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(57) Abstract: The invention provides a method for operating a dishwasher, the dishwasher (2) comprises: a cabinet housing a tub
(8) for washing articles therein, a heat pump system having a compressor (92), an evaporator (90) in heat exchanging contact with a
heat exchanging medium, and a condenser (44) comprising a first passage (82) for circulating the washing liquid and a second passage
(84) for circulating the refrigerant, wherein the first and second passages (82, 84) are in heat-exchanging contact with each other, a
refrigerant flow changing device (86) adapted to change between a normal mode of the heat pump and a reverse mode of the heat pump,
wherein in the normal mode of the heat pump, the condenser (44) is adapted to heat the washing liquid when the washing liquid is
circulated through the first passage (82) of the condenser (44) and the evaporator (90) is adapted to cool the heat exchanging medium,
and wherein in the reverse mode of the heat pump, the condenser (44) is adapted to cool the washing liquid and the evaporator (90) is
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adapted to heat the heat exchanging medium, an electrical heater arranged to heat the washing liquid, and a sump (48) for collecting
washing liquid. Operating the dishwasher (2) comprises: heating the washing liquid in a washing cycle by operating the heat pump in
the normal mode and/or by operating the electrical heater, and then, in dependency of which type of heating was used in the preceding
washing liquid heating phase or was used in the preceding washing liquid phases, operating the heat pump in the reverse mode for
extracting heat from the heated washing liquid.
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Dishwasher with heat pump

The present invention relates to a dishwasher with a heat pump.

US 2020/0163525 A1 discloses a dishwasher having a heat pump with a reverse valve to
change the flow direction of refrigerant, wherein washing liquid from the sump can be

circulated to a plurality of injection arms.

It is an object of the invention to provide a dishwasher with an improved energy and/or drying

efficiency.

The invention is defined in the independent claims, respectively. Particular embodiments are

set out in the dependent claims.

According to claim 1, a method for operating a dishwasher and in particular a dishwasher as
disclosed herein, is provided. The dishwasher comprises: a cabinet housing a tub for washing
articles therein, a heat pump system having a compressor, an evaporator in heat exchanging
contact with a heat exchanging medium, and a condenser comprising a first passage for
circulating the washing liquid and a second passage for circulating the refrigerant, wherein the
first and second passages are in heat-exchanging contact with each other, a refrigerant flow
changing device adapted to change between a normal mode of the heat pump and a reverse
mode of the heat pump, wherein in the normal mode of the heat pump, the condenser is
adapted to heat the washing liquid when the washing liquid is circulated through the first
passage of the condenser and the evaporator is adapted to cool the heat exchanging medium,
and wherein in the reverse mode of the heat pump, the condenser is adapted to cool the
washing liquid and the evaporator is adapted to heat the heat exchanging medium, an
electrical heater arranged to heat the washing liquid, and a sump for collecting washing liquid.
The method comprises: heating the washing liquid in a washing cycle by operating the heat
pump in the normal mode and/or by operating the electrical heater, and then, in dependency

of which type of heating was used in the preceding washing liquid heating phase or was used
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in the preceding washing liquid phases, operating the heat pump in the reverse mode for

extracting heat from the heated washing liquid.

This may also include e.g. the case in which the washing liquid is only heated by the electrical

heater and the heat pump is not operated in the normal mode for heating the washing liquid.

The 'reverse mode' may be used for regeneration of the heat exchanging medium and/or for
drying the articles. In particular 'reverse mode' may mean that the heat pump is operated in a
regeneration mode such that the refrigerant is heated up at the condenser working as an
evaporator in the reverse mode and the refrigerant is cooled at the evaporator working as a
condenser in the reverse mode (i.e. the heat exchanging medium in the evaporator tank -
described below - is heated by the refrigerant). Thus, the heat exchanging medium can be
regenerated, i1.e. the solid phase of the heat exchanging medium (ice) which may form during

the normal operation of the heat pump can be melt.

Preferably, the refrigerant flow changing device has a refrigerant inlet and a refrigerant outlet
and which is adapted in a first switching state to fluidly connect the refrigerant inlet to a first
pipe of the refrigerant circuit and the refrigerant outlet to a second pipe of the refrigerant
circuit, and in a second switching state to fluidly connect the refrigerant inlet to the second
pipe of the refrigerant circuit and the refrigerant outlet to the first pipe of the refrigerant

circuit. The refrigerant flow changing device is preferably a 4-way-valve.

Preferably, the evaporator and/or the compressor and/or the expansion device and/or the
refrigerant flow changing device is/are arranged in a bottom region or a basement of the
dishwasher. The evaporator is preferably arranged within an evaporator tank containing the

heat exchanging medium.

The evaporator tank is preferably arranged in a bottom region or in a basement of the
dishwasher, preferably below the tub. The evaporator tank is preferably a closed tank for
permanently storing a heat exchanging medium. Preferably, the evaporator tank is configured
such that no or substantially no heat exchange with external components such as the tub of the
dishwasher can occur. Therefore, the evaporator tank may be enclosed by a heat insulating

material.

Preferably, the heat exchanging medium is adapted to change from a liquid phase to a solid
phase and vice versa. In particular, when the heat pump is operated in the normal operation
mode, the heat exchanging medium is cooled down and finally changes from the liquid to the

solid phase for releasing heat. The heat released by the heat exchanging medium heats the
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refrigerant flowing through the evaporator which then evaporates. The heated refrigerant as a
gas phase is sucked by the compressor and conveyed to the condenser. When the heat pump is
operated in the reverse operation mode, the heat exchanging medium is heated up and finally
changes from the solid to the liquid phase by absorbing the latent heat required for the phase

change.

The washing cycle may comprise a washing phase (main wash phase), a hot rinse phase and a
drying phase. Optionally a cold rinse phase is provided between the washing phase and the
hot rinse phase. The hot rinse phase is preferably the phase in which hot washing liquid
containing rinse aid is sprayed onto the articles in the tub. The drying phase preferably starts

when circulation of washing liquid through a spray device is stopped.

The dishwasher may comprise a filtration assembly (such as the cover element mentioned
further below) arranged at the sump. The filtration assembly may act as a filter for the
washing liquid returning to the sump (e.g. after the washing fluid has been deployed in the tub

via the spray device.

