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(57) Abstract 8

In an apparatus for mixing gases with and dissolving gases in bodies of liquid there is an axial-flow pump impeller (22),
which is arranged to raise the liquid through a substantially vertical riser line (20) whose lower end exhibits an inlet (15) for the Ii-
quid and whose upper end forms an outlet (11) for the pumped liquid and is defined by guide surfaces (7) arranged to deflect the
liquid radially from the axis of the riser line (20), the drive shaft (4) of the impeller extending coaxially with the riser line from a
drive unit, located above the said body of liquid, to the impeller (22), the improvement in which the drive shaft (4) is enclosed by
a stationary line (16) whose inner wall together with the drive shaft (4) defines a gas-communication passage (17) whose lower
end discharges into the riser line (20) via at least one outflow passage (19) directed substantially radially to the general centre

line, said gas-communication passage openly communicating with a gas source, such as the surrounding atmosphere, as illustra-
ted in Figure 1.
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AN ARRANGEMENT IN APPARATUS FOR  MIXING GASES WITH AND
DISSOLVING GASES IN LIQUIDS

The present invention relates to an arrangement in apparatus for
mixing gases with ond dissolving gases in bodies of liquid, which
are raised by means of an axial-flow pump through a substantially
vertical riser line whose lower end exhibits on inlet for the
liquid and whose upper end forms an outlet for the pumped liquid
and is defined by guide surfaces which deflect the liquid radial-
ly from the axis of the riser line, the drive shaft of the impel-
ler of said pump extending coaxially with the riser line from a

drive unit, located above the said body of liquid, to said impel-

ler,

Apparatus for circulating and oxygenating or aerating bodies

of liquids in, for example,tanks, ponds or watercourses have pre-
viously been proposed, in which apparatus liquid is transported
by means of an axial-flow pumé against abutment surfaces located
above the surface of the body of liquid, Examples of such appa-
ratus are described in the US Patent specification 2,186,376.

In other known apparatus used for similar purposes there are

used rotors which have the form of a closed or open impeller ha-
ving a vertical axis whose liquid-suction openings are located
beneath the surface of the liquid, the liquid being slung radially
outwardly from the rotor, normally in o slightly upwardly direc-
tion, above the surface of the liquid. In the case of cerators

of this kind, in which the pumped liquid is slung out over the
surface of the soid body of liquid, the extent to which the gas

is mixed with and dissolved in the liquid is not altogether sa-

tisfactory, owing to the fact that the gas is not in contact with
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the liquid for a sufficient length of time and because the effec-
tive liquid surface area presented to the gos is -too small,
Certain known apparatus of the latter kind exhibit means in the .
5 form of closed centrifugal impellers, in which the suction side
of the impeller and/or locations between the suction .inlet and the
periphery are in communication with the atmosphere, During rota-
tion of the impeller, air is drawn thereinto and thus ceration of
the liquid begins within the impeller itself. The efficiency of
10 such impellers, however, is much too low for the purpose in
question, and consequently the amount of cir admixed with and
dissolved in the liquid is correspondingly low, calculated in the

number of kWh consumed.

15 In the Swedish patent specification 354 789 there is illustrated
and described, however, an apparatus having an axial impeller
which is arranged to rotate about a vertical axis and which urges
the liquid up through a pipe. Arranged on the inner surfaces of
the pipe are guide vanes which cre located above the impeller it-

20 self aond which are arranged to stabilize the flow of liquid. The
impeller is mounted on a hollow shaft which communicates with the
atmosphere. Small holes through which gas can pepetrate into
the liquid are arranged in the hollow shaft, above the level of
the guide vanes. In front of the holes there are provided gas-

25 dispersing blades which surround fﬂe holes ;nd which are suitably
of V-shaped configuration with the apex of the V located in front
of the holes. These blades decrease the through-flow area in the

pipe and consequently impair the pumping capacity.

30 The object of the présent invention is to provide in an apparatus

for mixing a gas with and dissolving said gas in a liquid on
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arrangement which enables the said admixing and dissolving of

the gas to be effected more efficienctly per kWh consumed; ond
which has an impeller of high efficiency, which provides for o
higher liquid velocity than prior art opparatus, and in which the

5 oxial liquid flow is uniform over the whole flow area.

