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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to the field of stir-
ring devices for fermenters.

BACKGROUND OF THE INVENTION

[0002] EP 1841853 B1 discloses a horizontal ferment-
er consisting of a tank and a driven shaft penetrating in
the tankin its longitudinal direction. The driven shaft com-
prises a plurality of agitator arms arranged thereon with
paddles. The paddles are formed from two shares ar-
ranged in a V-shaped manner which act in one rotational
direction as paddles and in the other rotational direction
of the agitator as plough shares.

[0003] GB 1 025 893 A relates to a mixing apparatus
which comprises a concentric shaft to which are fixed
arms which support mixing elements. The mixing ele-
ments are of ploughshare shape and have an outer blade
edge pointing towards the container wall and spaced at
a distance of 10 - 50 mm from it. Cutting and lifting ele-
ments are fixed to the blade edges and come as close
to the containerwall as is technically possible. The cutting
and lifting elements have a leading edge which is of
wedge shape.

[0004] US 2433478 relates to a mixing and filling ap-
paratus for mixing and packaging baked beansin a soupy
condition, i.e. mixed with juice in which the beans have
been cooked. The end of stirring arms comprise pivoted
buckets or dippers which scrape along a cylindrical sur-
face of a container containing the mixture of beans and
juice.

[0005] There may be a need for a paddle of a stirring
device with improved characteristics.

SUMMARY OF THE INVENTION

[0006] This need may be met by the subject matter
according to the independent claims. Advantageous em-
bodiments are in particular described by the dependent
claims.

[0007] According to an embodiment of a first aspect of
the herein disclosed subject matter there is provided a
paddle for a stirring device of a fermenter, the paddle
comprising a rod with a mounting portion being mounta-
ble to a rotatable shaft of the stirring apparatus; a head,
the head and the mounting portion defining an outward
direction from the mounting portion to the head; and a
protrusion extending outwardly from the head in the out-
ward direction, the protrusion forming an outer end of the
paddle.

[0008] This aspect is based on the idea that by the
outwardly extending protrusion a loosening or breaking
up of a sediment layer is achieved without requiring an
excessive driving torque for driving the rotatable shaft.
Depending onits configuration, the head may be adapted
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for providing an efficient mixing of the fermentation ma-
terial contained in the fermenter. According to an embod-
iment, the stirring device is operated intermittently, with
alternating stop periods and operation periods. Without
the protrusions either the sediment layer formed during
a stop period is not broken up or, if the paddle extends
into the sediment layer, the startup of the stirring device
requires a high driving torque. But also in embodiments
where the stirring device is operated continuously, the
protrusion combine a loosening of a sediment layer and
a reduction of the sediment layer with a relatively low
driving torque for driving the stirring device.

[0009] According to an embodiment, the rotatable
shaft defines an axial direction parallel to an axis of ro-
tation and radial directions perpendicular to the axial di-
rection. A rotation of the rotatable shaft defines two cir-
cumferential directions, clockwise and counterclockwise.
Hence, if the paddle is mounted to the rotatable shaft,
during a rotation of the shaft the head moves in one of
the circumferential directions, i.e. clockwise or counter-
clockwise. In order to distinguish both opposite circum-
ferential directions without need to specify a particular
one, the circumferential directions are also referred to as
first circumferential direction and second circumferential
direction, wherein the first circumferential direction is one
of clockwise and counterclockwise and the second cir-
cumferential direction is the other of clockwise and coun-
terclockwise.

[0010] According to an embodiment the head is an in-
dividual part mounted to the rod. According to another
embodiment, the head is formed by an outer end of the
rod wherein the outer end is opposite the mounting por-
tion. With regard to the axial direction, the outer end is a
radially outer portion of the rod.

[0011] In accordance with an embodiment, the protru-
sion extends from the head in a direction opposite to the
rod. In other words, the head is located between the rod
and the radially outwardly extending protrusion.

[0012] According to an embodiment, the protrusion is
adapted to the stirring motion the paddle performs during
the stirring operation. For example according to an em-
bodiment, a rotation of the paddle mounted to the shaft
and hence rotation of the shaft defines a first circumfer-
ential direction. According to an embodiment, the protru-
sion has a tapered end pointing in the first circumferential
direction. According to a further embodiment, the protru-
sion has a second tapered end, pointing in the second
circumferential direction opposite the first circumferential
direction. The tapered end(s) of the protrusion can be
moved more easily through the sediment in the fermenter
compared to a straight end, thereby reducing the driving
torque required for driving the shaft to which the paddle
is mounted. Having two tapered ends pointing in opposite
directions, the reduced driving torque is achieved for both
rotational directions, i.e. for the first circumferential direc-
tion as well as for the second circumferential direction.
According to afurther embodiment, the protrusion is sym-
metrically formed with regard to the rod or, in another
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embodiment is symmetrically formed with regard to a ra-
dial direction perpendicular to the axis of rotation of the
rotatable shaft. According to an embodiment, the paddle
is configured symmetrically such that for equal rotational
velocities the driving torque for driving the rotatable shaft
clockwise is identical to the driving torque for driving the
rotatable shaft counterclockwise.

