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[571 ABSTRACT

There is provided a mixing device for low velocity and
low shear mixing. The device is of special value for
mixing of delicate materials, such as cell suspensions,
microspheres and the like, as used in fermentors and the
like. The device is based on the suction effect obtained
by low velocity rotation of a cylinder provided with
tangential openings.

31 Claims, 4 Drawing Figures
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1
MIXING DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

Various drugs, biochemicals, antibiotics and the like
are produced on a large scale in industrial fermentation
plants. Fermentors are the basic tool in such production
processes, and in most processes the content of the
fermentor must be agitated and thoroughly mixed.
Nowadays there is generally used a stirred baffled up-
right cylindrical fermentation vessel provided with
central agitation means. The agitator is used for dispers-
ing incoming air in the reaction or culture medium in
the form of fine bubbles. Such bubbles must be moved
from the area of the impeller to other regions of the
fermentor. When used in systems comprising microor-
ganisms, fungi, etc. the agitation attained mixing of
same with the nutrient medium and causes local turbu-
lence, causing adequate turbulence to prevent the dis-
persion from settling.

For this purpose different types of stirring means are
used, mainly impellers with flat stirring paddles, or
marine-blade impellers when reduced shear stress is
required, usually with baffles around, for increasing
turbulence and to prevent swirling of the culture me-
dium.

The main drawback of the known systems is that
when a dispersed phase is suspended, or in rise, or fall,
the mass transfer coefficient are almost completely un-
affected by mechanical power.

Littie advantage can be gained by increasing the
agitation intensity above the point at which the particles
are freely suspended, while impellers should secure
suspension of particles, thorough mixing, minimum
shear and minimum power consumption.

It was found that the most economic use of power
consumption for dispersion is obtained by small low-
drag impellers, but this diminishes the rate of dispersion.
Even with high speed impellers there occur stagnant
regions above the impeller and below it and in the vicin-
ity of the baffles. As the viscosity of the fluid increases,
there will be a decrease of fluid velocities and the stag-
nant zone will increase in size.

Moreover, the tip speed of the impeller causes consid-
erable cell damage and the shearing action occurs
around the whole impeller. In many systems changes
occur in rheological properties during the course of
fermentation, influencing the degree of agitation and
mixing, increasing power consumption.

SUMMARY OF THE INVENTION

The present invention relates to a novel mixing de-
vice, for low velocity mixing with low shear, adapted
especially for use in fermentation and similar processes.
The novel mixing device attains a thorough mixing by
mass transfer, with little agitation. Amongst the advan-
tages of the novel device are its simplicity and low cost,
as well as its low power consumption and minimum
shear.

The novel device comprises a cylindrical member
closed at one end and open at the other, provided with
means for rotating same about its axis at a preferred
velocity, tangentially confined vents being provided in
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the side-walls of said cylinder. According to another
embodiment at the closed end of the cylinder there are
two or more openings, parallel to the radial plane of the
main cylinder. The cylinder may be rotated mechani-
cally by means of a central rod, which may be solid or
hollow, or it can be actuated from the outside of the
vessel of the mixed medium by magnetic means. The
central rod can be provided with holes for the insertion
of bubbles of gas into the liquid.

In use, the cylinder is immersed into the medium
which is to be dispersed and by means of the central rod
of magnetic drive, rotated about its axis. The direction
of the rotation is such, that the said lateral openings face
to the rear of the direction of rotation. When the cylin-
der is rotated, even at a low velocity of rotation, a pres-
sure drop occurs at the openings of the vents, caused by
the inertia of the liquid, thus creating a powerful suction
effect. A velocity of rotation of 10 to 50 RPM is ade-
quate for an efficient mixing in most systems, whereas in
conventional mixing devices a speed rotation of about
100 to 2000 RPM is generally required. When the novel
device is rotated, the whole mass of the ambient me-
dium contained in the vessel is circulated through the
device and intimate mixing is attained. When the verti-
cal shaft used for rotation is hollow, introduction of a
gaseous medium into the fermentation broth is espe-
cially efficient, since the introduced bubbles are carried
first downwards from the top of the cylinder and only
afterwards, after passing the vents, may rise with the
liquid returning again into the cylinder. The efficient
mixing is obtained by circulation of the whole mass
through the cylinder and with slow rotation and by
absence of moving blades cells grown on microcarriers
are not detached and damage to fragile cells is obviated.