Accordingly, the invention consists in an arrangement which is
mainly characterized by the fact that the drive shaft is enclosed
by o stationary line whose inner wall, together with the drive
10 shaft, defines o gas-communication passage having a lower end
which opers into the riser line via at least one outflow passage
extending substantially radially to the general centre line
of the apparatus , said gas-communication passage openly commu-
nicating with a gos source, such as the surrounding atmosphere.
15
The arrangement according to the invention includes a drive
unit having on output shaft for the impeller., The drive unit is
mounted on .a distributor head, provided with guide blades. The
guide blades maybe of any number, but are suitably three or four.
20 The distributor-head is mounted on a tubular riser line, which
below the impeller merges with a downwardly conical, flared suc-
tion pipe, The distributor-head has a rotational-symmetrical
curved deflecting surface, which changes the direction of move-
ment of the liquid from a vertical direction to an almost hori-
25 zontal direction. The curved surface continues downwardly into
a stationary line which surrounds the shaft and which terminates
immediately above the impeller and opens into the riser line.
The liquid flowing through the riser line entrains therewith,
by an ejector action, the gas flowing from the gas source,
30 which gas is admixed with the liquid such that said dissolution

of the gas begins already in the riser line, upstream of the di-

RUREAr7
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stributor head.

One prerequisite herefor is that the pressure ‘drop in the di-
stributor head is less than 4 meters water-column. The speed
of which the water moves should be at least about 5 m/s, in or-

der for an acceptable ejector effect to be obtained.

In a preferred embodiment of the axial-flow pump used in con-
junc?ioﬁ with the present invention, the pump blades have
straight leading and trailing edges and a pitch which decreases
with increasing distances from the centre., Suitably the impeller
has four blades which partially project beyond one another, al-
though the use of a smaller (at least two) or a larger number of
blades lies within the scope of the invention. The blades con-
veniently have a configuration such that a section taken through
respective blades at mutually the same distance from the centre

gives a straight sectional surface.

An impeller of this design has been found experimentally to have
a very high efficiency, e.g. an efficiency of approximately 80

percent.

Guide vanes may optionally be arranged downstream of the impeller,
to counteract the rotation of the flow of liquid and to contri-
bute to effective odmixture of the gas with the liquid. This is
particularly favourable when the guide vanes provide a certain
degree of cavitation and are so located that the drawn-in gas

has access to the rear side of the vanes,

In a further embodiment of the apparatus according to the inven-

tion, the drive unit is alternatively mounted on a curved pipe,
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OMPI
. WIPO 4,




WO 79/00864 3

10

15

25

30

PCT/SE79/00076

i.e. an elbow, provided with an aperture through which the drive
shaft can pass, The drive shaft and drive unit are located on

the pressure side of the pump. Also in this case, the part of

the shaft located inside the elbow is enclosed by a stationary

line which is connected Gt one end thereof to the elbow and is

open to atmosphere or some other gaseous medium, and af the other
end terminates openly immediately adjacent the impeller, Between
the said line and soid shaft the gas-communication passage convenient-
ly exhibits; ciosely adjacent the impeller, a restriction which
forms the mouth or discharge opening of said slot. '‘Arranged between
the lower end of said line and the hub of the impeller is an
ring-shaped gap. In other respects the apparatus occording to the
invention is similar in this embodiment to the apparatus of the

first described embodiment.

An arrangement according to the invention affords the following

advantages:

a high pumping efficiency with a substantially axial flow and
high liquid speeds,

- better dispersion of the liquid leaving fhe distributor head,

- mixing and dissolution of the gas in the liquid inside the appa-
ratus between the impeller and the distributor head, '

- better dissolution of gas in the liquid per kWh consumed.