[0013] Accordingtoanembodiment, atleastone of the
first tapered end and the second tapered end is tapered
in a plane perpendicular to the axis of rotation of the ro-
tatable shaft. According to a further embodiment the pro-
trusion as a first portion which forms the radially outer
end of the paddle and a second portion which provides
for an attachment to the rod. In an embodiment, the first
portion has a first dimension in circumferential direction
and the second portion has a second dimension in cir-
cumferential direction wherein the first dimension is larg-
er than the second dimension. The protrusion may be
attached to the head, to the rod, or to both, the head and
the rod. It should be understood that in case the head is
formed by the rod, attachment of the protrusion to the
rod means attachment to a portion of the rod different
from the head portion.

[0014] According to an embodiment, the protrusion is
formed by a plate. For example, in an embodiment the
plate has two opposing major surfaces running parallel.
According to an embodiment, the major surfaces of the
plate are oriented perpendicular to the axis of rotation of
the shaft. According to other embodiments, the major
surfaces of the plate forming the protrusion are oriented
at an angle to the axis of rotation. In such an orientation,
where the major surfaces of the plate are oriented at an
angle different from 90 degrees with regard to the axis
of rotation of the shaft of the stirring apparatus, the driving
torque required to drive the shaft is higher compared to
an orientation where the major surfaces of the plate are
oriented at an angle of 90 degrees (i.e. perpendicular) to
the axis of rotation of the shaft.

[0015] According to an embodiment, the paddle com-
prises at least one further protrusion, wherein the protru-
sions are spaced from each other in the axial direction.
According to a further embodiment, at least two protru-
sions are each formed of a plate with the major surfaces
of the plates being parallel.

[0016] According to afurther embodiment, the head of
the paddle comprises a recess having an opening facing
the first circumferential direction. The recess in the head
ofthe paddle promotes transport of fermentation material
by the head, wherein the head acts as a shovel.

[0017] According to a further embodiment, the recess
is a first recess and the head further comprises a second
recess having an opening being oriented opposite the
opening of the first recess. By having two oppositely ori-
ented recesses, the transport capabilities for transport of
fermentation material are increased for both directions
of rotation, i.e. clockwise as well as counterclockwise.
[0018] According to an embodiment, the first recess
and the second recess are configured to require aniden-
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tical driving torque in both rotational directions. According
to another embodiment, the first recess and the second
recess are configured so as to require different driving
torque for a rotation of the shaft in different rotational
directions (corresponding to the different circumferential
directions).

[0019] According to an embodiment, the first recess
and the second recess are formed by an I-shaped beam,
having its longitudinal direction oriented crosswise the
first circumferential direction. According to an embodi-
ment, the I-shaped beam has its longitudinal direction
oriented perpendicular to the circumferential direction, i.
e. parallel to the axial direction of the rotatable shaft.
[0020] Generally herein, an I-shaped beam comprises
a base and two side portions flanking the base and being
oriented transverse to the base. According to respective
embodiments, the side portions may be parallel or non-
parallel with respect to each other. According to a further
embodiment, the side portions may be oriented perpen-
dicular to the base. According to a further embodiment,
the base and the side portions each may be formed of a
plate having two parallel surfaces.

[0021] According to an embodiment, the head is vari-
able in its size and/or shape, e.g. for varying the stirring
resistance exerted by the head. In such embodiments,
the protrusion may for the radially outer end in only one
state of the variable head or in two or more states of the
variable head, or in every state of the variable head.
[0022] According to a further embodiment, the paddle
comprises a variable head portion, the variable head por-
tion generating a first stirring resistance in the first posi-
tion and generating a second stirring resistance in a sec-
ond position, wherein the first stirring resistance is small-
er than the second stirring resistance. The variable head
portion therefore allows changing the stirring resistance
depending on the position of the variable head portion.
For example, in an embodiment the variable head portion
is configured for taking up the first position during rotation
in a first circumferential direction and for taking up the
second position during a rotation in a second circumfer-
ential direction opposite the first circumferential direction.
For example, according to an embodiment the variable
head portion is a flap pivotable between the first position
and the second position. According to an embodiment,
the axis of rotation of the flap is oriented parallel to the
axis of rotation of the rotatable shaft. According to another
embodiment, the axis of rotation of the flap is oriented at
an angle to the axis of rotation of the rotatable shaft.
According to an embodiment, the flap is pivotable with
regard to a radial direction, wherein the flap is closer to
the radial direction in the second position than it is in the
first position. For example, according to an embodiment
in the second position the flap is parallel to the radial
direction whereas in the first position the flap is perpen-
dicular oriented with regard to the radial direction. Ac-
cording to other embodiments, the variable head portion
may include a head element that is translatory moveable.
According to another embodiment, the variable head por-
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tionis variable by a translatory and a rotational movement
of a head element.

[0023] Accordingtoanembodimentofasecond aspect
of the herein disclosed subject matter, a stirring device
of a fermenter is provided, the stirring device comprising
rotatable shaft; and at least one paddle mounted on the
rotatable shaft, there at least one paddle being config-
ured in accordance with one or more aforementioned em-
bodiments of the first aspect.

[0024] According to an embodiment of a third aspect,
a fermenter is provided, the fermenter comprising a stir-
ring device according to an embodiment of the second
aspect.

