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DESCRIPTION

TECHNICAL FIELD

[0001] The disclosure relates to magnetically-coupled liquid mixers. More particularly, it relates
to mixers, which are magnetically coupled through the wall of a mixing tank so that no seal is
required in the tank wall in order to transmit rotary torque to the mixer.

[0002] Although the liquid mixer will be described in relation to a general schematic tank, the
disclosure is not restricted to this particular implementation, but may alternatively be installed in
other types of liquid containers. Moreover, the disclosure relates generally to mixing
technology such as is required for the mixing of food products, pharmaceuticals, and chemical
products, or the like.

BACKGROUND ART

[0003] Many production processes require mixing of liquids in an ultraclean operation. Such
production processes may include the mixing of products such as pharmaceuticals, foods and
chemicals. Certain of these may require aseptic processing. The term ultraclean as used
herein refers in general to particularly stringent requirements for the levels of contamination,
which are acceptable in such processes.

[0004] Contamination in mixing processes may come from a number of sources. Among these
are the mixing equipment itself and the cleaning processes, which are invariably required
during the use of such equipment.

[0005] One source of contamination comes from seals, which may be required to seal a piece
of equipment, which must penetrate into the mixing tank. Seals may be required, for example,
around a rotary drive shaft to drive a mixer in the tank. For this and other reasons, elimination
of such seals is highly desirable.

[0006] Another source of contamination is the relative movement of bearing surfaces against
one another. This is particularly true when the bearing surfaces are not surrounded by liquid to
provide lubrication to the bearing surfaces. VWWhen a mixing tank is nearly empty of the product
being mixed (mixing typically takes place while the product is being transferred from the mixing
tank into other containers), the bearing surfaces within the mixer run "dry." During this period of
operation, wear particles are more easily generated and then find their way into the product,
either in the current batch of product or in a subsequent batch.

[0007] The cleaning of the mixing tank and other equipment is also a source of contamination
if performed unsatisfactory. Remaining of a mixed liquid product can become trapped in areas
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that are hard to reach during the cleaning process. Thus, it is desirable to be able to reach
every area within a piece of equipment with the cleaning fluid being used.

[0008] US 2 810 556 A discloses a magnetically driven agitator for fluid cooling tanks. A
cylinder provided with a top closure extends upwardly into the tank. The cylinder is supported
by a sleeve lining an opening in the bottom of the tank. Mounted within the opening of the tank
is a motor having a drive shaft which extends close to the top closure of the cylinder and is
fitted with a fan having a peripheral rim. A cylindrical rotor of an electrically conductive material
is mounted upon the rim of the fan. A doughnut shaped member is placed within the tank
coaxially with the cylinder. The member is provided with magnets with their pole pieces
disposed in opposition to the rotor such that when the motor shaft is rotating the torque of the
motor is transmitted through the magnetic rotor to the magnets and the member. The member
is provided with vanes, the lower portions of which are inclined upwardly in the direction of the
rotation of the motor shaft in order to assist the member to ride in suspension in the fluid in the
tank when rotating.

[0009] DE 20 2013 012407 U1 discloses a magnetic stirrer comprising a stirring head and a
separating can mounted to a process container. The stirring head comprises a bearing ring
provided with a bearing sleeve. The bearing sleeve is arranged on a bearing tap provided on
the separating can, which bearing tap is provided with a bearing layer. The separating can has
a drive segment, in which a rotatable magnet arrangement connected to a motor is arranged.
The rotatable magnet arrangement is magnetically coupled to a magnet arrangement that is
arranged in the drive ring of the stirring head, which drive ring surrounds the drive segment. By
rotating the rotatable magnet arrangement by means of the motor, the magnet arrangement is
brought into rotation by means of a magnetic coupling such that the stirring head is rotated.
The stirring head is provided with vanes and designed such that by rotation an axial force is
built up which lifts the impeller on the bearing tap to form a gap between the second bearing
layer at a foot area of the bearing tap and the end face of the bearing sleeve of the stirring
head.

[0010] Conventional magnetically-coupled mixers, such as for example the agitator disclosed
by prior art document US 2007/0036027 A1, solves many of the above-mentioned problems.
However, despite the activities in the field, there is still a demand for a further improved
magnetically-coupled mixers, in particular in terms of mixing efficiency.

SUMMARY OF THE DISCLOSURE

[0011] This section provides a general summary of the disclosure, and is not a comprehensive
disclosure of its full scope or all of its features.

[0012] Magnetic mixers with an impeller having substantially radial blades have upon operation
generally an axial flow towards the impeller, and a radial flow out from the impeller. The radial
outflow is caused by the pumping effect of the impeller working as a radial compressor.
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[0013] A big concern for conventional magnetically-coupled mixers is the risk that the impeller
slides off an impeller shaft during operation of the impeller, because the axial flow towards the
impeller tend to pull the impeller of a drive mount of the impeller, and the impeller is generally
only coupled to the impeller shaft via the magnetic field interaction of a first and second
magnet array.

[0014] The fluid dynamic forces acting on the blades can be large and rapidly changing due to
such variables as high liquid viscosity, high mixing rates, and turbulence.

[0015] In other words, if the blades have a form that may cause a strong enough lifting effect
on the impeller upon operation due to fluid dynamic forces acting to pull the impeller off the
shaft, the magnetic force acting to hold the impeller in place may be insufficient and the
impeller is pulled off.

[0016] Such an incident requires extensive work effort for repairing due to the location of the
impeller within the tank, in combination with the stringent requirements for the levels of
contamination.

[0017] Consequently, conventional magnetic mixers have always been provided with blades
that, at least at an upper portion thereof, are angled or curved away from an intended direction
of rotation for reducing the lifting effect caused by the fluid dynamic force acting on the
impeller, such that the risk for losing the impeller is reduced.

[0018] However, the fluid pumping effect generated by having at least an upper portion of the
blade being curved or angled away from an intended direction of rotation, is contradictory to
the above-mentioned pumping effect of the impeller working as a radial compressor. The radial
compressor pumping effect is generally stronger than the pumping effect caused by the
rearwards angles impeller blades, so the magnetic mixer will operate as required, but the
overall pumping efficiency is low due to the contradictory pumping effects and the turbulence
caused thereof.

[0019] An object of the present disclosure is consequently to provide a magnetically-coupled
mixer that provides improved mixing efficiency.

[0020] This and other objects are at least partly achieved by a magnetically-coupled liquid
mixer as defined in the accompanying independent claim.

