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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
Patent Application No. 14/868,094 filed September 28,
2015.

STATEMENT REGARDING FEDERALLY SPON-
SORED RESEARCH OR

DEVELOPMENT

[0002] This invention was made with government sup-
port under contract number NNX085-059 awarded by the
United States Navy. The government has certain rights
in the invention.

BACKGROUND

1. Field

[0003] The present disclosure relates to gas disposal,
more specifically to dissolving gas into a liquid for under-
water disposal.

2. Description of Related Art

[0004] Operation of a vehicle underwater may gener-
ate gases that need to be discharged, e.g. disposed of,
as an effluent. Generally, during this discharge, efforts
are made to attempt to prevent bubbles from rising to the
surface where they may be detected, or for bubbles to
be released into the water column or form within the ef-
fluent discharge stream where they may also be detect-
ed.

[0005] One method of doing this is dissolving the gas
into liquid. The term dissolving is at times referred to also
as diffusing. Many different systems and methods, de-
pending on application, are available for dissolving gases
in liquids.

[0006] US 4850269 discloses means for carbonating
water. NL 9001805 discloses methods for mixing liquids
and gases by entraining gas.

[0007] Such conventional methods and systems have
generally been considered satisfactory for their intended
purpose. However, there is still a need in the art for im-
proved gas discharge systems.

[0008] US4850269 discloses a discharge system as
per the preamble of claim 1.

SUMMARY

[0009] A discharge system includes a mixing vessel
and a feedstock input in fluid communication with the
mixing vessel as per the subject-matter of claim 1.

[0010] A solvent input is in fluid communication with
the mixing vessel. A discharge output is in fluid commu-
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nication with an outlet of the mixing vessel to discharge
effluent. The mixing vessel includes a nozzle extending
from a first side of the mixing vessel into a cavity defined
by the mixing vessel. The solvent input is in fluid com-
munication with the nozzle to direct a solvent toward a
gas pocket generated by gas entering with feedstock
through the feedstock input. The solvent input includes
two lines. A first of the two lines defines a flow path to
the mixing vessel through the nozzle and a second of the
two lines defines a flow path to the mixing vessel through
an inlet on a second side of the mixing vessel. The inlet
on the second side of the mixing vessel is tangential to
a wall of the mixing vessel to introduce swirl to fluid in
the mixing vessel. The two lines can be downstream lines
and the solvent input can include a single line upstream
from the twolines andincludes a flow split orifice between
the single line and the two lines. The second of the two
lines can be a diluent line.

[0011] A sparger can be operatively connected to an
end of the feedstock input. The mixing vessel includes a
nozzle extending from a first side of the mixing vessel
into a cavity defined by the mixing vessel. The sparger
can extend from the end of the feedstock input into the
cavity to direct incoming feedstock evenly toward the
nozzle and the first side of the mixing vessel. The dis-
charge output can include a flow restrictor downstream
from the outlet of the mixing vessel.

[0012] The cavity is defined between first and second
sides of the mixing vessel. The mixing vessel caninclude
packing material in the cavity for even flow of fluid
throughout the mixing vessel. The packing material can
be defined between the solvent input and the discharge
output. The packing material can begin ata distance from
the nozzle, measured along a longitudinal axis defined
between the first and second sides of the mixing vessel,
equal to one and one-half times a radius of the mixing
vessel, e.g. wherein the mixing vessel includes a nozzle
extending from a first side of the mixing vessel into a
cavity defined by the mixing vessel. The packing material
can extend through the mixing vessel along the longitu-
dinal axis defined between the first and second sides of
the mixing vessel a distance at least six times a radius
of the mixing vessel. The mixing vessel can include a
pair of perforated plates opposite from one another
across the packing material. The sparger can extend
from the end of the feedstock input into the packing ma-
terial, e.g. wherein the sparger is operatively connected
to an end of the feedstock input. The mixing vessel can
have a larger diameter at a second end than at afirst end.
[0013] In accordance with another aspect, a method
as per the subject-matter of claim 13 for generating tur-
bulence on a liquid surface within a discharge system as
herein defined, to entrain gas into liquid includes supply-
ing a mixing vessel with feedstock fluid and solvent fluid
to generate aliquid mixture and a gas pocketin the mixing
vessel. The method includes supplying an impinging sol-
vent fluid through a nozzle extending from a first end of
the mixing vessel to generate a roiling surface at an in-
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terface between the gas pocket and the liquid mixture
and permit uptake of gas from the gas pocket into the
liquid mixture by entraining gas within the liquid mixture.
The method includes supplying solvent through an inlet
on a second side of the mixing vessel which is tangential
to a wall of the mixing vessel to introduce swirl to fluid in
the mixing vessel. In accordance with some embodi-
ments, generating the roiling surface includes projecting
the impinging solvent fluid out of the nozzle through the
gas pocket and entraining gas from the gas pocket into
the liquid mixture to a depth equal to or greater than one-
half a radius of the mixing vessel. Entraining gas within
the liquid mixture can include entraining a gas volume
ranging from 2 to 20 times a liquid volume of the impinging
solvent fluid.

