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filled with the inflowing liquid, the hydrostatic Apparatus and process for
dissolution of gases    head thereof develops at least part of the pressure
in liquid                                         required in said contact
chamber, a flow distributor is located at or upstream of the upper This
invention is directed to a system for      end of said contact chamber to
establish a region 5 dissolving gas in liquid wherein the gas may be  70 of
turbulence by restricting flow therethrough oxygen-containing and the
liquid may have an      whereby gas bubbles are reduced to small size,
oxygen demand.                                    the liquid issuing from
the region of turbulence In many processes it is desirable to dissolve
flowing downward through a predetermined gases in liquids. Such processes
include the      distance in the contact chamber at a reduced 10
dissolution of carbon dioxide in water in the  75 velocity which
nevertheless exceeds the rising carbonation of water, the dissolution of
oxygen in  velocity of the entrained gas bubbles thereby waterin water
treatment technology or in waste    prolonging residence time of said gas
bubbles, water treatment and in certain fermentation       said flow
distributor further effecting distribution processes. Very often the system
for dissolving   of flow such that the average downward flow is 15 gas in
liquid involves very severe agitation of the    80 substantially uniform as
measured along a cross- liquid-gas mixture to break up the gas bubbles into
section of said mixed gas-liquid stream in said very fine bubbles which
present a large surface   chamber, gas bubble collecting means located area
to the liquid, thereby promoting solution of  adjacent the lower end of
said contact chamber to gas in the liquid. Alternatively, the liquid may be
collect undissolved gas bubbles present in said 20 sprayed in fine droplets
through the gas so that,    85 mixed gas-liquid stream after it traverses
said with the large surface area presented by the      contact chamber,
said gas recycle means droplets, substantial amounts of gas are dissolved
connecting said gas bubble collecting means to an in the liquid.
Oxygenation of water has been      upstream location at or adjacent to said
flow accomplished in several ways including spray      distributor for
reintroduction of said gas for 25 aeration, in which water is sprayed into
the air in    go contact with said liquid, and an outlet to permit fine
droplets and the fine droplets dissolve oxygen   the treated liquid to exit
from said apparatus. as they pass through the air; cascade aeration, in
According to another aspect of the invention which a water stream is
arranged so that a series  there is provided a process for dissolving gas
in of falls are provided in a conduit, each fall     liquid, in which gas
is introduced into a stream of 30 increasing exposure of the water to the
air, multi-   95  liquid, the mixed stream of gas and liquid Is tray
aeration, in which the water drops onto a    caused to flow downwards
through a contact series of trays picking up oxygen during its fall to
zone, undissolved gas bubbles that have traversed the trays; diffused
aeration in which air under   the contact zone are collected and
re-introduced pressure is bubbled through a volume of water in  into the
liquid at an upstream position, and the 35 which the air bubbles have
extended exposure to  100 liquid is removed after traversing the contact
zone, the water for solution purposes; and lastly, U-tube  characterised in
that said liquid or a mixed stream aeration in which an air-water mixture
is passed  of gas and liquid is introduced into the contact down under a
baffle which may extend 50 feet (15  zone at a relatively high entrance
velocity to m) or more below the surface of the ground to     provide a
region of turbulence, the velocity of the 40 pressurize the mixture and
then returning the  105 turbulent mixed stream is reduced in the contact
mixture to the surface.                           zone and the mixed stream
flows downwards Where oxygen is to be dissolved in water it is  through a
predetermined distance in the contact clear that the use of pure oxygen
rather than air  zone at a constant reduced velocity, the mixed will permit
either a reduction in size of various  stream entering the contact zone is
distributed so 45 elements of the apparatus used in the process or,  110
that the average downward flow is substantially alternatively, a great
increase in the productivity of  uniform over the cross section of the
stream, and units sized for the use of air, since air is only 1/5  the
downflowing mixed stream is subjected to oxygen. However, in contrast to
air, pure oxygen is  increased pressure in the contact zone, due at quite
expensive and care must be taken to avoid   least partly to its hydrostatic
head, to promote 50 wastage of the oxygen gas.                    115
dissolution of the gas in the liquid. According to one aspect of the