[0025] According to a further embodiment, the fer-
menter comprises a curved bottom, wherein the protru-
sion has a curved outer edge facing the curved bottom,
the curved outer edge comprising a curvature that is
adapted to the curvature of the curved bottom of the fer-
menter. According to a further embodiment, the curved
outer edge of the protrusion has a curvature that is con-
centric with the curvature of the curved bottom of the
fermenter.

[0026] Accordingto an embodiment of a fourth aspect,
a method of providing a stirring device is provided, the
method comprising providing a rotatable shaft; providing
at least one paddle according to an embodiment of the
second aspect; and mounting the at least one paddle to
the rotatable shaft.

[0027] Mounting of the paddles to the rotatable shaft
may be performed in any suitable way, for example by
attaching the mounting portion of the rod to the rotatable
shaft. Attachment of the rod to the rotatable shaft may
be performed by welding, gluing, etc. According to an
embodiment, mounting the paddle to the rotatable shaft
comprises: providing a recess on the shaft; placing the
rod of the paddle into the recess; and grouting the rod in
the recess with a grouting material. According to a further
embodiment, the method comprises curing the grouting
material. A suitable grouting material may be for example
a metal or an alloy, having a melting point that is lower
than the melting point of the material of the shaft of the
stirring device, plastic, resin, etc. Grouting the rod in the
recess has the advantage that the shape and the me-
chanical stresses in the shaft may not (or at least less)
be adversely affected by mounting the rod to the rotatable
shaft compared to e.g. welding. Further, since the surface
area of the rod that transfers forces from the rod to the
rotatable shaft is larger in case of a grouted portion of
the rod compared to e.g. a weld line, the mechanical
stress in the rod as well as in the rotatable shaft is re-
duced.

[0028] Ithastobe noted that embodiments of the here-
in disclosed subject matter have been described with ref-
erence to different aspects of the herein disclosed subject
matter. In particular, some embodiments have been de-
scribed with reference to method type embodiments
whereas other embodiments have been described with
reference to apparatus type embodiments. However, a
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person skilled in the art will gather from the above and
from the following description that, unless otherwise no-
tified, in addition to any combination of features belonging
to one aspect also any combination between features
relating to different aspects and embodiments, in partic-
ular between features relating to method type embodi-
ments and features relating to apparatus type embodi-
ments is considered to be disclosed with this document.
[0029] The aspects and embodiments defined above
and further aspects and embodiments of the herein dis-
closed subject matter are apparent from the examples
to be described hereinafter and are explained with refer-
ence to the drawings but to which the invention is not
limited.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030]

Fig. 1 shows a paddle in accordance with embodi-
ments of the herein disclosed subject matter.

Fig. 2 shows a cross-sectional view of the paddle of
Fig. 1 along line II-Il'in Fig. 1.

Fig. 3 shows a further paddle in accordance with
embodiments of the herein disclosed subject matter.

Fig. 4 shows a further paddle in accordance with
embodiments of the herein disclosed subject matter.

Fig. 5 shows an side view of the paddle of Fig. 4
when viewed from line V-V in Fig. 4.

Fig. 6 shows a fermenter in accordance with embod-
iments of the herein disclosed subject matter.

Fig. 7 illustrates an embodiment of a method of pro-
viding a stirring device according to embodiments of
the herein disclosed subject matter.

DETAILED DESCRIPTION

[0031] The illustration of the drawings is schematical.
It is noted that in different figures, similar or identical el-
ements are provided with the same reference signs or
with reference signs which are different from the corre-
sponding reference signs only within the first digit or an
appended character.

[0032] Fig. 1 shows a paddle in accordance with em-
bodiments of the herein disclosed subject matter.
[0033] In the paddle 100 comprises a rod 102 having
a mounting portion 104 which is mountable to a rotatable
shaft of a stirring apparatus (not shown in Fig. 1). The
paddle 100 further comprises a head 106 whichislocated
opposite the mounting portion 104. In the paddle 100
further comprises a protrusion 108 extending radially out-
wardly from the head, i.e. in an outward direction 110
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from the mounting portion 104 to the head 106. In ac-
cordance with an embodiment, the protrusion 108 forms
a radially outer end of the paddle 100.

[0034] In accordance with an embodiment, the paddle
100 comprises two of the protrusions 108. In accordance
with an embodiment, the protrusions extend over the
head 106 in a direction away from the rod 102. In accord-
ance with a further embodiment, the head 106 is config-
ured for transporting and mixing fermentation material
contained in a fermenter. According to an embodiment,
the head 106 has a shovel face 112 which is oriented
transverse to an axis of rotation 114 about which the pad-
dle is rotated during stirring operation. For example, ac-
cording to an embodiment, the shovel face 112 of the
head is oriented at a right angle with regard to the axis
of rotation 114. According to an embodiment, the shovel
face 112 has a width 116 that extends over the width of
118 of the rod 102.

[0035] The head 106 may comprise through openings
119 allowing liquid to pass through the head 106. The
through openings 119 may avoid or at least reduce the
elevation of liquid from during stirring operation, thereby
reducing the stirring resistance.

[0036] According to an embodiment, each protrusion
108 is formed by a plate which is attached to a side of
the head 106.