[0014] These and other features of the systems and
methods of the subject disclosure will become more read-
ily apparent to those skilled in the art from the following
detailed description taken in conjunction with the draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] So that those skilled in the art to which the sub-
ject disclosure appertains will readily understand how to
make and use the devices and methods of the subject
disclosure without undue experimentation, embodiments
thereof will be described in detail herein below with ref-
erence to certain figures, wherein:

Fig. 1 is a schematic depiction of an embodiment of
a discharge system constructed in accordance with
the present disclosure, showing the mixing vessel
having a feedstock input and a solvent input;

Fig. 2 is a schematic depiction of a cross section of
the discharge system of Fig. 1, with the packing ma-
terial removed to show the lower perforated end
plate;

Fig. 3 is a schematic depiction of a cross section of
the discharge system of Fig. 1, with the packing ma-
terial removed to show the sparger; and

Fig. 4 is a flow chart schematically depicting a meth-
od for generating turbulence on a liquid surface with-
in a discharge system to entrain gas into liquid.

DETAILED DESCRIPTION

[0016] Reference will now be made to the drawings
wherein like reference numerals identify similar structural
features or aspects of the subject disclosure. For purpos-
es of explanation and illustration, and not limitation, an
illustrative view of an embodiment of a discharge system
in accordance with the disclosure is shown in Fig. 1 and
is designated generally by reference character 100. Oth-
er embodiments and/or aspects of this disclosure are
shown in Figures 2-4. The systems and methods de-
scribed herein can be used to mix one or more soluble
gas or gas and liquid feedstocks with a solvent, for ex-
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ample, saltwater, and discharge the solution with a
known gas solubility saturation level such that the satu-
ration level of gas in the liquid is well below that of typical
bubble formation when released. This minimizes poten-
tial bubble formation from turbulent conditions or thermal
hotspots after release.

[0017] As shown in Fig. 1, a discharge system 100 in-
cludes a mixing vessel 102 and a feedstock input 104
defining a feedstock flow path 108 in fluid communication
with mixing vessel 102. It is contemplated that the feed-
stock through feedstock flow path 108 can be in the form
of a gas or gas-fluid mixture and feedstock input 104 can
draw from multiple feedstock sources. A longitudinal axis
Ais defined between first and second sides 117 and 119,
respectively. Asolventinput 106 is in fluid communication
with mixing vessel 102. Feedstock dissolves within the
solvent thereby generating an effluent discharge solution
having a known gas solubility saturation. Adischarge out-
put 110 is in fluid communication with an outlet 112 of
the mixing vessel 102 to discharge the effluent.

[0018] With continued reference to Fig. 1, solventinput
106 includes two lines. A first 107 of the two lines defines
a flow path to mixing vessel 102 through a nozzle 118
and a second 107’ of the two lines defines a flow path to
mixing vessel 102 through an inlet 128 proximate to a
second side 119 of mixing vessel 102, e.g. on a lower
part 123 of mixing vessel 102 entering through a sidewall
121. Nozzle 118 extends from first side 117 of the mixing
vessel 102 into a cavity 120 defined by mixing vessel
102. Solventinput 106 is in fluid communication with noz-
zle 118 to direct a solvent toward a gas pocket, indicated
schematically with arcuate lines grouped together, gen-
erated by gas entering with the feedstock through feed-
stock input 104. Nozzle 118 provides a high velocity jet
of solvent into feedstock gas and in bubbles being driven
deep into the mixer fluid. It is contemplated that place-
ment of nozzle 118 on first side 117, e.g. the top side, of
mixing vessel 102 aids control of gas feed over the entire
operating envelope, provides consistent uptake under
pitch and roll as well as level cruise conditions, allows
control of an interface 113 between the gas pocket and
the liquid mixture, sustains continuous high gas uptake
rate through improved kinetics, is easier to service, and
provides even flow distribution across the surface area
of the mixing vessel 102 making efficient use of the vol-
ume of mixing vessel 102.

[0019] With reference now to Figs. 1 and 2, in accord-
ance with one embodiment, nozzle 118 can produce a
highly kinetic cone shaped dispersion pattern of evenly
distributed liquid droplet streams across the surface area
at the interface between the gas pocket and the liquid
mixture. The spray pattern of nozzle 118 is substantially
symmetric, as schematically indicated in Fig. 1, to fully
utilize the cross sectional area of mixing vessel 102. This,
in turn, generates a substantially even roiling surface in
order to maximize gas uptake from gas pocket into sol-
vent present in the liquid mixture and that spraying from
nozzle 118. A roiling surface, in accordance with some
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embodiments, can be defined as a highly turbulent lig-
uid/gas flow such that the impinging liquid, in this case
the solvent incoming from nozzle 118, entrains gas from
the gas pocket into the liquid to a depth of not less than
one-half a radius R of mixing vessel 102 and preferably
two times radius R. Nozzle 118 is positioned so that a tip
115 of nozzle 118 projects approximately 1.25-2.54 cm
(0.5-1inch) below the top of a cover 127 of mixing vessel
102toimproveinitiation of a gas pocket and maintenance
of the roiling surface during a given discharge of feed-
stock event.