present              The present invention enables large amounts invention
there is provided apparatus for         of gas to be rapidly dissolved in
liquids. The dissolving gas under super-atmospheric pressure   present
apparatus is simple but highly efficient. in a liquid comprising, an inlet
for introducing a  - Other objects and advantages will become 55 liquid
stream into said apparatus, a downcomer   120 apparent from the following
description taken in' connected to said inlet, means for introducing a
conjunction with the accompanying drawing in gas into said apparatus at a
selected point to    which: produce a mixed gas-liquid stream and gas
recycle   FIG. 1 is a view in elevation of a treatment means, characterised
in that contact chamber      system which includes a fluid bed reactor and
an 60  having a diameter greater than said inlet and said  125 apparatus
for dissolving gas in liquid, downcomer is arranged to receive said liquid
FIG. 1 a is a schematic view of an apparatus stream or said mixed
gas-liquid stream, said      illustrative of certain of the principal
features of downcomer is disposed between and connects       the invention,
said inlet and said contact chamber so that, when   FIG. 2 is a view in
elevation showing the   



2 apparatus for dissolving gas in liquid in  larger  m/sec.). scale,
Any largegas bubbespresent under the FIG. 3 is a view in elevation and
partially in  distributor as a result of gas feeding or gas section of a
modified form of the apparatus for    recirculation are sheared by the
entering liquid 5 dissolving gas in liquid,'        .             70 into
smaller ones, and the small bubbles are swept FIG. 4 is a view partially in
section of a pit-  downward by the stream of liquid. The size of installed
modified form of apparatus for dissolving  these bubbles is determined by
the balance* gas in liquid,         .                           between
surface-tension forces and liquid stress FIG. 5 is a view, partially in
section, of a self-  (turbulence). The greater the velocity of the 10
contained apparatus for dissolving gas in liquid in    75 incoming liquid
the greater the turbulence below a below-ground installation and
the distributor and smaller the size of the bubbles. Generally speaking,
the apparatus for          The bubbles.swept away from the distributor
(into' continuously dissolvirg gas in liquid in accordance  the region not
affected by the turbulence of the with this invention involves a means for
bringing  incoming liquid} tend to coalesce as they touch 15 the gas into
contact witha stream of liquid, means   80 each other until they reach the
maximum stable for pressurizing the liquid while in contact with the  size
for the prevailing shear field in the contact gas to the pressure necessary
to dissolve the      chamber. When relatively low entrance velocities
required amount of gas, means for collecting       are used (1-5 ft./sec.)
(0.3-1.5 m/sec.), the * undissolved gas in the pressurized zone and
turbulent region does not extend beyond more 20 means for returning the
collected gas to an.    85 than about two feet (0.6 m) below the
distributor. upstream portion of the liquid stream for  .       Outside the
turbulent region,. below the distributor, reintroduction of the gas into
the liquid. The gas  bubbles of uniform size predominate; that is, which is
to be dissolved in the liquid is quite often  bubbles of maximum stable
size. The turbulent oxygen, in which case the apparatus for dissolving
region and the region of stable bubble size are 25 gas in liquid nay be
termed an "oxygenator," and    90 indicated by appropriate legends in FIG.
1 a. the liquid may be the effluent from the priary       The downward
velocity of the liquid in the treatment stage of a sewage plant orother
liquid   contact chamber must be greater than the rising flow.
velocity of the maximum stable sized bubbles, In order to obtain the
desired pressure, it is  thus causing a continuous downward flow of 30:
often quite convenient to install the oxygenator  95 bubblescarried by the
liquid. For the oxygen-water below ground level at a depth such that the
system the minimum downward velocity is found hydrostatic pressure of the
column of liquid is   to be approximately 1/2 ft/sec. (0.15 m/sec).
sufficient to provide the desired pressure for gas  When the difference
between the downward dissolution. The oxygenator may be a self-
velocity of liquid and rising velocity of stable 35 contained unit which is
simply lowered into an  100 bubbles is small, then a relatively high
excavated pit to the desired depth with no         concentration of bubbles
in the contact chamber. is particularsignificance attached to whether or
not   obtained and bubbles remain for a longer time in the pit is water
tight or, the apparatus may be    the  contact chamber before they are
swept down designed to utilize the pit wall to contain either the .    to
the lower end of the contact chamber. It is well 40 .inlet or the outlet
flow, in which case the pit wall   105 known that the rate of the
dissolution is directly must be water tight.
