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DESCRIPTION

[0001] The present invention Is directed to a device for foaming a fluid, preferably for
producing milk foam. In particular the device Is designed in a way that it can be positioned to
produce foam in-line of a fluid flow path. The device of the present invention uses high shear
energy experienced by the fluid in the device as foaming energy for producing the foam.

[0002] In the state of the art devices for producing milk foam are known, wherein the foaming
of the milk Is typically carried out In batch processes. For example, a device Is known that has
a reservolr, into which milk can be filled. A rotating part in the reservoir, for example a whisk
provided at the bottom surface of the reservoir, causes the foaming of the milk. Such a device
for producing milk foam, however, can produce only a predetermined amount of milk foam at
the same time, 1.e. In one batch process. Afterwards, the device needs to be emptied,
preferably cleaned, and refilled with milk before the next batch process can be started.
Furthermore, such a device cannot be implemented in-line of a fluid flow path, and thus e.g. In
a device for producing or providing milk or other beverages.

[0003] Further, the state of the art includes devices that inject hot steam into milk that is filled
INnto a reservoir, In order to cause foaming. However, such devices cannot be used in-line of a
fluid flow path of e.g. a beverage producing device. Furthermore, the state of the art further
Includes a device for producing milk foam as disclosed in DE 197 19 784 C1 comprising a
rotatable element arranged within a cylinder, a fluid inlet delivering fluid to the cylinder, said
device for producing milk foam wherein a milk supply circuit supplies milk to the fluid inlet and
an air supply circuit which supplies air to the same fluid inlet, both milk and air supply circuits
being iIndependent from each other.

[0004] For the above-mentioned state of the art devices, the factors that influence the foaming
of the milk are, for example, the geometry of the rotating part, like the whisk, or the
temperature and/or pressure of the steam that is injected into the milk. These factors are
difficult to understand, and are not easy to control accurately without building more
complicated devices. Therefore, the milk foam of many simple state of the art foaming devices
IS often produced unreliably, 1.e. the properties of the foam like volume, foaming level, foam
stability etc. differ from one batch process to another.

[0005] The goal of the present invention is to overcome the above-mentioned disadvantages,
and to improve the state of the art. In particular, the present invention has an object to provide
a device for foaming a fluid, preferably for producing milk foam, which can be implemented In-
ine of a fluid flow path. Further, the present invention desires to provide a device, with which
the foam can be produced more reliably and in a consistent manner. Therefore, the factors
Influencing the foaming effect should be better understandable and easier to control
accurately. Another object of the present invention is to provide a simple and robust device that
has a long life time.
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[0006] In the following the description of the present invention is given In view of foaming of
milk. However, the invention 1s not Iimited to milk as a fluid, but can also be applied to other
fluids, e.g. chocolate or coffee. Consequently, other foams than milk foam can be achieved by
the present invention as well.

[0007] For foaming of milk, both milk and air have to be provided in some manner as shown In
fig. 1. Optionally, the milk and/or the air can be heated. Further, some kind of foaming energy
has to be provided to the milk and the air, in order to produce the milk foam. The present
Invention bases on the ideas that the supply of air and milk are controlled separately, and that
the foaming energy Is provided as a high shear energy. The high shear energy I1s achieved by
designing the device such that a milk-air mixture is passed at least partly by Couette flow
through the device.

[0008] Couette flow refers to a laminar flow of a viscous fluid in a space between two parallel
plates. The basic principle of Couette flow 1s shown In fig. 2. In fig. 2 a movable two-
dimensional boundary plate moves with a certain velocity u In respect to a stationary two-
dimensional boundary plate. In between the two boundary plates is present a fluid. The
movement of the movable boundary plate causes the fluid to move. Two boundary conditions
define the movement of the fluid. Directly at the stationary boundary plate, the fluid does not
move at all, due to friction forces at the stationary boundary plate. Therefore, the velocity u Is
zero. Directly at the movable boundary plate, friction causes the fluid to move with the velocity
u of the movable boundary plate.

[0009] In a simple model, the velocity u of the fluid increases linearly in a direction y measured
from the stationary boundary plate. Thereby, a shear stress 1 Is caused In the fluid, which
depends on the distance between the two boundary plates, the viscosity of the fluid, and the
absolute velocity of the moving boundary plate. The shear stress in the fluid results in a shear
energy, which can be used as foaming energy. Details will be described by the present
iInvention.