[0020] With continued reference to Figs. 1 and 2, lines
107 and 107’ are downstream lines. Solvent input 106
includes a single line 114 upstream from two lines 107
and 107’ and includes a flow split orifice 116 between
single line 114 and two lines 107 and 107’. Inlet 128 on
second side 119 of mixing vessel 102 is tangential to
sidewall 121 of mixing vessel 102 to introduce swirl to
fluid in the mixing vessel 102. With this substantially tan-
gential entrance, flow swirl occurs in the bottom of mixing
vessel 102, as oriented in Fig. 2, providing both dilution
of solventflow from nozzle 118 and separation of possible
bubbles within lower part 123 of mixing vessel 102. Lower
part 123 is defined between second side 119 of mixing
vessel 102 and a bottom perforated plate 136b, de-
scribed below. These bubbles then flow radially inward
toward longitudinal axis A of mixing vessel 102 and may
float up through perforated plates 136b and 136a toward
first side 117 of mixing vessel 102. A packing material
134, described in more detail below, is above inlet 128,
as originated in Fig. 1, and reduces and/or eliminates the
swirl from inlet 128, resulting in more even distribution
as the bubbles rise to the top.

[0021] As shown in Figs. 1 and 3, a sparger 130 is
operatively connected to an end of feedstock flow path
108 that is part of feedstock input 104. Sparger 130 ex-
tends from the end of the feedstock flow path 108 into
cavity 120 to direct incoming feedstock evenly toward
nozzle 118 and first side 117 of mixing vessel 102. Sparg-
er 130 generates gas bubbles within mixing vessel 102
when feedstock is being fed into mixing vessel 102. In
accordance with the embodiment shown in Fig. 3, sparg-
er 130 is cross-shaped with holes 131 oriented upward
toward first side 117 to create an even distribution of gas
bubbles across mixing vessel 102 to counter downward
flow, e.g. toward second side 119, of liquid solvent from
nozzle 118. It is contemplated that a variety of sparger
configurations and shapes can be used, for example, a
spiral shape, an "X" shape, or any other suitable shape
that provides even distribution over the span from front
to back and side to side within mixing vessel 102.
[0022] Sparger 130is placed near the bottom of mixing
vessel 102, but within the zone of packing material 134,
described below, so that additional uptake occurs in
packing material 134, and small bubbles are swept from
packing material 134 surface rather than allowed to ac-
cumulate and cause an increase in downward flow ve-
locity of the solvent from nozzle 118. Sparger 130 in-
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cludes holes 131 facing first side 117 of mixing vessel
102. Size and number of holes 131 is selected to maxi-
mize gas uptake at both low and high pressure condi-
tions, and eliminate the potential for bubbles getting
sucked into the effluent outlet stream. For example, holes
131 can be approximately 0.1 cm (0.040 inches) in di-
ameter and spaced evenly along a pair of tubes that make
up the cross shape. The bubbles generated need to be
bubbles small enough to not impede liquid flow, yet the
hole size and number of holes needs to be sufficient to
keep injection pressure drop across sparger 130 within
acceptable parameters.

[0023] Those skilled in the art will readily appreciate
that the number of holes 131 and size of holes 131 can
be selected such that about 0.07 bar (1 psi) of delta pres-
sure is generated at the maximum volumetric flow of gas,
and less than 0.14 bar (2 psi) of pressure is generated
at the maximum flow of liquid-gas, for the desired feed-
stocks. Higher pressure drops tend to create either larger
bubbles, which can result in a flow field impeding down-
ward solvent flow, or high velocity jets of liquid which may
also disturb the downward flow field. It is important to
keep the downward flow field slow and even to allow small
bubbles to ascend into the gas pocket at the top of mixing
vessel 102. These bubbles may evolve in the solvent or
feedstock, or cleave from larger bubbles at the exit of
sparger 130.

[0024] As shown in Fig. 1, discharge output 110 in-
cludes a flow restrictor 132 downstream from outlet 112
of mixing vessel 102. The solvent liquid entering either
nozzle 118 orinlet 128 caninclude other dissolved gases,
e.g. atmospheric gases. The partial pressure of these
other contaminate gasses over the solvent liquid is ini-
tially zero. When additional gas, such as that found in
the feedstock, is added through feedstock input 104, the
addition can cause some of the contaminate gas to leave
the solvent and combine with the feedstock gas. Atmos-
pheric gases, such as nitrogen and oxygen, have low
solubility kinetics, and once allowed to come out of the
solvent, are slow to dissolve. Further, they tend to form
very small bubbles of low buoyancy that tend to be easily
entrained in the discharge flow through discharge output
110 instead of being re-dissolved in the solvent and then
discharged through outlet 112.