So that the invention will be more readily understood and further
features thereof made apparent, exemplary embodiments of the in-
vention will now be described with reference to the accompanying
schematic drawings, in which Figure 1 is an axial sectional view
of an apparatus provided with an arrangement according to the in-°

vention, Figure 2 is a horizontal view of an impeller of a prefer-

" FUREAT™N
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red embodiment of the arrangement, seen from the inlet side of
the pump, Figures 3 b-e are crossectional views of pump blades
at different radial distonces from the centre of the impeller,
and Figure 4 is an axial sectional view of a further embodiment
of the invention. The pump blodes and the guide vanes are shown
with the greatest radial extension in the plane of the drawing.
Figures 1 and 4 illustrate different elements in the respective

left-hand and right-hand halves of the figure.

The opparatus according to the invention illustrated in Figure 1
comprises a drive unit having a frame 1 provided with bearings

2, 3 for a pump shaft 4, Arranged in the upper end of the shaft. .
is a recess in which a bush 5 huving.spline-like elements 21

for a flange-mounted standard motor is arranged. Alternatively,

a specially designed motor having a long drive shaft con be used.
The drive..unit is mounted on a distributor head 6 which exhibits
a rotational-symmetrical, curved deflecting surface 7. having |

an at least approximately horizontal straight outer part 8.

The distributor head 6 is also provided with fixed guide blades

.9, which merge at the bottom thereof with an annular element

10 which forms the lower defining surface 12 of the distributor
opening 11, Fixed to the bottom surface of the annular element
10 is o pipe 13 which continues downwardly into a suction pipe
14 having a suction funne1-15. The curved deflecting surface

7 of the distributor head 6 merges downwardly with a cylindrical
stationary line 16 which embraces the shaft 4. Between the shaft
4 and the stationary line 16 there is arranged a gas-communi-
cation passage 17 having o top which communicates with a gas

source or with atmpshere, and a bottom which communicates with
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a riser line 20 via a slot 18 located between the lowermost part
of the stationary line 16 and the shaft 4, and o ring-shaped

gap 19 arranged between the end surface of the stationary line
16 aond the hub of the impeller 22, said riser line 20 being
defined on the outside thereof by the pipe 13. The slot or

‘restriction 18 may alternatively be omitted.

On the end of the shaft 4 there is mounted an axial-flow pump
impeller 22 having ot least two blades “23.

The apparatus is mounted on a suitable frame (not shown) or al-
ternatively on a buoyant body (not shown), for e#ample, by means
of bolts 24, through which the annular element 10 is connected
with the pipe 13 such that the level of liquid is located within
a zone 25 which is limited upwardly by the lower defining surface
12 of the distributor opening 11 and upwardly by the upper edge
of the pump blades 23.

In operation, the blades 23 pump the liquid Up into the riser -
line 20, whereafter the liquid is deflected by the rotational-
symmetrical deflection surfoce 7,8 and the blades 9 and is

sprayed out through the opening 11. Owing to the high speed of

the liquid, there is obtained an ejector effect, and air is

drawn in through the cylindrical gap 17, the slot 18 and the

gap 19, this air being odmixed with the liquid in the riser

line 20. The gas is admixed thoroughly with the liquid in the riser
line 20, particularly in the region of the deflecting surface

7, where strong turbulence occurs,

When the impeller stops , the liquid will move up the passage

17, but is rapidly drown down again when the impeller is re-
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started.

Guide vanes 26 may be arranged in the riser line 20 in order to
stabilize the flow of liquid and to retard the rotary movement

thereof caused by the impeller. Each of the guide vanes may be

-attached to the pipe 13 or to the stationary line 16, convenient-

ly immediately above the impeller 22,

Illustrated on the left of Figure 1, is a guide vane 26, The

positioning of the guide vanes 26 on the stationary line 16
affords the advantage whereby it is possible to remove the drive
unit, the distributor head 6 and the impeller 22 as a single unit,
without it being necessary to remove the pipe 13 and the suction
pipe 14 from the frame or the float respectively,.thereby con-
sidercbly facilitating aond simplifying repair work and servicing

operations,

The guide vanes 26 contribute to an improved admixture of the gas
with the liquid when the flow of liquid is deflected. Adjacent

a guide vane, which is arranged to change the direction of move-
ment of a flow of liquid, there occurs an . underpressure on the
trailing side of the guide vane seen in the direction of flow.