[0010] The present invention realizes the above-mentioned principle with a device according to
the attached Independent claims. The Independent claims solve the above-mentioned
problems of the state of the art. Further advantages of the present invention are developed In
the attached dependent claims.

[0011] As already mentioned, a key feature of the present invention iIs that milk and air are
provided via two separate supply circuits, 1.e. a milk supply circuit and an air supply circuit.

[0012] The amount of air and milk supplied can thus be separately controlled, which allows it to
control the foam properties particularly well.

[0013] According to a preferred embodiment of the invention, the milk supply circuit comprises
a feedback control loop with a flow meter and a regulator. Preferably, the air supply circuit
equally comprises a feedback control loop with a flow meter and a regulator, for example a PID
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regulator.

[0014] Depending on the desired foam properties (firmness, consistency, specific weight, etc.),
a different ratio of milk and air used in the foaming process can be chosen, so that a wide

range of different foam recipes can be produced by the device. Typically the ratio of milk to air
volume can range from 3: 1 to 1:7. Target values for different milk and air flow rates
corresponding to different recipes can be stored in a control unit of the device and used to
regulate the flow accordingly depending on the desired recipe.

[0015] Furthermore, according to a preferred embodiment of the Invention, a device for
producing milk foam comprises an outer cylinder, an inner cylinder arranged concentrically
within the outer cylinder, a fluid inlet and a fluid outlet, wherein the outer cylinder and the inner
cylinder are rotatable with respect to each other, wherein a gap i1s formed between the outer
cylinder and the inner cylinder, and wherein the gap connects the fluid inlet with the fluid outlet.

[0016] For instance, the outer cylinder has an inner wall and the inner cylinder has an outer
wall, the inner wall and the outer wall realizing two parallel boundary plates, the relative
movement of the inner cylinder against the outer cylinder causing a Couette flow of a fluid in a
space between the two parallel plates.

[0017] Alternatively, the device can comprise a rotatable whisk or any other rotating element
Instead of the inner cylinder.

[0018] The two boundary plates shown In fig.2 are respectively realized by the outer wall of the
Inner cylinder and the inner wall of the outer cylinder. The movement of the movable boundary
plate against the stationary boundary plate in fig. 2 1s caused by the relative movement of the
Inner cylinder against the outer cylinder. The cylinders have a common rotation axis. The
distance between the boundary plates in fig. 2 i1s defined by the width of the gap, through which
a fluid, preferably milk and air, flows from the fluid inlet to the fluid outlet. That means milk and
air are preferably provided to the fluid inlet of the device. Consequently, following the principle
described in respect to fig. 2, the milk-air mixture experiences a high shear stress in the gap.

[0019] The high shear stress leads to an emulsion of the air and the milk. As soon as the
emulsified milk-air mixture leaves the gap it expands. Due to the expansion a foaming effect is
achieved, since the size of air bubbles within the milk increases abruptly. Therefore, generally
speaking a high shear energy contained in the milk-air mixture is used to provide the foaming
energy, which Is necessary to produce the milk foam.

[0020] The device Is designed such that it can be positioned in-line with a flow path of the milk,
since the milk can flow into the fluid inlet, through the gap, and out of the fluid outlet. The
device Is therefore suited to continuously receive milk from a reservoir and convert it into milk

foam.

[0021] Factors that influence the milk foam properties are e.g. the width of the gap, the
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tangential speed of the cylinders with respect to each other, the cylinder surface and the time
during which the milk is exposed to the shear stress, I.e. the time spent Iin the device. Such
parameters are easy to understand and can be controlled precisely. Moreover, the device can
be designed rather simple, but can still produce very reliable results.

[0022] Preferably, a width of the gap, for example in the radius direction of the inner cylinder
and the outer cylinder is In a range of 0.2 to 1.0 mm, even more preferably in a range of 0.3 to
0.6 mm.

[0023] As has been stated above, the shear stress experienced by the milk-air mixture in the
device depends largely on the width of the gap that is formed between the two cylinder walls.
Here the gap diameter i1s chosen such that a shear stress is achieved, which yields an optimal
foaming effect of the milk. That means, for instance, that the foaming effect leads to milk foam
having optimal properties. When referring to properties of the foam, the present invention
understands e.g. a desired volume, good foam stability and/or a sufficient foaming level.
Stability 1s defined by the amount of time the milk foam Is stable, 1.e. substantially keeps its
volume. The foaming level is defined by a ratio of the volume of the milk fed into the fluid inlet
to the volume of the milk foam dispensed out of the fluid outlet.