The novel device is illustrated with reference to the
enclosed schematical drawings, which are not accord-
ing to scale and in which:

FIG. 1 is an elevational view of a device, located in
the center vessel.

FIG. 2 is a sectional view through the cylinder of
FIG. 1.

FIG. 3 is a perspective view of a different embodi-
ment of the mixing device according to the invention.

FIG. 4 is a perspective view of an embodiment with
extended arms according to the invention.

As shown in FIG. 1 and FIG. 2, the device according
to the invention comprises an upright cylindrical mem-
ber 11, closed at its lower end 12 and open at its upper
end 13, a rod 14 being provided axially in said cylinder
11, and attached to its lower wall 12, two vents 15 and
16 being provided at the lower part of the cylinder 11.
Holes 50 are provided in rod 14 for introduction of gas
into the cylinder 11. The mixing device is positioned in
a vessel 22 and the liquid is introduced into the vessel 22
30 as to extend up to and above the upper end of the
cylinder 11. When used for mixing, the shaft 14 is ro-
tated in the direction of the arrow 24, so that the open-
ings of the vents face rearwards respective the direction
of rotation. Arrows 25 and 26 show the flow pattern of
the circulating mixture.

As shown in FIG. 3, a different embodiment of the
device according to the invention comprises a cylinder
shaped member 30, closed at its upper end and open at
its lower end. At the support part on the circumference
of the cylinder 30 there are provided two openings 31
and 32, diametrically opposite each other and facing in
the same direction. A rod or hollow shaft 34 is arranged
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axially in the cylinder 30. When used for mixing, the
device is immersed in the vessel containing the system
to be mixed, so that the level of the liquid extends above
the upper end of the cylinder 30 and the device is ro-
tated by means of shaft 34 in the direction of arrow 35.

Arrow 36 shows the pattern of the flow of the mix-
ture. A thorough mixing is attained, but shear forces are
very low and thus if the system contains delicate biolog-
ical materials, such as cells on microcarriers, these are
not damaged. Shear forces are small and correspond-
ingly power consumption is low. Generally a rate of
rotation of 10 to 50 RPM is adequate for thorough and
efficient mixing.

As shown in FIG. 4, another embodiment of the
device according to the invention comprises a cylinder
shaped member 38 closed at its upper end and open at its
lower end. At the upper part on the circumference of
the cylinder 38 there are provided two radially or tan-
gentially protruding tubular members 39 and 40 ending
in two openings 41 and 42 diametrally opposite each
other and facing in the same direction. A rod or hollow
shaft 37 is arranged axially in the cylinder 38. When the
cylinder is rotated by means of shaft 37 in the direction
of arrow 43, a pressure drop occurs at the openings 41
and 42 providing a continuous flow of the medium to be
mixed, out of said openings and returning through the
lower open end of cylinder 38. The protruding arms
may facilitate better mixing.

It is clear that the above description is by way of
illustration only and that various modifications and
changes in the structure and arrangements of the parts
may be resorted to, without departing from the scope
and spirit of the invention.

I claim:

1. A mixing device to be submerged in a liquid con-
tained in a vessel for low velocity and low shear mixing
of delicate materials, such as cell suspensions, micro-
spheres and the like, said device comprising:

& cylinder open at one end and closed at the other

end;

a cylindrical drive member coaxially mounted on said
cylinder for rotating the cylinder about the longitu-
dinal axis of said [tubular] cylindrical drive mem-
ber;

at least two vent openings defined by the sidewall of
said cylinder located in the same radial plane; and

a vent cover and flow director for each of said vent
openings extending peripherally from one side of
the vent opening outwardly around the periphery
of said cylinder terminating radially spaced from
the other side of the vent opening, said vent cover
and flow director defining a radially extending
liquid opening bounded on one side by the periph-
ery of said cylinder and on all other sides by the
terminal edges of said vent cover and flow director
for moving said liquid from the interior of the cyl-
inder through said at least two vent openings and
its vent cover and flow director, axially along the
periphery of said cylinder to said open end of the
cylinder by a suction created at said liquid open-
ings when said [tubular] cylindrical drive member
is rotated at a speed in the range of 10 to 50 RPM.