If the direction of flow is strongly deflected, this underpressure
will be so great that cavitation occurs at the troiling side of
the guide vanes. When air is introduced to the region of the
troiling side of the guide vanes, the air will be dispersed and
mixed with the liquid along the whole upper edge of the guide

vanes,

A further impfoved admixture of gas with and dissolution of gas

in the liquid is obtained when the shaft 4 is provided ot the top
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thereof with a fan wheel 27 which forces the gas down through the
gas-communication passage 17,

The admixture of gas with liquid can be even further improved by
providing the line 16 or the pipe 13 with turbulence-generating
projections 28, These projections may have the form of annular pro-
jections extending from the pipe 13 and/or the line 16, although
other means arranged for the same purpose lie within the scope of
the invention. In particular, an annuler roised portion having o
sharp edge may be mounted on the wall of the line 16 above the
impeller 22 or the guide vanes 26 (when such are provided) and clo-

sely adjacent thereto,

The use of a construction which includes a motor frame 1 and a
motor of standord design affords considerable advantagés with
respect to maintenance, since in the event of the motor brecking
down it is only necessary to change the standard motor for another,
without requiring spare parts of special manufacture.

Figure 2 is a horizontal view, seen from the inlet side, of an
impeller 22 for an urrangemént according to the invention. The
illustrated impeller has only two blades, each of which includes
120° of arc. The blades have a pitch which decreases towards

the periphery, such that the liquid is imparted the same axial
movement, irrespectﬁve of the distance from the centre. This is
achieved by forming the blades such that a section through respet-
tive rotor blades at the same radial distances from the centre

is stroight when developed in a plane. This is evident from Fi-
gures 3 b-e, which illustrate sections through a blade along the

lines b-b, c-c, d-d and e-e.

By prbviding the impeller with more than two blades, the efficiency
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of the impeller is increased still further, an impeller having
four blades each including about 100° of arc being particularly

preferred, Thus, the blades will project beyond one another. An

" impeller having four blades also affords certain advantages from

the aspect of manufacture.

The impeller has a very broad hub, which causes the liquid to

be moved at a high speed, even in those areas adjacent the hub.
The relationship between the largest diameter and the hub diame-
ter should be at most 3.0. A still better effect is obtained when
this relationship is 2,75, while a still better effect is obtained
when said relationship is 2.5, Extra powerful effects are obtained
when the said relationship lies between 2.25 - 2.0, although in
this case the capacity of the impeller decreases, since the hub

occupies such a large part of the section as a whole.

As will be seen from the Figures the hub of the impeller 22 has,
at the upper end of said hub, o diameter which greatly exceeds

the diometer of the line 16,

A conical section of the hub contributes further to an increased
effect and an increase in the velocity at which the liquid moves
in the region nearest the hub, since the liquid nearest the hub on
the inlet side is subjected to pressure and is accelerated as

it moves along the conical surface and is forced upwardly by the
blades, which blades extend along the whole of the length of

the conical surface.

Figure 4 illustrates an alternative embodiment in which an appa-
ratus having the arrangement according to the invention is mounted

in a line for conducting o liquid which is to be admixed with
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gas and in which the gas shall dissolve, at least in part. Corre-=
sponding elements of the embodiment illustrated in Figure 4
have been identified with the same references as those used in

Figure 1.

-A drive means 1,2,3,5,21 including a motor of standard design and

on output shaft 4, as described with reference to Figure 1, is
mounted on an elbow 30, on a separate, tubular projection 31
having a mounting flange 32. The elbow is connected at the inlet
end to a pipe 13, The elbow is connected at the outlet end %o an
outlet pipe 33. The shaft 4 is enclosed by a stationary line 36
which ‘is fixedly mounted at one end to the outer surface of the
elbow 30, Arranged between the shaft 4 and the line 36 is a
passage 37 which communicates with atmosphere at itsrupper end,
or some other gas source, and communicates at the bottom thereof
through the slot 18 and the ring-shaped gap 19, with the riser
pipe 20 and its attachment to the elbow 30 and the outlet pipe
33.

