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Cleaning device and use

The present invention relates to a cleaning device according to the
preamble of claim 1 for aspirating a suction air volume flow loaded with
particles, aerosols, bacteria and/or viruses. Furthermore, the present
invention relates to the use of the cleaning device according to the invention

as an ambient air cleaning device and/or as a wet vacuum cleaner.

Cleaning devices having a liquid holding unit for aspirating and cleaning a
suction air volume flow loaded with particles are generally known from the

state of the art.

The known cleaning devices comprise vacuum generating means for
aspirating the suction air volume flow together with the particles through an
air intake opening. The suction air volume flow loaded with the particles is
then transported through an immersion tube into a liquid held by a liquid
holding unit. When flowing through the liquid along a forming flow path, the
suction air volume flow is cleaned since the carried particles are largely

trapped in the liquid and can thus be retained there.

A disadvantage in this context is a high flow velocity of the suction air
volume flow since large bubbles form in the process and the passage
through the liquid is fast, which is disadvantages for the retention of the
particles in the liquid and thus for good cleaning effect of generic cleaning

devices.

For this reason, the object of the invention is to overcome the disadvantages
of a cleaning device according to the preamble of claim 1 as known from
the state of the art. In particular, the object of the present invention is to
provide a cleaning device which also achieves a good cleaning effect with

a widely varying suction air volume flow.
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The object of the present invention is attained by a cleaning device
according to claim 1, specifically by the fact that a second conduit cross
section of the immersion tube for guiding the suction air volume flow is larger
than the first conduit cross section of the air intake opening at least at the

second end.

The invention intends to provide a cleaning device for aspirating a suction
air volume flow loaded with particles, aerosols, bacteria and/or viruses from
an environment, the cleaning device comprising an air intake opening
having a first conduit cross section and serving to aspirate the suction air
volume flow loaded with the particles from the environment, a liquid holding
unit comprising an immersion tube and serving to hold a liquid, in particular
water, the immersion tube being connected to the air intake opening at a
first end in a suction-air-conducting manner and being configured in such a
manner that it is partially immersed in the held liquid, in particular the water,
in such a manner at a second end that the suction air volume flow loaded
with the particles flows through the held liquid when the cleaning device is
in an active mode so that the particles are retained, and vacuum generating
means for generating the suction air volume flow in active mode. According
to the invention, a second conduit cross section of the immersion tube for
guiding the suction air volume flow is larger than the first conduit cross

section of the air intake opening at least at the second end.

In other words, the cleaning device according to the invention comprises an
air intake opening which has a first conduit cross section and which is
configured to aspirate an air/particle mixture from an environment; the term
particles as used in the present invention refers to dust, preferably ultrafine
dust, fine dust, and/or coarse dust, aerosol particles, bacteria and/or
viruses. The aspirated suction air volume flow loaded with the particles is
formed by vacuum generating means comprised by the cleaning device.
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Furthermore, the cleaning device according to the invention comprises a
liquid holding unit which has an immersion tube according to the invention
and which is configured to hold a liquid, in particular a cleaning liquid.

The immersion tube is connected to the suction opening at one end in a
suction-air-conducting manner, in particular directly or via a supply conduit,
and ends in the held liquid at the other end in order to ensure that the suction
air volume flow loaded with the particles flows through the liquid along a
flow path so that the particles are separated from the suction air volume flow

and trapped in the liquid in a first filter stage, which is formed by the liquid.

Now, according to the invention, the immersion tube has a second conduit
cross section at the end immersed in the liquid, said second conduit cross
section being larger than the first conduit cross section of the air intake

opening.

Advantageously, the widening of the cross section from the air intake
opening, which is disposed at the inlet, to the immersion tube of the first
filter stage, which is disposed at the outlet, leads to a deceleration of the
flow velocity of the suction air volume flow generated when the cleaning
devices is in an active mode, which is why smaller air bubbles form during
the passage through the liquid and the dwell time of the suction air volume
flow during the passage through the held liquid can be increased because
of the reduced flow velocity. Thus, the cleaning effect is advantageously

improved since more particles can be retained in the liquid by comparison.

Advantageously, the internal widening of the conduit cross section as per
the invention does not affect the suction air volume flow at the air intake
opening, which is required for aspirating the particles and/or the particle/air
mixture, which is why a sufficiently high suction power for aspirating

particles can be achieved there in relation to the flow velocity.
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According to the present invention, water or tap water is preferably used as
a cleaning liquid for the liquid holding unit for forming the first cleaning stage
so as to enable a faster exchange and a simple disposal when the liquid

has accumulated a large amount of dirt.

Furthermore, it is noted that a standby mode of the cleaning device refers
to a passive operating state of the cleaning device, during which the liquid
holding unit receives a liquid, in particular water, in such a manner that the
end of the immersion tube is at least partially immersed in the received

liquid.

In standby mode, the vacuum generating means do not generate a suction
air volume flow, which is why no turbulences, eddies and/or air bubbles are
formed, in particular along the flow path, in the held liquid.

In an active mode of the cleaning device, on the other hand, the suction air
volume flow generated by the vacuum generating means aspirates a
particle/air mixture. Furthermore, in active mode, the suction air volume flow
loaded with the particles flows through the immersion tube into the held
liquid, which is why turbulences, eddies and/or swirls are formed there, the
liquid being traversed along a flow path and particles carried by the suction

air volume flow being retained and fixed.

Advantageous embodiments of the invention are indicated in the dependent
claims, the following description, the figures and the description of the
figures. Any and all combinations of at least two features disclosed in the
description, the claims and or the figures fall within the scope of the

invention.