[0021] In particular, the objective is at least partly achieved by a magnetically-coupled liquid
mixer having an axial direction and a radial direction and comprising a drive mount configured
to be secured to a wall of a mixing tank and having a stationary closed-end cylindrical casing
arranged in the axial direction and configured for protruding into the tank, a tank-external drive
rotor having a rotatable first magnet array and configured to be inserted in the cylindrical
casing, and an impeller configured for being rotatably-mounted on the cylindrical casing and
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having a plurality of radially extending blades and a second magnet array, wherein the first and
second magnet arrays in an assembled state of the mixer are configured for enabling rotary
torque to be transferred from the drive rotor to the impeller by magnetic coupling between the
first and second magnet arrays, wherein each blade is divided by a border line into an upper
portion and a lower portion as seen in the axial direction, wherein the lower portion is
configured to be located closer to the drive rotor and the upper portion is configured to be
further away from the drive rotor as seen in the axial direction, and wherein the upper portion
of each blade is curved or angled in an intended direction of rotation, thereby contributing to
moving liquid axially downwards during impeller rotation.

[0022] By having the upper portion of each blade curved or angled in an intended direction of
rotation, the blades do no longer produce an opposing pumping effect to the radial compressor
pumping effect. On the contrary, the pumping effect of the blades even contributes to moving
liquid axially downwards during impeller rotation. Thereby, less turbulence is generated and an
increase in mixing efficiency is accomplished.

[0023] Moreover, extensive Computational Fluid Dynamics (CFD) simulations have shown that
the radial compressor pumping effect generates a reduced fluid pressure not only on the upper
side of the impeller, but also on the lower side of the impeller, thereby indicating that the risk
for impeller slip-off is not that large as previously believed, and there is no significant increased
risk for impeller slip-off by having the upper portion of the blades being curved or angled in an
intended direction of rotation.

[0024] Prior art document US 2007/0036027 A1 may at first glance appear similar to the
magnetic mixer of the present disclosure, but the agitator head showed in figure 1a of said
prior art document is in fact intended to rotate clockwise, when seen from above, i.e. in a
direction downwards towards an interior surface of a wall of a tank in a mounted state of the
impeller. As a result, the upper portion of the blades in US 2007/0036027 A1 are in fact angled
backwards in the intended direction of rotation. The upper portion of the blades in said prior art
document are consequently not curved or angled in the intended direction of rotation.

[0025] Further advantages are achieved by implementing one or several of the features of the
dependent claims.

[0026] In one example embodiment, an upper end of the upper portion of each blade is
located further forwards in the intended direction of rotation than a lower end of the upper
portion. This defines the desired shape of the upper portion of the blades, namely having an
upper portion of each blade curved or angled in an intended direction of rotation.

[0027] In a further example embodiment, also the lower portion of each blade is also curved or
angled in the intended direction of rotation, thereby contributing to changing the flow direction

of the liquid from axially downwards to radially outwards when passing through the impeller.

[0028] Moreover, having the lower portion of each blade curved or angled in the intended
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direction of rotation further reduces the fluid pressure in the area below the impeller, i.e.
between the impeller and the wall of the tank, because the lower portion of the blades will
generate an axially upwards pumping effect, i.e. a pumping effect opposite to the pumping
effect of the upper portion of the blades. Consequently, the risk for impeller slip-off is further
reduced.

[0029] In still a further example embodiment, a surface area ratio between the upper and
lower portions of a blade is in the range of 1 - 5, specifically 2 - 4, and more specifically 2.5 -
3.5. The radial compressor effect of the impeller and the forwards angled or curved upper
portion surface jointly contribute to improved axial downwards flow to the impeller, and the
opposite pumping effect of the lower portion may not be too large, because this would
decrease the axial downwards pumping effect. Hence, the lower portion should only be so
large as to contribute to the redirection of the flow from axial to radial flow. The above-
mentioned surface area ratio ranges correspond generally to such a combination of pumping
effects.

[0030] In yet a further example embodiment, at least 70%, specifically at least 80%, and more
specifically at least 90%, of a surface area of the upper portion of each blade is curved or
angled in the intended direction of rotation with an angle in the range of 3 - 30 degrees,
specifically 5 - 20 degrees, and more specifically 7 - 15 degrees, with respect to an axial plane
that is parallel with the axial direction and extends through a rotational axis of the impeller. It is
desirable to use as much surface area of the upper portion of the blades as possible for
contributing to the downwards pumping effect, because this results in increased mixing
efficiency.

[0031] In a further example embodiment, at least 70%, specifically at least 80%, and more
specifically at least 90%, of a surface area of the lower portion of each blade is curved or
angled in the intended direction of rotation with an angle in the range of 10 - 60 degrees,
specifically 20 - 50 degrees, and more specifically 30 - 40 degrees, with respect to an axial
plane that is parallel with the axial direction and extends through a rotational axis of the
impeller.

[0032] In a further example embodiment, the blades are made of sheet metal and welded to
an impeller hub. This provides a strong and easily cleaned impeller and the blades may be
cost-efficiently manufactured by means of a straightforward metal stamping operation.

[0033] In a further example embodiment, the lower portion of the blades are free from
attachment to the impeller hub. Thereby welding of the blades to the impeller hub in the direct
vicinity of the magnet array of the impeller is avoided, such that heat damages to the magnet
array due to welding can be avoided, or that time-consuming temperature reducing interruption
in the welding process can be avoided. Moreover, the lack of attachment of the lower portion
also simplifies cleaning of the impeller.

[0034] In a further example embodiment, each blade is bent along a bend axis that defines a
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border line between the upper and lower portions of the blade. Thereby the forward angled
upper portion, and possibly also forward angled lower portion, is easily and cost-efficiently
obtainable.

[0035] In a further example embodiment, each blade is bent along a straight bend axis
defining an angle in the range of +/- 40 degrees, specifically in the range of +/- 25 degrees,
and more specifically in the range of +/-10 degrees with respect to the radial direction R.
Thereby the rotational outline of the lower edge of the blade can be adapted to better conform
to the interior surface of the tank. For example, by having the bend axis being inclined upwards
when viewed in a direction facing away from the rotational axis of the impeller, the rotational
outline of the lower edge of the blade is adapted to better conform to a conical or cylindrical
interior bottom or side wall surface of a tank. Moreover, the variation in bend axis angle also
enables adaptation of the operating characteristics of the impeller, in particular the redirecting
performance of the lower part of the impeller.