[0024] Preferably, the fluid outlet has a diameter that 1s larger than the width of the gap,
preferably in a range of 2 to 10 mm.

[0025] The broadening of the fluid outlet compared to the width of the gap leads to the
expansion of the milk-air emulsion produced by the high shear stress resulting from the relative
rotation of the two cylinders. The expansion increases the size of air bubbles within the milk-air
mixture, and thus causes a foaming effect. The preferred diameter of the fluid outlet causes an
expansion that achieves milk foam with optimal properties.

[0026] For the embodiment using a rotating cylinder, the inner cylinder can comprise a first
part having a larger diameter and a second part having a smaller diameter, the gap being
formed between the first part of the inner cylinder and the outer cylinder, and a chamber being
formed between the second part of the inner cylinder and the outer cylinder.

[0027] The offset between the two cylinders creates a first zone (in this case the gap) between
the two cylinders, where the milk-air mixture experiences higher shear stress, and a second
zone (In this case the chamber) between the two cylinders, where the milk-air mixture
experiences lower shear stress. The high shear zone 1s used for emulsification of the milk-air
mixture, whereas the low shear zone Is used for expansion of the emulsification. Thereby, the
foaming effect can be generated between the two concentric cylinders. If further the fluid outlet
IS even lager In diameter than the chamber between the two cylinders, a further expansion and
foaming effect can occur. The device could even be designed such or means could be
provided In the device, so that the chamber diameter I1s adjustable. Thus, the foaming effect
and the properties of the milk foam could be controlled and adjusted.
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[0028] Preferably, for the embodiment using a rotating cylinder rather than a whisk or another
rotating element, the chamber has a width in the radius direction of the inner cylinder and the
outer cylinder in a range of 2 to 10 mm.

[0029] With the preferred values for the chamber width, the optimal foam properties can be
achieved within the device.

[0030] Preferably, the device further comprises a motor for rotating the rotating element with
respect to the outer cylinder.

[0031] Preferably, the motor i1s adapted to rotate the inner cylinder with a rotation speed in a
range of 4000 to 8000 rpm with respect to the outer cylinder.

[0032] The shear stress between the rotating element and surrounding walls depends on the
movement velocity, 1.e. the relative rotation speed. The preferred values for the rotation speed
have been found to yield the best foaming effect. That means the generated milk foam has the
optimal properties.

[0033] Preferably, the motor comprises a shaft provided with a head part that comprises at
least one first magnet, the rotating element comprises at least one second magnet, and the at
least one first magnet and the at least one second magnet are adapted to contactlessly
transfer a rotation of the motor shaft onto the rotating element, 1.e. for example an inner
cylinder or a whisk.

[0034] Due to the fact that the rotating element is driven magnetically, the shaft does not need
to be mechanically connected to or inserted into the inner cylinder. Therefore, less friction will
occur In the device, since no friction between the shaft and a guiding to or into the rotating
element exists for rotating of the device. Less friction results in less energy consumption and a
longer life time of the device.

[0035] Preferably, the device further comprises a water-impermeable separation element
arranged between the motor and the rotating element.

[0036] The water-impermeable separation of rotating element and the motor is possible due to
the magnetic coupling that transfers the rotation of the shaft onto the rotating element. The risk
that milk enters from the gap into the part of the device, in which the motor is housed, Is more
or less eliminated. The motor thus requires less cleaning, since it is not contaminated with milk,
and has also a longer expected life time. Preferably, the separation element is made of metal
or plastic. The separation element can be part of a housing of the device.

[0037] Preferably, a diameter of the outer cylinder or housing is In a range of 25 to 35 mm,
preferably about 30 mm.

[0038] For the embodiment using an inner rotating cylinder, the total volume of the gap
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defined between the two cylinders, which depends not only on the width of the gap but also on
the absolute diameters of the two cylinders, yields the desired amount of milk foam per time,
when the device is operated. Similarly, when a whisk Is used as a rotating element, the volume
of the gap formed above, below and around the whisk is crucial.

[0039] Preferably, the device further comprises a heater for heating fluid flowing from the fluid
inlet to the fluid outlet.

[0040] Heating of the milk and/or air provided via the fluid inlet into the gap can enhance the
foaming effect due to additional available energy and/or protein denaturation. Further, hot milk
foam Is typically desired for preparing beverages like cappuccino or the like. The heater Is
preferably integrated within the housing, 1.e. the outer cylinder.