[0025] With continued reference to Fig. 1, flow restric-
tor 132 increases the pressure of the solution in mixing
vessel 102. The resulting increase in pressure in mixing
vessel 102 reduces the potential for atmospheric gases,
such as nitrogen and/or oxygen, or other solvent gas con-
taminants from coming out of the solvent in mixing vessel
102. In accordance with some embodiments, a minimum
pressure at discharge is less than four times a solvent
surface pressure at ambient temperature. Flow restrictor
132 is sized to generate a delta pressure equal to four
times the solvent surface pressure at ambient tempera-
ture minus the minimum pressure at outlet 112. For ex-
ample, ifocean wateris the solventand the ocean surface
pressure is 1 bar (15 psia) at ambient surface conditions,
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the minimum discharge pressure from the vehicle is less
than 4.1 bar (60 psia)

[0026] Withreference now to Figs. 1and 2, mixing ves-
sel 102 includes packing material 134 in cavity 120 for
even flow of fluid throughout mixing vessel 102. Mixing
vessel 102 includes perforated plates 136, an upper per-
forated plate 136a and a bottom perforated plate 136b,
opposite from one another across packing material 134.
Packing material 134 is defined between solvent input
106 and discharge output 110. Packing material 134 be-
gins at a distance Difrom tip 115 of nozzle 118 measured
along longitudinal axis A of the mixing vessel 102. Di is
equal to one and one-half times radius R of the mixing
vessel 102. Packing material 134 extends through mixing
vessel 102 along longitudinal axis A the mixing vessel
102 a distance D,. D, is at least six times radius R of
mixing vessel 102.

[0027] Itis contemplated that packing material 134 can
have an effective void volume of greater than 90%.
Sparger 130 is located above the bottom of packing ma-
terial 134, and a mixing zone, e.g. lower part 123, where
solute diluent is added free of packing material, is located
below packing material 134 prior to outlet 112. Those
skilled in the art will readily appreciate that the average
void space created by packing material 134 can be great-
er than the maximum sparger bubbles generated when
feedstock gas is added, allowing the bubbles to percolate
up through packing material 134 and squeeze through
upper perforated plate 136a into the turbulent mixing
zone, e.g. areabetween nozzle 118 and upper perforated
plate 136a. Packing material 134 acts as a buffer a zone
between outlet 112 and nozzle tip 115 to reduce or elim-
inate turbulence from turbulent mixing zone and balance
flow across the cross sectional area of mixing vessel 102.
Further, cross flow patterns are reduced, regions for bub-
bles to become trapped before they can flow deeper are
created, and the flow velocity after mixing allows more
thorough distribution of saturated solute, preventing
pockets or slugs of overly saturated effluent from being
discharged.

[0028] As shown in Figs. 1 and 2, perforated plates
136a and 136b are used at the top and bottom of the
zone of packing material 134 to properly position packing
material 134. Each plate 136a and 136b has holes 137
equaling about 25% of the total cross sectional area, al-
lowing low velocity relative to the nozzle turbulence, but
sufficient to create pressure drop above upper perforated
plate 136a resulting in fairly even flow distribution through
packing material 134. The diameter of holes 137 is sized
such that the solvent flow velocity in the downward di-
rection is less than the bubble rise rate from sparger 130
so that gas entering mixing vessel 102 from sparger 130
is prevented or resisted from being entrained through
bottom perforated plate 136b.

[0029] Itis also contemplated that, in accordance with
some embodiments, holes 137 of plates 136a and 136b
are greater than the size of sparger holes 131 by more
than 30%, since some pressure drop is generated in
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sparger 130 when feedstock gas flows, and the resulting
bubbles expand as they enter cavity 120 of mixing vessel
102. Those skilled in the art will readily appreciate that
all materials can be chemically compatible with the sol-
vent and all feedstock fluids. It is also contemplated that
mixing vessel 102 has a larger diameter at a lower end,
e.g. proximate to inlet 128, than at first side 117.

[0030] AsshowninFig.4, amethod 200 for generating
turbulence on a liquid surface within a mixing vessel, e.g.
mixing vessel 102, includes supplying the mixing vessel
with feedstock fluid through a feedstock input, e.g. feed-
stock input 104, and solvent fluid, e.g. a diluent, through
an inlet, e.g. inlet 128, to generate a liquid mixture and
a gas pocket in the mixing vessel, as shown by box 202.
Method 200 includes supplying an impinging solvent fluid
through a high dispersal nozzle, e.g. nozzle 118, extend-
ing from afirstend, e.g.first side 117, of the mixing vessel
to generate a roiling surface at an interface between the
gas pocket and the liquid mixture and permit uptake of
gas from the gas pocket into the liquid mixture, as shown
by box 204. Generating the roiling surface includes pro-
jecting the impinging solvent out of the nozzle through
the gas pocket and entraining gas from the gas pocket
into the liquid mixture to a depth equal to or greater than
one-half a radius, e.g. radius R, of the mixing vessel, as
shown by box 206. Entraining gas from the gas pocket
into the liquid mixture includes entraining a gas volume
ranging from two to twenty times a liquid volume of the
impinging solvent fluid, as indicated by box 208. The en-
trained gas volume can be less or more than two to twenty
times the volume of the impinging solvent fluid, and can
vary over a wide pressure and temperature range, and
a wide range of gases or solvents. For example, liquid
stream velocities from the nozzle greater 15.24 m/s (50
ft/sec) can have a greater delta pressure to achieve a
roiling surface for a variety of gas-fluid and/or gas mix-
tures.

[0031] Embodiments of the invention provide a high
surface area ratio and mechanical agitation through the
nozzle to improve both soluble gas saturation and high
uptake kinetics. Gas uptake is achieved by feeding the
liquid solvent through the nozzle while managing the lig-
uid level in mixing vessel 102 at an optimal gas uptake
point. The methods and systems of the present disclo-
sure, as described above and shown in the drawings,
provide for discharge systems having superior properties
including the ability to maximize uptake rate for a gas
into a liquid solvent to form an effluent discharge solution,
while still reducing and/or preventing bubbles in the ef-
fluent discharge.