[0036] In a further example embodiment, each blade has a single bend. Thereby the desired
improved mixing efficiency can be obtained by means of a single relatively cost-efficient and
straightforward bending operation of the blades.

[0037] In a further example embodiment, at least a part of the upper portion of each blade
extends in the radial direction. Thereby a high pumping efficiency is obtained.

[0038] In a further example embodiment, upper edges of the blades extend substantially in a
radial plane of the impeller, and radially outer edges of rotational outlines of the blades are
substantially parallel with the axial direction. This geometry enables improved mixing efficiency
and flow through the impeller, because the upper edge to extend substantially perpendicular to
an incoming axial flow to the impeller and the radially outer edge to extend substantially
perpendicular to an outgoing radial flow from the impeller.

[0039] In a further example embodiment, each blade has a front side and back side with
respect to an intended rotary motion of the impeller, wherein at least 70%, specifically at least
80%, and more specifically at least 90%, of a surface area of the upper portion of the front side
has a vector component of a normal vector directed downwards in the axial direction. By using
a large surface area of the upper portion for improving the axial downwards flow through the
impeller, interference flow caused for example by a small rearwards inclined part of the upper
portion of the blades is reduced.

[0040] In a further example embodiment, an average radial extension of the blade is larger
than 20%, specifically larger than 25%, and more specifically larger than 30%, of a maximal
outer diameter of the drive rotor. This geometry typically corresponds to a low shear mixer with
primarily an agitator functionality.

[0041] Further features of, and advantages with, the present disclosure will become apparent
when studying the appended claims and the following description. The skilled person realize
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that different features of the present disclosure may be combined to create embodiments other
than those described in the following, without departing from the scope of the present
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] The various example embodiments of the disclosure, including its particular features
and example advantages, will be readily understood from the following illustrative and non-
limiting detailed description and the accompanying drawings, in which:

Figure 1 shows a schematic perspective view of an example embodiment of the magnetic
mixer according to the disclosure implemented with a rotary power source and mounted in a
tank;

Figure 2 shows a cross-section of an example embodiment of the magnetic mixer according to
the disclosure;

Figure 3 shows a cross-section of the magnetic mixer in a radial plane;

Figure 4 shows a schematic exploded view of an example embodiment of the magnetic mixer
according to the disclosure;

Figure 5 shows a side view of an example embodiment of an impeller according to the
disclosure;

Figure 6 and 7 shows the flow of liquid through and around the impeller when operating the
impeller;

Figure 8 shows a schematic top view of an example embodiment of the impeller;

Figure 9 shows a schematic exploded view of the parts of the impeller according to an example
embodiment of the disclosure;

Figure 10 shows a perspective view of the upper part of the impeller of figure 9; and

Figures 11-13 show three alternative example embodiments of a blade according to the
disclosure.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE DISCLOSURE

[0043] The present disclosure will now be described more fully hereinafter with reference to
the accompanying drawings, in which exemplary embodiments of the disclosure are shown.
The disclosure may, however, be embodied in many different forms and should not be
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construed as limited to the embodiments set forth herein; rather, these embodiments are
provided for thoroughness and completeness. Like reference characters refer to like elements
throughout the description. The drawings are not necessarily to scale and certain features may
be exaggerated in order to better illustrate and explain the exemplary embodiments of the
present disclosure.

[0044] Referring now to figure 1, there is depicted a perspective view of an example
embodiment of a magnetically-coupled liquid mixer 1 according to the disclosure, also simply
referred to herein as magnetic mixer, drivingly connected to a rotary power source 2 and
including an impeller 3 located within a schematically illustrated mixing tank 4.

[0045] The impeller is configured for operating as a low-shear impeller designed to provide
agitation and mixing of a liquid content of the tank, for example in the pharmaceutical or food
industry.

[0046] When operating the rotary power source 2 the impeller 3 is configured to rotate in an
intended direction of rotation 14 around a rotational axis 29 of the impeller 3 for mixing a liquid
within the tank 4. In figure 1, the intended direction of rotation 14 corresponds to a clockwise
direction of rotation, when seen from above, i.e. in a direction downwards.

[0047] The rotary power source 2 can vary significantly. For example, the rotary power source
2 may be an electric motor, a pneumatic motor, a hydraulic motor, or any other appropriate
source of rotary power. The rotary power source 2 may be drivingly connected to the impeller
3 via a transmission 5 for obtaining a suitable impeller rotational speed.

[0048] The structural composition of the magnetic mixer 1 according to one example
embodiment is described more in detail with reference also to figure 2, which shows a cross-
section of the magnetic mixer 1 in an assembled state within a wall 6 of a mixing tank 4.

[0049] In figure 2, a tank-internal side 15 and a tank-external side 16 is shown, which sides 15,
16 are divided by the wall 6 of the tank 4.

[0050] The magnetically-coupled liquid mixer 1 has an axial direction A and a radial direction R
and comprises a drive mount 7 configured to be secured to the wall 6 of the mixing tank 4 and
having a stationary closed-end cylindrical casing 8 arranged in the axial direction and
configured for protruding into the tank 4.

[0051] The magnetic mixer 1 further comprises a tank-external drive rotor 9 having a rotatable
first magnet array 10 and configured to be inserted in the cylindrical casing 8 of the drive
mount 7. The drive rotor 9 further has a maximal outer diameter 55.

[0052] In addition, the magnetic mixer 1 further comprises the impeller 3 configured for being
rotatably-mounted on the cylindrical casing 8 and having a plurality of radially extending blades
11 and a second magnet array 12, wherein the first and second magnet arrays 10, 12 in the
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assembled state of the magnetic mixer 1, shown in figure 2, are configured for enabling rotary
torque to be transferred from the drive rotor 9 to the impeller 3 by magnetic coupling between
the first and second magnet arrays 10, 12.

[0053] The impeller 3 comprises an impeller hub, which carries the blades 11. Specifically, the
hub is composed of an upper hub part 23a and a lower hub part 23b.

[0054] Moreover, as better shown in figure 1, an upper portion 13 of each blade 11 is curved
or angled in the intended direction of rotation 14, thereby contributing to moving liquid axially
downwards during impeller rotation in the intended direction of rotation 14.

[0055] With reference again to figure 2, the drive mount 7 may for example be positioned
within a hole in the wall 6 of the tank 4 and subsequently secured to said wall 6 for example by
welding around the circumference of the drive mount 7. Welding provides a robust and leak-
proof installation of the drive mount 7 in the wall of the tank 4.