2. A device according to claim 1, wherein said at least
two vent openings and said vent cover and flow direc-
tor are located at the lower part of the cylinder, said
vent cover and flow directors being open towards the
same circular direction, rearward the rotation of the
cylinder.
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3. A device according to claim 1, wherein said vent
cover and flow directors, pointing in the same circular
direction rearward the rotation of the cylinder, are
provided in the upper part of the cylinder.

4. A device according to claim 1, wherein said cylin-
drical drive member extends above the upper level of
the cylinder, and is attached thereto.

8. A device according to claim 1, wherein said cylin-
drical drive member is axially attached to the center of
said cylinder, holes being provided in said cylindrical
drive member within the confines of the cylinder, for
circulating a gaseous medium through the liquid during
a mixing process.

6. A mixing device to be submerged in a liquid contained
in a vessel for low velocity and low shear mixing of delicate
materials, such as cell suspensions, microspheres and the
like, said device comprising:

(@) cylinder means open at one end and closed at the
other end to be submerged in a liquid contained in a
vessel and to be rotated about its longitudinal axis;

(b) a tubular member coaxially mounted on said cylin-
der means and projecting into and terminating within
said cylinder means for introducing gas into said
cylinder means;

(c) at least two inner vent openings defined by the wall of
the cylinder means, said inner vent openings being
equally spaced about the periphery of the cylinder
means and located in a common plane normal to the
axis of the cylinder means; and

(d) a vent cover and flow director for each of said inner
vent apenings extending tangentially from the inner
vent opening radially outwardly and peripherally of
said cylinder means terminating in an outer vent
opening located in an axial plane,

(e) said outer vent openings being equally spaced about
the periphery of the cylinder means and lying in said
common plane normal to the axis of the cylinder
means, said outer vent openings facing in the same
direction so that when the cylinder means is rotated at
a speed in the range of 10 to 50 RPM with said outer
vent openings facing rearwardly, liguid contained in a
vessel in which the mixing device is submerged will
Jlow from the interior of the cylinder means through
said at least two inner vent openings, their vent covers
and flow directors and exit through said outer vent
openings tangentially with respect to said cylinder
means due to a pressure drop occurring at the outer
vent openings caused by the inertia of the liguid, thus
creating a suction effect.

7. A mixing device as claimed in claim 6, wherein said
vent covers and flow directors include tangentially protrud-
ing tubular members.

8. A mixing device as claimed in claim 7, wherein there
are two of said tubular members.

9. A mixing device as claimed in claim 6 wherein each
outer vent opening is defined between the wall of the cylin-
der means and the end of the vent cover and flow director.

10. A mixing device as claimed in claim 6 wherein the
vent covers and flow directors are located nearer the closed
end of the cylinder means.

11. A mixing device as claimed in claim 6 wherein the
vent covers and flow directors are located nearer the open
end of the cylinder means.

12. A mixing device to be submerged in a liquid con-
tained in a vessel for low velocity and low shear mixing of
delicate materials, such as cell suspensions, microspheres
and the like, said device comprising:
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(@) cplinder means open at one end and closed at the
other end to be submerged in a liguid contained in a
vesse! and to be rotated about its longitudinal axis;
and

(b) at least two tangentially extending vent means
formed on the wall of the cylinder means, said vent
means being equally spaced about the periphery of the
cylinder means and located in a common plane nor-
mal to the axis of the cylinder means and terminating
in vent openings, each vent opening terminated sub-
stantially in a plane intersecting the axis of the cylin-
der means

(¢) said vent openings facing in the same direction so that
when the cylinder means is rotated at a speed in the
range of 10 to 50 RPM with said vent openings facing
rearwardly, liquid contained in a vessel in which the
mixing device is submerged will flow from the interior
of the cylinder means through said vent openings
tangentially with respect 1o said cylinder means due to
a pressure drop occurring at the vent openings caused
by the inertia of the liguid, thus creating a suction
effect.

13. A mixing device as claimed in claim 12, further
comprising gas introducing means cooperating with said
cylinder means for introducing gas into said cylinder
means.