Claims

1. A discharge system (100), comprising:

a mixing vessel (102);
a feedstock input (104) in fluid communication
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with the mixing vessel (102);

a solventinput (106) in fluid communication with
the mixing vessel (102); and

a discharge output (110) in fluid communication
with an outlet of the mixing vessel (112) to dis-
charge effluent,

wherein the mixing vessel (102) includes a noz-
zle (118) extending from afirst side of the mixing
vessel (102) into a cavity (120) defined by the
mixing vessel, wherein the solvent input (106)
is in fluid communication with the nozzle (118)
to direct a solvent toward a gas pocket generat-
ed by gas entering with feedstock through the
feedstock input (104),

said system characterized in that:

the solvent input (106) includes two lines,
wherein a first (107) of the two lines defines
a flow path to the mixing vessel (102)
through the nozzle (118), and wherein a
second (107’) of the two lines defines a flow
path to the mixing vessel (102) through an
inlet (128) on a second side (119) of the
mixing vessel (102), and

the inlet (128) on the second side (119) of
the mixing vessel (102) is tangential to a
wall of the mixing vessel (102) to introduce
swirl to fluid in the mixing vessel (102).

The discharge system of claim 1 wherein the two
lines (107, 107’) are downstream lines, wherein the
solvent input (106) includes a single line (114) up-
stream from the two lines (107, 107’) and includes a
flow split orifice (116) between the single line (114)
and the two lines (107, 107°).

The discharge system of any preceding claim,
wherein the second (107°) of the two lines is a diluent
line.

The discharge system of any preceding claim, further
comprising a sparger (130) operatively connected to
an end of the feedstock input (104), preferably
wherein the mixing vessel (102) includes a nozzle
(118) extending from a first side (117) of the mixing
vessel (102) into a cavity (120) defined by the mixing
vessel (102), wherein the sparger (130) extends from
the end of the feedstock input (104 ) into a cavity (120)
defined by the mixing vessel (102) to direct incoming
feedstock evenly toward the nozzle (118) and the
first side (117) of the mixing vessel (102).

The discharge system of any preceding claim,
wherein the discharge output (110) includes a flow
restrictor (132) downstream from the outlet (112) of
the mixing vessel (102).

The discharge system of any preceding claim,
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10.

1.

12.

13.

wherein the mixing vessel (102) defines a cavity
(120) between first (117) and second sides (119) of
the mixing vessel (102), wherein the mixing vessel
(102) includes packing material (134) in the cavity
(120) for even flow of fluid throughout the mixing ves-
sel (102).

The discharge system of claim 6, wherein the pack-
ing material (134) is defined between the solvent in-
put (106) and the discharge output (110).

The discharge system of claim 6 or claim 7, wherein
the mixing vessel (102) includes a nozzle (118) ex-
tending from a first side (117) of the mixing vessel
(102) into a cavity (120) defined by the mixing vessel
(102), wherein the packing material (134) begins at
a distance from the nozzle (118), measured along a
longitudinal axis (A) defined between the first (117)
and second (119) sides of the mixing vessel, equal
to one and one-half times a radius (R) of the mixing
vessel (102).

The discharge system of any of claims 6-8, wherein
the packing material (134) extends through the mix-
ing vessel (102) along a longitudinal axis (A) defined
between the first (117) and second (119) sides of
the mixing vessel (102) a distance at least six times
a radius (R) of the mixing vessel (102).

The discharge system of any of claims 6-9, wherein
the mixing vessel (102) includes a pair of perforated
plates (136a, 136b) opposite from one another
across the packing material (134).

The discharge system of any of claims 6-10, further
comprising a sparger (130) operatively connected to
an end of the feedstock input (104), wherein the
sparger (130) extends from the end of the feedstock
input (104) into the packing material (134).

The discharge system of any preceding claim,
wherein the mixing vessel (102) has a larger diam-
eter at a second end than at a first end.

A method for generating turbulence on a liquid sur-
face within a discharge system according to any one
of the preceding claims, to entrain gas into the liquid,
comprising:

supplying a mixing vessel (102) with feedstock
fluid and solventfluid to generate a liquid mixture
and a gas pocket in the mixing vessel (102);
supplying an impinging solvent fluid through a
nozzle (118) extending from a first end (117) of
the mixing vessel (102) to generate a roiling sur-
face at an interface between the gas pocket and
the liquid mixture; and

entraining gas within the liquid mixture to permit
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uptake of gas from the gas pocket into the liquid
mixture,

characterized in that said method comprises
supplying solvent through an inlet (128) on a
second side (119) of the mixing vessel (102)
which is tangential to a wall of the mixing vessel
(102) to introduce swirl to fluid in the mixing ves-
sel (102).

The method of claim 13 wherein generating the roil-
ing surface includes projecting the impinging solvent
fluid out of the nozzle (118) through the gas pocket
and entraining gas from the gas pocket into the liquid
mixture to a depth equal to or greater than one-half
aradius (R) of the mixing vessel (102).