proportional to the interfacial area (area of the As an illustration of
certain of the principles   bubble surface), thus the greater the
concentration involved in the present invention, reference is    of bubbles
the greater the rate of the dissolution. made to FIG. 1 a, in which an
apparatus   .          In order to further increase the concentration of 45
comprising a contact chamber 17 having an inlet   110 bubbles in the
contact chamber (and so further pipe 16 and an outlet pipe 28, is provided
with a  increase the rate of dissolution) and to attain high flow
distributor 40 and a gas recycle line 22.         utilization of the gas,
the bubbles which reach the Liquid enters into the contact chamber 17
bottom portion of the contact chamber are through the inlet 16 and the flow
distributor 40.  collected in a bubble collector and recirculated to 50 Gas
is introduced into the contact chamber 1 7,    115 the top of the
contactchamber. The bubble preferably below the distributor 40, or into the
collector may comprise a horizontal or inclined liquid stream above the
distributor. The purpose of  surface for intercepting and retaining rising
the  distributor is threefold: (a) to distribute the  bubbles, but other
gas-liquid separation means incoming  liquid uniformly through the  whole
may be used. The collected gas then flows 55 horizontal cross section of
the  contact chamber ,   120 through the gas recirculation pipe conduit 22
and (b)to introduce liquid with velocity sufficient to  discharges under
the distributor 40. This gas break largergas bubbles into  smaller ones,
and (c)  recirculation does not require any external to introduce liquid
into the contact chamber with  pumping. Gas flows by itself due to the
difference velocity greater than the rising velocity ofgas  in the
densities of the gas-liquid mixture in the 60 bubbles in the chamber to
order to prevent gas 125 contact chamber and in the recycle pipe. escaping
from the contactchamber into the inlet   Nevertheless, the forced
recirculation of gases (by pipe.
pump or by venturi) could be beneficial in some It has been determined
that, in case of oxygen  applications. dissolution in water, the entrance
velocity of the   In the apparatus just described, a very high gas 65
liquid is in the range from 1 to 10 ft/sec. (0.3 to 3  130 utilization,
approaching 1 00%, can be achieved  



3                                                                      GB 2
029 252 B    3 and the high rate of dissolution permits the use of
pressure is increased on a gas-liquid mixture the equipment of modest size.
These advantages are  amount of gas that goes into solution is increased.
due to the special hydraulic conditions established  The pressure on a
gas-liquid mixture may be at the top of the contact chamber, in the chamber
increased, for example, by pumping the mixture 5 itself and by gas
recirculation whereby a very large   70 into the gas-liquid contact device
while regulating gas-liquid interfacial area is realized by      the
pressure therein by adjustment of a choke establishing a high concentration
of stable size  valve located at the exit from the device. In the bubbles.
An energy saving is effected by relying  present invention, it is preferred
to obtain the primarily on the high concentration of stable size  required
pressure by providing a contact chamber 10 bubbles for dissolution of the
gas rather than  75 which is subject to a column of water of height
expending large amounts of energy to generate   sufficient to develop the
necessary hydrostatic extremely small, unstable bubbles for the gas
pressure. A simple way to accomplish this end is dissolution process.
to provide, in a pit excavated to the depth Considering FIG. 1, there is
illustrated a liquid-  necessary to develop the pressure, a conduit filled
15 treatment system comprising an apparatus 100  80 with the liquid
extending from an above ground for dissolving gas in liquid which delivers
liquid  level down to a contact chamber. In this manner, a containing large
amounts of dissolved gas to a  column of say, 60 feet of water (18.3 m),
will reactor 200. The reactor 200 illustrated is a fluid  generate a
pressure of about 40.7 lbs. per sq. in. bed reactor in which the oxygen
enriched waste  (280.6 Kpa) (absolute, a pressure at which water, 20 water
is introduced at the bottom thereof and the    85 at ambient temperature,
can dissolve several liquid passes through the reactor, the retention
times the amount of oxygen it is capable of time of the liquid in the
reactor being such as to  dissolving at atmospheric pressure. In the