14. A mixing device as claimed in claim 12, wherein said
vent means include tangentially protruding tubular mem-
bers.

15. A mixing device as claimed in claim 14, wherein
there are two of said tubular members.

16. A mixing device as claimed in claim 12 wherein each
vent opening is defined between the wall of the cylinder
means and the end of the vent means.

17. A mixing device as claimed in claim 12 wherein the
vent means are located nearer the closed end of the cylinder
means.

18. A mixing device as claimed in claim 12 wherein the
vent means are located nearer the open end of the cylinder
means.

19. An apparatus for low velocity and low shear mixing
of delicate materials, such as cell suspensions, microspheres
and the like, said device comprising:

(@) vessel for containing a liquid;

(b) cylinder means open at one end and closed at the
other end for submersion in a liguid contained in said
vessel and to be rotated about its longitudinal axis;

(c) a tubular member coaxially mounted on said cylin-
der means and projecting into and terminating within
said cylinder means for imtroducing gas into said
cylinder means;

(d) at least two inner vent openings defined by the wall of
the cylinder means, said inner vent openings being
equally spaced about the periphery of the cylinder
means and located in a common plane normal to the
axis of the cylinder means;

(e) a vent cover and flow director for each of said inner
vent openings extending tangentially from the inner
vent opening radially outwardly and peripherally of
said cylinder means terminating in an outer vent
opening located in an axia! plane; and

(/) said outer vent openings being equally spaced about
the periphery of the cylinder means and lying in said
common plane normal to the axis of the cylinder
means, said outer vent openings facing in the same
direction so that when the cylinder means is rotated at
a speed in the range of 10 to 50 RPM with said outer
vent openings facing rearwardly, liguid contained in
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said vessel in which the mixing device is submerged
will flow from the interior of the cylinder means
through said at least two inner vent openings, their
vent covers and flow directors and exit through said
outer vent openings tangentially with respect to said
cylinder means due to a pressure drop occurring at the
outer vent openings caused by the inertia of the liquid,
thus creating a suction effect.

20. A mixing device as claimed in claim 19, wherein said
vent covers and flow directors include tangentially protrud-
ing tubular members.

21. A mixing device as claimed in claim 20, wherein
there are two of said tubular members.

22. A mixing device as claimed in claim 19, wherein
each outer vent opening is defined between the wall of the
cylinder means and the end of the vent cover and flow
director.

23. A mixing device as claimed in claim 19, wherein the
vent covers and flow directors are located nearer the closed
end of the cylinder means.

24. A mixing device as claimed in claim 19, wherein the
vent covers and flow directors are located nearer the open
end of the cylinder means.

25. A mixing device for low velocity and shear mixing of
delicate materials, such as cell suspensions, microspheres
and the like, said device comprising:

(a) a vessel for containing a liguid;

(b) cylinder means open at one end and closed at the
other end to be submerged in a liguid contained in
said vessel and to be rotated about its longitudinal
axis; and

(¢) at least two tangentially extending vent means
Jormed on the wall of the cylinder means, said vent
means being equally spaced about the periphery of the
cylinder means and located in a common plane nor-
mal to the axis of the cylinder means and terminating
in vent openings, each vent opening terminated sub-
stantially in a plane intersecting the axis of the cylin-
der means,

(d) said vent openings facing in the same direction so
that when the cylinder means is rotated ar a speed in
the range of 10 to 50 RPM with said vent openings
facing rearwardly, liguid contained in said vessel in
which the mixing device is submerged will flow from
the interior of the cylinder means through said vent
openings tangentially with respect to said cylinder
means due to a pressure drop occurring at the vent
openings caused by the inertia of the liguid, thus creat-
ing a suction effect.

26. A mixing device as claimed in claim 12, further
comprising gas introducing means cooperating with said
cylinder means for introducing gas into said cylinder
means.

27. A mixing device as claimed in claim 12, wherein said
vent means include tangentially protruding tubular mem-
bers.

28. A mixing device as claimed in claim 14, wherein
there are two of said tubular members.

29. A mixing device as claimed in claim 12, wherein
each vent opening is defined between the wall of the cylin-
der means and the end of the vent means.

30. A mixing device as claimed in claim 12, wherein the
vent means are located nearer the closed end of the cylinder
means.

31. A mixing device as claimed in claim 12, wherein the
vent means are located nearer the open end of the cylinder

means.
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