[0041] The Iinvention also relates to a method for producing milk foam in a device as described
above. The method comprises supplying milk to the fluid inlet via the milk supply circuit and
supplying air to the fluid inlet via an air supply circuit that is independent from the milk supply
circuit.

[0042] Another aspect of the Invention relates to a use of milk as milk to be frothed by a device
as described above.

[0043] In the following the present invention Is described in more detall with reference to the
attached figures.

Figure 1 shows schematically a basic principle for producing milk foam.

Figures 2a and 2b show schematically a basic principle of Couette flow for generating shear
stress.

Figure 3 shows a schematic view of a device for producing milk foam according to a first
embodiment of the present invention.

Figure 4 shows a cross section of a device for producing milk foam according to a first
embodiment of the present invention.

Figure 5 shows a perspective view of the device for producing milk foam of figure 4.

Figure 6 shows a schematic view of a device for producing milk foam according to a second
embodiment of the present invention.

Figure 7 shows a cross section of a device for producing milk foam according to a third
embodiment of the present invention.

Figure 8 shows a schematic of a device for producing milk foam according to the present
iInvention including milk and air supply circuits.



DK/EP 2934251 T3

[0044] Although the milk and air supply circuits are part of the device according to the
Invention, they are not shown In Figures 3 to 7 for reasons of simplicity.

[0045] Figure 3 shows schematically a device 1 for producing milk foam according to a first
embodiment of the present invention. The device 1 comprises an outer cylinder 2, which i1s at
least partly hollow, wherein the hollow defines an inner diameter o of the outer cylinder 2.
Inside of the outer cylinder 2, i1.e. inside the hollow, Is arranged an inner cylinder 3
concentrically with the outer cylinder 2. The Iinner cylinder 3 has an outer diameter 1. The outer
cylinder 2 and the inner cylinder 3 are rotatable against each other around a common rotation
axis. To this end, preferably the inner cylinder 3 Is rotatable around the rotation axis, which is
Indicated in Fig. 3 by the broken line, I.e. the inner cylinder 3 Is a rotator. The outer cylinder 2
IS preferably fixed, I.e. the outer cylinder 2 is preferably a stator. The outer cylinder can e.g. be
held fixed In a beverage producing device, which includes the device for producing milk foam
of the present invention. Alternatively, the outer cylinder 2 can be a housing of the device 1 of
the present invention, which can be held fixed by its own weight or the weight of the device 1
when e.g. standing on a surface. However, other solutions are possible, for example, that the
outer cylinder 2 Is rotated against a fixed inner cylinder 3 or that both cylinders 2 and 3 are
rotated against each other.

[0046] The outer diameter | of the inner cylinder 3 Is smaller than the inner diameter o of the
outer cylinder 2, so that a gap 6 i1s formed between the cylinders, which has a width w that Is
defined by the difference of the respective cylinder diameters (i.e. w=0-1/2). The gap 6
connects a fluid inlet 4 of the device 1 with a fluid outlet 5 of the device 1 In a way that a fluid,
e.g. milk provided together with air, can pass through the device 1. That means In use of the
device 1, preferably milk and air are entered into the fluid inlet 4, the mixture then flows
through the gap 6 along the extension direction of the two cylinders 2 and 3 (i.e. the height of
the cylinders), and finally exits the device 1 through the fluid outlet 5.

[0047] Since the inner cylinder 3 Is rotated with respect to the outer cylinder 2, while the milk-
air mixture flows through the gap 6, the mixture experiences a high shear stress according to
the principles of the Couette flow explained above. The high shear stress causes an emulsion
of the milk and the air. After the emulsion flows out from the gap 6 and of the device 1 through
the fluid outlet 5, the emulsion expands and is thereby foamed, because air bubbles within the
milk expand abruptly. Preferably, the width w of the gap 6, as measured In the direction of the
radius of the Iinner cylinder 3 and the outer cylinder 2, respectively, i1s In a range of 0.1 to 1
mm, more preferably 0.2 to 0.6 mm, most preferably 0.3 to 0.5 mm. With such a gap the best
foam properties for milk foam are achieved.

[0048] The Inner cylinder 3 can be solid or hollow. The Iinner cylinder 3 can include a heater
15, which 1s adapted to heat the milk and the air flowing through the gap 6. Alternatively, the
heater can be arranged in the outer cylinder and thus heat the milk and the air flowing through
the gap 6 from the outside. The heater 15 can be provided with electricity or it can include
parts that move due to the rotation of the rotating cylinder, and are designed to convert the
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movement into heat.