[0037] Fig. 2 shows a cross-sectional view of the pad-
dle 100 of Fig. 1 along line II-1l in Fig. 1.

[0038] According to an embodiment, the head 106 is
formed of an I-shaped beam 123 having a base 132 and
side portions 134, 136 flanking the base 132. The side
portions 134, 136 are arranged transverse to the base
132, e.g. at an angle of 90 degrees and may be parallel
with regard to each other. According to an embodiment,
the I-shaped beam has its longitudinal direction oriented
crosswise a circumferential direction indicated at 120 in
Fig. 2. According to an embodiment, the I-shaped beam
123 has its longitudinal direction oriented at the right an-
gle with respect to the circumferential direction 120. Ac-
cordingly, the longitudinal direction of the I-shaped beam
123 extends perpendicular to the drawing plane of Fig. 2.
[0039] In accordance with an embodiment, the protru-
sion 108 has afirsttapered end 122 and a second tapered
end 124. The first tapered end is pointing in the same
direction as the shovel face 112 of the head. In accord-
ance with a further embodiment, the paddle 100 further
comprises an opposite shovel face 126 pointing in an
opposite direction opposite to the direction in which the
first shovel face 112 is pointing. The second tapered end
124 is pointing in the same direction as the second shovel
face 126.

[0040] According to an embodiment, having regard to
the rotation of the paddle during the stirring operation of
the stirring device, the first tapered end 122 and the sec-
ond tapered end 124 are tapered in a motion plane in
which the paddle moves during the stirring operation. In
particular, according to an embodiment the first tapered
end 122 points in a first circumferential direction 120 and
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the second tapered end points in a second circumferen-
tial direction, opposite the first circumferential direction
120.

[0041] In accordance with an embodiment, the head
further comprises two recesses 128, 130 pointing in op-
posite directions. According to an embodiment, each re-
cess points in a circumferential direction. In a further em-
bodiment, the shovel face 112, 126 is formed by a base
132 of the I-shaped beam 123. In this case, the side por-
tions 134, 136 flanking the base 132 form the recesses
128, 130 together with the base 132.

[0042] Inaccordance with an embodiment, the rod 102
is also formed by an I-shaped beam having a base 138
flanked by two side portions 140, 142. According to an
embodiment, the I-shaped beam which forms the rod 102
has its flanking side portions 140, 142 oriented in circum-
ferential directions, as shown in Fig. 2.

[0043] Fig. 3 shows afurther paddle 200 in accordance
with embodiments of the herein disclosed subject matter.
[0044] The paddle 200 shown in Fig. 3 comprises ba-
sically the same features as the paddles 200 shown in
Fig. 1 except that the protrusions 108 are attached not
only to the head 106 but also to the rod 102. According
to an embodiment this is accomplished by providing re-
spectively formed plates 150 providing the protrusions
108 and, at an opposite end thereof an attachment por-
tion 152 for attachment of the plate 150 to the rod 102.
In accordance with an embodiment, the plates 150 com-
prise a bend 154 which allows the plates to be attached
to the head 106 and makes the attachment portions 152
abutting the rod 102. In case the rod 102 has recesses
facing the attachment portion 152 of the plates 150, the
attachment portions may be attached to a ground of the
recesses formed in the rod 102. In case the rod 102 is
formed by an I-shaped beam, the attachment portion 152
may be attached to the base 138 as well as to the side
portions 140, 142. The attachment portions 152 being
attached in a recess of the rod may further increase the
strength of the paddle.

[0045] Fig. 4 shows afurther paddle 300 in accordance
with embodiments of the herein disclosed subject matter.
[0046] The paddle 300 comprises a head 306 capable
of providing a configuration wherein the head has alarge
shovel area provided by a fixed head portion 306a and
a variable head portion 306b. The variable head portion
306b has a first position in which the variable head portion
306b has a first effective height 360. Further, the variable
head portion can be broughtinto a second position shown
in solid lines in Fig. 4, in which the variable head portion
has a second effective height 362 which is larger than
the first effective height 360. Since the width of the var-
iable head portion (perpendicular to the drawing plane
of Fig. 4) is the same in both positions, the variable head
portion 306b provides, in accordance with a further em-
bodiment, a first stirring area in the first position and a
second stirring area in a second position, wherein the
first stirring area is smaller than the second stirring area.
[0047] Inaccordance withanembodiment, the variable
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head portion 306b is realized by a pivotable flap 364
which can be fixed in the first position 356 and in the
second position 358. For fixation of the first and second
positions, 356, 358, stop elements may be provided. For
example, a first stop element 366 is provided according
to an embodiment, the first stop element 366 limiting a
movement of in the variable head portion 306b and fixing
the variable head portion 360 in the second position if
the paddle is moved in a first circumferential direction
120 in which the fermentation material exerts a force to-
wards the first stop element 366 on the variable head
portion 306b. According to a further embodiment, the
paddle 300 comprises a second stop element 368
against which the variable head portion 306b is urged
during movement of the paddle 300 in a second circum-
ferential direction 121, opposite the first circumferential
direction 120. During movement in the second circum-
ferential direction 121, the fermentation material (not
shown in Fig. 4) exerts a force on the variable head por-
tion, this force urging the variable head portion 306b, i.
e. the pivotable flap 364 of the head 306 down until its
rotational movement is stopped by the second stop ele-
ment 368, corresponding to the first position of the vari-
able head portion.