In a preferred embodiment of the cleaning device according to the present
invention, a ratio between the second conduit cross section of the
immersion tube and the first conduit cross section of the air intake opening
is at least 2, preferably at least 3, further preferably at least 3.5.
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In other words, the ratio of the diameter or the cross section of the
immersion tube at the second end to the diameter or the cross section of
the air intake opening is to be greater than or equal to 2, preferably greater
than or equal to 3, further preferably greater than or equal to 3.5, so that the
flow velocity of the suction air volume flow is influenced. Advantageously,
the sudden, continuous and/or step-wise increase in the conduit cross
section from the air intake opening to the second end of the immersion tube
leads to a decrease in the mean flow velocity of the suction air volume flow,
a ratio selected in this manner enabling a particularly efficient cleaning (high
cleaning effect) of the suction air volume flow loaded with the particles as it

is passing through the liquid along the flow path.

Moreover, such a ratio ensures not only that a high cleaning effect can be
achieved during the passage through the liquid but also that a sufficient
suction power for aspirating the particle/air mixture through the air intake

opening is made possible.

According to another example, the immersion tube comprises at least one
arched and/or angular deflecting portion and a sinking portion, which is in
particular oriented along a vertical axis, the deflecting portion being
configured in such a manner that the suction air volume flow loaded with the
particles is deflected from an inflow direction and is swirled in active mode

so that the flow velocity can be influenced for the first time.

Furthermore, it is preferably envisaged in this context that the immersion
tube is composed of two or more parts. A two-part or multi-part design of
the immersion tube is particularly advantageous if this allows a flap and/or
a lid to be removed from the immersion tube in order to remove the particles
collected in the coarse filter in a passive operating state of the cleaning

device and thus facilitate cleaning of the coarse filter.

Furthermore, the sinking portion is preferably configured in such a manner

that the suction air volume flow deflected in the deflecting portion, swirled
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and decelerated in active mode of the cleaning device is additionally
decelerated relative to a mean inflow velocity by a sudden, step-wise or

continuous widening of the conduit cross section.

Moreover, the sinking portion is dimensioned in such a manner regarding
its length (longitudinal dimension) that the eddies formed largely abate and
settle prior to entry into the liquid. Advantageously, this leads to a
deceleration of the suction air volume flow and a homogenous distribution
of the particles, which takes effect in the entire conduit cross section of the

immersion tube

According to an embodiment, the deflecting portion is configured to the
effect that, in active mode, the suction air volume flow loaded with the
particles is deflected by a deflection angle B of more than 60°, preferably
more than 70°, particularly preferably more than 80°, most preferably
essentially 90°, relative to the inflow direction defined by the air intake

opening.

Thus, the deflection of the suction air volume flow enables an initial
reduction of the flow velocity of the suction air volume flow since at least
part of the suction air volume flow collides with the inner wall of the

immersion tube in the deflecting portion.

Moreover, it is noted that a deflection angle B of about 90° means in

particular a range which is preferably between 88° and 92°.

According to another embodiment, the immersion tube is disposed within
the liquid holding unit in such a manner that the sinking portion extends in
the vertical direction. Advantageously, a sinking portion extending along the
vertical axis has the effect that the suction air volume flow loaded with the
particles flows perpendicular to a liquid surface formed by the liquid in the
passive operating state and thus also flows into the liquid in a direction
perpendicular, i.e., at a right angle, to said liquid surface.
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In this context, it is noted that the liquid does not form an even liquid surface
in active mode since the entering suction air volume flow causes eddies,
swirls and/or superimposing waves in the held liquid of the liquid holding
unit. Still, the flow path of the suction air volume flow during passage through
the liquid can be positively influenced regarding the cleaning effect by the

vertical introduction of the suction air volume flow into the held liquid.

In other words, the immersion tube is preferably disposed in the liquid
holding unit in such a manner that the longitudinal dimension of the
immersion tube is oriented perpendicular or at a right angle to a liquid
surface formed in standby mode at least in the area of the second end, i.e.
in such a manner that it extends along a vertical axis. Advantageously, this
has the effect that the weight force acting on the particles because of their
own weight is oriented in a direction longitudinal to the flow direction of the
suction air volume flow. Furthermore, the suction air volume flow thus has
to undergo a deflection of 180° relative to its inflow direction in order to flow
back out of the liquid. Advantageously, this has a positive impact on the

cleaning effect.

According to another example of the present invention, the cleaning device
comprises a second filter stage, which is formed by a lattice-like coarse filter
for retaining large particles. The coarse filter is preferably formed and/or
disposed in an area of the immersion tube which is fully immersed in the
liquid. Preferably, the coarse filter is formed by a plurality of rod-shaped
pins, which are spaced apart from each other and extend in a direction
longitudinal to the axis of extension of the immersion tube, in particular
longitudinal to the length of the sinking portion, that is, in particular in the
vertical direction. The pins form gap-like openings for the suction air volume
flow in the wall surface of the immersion tube, said openings retaining large
particles and fixing and collecting them within the immersion tube since they

do not fit through the gap-like openings. In this context, large particles mean
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particle sizes comprising a longitudinal, transverse and/or width dimension

greater than 2 mm.

Aside from retaining the large particles in the immersion tube, the coarse
filter additionally improves the cleaning effect for smaller particles during
passage through the liquid since larger particles swimming freely in the
liquid have a negative impact on the cleaning effect for small particles, i.e.,
in particular particles having a longitudinal, transverse and/or width

dimension less than 2 mm.

Particularly preferably, the first filter stage and the second filter stage can
be removed from the cleaning device or a housing of the cleaning device
for cleaning purposes, for example. This enables a practical operation and
maintenance of the cleaning device. Particularly preferably, handle

elements facilitating removal can be provided.