[0049] Fig. 4 shows the device 1 of Fig. 3 In a cross-sectional view. The inner cylinder 3 Is
located within the outer cylinder 2, and the gap 6 Is formed between the cylinders 2 and 3,
through which the milk-air mixture can flow and exit at the fluid outlet 5. The fluid outlet 5
preferably has an inner diameter d that is substantially larger than the width w of the gap 6.
Preferably, the diameter d i1s in a range of 1 to 20 mm, more preferably 2 to 10 mm, most
preferably 5 to 10 mm. A ratio of the width of the gap 6 to the diameter d of the fluid outlet is
preferably between 1:1 and 1:200, more preferably between 1:3 and 1:50, most preferably
between 1:5 and 1:30. Due to the expansion of the milk-air mixture flowing out from the gap 6
Into the fluid outlet 5, air bubbles within the milk increase In size, whereby a foaming of the milk
IS caused. Thus, the device 1 can provide milk from at its fluid outlet 5.

[0050] Fig. 4 also shows that the device 1 comprises a motor 8, which Is adapted to cause the
rotation of the inner cylinder 3 with respect to the outer cylinder 2. The motor 8 Is preferably
provided separately to the two cylinders 2 und 3 e.g. in a separate chamber of the device 1 or
at least with a separation 13, e.g. a plate, between the motor 8 and the cylinders 2 and 3. The
separation 13 1s preferably water mpermeable, so that milk cannot enter the part of the device
1, In which the motor 8 Is located. The motor 8 has preferably a shaft 9, which is rotated. The
shaft 9 I1s preferably provided with a head part 10, which 1s wider than the shaft 9 and includes
at least one first magnet 11. The separation 13 between the motor 8 and the inner cylinder 3
preferably comprises a protruding portion 13a, in which a recess 13b for receiving the head
part 10 of the motor 8 Is formed. The protruding portion 13a of the separation 13 Is preferably
received by a recess on the top surface of the inner cylinder 3. The Inner cylinder 3 Is
preferably provided with at least one second magnet 12 arranged near its top surface, which is
configured and positioned such that it interacts magnetically with the at least one first magnet
11 arranged In the head part 10 of the motor 8.

[0051] When the shaft 9 Is rotated by the motor 8, the at least one first magnet 11 i1s also
rotated and transfers its rotation through the magnetic coupling onto the at least one second
magnet 12 of the inner cylinder 3. Thus, the rotation of the inner cylinder 3 with respect to the
outer cylinder 2 is caused.

[0052] Preferably, the relative rotation speed of the two cylinders 2, 3 against each otheris in a
range of 1000 to 15000 rpm, more preferably 2000 and 10000 rpm, most preferably 4000 and
8000 rom. With the preferred rotation speed the best emulsification of the air-milk mixture In
the gap 6 Is achieved, and the best foaming properties of the milk foam are realized after
expansion. Due to the contactless transfer of the rotation of the motor shaft 9 to a rotation of
preferably the inner cylinder 3, the part of the device 1, which Iincludes the motor 8, can be
separated from the part of the device 1, which Includes the two cylinders 2, 3. This separation
avolids that milk enters the part of the device 1, which includes the motor 8. The milk could
harm the electrical or mechanical parts of the motor 8. Thus, by decoupling the two parts of the
device 1, a longer life time Is achieved. Further, the parts of the motor 8 are not contaminated
with milk, and thus need not necessarily be cleaned very often.
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[0053] Figure 5 shows the device 1 of Figures 3 and 4 Iin a perspective view. The device 1
comprises two parts, an upper part 1a that includes the motor 8 and a lower part 1b that
Includes the two cylinders 2 and 3. The two parts 1a and 1b of the device 1 are preferably
coupled together by two flanges 14a and 14b, and are fixed with screws 15 as shown In figure
5. An upper flange 14a can be designed to hold the motor 8 of the device 1, and a lower flange
14b can be designed to hold the cylinders 2 and 3 of the device 1. The upper flange 14a can
also be produced integrally with a housing of the motor 8, and the lower flange 14b can be
produced Integrally with the outer cylinder 2. At least the lower flange 14b acts as the
separation 13 of motor 8 and cylinders, as can be gathered from fig. 4. The fluid inlet 4 Is
preferably arranged on an outer side surface of the outer cylinder 2, and can be produced
Integrally with the outer cylinder 2. The same Is true for the fluid outlet 5, which is preferably
arranged on an outer bottom surface of the outer cylinder 2, and is preferably produced
Integrally with the outer cylinder 2.

