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(54) CLEANER HEAD MEMBER, SURFACE CLEANING ASSEMBLY AND WET CLEANING
APPARATUS

(57) Provided is a cleaner head member (248) for a
wet cleaning apparatus. The cleaner headmember com-
prises a porous layer (114) suitable for being subjected to
an underpressure generated by an underpressure gen-
erator (178) included in the wet cleaning apparatus.
Pores of the porous layer extend across the porous
layer’s thickness and open out at opposite sides of the
porous layer, with a linear central axis of each pore
extending across the thickness and passing through

an intermediate point surrounded by a pore wall of the
respective pore; the pore wall being arranged about the
linear central axis. A path of least resistance to fluid flow
across the porous layer is defined along the linear central
axes of the pores. Also provided is a surface cleaning
assembly comprising the cleaner head member. Further
provided is a wet cleaning apparatus comprising the
cleaner head member or the surface cleaning assembly.
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Description

FIELD OF THE INVENTION

[0001] This invention relates to a cleaner head member for a wet cleaning apparatus. The invention also relates to a
surfacecleaningassembly comprising the cleanerheadmemberandacleaner head.The invention further concernsawet
cleaning apparatus comprising the cleaner head member or the surface cleaning assembly.
[0002] The cleaner headmember, surface cleaning assembly andwet cleaning apparatus can be used, for example, for
cleaning a floor, an indoor surface, or a window.

BACKGROUND OF THE INVENTION

[0003] Wet cleaning apparatuses, for example wet mopping devices, are known which remove water from a surface to
be cleaned. Such wet cleaning apparatuses can also apply cleaning liquid, e.g. water, to the surface to be cleaned, and
then remove the liquid, e.g. with a suitable cloth.
[0004] Somewet cleaningapparatuseshavepoweredpick-up functionality for removing thewater from thesurface tobe
cleaned. Wet vacuum cleaners, for instance, may pick up liquid by generating sufficient airspeed (e.g. at least 10 m/s)
and/or brushpower to exert enough shear force on liquid droplets to cause them to enter the device. Typical power
consumption values for such vacuum cleaners are relatively high, for example in the order of several hundred watts.
[0005] Afurther challengecanarisewhen thewetcleaningapparatus isarranged todeliver cleaning liquidaswell aspick
up the liquid using suction. Providing both functionalities can, in at least some designs, risk that the cleaning liquid is used
inefficiently.
[0006] There can also be a risk that poorly controlled delivery of the cleaning liquid, during or even after use, results in
soaking of the environment with the cleaning liquid. Such soaking of the surface to be cleaned may not, in at least some
circumstances, be easily addressed by the pick-up functionality of the apparatus, particularly when a relatively low power
pick-up system is employed.

SUMMARY OF THE INVENTION

[0007] Additional challenges have been encountered relating to dirt particles clogging pick-up components of the wet
cleaning apparatus, particularly components that exert control over underpressure in the wet cleaning apparatus.
[0008] The invention is defined by the claims.
[0009] According to examples in accordance with an aspect of the invention, there is provided a cleaner head member
for a cleaner head of a wet cleaning apparatus, the cleaner head member comprising a porous layer suitable for being
subjected to an underpressure generated by an underpressure generator included in the wet cleaning apparatus, the
porous layer having a limiting pore diameter, as measured using ASTM F316 - 03, 2019, Test A, equal to or less than 105
µm, pores of the porous layer extending across the porous layer’s thickness and opening out at opposite sides of the
porous layer, a linear central axis of each pore extending across the thickness and passing through an intermediate point
surrounded by a pore wall of the respective pore, the pore wall being arranged about the linear central axis, a path of least
resistance to fluid flow across the porous layer being defined along the linear central axes of the pores.
[0010] When the porous layer is dry, the porous layer may be regarded as being in an "air transport state" in which air is
transported through each of the dry pores of the porous layer. A "liquid transport state" corresponds to liquid, e.g. water,
being transported through the (wetted) pores of the porous layer. When there is no longer a feed of liquid to the pores, a
"fluid block state" may be adopted. The "fluid block state" corresponds to the state at which the surface tension of the
(residual) liquid retained in the wetted pores of the porous layer prevents fluid transport through the pores. In the latter
state, a surface or barrier is created at the boundary between air and liquid, e.g. water. This barrier can assist to maintain
theunderpressurebetween theporous layerand theunderpressuregenerator.Thepressureneeded to "break" thisbarrier
can be termed a "breaking pressure".
[0011] The 105µmupper limit for the limiting pore diameter, equivalent to aminimumbubble point pressure of 2000 Pa,
may assist to ensure that sufficient underpressure is maintainable by the porous layer.
[0012] Pores of the porous layer, whose linear central axis extends across the porous layer’s thickness and passes
throughan intermediatepoint surroundedbyaporewall of the respectivepore,areconsidered tobebetterdefined than, for
example, pores defined between fibers of awoven fabric. The present disclosure is at least partly based on the insight that
such better-defined pores can be selected to be physically larger than less well-defined pores of other types of porous
materials, but still provide a comparable breaking pressure. Since the better-defined pores can bemade physically larger
while achieving a given breaking pressure, they may be less liable to become clogged by dirt particles.
[0013] In some embodiments, pores of the porous layer may have a pore size distribution that can be selected to be
separate from, in otherwords not overlappingwith, a pore sizedistribution of a further porous layer arrangedon the porous
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layer. In particular, the pore size distribution of the porous layer may be shifted to larger pore sizes than the pore size
distribution of the further porous layer.
[0014] This may mean that dirt particles that are sufficiently small to initially pass through the further porous layer also
pass through the porous layer when the porous layer and the further porous layer are subjected to the underpressure
generated by the wet cleaning apparatus’s underpressure generator. This may make the porous layer less liable to be
clogged by such dirt particles during use.
[0015] Clogging of the further porous layer by such dirt particles may be addressed by, for example, detachment of the
further porous layer from the porous layer to enable cleaning and/or replacement of the further porous layer.
[0016] Eachpore of the porous layer can be regarded as a through-hole that axially extends through the thickness of the
porous layer.
[0017] Suchporescanbedefined inanysuitablemanner, for exampleby laserablationofapolymericmembrane,orbya
woven structure of a mesh, e.g. a monofilament mesh.
[0018] In some embodiments, pores of the porous layer each have a polygonal or circular cross-sectional shape
perpendicular to the linear central axis. For example, pores of the porous layer may each have a square cross-sectional
shape perpendicular to the linear central axis. Such a polygonal, e.g. square, or circular cross-sectional shape
perpendicular to the linear central axismaymean that the pore wall provides a consistent surface, in particular a relatively
well-defined rimbetweenasurfaceof the porewall andexterior surface(s) of oneor both sidesof theporous layer. This can
assist to increase the breaking pressure.
[0019] The rim between a surface of the pore wall and an exterior surface of the porous layer may, for example, have a
radius of curvature of 0.1 µm to 3 µm.
[0020] Sucha radius of curvature,whichmaybe significantly smaller than thepore radius,may assist to prevent the size
of the liquid-air interface/surface from growing when pressure is applied. This may prevent the increase in force on the
surface (force being equal to pressure multiplied by area), hence may prevent the surface’s edge from being overloaded
sooner, thereby keeping the surface from collapsing/"exploding".
[0021] In comparison to the poorly defined pores between fibers of a woven fabric, the pores having the polygonal, e.g.
square, or circular cross-sectional shape may provide a higher breaking pressure even with a relatively large pore size.
This larger pore size, in turn, can assist to alleviate pore blockages by dirt particles.
[0022] It has been found that a circular cross-sectional shape, with the pore being generally cylindrical, or a polygonal,
e.g. square, cross-sectional shape, with the pore being generally prismatic, e.g. cubic or cuboidal, can assist to provide a
pore geometry-related increase in breaking pressure.
[0023] It is noted that thewell-definedporesof theporous layer contrastwith theporesdefinedbetweenfibersofawoven
fabric inwhicha rangeof contactanglesareeffectivelyprovidedaround thesurfacesdelimitingagivenpore.Theshapesof
the upstream and downstream openings of such a woven fabric pore are also not as well-defined as the upstream and
downstreamrimsof theporous layer.Thismeans that in thecaseofaporeofawoven fabric, theremayalwaysbeaplace in
the porewhere the contact angle reaches its limit so that the liquid barrier can no longermaintain its position. The resultant
barrier movement may enlarge the surface area on which the pressure acts; the total force on the barrier increasing,
making it harder for the rest of the barrier to maintain its position, with further movement resulting, and so on. This issue
maybeaddressedby thewell-definedpore geometry of eachof the poresof the porous layer according to embodiments of
the present disclosure.
[0024] In summary, a contact angle between liquid and the surface of the porous layer may always be present; an
increase in pressuremaymoveanedgeof thebarrier to anewpositionof equilibrium; if this shiftingoccurswhile thebarrier
remains relatively small, higher breaking pressures canbeobtained; if the shifting occurswhile significantly increasing the
surface area of the barrier, the breaking pressure may be lower.
[0025] In someembodiments, the thicknessof theporous layer is less than200µm,preferably less than100µm.Sucha
maximum thickness may contribute to minimizing of flow resistance through the porous layer.
[0026] In some embodiments, the porous layer comprises, e.g. is, amesh. Alternatively or additionally, the porous layer
may comprise, e.g. be, a perforate membrane.
[0027] Such amesh, e.g. amonofilament mesh, and/or perforatemembranemay represent a relatively straightforward
way of providing poreswith the above-mentionedwell-defined geometry. In the case of a perforatemembrane, poresmay
for example be defined by subjecting amembrane, e.g. a polymermembrane, to laser ablation. In such embodiments, the
pores may have the above-mentioned polygonal, e.g. square, or circular cross-sectional shape.
[0028] In the caseof amesh, the poresmaybedefinedby themanner inwhich thewires, e.g. polymerwires, of themesh
are woven and/or welded. In such embodiments, the pores may have, for example, the above-mentioned square cross-
sectional shape.
[0029] In some embodiments, the porous layer comprises, e.g. is, a plain weave woven mesh or a twill weave woven
mesh. Both plain weave and twill weave may provide pores with the square cross-sectional shape.
[0030] It has been found that plain weavemay provide a higher breaking pressure than twill weave. In other words, for a
given breaking pressure, the plain weave mesh may allow for larger pores than the twill weave mesh.
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[0031] In some embodiments, the porous layer is formed from a material having a water contact angle less than 90°.
Such a contact angle maymean that the porous layer is suitably wettable by aqueous liquid on the surface to be cleaned.
[0032] In someembodiments, theporous layer is formed fromapolyesterand/or apolyamide.Suchmaterialshavebeen
found to be suitably hydrophilic to enable the porous layer to be adequately wetted by water, e.g. water received from the
surface being cleaned.
[0033] The hydrophilicity of polyamide, e.g. nylon, may be particularly suitable for the porous layer. Polyester may also
provide suitable hydrophilicity, particularly following plasma treatment of the polyester.
[0034] In some embodiments, the cleaner headmember comprises a support member for supporting the porous layer.
For example, the porous layer may be affixed, e.g. adhered, to the support member.
[0035] Alternatively or additionally, the cleaner headmembermay include apliablematerial onwhich the porous layer is
arranged. Deformation, e.g. resilient deformation, of such a pliable material may lessen the risk of damage to the porous
layer should, for example, a relatively hard protrusion be present on the surface to be cleaned which comes into contact
with the porous layer, or the further porous layer arranged on the porous layer. Alternatively or additionally, the pliable
material may assist the porous layer to follow any contours of the surface to be cleaned.
[0036] Alternatively or additionally, the cleaner head member may be resiliently mounted or mountable to the cleaner
head.Thismayassist theporous layer to followanycontoursof thesurface tobecleaned, thereby facilitating liquidpick-up.
[0037] In some embodiments, the pliable material comprises a curved surface on which the porous layer is arranged,
with the porous layer following the curvature of the curved surface.
[0038] In some embodiments, the pliable material defines the support member that supports the porous layer. In other
embodiments, the pliable material is arranged between the support member, e.g. rigid support member, and the porous
layer.
[0039] In some embodiments, one or more dirt inlet(s) is or are defined in the cleaner head member, the porous layer
covering theoneormoredirt inlet(s). Thedirt inlet(s)may fluidly connect the underpressure generatorwith the poresof the
porous layer.
[0040] A liquid pick-up region of the porous layermay be delimited by sealing attachment of the porous layer around the
at least one dirt inlet. The sealing attachment of the porous layer around the dirt inlet(s), may assist to maintain an
underpressure in the dirt inlet(s) with or without the flow being applied by the underpressure generator included in the wet
cleaning apparatus.
[0041] The sealing attachment can be implemented in any suitable manner, such as by gluing or welding the porous
layer aroundeachof theat least onedirt inlet, for examplegluingand/orwelding theporous layer aroundoneormore tubes
whose opening(s) define the dirt inlet(s).
[0042] In someembodiments, the at least one dirt inlet is defined by one ormore channels extending through the pliable
material.
[0043] In some embodiments, the cleaner headmember is attachable and/or detachable to the cleaner head of the wet
cleaning apparatus.
[0044] The porous layer may be susceptible to wear, and such wear can risk compromising the underpressure-
maintaining/liquid pick-up performance of the porous layer. However, replacement of the porous layer may be rendered
difficult for a user because of the above-described sealing attachment of the porous layer around the dirt inlet(s).
[0045] For this reason, the cleaner head member may comprise the porous layer already sealingly attached to the dirt
inlet(s). In thisway, the cleaner headmemberenables replacement of theporous layerwithout requiring theuser tohimself
re-seal the porous layer to the dirt inlet(s). This can assist to avoid a scenariowhere faulty sealing of the porous layer to the
dirt inlet(s) by the user precludes or hampers subsequent operation of the wet cleaning apparatus.
[0046] The cleaner head member may be configured to be detachably coupled to the wet cleaning apparatus. In such
embodiments, the cleaner head member can itself be straightforwardly replaced or cleaned, e.g. when the porous layer
needs to be replaced or cleaned, by detachment of the cleaner head member from the cleaner head of the wet cleaning
apparatus.
[0047] In some embodiments, the limiting pore diameter of the porous layer asmeasured using ASTMF316 - 03, 2019,
Test A is at least 6 µm, preferably at least 8 µm, most preferably at least 11 µm.
[0048] It has been found empirically (as further described herein below) that a limiting pore diameter equal to or greater
than 6 µm may assist to maintain a relatively large underpressure whilst ensuring that pores still enable efficient liquid
transport therethrough. The lattermayalsobeassisted byminimizing the thicknessof the porous layer, for example to less
than 200 µm, preferably less than 150 µm.
[0049] The physical pore size of pores of the porous layer, e.g. at least 6 µm, corresponding to such a limiting pore
diameter of at least 6µm,maybe larger than that of poresof the further porous layer, e.g.woven fabric layer(s), e.g. around
3 µm.
[0050] Thismay assist to alleviate clogging of the porous layer because its poresmay be larger than those of the further
porous layer.
[0051] In some embodiments, the limiting pore diameter of the porous layer asmeasured using ASTMF316 - 03, 2019,
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Test A is 11 to 15 µm.
[0052] It hasbeenobserved that "self-repair" of theporesof theporous layerwhen theporous layer isemployed together
with the above-mentioned further porous layer, e.g. a further porous layermadeof awoven fabric,may beenhancedwhen
the limiting pore diameter of the porous layer is 11 to 15 µm.
[0053] According to another aspect, there is provided a surface cleaning assembly comprising: the cleaner head
member according to any of the embodiments described herein; and a cleaning material for contacting a surface to be
cleaned, the cleaning material comprising a further porous layer for arranging on the porous layer.
[0054] The further porous layer may comprise one or more woven fabric layers.
[0055] In some embodiments, the pore size distribution of the porous layer spans a range of pore sizes whose smallest
pore size is larger than a largest pore size of a range of pore sizes spanned by the further porous layer, e.g. woven fabric
layer(s).
[0056] This may mean that dirt particles passing through the further porous layer also pass through the porous layer
when the porous layer and the surface to be cleaned-contacting further porous layer are subjected to the underpressure
generated by the wet cleaning apparatus’s underpressure generator.
[0057] This may make the porous layer less liable to be clogged by such dirt particles during use.
[0058] In some embodiments, the further porous layer, e.g. woven fabric layer(s), has a limiting pore diameter, as
measured using ASTM F316 - 03, 2019, Test A, equal to or less than 105 µm and/or equal to or greater than 15 µm.
[0059] It hasbeen foundempirically that a limitingporediameter of the further porous layer, e.g.woven fabric layer(s), as
measured using ASTM F316 - 03, 2019, Test A equal to or greater than 15 µm may assist to maintain a relatively large
underpressurewhilst ensuring that pores are sufficiently large for efficient liquid transport through the further porous layer.
[0060] Equivalently, abubblepoint pressureof the further porous layerasmeasuredusingASTMF316 -03, 2019,TestA
may be equal to or less than 13500 Pa.
[0061] In some embodiments, a limiting pore diameter of the further porous layer as measured using ASTM F316 - 03,
2019, Test A is equal to or less than 105 µm. This upper limit for the limiting pore diameter assists to ensure that sufficient
underpressure is maintainable by the further porous layer.
[0062] Equivalently, abubblepoint pressureof the further porous layerasmeasuredusingASTMF316 -03, 2019,TestA
may be equal to or greater than 2000 Pa. Preferably, the bubble point pressure of the further porous layer is 7000 Pa to
9000 Pa.
[0063] Fluid transporting pores of the porous layer and/or the liquid pick-up region may be exclusively arranged in a
region of the porous layer that remains in contact with the further porous layer when the surface cleaning assembly is
assembled with the further porous layer being arranged on the porous layer. In such embodiments, the maintaining of
contact between the further porous layer and the porous layer maymean that any "broken" pores in the porous layer may
be kept supplied with liquid from the further porous layer, and thereby "repaired". This can assist maintenance of the
underpressure between the underpressure generator and the porous layer.
[0064] In some embodiments, the further porous layer has a porous structure configured to enable lateral fluid transport
in a first direction within the further porous layer as well as fluid transport in a second direction across a thickness of the
further porous layer towards theporous layer. The lateral fluid transport provided in the further porous layer, e.g. thewoven
fabric layer(s) of the further porous layer, can assist to keep the porous layer supplied with liquid, thereby helping to repair
broken pores of the porous layer.
[0065] It is generally noted in this connection that a poremay remain "broken" as long as the underpressure towhich the
porous layer is subjected is above the pore’s breaking pressure. Should the underpressure fall below the breaking
pressure, the pore may draw liquid from its surroundings to close itself up again, in other words so as to be "repaired,
thereby reinstating the fluid block state.
[0066] The self-repairability may be particularly effective when the porous layer is in contact with a woven fabric layer.
However, porous layers, e.g. meshes, with a relatively small pore size may also be capable of repairing themselves. For
example, a mesh having a pore size of 11 µmmay provide broken pore repairability that is almost identical to that of the
woven fabric layer, amesh having a pore size of 15µmmay provide broken pore repairability that is close to that provided
byawoven fabric layer, butmaybe less consistent. Ameshhavingaporesizeof 18µmmay,however, providesignificantly
worse broken pore repairability than that provided by a woven fabric layer.
[0067] In some embodiments, at least the further porous layer of the cleaning material is detachable from the porous
layer. Thus, the further porous layer, e.g. along with the rest of the cleaningmaterial, can be detached for cleaning and/or
replacement.
[0068] Alternatively or additionally, the cleaning material may further comprise a cleaning liquid applicator material
configured to apply cleaning liquid to the surface to be cleaned.
[0069] According to a yet another aspect, there is provided a wet cleaning apparatus comprising: the cleaner head
member according to any of the embodiments described herein or the surface cleaning assembly according to any of the
embodiments described herein; and an underpressure generator for subjecting the porous layer to an underpressure.
[0070] The underpressure generator may be configured to provide a pressure difference between an inside of the wet
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cleaning apparatus and atmospheric pressure for drawing fluid through the porous layer, with the pressure difference
being in a range of 2000 Pa to 15000 Pa, preferably 2000 Pa to 13500 Pa.
[0071] Alternatively or additionally, the underpressure generator may be configured to generate a flow through the
porous layer that is at most 2000 cm3/minute.
[0072] In some embodiments, the underpressure generator is configured to supply said suction by providing a flow
through the porous layer in the range of 15 to 2000 cm3/minute, more preferably 80 to 750 cm3/minute, even more
preferably 100 to 300 cm3/minute, and most preferably 150 to 300 cm3/minute.
[0073] Such a flow, i.e. flow rate, may capitalize on the underpressure-maintaining capability of the porous layer, and
may ensure sufficient liquid pick-up whilst limiting energy consumption.
[0074] The underpressure generator may, for example, comprise a positive displacement pump, such as a peristaltic
pump. Such a positive displacement pump can assist to maintain the underpressure in the dirt inlet(s) after the under-
pressure generator has been deactivated, e.g. switched off, because the pump design inherently restricts backflow from
thepumpoutlet. This, in turn,mayalleviateproblematic liquid release from theporous layer, for instance following cleaning
of the surface to be cleaned and/or during stowing of the wet cleaning apparatus in a storage area after use.
[0075] The wet cleaning apparatus may include a dirty liquid collection tank. In such embodiments, the underpressure
generator may be arranged to draw liquid from the at least one dirt inlet to the dirty liquid collection tank.
[0076] In some embodiments, the wet cleaning apparatus comprises a cleaning liquid supply for supplying cleaning
liquid for delivery towards the surface to be cleaned via at least one cleaning liquid outlet, e.g. included in the cleaner head.
[0077] Sucha cleaning liquid supplymay, for example, comprise a cleaning liquid reservoir and a delivery arrangement,
e.g. a delivery arrangement comprisingapump, for transporting the cleaning liquid to and through theat least one cleaning
liquid outlet.
[0078] The cleaning liquid supply and the at least one cleaning liquid outlet may be configured to provide a continuous
deliveryof thecleaning liquid towards thesurface tobecleaned.Suchcontinuousdeliverymay, for instance,beprovidedat
the same time as underpressure generator is supplying suction to the at least one dirt inlet.
[0079] Thecleaning liquid supply and theunderpressure generatormay, for instance, be configured such that the flowof
thecleaning liquiddelivered through theat least onecleaning liquidoutlet isequal toor lower than theflowprovided to theat
least one dirt inlet by the underpressure generator. This may assist to ensure that the surface to be cleaned does not
become excessively wet with the cleaning liquid. For example, the flow of cleaning liquid may be in the range of 20 to 100
cm3/minute, and the flow provided by the underpressure generator may be in the range of 40 to 2000 cm3/minute, more
preferably 80 to 750 cm3/minute, even more preferably 100 to 300 cm3/minute, and most preferably 150 to 300
cm3/minute.
[0080] Moregenerally, thewet cleaningapparatusmaycomprise, for example, awetmoppingdevice, awindowcleaner,
a sweeper, or a wet vacuum cleaner, such as canister-type, stick type, or upright type wet vacuum cleaner. The wet
cleaning apparatus may in some examples comprise a robotic wet vacuum cleaner or a robotic wet mopping device
configured to autonomouslymove the cleaner head on the surface to be cleaned, such as the surface of a floor. Particular
mention is made of a wet mopping device.
[0081] In a particular non-limiting example, thewet cleaning apparatus is a battery-powered (or battery-powerable) wet
cleaning apparatus, such as a battery-powered (or battery-powerable) wet mopping device, in which the underpressure
generator, e.g. pump, is powered (or powerable) by a battery electrically connected (or connectable) thereto. Particular
mention ismade of this example due to the power consumption-reducing effect which can be provided by the porous layer
to which the suction of the underpressure generator is provided.
[0082] According to a further aspect, there is provided a use of a porous layer having a limiting pore diameter, as
measuredusingASTMF316 -03, 2019,TestAequal toor less than105µm,poresof theporous layer extendingacross the
porous layer’s thickness and opening out at opposite sides of the porous layer, a linear central axis of each pore extending
across the thickness andpassing through an intermediate point surrounded by a porewall of the respective pore, a path of
least resistance to fluid flow across the porous layer being defined along the linear central axes of the pores, wherein the
use comprises subjecting the porous layer to an underpressure generated by an underpressure generator included in a
wet cleaning apparatus.
[0083] These and other aspects of the invention will be apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0084] For a better understanding of the invention, and to showmore clearly how it may be carried into effect, reference
will now be made, by way of example only, to the accompanying drawings, in which:

FIG. 1 schematically depicts the underside of a cleaner head according to an example;
FIG. 2 provides a schematic cross-sectional view of a cleaning liquid distribution strip included in the cleaner head
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shown in FIG. 1;
FIG. 3 schematically depicts the underside of a cleaner headaccording to a secondexample inwhich a cleaning liquid
applicator material is detached from the cleaner head;
FIG.4schematically depicts theundersideof thecleanerheadshown inFIG.3with thecleaning liquidapplicator fabric
attached;
FIG. 5A schematically depicts a porous layer and dirt inlets of an exemplary cleaner head;
FIG. 5B provides a schematic cross-sectional view of the porous layer and dirt inlets shown in FIG. 5A;
FIG. 6A schematically depicts an example of sealing attachment of the porous layer around the dirt inlets;
FIG. 6B provides a schematic cross-sectional view of the exemplary sealing attachment shown in FIG. 6A;
FIG. 7A schematically depicts a variation of the sealing attachment shown in FIGs. 6A and 6B;
FIG. 7B provides a schematic cross-sectional view of the exemplary sealing attachment shown in FIG. 7A;
FIG. 8 provides a schematic cross-sectional view of a variation of the sealing attachment shown in FIGs. 7A and 7B;
FIG. 9 provides a schematic cross-sectional view of a variation of the sealing attachment shown in FIG. 8;
FIG. 10A provides a photomicrograph of a woven fabric, in other words cloth, with arrows showing main liquid
transport through yarns of the woven fabric;
FIG. 10B provides a schematic cross-sectional view of a yarn of a woven fabric;
FIGs. 10C and 10D provide views of a theoretical model of a pore of the porous layer;
FIG. 10E provides a screenshot of pore simulations using the model shown in FIGs. 10C and 10D;
FIG. 10F shows a porous layer according to an example in the form of a twill weave mesh;
FIG. 10G shows a porous layer according to an example in the form of a perforate membrane;
FIG. 10H shows a cross-section of a porous layer according to an example in the form of monofilament mesh;
FIG. 101 shows overlapping pore size distributions of two woven fabrics;
FIG. 11 schematically depicts a test arrangement for testing the behavior of the porous material when liquid and
suction are applied thereto;
FIG. 12 provides a graph of underpressure vs time from data acquired using the test arrangement shown in FIG. 11;
FIG. 13 provides several pressure vs time graphs for porousmaterials comprising different numbers of porous layers;
FIG. 14 schematically depicts a liquid transport state, intermediate regime and end regime sequence of a porous
material when suction is applied thereto;
FIG. 15 provides several pressure vs time graphs for porous materials of differing pore size;
FIG. 16 schematically depicts an exemplary cleaner head being moved across a surface to be cleaned;
FIGs. 17 to 23 provide schematic cross-sectional views of a porous material mounted to a support member;
FIGs. 24 to 30 schematically depict various exemplary cleaner heads;
FIG. 31 schematically depicts an exemplary cleaner head which is rockable on a protruding element so as to bring a
portion of the underside of the cleaner head into contact with a surface to be cleaned;
FIG. 32A schematically depicts an example of sealing attachment of the porous layer around the dirt inlets;
FIG. 32B provides a schematic cross-sectional view of the exemplary sealing attachment shown in FIG. 32A;
FIG. 33A provides a view of an end of a cleaner head according to an example;
FIG. 33B provides a view of a top side of the cleaner head shown in FIG. 33A;
FIG. 33C provides a schematic cross-sectional view of a cleaner head member according to an example;
FIG. 33D provides a schematic cross-sectional view of a cleaner head member according to another example;
FIG. 33E provides a schematic cross-sectional view of an exemplary cleaning material comprising further porous
layer(s) and a cleaning liquid applicator material;
FIG. 33F provides a perspective view of a cleaner head comprising the cleaner head member shown in FIG. 33C or
33D and the cleaning material shown in FIG. 33E;
FIG. 33G provides a photomicrograph of a woven fabric, in other words cloth, with arrows showing a capillary path
along the woven fabric;
FIG. 33H shows a surface cleaning assembly according to an example;
FIG. 331 shows "tenting" in a cleaner head according to an example;
FIG. 33J shows a solution to the "tenting" shown in FIG. 331;
FIG. 34 schematically depicts anexemplarywet cleaningapparatusbefore (left handpane), during (centrepane), and
after (right hand pane) drawing liquid through the porous material;
FIG. 35 schematically depicts an exemplary wet cleaning apparatus having an underpressure generator which is
activated (left hand pane) and deactivated (right hand pane);
FIG. 36 schematically depicts an underpressure generator in the form of a peristaltic pump;
FIG. 37A schematically depicts the pores of the porous layer of an exemplary wet cleaning apparatus;
FIG. 37B schematically depicts foam build-up in the wet cleaning apparatus shown in FIG. 37A;
FIG. 37C graphically illustrates an operating window of the wet cleaning apparatus, in particular at start-up of the wet
cleaning apparatus;
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FIG. 38 schematically depicts an exemplary wet cleaning apparatus comprising an underpressure generator
arrangement having an underpressure generator, a pressure sensor, and a controller;
FIG.39 schematically depicts anexemplarywet cleaningapparatushavinganunderpressuregenerator arrangement
having an underpressure generator and a mechanical regulator;
FIG. 40 schematically depicts an exemplary wet cleaning apparatus whose underpressure generator comprises a
pressure-limited liquid pump;
FIG. 41 schematically depicts an exemplary wet cleaning apparatus whose underpressure generator comprises a
pressure-limited air pump;
FIG. 42 schematically depicts an exemplary wet cleaning apparatus in the form of a wet vacuum cleaner; and
FIG. 43 schematically depicts an exemplary wet cleaning apparatus in the form of a robotic wet vacuum cleaner.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0085] The invention will be described with reference to the Figures.
[0086] It should be understood that the detailed description and specific examples, while indicating exemplary
embodiments of the apparatus, systems and methods, are intended for purposes of illustration only and are not intended
to limit the scope of the invention. These and other features, aspects, and advantages of the apparatus, systems and
methods of the present invention will become better understood from the following description, appended claims, and
accompanying drawings. It should be understood that the Figures are merely schematic and are not drawn to scale. It
should also be understood that the same reference numerals are used throughout the Figures to indicate the same or
similar parts.
[0087] Provided is a cleaner headmember for awet cleaning apparatus. The cleaner headmember comprises a porous
layer suitable for being subjected to an underpressure generated by an underpressure generator included in the wet
cleaningapparatus.Poresof theporous layer extendacross theporous layer’s thicknessandopenout at opposite sidesof
the porous layer, with a linear central axis of each pore extending across the thickness and passing through an
intermediate point surrounded by a pore wall of the respective pore; the pore wall being arranged about the linear central
axis.Apathof least resistance to fluid flowacross theporous layer is definedalong the linear central axesof thepores.Also
provided is a surface cleaning assembly comprising the cleaner head member. Further provided is a wet cleaning
apparatus comprising the cleaner head member or the surface cleaning assembly.
[0088] FIG. 1 shows a cleaner head 100 according to a non-limiting example. In particular, an underside 102 of the
cleaner head 100 is shown in FIG. 1. The underside 102 faces a surface to be cleaned (not visible in FIG. 1) using the
cleaner head 100.
[0089] Evident from the viewprovided inFIG. 1 is at least onecleaning liquid outlet 104 included in the cleaner head100.
Cleaning liquid is deliverable through the, e.g. each of, the at least one cleaning liquid outlet 104. It is noted that the at least
one cleaning liquid outlet need not to be provided on the underside 102 of the cleaner head 100, andmay alternatively be
provided elsewhere in the cleaner head 100 provided that the cleaning liquid can be delivered via the cleaning liquid
outlet(s) to reach the surface to be cleaned.
[0090] The cleaning liquid can comprise, or consist of, water. Hence, the cleaning liquid can be an aqueous cleaning
liquid. In somenon-limitingexamples,whichwill bediscussed inmoredetail hereinbelow, thecleaning liquid is anaqueous
detergent solution.
[0091] In the non-limiting example shown in FIG. 1, the cleaning liquid outlets 104 are arranged in a row along a length
106 of the cleaner head 100. Thismay assist the cleaner head 100 towet the surface to be cleanedwith the cleaning liquid
along the length 106 of the cleaner head 100. It should nonetheless be noted that any suitable configuration or pattern of
cleaning liquid outlets 104 can be contemplated, provided that other parts of the cleaner head 100 can be accommodated.
[0092] In theparticular exampleshown inFIG.1, sixteencleaning liquidoutlets104are included in thecleanerhead100,
noting that more cleaning liquid outlets 104 may assist to increase the uniformity of wetting of the surface to be cleaned.
However, any suitable number of cleaning liquid outlets 104 may be provided in the cleaner head 100, for example one,
two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen,
nineteen, twenty, or more.
[0093] In someembodiments, suchas that shown inFIG.1, thecleanerhead100comprisesacleaning liquiddistribution
strip 108. At least some, or in this example all, of the cleaning liquid outlets 104 may be included in the cleaning liquid
distribution strip 108, as shown.
[0094] FIG. 2 provides a cross-sectional view of the cleaning liquid distribution strip 108 included in the exemplary
cleaner head 100 shown in FIG. 1. In this non-limiting example, the cleaning liquid distribution strip 108 comprises a
channel 110which can be suppliedwith the cleaning liquid, e.g. froma suitable cleaning liquid reservoir (not visible in FIG.
2) via an inlet 112.
[0095] The inlet 112 is provided at or proximal to an end of the cleaning liquid distribution strip 108 in the example shown
in FIG. 2, however it is also conceivable that the inlet 112 is provided in a central position along the length of the cleaning
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liquid distribution strip 108. Alternatively or additionally, the cleaning liquid distribution strip 108 comprises a plurality of
inlets 112, for example a pair of inlets 112 arranged at opposite ends of the cleaning liquid distribution strip 108.
[0096] The cleaning liquid may exit the cleaning liquid distribution strip 108 via apertures in the cleaning liquid
distribution strip 108 which define the cleaning liquid outlets 104. Such aperturesmay be dimensioned such that passage
of the cleaning liquid, e.g. aqueous cleaning liquid, through the apertures is restricted, due to the surface tension of the
cleaning liquid, while the channel 110 is being filled, but with passage of the cleaning liquid through all of the apertures of
the cleaning liquid distribution strip 108 at the same time being permitted once the channel 110 has been filled. This may
enable relatively uniform wetting of the surface to be cleaned across the length 106 of the cleaner head 100.
[0097] To this end, each cleaning liquid outlet 104 may have, for example, a diameter less than 1 mm, for example a
diameter in the range of 0.1 to 1 mm, preferably 0.1 to 0.8 mm, most preferably 0.1 to 0.5 mm, such as about 0.3 mm.
[0098] Thecleaning liquiddistributionstrip108canbe formedofanysuitablematerial, suchasametal, ametal alloy, e.g.
stainless steel, and/or a polymer. Forming the cleaning liquid distribution strip 108 from a polymer can make the cleaning
liquid distribution strip 108 more lightweight and/or cheaper to manufacture.
[0099] Returning to FIG. 1, the cleaner head 100may include a porous layer 114.Whilst not visible in FIG. 1, the cleaner
head 100 has at least one dirt inlet. Each of the dirt inlet(s) is covered by the porous layer 114.
[0100] More generally, the porous layer 114may be included, or in some embodiments define, a cleaner headmember.
[0101] Such a cleaner head member may, for example, be attachable to and/or detachable from the cleaner head 100.
[0102] The surface tension of the liquid retained in the pores of the porous layer 114 can assist to maintain the
underpressure. This surface tension can be overcome at a point (or points) on the external surface 116 of the porous layer
114 which come into contact with liquid, thereby causing the liquid to be transported through the porous layer 114 in the
direction of the dirt inlet(s), as will be explained in more detail herein below.
[0103] Theporous layer 114maybearrangedbetween thedirt inlet(s) and the surface tobecleanedsuch that dirty liquid
on the surface to be cleaned is first transported into the pores of the porous layer 114, and then passes from the porous
layer 114 into the dirt inlet(s).
[0104] The view provided in FIG. 1 shows an external surface 116 of the porous layer 114, which external surface 116
faces, albeit may not itself contact, the surface to be cleaned.
[0105] Theporous layer 114coveringeachof theat least onedirt inletmayassist tomaintain anunderpressure in thedirt
inlet(s) with or without constant flow being applied thereto, for instance by an underpressure generator, e.g. pump, fluidly
connected to the dirt inlet(s).
[0106] In some embodiments, such as that shown in FIG. 1, the porous layer 114 is elongated such as to have a largest
dimension extending parallel with the length 106 of the cleaner head 100.
[0107] In the non-limiting example depicted in FIG. 1, the porous layer 114 is positioned at a different location along the
width 118 of the cleaner head 100 with respect to the cleaning liquid outlets 104.
[0108] In some embodiments, such as that depicted in FIG. 1, the cleaner head 100 comprises a portion 120 for facing
the surface to be cleaned. One or more of the cleaning liquid outlets 104may be arranged to deliver the cleaning liquid to
the portion 120 of the cleaner head 100.
[0109] Whilst not visible in the view provided by FIG. 1, a protruding elementmay bemounted adjacent the portion 120,
with the protruding element protruding from the cleaner head 100 in the direction of the surface to be cleaned. The
protruding element can be regarded as an elementmounted separately in the cleaner head 100with respect to the portion
120.
[0110] In someembodiments, the protrudingelement is included, togetherwith the porous layer 114, in the cleaner head
member.
[0111] Due to the protruding nature of the protruding element, the protruding element may have limited contact with the
surface to be cleaned. The protruding element may, for example, have a smaller area of contact with the surface to be
cleaned than the portion 120.
[0112] In at least some embodiments, the protruding element comprises the porous layer 114. Resistance to motion of
the cleaner head 100 across the surface to be cleaned may therefore be lessened due to the limited area of contact
between porous material, albeit not necessarily specifically the porous layer, and the surface to be cleaned. This will be
described in further detail herein below with reference to FIG. 31.
[0113] In some embodiments, the cleaner head 100 can be rocked on the protruding element in a first direction to cause
theportion120 to contact the surface tobecleaned, and rockedon theprotrudingelement in a seconddirectionopposite to
the first direction to cause the portion 120 to be separated from the surface to be cleaned.
[0114] In such embodiments, the protruding element can be regarded as a rockerwhich permits the cleaner head100 to
be rockedonto theportion 120. In order to achieve this rocking function, theprotrudingelement has limited contactwith the
surface to be cleaned.
[0115] In some embodiments, such as in the non-limiting example shown in FIG. 3, the cleaner head 100 comprises the
portion 120 and a further portion 122 for facing the surface to be cleaned. In such embodiments, the porous layer 114may
be arranged between the portion 120 and the further portion 122.
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[0116] Whilst not visible in the view provided in FIG. 3, when the cleaner head 100 comprises the above-described
protruding element, the protruding element may be mounted between the portion 120 and the further portion 122. The
protrudingelementmay thusbeanelementmountedseparatelywith respect to both theportion120and the further portion
122. In thisway, thecleaner head100canbe rocked forwardson theprotrudingelement to cause theportion120 to contact
the surface to be cleaned, and backwards to cause the further portion 122 to contact the surface to be cleaned.
[0117] Irrespectiveofwhetherornot thecleanerhead100comprises theprotrudingelement, thecleaning liquidoutlet(s)
104 may be arranged to deliver the cleaning liquid to the portion 120 and the further portion 122 of the cleaner head 100.
[0118] In the non-limiting example shown in FIG. 3, the cleaner head 100 comprises a cleaning liquid distribution strip
108 whose apertures define cleaning liquid outlets 104 which deliver the cleaning liquid to the portion 120, as described
above in relation toFIGs.1and2,anda further cleaning liquiddistributionstrip124whose further aperturesdefinecleaning
liquid outlets 104 which deliver the cleaning liquid to the further portion 122.
[0119] Both the cleaning liquid distribution strip 108 and the further cleaning liquid distribution strip 124 may extend
parallel with the length 106 of the cleaner head 100, as shown in FIG. 3.
[0120] In some embodiments, such as that depicted in FIG. 4, the cleaner head 100 comprises a cleaning liquid
applicator material 126, 128 adjacent each of the at least one cleaning liquid outlet 104, with the cleaning liquid applicator
material 126, 128 being arranged to apply the cleaning liquid to the surface to be cleaned. In other words, the cleaning
liquid applicator material 126, 128 may receive the cleaning liquid delivered from the cleaning liquid outlet(s) 104, and
transfer the cleaning liquid to the surface to be cleaned.
[0121] The cleaning liquid applicator material 126, 128 can, for example, comprise polyamide and/or polyester fibers.
[0122] Alternatively or additionally, the cleaning liquid applicator material 126, 128 comprises a combination of thinner
fibers and thicker fibers.
[0123] The thinner fibers can, for example, be less than or equal to 1 decitex, and the thicker fibers can have a thickness
greater than 0.01 mm, for example the thickness of the thicker fibers can be about 0.05 mm.
[0124] The thicker fibers, which can be made from polyamide or polyester, may assist to reduce friction between the
cleaning liquid applicator material 126, 128 and the surface to be cleaned, while the thinner fibers, e.g. made from
polyamide or polyester, may assist to enhance dirt retention.
[0125] The thicker fibers may also provide resilience to the cleaning liquid applicator material 126, 128, thereby
minimising compaction of the cleaning liquid applicator material 126, 128.
[0126] The compaction-reducing capability of the thicker fibers may be of particular utility in embodiments in which
cleaning liquid applicator material 126, 128 is included in the portion 120 and/or the further portion 122 adjacent the
protruding element rocker. This is because minimised compaction may assist to ensure that, over continued use of the
cleaner head 100, a consistent degree of rocking on the protruding element causes the cleaning liquid applicator material
126, 128 to contact the surface to be cleaned.
[0127] The thickness of the cleaning liquid applicator material 126, 128 may alternatively or additionally be selected or
limited, e.g. in viewof thedegreeof protrusionof theprotrudingelement relative to theportion120and/or the further portion
122, suchas tominimise compactionof the cleaning liquid applicatormaterial 126, 128duringuseof the cleaner head100.
[0128] In embodiments in which the cleaning liquid applicator material 126, 128 comprises the combination of thinner
fibers and thicker fibers, these fibers can be arranged relative to each other in any suitable manner. For example, the
cleaning liquid applicator material 126, 128 may comprise a strip of thicker fibers adjacent a strip of thinner fibers. Such
strips may each extend along the length 106 of the cleaner head 100, such that the fiber thickness alternates in the width
118 direction. Such a configurationmay assist to reduce friction when the cleaner head 100 ismoved in directions parallel
to the width 118 direction.
[0129] In embodiments in which the cleaning liquid applicator material 126, 128 comprises both polyamide and
polyester fibers, these fibers can be arranged relative to each other in any suitable manner. For example, the cleaning
liquid applicatormaterial 126, 128may comprise a strip of polyamide fibers adjacent a strip of polyester fibers. Such strips
mayeachextendalong the length 106of the cleaner head100, such that the fiber typealternates in thewidth 118direction.
[0130] The cleaning liquid applicator material 126, 128 can, for instance, comprise a backing layer which supports the
material, e.g. polyamideand/orpolyester fiber-comprisingmaterial,whichcontacts thesurface tobecleaned.Thebacking
layer can be formed of any suitable backing fabric material, such as polyester.
[0131] Such a backing layer can be supplied with tufts, e.g. formed from polyamide and/or polyester fibers. Such tufts
can assist the cleaning liquid applicator material 126, 128 to follow the contours of the surface to be cleaned and/or may
assist the cleaning liquid applicatormaterial 126, 128 to retain dirt particleswhilst alsominimising the risk of scratching the
surface to be cleaned.
[0132] In someembodiments, the cleaning liquid applicatormaterial 126, 128 is detachable fromeachof theat least one
cleaning liquid outlet 104. This may enable replacement of the cleaning liquid applicator material 126, 128, for example
once the cleaning liquid applicatormaterial 126, 128 has become overlyworn, and/or enable the cleaning liquid applicator
material 126, 128 to be washed between uses.
[0133] The cleaning liquid applicator material 126, 128 can be attached to the cleaner head 100, in particular to the
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underside 102 of the cleaner head 100 in the non-limiting examples shown in FIGs. 1 to 4, in any suitable manner.
[0134] Returning to FIG. 3, the depicted cleaner head 100 comprises at least one fasteningmember 130A, 130B, 132A,
132B, in this example in the form of Velcro strips, which engage with further fastening member(s) (not visible), on the
cleaning liquidapplicatormaterial 126, 128.The further fasteningmember(s) can, for example, be included in, or affixed to,
the above-described backing layer of the cleaning liquid applicator material 126, 128.
[0135] Alternative ways of attaching, e.g. detachably coupling, the cleaning liquid applicator material 126, 128 to the
cleaner head 100, and in particular to the at least one cleaning liquid outlet 104, can be contemplated, such as using
poppers, a button(s)‑button hole(s) arrangement, a zip, and so on.
[0136] In someembodiments, suchas that depicted inFIG. 4, the cleaning liquid applicatormaterial 126, 128 comprises
a first applicator portion 126 and a second applicator portion 128, with the porous layer 114 being arranged between the
first applicator portion 126 and the second applicator portion 128.
[0137] When the first applicator portion 126 is included in the cleaner head 100, the first applicator portion 126 may be
included in the above-described portion 120 of the cleaner head 100.
[0138] In embodiments inwhich the cleaning liquid applicatormaterial, e.g. the first applicator portion 126, is included in
the portion 120, the portionmaybe suitable for both contacting the surface to be cleaned andassisting to clean the surface
to be cleaned, e.g. by assisting in the application of cleaning liquid to the surface to be cleaned.
[0139] However, it is also conceivable that no cleaning liquid applicator material is included in the portion 120, e.g.
should the cleaner head 100 be supplied without such a cleaning liquid applicator material. In such a scenario, the portion
120maynonetheless be suitable for contacting the surface to be cleaned (in the sense that it is possible for the portion 120
tobebrought into contactwith thesurface tobecleanedwithout theportion120being required to include thecleaning liquid
applicatormaterial), albeit with potentially less cleaning capability than the scenario in which the cleaning liquid applicator
material, e.g. the first applicator portion 126, is included in the portion 120.
[0140] The first applicator portion 126 can include the above-described further fastening member(s) which engage(s)
with the fastening member(s) 130A, 130B provided on the cleaner head 100 for incorporating the first applicator portion
126 in the portion 120.
[0141] Similarly, when the second applicator portion 128 is included in the cleaner head 100, the second applicator
portion 128 may be included in the above-described further portion 122 of the cleaner head 100.
[0142] In such embodiments, the second applicator portion 128 can include the above-described further fastening
member(s)which engage(s)with the fasteningmember(s) 132A, 132Bprovided on the cleaner head100 for incorporating
the second applicator portion 128 in the further portion 122.
[0143] In some embodiments, the at least one cleaning liquid outlet 104 comprises at least one pair of cleaning liquid
outlets 104, with the porous layer 114 being arranged between the cleaning liquid outlets 104 of each pair.
[0144] In embodiments in which the cleaning liquid applicator material 126, 128 comprises the first applicator portion
126and thesecondapplicator portion128, thefirst applicator portion126maybeadjacent oneof thecleaning liquidoutlets
104 of said pair, with the second applicator portion 128 being adjacent the other of the cleaning liquid outlets 104 of said
pair. An example of this is shown in FIGs. 3 and 4.
[0145] In at least some embodiments, porous material whose pores carry liquid to the dirt inlet, albeit not necessarily
specifically the porous layer 114 included in the porous material, contacts the cleaning liquid applicator fabric 126, 128.
[0146] In spite of the porousmaterial contacting the cleaning liquid applicatormaterial 126, 128, both of thesematerials
may also be arranged to contact the surface to be cleaned. This may be achieved in any suitable manner. In some
embodiments, such as that shown in FIGs. 3 and 4, an edge portion 134 of the porous material abuts an opposing edge
portion 136 of the cleaning liquid applicator material 126, 128. Thus, the cleaning liquid may first be transported into the
cleaning liquid applicatormaterial 126, 128, andonly subsequently transported from thecleaning liquid applicatormaterial
126, 128 into the porous material via the abutting edge portions 134, 136 of the respective materials. This may provide
enhanced control over the wetness of the cleaning liquid applicator material 126, 128.
[0147] In embodiments in which the cleaner head 100 comprises the above-described protruding element, the abutting
opposing edge portions 134, 136 of the porousmaterial and the cleaning liquid applicatormaterial 126, 128 are preferably
positioned between the protruding element and the portion 120. In this manner, excess cleaning liquid caused to be
squeezed from the cleaning liquid applicator material 126, 128 between the protruding element and the cleaning liquid
applicator material 126, 128, e.g. by rocking of the cleaner head 100 via the protruding element, may be efficiently
transported into the dirt inlet(s) via the porous material.
[0148] It is noted that the contact between the porousmaterial and the cleaning liquid applicator material 126, 128may
beprovided at the surface to be cleaned-contacting side of thematerials. Thismayassist to avoid that the cleaning liquid is
passed directly into the porousmaterial without properly wetting the cleaning liquid applicator material 126, 128 or rinsing
the porous material.
[0149] FIG. 5A provides a plan view showing the porous layer 114 and the at least one dirt inlet 142A, 142B of an
exemplary cleaner head 100. FIG. 5B provides a schematic cross-sectional view of the porous layer 114 and the at least
one dirt inlet 142A, 142B shown in FIG. 5A.
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[0150] In some embodiments, such as that shown in FIGs. 5A and 5B, each of the at least one dirt inlet 142A, 142B is
defined by an opening of a tube or tubes 144A, 144B fluidly connected or connectable to an underpressure generator (not
visible in FIGs. 5A and 5B).
[0151] In the non-limiting example shown in FIGs. 5A and 5B, the cleaner head 100 comprises a pair of dirt inlets 142A,
142B, although any suitable number of dirt inlets 142A, 142B can be contemplated, such as one, two, three, four, five, six,
or more.
[0152] When a plurality of dirt inlets 142A, 142B are included in the cleaner head 100, thesemay, for instance, have the
same dimensions as each other.
[0153] Alternatively or additionally, when a plurality, e.g. a pair, of dirt inlets 142A, 142B is employed, the dirt inlets 142A,
142B may be spaced along the length 106 direction of the cleaner head 100 such as to provide relatively uniform suction
along the length 106 of the cleaner head 100. For example, the distance along the length 106 between a centre position of
the cleaner head 100 and a centre of the dirt inlet 142Amay be the same, or substantially the same, as the distance along
the length 106 between the centre position and a centre of the dirt inlet 142B.
[0154] Should a single dirt inlet be employed, this may be provided in the central position of the cleaner head 100 to
provide a relatively symmetrical suction profile along the length 106 of the cleaner head 100.
[0155] More generally, a liquid pick-up region PR of the porous layer 114may be delimited by sealing attachment of the
porous layer 114 around the, e.g. each of the, at least one dirt inlet 142A, 142B.
[0156] Suchsealingattachment canassist tomaintain anunderpressure in thecovereddirt inlet(s) 142A,142Bbecause
loss of the underpressure via leakage between the dirt inlet(s) 142A, 142B and the porous layer 114 is minimised or
prevented.
[0157] Thesealing attachment canbe implemented in any suitablemanner, suchasbygluing and/orwelding theporous
layer114aroundeachof theat least onedirt inlet 142A,142B, for examplegluingand/orwelding theporous layer114 to the
above-mentioned tube(s) 144A, 144B around the opening(s) defining the dirt inlet(s) 142A, 142B.
[0158] Particular mention is made of sealingly attaching the porous layer 114 to the dirt inlet(s) 142A, 142B by heat
sealing, for example ultrasonic welding. This has been found to provide a particularly airtight seal in a straightforward
manner which assists to maintain the underpressure in the dirt inlet(s) 142A, 142B.
[0159] Referring to FIGs. 5B, 6A and 6B, a non-limiting example of the sealing attachment of the porous layer 114 to the
dirt inlets 142A, 142B is implemented by the cleaner head 100 comprising an impermeable portion 146 sealed onto the
porous layer 114, for example onto an internal surface 148 of the porous layer 114, and around the dirt inlets 142A, 142B,
with the dirt inlets 142A, 142B being thereby exposed to a sealed cavity 150 between the porous layer 114 and the
impermeable portion 146.
[0160] The impermeable portion 146may, for instance, comprise, or consist of, a polymer film, such as a thermoplastic
film. Various alternative sealing arrangements, some of which do not include such a polymer film, are described herein
below.
[0161] In the non-limiting example shown in FIGs. 6A and 6B, a seal 152, e.g. formed via adhesive and/or welding of the
impermeable portion146, e.g. polymer film, extends around theperiphery of the porous layer 114andaround thedirt inlets
142A, 142B.
[0162] In at least some embodiments, such as that shown in FIGs. 7A and 7B, the liquid pick-up region PR is arranged
relative to the at least one cleaning liquid outlet 104 such as to allow the cleaning liquid to bypass, e.g. pass around a
periphery of, the liquid pick-up region PR to reach, or at least be directed towards, the surface to be cleaned.
[0163] This may enable the cleaning liquid to be usedmore efficiently. This is because the cleaning liquid has a greater
chance of reaching the surface to be cleaned, e.g. via the above-described cleaning liquid applicator material 126, 128
(when included in the cleaner head 100).
[0164] In other examples, the porous layer 114 canbeattached, e.g. against the cleaner head100or a component of the
cleaner head 100, around the dirt inlet(s) 142A, 142B at least partly by being sucked thereagainst by the flow provided by
an underpressure generator.
[0165] In some embodiments, the cleaner head 100 comprises a liquid transporting support structure 154 in the cavity
150,with the liquid transporting support structure154beingarranged toprovideoneormore flowpaths in the liquidpick-up
regionPRbetween theporous layer 114, and in particular poresof theporous layer 114, and theat least onedirt inlet 142A,
142B.
[0166] The porous layer 114 and/or the impermeable portion 146, e.g. a polymer film, may be pliable such that an
underpressure may cause the porous layer 114 and the impermeable portion 146 to be drawn towards each other. This
may risk restriction of passage of liquid from the porous layer 114 to the at least one dirt inlet 142A, 142B. The liquid
transporting support structure 154 may assist to ensure that, in spite of such drawing of the porous layer 114 and the
impermeable portion 146 towards each other, liquid can still be transported from the porous layer 114, and in particular
pores of the porous layer 114, to the at least one dirt inlet 142A, 142B.
[0167] The liquid transporting support structure 154 may be implemented in any suitable manner. In the non-limiting
example shown in FIGs. 7A and 7B, the liquid transporting support structure 154 comprises, or is defined by, one or more