[0048] The variable head portion 306b thus results in
a first stirring resistance in the first position and in a sec-
ond stirring resistance when the variable head portion
306b is in the second position, wherein the first stirring
resistance is smaller than the second stirring resistance.
[0049] It should be noted that the pivotable flap is just
one embodiment of a variable head portion according to
embodiments of the herein disclosed subject matter. It
should be understood that the variable head portion can
be configured in various different ways. For example
while in the exemplary paddle shown in Fig. 4 the rotation
axis of the variable head portion 306b is oriented parallel
to an axis of rotation of the paddle which is generally
perpendicular to the drawing plane of Fig. 4, other orien-
tations of a rotation axis of a pivotable flap, e.g. a radial
orientation in a radial direction with regard to the axis of
rotation of the paddle is also possible.

[0050] Fig. 5 shows a side view of the paddle 300 of
Fig. 4 when viewed from line V-V in Fig. 4.

[0051] In Fig. 5 the cutting plane resulting in the cross
sectional view of Fig. 4 is indicated at the line IV-IV. Fur-
ther shown in Fig. 5 is the axis of rotation 370 about which
the variable head portion 306b is pivotable.

[0052] According to an embodiment, the protrusion
108 forms a radially outer end of the paddle in the first
position of the variable head portion as well as in the
second position of the variable head portion, as shown
in Fig. 5. However, according to other embodiments, the
protrusion forms a radially outer end of the paddle only
in either the first or the second position of the variable
head portion (not shown in Fig. 5).

[0053] According to an embodiment, the paddle as a
whole or only part thereof may be armoured, e.g. by hard-
ening, hard coating, e.g. with wolfram carbide, etc.
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[0054] It should be noted that although many embod-
iments described herein include protrusions, portions
thereof are tapered in circumferential direction, otherem-
bodiments with protrusions without tapered portions in
circumferential direction are also possible. For example,
accordingto an embodiment, the protrusions may formed
by plates that have straight, radially extending edges
pointing in circumferential direction. While the configura-
tion and shape of edges pointing in circumferential direc-
tion may influence the stirring resistance of caused by
the protrusion, the protrusion may still be useful for loos-
ening the sediment in the fermenter.

[0055] Fig.6showsafermenter690inaccordance with
embodiments of the herein disclosed subject matter.
[0056] The fermenter 690 comprises a stirring device
692 comprising a rotatable shaft 694 and a plurality of
paddles 600 mounted to the rotatable shaft 694, one of
which is shown in Fig. 6. In accordance with an embod-
iment, the fermenter 690 has a curved bottom 695 where-
in the protrusion 108 has a curved outer edge 693 com-
prising a curvature that is concentric with the curvature
of the curved bottom 695 of the fermenter 690.

[0057] In accordance with an embodiment, the fer-
menter is a horizontal fermenter having a stirring device
with a horizontal axis. For example, according to an em-
bodiment the fermenter is a so-called plug flow fermenter
wherein fermentation material is introduced at the first
end of the fermenter and is discharged at a second end
of the fermenter. According to an embodiment, the rotat-
able shaft of the stirring device runs on bearings at the
end portions of the fermenter 690. Additionally, an aux-
iliary support 691 may be provided for supporting the
rotatable shaft 694 between the first end and the second
end of the fermenter.

[0058] Fig. 7 illustrates an embodiment of a method of
providing a stirring device according to embodiments of
the herein disclosed subject matter.

[0059] The method generally comprises providing aro-
tatable shaft, providing atleast one paddle in accordance
with embodiments of the herein disclosed subject matter
and mounting the at least one paddle to the rotatable
shaft.

[0060] Inaccordance with an embodiment, the method
comprises providing a recess 696 on the rotatable shaft
694, placing the rod 102 of the paddle into the recess
696 and grouting the rod 102 in the recess with a grouting
material 697.

[0061] According to an embodiment, the recess 696 is
provided on an outer surface of the rotatable shaft 694,
as shown in Fig. 7. For example, according to an embod-
imentthe recess 696 is provided by attaching a formwork
698 on the rotatable shaft 694. According to other em-
bodiments, the recess will be formed by the rotatable
shaft 694 itself, e.g. by deep drawing of a portion of the
rotatable shaft 694. It should be noted that in accordance
with an embodiment of the inventive subject matter the
rotatable shaft 694 is a hollow shaft. The formwork 698
may be removed after curing of the grouting material or
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may be left in place, even during operation of the stirring
device.

[0062] According to other embodiments, the paddles
are mounted to the rotatable shaft by any suitable means,
e.g. by welding, glueing, threaded bolts, etc. The ar-
rangement of the paddles on the rotatable shaft may be
of any suitable configuration. According to an embodi-
ment, the smallest angle between two paddles takes a
first value, e.g. a value in the range between 20 degrees
and 50 degrees, e.g. 36 degrees. According to an em-
bodiment, two paddles forming the smallest angle with
respect to each other, i.e. a first paddle and a second
paddle, are spaced apart from each other in an axial di-
rection. According to a still further embodiment, between
the two paddles forming the closest angle with respect
to each other a third paddle is axially arranged between
these two paddles. Hence, in the axial direction the first
paddle is spaced from the third paddle by a first distance
and the second paddle is spaced from the third paddle
by a second distance, wherein the first distance and the
second distance are smaller than a third distance be-
tween the first paddle and the second paddle. However,
in accordance with the embodiment described before,
the first paddle and the second paddle form a first angle
which is smaller than a second angle between the first
paddle and the third paddle and a third angle between
the second paddle and the third paddle.