The heat pump may be operated in the reverse mode in a wash phase and/or a cold rinse phase
of the washing cycle. Preferably, the heat pump is operated in the reverse mode at an end of

the wash phase and/or at an end of the cold rinse phase of the washing cycle.

Preferably, in dependency of one or more of the following: quantity of articles to be washed,
quantity of washing liquid within the dishwasher, washing liquid temperature, the heat pump
is operated in the reverse mode only in the wash phase, preferably at the end of the wash
phase, or in the cold rinse phase of the washing cycle, preferably at the end of the cold rinse

phase.

Preferably, in dependency of one or more of the following:

- quantity of articles to be washed,

- quantity of washing liquid within the dishwasher,

- washing liquid temperature,

the heat pump is operated in the reverse mode in the wash phase and in the cold rinse phase of

the washing cycle, preferably at the end of the wash phase and of the cold rinse phase.

Preferably, operating the heat pump in the reverse mode additionally depends on a program
selected by a user at the dishwasher or by a device connected to the dishwasher such as a

smartphone.
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If e.g. in the hot rinse phase the washing liquid is only heated by the electric heater or if no
cold rinse phase is provided, then it may be not necessary to regenerate the heat exchanging

medium by operating the heat pump in the reverse mode.

If e.g. the washing liquid is heated in the preceding heating phase by the electrical heater, the
heat pump is not operated in the reverse mode in the wash phase and the cold rinse phase.
When heating only using the electrical heater preferably the heat exchanging medium does

not freeze, i.e. no ice is formed in evaporator tank.
If e.g. the washing liquid is heated in the preceding heating phase by operating the heat pump
in the normal mode, the heat pump is preferably operated in the reverse in the wash phase and

the cold rinse phase.

The washing liquid may be heated in the preceding heating phase by operating the heat pump

in the normal mode and the electrical heater successively or at least partially simultaneously.

When operating heat pump and electrical heater successively:

a) The main heating of the washing liquid is by operating the heat pump in normal mode and
the heating by the electrical heater is an auxiliary heating. I.e. the majority of the heating is
carried out by the heat pump in normal mode and the electrical heater only supports the
heating. In this case the heat pump may be operated in the reverse mode only in the wash

phase and not in the cold rinse phase.

b) The main heating of the washing liquid is by operating the electrical heater and the heating
is assisted by operating the heat pump in the normal mode (an auxiliary heating by the heat
pump). Le. the majority of the heating is carried out by the electrical heater and the heat pump
in normal mode only supports the heating. In this case the heat pump may not be operated in

the reverse mode in any of the cold rinse phase and the wash phase.

When operating heat pump and electrical heater at least partially simultaneously:

In this case the heat pump may be operated in the reverse mode only in the cold rinse phase
and not in the wash phase. This kind of heating may be applied in a fast/quick washing
program of the dishwasher. Since the heating is achieved by the heat pump and the electrical
heater simultaneously, less ice may form in the evaporator tank. Thus it may be sufficient to

only regenerate the evaporator tank by the heat pump in the cold rinse phase.
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Preferably, the heat pump is operated in the reverse mode in a phase of the washing cycle
such as the wash phase and/or the cold rinse phase before the washing liquid is drained at the
end of the respective phase. In particular, after extracting the heat of the washing liquid, the

washing liquid may be drained at the end of a phase of the washing cycle.

Thus, the heat contained in the washing liquid can be used for heating the evaporator and thus

melting the ice which may be formed in the evaporator tank.

Preferably, operating the heat pump in the reverse mode comprises circulating the washing
liquid from the sump, in particular from an inlet at the sump, back to an outlet at or within the

sump.

When the washing liquid is circulated through the sump the washing liquid preferably does

not pass or flow through the interior of the tub.

When the washing liquid is circulated through the sump, the washing liquid preferably
bypasses any spray device disposed inside the tub for spraying washing liquid onto the
articles within the tub.

'‘Bypasses the spray device' preferably means that when the heat pump is operated in the
reverse mode and the washing liquid is guided along a washing liquid cooling path, then no
washing liquid is guided to the spray device. Thus, the articles are not contacted and not
cooled by the washing liquid supplied via the spray device. For example valves can be
arranged such that the washing liquid flow to the spray device can be blocked or the flow
controller below can be controlled such that the washing fluid outlets connected to the spray

device or any spray arm of the spray device can be closed.

The 'interior' of the tub is preferably the region above the sump, more preferably above a (or
any) filter at the tub bottom. The filter and the surrounding bottom wall of the tub preferably

represent the bottom of the tub and thus the lower surface for the 'interior' of the tub.

Preferably, the dishwasher further comprises a washing liquid cooling path for circulating
washing liquid from an inlet at the sump through the first passage of the condenser for
selectively cooling the washing liquid in the reverse mode of the heat pump or for heating the
washing liquid in the normal mode of the heat pump, and from there back to the sump via an

outlet (e.g. the sump nozzle described herein) at or within the sump.

In the washing liquid cooling path, guiding the washing liquid from the first passage of the

condenser "back to the sump" may mean that the washing liquid is directly guided back to the



10

15

20

25

30

35

WO 2024/110029 PCT/EP2022/082955

sump via an outlet at or within the sump, i.e. preferably without being guided through the tub
interior or without having an open flow path in the interior of the tub. In this case, the
washing liquid is preferably supplied through an outlet at or within the sump below the
bottom of the tub.

Further a dishwasher, in particular for implementing the method disclosed herein (see
dishwasher claims and below), is provided. The dishwasher comprises: a cabinet housing a
tub for washing articles therein, a heat pump system having a compressor, an evaporator in
heat exchanging contact with a heat exchanging medium, and a condenser comprising a first
passage for circulating the washing liquid and a second passage for circulating the refrigerant,
wherein the first and second passages are in heat-exchanging contact with each other, a
refrigerant flow changing device adapted to change between a normal mode of the heat pump
and a reverse mode of the heat pump, wherein in the normal mode of the heat pump, the
condenser is adapted to heat the washing liquid when the washing liquid is circulated through
the first passage of the condenser and the evaporator is adapted to cool the heat exchanging
medium, and wherein in the reverse mode of the heat pump, the condenser is adapted to cool
the washing liquid and the evaporator is adapted to heat the heat exchanging medium, an
electrical heater arranged to heat the washing liquid, a sump for collecting washing liquid, and
a control unit adapted to control the operation of the dishwasher during a washing cycle. The
control unit is adapted to heat the washing liquid in a washing cycle by operating the heat
pump in the normal mode and/or by operating the electrical heater, and then, in dependency
of which type of heating was used in the preceding washing liquid heating phase or was used
in the preceding washing liquid phases, to operate the heat pump in the reverse mode for

extracting heat from the heated washing liquid.