These parts or components as well as other parts and modules of the
cleaning device can be removable or can be removable from a housing.
Preferably, the removability can be ensured by detachable fastening means.
Particularly preferably, the detachable fastening means can be pairs of
permanent magnets which are suitably aligned with each other in the
installed state, one permanent magnet being installed or disposed in a fixed
place in the cleaning device and a second permanent magnet being
disposed on the removable part or the removable module in such a manner
that a magnetic holding force securing the removable parts or modules is
generated between the permanent magnets in the installed state, the
holding force being set in such a manner via the permanent magnets and
their position and alignment, in particular their distance, in the installed state
that an operator can overcome said holding force manually and preferably
without tools, particularly preferably by exerting force on handle elements,
when removing the part or the module. As an alternative to pairs of

permanent magnets, pairs of a permanent magnet and a magnetic or
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magnetizable, preferably soft-magnetic, material can be formed. This

further facilitates handling and maintenance of the cleaning device.

In this context, it is further intended for the immersion tube to preferably
have an end face at the second end which is connected to a bottom element
of the liquid holding unit in such a manner that the suction air volume flow
can flow only through the openings formed by the coarse filter in active

mode.

Thus, the immersion tube extends in particular as far as to the bottom
element of the liquid holding unit, the end face of the immersion tube being
preferably connected to the bottom element. Consequently, the suction air
volume flow loaded with the particles can flow out of the immersion tube
only through the lateral openings of the coarse filter formed in the wall
surface of the immersion tube. Alternatively, the end of the immersion tube
can be closed by an in particular disk-shaped end element to ensure that
the entire suction air volume flow flows out of the immersion tube through

the openings of the coarse filter.

In an embodiment, the cleaning device comprises a droplet separator which
is disposed between the liquid holding unit and the vacuum generating
means in a suction-air-conducting manner for retaining liquid droplets and

other particles absorbed by the suction air volume flow.

Advantageously, the droplet separator forms a third filter stage of the
cleaning device since, after the passage through the liquid for retaining
particles (first filter stage) and the passage through the coarse filter for
retaining large particles (second filter stage), the droplet separator also
filters particles out of the suction air volume flow (third filter stage). Aside
from the filtering out of particles, however, liquid droplets previously
absorbed by the suction air volume flow during passage through the liquid
are also separated from the suction air volume flow in the droplet separator.
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Advantageously, the droplet separator is disposed, relative to the liquid
holding unit, in an area which makes it possible for the liquid droplets
absorbed from the suction air volume flow to be transported back into the
liquid holding unit. Advantageously, this prevents a quick loss of liquid when
the cleaning device is in operation, which is why longer operating times of
the cleaning device are possible. Furthermore, this can additionally improve
the cleaning effect since, besides the absorption of liquid droplets, particles
which could not be trapped in the liquid during the passage through the

liquid holding unit can also be removed from the suction air volume flow.

In an embodiment, the droplet separator comprises a flowward area formed
by a plurality of spaced-apart profiled fins, in particular sheet-metal-like fins,
a flow channel having at least two deflection areas for the suction air volume
flow being formed between each two adjacent fins and/or the flowward area
being oriented at a fixation angle between 20° to 70°, preferably 30° to 60°,
particularly preferably 40° to 50°, most preferably essentially 45°, relative to
a horizontal plane, in particular relative to a liquid surface of the liquid held
by the liquid holding unit.

In an embodiment, the flowward area is advantageously formed by a
surface against which the suction air volume flow flows and from which a
plurality of slot-like passages for the suction air volume flow extend. In active
mode, the suction air volume flow flows onto the flowward area, which is
oriented at an angle to a horizontal plane, which is why the suction air
volume flow splits up into a plurality of partial flows, each of which flows
along a passage formed between the fins (flow channel). The passages
comprise deflection areas formed by an arched curvature of the fins and
thus forming vacuum areas. Advantageously, the deflection of the partial
flows has the effect that the liquid droplets and other particles are absorbed

by the partial flows because of the inertia acting on them.
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Furthermore, the droplet separator is advantageously oriented at an angle
to a horizontal plane, which has the effect that the absorbed liquid droplets
flow back into the liquid holding unit because of the weight force.
Furthermore, a quick discharge of the liquid droplets has the effect that the
liquid droplets are not absorbed again. Advantageously, this leads to a
reduction in the moisture absorbed by the suction air volume flow and/or the
number of contained liquid droplets which are discharged back into the
environment through an air discharge opening at the outlet of the cleaning

device.

In other words, the droplet separator and the flow channels formed are
oriented and/or configured in such a manner that the liquid droplets can be
transported away from the flow channels because of the weight force acting
on them after they have been separated from the suction air volume flow.
In this context, it is preferred for the liquid droplets to be subsequently
transported back into the liquid holding unit in order to avoid a loss of liquid

in active mode of the cleaning device.

In an embodiment, the droplet separator is static and/or immobile and in
particular does not comprise any rotating elements. Advantageously, this
leads to an efficient cleaning device in terms of energy consumption.
Furthermore, this allows providing a cleaning device which is characterized
by low noise when in operation and which persons present therefore

generally perceive as quiet and therefore non-disturbing.

In an embodiment, the cleaning device furthermore comprises a filter unit
for filtering out fine particles (residual particles) carried by the suction air
volume flow, the filter unit being in particular disposed in a suction-air-
conducting manner between the droplet separator and the vacuum
generating means in a channel passage in the suction air path.
Advantageously, this enables a further improvement of the cleaning device

according to the invention in order to improve the filter effect of the cleaning
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device on fine dust. Furthermore, this makes it advantageously possible for
the cleaning device to be extended by a fourth cleaning stage in order to
additionally improve the cleaning effect of the cleaning device at hand.