[0063] Accordingto another embodiment, subsequent
paddles in axial direction form a first angle which is larger
than the smallest angle between two paddles.

[0064] Itshould be noted thatany entity disclosed here-
in, e.g. components and elements, e.g. of the paddle, of
the stirring device, or of the fermenter, are not limited to
a dedicated entity as described in some embodiments.
Rather, the herein disclosed subject matter may be im-
plemented in various ways and various granularities on
device level while still providing the desired functionality.
Further, it should be noted that according to embodi-
ments a separate entity may be provided for each of the
functions disclosed herein. According to other embodi-
ments, an entity is configured for providing two or more
functions as disclosed herein. For example, an I-shaped
beam may be formed by a single element or may be
formed by two or more elements which are combined or
attached to each other in order to provide the desired
functionality. Further, also the protrusion or a plate form-
ing the protrusion may be formed of a single piece or may
be formed of two or more separate elements which are
combined or attached to each other to provide the desired
functionality.

[0065] It should be noted that the term "comprising"
does not exclude other elements or steps and that "a" or
"an" does not exclude a plurality. Also elements de-
scribed in association with different embodiments may
be combined. It should also be noted thatreference signs
in the claims should not be construed as limiting the
scope of the claims.

[0066] Inordertorecapitulate the above described em-
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bodiments of the present invention one can state:
[0067] There is provided a paddle for a stirring device.
In accordance with embodiments, the paddle comprises
a rod with a mounting portion being mountable to a ro-
tatable shaft of the stirring apparatus; a head, the head
and the mounting portion defining an outward direction
from the mounting portion to the head; and a protrusion
extending outwardly from the head in the outward direc-
tion, the protrusion thereby forming an outer end of the
paddel. According to a further embodiment, the protru-
sion may be tapered in circumferential direction.

List of reference signs

[0068]

100 paddle

102 rod

104 mounting portion

106 head

108 protrusion

110 outward direction

112 shovel face

114 axis of rotation

116 width of 112

118 width of 102

119 openings

120 (first) circumferential direction
121 second circumferential direction
122 first tapered end

123 I-shaped beam

124 second tapered end
126 opposite shovel face
128, 130  recess

132 base

134,136  side portion

138 base of I-shaped beam
140, 142  side portion

150 plate

152 attachment portion
154 bend

200 paddle

300 paddle

306 head

306a fixed head portion
306b variable head portion
356 first position

358 second position

360 first effective height
362 second effective height
364 pivotable flap

366 first stop element

368 second stop element
370 axis of rotation of 306b
600 paddle

690 fermenter

691 auxiliary support

692 stirring device
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693 outer edge

694 rotatable shaft

695 curved bottom

696 recess

697 grouting material

698 formwork

Claims

1. Paddle (100,200, 300, 600) for a stirring device (692)

2,

3.

5.

of a plug flow fermenter (690), the paddle compris-
ing:

-arod (102) with a mounting portion (104) being
mountable to a rotatable shaft (694) of the stir-
ring device (692);

-ahead (106), the head (106) and the mounting
portion (104) defining an outward direction (110)
from the mounting portion (104) to the head
(106);

characterized by

- a protrusion (108) extending outwardly from
the head (106) in the outward direction (110),
the protrusion (108) thereby forming an outer
end of the paddel;

- the head (106) further comprising a first recess
(128, 130) having an opening facing a cirumfer-
ential direction (120, 121); and

- the head (106) further comprising a second
recess (130) having an opening being oriented
opposite the opening of the first recess (128).

Paddle according to claim 1,

- wherein a rotation of the paddle mounted to
the shaft (694)defines a first circumferential di-
rection (120);

- the protrusion (108) having a first tapered end
(122) pointing in the first circumferential direc-
tion (120) and a second tapered end (124) point-
ing in an second circumferential direction (121),
opposite the first circumferential direction (120).

Paddle according to claim 2, the first tapered end
(122) and the second tapered end (124) being ta-
pered in a plane perpendicular to the axis of rotation
(114) of the rotatable shaft (694).

Paddle according to any one of the preceding claims,
the protrusion (108) being formed of a plate.

Paddle according to any one of the preceding claims,

- the paddle further comprising at least one fur-
ther protrusion (108);

- the protrusions (108) being spaced from each
other in an axial direction.
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Paddle according to any one of the preceding claims,
the first recess (128) and the second recess (130)
being formed by an I-shaped beam having its longi-
tudinal direction oriented crosswise the first circum-
ferential direction (120).

Paddle according to one of the preceding claims,
further comprising

- a variable head portion (306b);

- the variable head portion (306b) generating a
first stirring resistance in a first position (356)
and generating a second stirring resistance in a
second position (362), wherein the first stirring
resistance is smaller than the second stirring re-
sistance.