Preferably, the control unit is adapted to operate the heat pump in the reverse in a wash phase
and/or a cold rinse phase of the washing cycle, preferably at the end of a wash phase and/or at

the end of a cold rinse phase.

Preferably, in dependency of one or more of the following: quantity of articles to be washed,
quantity of washing liquid within the dishwasher, washing liquid temperature, the control unit
is adapted to operate the heat pump in the reverse mode only in the wash phase, preferably at
the end of the wash phase, and/or in the cold rinse phase of the washing cycle, preferably at

the end of the cold rinse phase.

The control unit is preferably adapted to operate heat pump in the reverse mode additionally
in dependency of a program selected by a user at the dishwasher or by a device connected to

the dishwasher such as a smartphone.
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The dishwasher may further comprise a washing liquid cooling path having an inlet at the
sump, the first passage of the condenser for selectively cooling the washing liquid in the
reverse mode of the heat pump or heating the washing liquid in the normal mode of the heat

pump, and an outlet at the sump.

In addition, a further method for operating a dishwasher is provided. The dishwasher
comprises: a cabinet housing a tub for washing articles therein, a heat pump system having a
compressor, an evaporator in heat exchanging contact with a heat exchanging medium, and a
condenser comprising a first passage for circulating the washing liquid and a second passage
for circulating the refrigerant, wherein the first and second passages are in heat-exchanging
contact with each other, a refrigerant flow changing device adapted to change between a
normal mode of the heat pump and a reverse mode of the heat pump, wherein in the normal
mode of the heat pump, the condenser is adapted to heat the washing liquid when the washing
liquid is circulated through the first passage of the condenser and the evaporator is adapted to
cool the heat exchanging medium, and wherein in the reverse mode of the heat pump, the
condenser is adapted to cool the washing liquid and the evaporator is adapted to heat the heat
exchanging medium, a sump for collecting washing liquid, and a washing liquid cooling path
being a circulation circuit having an inlet at the sump and having an outlet at or within the
sump. Operating the dishwasher comprises: heating the washing liquid in a washing phase of
a washing cycle by operating the heat pump in the normal mode, then, operating the heat
pump in the reverse mode for extracting heat from the heated washing liquid and circulating
the washing liquid along the washing liquid cooling path, and then, heating the washing liquid

in a hot rinse phase of the washing cycle by operating the heat pump in the normal mode.

Thus, the heat contained in the washing liquid can be used for heating the heat exchanging
medium and the evaporator and thus melting the ice which may be formed in the evaporator
tank.

Preferably, when circulating the washing liquid along the washing liquid cooling path, the
washing liquid is guided directly back to the sump via the outlet at or within the sump,
preferably without having an open flow path in the interior of the tub. Thus, the washing
liquid is circulated along the washing liquid cooling path without cooling down the tub /
interior of the tub. Preferably the washing liquid cooling path comprises the first passage of

the condenser.

Preferably, the method further comprises operating, after heating the washing liquid in the hot
rinse phase, the heat pump in the reverse mode and circulating the washing liquid along the

washing liquid cooling path.
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Preferably, a cold rinse phase is provided between the washing phase and the hot rinse phase,

and wherein more preferably the method comprises operating the heat pump in the cold rinse

phase in the reverse mode and circulating the washing liquid along the washing liquid cooling
path.

The heat pump is preferably operated in the reverse mode and the washing liquid is circulated
along the washing liquid cooling path in or at the end of the washing phase and/or in or at the
end of the cold rinse phase and/or in or at the end of the hot rinse phase before the washing

liquid is drained at the end of the respective phase.

Le. after extracting the heat of the washing liquid by operating the heat pump in the reverse

mode, the washing liquid may be drained at the end of a phase of the washing cycle.

Further, a dishwasher is provided, wherein the dishwasher comprises: a cabinet housing a tub
for washing articles therein, a heat pump system having a compressor, an evaporator in heat
exchanging contact with a heat exchanging medium, and a condenser comprising a first
passage for circulating the washing liquid and a second passage for circulating the refrigerant,
wherein the first and second passages are in heat-exchanging contact with each other, a
refrigerant flow changing device adapted to change between a normal mode of the heat pump
and a reverse mode of the heat pump, wherein in the normal mode of the heat pump, the
condenser is adapted to heat the washing liquid when the washing liquid is circulated through
the first passage of the condenser and the evaporator is adapted to cool the heat exchanging
medium, and wherein in the reverse mode of the heat pump, the condenser is adapted to cool
the washing liquid and the evaporator is adapted to heat the heat exchanging medium, a sump
for collecting washing liquid, a washing liquid cooling path being a circulation circuit having
an inlet at the sump and having an outlet at or within the sump, and a control unit adapted to
control the operation of the dishwasher during a washing cycle. The control unit is adapted to
heat the washing liquid in a washing phase of a washing cycle by operating the heat pump in
the normal mode, then, to operate the heat pump in the reverse mode for extracting heat from
the heated washing liquid and circulating the washing liquid along the washing liquid cooling
path, and then, to heat the washing liquid in a hot rinse phase of the washing cycle by

operating the heat pump in the normal mode.
The dishwasher may comprise a spray device which is disposed inside the tub and which is
configured to spray washing liquid to the articles in the tub. The spray device is preferably

bypassed when the washing liquid is circulated along the washing liquid cooling path.

Washing liquid cooling path arrangements:
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The washing liquid cooling path may form a single flow path with one inlet and one outlet or
may comprise several branches (such as the first and/or second cooling branch see below)
each having its own outlet such that sections of the washing liquid cooling path run
differently.

The washing liquid is circulated along the washing liquid cooling path by operating a

circulation pump, preferably a variable speed pump.

