel 20 
such that the second end 68 of the dispensing member 65 is 
located nearer the closed end 22 of the vessel 20 than the 
open end 21 of the vessel 20. A second connection device 
(not shown) couples the second end 68 of the dispensing 
member 65 to the top cap 34. In some examples, the solution 
can be dispensed back to a secondary outlet or valve (not 
shown) of the vessel 20. In still further examples, the vessel 
20 comprises a first compartment (not shown) that receives 
the liquid and a secondary compartment (not shown) into 
which the solution is dispensed. 
What is claimed is: 
1. A gas injection assembly for injecting a gas into a liquid 

to form a solution, the gas injection assembly comprising: 
a vessel configured to receive the liquid; 
a flow channel that conveys the liquid from the vessel 

through an upstream inlet to a downstream outlet that 
is configured to dispense the solution; and 

a sparger having a porous Surface positioned in the flow 
channel Such that liquid flows across the porous Sur 
face, wherein the porous Surface is configured to inject 
the gas into the liquid as the liquid flows across the 
porous Surface. 

2. The gas injection assembly according to claim 1, 
wherein the vessel defines an open end; 

and further comprising a top cap that covers the open end 
of the vessel, the top cap defining an intake passageway 
configured to convey the liquid from the vessel to the 
upstream inlet. 

3. The gas injection assembly according to claim 2, 
further comprising an intake member defining a central bore 
that is configured to convey the liquid from the vessel to the 
intake passageway. 

4. The gas injection assembly according to claim 3, 
wherein the vessel defines a closed end and the intake 
member includes a first end that couples to the top cap and 
a second end opposite the first end; 

wherein the second end of the intake member is posi 
tioned in the vessel such that the second end of the 
intake member is located nearer the closed end of the 
vessel than the open end of the vessel. 

5. The gas injection assembly according to claim 4. 
wherein the top cap includes a connection device that 
removably couples the first end of the intake member to the 
top cap. 

6. The gas injection assembly according to claim 1, 
wherein the porous Surface is elongated Such that the liquid 
flows under laminar flow conditions across the porous 
Surface. 

7. The gas injection assembly according to claim 6, the 
flow channel comprises an inner perimeteral Surface that 
extends along a center axis; wherein the porous Surface is 
concentric with the perimeteral surface. 
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8. The gas injection assembly according to claim 7. 
wherein the porous Surface and the inner perimeteral Surface 
are spaced apart a distance of /16 inches. 

9. The gas injection assembly according to claim 1, 
wherein the downstream outlet is configured to dispense the 
solution back into the vessel. 

10. The gas injection assembly according to claim 9. 
wherein the top cap defines a dispensing passageway con 
figured to convey the solution from the downstream outlet 
back into the vessel. 

11. The gas injection assembly according to claim 10, 
further comprising a dispensing member defining a central 
bore that is configured to convey the liquid from the dis 
pensing passageway to the vessel. 

12. The gas injection assembly according to claim 11, 
wherein the vessel defines a closed end; and wherein the 
dispensing member includes a first end that couples to the 
top cap and a second end opposite the first end; 

wherein the second end of the dispensing member is 
positioned in the vessel such that the second end of the 
dispensing member is located nearer the closed end of 
the vessel than the open end of the vessel. 

13. The gas injection assembly according to claim 12, 
wherein the top cap includes a connection device that 
removably couples the first end of the intake member to the 
top cap. 

14. A gas injection assembly for injecting a gas into a 
liquid to form a solution, the gas injection assembly com 
prising: 

a first vessel configured to receive the liquid; 
a second vessel; 
a flow channel that conveys the liquid from the first vessel 

through an upstream inlet to a downstream outlet that 
is configured to dispense the Solution into the second 
vessel; and 

a sparger having a porous Surface positioned in the flow 
channel Such that liquid flows across the porous Sur 
face, wherein the porous Surface is configured to inject 
the gas into the liquid as the liquid flows across the 
porous Surface. 

15. The gas injection assembly according to claim 14, 
wherein the porous Surface is elongated Such that the liquid 
flows under laminar flow conditions across the porous 
Surface. 

16. The gas injection assembly according to claim 15, the 
flow channel comprises an inner perimeteral Surface that 
extends along a center axis; wherein the porous Surface is 
concentric with the perimeteral surface. 

17. The gas injection assembly according to claim 16, 
wherein the porous Surface and the inner perimeteral Surface 
are spaced apart a distance of /16 inches. 

18. The gas injection assembly according to claim 14, 
wherein the first and second vessels each define an open end 
and a closed end; and further comprising: 

a top cap that covers the open end of the first vessel, the 
top cap defining an intake passageway configured to 
convey the liquid to the upstream inlet; and 

an intake member defining a central bore that is config 
ured to convey the liquid from the first vessel to the 
intake passageway, the intake member having a first 
end that couples to the top cap and a second end 
opposite the first end; 

wherein the second end of the intake member is posi 
tioned in the first vessel such that the second end of the 
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intake member is located nearer the closed end of the 
vessel than the open end of the vessel. 

19. The gas injection assembly according to claim 18, 
wherein the top cap includes a connection device that 
removably couples the first end of the intake member to the 
top cap. 

20. A method for injecting a gas into a liquid to form a 
Solution, the method comprising: 

receiving the liquid in a vessel; 
conveying the liquid from the vessel through a flow 

channel, wherein the flow channel conveys the liquid 
from the vessel through an upstream inlet to a down 
stream outlet; and 

injecting gas into the liquid with a sparger having a porous 
surface positioned in the flow channel, wherein the 
porous Surface is configured to inject the gas into the 
liquid as the liquid flows across the porous Surface. 

k k k k k 
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