12

EP 4 491 083 A1

5

10

15

20

25

30

35

40

45

50

55



coarse mesh layers. In such an example, the above-described one or more flow paths can be provided by the spaces
between the elements constituting the coarse mesh layer(s). Alternative examples of the liquid transporting support
structure 154 will be described herein below.
[0168] Theporousmaterial can, in someembodiments, comprise oneormore further porous layers 156, 158 in addition
to the porous layer 114. Examples of this are depicted in FIGs. 8 and 9.
[0169] At this point, it is noted that when the porous material is dry, the porous material may be regarded as being in an
"air transport state" inwhichair is transported througheachof thedry poresof theporousmaterial. A "liquid transport state"
corresponds to liquid, e.g. water, being transported through the (wetted) pores of the porous material. When there is no
longer a feed of liquid to the pore(s), a "fluid block state"maybe adopted. The "fluid block state" corresponds to the state at
which the surface tension of the (residual) liquid retained in the wetted pore(s) of the porous material prevents fluid
transport through the pore(s). In the latter state, a surface or barrier is created at the boundary between air and liquid, e.g.
water. This barrier can assist tomaintain the above-described underpressure in the dirt inlet(s) 142A, 142B. The pressure
needed to "break" this barrier can be termed a "breaking pressure".
[0170] The present disclosure is at least partly based on the insight that pore shape may have a very significant impact
on the breaking pressure.
[0171] FIG. 10Aprovides a photomicrograph that shows yarns of awoven fabric. The arrows in FIG. 10Aare intended to
denote themain liquid transport takingplaceacross suchawoven fabric. Thismain liquid transportmay takeplace through
yarns of the fabric.
[0172] In particular, and referring to the cross-sectional view of a yarn provided in FIG. 10B, pores 159 in such a woven
fabric may be defined by individual fibers that are closely packed.
[0173] It is evident fromFIG. 10B that cross-section of each of the pores 159 is not very circular, but rather approximates
a triangular shape.Moreover, the "end" of such a pore 159may bepoorly defined. Thewater-air surface needs to "anchor"
itself to the pore 159 in order towithstand its full potential in (breaking) pressure. These characteristics, in otherwordspore
shapeandpore rim, are considered tohaveasignificant influenceonbreakingpressure, asdescribed inmoredetail herein
below.
[0174] Aporediameter of awoven fabricwasdeterminedby runningsoiledwater through the fabric,with thesoiledwater
containing particles of specified particle size. It was determined that the pores 159 constituting thiswoven fabric, i.e. cloth,
were less than 5 µm.
[0175] As a reference, a theoretical model of a pore 159 was developed. In this model, a pore 159 is described by the
center of a donut-shaped element, referring to FIGs 10C and 10D.
[0176] The model uses the following parameters: (i) geometrical information concerning the pore 159 (fiber and pore
diameter); (ii) surface tension of water; and (iii) contact angle between water base material, in other words the material
constituting the porous layer 114.
[0177] With this information, a water-air membrane is put in place on multiple positions along the circumference of the
fiber material, as shown in FIG. 10E.
[0178] Referring toFIG.10E, thesurface tobecleanedside160 isseparated from thedirt inlet(s)142A,142Bside161by
the modelled pore 159, whose cross-section is denoted by the patterned circles. Reference numeral 162 denotes liquid,
e.g. water. Different positions of water-air membranes are represented by the lines between the patterned circles. The
lower graph shown in FIG. 10E shows the pressure difference required to maintain this position.
[0179] When comparing experimental results, obtained using the apparatus described belowwith reference to FIG. 11,
with the theoretical model, it became clear that the theoretical model predicted a higher breaking pressure, by a factor of
around 9.5, thanwasmeasured for thewoven cloth. Hence geometrical factors are considered tomake a difference to the
breaking pressure.
[0180] In this connection, the present disclosure concerns definition of the porous layer’s 114 pores 159. In particular,
suchpores159extendacross theporous layer’s 114 thicknessandopenout at opposite sides of theporous layer 114,with
a linear central axis 163 of each pore 159 extending across the thickness and passing through an intermediate point 164
surrounded by a pore wall 165 of the respective pore 159. The pore wall 165 is arranged about the linear central axis 163.
Each pore 159of the porous layer 114 can thus be regardedas a through-hole that axially extends through the thickness of
the porous layer 114.
[0181] A path of least resistance to fluid flow across the porous layer 114 is defined along the linear central axes 163 of
the pores 159.
[0182] Pores 159 of the porous layer 114, whose linear central axis 163 extends across the porous layer’s 114 thickness
andpasses through the intermediate point 164 surroundedby the porewall 165of the respective pore 159, are considered
to be better defined than, for example, pores 159 defined between fibers of a woven fabric.
[0183] Thepresentdisclosure isat least partly basedon the insight that suchbetter-definedpores159canbeselected to
be physically larger than less well-defined pores 159 of other types of porous materials, but still provide a comparable
breaking pressure. Since the better-defined pores 159 can be made physically larger while achieving a given breaking
pressure, they may be less liable to become clogged by dirt particles.
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[0184] In some embodiments, the pore diameter or Dpore of the porous layer 114 is less than 18 µm.
[0185] In someembodiments, the porous layer 114 is amesh, e.g. amonofilamentmesh.Anexample of suchamesh, in
particular a monofilament mesh, is shown in FIG. 10F.
[0186] In the case of amesh, the pores 159may be defined by themanner in which the wires, e.g. polymer wires, of the
mesh are woven and/or welded.
[0187] In some embodiments, the porous layer 114 is a plain weave woven mesh or a twill weave woven mesh. An
example of the latter is shown in FIG. 10F. Both plain weave and twill weavemay provide pores 159 with a polygonal, e.g.
square, cross-sectional shape.
[0188] It has been found that plain weavemay provide a higher breaking pressure than twill weave. In other words, for a
given breaking pressure, the plain weave mesh may allow for larger pores 159 than the twill weave mesh.
[0189] In some embodiments, the porous layer 114 is perforate membrane. An example of this is shown in FIG. 10G.
[0190] In the case of a perforate membrane, pores 159 may for example be defined by subjecting a membrane, e.g. a
polymermembrane, to laser ablation. In such embodiments, the pores 159may have a polygonal, e.g. square, or circular
cross-sectional shape.
[0191] Such a mesh, for example a monofilament mesh shown in the photomicrograph of FIG. 10H, or perforate
membrane may represent a relatively straightforward way of providing pores 159 with the above-mentioned well-defined
geometry. Inparticular,meshesandperforatemembranesmaycontainsignificantlybetter-definedpores159 than thoseof
a woven fabric (referring again to FIG. 10A). The shape of the pores 159 of themeshes and perforatemembranesmay be
closer to that of the model pore 159 shown in FIGs. 10C to 10E and their rims (anchoring) may be much better defined.
[0192] Investigations revealed the relation, evident in Table 1 below, between breaking pressure and pore shape. Table
1 clearly shows that when going fromwoven fabric with poorly defined pore shape towovenmeshes having better defined
pore shape, the same or at least comparable breaking pressures can be achieved at much larger physical pore sizes
compared to the woven fabric.

Table 1

Pore shape Relative physical pore
size

Example value for physical pore
size/µm

Theoretical pore 159 shown in FIGs. 10C to 10E 1 28.5

Woven plain weave mesh 1.25 22.8

Woven Twill weave mesh 1.55 18.4

Woven fabric 9.5 3

[0193] The porous layer’s 114 capability to provide sufficient breaking pressure is captured by its limiting pore diameter,
as measured using ASTM F316 - 03, 2019, Test A, being equal to or less than 105 µm. The 105 µm upper limit for the
limiting pore diameter, equivalent to a minimum bubble point pressure of 2000 Pa, may assist to ensure that sufficient
underpressure is maintainable by the porous layer 114, as explained in more detail herein below.
[0194] Thewell-definedpores159of the porous layer 114contrastwith the pores159definedbetween fibers of awoven
fabric in which a range of contact angles are effectively provided around the surfaces delimiting a given pore 159. The
shapes of the upstream and downstream openings of such a woven fabric pore 159 are also not as well-defined as the
upstream and downstream rims of the porous layer 114. Thismeans that in the case of a pore 159 of a woven fabric, there
may always be a place in the pore 159 where the contact angle reaches its limit so that the liquid barrier can no longer
maintain its position. The resultant barrier movement may enlarge the surface area on which the pressure acts; the total
force on the barrier increasing, making it harder for the rest of the barrier to maintain its position, with further movement
resulting, and so on.. This issue may be addressed by the well-defined pore geometry of each of the pores 159 of the
porous layer 114 according to the present disclosure.
[0195] In summary, a contact angle between liquid and the surface of the porous layer 114 may always be present; an
increase in pressuremaymoveanedgeof thebarrier to anewpositionof equilibrium; if this shiftingoccurswhile thebarrier
remains relatively small, higher breaking pressures canbeobtained; if the shifting occurswhile significantly increasing the
surface area of the barrier, the breaking pressure may be lower.
[0196] Pores 159 of the porous layer 114may each have a polygonal or circular cross-sectional shape perpendicular to
the linear central axis 163. For example, pores 159 of the porous layer 114may each have a square cross-sectional shape
perpendicular to the linear central axis 163.Suchapolygonal, e.g. square, or circular cross-sectional shapeperpendicular
to the linear central axis 163maymean that the pore wall 165 provides a consistent surface, in particular a relatively well-
defined rimbetweena surfaceof the porewall 165andexterior surface(s) of oneor both sides of the porous layer 114. This
can assist to increase the breaking pressure.

14

EP 4 491 083 A1

5

10

15

20

25

30

35

40

45

50

55



[0197] The rim between a surface of the pore wall 165 and an exterior surface of the porous layer 114may, for example,
have a radius of curvature of 0.1 µm to 3 µm.
[0198] Sucha radius of curvature,whichmaybe significantly smaller than thepore radius,may assist to prevent the size
of the liquid-air interface/surface from growing when pressure is applied. This may prevent the increase in force on the
surface (force being equal to pressure multiplied by area), hence may prevent the surface’s edge from being overloaded
sooner, thereby keeping the surface from collapsing/"exploding".
[0199] In comparison to the poorly defined pores 159 between fibers of a woven fabric, the pores 159 having the
polygonal, e.g. square, or circular cross-sectional shape may provide a higher breaking pressure even with a relatively
large pore size. This larger pore size, in turn, can assist to alleviate pore blockages by dirt particles.
[0200] It has been found that a circular cross-sectional shape, with the pore 159 being generally cylindrical, or a
polygonal, e.g. square, cross-sectional shape, with the pore being generally prismatic, e.g. cubic or cuboidal, can assist to
provide a pore geometry-related increase in breaking pressure (referring again to Table 1 above).
[0201] In someembodiments, the porous layer 114 is formed fromamaterial having awater contact angle less than 90°.
Such a contact angle may mean that the porous layer 114 is suitably wettable by aqueous liquid on the surface to be
cleaned.
[0202] In some embodiments, the porous layer 114 is formed froma polyester and/or a polyamide. Suchmaterials have
been found to be suitably hydrophilic to enable the porous layer to be adequatelywetted bywater, e.g.water received from
the surface being cleaned.
[0203] The hydrophilicity of polyamide, e.g. nylon, may be particularly suitable for the porous layer. Polyester may also
provide suitable hydrophilicity, particularly following plasma treatment of the polyester.
[0204] In a specific non-limiting example, the porous layer 114, e.g. mesh, is formed from Nylon 6,6.
[0205] The relatively high hydrophilicity of this particular polyamide may assist its performance in wet surface cleaning
using an aqueous cleaning liquid.
[0206] Apolyamide, e.g.Nylon6,6,meshwith aphysical pore size of 18µmmayachievea comparable level of breaking
pressure as woven fabric, in other words cloth.
[0207] In a particularly preferred non-limiting example, a polyamide, e.g. Nylon 6,6,meshwith a physical pore size of 11
µm is included as the porous layer 114 in the cleaner head member.
[0208] This may provide relatively robust underpressure maintenance, even without a further porous layer 156, e.g.
woven fabric, being arranged on the porous layer 114.
[0209] More generally,material forming the porous layer 114may be selected to be as hydrophilic as possible, as robust
as possible, as chemically inert as possible, as well as the requisite pore size being available. Such demands may be
satisfied by, for example, meshes and perforate membranes formed from polyester and/or polyamide.
[0210] The further porous layer 156may, for example, bewashableafter everyuse,while thecleaner headmembermay
remain attached to/part of the wet cleaning apparatus. Ideally the cleaner head member may therefore require little or no
maintenance. Hence it is desirable to minimize the risk of dirt particles clogging the pores 159 of the porous layer 114
included in the cleaner head member.
[0211] In someembodiments, pores159of theporous layer 114mayhaveapore sizedistribution that canbeselected to
be separate from, in other words not overlapping with, a pore size distribution of the further porous layer 156 arranged on
the porous layer 114. In particular, the pore size distribution of the porous layer 114maybe shifted to larger pore sizes than
the pore size distribution of the further porous layer 156.
[0212] This may mean that dirt particles that are sufficiently small to initially pass through the further porous layer 156
also pass through the porous layer 114 when the porous layer 114 and the further porous layer 156 are subjected to an
underpressure. This may make the porous layer 114 less liable to be clogged by such dirt particles during use.
[0213] By way of a comparative example, FIG. 101 shows an overlapping pore size distribution of two woven fabric
layers,which resulted in cloggingof thedownstreamwoven fabric layerbydirt particles that had initially passed through the
upstream woven fabric layer.
[0214] Clogging of the further porous layer 156 by such dirt particles may be addressed by, for example, detachment of
the further porous layer 156 from the porous layer 114 to enable cleaning and/or replacement of the further porous layer
156.
[0215] FIG. 11 schematically depicts an exemplary test arrangement 166 for testing the breaking pressure character-
istics of the porous material 168, for example the porous layer 114. The porous material 168 is clamped between a
clamping member 170 and base plate 172. The clamping member 170 delimits holes for bolts 174, which bolts 174 are
received in threaded holes in the base plate 172. Turning of the bolts 174 in the appropriate direction enables
clamping/releasing of the porous material 168.
[0216] In this specific example, the clamping member 170 is an aluminium ring having a thickness of 10 mm, and the
base plate 172 is made of poly (methyl methacrylate) having a thickness of 10mm. The sample of the porousmaterial is a
circular disk having a diameter of 140 mm. The sample is secured using eight bolts 174.
[0217] The dirt inlet 142A in this test arrangement 166 is defined by an opening of a transport duct 176 provided in the
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base plate 172. In the cavity between the porous material 168 and the dirt inlet 142A, the above-described liquid
transporting support structure 154 is provided, in this case in the form of a coarse mesh with a diameter of 80 mm.
[0218] The test arrangement 166comprisesanunderpressuregenerator 178 for generatinganunderpressure in thedirt
inlet 142A, and a pressure sensor 180, e.g. a pressure gauge, arranged to measure the pressure in the dirt inlet 142A.
[0219] The pressure sensor 180 in this specific example comprises a pressure gauge in combination with a data
acquisition unit (LabQuest® 2) to enable monitoring of the pressure as a function of time.
[0220] The underpressure generator 178 in this specific example is in the form of a peristaltic pump or a syringe pump,
e.g. a 250mL syringe pump. The peristaltic pump can provide a pulsed water flow. The syringe pumpwas found to permit
more precise measurements than the peristaltic pump.
[0221] The test arrangement 166 also comprises a pressure line filter 182 in the form of a chamber arranged to prevent
liquid from entering the pressure sensor line 184 connecting the pressure line filter 182 with the pressure sensor 180.
Downstream of the pressure line filter 182 and the pump 178 is a collection reservoir 186 for collecting the liquid pumped
through the porous material 168.
[0222] The testingprocedure comprises clamping thesampleof theporousmaterial 168between theclampingmember
170 and the base plate 172, and then setting the pump178 to deliver a flow rate of 100 cm3/minute. The pressure line filter
182 is checked to ensure that it is empty, the pressure gauge of the pressure sensor 180 is zeroed and reconnected before
eachmeasurement. 25 cm3 of water is then poured onto the sample of the porousmaterial 168, leaving a layer of water on
the porous material having a depth of approximately 4 mm. A flushing run is then implemented by starting the pump 178
such that the water is pulled through the sample of the porous material 168. Following the flushing run, the pump 178 is
stoppedand25cm3ofwater is pouredonto thesampleof theporousmaterial 168, andameasurement run is implemented
by triggering the data acquisition unit to start the data acquisition and starting the pump 178.
[0223] A typical graph of underpressure vs time from the data acquisition is provided in FIG. 12, togetherwith schematic
diagramsof theporousmaterial 168. Initially, theabove-described "liquid transport state" 188 is adopted inwhich the liquid
190, in thisexamplewater, is transported through the (pre-wetted) pore159.The recorded "transport pressure" in this case
corresponds to the pressure difference required to transport the liquid 190 through the porousmaterial 168 and the coarse
mesh liquid transporting support structure 154.
[0224] The governing equation describing the "liquid transport state" 188 may be the following Poiseuille equation:

where ΔP is the pressure difference across the pore 159; η is the dynamic viscosity of the liquid; L is the length of the pore
159; ϕ is the volumetric flow rate; and r is the radius of the pore 159.
[0225] Assuming, for instance, a pore diameter of 20µm,with the pore extending across a porousmaterial 168 having a
thickness of 0.8mm, with an estimated volumetric flow rate of about 4.96∗10‑14m3/s per pore 159 (from a typical fluid flow
of 100 cm3/minute), and with ηwater being 1∗10‑3 Pa·s, ΔP = 10.1 Pa.
[0226] Subsequently to the "liquid transport state" 188, an intermediate regime 194 is adopted in which almost all of the
liquid 190 has been removed from the surface of the sample of the porousmaterial 168, such that most of the pores are in
the above-described "fluid block state" in which the surface tension of the (residual) liquid 190 retained in the wetted
pore(s) of the porous material 168 prevents air 196 from being transported through the pore 159. An ever decreasing
number of pores 159 may be in the "liquid transport state" in the intermediate regime 194. The "fluid block state" allows a
significantly higher underpressure, so during the intermediate regime 194 the underpressure increases relatively rapidly,
as shown.
[0227] The governing equation describing the "fluid block state" may be the following Droplet dP equation:

wherePi andPoare the inside andoutsidepressures, andR is the fluid drop radius, as schematically depicted inFIG. 12. T
is the surface tension.
[0228] Assuming, for instance, thatR is10µmfora typical 20µmdiameter pore159, andTwater is 0.073N/m,Pi -Po=ΔP
= 14600 Pa.
[0229] It is noted that the above approximation assumes that the wall of the drop can reach a 90° angle relative to the
surface of the porous material 168. However, in ASTM F316 - 03, 2019, Test A described herein below, the limiting pore
diameter, d, is given by d = Cy/p, where γ is the surface tension in mM/m (72.75 for distilled water at 20°C), and C is 2860
when p is in Pa. The reason forC being 2860 rather than 4000, as in the case of the aboveDroplet dP equationwhen using
likeunits, is thatC=4000∗cosθ,whereθ is thecontact anglebetween the liquidand thematerial, andθ is assumed tobe, for
the purposes of determining the limiting pore diameter mandated by the standard method, 44.3° (for reference, further
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explanation is provided inASTME3278 - 21).Using the same44.3° contact angle for the above-described20µmdiameter
pore example, ΔP = 10449 Pa (cf. the 14600 Pa value given above).
[0230] TheΔPof 14600Pa from the aboveDroplet dP equationmay be increased to 18000Pawhendetergent is added
to the water.Whilst water surface tension decreases when detergent is added (Tsoapy water is 0.045N/m.), two surfaces in
the bubble over the pore 159 are now be created: the inside and the outside of the bubble. Thus, the breaking pressure in
the case of detergent being added to the water may be approximately double that of a single-layer surface:

[0231] Following the intermediate regime 194, an end regime 198 is adopted in which all free water has been removed
from the surface of the porousmaterial 168, and all the pores 159 are initially in the "fluid block state". Since the pump 178
continues drawing water through the porous material 168, hence increasing the underpressure, this may cause some of
the fluid blocks to break such that air 196 is transported through the respective pores 159 in an "air transport state". The
associated ingress of air may come to an equilibrium in the end regime 198 in which the applied flow results in an
underpressurewhich causesnomore fluid blocks tobreak.The latter corresponds to the "breakingpressure" of theporous
material 168 being investigated.
[0232] Thegoverning equationdescribing the "air transport state"maybe thePoiseuille equationprovidedabove for the
"liquid transport state". Assuming, for instance, a porediameter of 20µm,with theporeextendingacrossaporousmaterial
168 having a thickness of 0.8 mm, with an estimated volumetric flow rate of about 4.96∗10‑14 m3/s per pore 159 (from a
typical fluid flow of 100 cm3/minute), and with ηair being 18.1∗10‑6 Pa·s, ΔP = 0.18 Pa.
[0233] Overall, the air transport pressure (e.g. 0.18 Pa) and the water transport pressure (e.g. 10. 1 Pa) may both be
significantly smaller, e.g. negligible, in comparison to the surface tension-derived pressure difference (e.g. 14600 Pa).
[0234] FIG. 13provides several pressure vs timegraphs for porousmaterials 168 tested using theabove-described test
arrangement 166 and test procedure. Plots 200 are for a porousmaterial 168 having only a layer ofwoven fabric; plots 202
are for a porous material 168 having the layer of woven fabric and the first further porous layer 156; plots 204 are for a
porousmaterial 168 having the layer of woven fabric, the first further porous layer 156, and the second further porous layer
158; and plots 206 are for a porous material 168 having the layer of woven fabric and three further porous layers. These
data indicate that includingmore stacked porous layers in the porousmaterial 168may, in certain embodiments, increase
the breaking pressure.
[0235] Moreover, within each of the sets of plots 202, 204 and 206, are plots for porousmaterials 168 in which the layers
are and are not adhered to each other. It was observed that use of an adhesive to adhere the layers to each other further
increased the breaking pressure.
[0236] FIG. 14 schematically depicts the above-described "liquid transport state" 188 in which liquid is being drawn
through all of the pores 159 in a), the end of the "liquid transport state" 188 in b), the intermediate regime 194 in c), and the
end regime 198 in d). The porous material 168 is shown in FIG. 14 covering the dirt inlet(s) 142A, 142B connected to the
underpressure generator 178, e.g. pump.
[0237] The porousmaterial 168 has pores 159, e.g.micropores, each having a different breaking pressure. The latter is
represented in FIG. 14 by the number provided underneath each pore 159. For the sake of simplicity, each number is
rounded to a single digit.
[0238] At start-up of the underpressure generator 178, e.g. pump, all liquid, e.g. water, is drawn from the floor, and the
requiredpressure is thewater transport pressure, in this example set at "1". Theunderpressure in thedirt inlet 142A, and in
this example in the cavity 150 behind the porous material 168 is correspondingly "1". Thus, a) in FIG. 14 schematically
represents the "liquid transport state" 188, and b) shows the end of the "liquid transport state" 188. In b), the point at which
the underpressure starts to rise is reached.
[0239] When all the liquid, e.g. water, has been removed from the floor, all pores 159 may be blocked via the surface
tensionof the residual liquid therein. In the depictednon-limiting example, the underpressure generator 178 is a fixed flow-
pump, and hence continued operation of the pumpmay increase the underpressure. At a certain point, the underpressure
in the dirt inlet 142A behind the porous material 168 may rise to the level, such as "4", of the breaking pressure of the
weakest pores 159, the pores’ breaking pressurewill be exceeded and airmay start to be transported therethrough. Since
the pressure in the dirt inlet 142A behind the porous material 168 may already be significant when these first pores 159
"break", the air transported by these pores 159 at this point may be significant. Step c) in FIG. 14 can thus be regarded as
schematically representing the intermediate regime 194.
[0240] In the intermediate regime 194, pores 159 may be getting blocked while other pores 159 are still transporting
liquid from further regions (further away from the dirt inlet(s) 142A), hence creating more underpressure close to the dirt
inlet(s) 142A. This canmake the underpressure rise relatively slowly until all free liquid is gone. Thismay all be influenced
by the pump rate and, in at least some examples, the properties of the liquid transporting support structure 154, together
with the flexibility of all elements, deforming when underpressure is applied.
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[0241] By way of a simplified illustration, if the flow rate were to be set at 100 cm3/minute, flow resistance between the
porousmaterial and thepumpwere tobeneglected, andall elementswere tobe infinitely stiff, then the intermediate regime
194 may be a vertical line in FIG. 12, digitally moving from the "liquid transport state" 188 to the end regime 198.
[0242] This process may continue until the air transported is equal to the pump rate in this example, and the under-
pressure in the dirt inlet 142A behind the porous material 168 is lower than the breaking pressure of the remaining
"unbroken" pores 159 having the lowest breaking pressure. Step d) in FIG. 14 can thus be regarded as schematically
representing the above-described end regime 198.
[0243] It is noted that thepressuremeasured in the testarrangement166maydefine thebreakingpressureof theporous
material 168. Different flow rates, such as 150 cm3/minute, have been tested but showing the same breaking pressure,
noting that more pores 159 may "break" to compensate for the increased flow.
[0244] The pore size, in other words pore diameter, of the pores 159 of the porousmaterial 168may be selected in order
to balance a relatively high underpressure with a relatively low resistance to transport of liquid through/liquid transport
pressure of the porous material 168.
[0245] Smaller pores 159 can increase the underpressure that can be generated in the dirt inlet 142A, e.g. with a
relatively lowpower underpressure generator 178, e.g. pump.Alsowith the aimof investigating the lower limit of pore size,
an investigationwas carried out using the above-described test arrangement 166 and test procedure using, as the porous
material 168, beer filters specified according the size of particles which they can retain: 0.25µm, 3µm, 10µmand 25µm
filters were tested.
[0246] Referring toFIG. 15, plots 208are for the0.25µmfilter; plot 210 is for the3µmfilter; plot 212 is for the10µmfilter;
plot 214 is for the 25 µm filter; and plot 216 is for a reference microfiber fabric.
[0247] It can be seen from FIG. 15 the porous size/diameter of the porousmaterial 168 exerts a significant influence on
performance.
[0248] It is evident fromFIG. 15 that the 0.25µmfiltermay lead to thewater transport pressure being significantly higher
than in the case of the 3 µm filter. In the case of the 0.25 µm filter, the underpressure may rise to about 23000 Pa during
water transport. Also, the time to reachadry statemaybesignificantly longer for the0.25µmfilter,meaning that itmay take
significantly more time to transport liquid/water from the surface to be cleaned.
[0249] FIG. 15 appears to show that there is a finite difference between the liquid/water transport pressure and the
breaking pressure of the porous material 168. Relatively small pores 159 may result in an increase in the breaking
pressure, e.g. up to 39000Pa in the case of the 0.25µmfilter, but also thewater/liquid transport pressure, e.g. 33000Pa in
thecaseof the0.25µmfilter. It is noted that thisdifferencebetween thewater transport pressureand thebreakingpressure
is similar to that of a reference microfiber fabric (1000 Pa water transport pressure; 7000 Pa breaking pressure).
[0250] Bacteria tends to be characterized by having a relatively small size. For example, an Escherichia coli cell, which
can be regarded as an "average" sized bacterium, is about 2 µm long and 0.5 µm in diameter.
[0251] Thus,porousmaterials168whoseporesize is larger than2µmmaypermit suchbacteria topass therethrough. In
this way, bacteria can be removed from the surface to be cleaned.
[0252] Depending on the porous material 168 selected, up to 99.9% of bacteria can be drawn through the porous
material 168, away from the surface to be cleaned.
[0253] For example, such a porous material 168 may have a distribution of pore size/diameter in the above-mentioned
0.25 µm to 40 µm range, and an average pore size of 20 to 40 µm, e.g. about 35 µm. Since the pore dimensions are
significantly larger than the size of bacteria, the bacteria can be pass through the porous material 168, and thus be
removed from the surface to be cleaned.
[0254] Whilst the aboveexplanation has focussedon theworking principle of the porousmaterial 168as such, it is noted
that porousmaterial 168maybe in contactwith the surface to be cleaned, andmovedacross the surface to be cleanedat a
certain speed. This is schematically depicted in FIG. 16, which shows an exemplary cleaner head 100 comprising the dirt
inlet 142A coveredwith the porousmaterial 168 on the surface to be cleaned 218. In this non-limiting example, the surface
to be cleaned 218 is the surface of a floor 220, and a layer of liquid 222, e.g. water, is present between the surface to be
cleaned 218 and the porousmaterial 168. The underpressure generator 178, e.g. pump, is intended to draw fluid through
the pores 159 of the porous material 168 in the direction of the arrows 224. The arrow 226 represents the internal
underpressure pulling the liquid towards the dirt inlet 142A. The arrow228 represents the velocity of the cleaner head100.
[0255] FIG.16schematically depicts thevelocitydistribution234 in thefluid layer222.Thearrow230 represents thefluid
shear force on the porous material 168, as generated by the velocity distribution 234 in the fluid layer 222. The arrow 232
represents the shear force pulling water towards the floor 220.
[0256] This behaviour can be approximated using the following Bernoulli equation:
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where ρ is the density of the fluid, υ is the fluid flow speed, P is the pressure, h is the elevation above a reference plane, in
this case the floor 220, and g is the acceleration due to gravity.
[0257] The above Bernoulli equation can be re-written for the pressure underneath the porous material 168:

[0258] For a speed of 1.5 m/s, ΔP = 1125 Pa; for a speed of 3.16 m/s, ΔP = 5000 Pa.
[0259] This indicates that at higher velocities, more liquid will be left on the floor 220, since at higher velocities the floor
220 will be pulling harder at the liquid, and this has been observed with cleaner heads 100 according to the present
disclosure.
[0260] Themovement of the cleaner head 100, e.g. at about 1.5 m/s, may create a shear-flow in the layer of liquid 222,
creating the shear force 232acting on liquid present in the porousmaterial 168whichpulls the liquid towards the surface to
be cleaned 218. The water is also being forced via the underpressure 226 in the direction of the dirt inlet 142A. The
underpressure may be selected such that the force causing the liquid 222 to move towards the dirt inlet(s) 142A exceeds
the shear force 232.
[0261] The liquid pick-up performance of an exemplary cleaner head 100 comprising the porous material 168 and the
cleaning liquid applicator material 126, 128 for applying liquid, e.g. water, to the surface to be cleaned 218, moved at 1.5
m/s across the surface to be cleaned 218with different dirt inlet underpressureswas evaluated. The results are presented
in the Table 2.

Table 2

Underpressure/Pa Performance

<2000 Really wet floor;
No noticeable pick-up performance

3000 Basic water pick-up, but still a quite wet floor

5000 Good setting: a fairly dry floor

>=7000 Optimal performance: almost dry floor

[0262] A further advantage of the liquid pick-up principle described herein may be the lower power consumption,
particularly in examples in which the underpressure generator 178 is powered.
[0263] A conventional vacuumcleaner that is capable of picking upwater needs to generate significant airspeed and/or
brushpower in order to generate enough shear force onwater droplets to cause them to enter the vacuumcleaner. Typical
power consumption values for such vacuum cleaners are several hundred watts.
[0264] The following calculation illustrates the relatively low mechanical power needed for liquid, e.g. water, pick-up
according to the present disclosure.

where P is themechanical power in watts;Φ is the fluid flow inm3/s; andΔP is the underpressure in the dirt inlet(s) 142A in
Pa.
[0265] Taking, for instance, anunderpressureof 5000Pa,andafluid flowof 100cm3/minute, thepower is 8.3∗10‑3watts.
[0266] Should the underpressure generator 178 be powered using, for instance, a conventional battery providing a
runtimeof28minutes inawet cleaningapparatuswhosemechanical powerconsumption isaround50watts, the runtime in
the present case would be 168000 minutes, in other words more than 100 days.
[0267] A powered wet cleaning apparatus having the cleaner head 100 according to the present disclosure may
therefore only rarely require recharging of its battery (in examples in which such a battery is included to power the wet
cleaning apparatus), and/ormaybemademore lightweight, due to theminimal battery capacity needed for, for example, a
1 hour runtime. Regarding the latter, it is noted that a battery for a conventional handheld wet cleaning apparatus may
weigh around 0.5 kg, and may thus contribute significantly to the overall weight of the wet cleaning apparatus.
[0268] Table 3 provides a mechanical power comparison between a conventional vacuum cleaner and the various
states described above in respect of the wet cleaning apparatus according to the present disclosure.
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Table 3

System ΔP Pa Flow m3/s Mechanical Power W

Conventional vacuum cleaner 20000 30 ∗ 10‑3 600

According to the present disclosure; "fluid transport state" 500 3 ∗ 10‑6 0.0015

According to the present disclosure; "fluid block state" (only in-
stantaneous, if no pressure sensor is included)

7500 3 ∗ 10‑6 0.23

According to the present disclosure; "air transport state" 7500 3 ∗ 10‑6 0.23

[0269] It is generally noted that air ingress being blocked by liquid-air surfaces (surface tension) may obviate the
requirement for a large pump to compensate for the (unnecessary) ingress of air. The blocked pores 159 may allow an
underpressure to build up inside the wet cleaning apparatus without the need for high power consumption. Liquid, e.g.
water, that needs tobepickedup from thesurface tobecleanedmay remove theair-water surface locally, and requiresonly
a relatively small underpressure to be sucked into the pores 159. The underpressure that has been built up is now capable
of picking up the liquid that’s on the surface to be cleaned, e.g. floor.
[0270] The present disclosure provides awet cleaning apparatus comprising the cleaner headmember that comprises,
e.g. is defined by the porous layer 114, and an underpressure generator 178 for subjecting the porous layer 114 to an
underpressure. In some embodiments, the underpressure generator 178 is configured to provide a pressure difference
between an inside of thewet cleaning apparatus and atmospheric pressure for drawing fluid through the porous layer 114,
wherein the pressure difference is in a range of 2000 Pa to 15000 Pa, preferably 2000 Pa to 13500 Pa.
[0271] Both endpoints of the 2000 Pa to 15000 Pa range for the pressure difference are purposively selected.
[0272] The2000Pa lower limit reflects that thecleanerhead100will typicallybemovedoverasurface tobecleaned,e.g.
a floor, and as the speed of the cleaner head 100 over the floor increases, the concomitant drop in static pressure means
that liquid is pulled towards the floor. Such behaviour can be approximated by a Bernoulli equation, as described above.
[0273] Referring toTable 2above, it hasbeen found that below2000Pa, toomuch liquidmay remain on the surface tobe
cleaned when the cleaner head 100 is moved thereon at a typical speed.
[0274] The 2000Paminimumunderpressure is correspondingly set according to aminimum typical speedwith which a
user moves the cleaner head 100 over the surface to be cleaned, thereby to ensure that the underpressure is sufficient to
pull liquid into the inside of the wet cleaning apparatus without requiring that the user has to significantly slow or cease
movement of the cleaner head 100 over the surface to be cleaned in order for the liquid to be picked up.
[0275] The15000Pa, preferably 13500Pa, upper limit is defined for thepurposeof ensuring that liquid transport through
the porous material 168 is sufficiently rapid.
[0276] There is a trade-off between the magnitude of the underpressure which can be maintained and flow resistance
through the porous material 168, with the latter determining the rate at which liquid can pass through the porous material
168. This trade-off is reflected in the selection of the 15000 Pa, preferably 13500 Pa, upper limit of the range.
[0277] In some embodiments, the pressure difference is 5000 Pa to 9000 Pa, andmost preferably 7000 Pa to 9000 Pa.
These ranges may reflect particularly enhanced liquid pick-up observed during movement of the cleaner head 100,
combined with relatively low flow resistance through the porous material 168.
[0278] The pressure difference can be directly and positively verified in a givenwet cleaning apparatus by, for example,
drilling a hole in a tube of the wet cleaning apparatus which is fluidly connected with the dirt inlet(s) 142A, 142B and using
thehole tocouple toapneumaticpressuresensor itself havinga tubewithamembranecoveringanend thereof; thesensor
being thus connected using an airtight connection. The sensor may be arranged to avoid disturbing the flow, hence the
skilled person will arrange the sensor to avoid, for instance, creating a bypass flow. No flow may be towards or from the
sensor: only pressure is transmitted. In this way, the flow of the appliancemay never be compromised (hencemay remain
at the set level in spite of the sensor installation).
[0279] Thepressuresensor is connectedbetween theporousmaterial 168and theunderpressuregenerator 178andas
close to the porousmaterial 168 as possible, tominimise the influence of other factors, such as flow resistance etc., on the
sensed pressure difference.
[0280] The sensing element/membrane of the pressure sensor/gauge is ideally arranged/positioned in the pressure
sensor so that the sensing element can be placed directly (without the requirement for connecting tubes) in the tube, or in
the cavity 150 behind the porous material 168.
[0281] By positioning the membrane of the pressure sensor, in other words membrane pressure gauge, with the
membranepositionedat, in otherwords in linewith, thewall of the tube (or exposed to the cavity 150),measurement errors
may be minimized, as will be appreciated by a person skilled in the art.
[0282] It is noted that air bubbles inside narrow tubes may generate resistance (capillary/surface tension effects), and
hencemay influence themeasurement.Hence the skilled personwill further appreciate that care is also to be taken that air
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bubbles (water-air surfaces) do not unduly influence the pressure difference measurement.
[0283] It is further noted that a columnofwater present between thepressuresensor and theporousmaterial 168should
be deducted from themeasurement result (if such a column of water is present during themeasurement), to compensate
for the static pressure generated by the column of water.
[0284] Once the pressure sensor is arranged as described above, it may be ascertained that maintenance of the
underpressure is due to the porous material 168 and not some other element, such as a valve. Any such element that
influences theunderpressure that ispresented to theporousmaterial 168shouldbe rendered inoperable for thepurposeof
performing the measurement.
[0285] Component(s) that dispense cleaning liquid (should thewet cleaning apparatus be configured to deliver cleaning
liquid) is/are disengaged when performing the pressure difference measurement.
[0286] The wet cleaning apparatus is turned on (in the desired setting), so that the pick-up system comprising the
underpressure generator 178 is activated. Recording of data from the pressure sensor is started.
[0287] The pick-up area of the cleaner head 100 is suspended in a layer of water, at max. 5 mm depth.
[0288] Thepick-up area is then lifted from thewaterwithout tilting it in anyway (so that the cleaner head100 remains in a
cleaning position, as if it were positioned to clean the floor), so that thewater is no longer touching the porousmaterial 168.
At this point, "free water" will be removed from the porous material 168, all pores will go into their "blocked state", and the
breaking pressure is determinable. Themeasurement result will resemble the graph shown in FIG. 12, once again noting
that anequilibrium is established in the end regime198 inwhich the applied flow results in an underpressurewhich causes
no more fluid blocks to break.
[0289] The breaking pressure obtained from this measurement result, referring to the end regime 198, is the "pressure
differencebetween the insideof thewet cleaningapparatusandatmospheric pressure fordrawingfluid through theporous
material 168 and into the at least one dirt inlet 142A, 142B." It is verified from the measurement result whether or not the
2000 Pa to 15000 Pa range or the 2000 Pa to 13500 range is satisfied.
[0290] It is noted that the porous material 168 may be arranged to contact liquid on the surface to be cleaned, as
previously described. Thus, the porous material 168 may be defined from an exterior surface of the porous material 168
exposable to liquid on a surface to be cleaned to an interior surface of the porousmaterial 168 exposed to the at least one
dirt inlet.
[0291] ASTMF316 - 03, 2019, Test A provides a bubble point pressuremeasurement.Whilst this standardmethodwas
developed for nonfibrous membrane filters, the procedure can be replicated for the porous material 168, e.g. the porous
layer 114 and the further porous layer(s) 156, 158, according to the present disclosure.
[0292] The bubble point test for determining the limiting pore diameter, in other words maximum pore size, is, in
summary, performed by prewetting the sample of the porousmaterial 168, increasing the pressure of gas upstream of the
porous material 168 at a predetermined rate, and watching for gas bubbles downstream to indicate the passage of gas
through the maximum diameter pores of the porous material 168.
[0293] In commonwith themembranefilters described inASTMF316 - 03, 2019, TestA, the porousmaterial 168maybe
approximated in some cases or, in the case of the porous layer 114, be regarded as having discrete pores extending from
one side of the porousmaterial 168 to the other, similarly to capillary tubes. The bubble point test is based on the principle
that a wetting liquid is held in these capillary pores by capillary attraction and surface tension, and the minimum pressure
required to force liquid from these pores is a function of pore diameter. The pressure at which a steady stream of bubbles
appears in this test is termed the "bubble point pressure".
[0294] It is noted that ASTMF316 - 03, 2019, Test A is based on an approximation of the pores as capillary pores having
circular cross-sections, and hence the limiting pore diameter should be regarded as merely an empirical estimate of the
maximum pore diameter based on this premise.
[0295] The testing apparatus mandated in ASTM F316 - 03, 2019, Test A was replicated, as was the test procedure.