Preferably, the washing liquid cooling path is configured to circulate the washing liquid from
the sump back to the sump. Alternatively, or additionally, the washing liquid cooling path is
configured to circulate the washing liquid from the sump to a tub outlet within the interior of
the tub for cooling down the tub interior. L.e. the washing liquid cooling path may comprise
the tub outlet and an open flow path section within the tub or a flow path section in heat
exchange with the interior of the tub such that the circulated washing liquid exchanges heat

with the interior of the tub and returns to the sump via the tub.

The washing liquid is preferably circulated along the washing liquid cooling path and in
particular through the sump and/or the tub such that articles loaded within the dishwasher are

not contacted by the cooled washing liquid.

Thus, in addition or alternatively to the regeneration of heat exchanging medium by
circulating the washing liquid through the sump, the 'reverse mode' may be used for cooling

down the tub interior by circulating the washing liquid through the tub.

When circulating the washing liquid through the tub, in particular during a drying phase, in
the reverse mode of the heat pump, the washing liquid is heated by the heat of the
tub/structure of the dishwasher and the tub is thus cooled down. The extracted heat from the
tub/structure of the dishwasher is then transferred in the condenser from the washing liquid to
the refrigerant, via the refrigerant to the evaporator and in the evaporator from the refrigerant
to the heat exchanging medium. Thus, by cooling down the tub, the remaining heat in the
tub/structure of the dishwasher can be extracted and be used for regeneration of the heat

exchanging medium.

Further, when circulating the washing liquid through the tub, in the reverse mode, the drying
of the articles during a drying phase may be improved. In particular, the humidity within the
air contained in the tub condensates when contacting the cooled tub interior and the drying of

the washed articles is improved.
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For the purposes herein the term 'washing liquid' refers to the liquid used during a washing
phase as well as to the liquid used during a rinsing phase as well as to the liquid which is used
(circulated) 'only' for regeneration and/or drying purposes when the heat exchanging medium

is regenerated and/or the drying is improved by cooling the tub (interior).

The heat pump can be operated in the reverse mode and heat can be extracted from the
washing liquid and transferred to the heat exchanging medium, even if the heat exchanging
medium needs no regeneration (i.e. melting of iced heat and/or heating of heat exchanging
medium). E.g. if in the previous heating steps only electrical heating of the washing liquid by
a/the electrical heater is provided, the heat exchanging medium was not cooled down (and
thus no ice has been formed) for transferring heat from the heat exchanging medium to the
washing liquid. Nonetheless the heat exchanging medium may be heated up by extracting heat
from the washing liquid (e.g. for drying purposes as described herein).

The heat exchanging medium preferably is a liquid. Preferably a liquid having a liquid/solid
transition phase at a temperature such that a liquid/solid transition can be achieved at a
temperature of the refrigerant in the evaporator and in the normal operation mode, and such
that a solid/liquid transition can be achieved at a temperature of the refrigerant in the
evaporator and in the reverse operation mode. Thereby heat can be extracted or deposited in
the heat exchanging medium corresponding to the medium's latent heat. The heat exchanging
medium may be water or water mixed with a salt increasing the latent heat and/or shifting the

transition temperature, or a paraffin.

The tub is preferably made of metal such as steel and/or the sump is preferably made of
plastic. When circulating the washing liquid through the sump, the washing liquid preferably
does not contact the tub, and thus the tub is not or substantially not cooled by the washing
liquid. When circulating the washing liquid through the tub, the washing liquid preferably
contacts the inner wall of the tub and thus cools the tub down.

Preferably, the washing liquid cooling path comprises: a first cooling branch connecting the
first passage of the condenser to the outlet at or within the sump, and/or a second cooling
branch connecting the first passage of the condenser to a tub outlet for cooling the interior of
the tub, wherein in particular the washing liquid guided along the second cooling branch
returns to the sump via the tub. In addition, the dishwasher may further comprise a hydraulic
circulation arrangement having at least one controllable component wherein by the control of
the control unit the at least one controllable component is adapted to circulate the washing

liquid pumped from the sump along the first cooling branch and/or the second cooling branch.

The washing liquid is preferably circulated along the first cooling branch during the wash

phase and/or the cold rinse phase for regeneration of the heat exchanging medium.

10
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Preferably, the washing liquid is circulated along the second cooling branch during a drying
phase of the washing cycle for cooling the tub interior and improving the drying effect. In
particular, the washing liquid is circulated along the second cooling branch if the last heating

of the washing liquid has been performed by operating the heat pump.

If the first and the second cooling branches are provided, the first and second cooling
branches may be separate cooling branches wherein each is connected to a separate outlet of
the first passage of the condenser. Alternatively, the first and second cooling branches may
share the same outlet at the first passage of the condenser and have an at least partially
common flow path downstream of the first passage of the condenser branching off at a

branching point into the first and second cooling branch.

Preferably, the first passage of the condenser is arranged upstream of a flow controller or a
flow manifold, and the flow controller or the flow manifold preferably comprises at least an
outlet A and/or an outlet B, wherein the first cooling branch comprises the outlet A
connecting the first passage of the condenser to the outlet at or within the sump, and/or
wherein the second cooling branch comprises the outlet B connecting the first passage of the
condenser to the outlet within the interior of the tub. More preferably, the first and second
cooling branches have a common flow path section upstream of the flow controller or flow
manifold.

The flow controller or flow manifold may be a device for guiding washing liquid along
different flow paths.

The 'flow manifold' may comprise a plurality of valves adapted to guide the washing liquid
along different flow paths such as the first and/or second cooling branch. The flow manifold
may have one flow path for each spray arm of the spray device of the dishwasher, such as a
lower spray arm, a middle spray arm and a top spray arm. Preferably, one valve is arranged in
each of the flow paths upstream of the spray arms for opening and closing the washing liquid

flow to each spray arm.

The 'flow controller' may comprise a plurality of washing fluid outlets such as the outlets A
and/or B and/or one or more outlets connected to one or more spray arms of the spray device
for spraying washing liquid to the articles. The flow controller may comprise one dedicated
outlet for each of a lower spray arm, a middle spray arm, and a top spray arm. In case outlet A
and B and the outlets for the lower spray arm, the middle spray arm and the top spray arm are

provided, the flow controller preferably comprises 5 outlets in total. In case only outlet A is
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provided, the flow controller preferably comprises 4 outlets in total. The washing fluid outlets

are preferably arranged at the tub bottom, more preferably are integrated in the sump.