The method of claim 13 or claim 14 wherein entrain-
ing gas within the liquid mixture includes entraining
a gas volume ranging from to 2 to 20 times a liquid
volume of the impinging solvent fluid.

Patentanspriiche

1.

Ableitungssystem (100), umfassend:

einen Mischbehalter (102);

einen Ausgangsmaterialeingang (104) in Fluid-
verbindung mit dem Mischbehalter (102);
einen Lésungsmitteleingang (106) in Fluidver-
bindung mit dem Mischbehalter (102); und
einen Ableitungsausgang (110) in Fluidverbin-
dung mit einem Auslass des Mischbehalters
(112), um Abgas abzuleiten,

wobei der Mischbehalter (102) eine Dise (118)
beinhaltet, die sich von einer ersten Seite des
Mischbehalters (102) in einen Hohlraum (120)
erstreckt, der durch den Mischbehalter definiert
ist, wobei der LOsungsmitteleingang (106) in
Fluidverbindung mit der Duse (118) steht, um
ein Losungsmittel in Richtung einer Gastasche
zu leiten, die durch Gas erzeugt wird, das mit
Ausgangsmaterial durch den Ausgangsmateri-
aleingang (104) eintritt,

wobei das System dadurch gekennzeichnet
ist, dass:

der Lésungsmitteleingang (106) zwei Lei-
tungen beinhaltet, wobei eine erste (107)
derzweiLeitungen einen Stromungsweg zu
dem Mischbehalter (102) durch die Dise
(118) definiert und wobei eine zweite (107’)
derzweiLeitungen einen Strémungsweg zu
dem Mischbehalter (102) durch einen Ein-
lass (128) auf einer zweiten Seite (119) des
Mischbehalters (102) definiert, und

der Einlass (128) auf der zweiten Seite
(119) des Mischbehalters (102) tangential
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zueiner Wand des Mischbehalters (102) ist,
um eine Verwirbelung von Fluid in dem
Mischbehalter (102) einzubringen.

Ableitungssystem nach Anspruch 1, wobei die zwei
Leitungen (107, 107’) stromabwartige Leitungen
sind, wobei der Losungsmitteleingang (106) eine
einzelne Leitung (114) stromaufwarts von den zwei
Leitungen (107, 107’) beinhaltet und eine Stro-
mungsteilungsoéffnung (116) zwischen der einzelnen
Leitung (114) und den zwei Leitungen (107, 107’)
beinhaltet.

Ableitungssystem nach einem vorhergehenden An-
spruch, wobei die zweite (107’) der zwei Leitungen
eine Verdinnungsmittelleitung ist.

Ableitungssystem nach einem vorhergehenden An-
spruch, ferner umfassend eine Verteilereinrichtung
(130), die mit einem Ende des Ausgangsmaterialein-
gangs (104) wirkverbunden ist, wobei bevorzugt der
Mischbehalter (102) eine Duse (118) beinhaltet, die
sich von einer ersten Seite (117) des Mischbehalters
(102) in einen Hohlraum (120) erstreckt, der durch
den Mischbehalter (102) definiert ist, wobei sich die
Verteilereinrichtung (130) von dem Ende des Aus-
gangsmaterialeingangs (104) in einen Hohlraum
(120) erstreckt, der durch den Mischbehalter (102)
definiert ist, um eingehendes Ausgangsmaterial
gleichmaRig in Richtung der Diise (118) und der ers-
ten Seite (117) des Mischbehélters (102) zu leiten.

Ableitungssystem nach einem vorhergehenden An-
spruch, wobei der Ableitungsausgang (110) einen
Stromungsbegrenzer (132) stromabwarts von dem
Auslass (112) des Mischbehalters (102) beinhaltet.

Ableitungssystem nach einem vorhergehenden An-
spruch, wobei der Mischbehalter (102) einen Hohl-
raum (120) zwischen einer ersten (117) und einer
zweiten Seite (119) des Mischbehélters (102) defi-
niert, wobei der Mischbehalter (102) Packmaterial
(134) in dem Hohlraum (120) fiir gleichmaRige Stro-
mung von Fluid durch den Mischbehalter (102) be-
inhaltet.

Ableitungssystem nach Anspruch 6, wobei das
Packmaterial (134) zwischen dem L&sungsmitte-
leingang (106) und dem Ableitungsausgang (110)
definiert ist.

Ableitungssystem nach Anspruch 6 oder 7, wobei
der Mischbehalter (102) eine Duse (118) beinhaltet,
die sich von einer ersten Seite (117) des Mischbe-
halters (102) in einen Hohlraum (120) erstreckt, der
durch den Mischbehalter (102) definiert ist, wobei
das Packmaterial (134) in einem Abstand von der
Duse (118), der entlang einer Langsachse (A) ge-
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messen wird, die zwischen der ersten (117) und der
zweiten (119) Seite des Mischbehélters definiert ist,
gleich dem Eineinhalbfachen eines Radius (R) des
Mischbehalters (102) beginnt.