[0054] Both the fluid inlet 4 and the fluid outlet 5 are preferably designed to attach two fluid
ines coming from a milk supply circuit and an air supply circuit, such as tubes. The device 1
can then e.g. be integrated into a beverage producing device having e.g. pumps to provide
milk and air to the fluid inlet 4. Alternatively, the device 1 itself can be provided with a
mechanism so that a relative rotation of the cylinders 2 and 3 causes milk and air to be sucked
Into the fluid Inlet 4, e.g. via a tube leading into an external milk reservoir. Through the fluid
outlet 5 the milk foam can be provided directly, or can be provided via a tube to a dispenser.
The device 1 of the present invention can thus provide milk foam in-line of a flow path of the
milk, and can e.g. be part of a beverage producing device, e.g. a coffee machine.

[0055] Figure 6 shows a cross section of an alternative embodiment of the device 1 of the
present invention. The inner cylinder 3 comprises a first part 3a and a second part 3b. The first
part 3a has diameter | that i1s larger than a diameter a of the second part 3b. In particular, a
diameter | of the first part 3a Is preferably chosen such that a gap 6 of a width w in a range of
0.1 to 1 mm, more preferably 0.2 to 0.6 mm, most preferably 0.3 to 0.5 mm is formed between
a first part 3a and the outer cylinder 2. The diameter s of the second part 3b of the Inner
cylinder 3 Is preferably designed such that a chamber 7 I1s formed between the second part 3b
and the outer cylinder 2, wherein the chamber 7 has preferably a width measured in the radius
direction of the Iinner cylinder 3 that i1s larger than the width w of the gap 6, preferably In a
range of 1 to 20 mm, more preferably 2 to 10 mm. The diameter o of the outer cylinder 2 Is
preferably 20 to 40 mm, more preferably 30 mm as in the first embodiment of the present
Invention. Therefore, the diameter s of the second part 3b i1Is most preferably in a range of 20
to 28 mm, and the diameter | of the first part 3a is most preferably in a range of 27.5 to 27.7
mm as In the first embodiment.

[0056] Milk and air provided to the fluid inlet 4 for flowing through the gap 6 are emulsified due
to the high shear forces experienced in the narrow gap 6 between the inner cylinder 3 and the
outer cylinder 2, when the inner cylinder 3 is rotated with respect to the outer cylinder 2. When
the emulsified milk-air mixture flows out of the gap 6 into the chamber 7, it Is expanded and



DK/EP 2934251 T3

consequently foamed. Due to the expansion, the foam is pressed out of the fluid outlet 5. If the
fluid outlet 5 1s even larger Iin diameter than the chamber 7, the milk is foamed even more.

[0057] Figure 7 shows a cross-sectional view of yet another embodiment of a device 1
according to the present invention.

[0058] The device 1" comprises an outer cylinder 2' forming a housing, which Is at least partly
hollow. In an upper part 1a’ of the outer cylinder 2', a hollow compartment is formed, and a
rotatable whisk 3' is arranged therein concentrically with the outer cylinder 2'. The whisk 3" has
a disc-like shape with an outer diameter which 1s smaller than the inner diameter of the outer
cylinder 2', so that a gap 6' 1s formed above, below and around the whisk 3'. As already
explained for the previous embodiments of the invention, the gap 6' connects a fluid inlet 4’ of
the device 1' with a fluid outlet 5" of the device 1' in a way that a fluid, e.g. milk provided
together with air, can pass through the device 1'. The fluid inlet 4 1s connected to an air and a
milk supply circuit, both not shown in Fig. 7. A fluid divider 40 sits insider the inlet 4' so that the
milk and air entering the device 1' are evenly distributed around the whisk 3'.

[0059] Since the Inner whisk 3' Is rotated with respect to the outer cylinder 2" with only a
narrow gap 6 around the whisk 3', while the milk-air mixture flows through the gap 6, the
mixture experiences a high shear stress according to the principles of the Couette flow
explained above. The high shear stress causes an emulsion of the milk and the air. After the
emulsion flows out from the gap 6" and of the device 1" through the fluid outlet 5', the emulsion
expands In the fluid outlet 5'. The fluid outlet 5" Is arranged radially outwards of the whisk 3’
and has an inner diameter which Is bigger than the width of the gap 6', so that the air bubbles
In the milk foam can expand therein. Preferably, the width w of the gap 6' Is In a range of 0.1 to
1 mm, more preferably 0.2 to 0.6 mm, most preferably 0.3 to 0.5 mm. With such a gap the best
foam properties for milk foam are achieved.