In an embodiment, the filter unit additionally comprises a seat unit
configured to accommodate an exchangeable fabric filter. During the
passage through the fabric filter, the suction air volume flow can additionally
be freed from fine dust and/or ultra-fine dust since the latter accumulates in
the fabric filter as it is flowing through the fabric filter as a function of a
selectable porosity. The use of fabric filters with different porosities thus also

enables an application-specific optimization.

According to another example, UV- and/or UVC-light generation means are
provided, which are comprised by the cleaning device. Advantageously, the
light generation means are disposed in the cleaning device to the effect that
the suction air path taken by the suction air volume flow generated in active
mode in the cleaning device is at least partially illuminated in such a manner
with light beams of a certain wavelength range, preferably between 100 nm
to 450 nm, further preferably between 100 nm to 280 nm, in particular along
an interior passage, that the suction air volume flow generated in active
mode is fully illuminated in order to kill carried viruses and germs.
Preferably, the passage within which the illumination takes place is a closed
unit so that in particular an escape of the (harmful) UVC rays to the

environment at the operating site of the cleaning device is avoided.

Moreover, according to an embodiment of the present invention, the
cleaning device according to the invention is used as an air cleaning device
for cleaning ambient air and/or as a wet vacuum cleaner. According to
another embodiment, the cleaning device according to the invention is used
as an air drying device. In this case, the cleaning device can
advantageously not be operated or put into operation with a liquid, in

particular water, in the liquid holding unit at first. Instead, an initially empty
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liquid holding unit can be used as a collecting reservoir for moisture or liquid

removed from the air.

Furthermore, the vacuum generating means can advantageously have a
low-pressure air outlet at the outlet and/or a high-pressure air inlet at the

inlet. This has a positive impact on efficiency and noise generation.

Advantageously, the low-pressure air outlet can have an expansion space
disposed in the housing of the cleaning device.

Preferably, the expansion space is disposed between a first portion of the
air outlet and an exhaust gap. Particularly preferably, the exhaust gap is a
preferably closed circumferential gap. Particularly advantageously, the
expansion space and/or the exhaust gap can have a round or oval or
elliptical basic contour.

Also, the exhaust gap can particularly preferably be radially adjacent to the
outer side of the expansion space. Individually and in combination, the
configurations mentioned have a positive influence on the flow properties
and thus the efficiency and the noise generation of the vacuum generating

means.

In another advantageous embodiment, the expansion space can be formed
under a handle of the cleaning device, a component or a module, preferably
a one-piece, in particular monolithic, component, forming the handle or at
least part of the handle, for example, as one of two handle shells, and at
least partially limiting the expansion space. Particularly preferably, the
component or the module also at least partially limits the exhaust gap.
Particularly preferably, the component or the module is an exhaust air
guiding feature with a handle molded thereon or a handle shell molded

thereon.
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Other advantages, features and details of the invention are apparent from

the following description of preferred embodiment examples and from the

drawings.

Fig. 1: is a perspective view of a preferred embodiment of a cleaning
device according to the invention;

Fig. 2: is an exploded illustration of the cleaning device known from
Fig. 1;

Fig. 3: is a first section view of the known cleaning device along a
vertical plane;

Fig. 4: is a second section view of the known cleaning device along a
horizontal plane;

Fig. 5: is a third section view of the liquid absorber in perspective B
illustrated in Fig. 3;

Fig. 6: shows a partial section of Fig. 5 on an enlarged scale;

Fig. 7: is a perspective view of part of an alternative embodiment of
the cleaning device according to the invention;

Fig. 8: shows a section of an upper housing element of the cleaning
device according to the invention of Fig. 7;

Fig. 9: shows the upper housing element of Fig. 8 without an upper
exhaust air guiding feature;

Fig. 10: shows the upper housing element of Fig. 8 with an upper
exhaust air guiding feature; and

Fig. 11: is a schematic illustration of the suction air volume flow in an

embodiment of the cleaning device according to the

embodiments of Figs. 7 to 10.
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Fig. 1 shows a perspective view of a first preferred embodiment of a
cleaning device 1 according to the invention for aspirating a suction air

volume flow loaded with particles from an environment.

lllustrated cleaning device 1 comprises an air intake opening 2, which is
configured to aspirate the suction air volume flow from an environment in
an active mode of cleaning device 1, air intake opening 2 preferably being
connectable to a suction hose (not shown) in a suction-air-conducting

manner so as to form in particular a wet vacuum cleaner.

Alternatively, cleaning device 1 can be used without a suction hose so as to
aspirate ambient air directly through air intake opening 2 and thus form an

ambient air cleaning device for filtering out aspirated particles.

Cleaning device 1 comprises an upper housing element 5 and is disposed
on four rollers. Closure means 5, which connect upper housing element 5
to a lower housing element 26 of cleaning device 1, are disposed on two

opposite side surfaces 23 and 24 of upper housing element 5.

Air intake opening 2, through which the suction air volume flow, i.e., a
particle/air mixture aspirated from the environment, is aspirated in active
mode of cleaning device 1, is disposed in lower housing element 26 on
front 32 of cleaning device 1. Upper housing element 5 comprises a plurality
of ventilation openings 36 (perforations) for a cooling circuit of cleaning

device 1.