contact obtain the desired degree of reaction. For the  chamber, a great
amount of oxygen goes into purposes of this discussion, we may consider the
solution, and a high concentration of stable size 25 system illustrated in
FIG. 1 a biological treatment   90 bubbles is present. system for waste
water, wherein the apparatus for  An outlet conduit is provided connected
to the dissolving gas in liquid is an oxygenator and the  bubble collector
for returning treated liquid to fluid bed reactor contains a sand bed
therein on  ground level. Since the liquid is saturated, or very the
particles of which biological growth proceeds  nearly saturated, with gas
as it moves from the 30 supported by the nutrients in the feed and the  95
bubble collector to ground level, and since the dissolved oxygen provided
by the oxygenator. .  pressure on the liquid as it rises is continuously
The feed to the system enters through inlet pipe  decreasing, a certain
amount of the gas can be 12 while pure oxygen is introduced through
expected to come out of solution. For that reason, conduit 14. The water
water-oxygen mixture     the vent line 32, connected to bubble collector
81, 35 proceeds below ground level through         100 is provided at
ground level in the outlet pipe 28 so downcomerl.6 then enters contact
chamber 1 7    that operation of the fluid bed reactor 200 is not and
emerges from outlet 18 into the bubble    adversely affected by the
introduction of larger collector 20. A return oxygen conduit 22 connects
bubbles. the upper end of the bubble collector 20, where   It should be
noted that the pressurization is 40 the gas is trapped, with the contact
chamber 17 at 105 accomplished, as described above, without an upstream
junction 24. An outlet conduit 28   expenditure of large a mounts of
energy. This is connects the lower end' of bubble collector 20  true
because the below ground portion of the with the manifold 30 of the fluid
bed reactor 200.  apparatus is filled with liquid by gravity and only The
manifold 30 may be provided with a bubble   power sufficient to overcome
the flow resistance 45 collector 81 and a vent pipe 32 which will either
110 of the apparatus and maintain the desired flow release to the
atmosphere or to a gas collection  rate is required. tank any undissolved
oxygen which reaches the     FIG. 2 illustrates the gas dissolving
apparatus manifold. The structure and operation of the fluid  or oxygenator
of FIG. 1 in somewhat greater detail bed reactor is described in detail in
my copending  at larger scale.' In this rendition of the apparatus it 50
U.S. Application Serial 909,076, filed May 24,    115 should be noted that
the end 18 of the 1978. Briefly, it should be noted that the oxygen-
downcomer 16 projects Into the bubble collector containing liquid is
supplied from the manifold 30  20 to a substantial extent This projection
of the to a plurality of inlet pipes 82 which admit the  end 18 into the
bubble collector 20 leaves a gas waste water into the reactor tank 80 and
that the  trap 29 above the end 18 of the downcomer 16 55 treated effluent
exits the reactor tank through  120 and below the top of the bubble
collector 20. The conduit 84. A sand bed is provided in the reactor
recycle line 22 provides communication between tank 80 which is fluidized
by the upflowing liquid  the gas trap 29 and the nozzle 26 located at the
stream and on the particles of which biological  upstream junction 24 in
the downcomer 16. The growth occurs. A portion of the sand is removed
nozzle 26 cooperates with the wall of conduit 1 6 60 continuously or
batchwise through conduit 86 for  125 to form a narrowed annular passage or
distributor removal of biological growth from the sand and  for the liquid
moving in conduit 16. This narrowed disposal thereof after which the sand
can be    channel imparts a high velocity to the liquid which returned to
the tank 80.                       will prevent upward movement of gas
bubbles and The gas dissolution feature of this invention  tends to
uniformly distribute the gas-liquid mixture 85 relies in large part on the
phenomenon that as the  1 30 on the cross-section of conduit 16 below
nozzle 



GB 2029 252 B        4 26. An outlet conduit 28 is connected to the    the
transition conduit 51 is located the distributor bottom of bubble collector
20. The apparatus 100    59 which extends across the interior cross-section
is supported by at least one bracket 27 fixed to a  of the shell 50. This
distributor comprises a plate surface 31 and connected to the exterior of
bubble  61 which is concave upwardly, i.e., facing the 5 collector 20.