[0060] In a similar way then explained for the previous embodiments, the device can include a
heater which iIs not shown In Figure 7.

[0061] For this embodiment also, the device 1' comprises a motor 8', which I1s adapted to
cause the rotation of the whick 3" with respect to the outer cylinder 2'. The whisk 3' turns
around a guiding ball 42 which forms its axis of rotation. The motor 8' is provided in a separate
chamber of the device 1" with a separation 13', e.g. a plate, between the motor 8 and the
compartment containing the whisk 3' and the gap 6' through which the milk and air flow. The
separation 13’ Is preferably water impermeable, so that milk cannot enter the part of the device
1", In which the motor 8' Is located. The motor 8 has a shaft 9', which Is rotated. The shaft 9' is
'provided with a head part 10', which 1s wider than the shaft 9' and includes at least one first
magnet 11'. The whisk 3' Is equally provided with at least one second magnet 12" arranged
near Its lower surface, which is configured and positioned such that it interacts magnetically
with the at least one first magnet 11" arranged in the head part 10' of the motor 8'.

[0062] VWhen the shaft 9' Is rotated by the motor 8', the at least one first magnet 11" Is also
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rotated and transfers its rotation through the magnetic coupling onto the at least one second
magnet 12’ of the whisk 3', thereby causing a rotation of the whisk 3'.

[0063] Preferably, all embodiments of the present invention are designed such that a shear
stress value for the milk in the gap 6 that is in a range from 20 to 80 Pa, more preferably, 30 to
60 Pa, most preferably of 40 to 50 Pa is achieved, when assuming Newton's law of viscosity.
The results In terms of milk foam quality depend not only on the instantaneous shear stress,
but on the time during which this shear stress Is applied. A typical value is 0.2s at a shear
stress of 40 to 50 Pa, but good reulsts are also obtained with longer times. The preferred
shear stress values can be achieved by a gap having a width w of preferably 0.1 to 1 mm,
more preferably 0.2 to 0.6 mm, most preferably 0.3 to 0.5 mm, a rotation speed of preferably
1000 and 15000 rpm, more preferably 2000 and 10000 rpm, most preferably 4000 and 8000
rom, an inner diameter o of the outer cylinder 2 of preferably 20 to 40 mm, more preferably 30,
and by using milk that has at ambient temperature (20°C). Milk at ambient temperature iIs
assumed to have a viscosity of y =2 mPa-s and is assumed to be a Newtonian fluid.

[0064] Figure 8 schematically shows the device 1 or 1" according to any of the previously
described embodiments with a milk supply circuit 88 and air supply circuit 89. These circuits
88, 89 are part of the overall device, but have been omitted in Figures 3 to 7 for the sake of
simplicity.

[0065] The milk supply circuit 88 comprises a milk tank 80 from which milk is pumped towards
the Inlet 4, 4' of the device 1 using an air pump 83. The air pump 83 simply pushes air into the
milk tank 80, so that milk is pushed out of the tank 80 towards the Inlet 4 of the device 1. A
flowmeter 81 and a regulator 82, for example a PID regulator, form a feedback loop. The milk
flow rate Is compared to a target value, and the pump adjusted, typically by adjusting a voltage
applied to the pump, If the measured value does not correspond to the target value. In the
same way, the air supply Is controlled via another regulator 85 using values provided by a
flowmeter 84 and regulating another air pump 86.

[0066] Controlling the amount of air and milk supplied and supplying them through two
different and independent tubes that are only joined at the entry of a mixing chamber, one can
control the foam properties particularly well.

[0067] Depending on the desired foam properties (firmness, consistency, specific weight, etc.),
a different ratio of milk and air can be chosen, so that a wider range of different foam recipes
can be produced by the device. Typically the ratio of milk to air volume can range from 3: 1 to
1:7. Target values for different milk and air flow rates corresponding to different recipes can be
stored In a control unit of the device and used to regulate the flow accordingly depending on
the desired recipe.
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Patentkrav