Furthermore, air discharge openings 31, through which the suction air
volume flow is returned to the environment after a multi-stage cleaning, are
disposed on side surfaces 23 and 24. The exact path of the suction air
volume flow loaded with the particles and the different cleaning stages of
cleaning device 1 according to the invention are described with reference to
Fig. 3 and Fig. 4.
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Fig. 2 shows an exploded illustration of the cleaning device 1 known from
Fig. 1. As the illustration shows, lower housing element 26 of cleaning
device 1 is formed by a liquid holding unit 4, which has a vat for holding
liquid and an immersion tube 3. Air intake opening 2, which is formed on
front 32 and serves to aspirate the suction air volume flow loaded with the
particles from the environment in active mode of cleaning device 1,
comprises a first conduit cross section 21 and is connected to a first end 7
of immersion tube 3 of liquid holding unit4 in a suction-air-conducting
manner via a supply conduit 33. Immersion tube 3 protrudes into the held
liquid at a second end 8 with the result that the suction air volume flow
loaded with the particles flows through the held liquid along a flow path so
that the particles are retained and trapped in the liquid in active mode of
cleaning device 1. Immersion tube 3 comprises a lid element 35 for forming
a cleaning opening so that particles retained in the immersion tube 3 can be

removed manually (by operating personnel).

Upper housing element 5 presses lid element 35 onto immersion tube 3 in
an air-tight manner by means of spring means (not shown), closure
means 25, which are disposed on either side, locking lid element 35 in a
pressurized manner in active mode of cleaning device 1. Advantageously,
the air-tight arrangement of lid element 35 on immersion tube 3 prevents
the formation of bypasses of the suction air volume flow, which is why the
entire suction air volume flow flows through the liquid so that particles are

retained in active mode.

Furthermore, cleaning device 1 illustrated comprises vacuum generating
means 6, which are formed by an electric motor in the case at hand, the
electric motor generating the suction air volume flow for aspirating an
air/particle mixture by rotating in active mode of cleaning device 1. The
electric motor is cooled by a cooling circuit using ambient air, the cooling

circuit aspirating the air through openings 36 in upper housing element 5.
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The electric motor can preferably be a brushless electric motor. Vacuum
generating means 6 can have an air outlet 39, which guides the generated
suction air volume flow out of cleaning device 1. In the example of the
embodiment of Figs. 1 to 4, air outlet 39 is a duct which ends in an opening,
preferably a lattice opening or a multi-slot opening of upper housing
element 5. An alternative configuration in which a low-pressure air outlet is

formed is explained with reference to Figs. 7 to 10.

Furthermore, vacuum generating means 6 comprise a cooling circuit
discharge opening 38, which is formed at the circumference and serves to
discharge the aspirated air of the cooling circuit, and a suction air volume
flow discharge opening 37, which is formed at the circumference and serves
to discharge the suction air volume flow.

Advantageously, upper housing element 5 comprises no more than two air
discharge openings 31, which are each formed by a perforation in side
surfaces 23 and 24 of cleaning device 1, so that the air can be discharged
from the cooling circuit and the cleaned suction air volume flow can be

discharged back into the environment.

Furthermore, cleaning device 1 comprises a droplet separator 13, through
which the suction air volume flow flows, in which process liquid droplets and
other particles can be separated from the suction air volume flow because

of provided flow channels 20.

Moreover, the exploded illustration shows that another filter stage of
cleaning device 1 is formed by a filter unit 27, which has a seat unit 28 for a
fabric filter 30. Seat unit 28 places fabric filter 30 in a suction air path of the
suction air volume flow in such a manner that the latter flows through fabric
filter 30 so that the particles are retained. Advantageously, the minimum
size of the residual particles can be determined by selecting the pore
density, which is why this filter stage is suitable in particular for filtering out

fine dust.
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Fig. 3 is a sectional illustration of known cleaning device 1 in a vertical
plane, suction air path 29, through which the generated suction air volume
flow passes in active mode of cleaning device 1, being schematically

outlined by directional arrows.

As mentioned, the suction air volume flow loaded with the particles is
aspirated from the environment through air intake opening 2 in active mode
of cleaning device 1, air intake opening 2 having a first conduit cross
section 21. Air intake opening 2 is in operative connection with a first end 7
of immersion tube 3 of liquid holding unit 4 via a hollow cylindrical supply
conduit 33.

Immersion tube 3 comprises a deflecting portion 9, which is configured in
such a manner that the suction air volume flow loaded with the particles is
deflected in an essentially vertical outflow direction relative to a horizontal
inflow direction R_ein at first end 7 in active mode. Furthermore, immersion
tube 3 comprises a sinking portion 10, which extends along a vertical axis V
and which is at least partially immersed in the liquid held by liquid holding
unit 4.

According to the invention, immersion tube 3 has a second conduit cross
section 22 at second end 8, second conduit cross section 22 being larger
than first conduit cross section 21 of air intake opening 2. Advantageously,
the widening of the conduit cross section from air intake opening 2 to
second end 8 of immersion tube 3 leads to a decrease in the flow velocity
of the suction air volume flow. Thus, the flow velocity of the suction air
volume flow is reduced as the latter is flowing through the liquid, which is
why the cleaning effect during the passage through the liquid is improved.
Advantageously as per the invention, the lower flow velocity means that

more particles from the suction air volume flow are trapped in the liquid.

Furthermore, the sectional illustration of Fig. 3 shows that the deflecting

portion 9 is configured in such a manner that the conduit cross section
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widens from first conduit cross section 21 to second conduit cross
section 22 and that an angle element having a deflection angle 3 of 90° is
provided, which is why first conduit cross section 21, which is oriented in the
vertical plane, transitions into second conduit cross section 22, which

extends in a horizontal plane.

Deflection angle B, which is 90°, causes the suction air volume flow to flow
against the inner wall surface of immersion tube 3, which results in a first

manipulation of the flow velocity.