Paddle according to claim 7, wherein the variable
head portion (306b) is configured for taking up the
first position (356) during a rotation in circumferential
direction (121) and for taking up the second position
(358) during a rotation in an opposite circumferential
direction (120).

Paddle according to claim 8, wherein the variable
head portion (306b) is a flap (364) pivotable between
the first position (356) and the second position (358).

Stirring device (692) of a fermenter, the stirring de-
vice comprising:

- a rotatable shaft (694);

- at least one paddle (100, 200, 300, 600) ac-
cording to one of the preceding claims mounted
on the rotatable shaft (694).

Fermenter (690) comprising a stirring device (692)
according to claim 10.

Fermenter according to claim 11, further comprising:

- a curved bottom (695);

-wherein the protrusion (108) has a curved outer
edge (693) facing the curved bottom (695);

- the curved outer edge (693) comprising a cur-
vature that is concentric with the curvature of
the curved bottom (695) of the fermenter (690).

Method of providing a stirring device, the method
comprising:

- providing a rotatable shaft (694);

- providing at least one paddle (100, 200, 300,
600) according to one of claims 1 to 9;

- mounting the at least one paddle to the rotat-
able shaft (694).
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Patentanspriiche

Paddel (100, 200, 300, 600) fur eine Rihrvorrichtung
(692) eines Pfropfenstrom-Fermenters (690), wobei
das Paddel aufweist:

- einen Stab (102) mit einem Montierteil (104),
welcher an eine rotierbare Welle (694) der Rihr-
vorrichtung (692) montierbar ist;

- einen Kopf (106), wobei der Kopf (106) und der
Montierteil (104) eine Auswartsrichtung (110)
von dem Montierteil (104) zu dem Kopf (106)
definieren;

dadurch gekennzeichnet, dass

- ein Uberstand (108) sich nach auRen von dem
Kopf (106) in die Auswartsrichtung (110) er-
streckt, wobei der Uberstand (108) dabei ein &u-
Reres Ende des Paddels bildet;

- der Kopf (106) ferner eine erste Aussparung
(128, 130) aufweist, welche eine (")ffnung hat,
die einer Umfangsrichtung (120, 121) zuge-
wandt ist; und

- der Kopf (106) ferner eine zweite Aussparung
(130) aufweist, welche eine Offnung hat, die ent-
gegengesetzt zu der Offnung der ersten Aus-
sparung (128) orientiert ist.

2. Paddel gemaf Anspruch 1,

- wobei eine Rotation des Paddels, welches an
der Welle (694) montiertist, eine erste Umfangs-
richtung (120) definiert;

- wobei der Uberstand (108) ein erstes koni-
sches Ende (122) hat, welches in die erste Um-
fangsrichtung (120) zeigt, und ein zweites koni-
sches Ende (124) hat, welches in eine zweite
Umfangsrichtung (121) zeigt, welche entgegen-
gesetzt zu der ersten Umfangsrichtung (120) ist.

Paddel gemall Anspruch 2, wobei das erste koni-
sche Ende (122) und das zweite konische Ende
(124) konisch in einer Ebene sind, die senkrecht zu
der Rotationsachse (114) der rotierbaren Welle
(694) ist.

Paddel gemaR irgendeinem der vorangehenden An-
spriiche, wobei der Uberstand (108) aus einer Platte
gebildet ist.

Paddel gemaR irgendeinem der vorangehenden An-
spriiche,

- wobei das Paddel ferner zumindest einen wei-
teren Uberstand (108) aufweist;

- wobei die Ubersténde (108) in einer axialen
Richtung voneinander beabstandet sind.

Paddel gemaR irgendeinem der vorangehenden An-
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10.

1.

12.

13.

spriiche, wobei die erste Aussparung (128) und die
zweite Aussparung (130) mittels eines I-férmigen
Tragers gebildet sind, dessen Langsrichtung quer
zu der ersten Umfangsrichtung (120) orientiert ist.

Paddel gemaR einem der vorangehenden Anspri-
che, ferner aufweisend

- einen variablen Kopfteil (306b);

- wobei der variable Kopfteil (306b) in einer ers-
ten Position (356) einen ersten Rihrwiderstand
erzeugt und in einer zweiten Position (362) ei-
nen zweiten Rihrwiderstand erzeugt, wobei der
erste Ruhrwiderstand kleiner als der zweite
Ruhrwiderstand ist.

Paddel gemaR Anspruch 7, wobei der variable Kopf-
teil (306b) konfiguriertist zum Einnehmen der ersten
Position (356) wahrend einer Rotation in Umfangs-
richtung (121) und zum Einnehmen der zweiten Po-
sition (358) wahrend einer Rotation in einer entge-
gengesetzter Umfangsrichtung (120).

Paddel gemaR Anspruch 8, wobei der variable Kopf-
teil (306b) eine Klappe (364) ist, die drehbar zwi-
schen der ersten Position (356) und der zweiten Po-
sition (358) ist.

Ruhrvorrichtung (692) eines Fermenters, wobei die
Ruhrvorrichtung aufweist:

- eine rotierbare Welle (694);

- zumindest ein Paddel (100, 200, 300, 600) ge-
mafl einem der vorangehenden Anspriche,
welches an die rotierbare Welle (694) montiert
ist.