1. Indretning (1) til fremstilling af maelkeskum omfattende

en udvendig cylinder (2),

et roterbart element (3, 3') indrettet inde i den udvendige cylinder (2),

et fluidindlgb (4) og et fluidudlgb (5),

hvor det roterbare element (3, 3') er roterbart i forhold til den udvendige cylinder
(2),

hvor et mellemrum (6) er dannet mellem den udvendige cylinder (2) og det
roterbare element (3, 3'),

idet naevnte mellemrum (6) forbinder fluidindlgbet (4) med fluidudlgbet (5), og
hvor indretningen yderligere omfatter et maelketilfgrselskredslgb (88), som
forsyner fluidindlgbet med meaelk, og et lufttilfgrselskredslgb (89), som forsyner
fluidindlgbet med luft, idet bade maelke- og Iufttilfgrselskredslgbene (88, 89) er
uafhaengige af hinanden;

hvor indretningen (1) yderligere omfatter en luftpumpe (83) til at pumpe maelk
mod fluidindlgbet (4);

kendetegnet ved, at malketilfgrselskredslgbet (88) omfatter et feedback-
styringsloop med en strgmningsmaler (81) og en regulator (82), yderligere
omfattende

en motor (8, 8') til at rotere det roterbare element (3, 3') i forhold til den
udvendige cylinder (2), idet motoren (8, 8') er tilpasset til at rotere det roterbare
element (3, 3') med en rotationshastighed i omrade fra 4000 til 8000
omdrejninger i minuttet i forhold til den udvendige cylinder (2), idet motoren (8,
8') omfatter en aksel (9) forsynet med en hoveddel (10, 10'), som omfatter
mindst en fgrste magnet (11, 11'), idet det roterbare element (3, 3') omfatter
mindst en anden magnet (12, 12'), og

vderligere kendetegnet ved, at den mindst ene fgrste magnet (11, 11') og den
mindst anden magnet (12, 12') er tilpasset til kontaktlgst at overfgre en rotation
af motorakslen (9, 9') til det roterbare element (3, 3'),

og vderligere kendetegnet ved, at indretningen (1) yderligere omfatter et
vanduigennemtraangeligt adskillelseselement (13, 13") indrettet mellem motoren
(8, 8') og det roterbare element (3, 3') og et varmeapparat (14) til at opvarme
vaaske, som strgammer fra fluidindlgbet (4) til fluidudlgbet (5).



10

15

20

25

DK/EP 2934251 T3

2

2. Indretning (1) til fremstilling af maalkeskum ifglge krav 1, hvor
lufttilfgrselskredsigbet (89) omfatter et feedback-styringsloop med en
stremningsmaler (84), en luftpumpe (86) og en regulator (85).

3. Indretning (1) til fremstilling af maelkeskum ifglge krav 1 eller 2, hvor en
luftstrgmningshastighed og en maelkestrsmningshastighed styres, sa de svarer til
malvaerdier lagret i en hukommelse i indretningen og er forbundet med specifikke

opskrifter.

4. Indretning (1) til fremstilling af maelkeskum ifglge et hvilket som helst af de
foregaende krav, hvor
det roterbare element er en indvendig cylinder (3) indrettet koncentrisk inde i den

udvendige cylinder (2).

5. Indretning (1) til fremstilling af maalkeskum ifglge et hvilket som helst af
kravene 1 til 3, hvor det roterbare element er en pisker (3') indrettet inde i den

udvendige cylinder (2).

6. Indretning (1) til fremstilling af maelkeskum ifglge et hvilket som helst af de
foregaende krav, hvor
en afstand mellem det roterende element (3') og den udvendige cylinder (3) er |

et omrade fra 2 til 10 mm.

7. Indretning (1) til fremstilling af maelkeskum ifglge et hvilket som helst af de
foregaende krav, hvor
en diameter (o) af den udvendige cylinder er i et omrade fra 25 til 35 mm,

fortrinsvis ca. 30 mm.



DK/EP 2934251 T3

DRAWINGS

1R

IANlVO

WIEIE

gulweo

Iy

AN

.. ......A.__mc.o_u.a.o_v .
. 1E°H




DK/EP 2934251 13

A11SQ2SIA pue
1Ualpels Al20[aA Jo Uolldunj
$S3J1S Je3aysS

LA
T

-

'\
\\

14

PR
v -~

.s
N



Fig. 3

DK/EP 2934251 T3



DK/EP 2934251 T3

.
. ‘..
.
. e 0
.
o
. 0
. ’
.
s
.
.
.
.’ -
.~
-
0
'

o
gy
. "
.
.
.~
.
.
.
H - .
.
0
.
- .
.
ar
R
LI

-

.R;.
2

3




DK/EP 2934251 13




DK/EP 2934251 T3

qv
&N N

Fig. 6




1a°

1b’

40

4.( “

42

12

|

13°

11°

10°

DK/EP 2934251 T3

Fig. 7
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