[0056] The closed-end cylindrical casing 8 may for example be integrally formed with, or
welded to, an attachment flange 22 of the drive mount 7, which attachment flange 22 is
configured for attaching the drive mount 7 to the wall 6 of the tank 4, for example by welding or
by threaded members.

[0057] The closed-end cylindrical casing 8 comprises a relatively thin cylindrical wall 21 with an
end closure 54. Consequently, one axial side of the cylindrical casing 8 is closed and the
opposite axial side is open for enabling the rotor drive 9 to be inserted into the cylindrical
casing. When being attached to a lower end region of a tank 4, the cylindrical casing 8 is
oriented with the opening facing downwards towards the drive rotor 9, which generally is
located below the drive mount 7, and the closed end is protruding into the tank but closed and
thereby ensuring a completely sealed tank without any risk for leakage or contamination.

[0058] The magnetic mixer 1 transmits the required rotary torque from the drive rotor 9 to the
impeller 3 by means of magnetic coupling between the drive rotor 9 and the impeller 3. The
magnetic coupling may for example be provided by having the first and second magnet arrays
10, 12 comprising permanent magnets, wherein a relatively thin radial wall 21 of the cylindrical
casing 8 separates the first and second magnet arrays 10, 12 in the radial direction R.
Consequently, when rotary torque from the rotary power source 2 is transmitted to the drive
rotor 9, this rotary torque is transferred to the impeller by means of magnetic field interaction
between the first and second magnet arrays 10, 12, which results in rotational locking of the
impeller 3 to the drive rotor 9.

[0059] Since the magnetic field couples across an air gap and through the relatively thin radial
wall 21 of the cylindrical casing 8 of the drive mount 7, there is no hole in the tank for passage
of a drive shaft to the impeller. Hence, the tank is not compromised and therefore does not
require a seal. This eliminates the risk of leakage and strongly reduces the risk for product
contamination.
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[0060] Moreover, the first and second magnet arrays 10, 12 are arranged to provide a
magnetic coupling that ensures levitation of the impeller 3 at all times. Magnetic impeller
levitation enables complete drainability of process fluids and the free flow of clean-in-place
(CIP) liquid and steam around all parts of the mixer, thereby ensuring thorough cleaning.
Impeller levitation also eliminates axial wear.

[0061] Referring again to figure 2, the rotary power source (not shown) drives mixer 1 through
a drive shaft 17 which is fixed to the drive rotor 9, and a mounting sleeve 18 is provided for
connecting the magnetic mixer 1 to the transmission 5.

[0062] A stub shaft 19 is mounted on a top side of the cylindrical casing 8 and carries a stub
shaft bearing 20 affixed to stub shaft 19 for controlling to position of the impeller 3.

[0063] An example embodiment of a top view of a cross-section of the magnetic mixer 1 is
schematically showed in figure 3. The cross-section depicts a radial plane including the first
and second magnet arrays 10, 12, wherein the arrangement of these magnet arrays 10, 12 is
clearly shown on figure 3. The blades 11 are not shown.

[0064] Each of the first and second magnet arrays 10, 12 of the example embodiment of figure
3 contains an even number of permanent magnets, in this example eight magnets. Within each
array 10, 12, the same number of individual magnets are arranged evenly spaced
circumferentially in circular fashion with their magnetic fields alternatingly aligned N-to-S and S-
to-N in the radial direction as illustrated in figure 3. The interaction between the magnetic field
of the magnets of the first and second magnet arrays 10, 12 will cause the impeller 3 to
position itself as shown in figure 3, namely with the north pole N of each second impeller
magnet facing the south pole S of the corresponding drive rotor magnet, and with the south
pole S of each remaining impeller magnets facing the north pole N of the corresponding drive
rotor magnet. This configuration will create a strong rotational coupling between the drive rotor
9 and impeller 3, such that the drive rotor can control the rotational motion of the impeller
merely by magnet field through the radial wall 21 of the cylindrical casing 8. The individual
magnets in first and second magnet arrays 10, 12 are preferably rare earth magnets.

[0065] An exploded view of the parts of the magnetic mixer according to an example
embodiment is shown in figure 4, namely the impeller 3 with its blades 11, the stub shaft 19
and stub shaft bearing 20 affixed thereto, the drive mount 7 with the closed-end cylindrical
casing 8, and the drive rotor 9 connected with the drive shaft 17, in this order from the top side
to the bottom side of the impeller 3.

[0066] The design and form of the impeller 3, and in particular the blades 11 of the impeller 3,
will hereinafter be described more in detail with reference to figure 5, which shows a side view

of an example embodiment of the impeller 3.

[0067] The impeller 3 according to the specific example embodiment of figure 5 has four
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blades 11, a first blade 24 oriented towards the viewer, a second blade 25 located on the left
side of the impeller 3, a third blade 26 partly hidden by the impeller 3, and a fourth blade 27
specific located on the right side of the impeller.

[0068] Each blade is divided by a border line 32 into an upper portion 13 and a lower portion
33, as seen in the axial direction A. The upper portion 13 thus immediately borders with the
lower portion 33.

[0069] The lower portion 33 is configured to be located closer to the wall 6 of the tank 4 than
the upper portion 13. In other words, the lower portion 33 is configured to be located closer to
the drive rotor 9 and the upper portion 13 is configured to be further away from the drive rotor
9, as seen in the axial direction A.

[0070] The border line 32 may extend in the radial direction R, as illustrated in the example
embodiment of figure 5.

[0071] The border line 32 may typically extend in an intermediate region of the blade located
substantially between an upper portion curved or angled in the intended direction of rotation
and the lower portion also curved or angled in the intended direction of rotation.

[0072] Moreover, if the blade has a bend that divides the blade between an upper portion
curved or angled in the intended direction of rotation and the lower portion also curved or
angled in the intended direction of rotation, the border line may be defined by a bend axis of
said bend.

[0073] In figure 5, a front side surface area of the fourth blade 27 is hatched for describing the
boundary of the blade 11, as seen from a front of the blade 11. In particular, the upper portion
13 is marked with a right-hatched area and the lower portion 33 is marked with a left-hatched
area, wherein a radially extending border line 32 defines the border between the upper and
lower portions 13, 33.

[0074] An axial length 49 of the upper portion 13 of the blade 11 may for example be in the
range of 40 - 90%, specifically 50 - 80%, of a total axial length 50 of the blade 11.

[0075] An axial length 51 of the lower portion 33 of the blade 11 may for example be in the
range of 10 - 60%, specifically 30 - 50%, of a total axial length 50 of the blade 11.