The flow controller may include a positioning device and a disk rotatably arranged in relation
to the plurality of washing fluid outlets, wherein the disk comprises a plurality of apertures
arranged for selectively closing and opening the plurality of washing fluid outlets and/or the
outlet A and/or B of the sump during rotation of the disk. When the positioning device aligns
at least one of the plurality of apertures of the disk with at least one of the washing fluid
outlets, the washing liquid is permitted to pass from the flow controller along each aligned
washing fluid outlets. For example, when the positioning device aligns at least one of the
plurality of apertures of the disk with the outlet A and/or B, the washing fluid is permitted to
pass from the flow controller along the first and/or second cooling branch, respectively.
Similar, when the positioning device aligns at least one of the plurality of apertures of the disk
with at least one of the washing fluid outlets connected to the spray device, the washing fluid
is supplied through the washing fluid outlet(s) from the flow controller via the respective

spray device into the tub.

The control unit is preferably adapted to control the flow controller or the flow manifold such

that the washing liquid is guided along one or more of the washing fluid outlets.

In an alternatively water flow arrangement, the first passage of the condenser is arranged
upstream of the flow controller or the flow manifold, wherein the flow controller or the flow
manifold comprises at least one (washing fluid) outlet connected to the spray device, and
wherein the first and/or the second cooling branches branch off downstream of the first
passage of the condenser and upstream of the flow controller or the flow manifold. In this
case, the first and/or second cooling branches do not comprise the flow controller or the flow

manifold.

Preferably the flow controller or flow manifold has a closed position in which no washing

liquid can pass through any outlet of the flow controller or flow manifold.

Each of the branched off paths of the first and/or second cooling branch may comprise a valve

element such as an on/off valve.

Alternatively, the first and second cooling branches are provided and the first and second
cooling branches downstream of the first passage of the condenser and upstream of the flow
controller or flow manifold branch off (from the flow connection between condenser and flow

controller) from a common flow path. For example the common flow path further comprises a
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branching point branching off into the first and second cooling branch. Preferably, one or

more valves is/are arranged at the branching point such as a three-way valve.

The valve(s) is(are) preferably controllable by the control unit such that the washing liquid
can be selectively guided along the first and/or the second cooling branch and/or through the

flow controller or the flow manifold.

Preferably, the first passage of the condenser is arranged downstream of the flow controller or
the flow manifold, wherein the flow controller or the flow manifold comprises at least one
outlet connected to an inlet of the first passage of the condenser. Preferably the flow path
downstream of the first passage of the condenser branches off into the first cooling branch
connected to the outlet at or within the sump and into the second cooling branch connected to
the outlet within the interior of the tub. If three outlets are provided, i.e. one outlet for each
spray arm, and the above outlet connected to the first passage of the condenser, the flow

controller has preferably at least 4 outlets in total.

Preferably the first and second cooling paths have a common flow path from the sump inlet to
the circulation flow path at the sump to the point at which the flow path branches off into the
first and second cooling paths downstream of the first passage of the condenser. In case the
first and second cooling paths are provided, each of the first and second cooling paths may
comprise a valve element (e.g. on/off valve in each branch) or one valve element, such as a
two way valve, is provided at the branching point for guiding the washing liquid selectively

along the first and/or the second cooling path.

Preferably the washing liquid is circulated along the washing liquid cooling path and the
circulation flow path by using the same circulation pump. Alternatively, a second circulation
pump may be provided for the circulation flow path. The first and/second circulation pump
may be variable speed pump such that the liquid flow rate can be controlled, for example such
that the washing liquid flow rate through a tub nozzle and/or a lower spray device is reduced

or increased.

The dishwasher preferably comprises: a first circulation pump and a second circulation pump
(the above mentioned circulation pump), a circulation flow path comprising: an inlet provided
at the sump, and a flow controller or a flow manifold comprising at least one outlet connected
to the spray device for spraying washing liquid into the interior of the tub and for supplying
the washing liquid back to the sump. The first circulation pump is preferably configured to
circulate the washing liquid along the circulation flow path, and the second circulation pump
is preferably configured to circulate the washing liquid along the washing liquid cooling path,

in particular along the first and/or the second cooling branch.

13



10

15

20

25

30

35

WO 2024/110029 PCT/EP2022/082955

Since the second circulation pump does not circulate washing liquid through the spray device
and in particular to one or more of the lower, middle and/or top spray arm, the required
pressure for circulating the washing liquid along the washing liquid cooling path (i.e. first
and/or second cooling branch) is reduced as compared to the circulation of washing liquid

along the circulation flow path.

Therefore, the second circulation pump may be smaller (i.e. with less power) than the first
circulation pump. Thus, the energy consumption of the second circulation pump is less
compared to the first circulation pump. Therefore, energy can be saved compared to a
configuration with a single circulation pump used for the washing liquid cooling path and the

circulation flow path.

Alternatively to the washing liquid cooling path having the first and second cooling branch,
the dishwasher may further comprise a circulation flow path having an inlet provided at the
sump, and a flow controller or a flow manifold comprising at least an outlet A and/or an outlet
B, wherein the outlet A is connected to an outlet at or within the sump, and/or wherein the

outlet B is connected to an outlet within the interior of the tub.

Thus, washing liquid only flows through the first passage of the condenser when heat
exchange is required. This results in less pump energy consumption and less soiling of

condenser.

The washing liquid cooling path preferably comprises a controllable component being a
control valve arranged upstream of the first passage of the condenser, wherein the control unit
is adapted to control the control valve such that the washing liquid from the sump is guided
along the washing liquid cooling path and/or along the circulation flow path. The control
element may be a valve element, preferably an electronic valve. Alternatively, one valve
element may be provided in each of the washing liquid cooling path and the circulation flow

path.
The washing liquid cooling path and the circulation flow path may have an at least partially
common flow paths downstream of the sump and/or upstream of the first passage of the

condenser.

The flow path downstream of the sump and upstream of the first passage of the condenser

may branch off at a branching point into the circulation flow path and the washing liquid
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cooling path. Preferably the control valve such as a three-way valve is arranged at the
branching point.