1. The sample of porousmaterial (2 inch (50.8mm) diameter; held in a circular holder such as to have an open/active
area having a diameter of 47 mm) is wetted completely by floating it on a pool of the liquid (noting that a vacuum
chambermaybeused to assist inwetting the sample, if necessary). Forwater-wettable samples, the sample is placed
in water and soaked fully.
2. The wet sample of porous material was placed in the filter holder of the test apparatus.
3. A fine (100 by 100) mesh is placed onto the sample of porous material; the fine mesh being a first part of the 2-ply
construction mandated by the standard.
4. Thesecondpart of the2-ply construction, in the formof aperforatedmetal component toadd rigidity, is placedon the
fine mesh.
5. A support ring is placed onto the stack and secured in place using bolts. A slight gas pressure can be applied at this
point to eliminate possible liquid backflow.
6. Theperforatedmetal component is coveredwith2 to 3mmof test liquid (Type IVwater asmandatedby the standard
when the sample is wettable with water).
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7. The gas pressure is then raised and the lowest pressure at which a steady stream of bubbles rises from the central
area of the reservoir is recorded (seeFig. 5 of ASTMF316 - 03, 2019, TestA; noting that bubbles observed at the edge
of the reservoir are neglected for the bubble point determination).

[0296] It was found suitable to first raise the pressure relatively quickly, e.g. at about 200 Palsecond, to roughly
determine thebubble point. Pressurewas then relieved from the sample to allow thewater to runback into the sample. The
pressurewas then raised to roughly 80%of theexpectedpressurevalue,maintainedat the80% level for about 15 seconds
(to ensure all "free" water is pressed out of the sample), and then raised again at a lower rate of ≤ 50 Pa/second until the
constant flow of bubbles was observed.
[0297] The limiting pore diameter, d, is then determined from the recorded bubble point pressure, p, using equation 1 of
ASTMF316 - 03, 2019, Test A: d =Cy/p, where γ is the surface tension inmM/m (72.75 for distilledwater at 20°C), andC is
2860 when p is in Pa.
[0298] Itwas found that thebubblepoint pressure fromASTMF316 -03, 2019,TestAwascomparable for samplesof the
porousmaterial 168 to the above-described breaking pressure, aside from the caseof the 0.25µmbeer filter which canbe
straightforwardly explained by a forced flow being present in the breaking pressure test but not in the bubble point test.
Results for various porous material 168 samples are provided in Table 4.

Table 4

Porous
material
sample
number

Porous material
sample description

Breaking pressure/ Pa Bubble point pressure by
ASTM F316 - 03, 2019,

Test A/ Pa

Limiting pore diameter
by ASTM F316 - 03,

2019/ µm

1 Supplier: A 3500 3145 66
Cloth 1

2 Supplier: B 6250 6130 34
Cloth 1

3 Supplier: C 4796 4405 47
Cloth 1

4 Supplier: D 6500 5975 35
Cloth 1

5 Supplier: D 1400 2115 98
Cloth 2

6 Supplier: D 5000 5165 40
Cloth 3

7 Supplier E 8000 7225 29
Cloth 1

8 b2 5500 5240 40

9 21 7500 6360 33

10 31 8000 7430 28

11 41 8500 7265 29

12 WSC 10500 9635 22

13 Beer filter "25 µm" 4000 3940 53

14 Beer filter "3 µm" 7000 7760 27

15 Beer filter "0.9 µm" 13920 12840 16

16 Beer filter "0.25 µm" 39500 (almost no flow) 28755 7

17 Beer filter "10 µm" 5000 4635 45

[0299] The porous layer 114 has a limiting pore diameter, asmeasured using ASTMF316 - 03, 2019, Test A, equal to or
less than 105µm. The 105µmupper limit for the limiting pore diameter, equivalent to aminimumbubble point pressure of
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2000 Pa, may assist to ensure that sufficient underpressure is maintainable by the porous layer.
[0300] In some embodiments, the limiting pore diameter of the porous layer 114 as measured using ASTM F316 - 03,
2019, Test A is at least 6 µm, preferably at least 8 µm, most preferably at least 11 µm.
[0301] It has been found empirically that a limiting pore diameter equal to or greater than 6µmmay assist to maintain a
relatively large underpressure whilst ensuring that pores still enable efficient liquid transport therethrough. The latter may
also be assisted byminimizing the thickness of the porous layer 114, for example to less than 200µm, preferably less than
150 µm.
[0302] The physical pore size of pores of the porous layer 114, e.g. at least 6 µm, corresponding to such a limiting pore
diameter of at least 6 µm, may be larger than that of pores of the further porous layer 156, e.g. woven fabric layer(s), e.g.
around 3 µm.
[0303] This may assist to alleviate clogging of the porous layer 114 because its pores may be larger than those of the
further porous layer 156.
[0304] In some embodiments, the limiting pore diameter of the porous layer 114 as measured using ASTM F316 - 03,
2019, Test A is 11 to 15 µm.
[0305] It has been observed that "self-repair" of the pores 159 of the porous layer 114 when the porous layer 114 is
employed together with the above-mentioned further porous layer 156, e.g. a further porous layermade of awoven fabric,
may be enhancedwhen the limiting pore diameter of the porous layer is 11 to 15µm.This "self-repair" is described inmore
detail herein below.
[0306] In some embodiments, the thickness of the porous layer 114 is less than 200 µm, preferably less than 100 µm.
Such a maximum thickness may contribute to minimizing of flow resistance through the porous layer 114.
[0307] The thickness of the porous layer 114 canbe determinedbyusing aprecision gaugeand twogroundmetal plates
(with the upper plate by which the normal pressure is applied being 70 mm x 30 mm, and the lower plate on which the
sampleof the porousmaterial is supportedhavinga larger area than the70mmx30mmsurfaceof the upper plate for ease
of alignment) for receiving the porous layer 114 therebetween. The arrangement is configured to apply a pressure normal
to thesampleof theporous layer 114 (70mmx30mm)of 864.2N/m2.The relevantmeasurement parameters areprovided
in Table 5:

Table 5

Metal plate parameters Length 70 mm Area of sample 2100 mm2

Width 30 mm Total mass 185 g

mass 85 g Total force 1.81 N

Fn (gauge force) 100 g Pressure 864.2 N/m2

[0308] In embodiments inwhich the further porous layer 156 isarrangedon theporous layer114, the further porous layer
may comprise oneormorewoven fabric layers. Alternatively or additionally, the further porous layer 156, e.g.woven fabric
layer(s),mayhavea limitingporediameter, asmeasuredusingASTMF316 - 03, 2019,TestA, equal toor less than105µm
and/or equal to or greater than 15 µm.
[0309] It has been found empirically that a limiting pore diameter of the further porous layer 156, e.g. woven fabric
layer(s), as measured using ASTM F316 - 03, 2019, Test A equal to or greater than 15 µm may assist to maintain a
relatively large underpressure whilst ensuring that pores are sufficiently large for efficient liquid transport through the
further porous layer 156.
[0310] Equivalently, a bubble point pressure of the further porous layer 156 asmeasured using ASTM F316 - 03, 2019,
Test A may be equal to or less than 13500 Pa.
[0311] In some embodiments, a limiting pore diameter of the further porous layer 156 asmeasured using ASTMF316 -
03, 2019, Test A is equal to or less than 105 µm. This upper limit for the limiting pore diameter assists to ensure that
sufficient underpressure is maintainable by the further porous layer 156.
[0312] Equivalently, a bubble point pressure of the further porous layer 156 asmeasured using ASTM F316 - 03, 2019,
Test Amaybeequal to or greater than 2000Pa.Preferably, the bubble point pressure of the further porous layer is 7000Pa
to 9000 Pa.
[0313] Particular mention is made of the further porous material 156 comprising a porous woven fabric, and most
preferably a woven microfiber fabric.
[0314] The term "microfiber fabric" as used herein may refer to a fabric formed of synthetic fibers, with the fabric being
formed of threads whose titre is less than 1 decitex.
[0315] Such microfiber fabrics can comprise, for example, polyester fibers, polyamide fibers, and combinations of
polyester and polyamide fibers.
[0316] The microfiber fabric may, for example, be a microfiber chamois.
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[0317] Such a porous woven fabric, and in particular such awovenmicrofiber fabric, can be configured, in particular via
the tightness of its weave, to satisfy the above ranges for the limiting pore diameter.
[0318] Specifications of a particularly suitable woven fabric are provided in Table 6 as an illustrative non-limiting
example.

Table 6

Characteristic Specification

Fabric set - plain weave

Density - > 60 yams/cm in warp

- > 60 yams/cm in weft

Basis weight - ‑200 g/m2

Composition - Polyester 80%, Polyamide 20%

Warp yarn - Low twist yarn of Polyester filamentary fibres of
∼ 18 µm diameter, preferred of edged cross-section.

- Yarn count: of 60‑70 filamentary fibres in cross-section, low twist.

Weft yarn - Low twists yarn of Polyester/Polyamide microfibers (pie cross-section). Fibre cross-section of up
to 16 µm

- Yarn count: of ∼ 100 microfibres in cross-section, low twisted.

Permeability - 15 L/h/cm2

[0319] In some embodiments, the underpressure generator 178 is configured to provide a flow rate through the porous
material 168, e.g. through the porous layer 114, which is less than or equal to 2000 cm3/minute.
[0320] Such a flow rate may be significantly lower than for the conventional wet vacuum cleaners mentioned above.
Since power is equal to flow ratemultiplied by the pressure difference, by combining this maximum 2000 cm3/minute flow
rate with the above-described maximum 15000 Pa pressure difference as a maximum power consumption scenario, the
power consumption of the wet cleaning apparatusmay beminimised. Referring to Table 3 above, this may enable thewet
cleaning apparatus to made relatively compact, e.g. using a smaller battery, and/or to have a relatively long runtime.
[0321] Alternatively or additionally, the underpressure generator 178 may be configured to provide a flow rate through
the porous material 168, e.g. through the porous layer 114, which is equal to or greater than 15 cm3/minute. This may
contribute to thepick-upof liquid from thesurface to be cleanedbeing sufficiently rapid. The15cm3/minute lower limitmay,
in some embodiments, be set to equal or exceed a flow rate of a cleaning liquid from cleaning liquid outlet(s) 104 also
included in the cleaner head 100.
[0322] In some embodiments, the underpressure generator 178 is configured to provide a flow rate through the porous
material 168, e.g. through the porous layer 114, which is equal to or greater than 40 cm3/minute. As well as contributing to
efficient liquid pick-up, this 40 cm3/minute may, in some embodiments, be set to equal or exceed a flow rate of a cleaning
liquid from cleaning liquid outlet(s) also included in the cleaner head 100, with theminimum cleaning liquid flow rate being
set to ensure plentiful supply of the cleaning liquid to the surface to be cleaned.
[0323] The underpressure generator 178may be configured to provide a flow rate through the porousmaterial 168, e.g.
through the porous layer 114, in the range of 80 to 750 cm3/minute, more preferably 100 to 300 cm3/minute, and most
preferably 150 to 300 cm3/minute. Such a flow rate may capitalise on the underpressure-maintaining capability of the
porous material 168, and may ensure sufficient liquid pick-up whilst limiting energy consumption.
[0324] In some embodiments, a fluid transport pressure at 200 cm3/minute flow through the porous material 168, e.g.
through the porous layer 114, is less than 0.25multiplied by the bubble point pressure as determined by ASTMF316 - 03,
2019, Test A.
[0325] Thismaymean that the flow resistance through the porousmaterial 168, e.g. porous layer 114, ismaintained at a
relatively low level.
[0326] Overall, the wet cleaning apparatusmay operate with the breaking pressure being higher than the transport flow
pressure, but for thepurposeof enablingpick-upat higher speed, thebreakingpressuremaybeat least twice the transport
flow pressure.
[0327] In some non-limiting examples, the cleaner head 100may deliver cleaning liquid at a flow rate of 40 cm3/minute.
With a flow rate through the porousmaterial 168 of 85%of this cleaning liquid flow rate on a smooth surface to be cleaned,
i.e. a pick-up rate of 34 cm3/minute, the pick-up rate is comparable to the 31 cm3/minute estimated above for sample
number 24.
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[0328] FIGs. 17 to 23 schematically depict examples of how the porousmaterial 168, e.g. the porous layer 114, may be
mounted in the cleaner head 100 or in a cleaner head member for such a cleaner head 100.
[0329] In someembodiments, suchas that shown inFIG.17, the cleanerhead100or cleaner headmember comprisesa
support member 236, for example a rigid support member 236, for supporting the porous material 168, e.g. the porous
layer 114. The support member 236 can be formed of any suitable material, such as an engineering thermoplastic.
[0330] In some embodiments, the cleaner head 100 or the cleaner head member comprises a pliable material 238 on
which the porous material 168 is arranged. Deformation, e.g. resilient deformation, of such a pliable material 238 may
lessen the risk of damage to the porous material 168, e.g. the porous layer 114, should, for example, a relatively hard
protrusionbepresenton thesurface tobecleaned218whichcomes intocontactwith theporousmaterial 168.Alternatively
or additionally, thepliablematerial 238mayassist theporousmaterial 168, e.g. theporous layer 114, to followanycontours
of the surface to be cleaned 218.
[0331] The pliable material 238 can, for instance, be or comprise an elastomeric material, e.g. silicone rubber. Other
pliablematerial, such as a polydiene, e.g. polybutadiene, a thermoplastic elastomer, and so on, can also be contemplated
for inclusion in, or defining of, the pliable material 238.
[0332] Particular mention is made of silicone rubber and ethylene-vinyl acetate, in other words a copolymer of ethylene
and vinyl acetate, for the pliable material 238.
[0333] In some embodiments, the pliable material 238 is formed from a closed cell foam material, for example an
ethylene-vinyl acetate closed cell foam material.
[0334] In such embodiments, pliability may be provided, at least in part, by the foam structure, with the closed cell
structure of the foam providing the a liquid barrier.
[0335] Alternatively or additionally, thepliablematerial 238canbe less than50ShoreA,preferably less than20ShoreA,
most preferably less than 10 Shore A.
[0336] In a non-limiting example, the pliable material 238 is 4 Shore A silicone rubber.
[0337] In embodiments in which the cleaner head 100 comprises the support member 236, e.g. rigid support member
236, the pliablematerial 238 canbeprovidedbetween the supportmember 236and theporousmaterial 168, e.g. between
the support member 236 and the porous layer 114. An example of this is shown in FIG. 17.
[0338] In such embodiments, the porous layer 114 may be affixed, e.g. adhered, to the support member 236.
[0339] In embodiments in which the cleaner head 100 comprises the above-described protruding element, the
protruding element may comprise the pliable material 238, as will be described in more detail herein below.
[0340] Returning to thenon-limitingexampledepicted inFIG.17, the impermeableportion146 is in the formofapolymer,
e.g. thermoplastic, film,with the seal 152 being providedbetween the polymer filmand theporous layer 114 included in the
porous material 168. Moreover, the liquid transporting support structure 154 included in this particular example is in the
form of a coarse mesh or a stack of coarse mesh layers.
[0341] In some embodiments, such as the non-limiting example shown in FIG. 18, the impermeable portion 146 is
defined by impermeable sealing portion(s), e.g. pieces of polymer film, extending from the pliable material 238 to the
porous layer114of theporousmaterial 168. In this case, theremaybenoneed forapolymerfilm toextend laterally over the
internal surface of the porous layer 114.
[0342] In some embodiments, the pliable material 238 comprises the impermeable portion 146 sealed onto the porous
layer114of theporousmaterial 168.Theabove-describedpolymerfilmandpiecesofpolymerfilmare thereforeobviated in
this example, and can be omitted. In this manner, the number of components in the cleaner head 100 may be reduced,
thereby facilitating manufacture.
[0343] In some embodiments, such as that shown in FIG. 19, the liquid transporting support structure 154 is at least
partly, or entirely, provided by a surface pattern on and/or in the surface of the pliable material 238 facing the porous layer
114 of the porous material 168. Replacing the coarse mesh(es) with the surface pattern on the surface of the pliable
material 238 may assist in terms of reducing the number of components in the cleaner head 100. In other respects, the
example shown in FIG. 19 corresponds to that depicted in FIG. 18.
[0344] In some embodiments, such as that shown in FIG. 20, the support member 236 comprises the impermeable
portion 146 sealed against the porous layer 114 of the porous material 168. In other words, the seal present between the
supportmember 236and theporousmaterial 168 is providedbyprotrudingportions of the supportmember 236which seal
against the porous material 168. Hence, the above-described polymer film is not necessary in this example because the
seal can be created using a direct connection between the porous layer 114 and the support member 236. In other
respects, the example shown in FIG. 20 corresponds to that depicted in FIG. 17.
[0345] Thenon-limitingexample shown inFIG.21corresponds to that shown inFIG.20other than the liquid transporting
support structure 154 being at least partly, or entirely, provided by a surface pattern on and/or in the surface of the pliable
material 238 facing the porous layer 114 of the porous material 168.
[0346] The non-limiting example shown in FIG. 22 corresponds to that shown in FIG. 18 other than the pliable material
238 being arrangedwithin the cavity 150 provided between a polymer filmas the impermeable portion 146 and the porous
layer 114 of the porous material 168.
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[0347] Thenon-limitingexample shown inFIG.23corresponds to that shown inFIG.22other than the liquid transporting
support structure 154 being at least partly, or entirely, provided by a surface pattern on and/or in the surface of the pliable
material 238 facing the porous layer 114 of the porous material 168.
[0348] At this point it is reiterated that the above-described liquid pick-up regionPRof the porous layer 114 (delimited by
sealing attachment of the porous layer 114around the, e.g. eachof the, at least one dirt inlet 142A, 142B)maybe arranged
relative to each of the at least one cleaning liquid outlet 104 such as to allow the cleaning liquid to bypass the liquid pick-up
region PR to reach, or at least be directed towards, the surface to be cleaned 218. Such arrangement of the liquid pick-up
region PR relative to each of the cleaning liquid outlet(s) 104 can be achieved in any suitable manner.
[0349] In some embodiments, such as that shown in FIG. 24, each of the cleaning liquid outlets 104 are arranged in one
ormoredispensingpartswhich are spatially separated from theporous layer 114.Byarranging the cleaning liquid outlet(s)
104 in suchaseparatedispensingpart or parts, the cleaning liquid canbedelivered towards the surface to becleaned218,
in the direction of the arrows 240 in FIG. 24, without initially contacting the porous layer 114.
[0350] In the non-limiting example shown in FIG. 24, the dispensing parts correspond to the above-described cleaning
liquid distribution strips 108, 124.
[0351] Thespatial separation is evident in FIG. 24by thegaps 242, e.g. air gaps 242, provided between theporous layer
114 and the cleaning liquid distribution strips 108, 124.
[0352] In some embodiments, such as that shown in FIG. 25, the porous material 168 comprises the above-described
one or more further porous layers 156. A cleaning material 244 may comprise the one or more further porous layers 156,
e.g. with detachment of the cleaning material 244 separating the one or more further porous layers 156 from the porous
layer 114.
[0353] In at least some embodiments, the cleaning material 244 is made solely from fabric, e.g. with the cleaning
material 244 only being required to be in fluid connection with the wet cleaning apparatus, without special seals/connec-
tions being needed. Attachment of the cleaning material 244 to the wet cleaning apparatus, e.g. to the cleaner head 100,
can be implemented using relatively simple fastening, e.g. a hooks-loops fastening only.
[0354] Thus, the cleaning material 244, e.g. mop, may be straightforwardly washable, e.g. in a washing machine, and
may be inexpensive to produce.
[0355] The porous layer 114 of the cleaner head member may be primarily responsible for maintaining the requisite
underpressure, hencemay be sealingly attached around the dirt inlet(s) 142A, 142B, as previously described. Moreover,
the porous layer 114 may be free from worn areas and relatively large holes in order for the underpressure to be
maintainable. On the other hand, the cleaning material 244/further porous layer 156 may not be required to hold the
underpressure, andmay instead only be required to create a capillary connection between the surface to be cleaned and
the porous layer 114. Should the further porous layer 156 have relatively large holes in it, the pick-up functionality may not
operate in the vicinity of such holes but itmaywhere the further porous layer 156 is in contact with the porous layer 114 and
the surface to be cleaned, since the further porous layer 156 need only provide a fluid connection.
[0356] In some embodiments, the cleaning material 244 comprises the above-described cleaning liquid applicator
material 126, 128. In thismanner, the one ormore further porous layers 156 can be straightforwardly replaced at the same
time as replacing the cleaning liquid applicatormaterial 126, 128. For example, the cleaning liquid applicatormaterial 126,
128 can be attached, e.g. adhered, to the one or more further porous layers 156 in the cleaning material 244.
[0357] In some embodiments, such as in the non-limiting example shown in FIG. 25, the cleaning liquid applicator
material 126, 128 comprises the above-described first and second applicator portions 126, 128, with a first attachment
246A connecting the one or more further porous layers 156 to the first applicator portion 126, and a second attachment
246B connecting the one or more further porous layers 156 to the second applicator portion 128.
[0358] At thispoint it is noted,with reference toFIG.26, that thepresentdisclosureprovidesasurfacecleaningassembly
comprising the porous layer 114-comprising cleaner head member 248 according to any of the embodiments described
herein, and a cleaning material 244 for contacting a surface to be cleaned, the cleaning material comprising the further
porous layer 156 for arranging on the porous layer 114.
[0359] In some embodiments the cleaner head 100 comprises a support for supporting the porous layer 114 included in
the cleaner head member 248.
[0360] Thecleaner headmember 248maybeattachable toand/or detachable from the cleaner head100,whichmay for
example involve the porous layer 114 being joined to and/or separated from the support included in the cleaner head 100.
[0361] The cleaner head member 248 may comprise, in addition to the porous layer 114, the above-described
impermeable portion 146, e.g. comprising or in the form of a polymer film, with the at least one dirt inlet 142A being
defined by an aperture or apertures in the impermeable portion 146.
[0362] In some non-limiting examples, such as that shown in FIG. 26, the cleaner headmember 248 further comprises
the above-described liquid transporting support structure 154.
[0363] For example, the liquid transporting support structure 154may be provided in the cavity 150 between the porous
layer 114 and the impermeable portion 146.
[0364] When the cleaner head 100 comprises both the cleaning material 244 and the cleaner head member 248, the
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cleaning material 244 may, for instance, be detachable independently of the cleaner head member 248, and the cleaner
head member 248 may be detachable independently of the cleaning material 244.
[0365] In some embodiments, such as that shown in FIG. 27, the cleaner head member 248 further comprises the
cleaning liquid applicator material 126, 128. When, for example, the cleaner head member 248 comprises the imperme-
able portion 146, the cleaning liquid applicator material 126, 128 may be attached, e.g. adhered, to the impermeable
portion 146.
[0366] In the non-limiting example shown in FIG. 27, the cleaning liquid applicator material 126, 128 comprises the
above-described first and second applicator portions 126, 128, with a first connection 250A connecting a first side of the
impermeable portion146 to the first applicator portion126, andasecond connection 250Bconnecting a second sideof the
impermeable portion 146 to the second applicator portion 128.
[0367] FIG. 28 schematically depicts an exemplary cleaner head 100 comprising the cleaner headmember 248, which
cleaner headmember 248does not including the cleaning liquid applicatormaterial 126, 128.However, the cleaning liquid
applicator material 126, 128 is nonetheless detachable, with each of the first and second applicator portions 126, 128 in
this example being detachable from the cleaning liquid outlets 104 independently of each other and independently of the
cleaner head member 248.
[0368] Moregenerally, the present disclosureprovides the cleaner headmember 248per se. The cleaner headmember
248 comprises the porous layer 114. The cleaner head member 248 may be suitable for attaching to a wet cleaning
apparatus having an underpressure generator 178.
[0369] In someembodiments,oneormoredirt inlet(s)142A,142B isoraredefined in thecleanerheadmember248,with
the porous layer 114 covering the one or more dirt inlet(s) 142A, 142B. The dirt inlet(s) may fluidly connect the
underpressure generator 178 with the pores 159 of the porous layer 114.
[0370] A liquid pick-up regionPRof the porous layer 114maybedelimited by sealing attachment of the porous layer 114
around the at least one dirt inlet 142A, 142B. The sealing attachment of the porous layer 114 around the dirt inlet(s), may
assist to maintain an underpressure in the dirt inlet(s) 142A, 142B with or without the flow being applied by the
underpressure generator 178 included in the wet cleaning apparatus.
[0371] It is reiterated that the sealing attachment can be implemented in any suitable manner, such as by gluing or
welding the porous layer 114 around the, e.g. each of, the at least one dirt inlet 142A, 142B, for example gluing and/or
welding the porous layer 114 around one or more tubes whose opening(s) define the dirt inlet(s) 142A, 142B.
[0372] Suchacleaner headmember248mayenable replacement of theporous layer 114without requiring re-sealingof
the porous layer 114 to the dirt inlet(s) 142A, 142B.
[0373] In some embodiments, the cleaner head member 248 comprises an impermeable portion 146, and the at least
one dirt inlet 142A, 142B is defined by an aperture or apertures provided in the impermeable portion 146 and/or between
the impermeable portion 146 and the porous layer 114. Such a cleaner headmember 248may enable replacement of the
porous layer 114 without requiring re-sealing of the impermeable portion 146 to the porous layer 114.
[0374] In some embodiments, the at least one dirt inlet 142A, 142B is exposed to a cavity 150 between the porous layer
114and the impermeable portion146,with a liquid transporting support structure154beingarranged in the cavity 150, and
providing one ormore flow paths in the liquid pick-up regionPRbetween the porous layer 114 and the at least one dirt inlet
142A, 142B.
[0375] The wet cleaning apparatus, e.g. the cleaner head 100 included in the wet cleaning apparatus, may comprise at
least one cleaning liquid outlet 104 throughwhich cleaning liquid is deliverable, as previously described.When the at least
one dirt inlet of the cleaner head member 248 is fluidly connected to the underpressure generator 178, the liquid pick-up
region PRmay be arranged relative to each of the at least one cleaning liquid outlet 104 such that the liquid pick-up region
PR is bypassed by the cleaning liquid delivered towards the surface to be cleaned 218.
[0376] FIG. 29 schematically depicts an exemplary cleaner head 100 comprising the cleaning material 244, which
cleaningmaterial 244 consists in this example of the one or more further porous layers 156. Moreover, in this non-limiting
example, each of the first and second applicator portions 126, 128 in this example is detachable from the cleaning liquid
outlets 104 independently of each other and independently of the cleaning material 244.
[0377] FIG. 30 shows an exemplary cleaner head 100 in which the porous material, in this case the porous layer 114,
contacts the cleaning liquid applicator fabric 126, 128. As previously explained, this configurationmay assist to prevent an
excess of cleaning liquid building up in the cleaning liquid applicator material 126, 128, and thus may assist to minimise
excessive wetting of the surface to be cleaned 218, for instance by dripping of the cleaning liquid from the cleaning liquid
applicator material 126, 128 onto the surface to be cleaned 218.
[0378] In this particular example, enhanced control over the wetness of the cleaning liquid applicator material 126, 128
maybeachieveddue to theedgeportion134of the porous layer 114abutting anopposingedgeportion136of the cleaning
liquid applicator material 126, 128. More specifically, in this non-limiting example the cleaning liquid applicator material
126, 128 comprises the first applicator portion 126 and the second applicator portion 128, such that the opposing edge
portion 136 of the cleaning liquid applicator material is included in the first applicator portion 126, as shown. Moreover, in
this example the further edge portion 138 of the porous layer 114 abuts a further opposing edge portion 140 of the second
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applicator portion 128.
[0379] The liquid pick-up region PR of the porous layer 114 (delimited by sealing attachment of the porous layer 114
around the,e.g. eachof the, at least onedirt inlet 142A,142B) isnonethelessarranged relative toeachof thecleaning liquid
outlets 104 in the example shown in FIG. 30 such as to allow the cleaning liquid to bypass the liquid pick-up region PR. In
this respect, the cleaning liquid outlets 104 in this example are arranged in dispensing parts, in this example in the form of
cleaning liquiddistributionstrips108,124,whicharespatially separated from theporous layer114.The latter is reflectedby
the gaps 242, e.g. air gaps 242, provided between the porous layer 114 and the dispensing parts 108, 124.
[0380] In some embodiments, such as that shown in FIG. 31, the cleaner head 100 comprises the portion 120 for facing
the surface to be cleaned 218, with a protruding element 252 being mounted adjacent the portion 120. The protruding
element 252 is thus an elementmounted separatelywith respect to the portion 120. The protruding element 252 protrudes
from the cleaner head 100 in the direction of the surface to be cleaned 218. In this manner, the cleaner head 100 can be
rocked on the protruding element 252 in a first direction to cause the portion 120 to contact the surface to be cleaned, and
rocked on the protruding element 252 in a second direction opposite to the first direction to cause the portion 120 to be
separated from the surface to be cleaned 218, as previously explained.
[0381] In someembodiments, such as that shown in FIG. 31, the cleaner head 100 comprises the supportmember 236,
e.g. a rigid support member 236, and the protruding element 252 is mounted via attachment to the support member 236.
[0382] It is noted that the cleaner head 100 can be attached or may be attachable to a suitable handle (not visible) to
assist moving the cleaner head 100. To this end, the cleaner head 100may comprise a coupling point 254 to which such a
handle may be coupled, e.g. pivotably coupled.
[0383] Referring to FIG. 31, movement of the cleaner head 100 over the surface to be cleaned 218 by application of a
force, Fmove, may not be without resistance. The weight of the cleaner head 100, Fgravity, and/or the user pressing the
cleaner head 100 towards the surface to be cleaned 218may create a force, Fn, normal to the surface to be cleaned 218.
[0384] The cleaner head 100 may be wet, and therefore may operate in a viscous friction regime and a dry regime; the
former resulting inaviscous friction force,Fv, and the latter resulting incoulombic friction,Fc, governedby thenormal force,
Fn, and the coefficient of friction, f. The resulting resistance force, Fr, is approximated in the following equation.