70 direction of flow, to better resist the force exerted In FIG. 3 an
apparatus is shown which is similar  by the flowing liquid and  has a
plurality of stub in concept to. that described in FIG. 2 but intended
tubes 63 therein for passing the liquid into the for use where larger flows
must be accomodated.  lower section of the shell Which constitutes the
Thus, the inlet conduit 12 is connected to the  contact chamber 54. A
plurality  of recycle tubes 10 downcomer 16. The downcomer 16 is connected
to    75 67 similar to those illustrated FIG. 3  are a conical transition
section 36 which, in turn,  provided in the chamber below the distributor
59 connects with the contact chamber 4 1. Thefor returning oxygen to the
oxygen trap 65 on the transition section 36 flares outwardly from
convex surface of the plate 61. The fluid within the the relatively small
diameter of the downcomer  shell 50, after traversing the contact chamber
54 15  16 to the larger diameter of the contact chamber    80 below
distributor 59 and having bee n separated 41. The contact chamber 41, has,
at the         from most of the undissolved oxy gen, leaves shell upper end
thereof, distributor 40, and includes   50 through the bottom opening 68
and turns a bubble collection structure. The distributor 40  upwardly to
rise along waterproof pit wall 51  in compises a  flat plate  42 pierced by
annualar channel 53. Upon reaching ground 20 of stub tubes 44. The space
between the  lower  85 level, the oxygen-treated liquid exits through ends
of downwardly depending stub tubes          outlet 24. Oxygen  is
introduced into the system 44 and the underside of plate 42 forms an
through  oxygen conduit 14 which extends oxygen trap 45. A plurality of
oxygen collecting      downardly from the top of the unit to and through
and recycle lines 46 are provided within contact   the plate 61 and the
oxygen is delivered  into the 25 chamber 41, which comprise tubes 47 with
90  oxygen trap 65 on the downstream side of plate lower ends thereof
having flared portions 49. The   61. Again, from  oxygen trap 65 the oxygen
is oxygen trap 45 and the oxygen collecting and    drawn into the liquid
flow issuing from the stub recycle lines 46 comprise the bubble collection
tubes 63. structure.  An outlet 28 is provided  at the  bottom          The
embodiment of FIG 5 has elements in 30 of contact chamber 41. Oxygen may be
introduced   95 common the embodiments of both FIGS.3 and 4.Thus, it is a
self-contained unit as is the to the inlet 12 or, alternatively, oxygen may
be directy intoduced into the oxygen trap 45  embodiment of FIG. 3, located
in pit 77, with a distributor similar to that of the embodiment of through
the conduit 48.             FIG. 4. In this case, the influent which enters
35  In operation, the flow through the downcomer        100 through inlet
12 is conducted by the downcomer 16 and trasition section 36 is distributed
16 for discharge into the upper compartment 72 relatively uniformly over
the whole cross-section of the contact chamber 74. The liquid traverses of
the contact chamber 41 by the distributor 40.     the distributor 76
through stub tubes 78 and picks Bubbles of  oxygen which survive travel to
the   up the oxygen supplied to the oxygen trap 79 40 bottom of the contact
chamber 4l enter the flared      105 through the oxygen line 14. In the
contact bottom portions 49 of the recycle lines  46 and the      chamber
74, the oxygen collecting and recycle gas is returned upstream to the gas
trap 45. The  lines 90, with  their flared ends 91, operate in a liquid
moving through the distributor 40 draws the manner exactly similar to the
corresponding Oxyen romthegastra 45thu miingthega     elements in the
embodiments of FIGS. 3 and 4. An 45 with the liquid again and thereby
exposing the gas   110 upflow pipe 93 is  positioned within the contact
once more to the solution process.                chamber 74 with its open
end below the lower The oxygenation apparatus described above          end
of oxygen recycle tubes 90 and it extends have been self-contained, that
is, the devices are      upwardly through the distributor 76 and the top
simply lowered into a pit of suitable depth and all          end wall of
the contact chamber 74 to ground 50   circulation of liquid and gases
occurs within the    115 level where it is connected to the outlet pipe 24.
apparatus. In FIG. 4 an apparatus  is illustrated  Since the apparatus is
self-contained, the wall of which utilizes the wall of the pit to contain
one  the pit 77 need not be watertight. stream of the circulating liquid.