Alternatively, the dishwasher comprises the flow controller or the flow manifold having at
least an outlet A and an outlet B and being arranged upstream of the first passage of the
condenser, a circulation flow path comprising: the inlet provided at the sump, and an outlet
within the interior of the tub, wherein an inlet of the flow controller or flow manifold is
connected to the inlet of the circulation flow path at the sump, and wherein the washing liquid
cooling path comprises the outlet A which is connected to an inlet of the first passage of the
condenser. Further the circulation flow path may comprise the outlet B which is connected to

the outlet within the interior of the tub bypassing the condenser.

In this case, the washing liquid only flows through the first passage of the condenser, when
the washing liquid is circulated along the washing liquid cooling path via the outlet A of the
flow controller or flow manifold. By circulating the washing liquid through the outlet A, the
washing liquid is cooled. The cooled washing liquid in the sump can be circulated along the
circulation flow path via the outlet B into the interior of the tub and the inner volume of the
tub for cooling down the tub.

The control unit is preferably adapted to control the flow controller or the flow manifold such
that the washing liquid is circulated through outlet A (and thus through the first passage of the

condenser) or outlet B alternately or through outlet A and B at least partially simultaneously.

Preferably, the dishwasher comprises a or the flow controller having one or more outlets
connected to one or more spray arms of the spray device, wherein the control unit is adapted
to control the flow controller such that washing liquid circulated through the flow controller is
guided to one or more spray arms of the spray device for spraying washing liquid to the
articles in the tub. The washing liquid is preferably guided through the spray device when the
heat pump is operated in the normal mode such that heated washing liquid is sprayed on the
articles contained in the tub.

The spray device preferably comprises a plurality of outlets connected to spray arms such as
one outlet connected to each of a first, second and third spray arm. Preferably, the first spray
arm 1is a lower spray arm arranged at the bottom of the tub, the second spray arm is a middle
spray arm arranged at the middle of the tub and the third spray arm is a top spray arm
arranged at the top of the tub.
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Preferably, the circulation pump for circulating the washing liquid to the spray device(s) is the
same circulation pump as the circulation pump for circulating the washing liquid along the

washing liquid cooling path (in particular along the first and/or second cooling branch).

The control unit may be adapted to control the flow controller such that, during circulation of
the washing liquid along the washing liquid cooling path, the one or more outlets connected to
the one or more spray arms are closed such that no washing liquid passes through the one or
more outlets of the flow controller.

The control unit is preferably adapted to additionally to the circulation through the tub, in
particular before and/or after the circulation through the interior of the tub is executed,
circulate the washing liquid from an inlet at the sump back to an outlet at or within the sump,

in particular along the first cooling branch, during the drying phase.

Drying phase:

Preferably, the washing liquid is circulated through the tub interior, in particular along the

second cooling branch, during a drying phase of the washing cycle.

Preferably, the circulation along the first cooling branch is executed in the drying phase in
addition to the circulation along the second cooling branch. Circulation along the first cooling
branch may be executed at the beginning of the drying phase, and the circulation along the
second cooling branch may be executed subsequent or at least partially simultaneously to the

circulation along the first cooling branch during the drying phase.

Thus, the washing liquid can be cooled during circulation along the first cooling branch and
the cooled washing liquid can then be circulated through the tub via the second cooling
branch.

Since the washing liquid is cooled during circulation along the first cooling branch and thus
has a decreased temperature, the cooling efficiency of the washing liquid circulated along the

second cooling branch for cooling the tub is improved.

The dishwasher may comprise an internal air circulation path for circulating air within the
tub, wherein the air circulation is activated by activating a blower during the drying phase
Preferably, the air circulation is executed during operation of the heat pump in the reverse
mode and during the circulation of the washing liquid through the tub (i.e. second heat

exchange mode b)), more preferably after the circulation of the washing liquid through the

sump (i.e. first heat exchange mode a)) is finished.
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Preferably the air circulation path comprises an inlet and an outlet each in connection with the
interior of the tub, wherein the blower is arranged within the air circulation path. The inlet and
outlet are preferably arranged at side wall of the tub. Preferably the inlet and outlet are
arranged at opposing side walls of the tub. The inlet may be arranged at a top region of the
tub/tub side wall and the outlet at a bottom region of the tub/tub side wall.

The air at the bottom can be cooled by the second heat exchange mode b) and the cooled air
can be circulated to the top region of the tub. Hot air from the top is circulated to the bottom
region and can be cooled by the cooled washing liquid introduced into the tub interior. Thus,
the internal air circulation can assist the cooling of the air within the tub and thus the drying
of the articles. As a side effect, heat extracted from the hot air within the tub can be
transferred to the heat exchanging medium and may thus regenerate the heat exchanging
medium by e.g. melting of the frozen heat exchanging medium and/or the heating up of the

(liquid) heat exchanging medium.

Preferably, a tub opening is automatically provided after the drying phase in finished. For
example, the tub opening is achieved by at least partially opening of a door of the dishwasher.
Due to the opening of the tub, and in particular of the door, the warm air (having still a
residual humidity) can flow out of the tub and the tub interior cools down. Thus, the drying of
the articles is further improved. The tub or the door may be closed automatically after a

predetermined time period has expired.

When the washing liquid is circulated through the interior of the tub, the heat pump, the
compressor of the heat pump, and/or a or the blower of the air circulation path are preferably
operated continuously or pulsed and/or the compressor and the blower are operated at least

partially simultaneously.

'Pulsed' means that the components are operated alternating in an on or off state, e.g. the
blower is activated for 10 min, and is then turned off for 10 min. The pulsed operation saves

energy.

In case no internal air circulation path is provided, the tub opening is preferably provided
during the drying phase. For example, the door of the dishwasher may be at least partially
opened automatically during the drying phase, wherein preferably the door is opened when
the circulation of the washing liquid through the tub is finished. The door opening allows an
air exchange between the interior of the tub and the ambient. Thus the cooling of the tub and

the drying of the articles is improved. Preferably the door remains opened at least until the
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drying phase is finished. After the end of the drying phase, the door may be closed

automatically, in particular after a predetermined time has expired.

Preferably, during circulation of the washing liquid through the tub interior, the air within the
tub is cooled via the cooled washing liquid supplied into the interior of the tub to dehumidify
the air in the tub. During the circulation of the washing liquid through the tub, the washing
liquid is preferably heated by exchanging heat with the air within the tub and/or the interior of
the tub, and the washing liquid is cooled by exchanging heat with the heat exchanging
medium. Thus, the circulation through the tub improves the drying efficiency and may further
result in an improved regeneration of the heat exchanging medium. In particular, the heat
contained in the air within the tub (from the hot dishes) is transferred to the heat exchanging

medium.