Ableitungssystem nach einem der Anspriiche 6-8,
wobei sich das Packmaterial (134) durch den Misch-
behalter (102) entlang einer Langsachse (A), die zwi-
schen der ersten (117) und der zweiten (119) Seite
des Mischbehalters (102) definiert ist, um einen Ab-
stand von zumindest dem Sechsfachen eines Radi-
us (R) des Mischbehalters (102) erstreckt.

Ableitungssystem nach einem der Anspriiche 6-9,
wobei der Mischbehalter (102) ein Paar perforierte
Platten (136a, 136b) gegeniiber voneinander tber
das Packmaterial (134) beinhaltet.

Ableitungssystem nach einem der Anspriiche 6-10,
ferner umfassend eine Verteilereinrichtung (130),
die mit einem Ende des Ausgangsmaterialeingangs
(104) wirkverbunden ist, wobei sich die Verteilerein-
richtung (130) von dem Ende des Ausgangsmateri-
aleingangs (104) in das Packmaterial (134) er-
streckt.

Ableitungssystem nach einem vorhergehenden An-
spruch, wobei der Mischbehalter (102) einen gréRe-
ren Durchmesser an einem zweiten Ende als an ei-
nem ersten Ende aufweist.

Verfahren zum Erzeugen von Turbulenz auf einer
Flussigkeitsoberflache innerhalb eines Ableitungs-
systems nach einem der vorhergehenden Ansprii-
che, um Gas in die Flissigkeit mitzufiihren, umfas-
send:

Zufuhren von Ausgangsmaterialfluid und L6-
sungsmittelfluid zu einem Mischbehalter (102),
um ein Flissigkeitsgemisch und eine Gasta-
sche in dem Mischbehalter (102) zu erzeugen;
Zufuhren eines auftreffenden Lésungsmittelflu-
ids durch eine Dise (118), die sich von einem
ersten Ende (117) des Mischbehalters (102) er-
streckt, um eine wallende Oberflache an einer
Grenzflache zwischen der Gastasche und dem
Flussigkeitsgemisch zu erzeugen; und
Mitfihren von Gas innerhalb des Flussigkeits-
gemischs, um eine Aufnahme von Gas aus der
Gastasche in dem Flissigkeitsgemisch zu er-
moglichen,

dadurch gekennzeichnet, dass das Verfahren
Zufuhren von Lésungsmittel durch einen Einlass
(128) auf einer zweiten Seite (119) des Misch-
behalters (102) umfasst, die tangential zu einer
Wand des Mischbehalters (102) ist, um eine
Verwirbelung von Fluid in dem Mischbehalter
(102) einzubringen.
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14.

15.

Verfahren nach Anspruch 13, wobei das Erzeugen
der wallenden Oberflache Spritzen des auftreffen-
den Losungsmittelfluids aus der Dise (118) durch
die Gastasche und Mitfiihren von Gas aus der Gas-
tasche in das Flussigkeitsgemisch zu einer Tiefe
gleich einer oder groRer als eine Halfte eines Radius
(R) des Mischbehalters (102) beinhaltet.

Verfahren nach Anspruch 13 oder Anspruch 14, wo-
bei das Mitfilhren von Gas innerhalb des Flissig-
keitsgemischs Mitfiihren eines Gasvolumens im Be-
reich des 2- bis 20-Fachen eines Flussigkeitsvolu-
mens des auftreffenden Lésungsmittelfluids bein-
haltet.

Revendications

1.

Systeme de décharge (100), comprenant :

un récipient de mélange (102)

une entrée de charge d’alimentation (104) en
communication fluidique avec le récipient de
mélange (102) ;

une entrée de solvant (106) en communication
fluidique avec le récipient de mélange (102) ; et
une sortie de décharge (110) en communication
fluidique avec une sortie du récipient de mélan-
ge (112) pour déverser des effluents,

dans lequel le récipient de mélange (102) com-
porte une buse (118) s’étendant depuis un pre-
mier c6té du récipient de mélange (102) dans
une cavité (120) définie par le récipient de mé-
lange, dans lequel I'entrée de solvant (106) est
en communication fluidique avec la buse (118)
pour diriger un solvant vers une poche de gaz
générée par le gaz entrant avec la charge d’ali-
mentation a travers I'entrée de charge d’alimen-
tation (104),

ledit systeme étant caractérisé en ce que :

I'entrée de solvant (106) comporte deux
conduites, dans lequel une premiére (107)
des deux conduites définit un chemin
d’écoulement vers le récipient de mélange
(102) atravers la buse (118), etdans lequel
une seconde (107’) des deux conduites dé-
finit un chemin d’écoulement vers le réci-
pientde mélange (102) a travers une entrée
(128) sur un second coté (119) du récipient
de mélange (102), et

I'entrée (128) sur le second cété (119) du
récipient de mélange (102) est tangente a
une paroi du récipient de mélange (102)
pour introduire un tourbillon dans le fluide
dans le récipient de mélange (102).

2. Systeme de décharge selon larevendication 1, dans
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lequel les deux conduites (107, 107’) sont des con-
duites en aval, dans lequel I'entrée de solvant (106)
comporte une conduite unique (114) en amont des
deux conduites (107, 107’) et comporte un orifice de
séparation d’écoulement (116) entre la conduite uni-
que (114) et les deux conduites (107, 107’).