In this      It is envisioned that the inventive processes and embodiment a
shell 50 is lowered into the    apparatus set forth herein may also be
applied to 55 watertight concrete pit 51 and the sealing cap 52  120 the
dissolution of other gases in  liquid streams thereof is secured (by means
not shown)to the            other than waste or other streams which have an
edge of the pit to form a watertight seal. The downcomer 16 is centrally
located within shell 50   oxygen deficiency or otherwise require treatment
and is connected to the inlet 12 through which the  with oxygen. 60 feed is
introduced at ground level and to the  15   While the present invention has
been 125               particularly described in terms of specific
transition conduit 57at its lower end. When shell embodiments  therefore 



50,is in place it is spaced generally uniformly from       view of the
instant disclosure that numerous the concrete pit wall 51 so that can
annular space variatios upon the invention will now 53 suronding the shell
50 is available to serve to those skilled in the art, Which variations are
yet 65 as an outlet conduit. Adjacent the bottomn end of 130 within the
5
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sections of said tubes in the lower portion of said 1. Apparatus for
dissolving gas under super-     pressure chamber. atmospheric pressure in a
liquid comprising, an        6. The apparatus of claim 5 wherein the space
inlet for introducing a liquid stream into said     between the upstream
ends of said tubes and said 5 apparatus, a downcomer connected to said
inlet,      perforated plate comprises a gas trap into which means for
introducing a gas into said apparatus at  60  said tubes discharge gas
collected by said gas a selected point to produce a mixed gas-liquid
bubble collecting means. stream and gas recycle means, characterised in
7. The apparatus of claim 6 wherein said gas that a contact chamber having
a diameter greater    injection means is connected to introduce gas 10 than
said inlet and said downcomer is arranged to    directly into said gas
trap. receive said liquid stream or said mixed gas-liquid   65    8. The
apparatus of any of claims 3 to 7 stream, said downcomer is disposed
between and      wherein said perforated plate is curved to resist connects
said inlet and said contact chamber so     the force exerted by the liquid
stream. that, when filled with the inflowing liquid, the       9. The
apparatus of any preceding claim 15 hydrostatic head thereof develops at
least part of   wherein said contact chamber is located below the pressure
required in said contact chamber, a    70  ground level and the downcomer
is substantially flow distributor is located at or upstream of the
vertical. upper end of said contact chamber to establish a       10. The
apparatus of any preceding claim region of turbulence by restricting flow
wherein said contact chamber is Installed in a pit 20 therethrough whereby
gas bubbles are reduced to      below ground level to utilize the
hydrostatic small size, the liquid issuing from the region of  75  pressure
developed thereby in achieving said turbulence flowing downward through a
elevated pressure and wherein said pit is predetermined distance in the
contact chamber at    watertight so that the wall of said pit can serve as
a reduced velocity which nevertheless exceeds the   a conduit conducting
liquid flow to or from said 25 rising velocity of the entrained gas bubbles
thereby  contact chamber. prolonging residence time of said gas bubbles,
said  80    1 1. A process for dissolving gas in liquid, in flow
distributor further effecting distribution of flow  which gas is introduced
into a stream of liquid, the such that the average downward flow is
substantially  mixed stream of gas and liquid is caused to flow uniform as
measured along a cross-section of said   downwards through a contact zone,
undissolved 30 mixed gas-liquid stream in said chamber, gas bubble  gas
bubbles that have traversed the contact zone collecting means located
adjacent the lower end    85 are collected and re-introduced into the
liquid at of said contact chamber to collect undissolved gas  an upstream
position, and the liquid is removed bubbles present in said mixed
gas-liquid stream     after traversing the contact zone, characterized in
after it traverses said contact chamber, said gas   that said liquid or a
mixed stream of gas and liquid 35. recycle means connecting said gas bubble
is introduced into the contact zone at a relatively collecting means to an
upstream location at or  90 high entrance velocity to provide a region of
adjacent to said flow distributor for reintroduction  turbulence, the
velocity of the turbulent mixed stream of said gas for contact with said
liquid, and an    is reduced in the contact zone and the mixed stream
outlet to permit the treated liquid to exit from said  flows downwards
through a predetermined 40 apparatus.
distance in the contact zone at a constant reduced 2. The apparatus of
claim 1, characterised in  95 velocity, the mixed stream entering the
contact that said flow distributor includes a gas trap.     zone is
distributed so that the average downward 3. The apparatus of claim 2,
characterised in    flow is substantially uniform over the cross section
that said flow distributor includes a perforated    of the stream, and the
downflowing mixed stream 45 plate comprising stub tubes fixed in the plate
is subjected to increased pressure in the contact perforations and
extending from said plate in a  100 zone, due at least partly to its
hydrostatic head, to downstream direction.
promote dissolution of the gas in the liquid. 4. The apparatus of claim 3
wherein said gas        12. Apparatus for dissolving gas in a liquid,
recycle means comprises a plurality of tubes        substantially as herein
described with reference to 50 extending from said gas bubble collecting
means      any of Figures 1 A to 5 of the accompanying to an upstream
location proximate said flow    105 drawings. distributor.
13. A process for dissolving gas in a liquid as 5. The apparatus of claim 4
wherein said          claimed in claim 11 and substantially as herein
bubble collecting means comprise flared terminal    described. Printed for
Her Majesty's Stationery Office by the Courier Press. Leamington Spa. 1983.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