Preferably, at the beginning of the drying phase, and/or after draining of washing liquid in a
final rinse phase, the blower is activated (and/or the washing liquid is circulated through the
tub (i.e. in the second heat exchange mode b)). after a predetermined time period has expired.
Preferably at the end of the final rinse phase the heat pump is operated in the reverse mode
and by circulating the washing liquid, which was used in the final rinse phase, is cooled down
for transferring heat from the washing liquid to the refrigerant and finally to the heat
exchanging medium (as described herein). I.e. during the predetermined time period the heat
pump is operated and the washing liquid is cooled down. This cooled washing liquid can be
used during the initial phase of the drying phase for cooling the tub interior. Then the blower
is activated (after the predetermined time period) to further cool down the interior (air) of the
tub.

'Operating component' may e.g. be all components of the heat pump, or all components for
circulating the washing liquid along the washing liquid cooling path, in particular along the
first and/or second cooling branch in the first and/or second heat exchange mode, or e.g. the

blower for air circulation within the tub if the dishwasher comprises the closed drying loop.

Sump nozzle / Tub nozzle:

Preferably, the outlet at or within the sump is a sump nozzle arranged at the sump below the
bottom of the tub or an outlet arranged in a bottom wall or a side wall of the sump, and/or the
outlet within the tub is a tub nozzle which is arranged inside the tub volume/interior at the
bottom of the tub, or at a side wall of the tub such that the water flows along a side wall of the
tub, or at a fluid path section arranged within the tub for supplying washing liquid to the spray

device.
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Preferably the fluid path section is the section extending, preferably vertically or substantially
vertically, from a side wall of the dishwasher to the middle or top spray arm. In this case, the
tub nozzle is preferably arranged such that the washing liquid exiting the tub nozzle flows

along the side wall of the tub into the sump.

Preferably, the dishwasher comprises a cover element arranged at the bottom of the tub above
the sump, wherein the tub nozzle and/or the sump nozzle are at least partially integrated in the

cover element.

The cover element is preferably adapted to cover at least a portion of the sump. Preferably at
least a portion of the cover element is arranged above a flow manifold or a flow controller
and/or covers the flow manifold or flow controller. The flow manifold or flow controller may
be arranged at the sump, preferably is integrated in the sump. The cover element may
comprise a plurality of outlets each being aligned with one outlet of the flow manifold or the
flow controller. Thus, washing liquid supplied through any of the outlets of the flow manifold

or flow controller is guided through an outlet of the cover element.

Preferably, the cover element has a portion formed as a filter adapted to filter washing liquid

flowing from the interior of the tub to the sump.

The cover element and the sump nozzle and/or the tub nozzle may be formed in a single

piece, preferably fabricated from a plastic material.

The sump, in particular the flow controller or manifold fluidly connected to the sump and/or
integrated in the sump, may comprise a plurality of washing fluid outlets connected to a
washing liquid conduit system having one or more spray devices. In particular, the plurality of
washing fluid outlets comprises one outlet for each spray device and an outlet A and/or an
outlet B.

The sump comprises at least an or the outlet A and/or an or the outlet B, wherein the outlet A
is fluidly connected to the sump nozzle via a flow channel, and/or the outlet B is fluidly
connected to the tub nozzle. The outlet A may extend vertical or substantially vertical from
the sump and a side wall of the outlet A comprises an aperture fluidly connecting the outlet A

to the flow channel.

Preferably, the cover element extends over the washing fluid outlets and the cover element
comprises sump attachments, each sump attachment sized and shaped to fit over the
respective washing liquid outlets of the sump to connect each of the plurality of washing fluid

outlets to the respective spray devices and/or to the sump nozzle and/or the tub nozzle. In
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particular, the sump attachments extend from a lower surface of the cover element facing the
washing fluid outlets.

Preferably, the cover element comprises a hub extending from an upper side of the cover
element, wherein the hub is adapted to connect one washing fluid outlet of a or the plurality of
outlets to a spray device being a lower spray arm. The hub is preferably made in one piece

with the cover element.

Preferably, the sump nozzle and/or a or the flow channel connected to the sump nozzle are
arranged at a lower surface of the cover element and/or the tub nozzle is arranged at a top
surface of the cover element.

The sump nozzle and/or the flow channel are preferably arranged below the interior of the
tub, 1.e. facing away from the tub interior. The washing liquid flowing through the sump
nozzle preferably does not flow through the interior of the tub and thus does not contact the
articles therein.

The tub nozzle is preferably arranged within the interior of the tub, i.e. washing liquid exiting
the tub nozzle is guided through the interior of the tub, in particular for cooling down the tub
interior. The tub nozzle is preferably adapted such that washing liquid sprayed out of the
nozzle does not contact the articles loaded in the dishwasher. Preferably, the tub nozzle sprays
the washing liquid to the tub bottom.

The cover element may comprise a first part integrated in the cover element, and a second part
integrated in the sump, wherein the first part and the second part are configured such that
when the cover element is mounted at the sump, the first and second parts form the flow
channel for guiding washing liquid from the outlet A via the sump nozzle into the sump.
Preferably, the first part is formed in a single piece with the cover element and/or the second

part is formed in a single piece with the sump.

Preferably, the flow controller is arranged below the cover element, and/or the cover element

comprises a plurality of outlets each being assigned to one outlet of the flow controller.

Condenser:

Preferably, the condenser is arranged at a side wall of the cabinet housing. The condenser may
be arranged within the cabinet housing facing the inner side of the cabinet side wall and/or the
outer side of the tub. Preferably, when considering the normal operation position of the

dishwasher, the condenser is arranged at the right side wall of the cabinet housing.
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Preferably, the condenser extends in a vertical or substantially vertical plane.

The inlets and outlets of the condenser for the refrigerant and washing liquid may be arranged
at a bottom region of the condenser, preferably the inlets and outlets are arranged at the lowest

or substantially lowest vertical position of the condenser.

Preferably, the condenser comprises a first section and a second section each extending
vertically or substantially vertically, and a third section connecting the first and second
sections in an arc shape, wherein preferably the apex of the arc is the highest vertical point of
the condenser. Alternatively or additionally, the third section forms an arc having an angle of
180° or substantially 180 °.