Furthermore, the sectional illustration shows that sinking portion 10 of
immersion tube 3 has an exit area 15 at the wall, exit area 15 having a
plurality of openings 14 for forming a coarse filter 17, openings 14 being
formed by a plurality of rod-shaped pins 16. Pins 16 are oriented parallel to
each other and extend along sinking portion 10, two immediately adjacent
pins 16 forming openings 14, which are gap-shaped. Since pins 16, which
extend along a vertical axis, are connected in an intermediate portion for
increasing the stability of immersion tube 3, two adjacent pins 16 always
form two gap-like openings 14, which have a width of about 2 mm and a
length of about 20 mm and which are offset from each other relative to a

vertical axis.

Advantageously, coarse filter 17 forms a second filter stage of cleaning
device 1, which retains large particles not fitting through openings 14, which

are 2 mm wide, from the suction air volume flow.

Moreover, lid element 35, which is disposed on immersion tube 2 against a
spring force, forms a maintenance opening and/or a cleaning opening for
manually removing particles retained by coarse filter 17 from immersion
tube 3.

Furthermore, the sectional illustration also shows that immersion tube 3 is
connected to a bottom element 12 of liquid holding unit 4 at second end 8.
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For this purpose, end face 11 of immersion tube 3 is in direct contact with
bottom element 12 at second end 8. Thus, bottom element 12 forms a
barrier for the suction air volume flow, which has the effect that the suction
air volume flow flows out of immersion tube 3 through the openings formed

at the wall.

After it has fully flown through the liquid, the suction air volume flow reaches
droplet separator 13, which is disposed behind liquid holding unit4 in a
suction-air-conducting manner in suction air path 28 in order to separate
liquid droplets absorbed by suction air volume flow during its passage
through the liquid from suction air volume flow and return them into liquid
holding unit 4. Advantageously, other particles besides the liquid droplets
can also be separated from the suction air volume flow in the process, which
is why droplet separator 13 constitutes a third cleaning stage of cleaning

device 1.

Furthermore, the position of droplet separator 13 shows that it is disposed
at a fixation angle a of 45° relative to a horizontal plane, and the lowermost
edge of droplet separator 13, which extends into the drawing plane along a
depth axis, is disposed above liquid holding unit4 in order to facilitate
returning the liquid into liquid holding unit 4. Thus, the recovered separated
liquid droplets are returned into liquid holding unit 4 because of the weight

force acting on them.

Furthermore, in active mode of cleaning device 1, the suction air volume
flow finally flows through filter unit 27, which is disposed between vacuum
generating means 6 and droplet separator 13 in a suction-air-conducting
manner. Filter unit 27 allows fine particles carried by the suction air volume
flow to be filtered out, which can be specifically influenced in an

advantageous manner by selecting a pore density of fabric filter 30.

For orienting and fixing fabric filter 30, filter unit 27 comprises seat unit 28,

which is in particular configured to accommodate fabric filter 30 in a
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clamping manner. Thus, a fourth cleaning stage of cleaning device 1 can be

formed in an advantageous manner.

After flowing through fabric filter 30, the suction air volume flow flows
through a passage which is preferably illuminated by UVC light rays
generated by means of UVC-light generation means 34. Advantageously,
the UVC light rays Kill viruses and germs carried by suction air volume flow,
which is how a fifth cleaning stage of cleaning device 1 can be formed.

After flowing through the illuminated passage, the suction air volume flow
reaches vacuum generating means 6, which are formed by a rotating
electric motor in the case at hand. Then, the cleaned suction air volume flow
is discharged back into the environment through known air discharge
openings 31 in side surfaces 23 and 24.

Furthermore, it is noted that the vacuum generating means 6 are disposed
in an upper area of cleaning device 1. Advantageously, the lower area,
which comes into contact with the liquid, can thus be spatially separated
from the upper area of cleaning device 1, which is sensitive to moisture

because of the installed electronics.

Fig. 4 shows a second section view of known cleaning device 1 along a

horizontal plane.

The illustration shows the path of the suction air volume flow along outlined
suction air path 29 at the outlet, the suction air volume flow being
discharged to the environment first through suction air volume flow
discharge opening 37 and then through air discharge opening 31, which is
formed in the housing by the perforation, in opposite side surfaces 23 and
24,

Furthermore, a cooling circuit of vacuum generating means 6 is

schematically illustrated, ambient air for cooling vacuum generating
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means 6 being aspirated through ventilation opening 36 and discharged
back into the environment through cooling circuit discharge openings 38,
which are disposed at the circumference of vacuum generating means 6,

and air discharge opening 31.

Fig. 5 is a section view of droplet separator 13 from a perspective B

indicated in Fig. 3.

First of all, the section view shows flowward area 18, which extends in a
plane and which forms a plurality of spaced-apart profiled fins 19, a flow
channel 20 for a partial flow of the suction air volume flow, which strikes
flowward area 18 frontally, being formed between each two immediately

adjacent fins 19.

Sheet-metal-like fins 19 have arched profiles in the predefined flow direction
along flow channels 20, the profiles forcing the partial flows to change
direction and generating a vacuum area. The changes in direction have the
effect that the carried liquid droplets experience a centrifugal force because
of the inertia due to their mass, the centrifugal force causing the liquid and

the carried particles (residual particles) to be absorbed.

In Fig. 6, the area encircled in Fig. 5 is illustrated on a larger scale.
Furthermore, the path of a partial flow of the suction air volume flow during
the passage through flow channels 20 of droplet separator 13 is

schematically outlined.