This apparatus is mounted in a manner such that the level of

liquid will be located within a zone 35 which is limited down-

wardly by the upper edge of the blades and upwardly by the upper

edge of the mounting flange 32, _

When the mounting flange 32 is connected with the main part of
the elbow 30, by means of a perforated, tubular projection, or
in some other way, the level of liquid may not, of course, rise

above the opening 34 of the line 37, in the outside of the elbow
30.

n

It should be ensured that the liquid does not approach the upper
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boundary too closely, since liquid may then enter the passage 7.
The described apparatus are primarily intended for the oxygenation

of sewage water in biological purification works and biological

dams and lokes and water masses which are deficient in oxygen,

‘but may also, of course, be used in connection with any liquid

whatsoever which is to be admixed with a gas.

The invention is not restricted to the illustrated and described
embodiments thereof, but can be modified within the scope of the

following claims.
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CLAIMS:~

1. An arrangement in apparatus for mixing gases with and
dissolving gases in bodies of liquid, which are raised by an
axial-pump impeller through a substantiaclly vertical riser line
whose lower end exhibits an inlet for the liquid and whose upper
end forms an outlet for the pumped liquid and is defined by

guide surfaces arranged to deflect the liquid radially from

the axis of the riser line, the drive shaft of the impeller of
said pump extending coaxially with the riser line from a drive
unit, located above the said body of liquid, to said impeller,
characterized in that the drive shaft is enclosed by a stationary

line whose inner wall together with the drive shaft defines o

gas-communication passage having a lower end which opens into

the riser line via at least one outflow passage extending sub-
stantially rodially to the general centre line, said gas-com-
munication passage openly communicating with a gas source, such

as the surrounding atmosphere.

2, An arrangement as claimed in cloim 1, characterized in that
the gas-communication passage discharges coaxially with the drive
shaft in the said lower end of said stationory line, and that ot
a relatively small distance beneath said discharge opening of
said passage there is mounted coaxially on the drive shaft a
substontially rotational-symmetrical body, the end of which
facing said dischorge opening exhibits a ring-like surface whose
outer diameter is greater than the outer diameter of the statio-

nary line ot said end.

3. An arrongement as claimed in claim 2, choracterized in that

BURE4Y,
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the lower end surface of the stotionary line, together with the
ring-shaped surface of the rotational-symmetricaol body, defines

a ring-shaped gap and forms said gas-outflow passage.

4, An arrangement as cloimed in claim 2 or claim 3, characterized

in that the rotational-symmetrical body is the impeller hub,

5. An arraongement as claimed in any one of claims 1-4, charac-
terized in that stationary guide vanes are arranged on the pres-

sure side of the impeller,

6. An arrangement as cloimed in claim 5, characterized in that
the stationary guide vanes exhibit a cavitation-promoting cross-

sectional profile.

7. An arrangement as cloimed in claim 5 or claim 6, characterized
in thot the stationary guide vanes are arranged adjacent the

discharge opening of the ring-shaoped gap.

8. An arrangement as claimed in any one of claims 1-7, charac-
terized in that the pump shaft has arranged thereon a fan wheel
for positively circulating the goses through the gas-communication

passage.

9. An arrangement as claimed in any one of claims 1-8, charac-
terized in thot the impeller blodes have a form such that sections
there through ot mutually the same radial distances from the
centre of rotation form a straight line when said sections are
developed in a plane, and that the leading and trailing edges

of the blades are substantially straight and at right angles to

the said axis of rotation.
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10. An arrangement as claimed in claims 1-9, characterized .in
that the relationship between the impeller blade diameter and the
hub-diameter is at most 3.0, suitably 2.5-2.75," preferably
2,25-2.5, particularly 2.0 - 2.25 and most particularly 2.0.

11. An arrongement in apparatus for admixing gases with and
dissolving gases in liquids, substantially as herein before de-
scribed with reference to, and illustrated in,the accompanying

drawings.
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