Systeme de décharge selon une quelconque reven-
dication précédente, dans lequel la seconde (107’)
des deux conduites est une conduite de diluant.

Systeme de décharge selon une quelconque reven-
dication précédente, comprenant en outre un arro-
seur (130) connecté fonctionnellement a une extré-
mité de I'entrée de charge d’alimentation (104), de
préférence dans lequel le récipient de mélange (102)
comporte une buse (118) s’étendant depuis un pre-
mier c6té (117) du récipient de mélange (102) dans
une cavité (120) définie par le récipient de mélange
(102), dans lequel I'arroseur (130) s’étend depuis
I'extrémité de I'entrée de charge d’alimentation (104)
dans une cavité (120) définie par le récipient de mé-
lange (102) pour diriger uniformément la charge
d’alimentation vers la buse (118) et le premier coté
(117) du récipient de mélange (102).

Systeme de décharge selon une quelconque reven-
dication précédente, dans lequel la sortie de déchar-
ge (110) comporte un limiteur d’écoulement (132)
en aval de la sortie (112) du récipient de mélange
(102).

Systeme de décharge selon une quelconque reven-
dication précédente, dans lequel le récipient de mé-
lange (102) définit une cavité (120) entre les premier
(117) et second c6tés (119) du récipient de mélange
(102), dans lequel le récipient de mélange (102)
comporte un matériau de garnissage (134) dans la
cavité (120) pour un écoulement uniforme de fluide
dans tout le récipient de mélange (102).

Systeme de décharge selon la revendication 6, dans
lequel le matériau de garnissage (134) est défini en-
tre 'entrée de solvant (106) et la sortie de décharge
(110).

Systeme de décharge selon la revendication 6 ou la
revendication 7, dans lequel le récipient de mélange
(102) comporte une buse (118) s’étendant depuis
un premier c6té (117) du récipient de mélange (102)
dans une cavité (120) définie par le récipient de mé-
lange (102), dans lequel le matériau de garnissage
(134) commence a une distance de la buse (118),
mesurée le long d’'un axe longitudinal (A) défini entre
les premier (117) et second (119) co6tés du récipient
de mélange, égale a une et demi fois un rayon (R)
du récipient de mélange (102).
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9.

10.

1.

12.

13.

14.

Systeme de décharge selon I'une quelconque des
revendications 6 a 8, dans lequel le matériau de gar-
nissage (134) s’étend a travers le récipient de mé-
lange (102) le long d’un axe longitudinal (A) défini
entre les premier (117) et second (119) cotés du ré-
cipient de mélange (102) sur une distance d’au
moins six fois un rayon (R) du récipient de mélange
(102).

Systeme de décharge selon 'une quelconque des
revendications 6 a 9, dans lequel le récipient de mé-
lange (102) comporte une paire de plaques perfo-
rées (136a, 136b) opposées I'une a l'autre a travers
le matériau de garnissage (134).

Systeme de décharge selon I'une quelconque des
revendications 6 a 10, comprenant en outre un ar-
roseur (130) connecté fonctionnellement a une ex-
trémité de I'entrée de charge d’alimentation (104),
dans lequel l'arroseur (130) s’étend depuis I'extré-
mité de I'entrée de charge d’alimentation (104) dans
le matériau de garnissage (134).

Systeme de décharge selon une quelconque reven-
dication précédente, dans lequel le récipient de mé-
lange (102) a un diametre plus grand au niveau d’'une
seconde extrémité qu’au niveau d’'une premiére ex-
trémité.

Procédé pour générer des turbulences sur une sur-
face liquide a l'intérieur d’'un systéme de décharge
selon une quelconque revendication précédente,
pour entrainer du gaz dans le liquide, comprenant :

la fourniture a un récipient de mélange (102)
d’'un fluide de charge d’alimentation et d’un flui-
de solvant pour générer un mélange liquide et
une poche de gaz dans le récipient de mélange
(102) ;

la fourniture d’un fluide solvantincident atravers
une buse (118) s’étendant depuis une premiere
extrémité (117) du récipient de mélange (102)
pour générer une surface de roulement au ni-
veau d’une interface entre la poche de gaz et le
mélange liquide ; et

I'entrainement de gaz a l'intérieur du mélange
liquide pour permettre I'absorption de gaz de la
poche de gaz dans le mélange liquide,
caractérisé en ce que ledit procédé comprend
la fourniture de solvant a travers une entrée
(128) sur un second cbté (119) du récipient de
mélange (102) qui est tangente a une paroi du
récipient de mélange (102) pour introduire un
tourbillon dans le fluide dans le récipient de mé-
lange (102).

Procédé selon la revendication 13, dans lequel la
génération de la surface de roulement comporte la
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projection du fluide solvant incident hors de la buse
(118) a travers la poche de gaz et I'entrainement de
gaz de la poche de gaz dans le mélange liquide a
une profondeur égale ou supérieure a la moitié d’'un
rayon (R) du récipient de mélange (102).

Procédé selon la revendication 13 ou la revendica-
tion 14, dans lequel I'entrainement de gaz dans le
mélange liquide comporte I'entrainement d’un volu-
me de gaz allant de 2 a 20 fois un volume de liquide
du fluide solvant incident.
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