[0076] Moreover, a ratio between the axial length 49 of the upper portion 13 and the axial
length 51 of the lower portion 33 may be in the range of 0.7 - 9.0, specifically in the range of
1.0 - 3.0.

[0077] In the illustrated schematic embodiment of figure 5, said ratio between the axial length
49 of the upper portion 13 and the axial length 51 of the lower portion 33 is about 2.0.
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[0078] If the border line 32 is not parallel with the radial direction R the axial length 49-51 and
ratio between said axial lengths defined above is measured where the border line 32 intersects
with an axially extending radial centre line 53 of the blade based on the maximal radial
extension 52 of the blade 11.

[0079] Moreover, each blade 11 has a front side 35 and back side 36 with respect to an
intended rotary motion of the impeller 3. The front side 35 faces forwards in the intended rotary
motion of the impeller 3, and the back side 36 faces rearwards in the intended rotary motion of
the impeller 3.

[0080] The impeller 3 is configured to rotate in a clockwise direction of rotation, such that the
first blade 24 will move in the direction of rotation as illustrated by arrow 14a in figure 5.
Consequently, since the upper portion 13 of the first blade 24 is angled in the intended
direction of rotation 14, the first blade contributes to moving liquid within the tank axially
downwards, i.e. along a direction as illustrated by arrow 28 in figure 5, during impeller rotation
in the intended direction of rotation 14.

[0081] The term downwards herein refers to the direction from the upper portion 13 to the
lower portion 33 of the blades 11, in the axial direction A, i.e. towards an interior surface of the
wall 6 of the tank 4 when the impeller 3 is in a mounted and ready to use state.

[0082] In other words, by having the upper portion 13 of each blade 11 pitched in the direction
of the rotation 14 the fluid is pushed primarily in the axial direction A in the upper portion 13 of
the impeller, thereby allowing a fluid flow to enter the impeller 3 primarily in an axial direction A
upon operation of the impeller in the intended direction of rotation 14.

[0083] Having the upper portion 13 of each blade 11 angled in the direction of the rotation 14
means that the upper portion 13 is angled in a rotational forwards direction 14 compared with a
portion of the blade located further below in the axial direction A, such as at an border line 32
between the upper and lower portions 13, 33 of the blade 11.

[0084] Consequently, having the upper portion 13 of each blade 11 curved or angled in the
intended direction of rotation 14 essentially means that an upper end 31 of the upper portion
13 of each blade 11 is located further forwards in the intended direction of rotation 14 than a
lower end 34 of the upper portion 13.

[0085] As a result, a surface area of an upper portion 13 of the front side has a normal vector
37 composed of a first vector component 38 directed downwards in the axial direction Aand a
second vector component 39, perpendicular to the first vector component 38 and directed
forwards in the intended direction of rotation 14.

[0086] In particular, at least 70%, specifically at least 80%, and more specifically at least 90%,
of a surface area of an upper portion 13 of the front side may have a vector component 38 of a
normal vector 37 directed downwards in the axial direction A.
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[0087] The magnetic mixer 1 is configured for providing a good mixing performance of the
liquid within the tank 4. The blades 11 of the mixer are therefore configured to produce a
simultaneous axial and radial flow, because this combination often provides a better overall
mixing. One approach for contributing to a simultaneous axial and radial flow is to also have a
lower portion of each blade curved or angled in the intended direction of rotation, because this
contributes to changing the flow direction of the liquid within the tank 4 from axially downwards
to radially outwards when passing through the impeller 3.

[0088] In particular, by having the lower portion of each blade curved or angled in the intended
direction of rotation 14 the lower portion not only is the downwards pumping effect of the upper
portion stopped, the lower portion even provides a certain upwards pumping effect of liquid
being located below the impeller, i.e. in the relatively small space between a lower side of the
impeller 3 and the bottom or side wall 6 of the tank 4. Consequently, the axial downward flow of
liquid will escape radially outwards from the impeller 3, thereby creating a radial flow in the
lower end region of the impeller 3.

[0089] In other words, by having the lower portion 33 of each blade 11 being pitched in the
direction of the rotation 14 the primarily axial fluid flow produced by the upper portion of the
blades 11 is redirected towards flowing primarily in the radial direction R in the lower portion 33
of the impeller, thereby enabling a nearly radial fluid flow to exit the impeller 3 upon operation
of the impeller in the intended direction of rotation 14.

[0090] Having the lower portion 33 of each blade 11 angled in the direction of the rotation 14
means that the lower portion 13 is angled in the rotational forwards direction 14 compared with
a portion of the blade 11 located above the lower portion 33 in the axial direction A, such as at
the border line 32 between the upper and lower portions 13, 33 of the blade 11.

[0091] Consequently, having the lower portion 33 of each blade 11 curved or angled in the
intended direction of rotation 14 essentially means that a lower end 40 of the lower portion 33
of each blade 11 is located further forwards in the intended direction of rotation 14 than an
upper end 41 of the lower portion 33.

[0092] As a result, a surface area of the lower portion 33 of the front side of each blade 11 has
a normal vector 42 composed of a first vector component 43 directed upwards in the axial
direction A and a second vector component 44, perpendicular to the first vector component 43
and directed forwards in the intended direction of rotation 14.

[0093] By having the lower portion 33 of each blade 11 curved or angled in the intended
direction of rotation 14 the lower portion 33 of the blades 11 not only contributes to redirecting
the downwards pumping effect of the upper portion 13 of the blades 11, the lower portion 33 of
the blades 11 even provides a certain upwards pumping effect of liquid being located below the
impeller 3, i.e. in the relatively small space between a bottom or side of the impeller 3 and the
bottom wall 6 of the tank 4.
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[0094] Moreover, the upwards pumping effect of the forwards inclined lower portion 33 of the
blades 11 also creates a reduced liquid pressure in the area below the impeller 3 that
contributes to maintaining the magnetic coupling between the impeller 3 and drive rotor.

[0095] A resulting liquid flow around and through the impeller 3 when operating the impeller 3
in the intended direction of rotation 14 based on Computational Fluid Dynamics (CFD) software
simulation of the specific impeller design according to the example embodiment illustrated in
figure 5 is schematically illustrated in figure 6.

[0096] The schematic flow profile shown in figure 6 essentially confirms a mainly axial flow at
the upper entry of the impeller 3 at least partly caused by having the upper portion 13 of each
blade 11 angled in the direction of the rotation 14, which axial flow is subsequently redirected in
the lower region by assistance of the lower portion of each blade being curved or angled in the
intended direction of rotation 14 to become a mainly radial flow.