The schematic illustration shows that the arched profile forms deflection
areas for the partial flows, which is why the partial flows are forced to change
direction at least twice as they are flowing through flow channels 20, the
changes in direction causing the carried liquid droplets and residual

particles to be separated.
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With reference to Fig. 3, it is noted that flowward area 18 of liquid
absorber 13 is selected small and/or smaller compared to second conduit
cross section 22 of immersion tube 3. Thus, the flow velocity of the suction
air volume flow can be advantageously increased again when the suction
air volume flow strikes liquid absorber 13 in order to thus also increase the
centrifugal force acting on the liquid droplets and/or the residual particles.
Thus, a large portion of the carried liquid droplets can advantageously be
separated from the suction air volume flow and be returned into the liquid
holding unit.

Fig. 7 is a perspective view of an alternative embodiment of cleaning
device 1 according to the invention with a low-pressure air outlet. Fig. 7
shows cleaning device 1 without an upper housing element 5, which has
been removed and is therefore not illustrated. An inner housing element 40
is visible, which can serve to house or cover vacuum generating means 6,
for example. Preferably, inner housing element40 provides sound

insulation.

Fig. 7 further shows a first portion 41 of an air outlet 39 at the outlet of
vacuum generating means 6. Multiple mounts 42 for mounting upper
housing element 5 on inner housing element 40 are formed around first
portion 41 of air outlet 39. Preferably, a damper element43 can be
provided, which can come into contact with the upper housing element for
noise suppression. Damper element 43 can preferably be plugged onto

mounts 42 and/or can be placed in contact with mounts 42.

Fig. 8 shows a section of an upper housing element 5 together with a
damper element 43. The damper element is located at a bottom 44 of a
preferably vat-shaped expansion space 45. Upper housing element 5 has a
plurality of recesses 46. Some of recesses 46 can serve to pass fastening
means, such as screws, through them in order to connect upper housing

element 5 to inner housing element 40, for example. One recess 47 has a
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larger diameter and extends in the bottom of expansion space 45. First
portion 41 of air outlet 39 can be passed through recess 47. Thus, the
suction air volume flow of vacuum generating means 6 enters expansion
space 45, which has a larger volume than first portion 41, via first portion 41
at the outlet. This leads to a relaxation and a sedation of the flow of the
suction air volume flow, which enables a more energy-efficient operation of
vacuum generating means 6 and additionally serves the purpose of noise

suppression.

Fig. 9 and Fig. 10 show upper housing element 5 with (Fig. 10) and without
(Fig. 9) an upper exhaust air discharge feature 48. Exhaust air discharge
feature 48 can advantageously be inserted into and attached to upper
housing element 5. Exhaust air discharge feature 48 then forms expansion
space 45 in the radially inner part together with upper housing element 5. In
the radially outer part, upper housing element 5 and exhaust air discharge
feature 48 define a preferably circumferential exhaust gap 49, which guides
the suction air volume flow out of cleaning device 1 at the outlet. The
separation between expansion space 45 and exhaust gap 49 can
advantageously be achieved by separating wall 53, which is provided with
passage holes 50. The discharge of the suction air volume flow through
expansion space 45 and exhaust gap 49 improves the energy efficiency of
vacuum generating means 6 and also has an advantageous impact on the

noise or sound generation when the cleaning device is in operation.

Preferably, an illumination unit can be disposed in exhaust gap 49 and/or
expansion space 45, the illumination unit having changeable light
properties, preferably a changeable light color, and being linked and/or
connected to setting means for setting the power of vacuum generating
means 6. Preferably, the illumination unit can be a multi-color LED strip,
which particularly preferably extends at least partially in the circumferential
direction of air gap 49 or expansion space 45. Thus, the power of vacuum

generating means 6 set by the user by means of the setting means can be
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optically outputted or indicated via upper housing element 5, in particular

the open end of air gap 49.

As can be seen in Fig. 10, exhaust air discharge feature 48 is a single-piece,
preferably even monolithic, component and comprises a handle 51 or a part
of a handle. Handle 51 can preferably be composed of two parts and
comprise two handle shells 52. One handle shell can advantageously be
comprised or formed by exhaust air discharge feature 48. Second handle
shell 52, which is illustrated in Fig. 9, for example, can be connected to
handle shell 52 of exhaust air discharge feature 48 by a plug and/or snap-

lock connection.

Fig. 11 once more schematically illustrates the routing of the suction air
volume flow in the embodiments of Figs. 7 to 10. At the entry of vacuum
generating means 6, the suction air volume flow is aspirated with a relatively
high pressure or vacuum, as marked by a corresponding arrow. At the
outlet, in particular in the area of first portion 41 of air outlet 39, a conical
flow distributor 54 is used to distribute the air flow at the motor outlet and
thus reduce the wind shear noises and the ventilation noises. Then, a round
and/or oval hood is used to disperse the wind pressure and thus reduce the
wind speed and the wind noises. The hood can be formed by expansion
space 45 and/or exhaust gap 49, for example.



10

15

20

25

30

RBI-P-03524-SGP - 26 -

Reference signs

0o N O OB~ W N -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

cleaning device

air intake opening

immersion tube

liquid holding unit

upper housing element
vacuum generating means
first end of the immersion tube
second end of the immersion tube
deflecting portion

sinking portion

end face

bottom element

droplet separator

opening

exit area

pins

coarse filter

flowward area

fin

flow channel

first conduit cross section
second conduit cross section
side surface (first)

side surface (second)
closure means

lower housing element

filter unit

seat unit for a fabric filter

suction air path



10

15

20

25

30

RBI-P-03524-SGP - 27 -

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
R_in

@ Q T

fabric filter

air discharge opening

front

supply conduit

UVC light generation means

lid element of the immersion tube

cooling circuit supply air ventilation opening
vacuum generating means suction air volume flow discharge opening
vacuum generating means cooling circuit discharge opening
air outlet