where the forces Fr, Fv, Fc and Fn are in Newtons;µ is the dynamic viscosity in Pa·s; A is the area of contact in m2; u is the
velocity in m/s; and y is the thickness of liquid layer in m.
[0385] Theaboveequation shows that both a larger areaof contact, A, anda liquid layerwhose thickness, y, is tending to
zero may increase the viscous friction term, thereby increasing the resulting resistance force Fr.
[0386] It is further noted that the relatively large contact area, A, that is needed for effective liquid pick-up on uneven
surfaces to be cleaned 218,may result in a relatively high resistance force Fr, especially on relatively flat/smooth surfaces
to be cleaned 218.
[0387] Hence, in at least some embodiments, the protruding element 252 comprises the porous material 168, e.g. the
porous layer 114. Resistance to motion of the cleaner head 100 across the surface to be cleaned may therefore be
lesseneddue to the limited areaof contactAbetween theporousmaterial 168, e.g. the porous layer 114, and the surface to
be cleaned 218.
[0388] In some embodiments, the liquid pick-up region PR of the porous layer 114 is included in the protruding element
252 and terminates between the protruding element 252 and the portion 120. In this manner, the area of the porous layer
114 towhichsuction isapplied is confined to theprotrudingelement252, therebyassisting toalleviate resistance tomotion.
[0389] Alternatively or additionally, the at least one dirt inlet 142A, 142B may be defined in the protruding element 252.
Thus, suctionmaybeapplied to thepart of the cleaner head100, in otherwords theprotrudingelement 252,whosecontact
with the surface to be cleaned 218 is lessened, e.g. due to its rocking function.
[0390] In embodiments in which the cleaner head 100 comprises the portion 120 and a further portion 122 for facing the
surface to be cleaned 218, the protruding element 252 may be mounted between the portion 120 and the further portion
122. In this way, the cleaner head 100 can be rocked forwards on the protruding element 252 to cause the portion 120 to
contact the surface to be cleaned 218, as shown in FIG. 31, and backwards to cause the further portion 122 to contact the
surface to be cleaned 218.
[0391] In such embodiments, the liquid pick-up region PR of the porous layer 114 may extend between the portion 120
and the further portion 122, and terminate between the protruding element 252 and the portion 120, and between the
protruding element 252 and the further portion 122.
[0392] In thenon-limitingexampleshown inFIG.31, theabuttingopposingedgeportions134,136of theporousmaterial
168and thecleaning liquidapplicatormaterial 126, 128arepositionedbetween theprotrudingelement252and theportion
120. In this manner, excess cleaning liquid caused to be squeezed from the cleaning liquid applicator material 126, 128
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between the protruding element 252 and the cleaning liquid applicator material 126, 128, e.g. by rocking of the cleaner
head 100, may be efficiently transported into the dirt inlet(s) 142A, 142B via the porous material 168.
[0393] In particular, the portion 120 shown in FIG. 31 comprises the first applicator portion 126, and the further portion
122 comprises the second applicator portion 128. Moreover, the abutting opposing edge portions 134, 136 of the porous
material 168and the first applicator portion126 in this example arepositionedbetween theprotrudingelement 252and the
portion120, and theabuttingopposing further edgeportions138, 140of theporousmaterial 168and the secondapplicator
portion 128 are positioned between the protruding element 252 and the further portion 122. Thus, excess cleaning liquid
caused to be squeezed from the cleaning liquid applicator material 126, 128 between the protruding element and the first
applicator portion 126, and between the protruding element and the second applicator portion 128, e.g. by rocking of the
cleaner head 100 forwards and backwards respectively, may be efficiently transported into the dirt inlet(s) 142A, 142B via
the porous material 168.
[0394] In someembodiments, such as that shown in FIG. 31, the protruding element 252 has a curved surface arranged
to contact the surface to be cleaned 218.
[0395] Such a curved, e.g. rounded, surface of the protruding element 252 may further assist to minimise the area of
contact of the protruding element 252 with the surface to be cleaned 218, and thereby assist to minimise resistance to
motion of the cleaner head 100 across the surface to be cleaned 218.
[0396] The curved surface of the protruding element 252 may, for example, curve between the portion 120 and further
portion 122, as shown in FIG. 31.
[0397] In someembodiments, the protrudingelement 252comprises theabove-describedpliablematerial 238onwhich
the porousmaterial 168 is arranged. Thepliablematerial 238 can, for instance, beor comprise silicone rubber and/or have
a hardness less than 50 Shore A, preferably less than 20 Shore A, most preferably less than 10 Shore A.
[0398] Referring to FIG. 31, the pliable material 238 may be arranged between the support member 236, e.g. the rigid
support member 236, and the porous material 168.
[0399] The resilient deformation of such a pliablematerial 238may lessen the risk of damage to the porousmaterial 168
should, for example, a relatively hard protrusionbepresent on the surface to be cleaned218which comes into contactwith
the porousmaterial 168. Alternatively or additionally, the pliable material 238may assist the porousmaterial 168 to follow
any contours of the surface to be cleaned 218.
[0400] Alternatively or additionally, the protruding element 252may be resilientlymounted adjacent the portion 120. For
example, the protruding element 252 may be spring-mounted to the support member 236. This may assist the porous
material 168 to follow any contours of the surface to be cleaned 218, thereby facilitating liquid pick-up.
[0401] In embodiments in which the pliable material 238 is included in the protruding element 252, the curvature of a
curved surfaceof thepliablematerial 238, e.g. arcingbetween theportion 120and the further portion 122,maybe followed
by the porous material 168 to provide the curved surface of the protruding element 252.
[0402] Whilst not visible in FIG. 31, the protruding element 252may further comprise the above-described impermeable
portion 146 comprising or in the form of a polymer film sealed onto the porous layer 114 and around the dirt inlets 142A,
142B. In such an example, the underpressure present behind the porousmaterial 168 during use of the cleaner head 100
maynot bepresent in thepliablematerial 238, but rather is containedwithin thesealed cavity 150between theporous layer
114 and the impermeable portion 146. Thismay assist to ensure that the pliablematerial 238 is substantially unaffected by
the underpressure, particularly in examples in which the pliable material 238 is itself porous andmay therefore otherwise
be prone to compaction due to the underpressure.
[0403] In other non-limiting examples, the pliable material 238 is itself non-porous or has a closed cell foam structure,
such that the pliable material 238 can be included in the impermeable portion 146 sealed onto the porous layer 114 of the
porous material 168, e.g. as described above in relation to FIG. 18.
[0404] In the non-limiting example shown in FIG. 31, the above-described liquid transporting support structure 154 is
also provided between the porousmaterial 168, in particular the porous layer 114, and the impermeable portion 146. The
liquid transporting support structure 154 canbedefinedbyor include, for example, oneormore coarsemesh layers and/or
a surface pattern on and/or in the surface, e.g. curved surface, of the pliable material 238.
[0405] More generally, the protruding element 252 can comprise a liquid transporting support structure 154, e.g.
arranged between the porous layer 114 and the at least one dirt inlet 142A, 142B.
[0406] The porous material 168 may be arranged on the pliable material 238, e.g. on a curved surface of the pliable
material 238, in any suitable manner.
[0407] FIGs. 32Aand32Bschematically depict an example of sealing attachment of the porous layer 114around thedirt
inlets 142A, 142B to define the liquid pick-up regionPR.Further evident inFIGs. 32Aand32Bare the impermeable portion
146, in this case in the form of a polymer film, and the liquid transporting support structure 154, in this case in the form of a
coarsemeshor aplurality of stacked coarsemesh layers. Theporousmaterial 168 in this example comprises, or is defined
by, the porous layer 114 and the further porous layers 156, 158. Thus, a laminate comprises the further porous layers 156,
158, the porous layer 114, the liquid transporting support structure 154, and the impermeable portion 146, with the tubes
144A, 144B providing the dirt inlets 142A, 142B being partially trapped between the impermeable portion 146 and the
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porous layer 114.
[0408] In the non-limiting example shown inFIGs. 32Aand32B, the impermeable portion 146, the porous layer 114, and
the further porous layers 156, 158 extend beyond the liquid transporting support layer 154 in the direction of the tubes
144A, 144B. The seal 152, in this case a heat seal, also extends beyond the liquid transporting support layer 154 in the
direction of the tubes 144A, 144B.
[0409] The seal 152, i.e. an airtight seal, is provided between the porous layer 114 and the impermeable portion 146 by
introducing clay in the area between the porous layer 114 and the impermeable portion 146 throughwhich the tubes 144A,
144B are led. In this example, a piece of tape is then wound around the porous layer 114, impermeable portion 146, tubes
144A, 144B and the clay, to envelope the clay, to avoid it sticking to another obj ect.
[0410] This laminate may be sufficiently pliable to be arranged on a curved surface of, for instance, the pliable material
238.Moreover, the laminatemay, for instance, be providedwith a suitable fastener or fasteners 256A-D, in this case in the
form of Velcro® strips, for securing the laminate in the cleaner head 100.
[0411] Turning to the non-limiting example shown in FIGs. 33A and 33B, a laminate similar to that described above in
relation to FIGs. 32A and 32B, comprising the porous layer 114 and a first further porous layer 156 is arranged on the
curved surface 258 of the pliable material 238, and secured to the support member 236 via the fastener(s) 256A-D, e.g.
Velcro®. Thus, the protruding element 252 in this example comprises the pliable material 238 and the porous layers 114,
156.
[0412] Due to the porous layers 114, 156 following the curvature of the curved surface 258 of the pliable material 238 in
this example, the protruding element 252 itself comprises a curved surface arranged to contact the surface to be cleaned
218.
[0413] In the non-limiting example shown in FIGs. 33A and 33B, the protruding element 252 is mounted adjacent the
portion 120 (and in particular between the portion 120 and the further portion 122 in this example) by the pliable material
238 being attached to the support member 236 of the cleaner head 100. In this non-limiting example, this attachment is
achieved at least partly by the pliablematerial 238 comprising a projection 260which is receivedwithin and engages a slot
262 defined in the support member 236. The projection 260 may, for instance, be a push-fit in the slot 262.
[0414] FIG.33Ashowsdeformationof thecleaning liquidapplicatormaterial 126, 128 tobringat leastpart of thecleaning
liquid applicator material 126, 128 into contact with the porous material. In this way, some of the cleaning liquid can be
transferred from the cleaning liquid applicator material 126, 128 to the porousmaterial in a particularly controlledmanner.
[0415] In the non-limiting example shown in FIG. 33A, the cleaning liquid applicator material 126, 128 comprises tufts
formed fromfibers,andabacking layer (not visible) supporting the tufts.Asshown, such tuftsmaybedeformable tocontact
the porous material, e.g. upon contact with the surface to be cleaned and/or upon being wetted by liquid, e.g. water.
[0416] In some embodiments, a wet cleaning apparatus comprises the cleaner head 100, and an underpressure
generator 178 (not visible in FIGs. 33A and 33B) fluidly connected to the at least one dirt inlet 142A, 142B. This fluid
connection may bemade via the tubes 144A, 144B, which, in this particular non-limiting example, extend to a single tube
leading to the underpressure generator at a bifurcation point 266.
[0417] The underpressure generator 178 may, for example, be or comprise a pump, such as a positive displacement
pump (technical benefits of the latter being described in more detail herein below). Any suitable pump can be used,
provided that the pump is capable of withstanding the operating pressures selected for the wet cleaning apparatus, e.g.
about 5000 Pa (see Table 2 above).
[0418] In someembodiments, the underpressure generator 178 is configured to supply suction byproviding a flow in the
range of 40 to 2000 cm3/minute, more preferably 80 to 750 cm3/minute, and most preferably 100 to 300 cm3/minute.
[0419] Sucha flow, i.e. flow rate,may capitalise on theunderpressure-maintaining capability of the porousmaterial 168,
and may ensure sufficient liquid pick-up whilst limiting energy consumption.
[0420] The wet cleaning apparatus may also include a dirty liquid collection tank (not visible in FIGs. 33A and 33B). In
suchembodiments, theunderpressuregeneratormaybearranged todraw liquid from theat least onedirt inlet 142A, 142B
to the dirty liquid collection tank.
[0421] In such embodiments, the dirty liquid collection tank can be arranged in any suitable manner relative to, e.g.
upstream or downstream of, the underpressure generator 178.
[0422] In some embodiments, the wet cleaning apparatus comprising the cleaner head 100 comprises a cleaning liquid
supply (not visible in FIGs. 33A and 33B) for supplying cleaning liquid to the cleaner head 100 for delivery towards the
surface to be cleaned by the at least one cleaning liquid outlet(s) 104. Such a cleaning liquid supply may, for example,
comprise a cleaning liquid reservoir and a delivery arrangement, e.g. a delivery arrangement comprising a pump, for
transporting the cleaning liquid to and through the at least one cleaning liquid outlet 104.
[0423] The cleaning liquid supply and the at least one cleaning liquid outlet 104 may be configured to provide a
continuous delivery of the cleaning liquid towards the surface to be cleaned 218.
[0424] The cleaning liquid supply and the underpressure generator 178 may, for instance, be configured such that the
flow of the cleaning liquid delivered through the at least one cleaning liquid outlet 104 is lower than the flow provided to the
at least one dirt inlet 142A, 142B by the underpressure generator 178. This may assist to ensure that the surface to be
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cleaned 218 does not become excessively wet with the cleaning liquid. For example, the flow of cleaning liquid may be in
the range of 20 to 60 cm3/minute, and the flow provided by the underpressure generator 178 may be in the range of 40 to
2000 cm3/minute, more preferably 80 to 750 cm3/minute, and most preferably 100 to 300 cm3/minute.
[0425] If a positive displacement pump is employed as the underpressure generator 178, at 1 or 2 liter/minute flows,
such a pump may become relatively bulky and noisy, hence lower flow rates may assist in keeping the wet cleaning
apparatus relatively small, quiet and lightweight.
[0426] In principle, a flow rate of the underpressure generator 178 which is equal to the flow rate of the cleaning liquid
provided by the cleaning liquid supply may suffice.
[0427] However, this may risk relatively significant disturbance to the system’s equilibrium (requisite underpressure) if,
for instance, a spill of water is encountered by the porous material 168 (e.g. freshly attached). For example, a 50 cm3