[0097] A schematic illustration of the resulting general flow directions generated by the impeller
when being driven in the intended direction rotation 14 is shown in figure 7, wherein an entry
axial flow 45 at the top side 47 of the impeller 3 is redirected into an exit radial outwards flow
46 at the bottom side 48 of the impeller 3.

[0098] The schematic flow profile shown in figure 6 also confirms that the forwards curved and
angled lower portion of each blade 11 also provides a certain upwards pumping effect of liquid
being located below the impeller, thereby reducing the pressure in the liquid in the region
below the impeller 3 and thus also reducing the lifting force acting to lift the impeller of the drive
mount 7.

[0099] With reference to figure 5 again, a surface area ratio between the upper and lower
portions 13, 33 of a blade 11 may be in the range of 1 - 5, specifically 2 - 4, and more
specifically 2.5 - 3.5. In the illustrated schematic embodiment of figure 5, said surface area
ratio is about 3.0.

[0100] In the example embodiment of figures 1, 4 - 9, 11 and 13 each blade is bent along a
straight bend axis 58 defining an angle 59 in the range of +/- 40 degrees, specifically in the
range of +/- 25 degrees, and more specifically in the range of +/-10 degrees with respect to the
radial direction R.

[0101] Specifically, the blades 11 of the impeller 3 according to the example embodiment of
figure 5 are bent along a single straight bend axis 58 defining an angle of about 10 degrees
with respect to the radial direction R, wherein the bend axis 58 is directed partly upwards as
seen in the radially outwards direction. This angle of the bend axis 58 has the effect that a
lower edge 60 of the low portion becomes angled upwards with an angle 61 as seen in the
radially outwards direction, similar to the direction of the bend axis 58. This has the advantage
of simplifying mounting of the magnetic mixer in an inwardly curved or generally concave or
cylindrical interior surface of the wall 6 of the tank 4, because the lower edge 60 of the impeller
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blades 11 is thereby adapted in conformity with the inwardly curved or concave interior surface
of the wall 6.

[0102] With reference to figure 5 again, for obtaining a desired axial intake flow into the
impeller at least 70%, specifically at least 80%, and more specifically at least 90%, of the
surface area (right-hatched) of the upper portion 13 of each blade 11 is curved or angled in the
intended direction of rotation 14 with an angle 56 in the range of 3 - 30 degrees, specifically 5 -
20 degrees, and more specifically 7 - 15 degrees, with respect to an axial plane that is parallel
with the axial direction A and extends through a rotational axis 29 of the impeller 3.

[0103] In other words, each blade has a front side and back side with respect to the intended
rotary motion of the impeller 3, wherein at least 70%, specifically at least 80%, and more
specifically at least 90%, of a surface area (right-hatched) of the upper portion 13 of the front
side has a vector component 38 of a normal vector 37 directed downwards in the axial
direction A.

[0104] Even if it may be desirable to have at least 90% of the total surface area of the upper
portion 13 being curved or angled in the intended direction of rotation 14 with an angle 56 in
the range of 3 - 30 degrees, as illustrated in the example embodiment of figure 5, other blade
designs falling within the scope of the disclosure may have merely 70% of the surface area
(right-hatched) of the upper portion 13 curved or angled in the intended direction of rotation 14
with an angle 56 in the range of 3 - 30 degree. This level of surface area and inclination is
deemed sufficient for providing the desired axial flow at the entry of the impeller 3.

[0105] Furthermore, for obtaining a desired radial outlet flow at the bottom side of the impeller
3 at least 70%, specifically at least 80%, and more specifically at least 90%, of the surface area
(left-hatched) of the lower portion 33 of each blade 11 is curved or angled in the intended
direction of rotation with an angle 57 in the range of 10 - 60 degrees, specifically 20 - 50
degrees, and more specifically 30 - 40 degrees, with respect to an axial plane that is parallel
with the axial direction A and extends through a rotational axis 29 of the impeller 3.

[0106] In other words, each blade has a front side and back side with respect to the intended
rotary motion of the impeller 3, wherein at least 70%, specifically at least 80%, and more
specifically at least 90%, of a surface area (left-hatched) of the lower portion 33 of the front
side has a vector component 43 of a normal vector 42 directed upwards in the axial direction
A

[0107] As indicated above, even if it may be desirable to have at least 90% of the total surface
area of the lower portion 33 being curved or angled in the intended direction of rotation 14 with
an angle 57 in the range of 10 - 60 degrees, as illustrated in the example embodiment of figure
5, other blade designs falling within the scope of the disclosure may have merely 70% of the
surface area (left-hatched) of the lower portion 33 curved or angled in the intended direction of
rotation 14 with an angle 57 in the range of 10 - 60 degree. This level of surface area and
inclination is deemed sufficient for providing the desired redirection of the axial flow into radial
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flow within the impeller 3.

[0108] An average blade width in the radial direction may be larger than 20%, specifically
larger than 25%, and more specifically larger than 30%, of a maximal outer diameter 55 of the
drive rotor 9. The average blade width in the radial direction may be determined by dividing the
total front side blade surface in a large set of axial sections 71, wherein each axial section 71
extends over the complete radial extension of the blade but merely having a small axial
extension, and thereafter determining the blade width of each axial section 71, i.e. the radial
length 52 of each individual axial section 71, and finally calculating an average blade width, i.e.
average radial extension 52. An example of an axial section 71 is showed in the right-side
blade 11 in figure 9.

[0109] Furthermore, a ratio between the maximal radial extension 52 of the blades and the
total axial length 50 of the blade 11 may be in the range of 0.4 - 1.2, specifically 0.5 -1.0, and
more specifically 0.6 - 0.8.

[0110] These dimensions typically correspond to a low shear magnetic mixer with focus on
agitation and mixing of the fluid within the tank 4.

[0111] Figure 8 schematically shows a top view of the impeller 3 having four blades 11 and
intended clockwise direction of rotation 14 around the rotational axis 29. With reference to
figure 5 and figure 8, an upper edge 62 of each blade 11 extends substantially in a radial plane
of the impeller, and a radially outer edge 63 of a rotational outline of each blade 11 is
substantially parallel with the axial direction A.

[0112] A radial plane is oriented perpendicular to the axial direction A. Moreover, a rotational
outline of a blade 11 corresponds to the rotational shape of the blade, i.e. a rotational-
symmetric shape defined by the blade upon rotating a complete 360 degrees turn around the
rotational axis 29 of the impeller 3.