inner housing element

first portion

mounts

damper element

bottom

expansion space

recess

recess

exhaust air discharge feature

exhaust gap

passage holes

handle

handle shell

separating wall

flow distributor

inflow direction

vertical axis

horizontal axis

fixation angle

deflection angle



10

15

20

25

RBI-P-03524-WP2 - 28 - 13.10.2021

Claims

A cleaning device (1) for aspirating a suction air volume flow loaded with
particles from an environment, the cleaning device comprising

an air intake opening (2) having a first conduit cross section (21) and
serving to aspirate the suction air volume flow loaded with the particles,
aerosols, bacteria and/or viruses from the environment when the
cleaning device (1) is in an active mode,

a liquid holding unit (4) comprising an immersion tube (3) and serving
to hold a liquid, in particular water,

the immersion tube (3) being connected to the air intake opening (2) in
a suction-air-conducting manner at a first end (7) and being configured
in such a manner that it is immersed in the held liquid, in particular the
water, in such a manner at a second end (8) that the suction air volume
flow loaded with the particles flows through the held liquid when the
cleaning device (1) is in active mode so that the particles are retained,
and

vacuum generating means (6) for generating the suction air volume flow
in active mode,

characterized in that

a second conduit cross section (22) of the immersion tube (3) for
guiding the suction air volume flow is larger than the first conduit cross

section (21) of the air intake opening (2) at least at the second end (8).

The device according to claim 1,

characterized in that

a ratio between the second conduit cross section (22) of the immersion
tube (3) and the first conduit cross section (21) of the air intake
opening (2) is at least 2, preferably at least 3, further preferably at
least 3.5.
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The device according to claim 1 or 2,

characterized in that

the immersion tube (3) has at least one arched and/or angular deflecting
portion (9) and an in particular vertical sinking portion (10),

the deflecting portion (9) being configured in such a manner that the
suction air volume flow loaded with the particles is deflected relative to
an inflow direction (R_in) and swirled in active mode,

and the sinking portion (10) being configured in such a manner that the
suction air volume flow deflected in the deflecting portion (9) and swirled
in active mode is decelerated relative to a mean inflow velocity by a

widened portion of the conduit cross section.

The device according to claim 3,

characterized in that

the deflecting portion (9) is configured in such a manner that the suction
air volume flow loaded with the particles is deflected by a deflection
angle (B) greater than 60°, preferably greater than 70°, particularly
preferably greater than 80°, most preferably about 90°, relative to the
inflow direction (R _in), in particular relative to a horizontal axis, in active

mode.

The device according to claim 3 or 4,

characterized in that

the immersion tube (3) is disposed in the liquid holding unit (4) in such
a manner that the sinking portion (10) extends along a vertical axis (V)
in such a manner that, in active mode, the suction air volume flow sinks
vertically and thus flows into the liquid in particular essentially
perpendicular, in particular at a right angle, to the liquid surface formed

by the held liquid when the cleaning device (1) is in standby mode.
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The device according to any one of the preceding claims,
characterized in that

the immersion tube (3) has an exit area (15) with a plurality of
openings (14) for forming a coarse filter (17), in particular in the area of
the sinking portion (10), the openings (14) being preferably formed by a
plurality of rod-shaped pins (16), further preferably in the manner of
slots and/or gaps, the pins being in particular disposed and/or oriented
parallel to each other.

The device according to claim 6,

characterized in that

at the second end (8), the immersion tube (3) has an end face (11)
which is connected to a bottom element (12) of the liquid holding unit (4)
in such a manner that the suction air volume flow flows out of the
immersion tube (3) exclusively through the openings (14) in active

mode.

The device according to any one of the preceding claims,
characterized in that

the cleaning device (1) comprises a droplet separator (13) disposed
between the liquid holding unit(4) and the vacuum generating
means (6) in a suction-air-conducting manner for retaining liquid

droplets and other particles absorbed by the suction air volume flow.

The device according to claim 8,

characterized in that

the droplet separator (13) comprises a flowward area (18) formed by a
plurality of spaced-apart profiled fins (19), in particular sheet-metal-like
fins, a flow channel (20) having at least two deflection areas for the
suction air volume flow being formed between each two adjacent
fins (19), and/or
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10.

11.

12.

13.

the flowward area (18) being oriented at a fixation angle (a) between
20° to 70°, preferably 30° to 60°, particularly preferably 40° to 50°, most
preferably essentially 45°, relative to a horizontal plane (H1).

The device according to claim 8 or 9,
characterized in that
the droplet separator (13) is static and/or immobile and in particular

composed of non-rotating elements.

The device according to any one of the preceding claims,
characterized in that

the cleaning device (1) comprises a filter unit (27) for filtering out fine
particles carried by the suction air volume flow, the filter unit (27) being
disposed in a suction-air-conducting manner between the droplet
separator (13) and the vacuum generating means (6), in particular in a
suction air path (29) formed in the cleaning device (1) by the suction air

volume flow in active mode.

The device according to claim 11,

characterized in that

the filter unit (27) comprises a seat unit (28) for an exchangeable fabric
filter (30), the seat unit (28) being configured in such a manner that the
suction air volume flow flows through the fabric filter (30) in active mode

so that the fine particles are retained.

The device according to any one of the preceding claims,
characterized in that

the cleaning device (1) comprises UV- and/or UVC-light generation
means (34) disposed in the cleaning device (1) in such a manner that
the suction air path (28) is partially illuminated in such a manner, in

particular along a passage of the suction air path (29), that the suction
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air volume flow generated in active mode is fully illuminated in order to

kill carried viruses or germs.

14. A use of the cleaning device (1) according to the invention as an

ambient air cleaning device.

5 15. A use of the cleaning device (1) according to the invention as a wet

vacuum cleaner.