puddle of water encountered by the wet cleaning apparatus having a cleaning liquid flow rate of 40 cm3/minute and a flow
rate provided by the underpressure generator 178 of 50 cm3/minutemaymean that it would take about 5minutes to take in
all the water (resulting in a 5 minute drop in underpressure, hence a 5 minute period in which the floor stays significantly
more wet (because the puddle keeps on being spread). On the other hand, a 250 cm3/minute flow rate provided by the
underpressure generator 178 may reduce this to a 14 second period. The flow rate provided by the underpressure
generator 178being above the flow rate of the cleaning liquid providedby the cleaning liquid supplymaypermit the system
to revert to equilibrium more quickly after such a disturbance.
[0428] In the non-limiting example shown in FIGs. 33A and 33B the cleaning liquid is delivered, e.g. from the above-
mentioned cleaning liquid reservoir, via a tube 268 which bifurcates to supply the cleaning liquid to the cleaning liquid
outlets 104 of the cleaning liquid distribution strip 108 via a first tube 270A, and to the cleaning liquid outlets 104 of the
further cleaning liquid distribution strip 124 via a second tube 270B.
[0429] In embodiments in which the wet cleaning apparatus comprises the cleaner head 100, the underpressure
generator, and the cleaning liquid supply, the underpressure generatormaybe configured to provide suction to the at least
one dirt inlet 142A, 142B at the same time as, in other words simultaneously to, the cleaning liquid supply supplying the
cleaning liquid to and through the at least one cleaning liquid outlet 104.
[0430] In the exemplary cleaner head 100 shown in FIGs. 33A and 33B, the cleaning liquid distribution strips 108, 124
are joined to each other and to the support member 236 by the joining members 272A, 272B.
[0431] In some embodiments, the wet cleaning apparatus includes a handle (not visible in FIGs. 33A and 33B) coupled
or attachable to the cleaner head 100. Such a handle may facilitate movement of the cleaner head 100.
[0432] In the non-limiting example shown in FIGs. 33A and 33B, the coupling point 254 to which such a handle may be
coupled comprises a vertically extending slot for adjusting the height at which the coupling is provided. In this example,
suchacouplingpoint 254 isprovided ineachofapair ofmounts274A,274Bbetweenwhichahandleengagementmember
276 is pivotally mounted. The handle engagement member 276 may engage with, e.g. receive, the end of the handle.
[0433] In someembodiments, the handlemay support or include at least part of the underpressure generator 178 fluidly
connected to theat least onedirt inlet 142A, 142Band/or thedirty liquid collection tank.Alternatively or additionally, at least
part of the cleaning liquid supply, e.g. the cleaning liquid reservoir and/or thedelivery arrangement,maybesupportedbyor
included in the handle.
[0434] In some embodiments, such as that shown in FIGs. 33C and 33D, the above-described cleaner head member
248, e.g. inwhich the liquid pick-up regionPRof theporous layer 114maybedelimitedby sealing attachment of the porous
layer 114 around the at least one dirt inlet 142A, 142B, comprises (or defines) the protruding element 252.
[0435] In the non-limiting example shown in FIG. 33C, the protruding element 252 comprises the pliablematerial 238 on
which the porous layer 114 is arranged. In this particular example, the porous layer 114 is sealingly attached to the support
member 236 via the seals 152, e.g. heat seals.
[0436] In thismanner, the porous layer 114 is sealingly attached to the dirt inlet(s) 142A,which dirt inlet(s) 142A is or are,
in this example, defined in, i.e. delimited by, the support member 236 and the pliable material 238. In this particular
example, the dirt inlets 142A, 142B are in the form of channels extending through the support member 236 and the pliable
material 238.
[0437] More generally, the support member 236 to which the porous layer 114 is sealingly attached may be included in
the cleaner headmember 248. In suchanexample, the supportmember 236 canbeattachable to a support included in the
(remainder of the) cleaner head 100.
[0438] The cleaner head member 248 can be attached to the support in any suitable manner, such as by the cleaner
headmember 248, e.g. the support member 236, having a ridgemember which push-fits into a slot defined in the support,
or by thesupport havingsucha ridgememberwhichpush-fits intoaslot defined in thecleanerheadmember248, e.g. in the
support member 236.
[0439] Heat sealing, e.g. ultrasonic welding,may, for instance, be employed to attach the porous layer 114 to the plastic
support member 236.
[0440] The examples shown in FIGs. 33C and 33Ddiffer fromeach other in that the liquid transporting support structure
154 shown in FIG. 33C is defined by a surface pattern arranged on and/or in the surface of the pliable material 238,
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whereas the liquid transporting support structure 154 shown in FIG. 33D is in the form of a coarse mesh layer.
[0441] FIG. 33E shows an exemplary cleaning material 244 comprising further porous layers 158A, 158B and the
cleaning liquid applicatormaterial 126, 128. This example hassomesimilaritywith the cleaningmaterial 244shown inFIG.
26, other than in this case the cleaning liquid applicator material 126, 128 is mounted on the further porous layers 158A,
158B.
[0442] It is noted that the further porous layers 158A, 158B can be adhered to each other, e.g. via heat sealing, such as
ultrasonic welding.
[0443] Further evident in FIG. 33E are the backing layer BL and tufts TU included in the cleaning liquid applicator
material 126, 128. The backing layer BL supports the tufts TU, as previously described.
[0444] FIG. 33Fprovidesaperspective viewof a cleaner head100 comprising theprotruding element 252/cleaner head
member 248 shown in FIG. 33C or 33D and the cleaning material 244 shown in FIG. 33E. Thus, in this case the porous
material 168 comprises the porous layer 114 included in the cleaner head member 248, and the further porous layer(s)
158A, 158B included in the cleaning material 244.
[0445] The cleaning material 244 can be detachably coupled to the remainder of the cleaner head 100 in any suitable
manner, for example by the cleaning material 244 comprising a set of shoes arranged along one lengthways side of the
cleaningmaterial 244 and a Velcro® strip arranged on an opposing lengthways side. In such an example, the set of shoes
each receiveandengagea foot providedonone lengthwayssideof the remainderof thecleanerhead100,and theVelcro®
strip can be joined to a complementary Velcro® strip arranged on an opposing lengthways side of the remainder of the
cleaner head 100. This set of feet-set of shoes arrangement can assist to minimise unwanted movement of the cleaning
material 244 relative to the remainder of the cleaner head 100 in both widthways and lengthways directions.
[0446] Further evident in FIG. 33F is the label LA of the cleaning material 244. This label may provide attachment/de-
tachmentand/orwashing instructions forwashing thecleaningmaterial 244 following itsdetachment from the remainderof
the cleaner head 100.
[0447] At this point it is noted that the porous layer 114may be generally connected to an underpressure generator 178,
e.g. pump, that generates a flow that is larger than needed. In this way, the system may be enabled to get rid of "excess
liquid" relatively quickly and rapidly reach a state of equilibrium. This may mean that the porous layer 114 may be
continuously in a state of "breaking"whenat equilibrium.Referring toFIG. 33G, general pick-upofwoven fabricmaymean
that all "free" liquid present in and on top of the fabric can reach the cloth’s entire surface since there may be many
horizontal capillary paths, denoted in FIG. 33G by the arrows, present in the fabric. If a pore 159 is "broken", it may be
continuously surroundedby freewater that enables thepore 159 to repair itself whenpossible, for examplewhen there is a
local pressure drop. This may minimize the risk of broken pores 159 staying open and creating excess air leakage.
[0448] Whenconsidering thepores159of theporous layer 114according to thepresent disclosure, the fact that thepore
wall 165 of such pores is arranged about the linear central axis 163 that extends across the thickness of the porous layer
114, there may be diminished capability of such a porous layer 114 to distribute liquid that is present.
[0449] For example, in the case of the porous layer 114 being amonofilamentmesh, e.g. themonofilamentmesh shown
in FIG. 10H, liquid may not being able to flow through the monofilaments.
[0450] Thus, theremaybe less liquid distribution, and therefore diminished pore 159 repair capability. Suchameshmay
there risk having a less well-controlled number of broken pores 159. This may create a situation in which too many pores
159may bebroken, allowing toomuch air to enter the system, thereby reducing the underpressurewithin thewet cleaning
apparatus. This could risk loss of, or at least compromised, function, e.g. when the underpressure falls below 2000 Pa or
3000 Pa.
[0451] Hence in some embodiments, the further porous layer 156 has a porous structure configured to enable lateral
fluid transport in a first direction within the further porous layer 156 as well as fluid transport in a second direction across a
thickness of the further porous layer 156 towards the porous layer 114. The lateral fluid transport provided in the further
porous layer 156, e.g. the woven fabric layer(s) of the further porous layer 156, can assist to keep the porous layer 114
supplied with liquid, thereby helping to repair broken pores of the porous layer 114.
[0452] It is generally noted in this connection that a pore 159may remain "broken" as longas theunderpressure towhich
the porous layer 114 is subjected is above the pore’s 159 breaking pressure. Should the underpressure fall below the
breaking pressure, the pore 159 may draw liquid from its surroundings to close itself up again, in other words so as to be
"repaired, thereby reinstating the fluid block state.
[0453] Theself-repairabilitymaybeparticularlyeffectivewhen theporous layer114 is in contactwithawoven fabric layer
as the further porous layer 156, as shown in FIG. 33H. However, porous layers 114, e.g. meshes, with a relatively small
pore size may also be capable of repairing themselves. For example, a mesh having a pore size of 11 µm may provide
broken pore repairability that is almost identical to that of the woven fabric layer, a mesh having a pore size of 15 µmmay
provide broken pore repairability that is close to that provided by a woven fabric layer, but may be less consistent. Amesh
having a pore size of 18 µm may, however, provide significantly worse broken pore repairability than that provided by a
woven fabric layer.
[0454] Hence in such embodiments, the further porous layer 156, e.g. woven fabric, arranged on and in contact with the
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porous layer 114mayminimize the risk of thenumber of brokenpores159growing indefinitely, sincebrokenpores159can
be repaired automatically by the wetted further porous layer 156. Such a further porous layer 156, e.g. woven fabric, may
be capable of transporting liquid to all pore positions of the porous layer 114, e.g. mesh, resulting in a "self-repairing"
porous layer 114.
[0455] It is noted,with reference toFIG. 331, that in somecases the above-described "self-repairability" of broken pores
159 can risk being hampered by some portions of the porous layer 114 not being in contact with the further porous layer
156. For example, the further porous layer 156 may be arranged to provide "tenting" (see the arrow in FIG. 33I) over
portions of the porous layer 114. Such portions of the porous layer 114may not receive liquid from the further porous layer
156, since these portions are not in contact with the further porous layer 156 and the porous structure of the porous layer
114 may preclude distribution of liquid to such portions by the porous layer 114 itself.
[0456] Hence fluid transporting pores 159of the porous layer 114 and/or the liquid pick-up regionPRmaybeexclusively
arranged in a region of the porous layer 114 that remains in contact with the further porous layer 156 when the surface
cleaning assembly is assembled with the further porous layer 156 being arranged on the respective side of the porous
layer. The maintaining of contact between the further porous layer 156 and the porous layer 114 may mean that any
"broken" pores in the porous layer 114 may be kept supplied with liquid from the further porous layer 156, and thereby
"repaired". This can assist maintenance of the underpressure between the underpressure generator 178 and the porous
layer 114.
[0457] Arranging fluid transporting pores 159 of the porous layer 114 to remain in contact with the further porous layer
156 can be implemented in any suitable manner. In some embodiments, such as shown in FIG. 33J, the support member
236/protruding element 252 may be equipped with an active area AA in which the porous layer 114 is disposed, which
activeareaAA is arrangedanddimensioned, e.g. to be sufficiently narrow, to ensure that fluid transportingpores159of the
porous layer 114are exclusively arranged in a region of the porous layer 114 that remains in contactwith the further porous
layer 156.
[0458] In some embodiments, the cleaner headmember 248 is fabricated by defining the active area AA, e.g. slit, in the
support member 236; optionally inserting the fluid transporting support structure 154, e.g. in the form of a coarsemesh, in
the active area, e.g. slit; and arranging the porous layer 114, e.g. in the form of a fine mesh, in the active area AA. The
porous layer 114 may, for instance, be affixed, e.g. glued, on top of the fluid transporting support structure 154.
[0459] More generally, a wet cleaning apparatus according to an aspect of the present disclosure comprises an
underpressuregenerator arrangement, andacleanerheadmember248or acleaner head100havingat least onedirt inlet
142A, 142B, and a porousmaterial 168 comprising a porous layer 114 sealingly attached to the at least one dirt inlet 142A,
142B.
[0460] The cleaner head member 248 or cleaner head 100 may be, for example, according to any of the embodiments
described herein.
[0461] The underpressure generator arrangement comprises an underpressure generator 178 having an under-
pressure generator outlet, with the underpressure generator 178 being activatable to provide a flow from the at least
one dirt inlet 242A, 242B to and through the underpressure generator outlet, and deactivatable to cease the flow.
[0462] In at least someembodiments, the underpressure generator arrangement is configured to restrict the passageof
fluid from theunderpressuregeneratoroutlet towards theat least onedirt inlet 242A,242Bat leastwhen theunderpressure
generator is deactivated.
[0463] The flow provided by the underpressure generator 178 may generate an underpressure in the at least one dirt
inlet 142A, 142B. The porous material 168, in particular the wetted porous material 168, may assist to maintain the
underpressure and liquidmay be drawn through the porousmaterial 168 and into the dirt inlet(s), as previously described.
[0464] FIG. 34 schematically depicts an exemplary wet cleaning apparatus 278 before (left hand pane), during (centre
pane), andafter (right handpane) drawing liquid 190 through theporousmaterial 168. The left handpaneof FIG. 34 canbe
regardedasdepictinga fully dry system,e.g. at thebeginningof a cleaningcycle. ThecentrepaneofFIG. 34shows thewet
cleaning apparatus 278 in operation, during which liquid 190, e.g. water, in contact with the porous material 168 is
transported therethrough in thedirection of the dirt inlet(s) 142A. The surface to be cleaned218may therefore becomedry
or at least drier, but not all the liquid 190may be transported away from the cleaner head 100, e.g. to a dirty liquid collection
tank (not visible in FIG. 34) included in thewet cleaning apparatus 278. In this non-limiting example, some of the liquid 190
may remain in the flow path(s) of the liquid transporting support structure 154, as shown. During operation, this liquid 190
may be beneficial because it serves to keep the porous material 168 wet, even when no liquid 190may be present on the
surface to be cleaned 218. The residual liquid 190 in the pores 159 of the porous material 168 assists to maintain the
underpressure, as previously described. While the underpressure is being maintained in the dirt inlet(s) 142A, the liquid
190 remains on the dirt inlet(s) side of the porous material 168, as shown in the centre pane of FIG. 34.
[0465] However, when the underpressure generator 178 is deactivated, for example by being switched off after use of
the wet cleaning apparatus 278, loss of the underpressure may be contributed to by fluid, e.g. ambient air, ingress via the
underpressure generator outlet. This may cause liquid 190 to be released, for example to drip, from the porous material
168, as shown in the right hand pane of FIG. 34.
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[0466] After cleaning, e.g. mopping of the surface to be cleaned, it may be undesirable for the liquid 190 to be released
through theporousmaterial 168upondeactivationof theunderpressuregenerator 178, e.g. backonto thesurface tobe (or
having been) cleaned 218 and/or during transport of the wet cleaning apparatus 278 to its storage location.
[0467] For this reason, the underpressure generator arrangement may be configured to restrict, for example block, the
passageof fluid, for exampleambient air, from theunderpressuregenerator outlet towards thedirt inlet(s) at leastwhen the
underpressure generator 178 is deactivated, for examplewhen theunderpressure generator 178 is switchedoff. Thismay
alleviate problematic liquid release from the porous material 168, for instance following cleaning of the surface to be
cleaned 218 and/or during stowing of the wet cleaning apparatus in a storage area after use.
[0468] FIG. 35 schematically depicts an exemplary wet cleaning apparatus 278 comprising such an underpressure
generator arrangement 280. In the left hand pane of FIG. 35, the underpressure generator 178, in this example a pump, is
activated.This is denotedby "Pumpon". In the right handpaneofFIG. 35, theunderpressuregenerator 178 is deactivated,
as denoted by "Pump off’. In contrast to the liquid leakage described above in relation to FIG. 34, the passage of fluid from
the underpressure generator outlet towards the dirt inlet(s) 142A is restricted, e.g. blocked, as denoted in FIG. 35 by the
cross 282. In this way, the underpressure can be better maintained following deactivation of the underpressure generator
178, thereby alleviating problematic liquid release from the porous material 168.
[0469] Any suitable way of configuring the underpressure generator arrangement 280 to restrict the passage of fluid
from the underpressure generator outlet towards the dirt inlet(s) 142A at least when the underpressure generator 178 is
deactivated can be contemplated.
[0470] In some embodiments, the underpressure generator 178 itself is configured to restrict backflow of fluid, e.g. air,
from the underpressure generator outlet in the direction of the dirt inlet(s) 142Awhen the underpressure generator 178 is
deactivated.
[0471] In someembodiments, suchas that shown inFIG. 36, theunderpressuregenerator 178 isor comprisesapositive
displacement pump. The design of such a positive displacement pump means that backflow of fluid, e.g. air, from the
underpressure generator outlet, in other words pumpoutlet, in the direction of the dirt inlet(s) 142A is inherently restricted.
[0472] Examples of such a positive displacement pump include a peristaltic pump, a membrane pump, and a piston
pump. Accordingly, the underpressure generator 178 may comprise, or consist of, one or more of a peristaltic pump, a
membrane pump, and a piston pump.
[0473] Referring to FIG. 36, the depicted peristaltic pump may comprise a compressible hose 284 between the
pump/underpressure generator inlet 286 and the pump/underpressure generator outlet 288 which is compressed in at
least one position when the peristaltic pump is deactivated. Thus, backflow of fluid, e.g. air, from the pump outlet towards
the dirt inlet(s) 142A may be restricted, e.g. blocked, when the peristaltic pump is deactivated. Selection of the peristaltic
pumpmay thus minimise the loss of underpressure in the dirt inlet(s), and thereby minimise problematic liquid release to
the outside of the cleaner head 100 via the porous material 168.
[0474] The peristaltic pumpmay, for instance, include a rotatable compressing shoe assembly 290 comprising at least
one compressing shoe 292, with rotation of the compressing shoe assembly 290 and concomitant compressing of the
compressible hose 284 by the at least one compressing shoe 292 providing the flow.
[0475] The above-mentioned membrane pump and piston pump use a similar type of construction in which the resting
state of the pump, i.e. when the pump is deactivated, restricts backflow from the pump outlet 288 in the direction of the dirt
inlet(s) 142A.
[0476] In some embodiments, e.g. as an alternative or in addition to the above-described positive displacement pump
constituting the underpressure generator 178, the underpressure generator arrangement 280 comprises a valve
assembly, e.g. represented by the cross 282 in FIG. 35, configured to restrict the passage of fluid from the underpressure
generator outlet 288 towards the at least one dirt inlet 142A.
[0477] In the non-limiting example shown in FIG. 35, the valve assembly is configured to restrict said passage of fluid
between the underpressure generator inlet 286 and the at least one dirt inlet 142A.
[0478] Alternatively or additionally, the passage of fluid may be restricted between the underpressure generator outlet
288 and the underpressure generator inlet 186, e.g. as described above in relation to the positive displacement pump
being included in or defining the underpressure generator 178.
[0479] The valve assembly may have any suitable design. In some embodiments, the valve assembly is configured to,
responsive to theunderpressure generator 178being deactivated, restrict said passageof air. Thismaybe regardedasan
"active" valve which is triggered to close the system (by restricting the passage of fluid from the underpressure generator
outlet 288 towards the dirt inlet(s) 142A) by the underpressure generator 178 being deactivated.
[0480] In some embodiments, the valve assembly comprises a one-way valve configured to prevent fluid being
transported in the direction of the at least one dirt inlet 142A. The one-way valve may be regarded as a "passive" valve.
Such a one-way valvemay be arranged to permit flow of fluid, e.g. air and/or liquid, away from the porousmaterial 168, but
prevent fluid, e.g. air and/or liquid, from returning towards the dirt inlet(s) 142A upon and after deactivation of the
underpressure generator 178. Any suitable one-way valve design can be contemplated, such as a ball check valve.
[0481] In a non-limiting example, an additional porousmaterial part, e.g.made ofmicrofiber fabric, is arranged between
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the porous layer 114 and the underpressure generator outlet 288. The additional porous material part can permit flow of
fluid, e.g. air and/or liquid, away from theporous layer 114, but restrict fluid, e.g. air and/or liquid, from returning towards the
porous layer 114 (at least) when the underpressure generator 178 is deactivated.
[0482] More generally, the underpressure generator 178 may be configured such that the flow, when the flow is being
provided by the (activated) underpressure generator 178, is in the range of 40 to 2000 cm3/minute, more preferably 80 to
750 cm3/minute, even more preferably 100 to 300 cm3/minute, and most preferably 150 to 300 cm3/minute.
[0483] Sucha flow, i.e. flow rate,may capitalise on theunderpressure-maintaining capability of the porousmaterial 168,
and may ensure sufficient liquid pick-up whilst limiting energy consumption.
[0484] It is reiterated that the wet cleaning apparatus 278may comprise a dirty liquid collection tank (not visible in FIGs.
35 and 36) for collecting the dirty liquid, with the underpressure generator arrangement 280 being arranged such that the
flow to and through the underpressure generator outlet 288 draws the dirty liquid from the at least one dirt inlet 142A to the
dirty liquid collection tank. In such embodiments, the above-described valve assembly can be arranged in any suitable
manner relative to, e.g. upstream or downstream of, the dirty liquid collection tank.
[0485] In some embodiments, a sealed flow path is defined between the dirt inlet(s) 142A and the underpressure
generator outlet 288.
[0486] This may assist to maintain the underpressure.
[0487] In alternative embodiments, fluid, e.g. air, ingress may be via one or more regions of the wet cleaning apparatus
278 other than the underpressure generator outlet 288 and pores 159 of the porous material 168.
[0488] However, in such alternative embodiments, the configuration of the underpressure generator arrangement 280
may nonetheless assist tomaintain the underpressure by (at least) restricting the passage of fluid from the underpressure
generator outlet 288 in the direction of the dirt inlet(s) 142A.
[0489] In someembodiments, the underpressure generator arrangement 280 comprises a valve assembly 282, e.g. the
valve assembly 282 described above, positioned between the one or more regions and the dirt inlet(s) 142A thereby to
restrict backflow from the one or more regions towards the dirt inlet(s) 142A. In such embodiments, the valve assembly
142Acan, for instance, restrict the backflow from the oneormore regions in addition to restricting the passage of fluid from
the underpressure generator outlet 288 in the direction of the dirt inlet(s) 142A.
[0490] More generally, a wet cleaning apparatus according to another aspect of the present disclosure comprises an
underpressure generator arrangement 280, andacleaner headmember 248or a cleaner head100havingat least onedirt
inlet 142A, 142B, and a porous material 168 covering the at least one dirt inlet 142A, 142B. In some embodiments, the
porousmaterial 168 comprises a porous layer 114 sealingly attached to the at least one dirt inlet 142A, 142B. The cleaner
headmember 248or the cleaner head100maybe, for example, according to anyof the embodiments described herein. In
this aspect, the underpressure generator arrangement 280 comprises an underpressure generator 178 configured to
provide a flow inside the wet cleaning apparatus for drawing fluid into the at least one dirt inlet(s) through the porous
material 168,with the underpressure generator arrangement 280 being configured to control the flowbased on apressure
on the inside of thewet cleaning apparatus between the porousmaterial 168 and the underpressure generator 178, e.g. in
the at least one covered dirt inlet 142A, 142B.
[0491] By the underpressure generator arrangement 280 controlling the flow based on the pressure on the inside of the
wet cleaningapparatus between theporousmaterial 168and theunderpressuregenerator 178, fluid transport through the
porous material 168 can be advantageously controlled. In some non-limiting examples, such control can minimise foam
build-up in, and downstream of, the porous material 168.
[0492] In some embodiments, the underpressure generator arrangement 280 is configured to control the flow such that
the pressure is maintained at or above a predetermined pressure threshold.
[0493] Bycontrolling theflowsuchas tomaintain thepressureat orabove thepredetermined threshold (inotherwordsat
or below an underpressure threshold), stable and efficient operation of the wet cleaning apparatus 278may be facilitated.
In particular, maintaining the pressure at or above the predetermined threshold may mean that the underpressure
generator 178 can be operated more efficiently, for example by being intermittently deactivated/switched-off, thus taking
advantage of the above-described capability of the porous material 168 to assist in maintaining the underpressure in the
covered dirt inlet(s) 142A, 142B.
[0494] Control over the flow can also assist to control wetness of the surface to be cleaned, as previously described.
[0495] FIG. 37A schematically depicts the pores 159, e.g. micropores 159, of the porous material 168 being filled with
liquid 190, e.g. water. The thus retained liquid 190 can assist to maintain an underpressure in the dirt inlet(s) 142A, with or
without a flow being applied by the underpressure generator 178, as previously described.
[0496] As also previously explained, each pore 159 of the porousmaterial 168may have a certain breaking pressure, at
which the surface tension of the (residual) liquid 190 residing in the pore 159 can no longer withstand the internal
underpressure, andgivesway.When this happens, thepore159mayno longer beeffectively closedoffby liquid contained
therein, but may instead start transporting air into the dirt inlet(s) 142A.
[0497] A typical pump being used as the underpressure generator 178 may be, for example, a flow driven pump or
positive displacement pump, such as a piston pump, andmaymove towards itsmaximumoperating pressure, e.g. 20000
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Pa, when the porous material 168 is blocked. The latter may be higher than the average breaking pressure of the porous
material 168, e.g. about 5000 Pa, such that the porous material 168 may start, at a certain point, to permit air to pass
therethough.
[0498] Operationwith, for instance, purewater as the liquid 190maypose few, if any, difficulties. An issuemay, however,
arisewhena foamingdetergent is included in thecleaning liquid190.Referring toFIG.37B, thebrokenpores294maystart
transporting air at the rate of the underpressure generator 178, e.g. pump,which can risk creating relatively large amounts
of foam 296, which can, for instance, relatively quickly flood the dirty liquid collection tank (not visible in FIG. 37B).
[0499] In a specific non-limiting example, a pumpof the above-mentioned cleaning liquid supply (not visible in FIG. 37B)
delivers a flow of cleaning liquid of 40 cm3/minute. With this, there may be only 40 cm3 of cleaning liquid, e.g. water,
available to pick up. The underpressure generator 178, e.g. pump, in this example delivers a flow of about 150 cm3/min.
This combinationmaygenerateat least (150cm3/minute - 40cm3/minute=) 110cm3/minuteof foam.When, for instance, a
400cm3capacity dirty liquid collection tank is included in thewet cleaningapparatus278, this can reachcapacity inabout 4
minutes (or 10 minutes with a 40 cm3/minute pick-up rate).
[0500] This illustrates that rapid foam build-up can, if no remedial measures are taken, and particularly when aqueous
detergent is included in the cleaning liquid, result in disruption to use of the wet cleaning apparatus 278. Such disruption
can include frequent interruptions in cleaning to empty the dirty liquid collection tank.
[0501] Accordingly, the above-mentioned predetermined pressure threshold may, for example, be set to avoid the
breaking pressure of at least some of the pores 159, e.g. the majority or all of the pores 159, of the porous material 168
being reached. This may assist to avoid foam-related operating issues when detergent is being used.
[0502] Thepressure thresholdmaybe set/predeterminedaccording to thebreakingpressure of the porousmaterial 168
(as measured using the test arrangement 166 and test procedure described above). The predetermined pressure
threshold may accordingly be set to limit the underpressure, in other words a pressure difference between the inside
of thewetcleaningapparatusbetween theporousmaterial and theunderpressuregeneratorand theexteriorof thecleaner
head 100, e.g. atmospheric pressure, to being (e.g. at most) a value in the range of 2000 Pa to 15000 Pa,more preferably
2000 to 13500, even more preferably 5000 Pa to 9000 Pa, most preferably 7000 Pa to 9000 Pa.
[0503] Investigationshave shown that thehigher theunderpressure, thedrier the surface tobecleanedmaybecome,as
previously explained (see Table 2 above). This leads to the conclusion that the wet cleaning apparatus 278 is desirably
operated at the breaking pressure of the porous material 168.
[0504] The above-described investigations have shown that operation at 5000 Pa underpressure may provide
favourable surface drying results. Hence a working window may be defined in which foaming can be prevented. Table
7 provides a specific non-limiting example of operating parameters of an exemplary wet cleaning apparatus 278.