[0113] Further, with reference to figure 8, at least a part of the upper portion 13 of each blade
11 extends in the radial direction R of the impeller 3. This means that at least part of the upper
portion is aligned with a vector 64 extending in the radial direction R and through the rotational
axis 29 of the impeller 3. More in detail, at least 75%, specifically at least 90% of an axial
section 71 of the upper portion 13 of each blade 11 extends in the radial direction R of the
impeller 3, i.e. aligned with a vector 64 extending in the radial direction R and through the
rotational axis 29 of the impeller 3. An example of an axial section 71 is showed in the right
side blade in figure 9.

[0114] In figure 8, the full radial length of the upper edge 62 of each blade 11 extends in the
radial direction R of the impeller 3.

[0115] According to one example embodiment, also part of the lower portion 33 of each blade
11 may extend in parallel with the radial direction of the impeller 3.
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[0116] More in detail, at least 75%, specifically at least 90% of an axial section 71 of the lower
portion 33 of each blade 11 extends in the radial direction R of the impeller 3, i.e. aligned with a
vector 64 extending in the radial direction R and through the rotational axis 29 of the impeller
3.

[0117] By having at least a part of the upper portion 13 of each blade 11, or alternatively also
part of the lower portion 33 of each blade 11, extending in the radial direction of the impeller 3
a strong axial and radial pumping and mixing effect may be accomplished by the impeller
because the radial extension of each blade 11 is maximised.

[0118] Even further improved pumping and mixing effect is accomplished by having essentially
planar blades 11, i.e. wherein each of the upper and lower portions 13 of the blade 11 is flat.
This is visualised in figure 8, which shows that a line 65 aligned with the bend axis 58 is parallel
with the vector 64, as seem from the top, and that a line 66 that is aligned with the lower edge
60 of the lower portion 33 is also parallel with the vector 64, as seen from the top.

[0119] The angle 67 between the planar upper portion 13 and planar lower portion 33 may be
in the range of 120 -170 degrees, specifically 125 - 145 degrees.

[0120] More in detail, at least 70%, specifically at least 90%, of the upper portion 13 of each
blade 11 is planar. Furthermore, at least 70%, specifically at least 90%, of the lower portion 33
of each blade 11 is planar

[0121] Figure 9 shows an example embodiment of an exploded view of the impeller 3.The
impeller may for example comprise a set of impeller blades 11 fastened to an impeller hub 23.
In the example embodiment of figure 9, the hub 8 is made of two parts, namely an upper hub
part 23a and a lower hub part 23b, as previously also illustrated in figure 2.

[0122] The upper and lower hub parts 23a, 23b are individual parts that are manufactured
separately. The blades 11, which are also manufactured individually and separately, and
subsequently attached to the upper and lower hub parts 23a, 23b, for example by welding. The
blades 11 are welded to both the upper and lower hub parts 23a, 23b, thereby joining the
upper and lower hub parts 23a, 23b.

[0123] The upper and lower hub parts 23a, 23b are consequently located spaced-apart in the
axial direction A in the finished impeller 3, thereby enabling for example cleaning liquid good
access to all surface area of the impeller 3 during cleaning.

[0124] The upper hub part 23a is configured to be mounted on the stub shaft 19 and the lower
hub part 23b, which includes the second magnet array 12, is configured to be mounted around

the cylindrical casing 8 of the drive mount 7.

[0125] The blades 11 may for example be manufactured by first stamping or otherwise forming
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flat blade materials from a sheet metal supply. Subsequently, the blade material is bent along
the bend axis 58 to finalise the blade 11. The planar shape of the upper and lower portions 13,
33 in combination with a single bent thus enables a very cost-efficient manufacturing of the
blades 11.

[0126] The metal blade are subsequently attached to the impeller hub 23, for example by
welding.

[0127] With reference to figure 5, the lower portion 33 of the blades are free from attachment
to the impeller hub. This has the advantage of avoiding welding in the direct vicinity of the
second magnet array 12 of the impeller 3, because welding at this location would heat the
magnets beyond a maximal temperature level. Instead, the upper portion 13 of the blade is
attached, for example be welding, to a top surface of the lower hub part 23b, which top surface
is further spaced apart from the second magnet array 12.

[0128] The upper hub part 23a is provided with radially protruding elongated attachment areas
69 that are inclined with respect to the axial direction A. Specifically, the attachment areas are
elongated and oriented at an angle 56 in the range of 3 - 30 degrees, specifically 5 - 20
degrees, and more specifically 7 - 15 degrees, with respect to an axial plane that is parallel
with the axial direction A and extends through a rotational axis 29 of the impeller 3.

[0129] Figure 10 shows the example embodiment of the upper hub part 23a.

[0130] Figure 11 shows a cross-section of a blade 11 along cut B-B in figure 9. The
substantially planar upper and lower portions 13, 33 with the border line 32 are illustrated in
figure 11.

[0131] Figure 12 shows a corresponding cross-section of an alternative example embodiment
of the blades, wherein the upper and lower portions 13, 33 of each blade 11 have a more
curved shape in the intended direction of rotation, thereby contributing to moving liquid axially
downwards during impeller rotation.

[0132] Figure 13 shows a corresponding cross-section of still an alternative example
embodiment of the blades 11, wherein the upper and lower portions 13, 33 of each blade 11
have a planar shape angled in the intended direction of rotation, but with a ratio between the
axial length 49 of the upper portion 13 and the axial length 51 of the lower portion 33 of about
3.0, and with a less inclined upper portion 13. In other words a blade 11 that has a relatively
long upper portion 13 compared with the lower portion 33.

[0133] Many other shapes, dimensions and geometries of the blades are possible within the
scope of the claims.

[0134] Although the disclosure has been described in relation to specific combinations of
components, it should be readily appreciated that the components may be combined in other
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configurations as well which is clear for the skilled person when studying the present
application. Thus, the above description of the example embodiments of the present disclosure
and the accompanying drawings are to be regarded as a non-limiting example of the
disclosure and the scope of protection is defined by the appended claims. Any reference sign
in the claims should not be construed as limiting the scope.

[0135] The term "coupled” is defined as connected, although not necessarily directly, and not
necessarily mechanically.

[0136] The use of the word "a" or "an" in the specification may mean "one,” but it is also
consistent with the meaning of "one or more" or "at least one.” The term "about" means, in
general, the stated value plus or minus 10%, or more specifically plus or minus 5%. The use of
the term "or" in the claims is used to mean "and/or" unless explicitly indicated to refer to
alternatives only.