Fermenter (690), aufweisend eine Ruhrvorrichtung
(692) gemal Anspruch 10.

Fermenter gemal Anspruch 11, ferner aufweisend:

- einen gebogenen Boden (695);

- wobei der Uberstand (108) einen gebogenen
aufleren Rand (693) hat, welcher dem geboge-
nen Boden (695) zugewandt ist;

- den gebogenen aufleren Rand (693), aufwei-
send eine Biegung, die konzentrisch mitder Bie-
gung des gebogenen Bodens (695) des Fer-
menters (690) ist.

Verfahren zum Bereitstellen einer Riihrvorrichtung,
wobei das Verfahren aufweist:

- Bereitstellen einer rotierbaren Welle (694);

- Bereitstellen von zumindest einem Paddel
(100, 200, 300, 600) gemaR einem der Anspri-
che 1 bis 9,
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- Montieren des zumindest einen Paddels an die
rotierbare Welle (694).

Revendications

1.

2,

3.

Palette (100, 200, 300, 600) pour un dispositif agi-
tateur (692) d’un fermenteur a écoulement en bou-
chon (690), la palette comprenant :

- une tige (102) avec une partie de montage
(104) pouvant étre montée sur un arbre rotatif
(694) du dispositif agitateur (692) ;

- une téte (106), la téte (106) et la partie de mon-
tage (104) définissant une direction extérieure
(110) de la partie de montage (104) a la téte
(106) ;

caractérisée par

- une protubérance (108) s’étendant vers I'exté-
rieur a partir de la téte (106) dans la direction
extérieure (110), la protubérance (108) formant
ainsi une extrémité extérieure de la palette ;

- la téte (106) comprenant en outre un premier
évidement (128, 130) possédant une ouverture
faisant face a une direction circonférentielle
(120, 121) ; et

- la téte (106) comprenant en outre un second
évidement (130) possédant une ouverture
orientée de fagon opposée a l'ouverture du pre-
mier évidement (128).

Palette selon la revendication 1,

- dans laquelle une rotation de la palette montée
sur I'arbre (694) définit une premiére direction
circonférentielle (120) ;

- la protubérance (108) possédant une premiere
extrémitéinclinée (122) orientée dans la premiée-
re direction circonférentielle (120) et une secon-
de extrémité inclinée (124) orientée dans une
seconde direction circonférentielle (121), oppo-
sée a la premiére direction circonférentielle
(120).

Palette selon la revendication 2, la premiére extré-
mité inclinée (122) et la seconde extrémité inclinée
(124) étant inclinée dans un plan perpendiculaire a
I'axe de rotation (114) de I'arbre rotatif (694).

Palette selon une quelconque des revendications
précédentes, la protubérance (108) étant formée
d’'une plaque.

Palette selon une quelconque des revendications
précédentes,

- la palette comprenant en outre au moins une
protubérance supplémentaire (108) ;
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13.

- les protubérances (108) étant espacées l'une
de l'autre dans une direction axiale.

Palette selon une quelconque des revendications
précédentes, le premier évidement (128) et le se-
cond évidement (130) étant formés par une poutre
en forme de | ayant sa direction longitudinale orien-
tée transversalement a la premiére direction circon-
férentielle (120).

Palette selon une des revendications précédentes,
comprenant en outre :

- une partie de téte variable (306b) ;

- la partie de téte variable (306b) produisantune
premiere résistance a I'agitation dans une pre-
miére position (356) et produisant une seconde
résistance a I'agitation dans une seconde posi-
tion (362), dans laquelle la premiére résistance
a l'agitation estinférieure a la seconde résistan-
ce a l'agitation.

Palette selon larevendication 7, dans laquelle la par-
tie de téte variable (306b) est configurée pour pren-
dre la premiére position (356) durant une rotation
dans une direction circonférentielle (121) et pour
prendre la seconde position (358) durant une rota-
tion dans une direction circonférentielle opposée
(120).

Palette selon larevendication 8, dans laquelle la par-
tie de téte variable (306b) est un volet (364) pivotant
entre la premiere position (356) et la seconde posi-
tion (358).

Dispositif agitateur (692) d’un fermenteur, le dispo-
sitif agitateur comprenant :

- un arbre rotatif (694) ;

-aumoins une palette (100, 200, 300, 600) selon
une desrevendications précédentes montée sur
I'arbre rotatif (694).

Fermenteur (690) comprenant un dispositif agitateur
(692) selon la revendication 10.

Fermenteur selon la revendication 11, comprenant
en outre :

- un fond incurvé (695) ;

- dans lequel la protubérance (108) comporte
un bord extérieur incurvé (693) faisant face au
fond incurvé (695) ;

- le bord extérieurincurvé (693) comprenantune
courbure qui est concentrique avec la courbure
du fond incurvé (695) du fermenteur (690).

Procédé defourniture d’'un dispositif agitateur, le pro-
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cédé comprenant :

- la fourniture d’un arbre rotatif (694) ;

- la fourniture d’au moins une palette (100, 200,
300, 600) selon une des revendications 1a 9 ;
-le montage de I'au moins une palette surI'arbre
rotatif (694).
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