Table 7

Cleaning liquid supply pump flow 40 cm3/minute

Flow delivered by underpressure generator 178, e.g. pump 150 cm3/minute

Breaking pressure of porous material 168 6500 Pa

Operating pressure 5000 Pa

[0505] Theaboveparametersmay reflect that theporousmaterial 168canexhibit favourablesurfacedryingcapability at
5000 Pa, and may only start "breaking" at 6500 Pa.
[0506] Hence, foaming can be minimised or prevented by regulating the pressure, in other words selecting the above-
mentioned pressure threshold, such that the underpressure behind the porous material 168 does not reach the breaking
pressure of the porous material 168.
[0507] FIG. 37Cgraphically illustrates an operatingwindow of thewet cleaning apparatus, in particular at start-up of the
wet cleaning apparatus. FIG. 37C shows the pressure relative to atmospheric pressure vs time.
[0508] The breaking pressure BP of the porous material 168 can be regarded as being negative (with reference to
atmospheric pressure). The pressure inside the wet cleaning apparatus between the porous material 168 and the
underpressure generator 178may accordingly bemaintained above this negative pressureBP.On the other hand, should
the breaking pressure of the porous material be an absolute pressure (with reference to vacuum, 0 Pa), then still the
pressure inside thewet cleaningapparatusbetween theporousmaterial 168and theunderpressuregenerator178maybe
maintained above such an absolute pressure, in particular via the flowbeing controlled such as tomaintain the pressure at
or above the predetermined threshold PT.
[0509] FIG. 37C also shows a "safe zone" SZ at or above the predetermined threshold PT at which the wet cleaning
apparatus canbeoperatedwithout approaching thebreakingpressureBPof the porousmaterial 168.Moreover, FIG. 37C
shows an optimal operation zone OZ at which the requirement to avoid reaching the breaking pressure BP of the porous
material 168 is combined with achieving sufficient liquid pick-up from the surface to be cleaned.
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[0510] More generally, controlling the flow based on the pressure in the at least one covered dirt inlet 142A can be
achieved in any suitable manner. In some embodiments, such as that shown in FIG. 38, the underpressure generator
arrangement 280 comprises a sensor 180 arranged to sense ameasure of the pressure on the inside of the wet cleaning
apparatus between the porous material 168 and the underpressure generator 178, and a controller 298 configured to
control the underpressure generator 178 to provide the flow based on the sensed measure of the pressure.
[0511] The controller 298, e.g.microcontroller, may receive a sensor signal from the sensor 180, as represented in FIG.
38 by the arrow 300, and, based on the sensor signal, send a control signal 302 to the underpressure generator 178.
[0512] Thecontrol signal 302may, for instance, trigger theunderpressuregenerator 178 toactivate toprovide theflowor
deactivate to cease the flow. Alternatively or additionally, the control signal 302may, depending on the sensor signal 300,
increase or decrease the flow. Deactivation or decreasing of the flow provided by the underpressure generator 178 in this
manner may assist to reduce power consumption of the wet cleaning apparatus 278. This may assist to preserve battery
power in examples in which the wet cleaning apparatus is battery powered/powerable, and thereby increase runtime.
[0513] Control over the flow can also assist to control wetness of the surface to be cleaned, as previously described.
[0514] In some embodiments, the controller 298 is configured to control the flow provided by the underpressure
generator 178 such that the pressure on the inside of thewet cleaning apparatus between the porousmaterial 168 and the
underpressuregenerator 178 ismaintainedat or above theabove-mentionedpredeterminedpressure threshold. Inanon-
limitingexample, theunderpressuregenerator178maycontrol theunderpressuregenerator178 todeactivate tocease,or
decrease, the flow should the sensed measure of the pressure indicate that the pressure is below the predetermined
pressure threshold.
[0515] In a non-limiting example, the controller 298, e.g. comprising or in the form of a proportional integral controller, is
configured to compare the sensedmeasure of the pressure to a desired operating pressure (e.g. set with reference to the
breaking pressure of the porous material 168, as previously described), and control the underpressure generator 178
based on the comparison.
[0516] In someembodiments, thesensor180 isarranged to sense themeasureof thepressure inat least oneof: a cavity
150 between the porous material 168 and the at least one dirt inlet 142A, and a tube 144A (or tubes 144A, 144B)
connecting the at least one dirt inlet 142A with the underpressure generator 178.
[0517] Sensing the measure of the pressure in the cavity 150 may be particularly advantageous since the flow can be
tuned more directly to the properties of the porous material 168 during use.
[0518] Arranging the sensor 180 such that themeasure of the pressure is sensed in the tube(s) 144A, 144Bmayprovide
a relatively straightforward way of incorporating the sensor 180 in the wet cleaning apparatus.
[0519] In embodiments in which the underpressure generator 178 is arranged downstream of the dirty liquid collection
tank, the sensor 180 canalso bepositioned in the dirty liquid collection tank. In such a scenario, the height of the dirty liquid
collection tank, e.g. arranged on or in the handle, may create noise (dP=H∗cos(α)∗ρ∗g, with H being the height of the dirty
liquid collection tank in a vertical position, α being the angle of the handle with respect to the vertical). However, this noise
can be compensated by including an angle sensor, e.g. accelerometer, in the sensor 180.
[0520] More generally, the sensor 180 can be any suitable type of sensor provided that the sensor is capable of sensing
the measure of the pressure on the inside of the wet cleaning apparatus between the porous material 168 and the
underpressure generator 178. For example, the sensor comprises a pressure sensor, e.g. a microelectromechanical
system (MEMS) pressure sensor.
[0521] In some embodiments, such as that shown in FIG. 39, the underpressure generator arrangement 280 comprises
amechanical regulator304configured to control theflowbasedon thepressureon the insideof thewet cleaningapparatus
between the porous material 168 and the underpressure generator 178.
[0522] The mechanical regulator 304 may, for example, comprise a valve 306, 308 arranged to control fluid commu-
nication between the underpressure generator 178 and the at least one dirt inlet 142A according to the pressure in the at
least one covered dirt inlet 142A.
[0523] In thenon-limitingexample shown inFIG. 39, the valve306, 308comprisesavalve seat 306, andavalvemember
308 configured to adopt an initial position in which the valve member 308 is separated from the valve seat 306 such as to
permit fluid communication between the underpressure generator 178 and the at least one dirt inlet 142A, and a closed
position in which the valve member 308 is against the valve seat 306 to restrict fluid communication between the
underpressure generator 178 and the at least one dirt inlet 142A.
[0524] In some embodiments, the valve 306, 308 is configured such that the valve member 308 is caused by the
pressure in the at least one covered dirt inlet 142A to bemoved against the valve seat 306 when the pressure is below the
above-mentioned predetermined pressure threshold.
[0525] The valvemember 308may, for example, be in the form of a flexible rubbermembranewhich adopts a flat profile
in the initial position, and is accordingly spatially removed from the valve seat 306, when there is no underpressure in the
covered dirt inlet(s) 142A. After the underpressure generator 178, e.g. pump, is activated, an underpressure may be
generated in the covered dirt inlet(s) 142A and themechanical regulator 304. The underpressuremay act on the exposed
surface of the rubber membrane in the mechanical regulator 304, which may therefore start to deflect inwards in the
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direction of the valve seat 306.
[0526] In this non-limiting example, the threshold pressure can be set/predetermined by the distance between the
flexible rubber membrane and the valve seat 306. The larger the distance, the higher the underpressure (or equivalently
the lower the pressure) in the covered dirt inlet(s) 142A needed to deform the rubber membrane to contact the valve seat
306.
[0527] Once the underpressure reaches the levelwhich causes the rubbermembrane to contact the valve seat, the fluid
communication between the underpressure generator 178 and the porous material 168 may be removed, thereby
preventing the underpressure from reaching higher levels than set by the mechanical regulator 304. The underpressure
generator 178 may remain operating at the same rate, towards its maximum operating underpressure. When the
underpressure in the covered dirt inlet(s) 142A lowers, the flexible membrane may move back towards the above-
mentioned flat state, thereby opening the valve 306, 308 and allowing the underpressure generator 178 to restore the
desired underpressure level.
[0528] In another non-limiting example, themechanical regulator 304 comprises a switch whose actuation controls the
underpressure generator 178, and a deflectable member, e.g. a membrane, configured to actuate the switch in response
to the pressure.
[0529] Such a mechanical regulator, in this case an electro-mechanical regulator, can be configured such that the
actuation of the switch, e.g. to deactivate the underpressure generator 178, by the membrane takes place when, for
instance, the pressure is at or above the predetermined pressure threshold.
[0530] This switch-membrane arrangementmay provide a simple and inexpensive way of controlling the flow based on
the pressure without the requirement for an additional controller, e.g. microcontroller.
[0531] In some embodiments, such as those shown in FIGs. 40 and 41, the underpressure generator 178 itself
comprises a pump configured to, responsive to the pressure in the at least one covered dirt inlet 142A, control the flow.
[0532] Such a pump can be regarded as a pressure-limited pump. A pressure limited pump is capable of generating a
certain pressure difference over the tube to which it is connected. In principle, this pump pressure can be tuned to the
pressure needed for the porous material 168 covering the dirt inlet(s) 142A.
[0533] The pressure-limited pump can comprise or be, for example, a centrifugal pump. The pump, e.g. centrifugal
pump,may be or comprise a liquid pump. Such a liquid pumpmay, for instance, be arranged between the dirt inlet(s) 142A
and a dirty liquid collection tank 310.
[0534] In the non-limiting example shown in FIG. 40, the underpressure generator 178, e.g. centrifugal and/or liquid
pump, is arranged in the cleaner head 100.
[0535] Alternatively, the pump, e.g. centrifugal pump, may be or comprise an air pump. Such an air pump may, for
instance, be arranged downstream of a dirty liquid collection tank 310.
[0536] It is noted that the dirty liquid collection tank 310 may be arranged at a certain height 312, e.g. 0.5 m, on the
handle. An additional water head may thus be required:

[0537] When the position of the handle is taken into account, including the position in which the handle is lying flat on a
horizontal surface to be cleaned 218, e.g. the surface of a floor, (in which the water head becomes zero) the pressure
variation on the porousmaterial 168may be equal to its operating pressure. The latter may be addressed by attaching the
tube 144A at a fixed height relative to the floor, regardless of the position of the handle, e.g. by attaching (a part of) the dirty
liquid collection tank 310 directly to the porous material 168.
[0538] FIG. 41 schematically depicts a wet cleaning apparatus 278 in which the pressure is regulated using an
underpressure generator 178 pressure limited air pump, e.g. a centrifugal air pump. This may provide start-up benefits
relative to the example shown in FIG. 40, since the pump may always be operating using air, thereby ensuring that the
pump is capable of generating the required underpressure at start-up (with the porous material 168 fully dry).
[0539] In some embodiments, the underpressure generator 178, irrespective of its design, is configured such that the
flow,when the flow is beingprovided, is in the rangeof 40 to 2000cm3/minute,more preferably 80 to750 cm3/minute, even
more preferably 100 to 300 cm3/minute, and most preferably 150 to 300 cm3/minute.
[0540] Sucha flow, i.e. flow rate,may capitalise on theunderpressure-maintaining capability of the porousmaterial, and
may ensure sufficient liquid pick-up whilst limiting energy consumption, as previously described.
[0541] More generally, the wet cleaning apparatus 278 may be or comprise, for example, a wet mopping device, a
windowcleaner, a sweeper, or awet vacuumcleaner, suchascanister-type, stick type, or upright typewet vacuumcleaner.
[0542] In a particular non-limiting example, thewet cleaning apparatus 278 is a battery-powered (or battery-powerable)
wet cleaning apparatus, such as a battery-powered (or battery-powerable) wet mopping device, in which the under-
pressuregenerator 178, e.g. pump, is powered (or powerable) byabatteryelectrically connected (or connectable) thereto.
Particular mention is made of this example due to the above-described power consumption-reducing effect which can be
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provided by the porous material 168 covering the dirt inlet(s) 142A, 142B to which the suction of the underpressure
generator 178 is provided.
[0543] FIG. 42 schematically depicts an exemplary wet cleaning apparatus 278 in the form of a wet vacuum cleaner. In
this non-limiting example, the wet cleaning apparatus 278 comprises the above-described dirty liquid collection tank 310,
and the cleaning liquid reservoir 313. The cleaner head 100 included in the wet vacuum cleaner can be moved over the
surface to be cleaned 218, in this example assisted by the wheels 314 included in the wet vacuum cleaner.
[0544] Thewet cleaning apparatus 278may in someexamples beor comprise a roboticwet vacuumcleaner or a robotic
wet mopping device configured to autonomously move the cleaner head 100 on the surface to be cleaned, such as the
surface of a floor.
[0545] FIG. 43 schematically depicts an exemplary wet cleaning apparatus 278 in the form of a robotic wet vacuum
cleaner. The robotic wet vacuum cleaner may move autonomously on the surface to be cleaned 218, e.g. via automated
control over the wheels 314.
[0546] The cleaning liquid stored in the cleaning liquid reservoir 313 can be delivered to the surface to be cleaned, and
liquid can be picked up via the covered dirt inlet(s) 142A of the cleaner head 100 and collected in the dirty liquid collection
tank 310, during autonomous movement of the robotic wet vacuum cleaner. The underpressure generator 178/under-
pressure generator arrangement 280 and/or cleaning liquid supply may also be under automated control.
[0547] Variations to the disclosed embodiments can be understood and effected by those skilled in the art in practicing
the claimed invention, from a study of the drawings, the disclosure and the appended claims. In the claims, the word
"comprising" does not exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a plurality.
[0548] The mere fact that certain measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0549] If the term "adapted to" is used in the claims or description, it is noted the term "adapted to" is intended to be
equivalent to the term "configured to".
[0550] Any reference signs in the claims should not be construed as limiting the scope.

Claims

1. A cleaner head member (248) for a cleaner head (100) of a wet cleaning apparatus (278), the cleaner head member
comprising a porous layer (114) suitable for being subjected to an underpressure generated by an underpressure
generator (178) included in thewet cleaning apparatus, the porous layer havinga limiting pore diameter, asmeasured
usingASTMF316 -03, 2019,TestA, equal toor less than105µm,pores (159)of theporous layerextendingacross the
porous layer’s thickness and opening out at opposite sides of the porous layer, a linear central axis (163) of each pore
extendingacross the thicknessandpassing throughan intermediatepoint (164) surroundedbyaporewall (165) of the
respectivepore, theporewall beingarrangedabout the linear central axis, apathof least resistance tofluidflowacross
the porous layer being defined along the linear central axes of the pores.

2. The cleaner head member (248) according to claim 1, wherein pores (159) of the porous layer (114) each have a
polygonal or circular cross-sectional shape perpendicular to the linear central axis (163); optionally wherein pores of
the porous layer each have a square cross-sectional shape perpendicular to the linear central axis.

3. The cleaner headmember (248) according to claim1or claim2,wherein the thickness of the porous layer (114) is less
than 200 µm, preferably less than 100 µm.

4. The cleaner head member (248) according to any one of claims 1 to 3, wherein the porous layer (114) comprises a
mesh and/or a perforate membrane.

5. The cleaner head member (248) according to any one of claims 1 to 4, wherein the porous layer (114) comprises a
plain weave woven mesh or a twill weave woven mesh.

6. The cleaner headmember (248) according to any oneof claims 1 to 5, wherein the porous layer (114) is formed froma
material having a water contact angle less than 90° and/or wherein the porous layer is formed from one or more of a
polyester and a polyamide.

7. The cleaner head member (248) according to any one of claims 1 to 6, comprising:

a support member (236) for supporting the porous layer (118); and/or
a pliablematerial (238) onwhich the porous layer is arranged; optionallywherein the pliablematerial comprises a
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curved surface (258) onwhich the porous layer is arranged, the porous layer following the curvature of the curved
surface.

8. Thecleaner headmember (248) according to anyoneof claims1 to 7,wherein oneormoredirt inlet(s) (142A, 142B) is
or are defined in the cleaner head member, the porous layer (118) covering the one or more dirt inlet(s); optionally
wherein a liquid pick-up region (PR) of the porous layer is delimited by sealing attachment of the porous layer around
the at least one dirt inlet.

9. The cleaner headmember (248) according to anyoneof claims1 to 8,wherein the limiting porediameter of the porous
layer (118) asmeasuredusingASTMF316 - 03, 2019, TestA is at least 6µm,preferably at least 8µm,most preferably
at least 11 µm.

10. A surface cleaning assembly comprising:

the cleaner head member (248) according to any one of claims 1 to 9; and
a cleaningmaterial (244) for contacting a surface to becleaned, the cleaningmaterial comprising a further porous
layer (156) for arranging on the porous layer; optionally wherein the further porous layer comprises one or more
woven fabric layers.

11. The surface cleaning assembly according to claim 10, wherein the further porous layer (156) has a limiting pore
diameter, as measured using ASTM F316 - 03, 2019, Test A, equal to or less than 105 µm and/or equal to or greater
than 15 µm.

12. The surface cleaning assembly according to claim 10 or claim 11, wherein fluid transporting pores (159) of the porous
layer (114) are exclusively arranged in a region of the porous layer that remains in contactwith the further porous layer
(156) when the surface cleaning assembly is assembled with the further porous layer being arranged on the porous
layer.

13. The surface cleaning assembly according to any one of claims 10 to 12, wherein the further porous layer (156) has a
porous structure configured to enable lateral fluid transport in a first direction within the further porous layer as well as
fluid transport in a second direction across a thickness of the further porous layer towards the porous layer (114).

14. The surface cleaning assembly according to any one of claims 10 to 13, wherein at least the further porous layer (156)
of the cleaning material (244) is detachable from the porous layer (114); optionally wherein the cleaning material
further comprises a cleaning liquid applicator material (126, 128) configured to apply cleaning liquid to the surface to
be cleaned.

15. A wet cleaning apparatus (278) comprising:

the cleaner headmember (248) according to any one of claims 1 to 9 or the surface cleaning assembly according
to any one of claims 10 to 14; and
an underpressure generator (178) for subjecting the porous layer (114) to an underpressure; optionally wherein
the underpressure generator is configured to generate a flow through the porous layer that is at most 2000
cm3/minute.

16. Useof a porous layer (114) having a limiting pore diameter, asmeasured usingASTMF316 - 03, 2019, Test A equal to
or less than 105µm, pores (159) of the porous layer extending across the porous layer’s thickness and opening out at
opposite sides of the porous layer, a linear central axis (163) of each pore extending across the thickness and passing
throughan intermediatepoint (164) surroundedbyaporewall (165) of the respectivepore, apathof least resistance to
fluid flow across the porous layer being defined along the linear central axes of the pores, wherein the use comprises
subjecting the porous layer to an underpressure generated by an underpressure generator included in awet cleaning
apparatus.
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