[0137] The terms "comprise", "comprises" "comprising”, "have", "has", "having", "include",
"includes”, "including” are open-ended linking verbs. As a result, a method or device that
"comprises”, "has" or "includes" for example one or more steps or elements, possesses those
one or more steps or elements, but is not limited to possessing only those one or more

elements.
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-1-
MAGNETISK KOBLET VASKEBLANDER

PATENTKRAV
1. Magnetisk koblet vaeskeblander (1), der har en aksial retning (A) og en radial retning (R) og omfatter:

en drivmontering (7), der er konfigureret til at blive fastgjort til en vag (6) af en blandetank (4) og
har et stationzert, cylindrisk hus (8) med lukket ende, der er anbragt i den aksiale retning (A) og konfigureret
til at rage ind i tanken (4),

en tankekstern drivrotor (9), der har en roterbar ferste magnetanordning (10) og er konfigureret til
atblive indsat i det cylindriske hus (8),

et lebehjul (3), der er konfigureret til at blive roterbart monteret pa det cylindriske hus (8) og har en
flerhed af radialt udstrakkende blade (11) og en anden magnetanordning (12), hvor den forste og anden
magnetanordning (10, 12) i en monteret tilstand for blanderen er konfigureret til at muliggere overforsel af
drejningsmoment fra drivrotoren (9) til lebehjulet (3) ved magnetisk kobling mellem den forste og anden
magnetanordning (10, 12), kendetegnet ved, at hvert blad er opdelt af en granselinje (32) i en gvre del (13)
og en nedre del (33) set i den aksiale retning (A), hvor den nedre del (33) er konfigureret til at vaere placeret
taettere pa drivrotoren (9) og den evre del (13) er konfigureret til at veere langere vk fra drivrotoren (9) set
i den aksiale retning (A), og hvor den evre del (13) af hvert blad (11) er buet eller vinklet i en tilsigtet
rotationsretning (14), hvorved der bidrages til bevagelse af vaske aksialt nedefter under lebehjulsrotation.
2. Vaskeblander ifelge krav 1, hvor en ovre ende (31) af den evre del (13) af hvert blad (11) er placeret
yderligere fremefter i den tilsigtede rotationsretning (14) end en nedre ende (34) af den ovre del (13).
3. Vaskeblander ifelge et hvilket som helst af de foregaende krav, hvor den nedre del (33) af hvert blad
(11) ligeledes er buet eller vinklet i den tilsigtede rotationsretning (14), hvorved der bidrages til @ndring af
vaskens stromningsretning fra aksialt nedefter til radialt udefter ved passage gennem lebehjulet (3).
4, Vaskeblander ifolge et hvilket som helst af de foregiende krav, hvor et overfladearcalforhold
mellem den gvre og nedre del (13, 33) af en blad ligger i intervallet fra 1 - 5, specifikt 2 - 4 og mere specifikt
2,5-3,5.
5. Vaskeblander ifelge et hvilket som helst af de foregaende krav, hvor mindst 70 %, specifikt mindst
80 %, og mere specifikt mindst 90 %, af et overfladeareal af den gvre del (13) af hvert blad (11) er buet eller
vinklet i den tilsigtede rotationsretning med en vinkel i intervallet fra 3 - 30 grader, specifikt 5 - 20 grader og
mere specifikt 7 - 15 grader i forhold til et aksialt plan, der er parallelt med den aksiale retning (A) og straekker
sig gennem en rotationsakse (29) for lebehjulet (3).
6. Vaskeblander ifolge et hvilket som helst af de foregaende krav, hvor mindst 70 %, specifikt mindst
80 % og mere specifikt mindst 90 %, af et overfladeareal af den nedre del (33) af hvert blad (11) er buet eller
vinklet i den tilsigtede rotationsretning (14) med en vinkel i intervallet fra 10 - 60 grader, specifikt 20 - 50
grade, og mere specifikt 30 - 40 grader i forhold til et aksialt plan, der er parallelt med den aksiale retning (A)
og strazkker sig gennem en rotationsakse (29) for lebehjulet (3).
7. Vaskeblander ifolge et hvilket som helst af de foregaende krav, hvor bladene (11) er fremstillet af
metalplade og svejset pa et lobehjulsnav (23).
8. Vaskeblander ifolge et hvilket som helst af de foregaende krav, hvor den nedre del (33) af bladene
(11) er uden fastgorelse til lebehjulsnavet (23).
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9. Vaskeblander ifolge et hvilket som helst af de foregaende krav, hvor hvert blad (11) er bejet langs
en bejningsakse (58), der definerer en greenselinje (32) mellem de ovre og nedre dele (13, 33) af bladet (11).
10. Vaskeblander ifolge et hvilket som helst af de foregaende krav, hvor hvert blad (11) er bejet langs
en lige bejningsakse (58), der definerer en vinkel (59) i intervallet fra +/- 40 grader, specifikt i intervallet fra
+/- 25 grader og mere specifikt i intervallet fra +/-10 grader i forhold til den radiale retning (R).

11. Vaskeblander ifolge et hvilket som helst af de foregaende krav, hvor hvert blad (11) har en enkelt
bejning.

12. Vaskeblander ifolge et hvilket som helst af de foregaende krav, hvor mindst en del af den ovre del
(13) af hvert blad (11) streekker sig i den radiale retning (R).

13. Vaskeblander ifelge et hvilket som helst af de foregaende krav, hvor evre kanter (62) af bladene
(11) i alt vaesentligt straekker sig i et radialt plan for lebehjulet (3), og hvor radialt ydre kanter (63) af bladenes
(11) rotationskonturer i alt vasentligt er parallelle med den aksiale retning (A).

14. Vaskeblander ifolge et hvilket som helst af de foregaende krav, hvor hvert blad (11) har en forside
(35) og bagside (36) i forhold til en tilsigtet rotationsbevagelse for lobehjulet (3), hvor mindst 70 %, specifikt
mindst 80 % og mere specifikt mindst 90 % af et overfladeareal af den ovre del (13) af forsiden har en
vektorkomponent (38) af en normalvektor (37), der er rettet nedefter i den aksiale retning (A).

15. Vaskeblander ifelge et hvilket som helst af de foregdende krav, hvor en gennemsnitlig radial
udstraekning af bladet (11) er storre end 20 %, specifikt storre end 25 % og mere specifikt storre end 30 % af
en maksimal ydre diameter (55) af drivrotoren (9).
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