Preferably, the condenser is a tube-in-tube condenser comprising an inner tube forming the
second (or the first) passage of the condenser and an outer tube forming the first (or second)
passage of the condenser, and wherein the inner tube has a smaller cross section arranged
within the outer tube having a larger cross section, and wherein in particular in the outer tube
either the refrigerant or the washing liquid is flowing around the inner tube and wherein in the

inner tube either the washing liquid or the refrigerant is flowing respectively.

The flow direction in the inner tube and the outer tube is preferably opposite to each other.
The inner and outer tubes may have a circular cross section, wherein the smaller tubes have a
smaller diameter and the larger tube has a larger diameter. However, both tubes can also have
any other shape.

The inner tube may have a single circular tube or may have a plurality of parallel arranged

tubes which are arranged within the outer tube.

The outer tube is preferably made of a plastic material and/or the inner tube is preferably

made of a metal material such as copper.

The condenser and in particular the outer tube of the condenser may be enclosed by a heat

insulating layer.
The inner tube may comprise at least two pipes arranged parallel or substantially parallel to

each other. Preferably the condenser inner tube branches off into the at least two pipes at a

first branching point (i.e. at the inner tube inlet) arranged within the outer tube, and merges to
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a single tube at a second branching point (i.e. at the inner tube outlet) arranged within the

outer tube.

Preferably, the outer tube comprises a plurality of spacing elements arranged along the inner
surface of the outer tube for receiving the inner tube, wherein the spacing elements are
adapted such that after mounting the inner tube within the spacing element, the outer tube and
the inner tube are separated or spaced from each other. The spacing elements are preferably
made in one piece with the outer tube. In case the inner tube comprises a plurality of tubes,
separate spacing elements for each tube may be provided or each spacing element is adapted

to receive the plurality of tubes.

Except at the spacing elements, within the outer tube, the inner and outer walls or surfaces of
the tubes preferably do not contact each other. The spacing elements enable that the distance

between the inner tube and outer tube is constant.

Preferably, the dishwasher comprises a or the circulation pump for circulating the washing
liquid from the sump through the first passage of the condenser. Preferably the condenser is
designed such if the control unit stops the circulation pump, the washing liquid flows out of
the first passage due to the gravity. Thus, when the circulation pump is not operated, the
washing liquid within the condenser automatically flows out of the condenser. Therefore, no
or substantially no washing liquid remains in the condenser after the circulation pump is
turned off. Soiling of the condenser and the formation of bad odors over time due to washing
liquid remained in the condenser can be prevented. It also prevents that 'old' washing liquid
remained in the condenser is circulated in a next washing cycle back into the sump and is

reused for the washing cycle.

Each individual feature of the dishwasher can be combined with the method, or any sub-group
of features (e.g. any of the dependent claims) of the dishwasher can be individually combined
with the method. Vice versa any individual (functional) feature or sub-group of (functional)
features of the method can be combined with the dishwasher as a functional feature of the

machine.

Any feature disclosed herein (for the above embodiments and/or configurations and from the
below described detailed embodiments and modifications) can be combined with the claimed
subject individually or in any sub-combination. If herein the conjunction "and/or" is used all

logical elements and combinations are individually disclosed. E.g. a, b and/or ¢ discloses the

elements/combinations a, b, ¢, ab, ac, bc as well as abc.
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Reference is made in detail to preferred embodiments of the invention, examples of which are

illustrated in the accompanying figures, which show:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

Fig. 8

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

12

13

14

15

16

a perspective view of a dishwasher,

another perspective view of the dishwasher of Fig. 1 without the door, the side

walls and the top wall of the tub,

a perspective view of the dishwasher of Fig. 2 without the tub bottom,

a top view of the dishwasher of Fig. 3 without the air circulation path,

a perspective view of the dishwasher of Fig. 4,

another perspective view of the dishwasher of Fig. 5,

a perspective view of the refrigerant circulation circuit of Fig. 6,

a perspective view of the sump and the filtration assembly of the dishwasher of
Fig. 3,

a perspective view of the sump and the flow controller,

a sectional view of the flow channel formed between the cover element and the

sump,

a perspective view from below of the cover element of Fig. 10,

an exploded view of the sump and the flow controller of Fig. 9,

an enlarged view of the tub nozzle spraying washing liquid at different flow rates,

an enlarged view of the lower spray arm spraying washing liquid with a reduced

flow rate,

a schematic view of the heat pump and washing liquid flow path arrangement of
the dishwasher of Fig. 5,

a schematic view of another heat pump and washing liquid flow path

arrangement,
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Fig. 17 a schematic view of another heat pump and washing liquid flow path

arrangement,

Fig. 18 a schematic view of another heat pump and washing liquid flow path

arrangement,

Fig. 19 a schematic view of another heat pump and washing liquid flow path

arrangement,

Fig. 20 a schematic view of another heat pump and washing liquid flow path

arrangement,

Fig. 21 a schematic view of another heat pump and washing liquid flow path

arrangement,

Fig. 22 a schematic view of a washing cycle having different phases,

Fig. 23 a detailed view of a drying phase as shown in Fig. 22, and

Fig. 24 a detailed view of another drying phase.

Fig. 1 is a perspective view of a dishwasher having a heat pump system and Fig. 2 is another
perspective view of the dishwasher of Fig. 1 without the door, the side walls and the top wall
of the tub. The dishwasher 2 comprises a cabinet (not shown) housing a tub 8 for washing
articles therein. The tub 8 comprises side walls 10, a top wall 14, a rear wall (not shown), and
a tub bottom 16 (see Fig. 2). The cabinet may further comprise a basement 6 arranged below
the tub bottom 16.

Dishes, utensils, and other dishware (also referred to herein as 'articles') may be placed in the
tub 8 for cleaning. The dishwasher 2 may also include slidable lower and upper racks or
baskets (not shown) for holding the articles to be cleaned. The racks may be movable into and
out of the tub 8. The dishwasher 2 may further comprise a door 18 that may be pivotably
connected with the tub 8 to selectively permit access to the tub 8 for loading and unloading
the articles and which is closed when the dishwasher 2 is operating (e.g. when the articles in

the dishwasher 2 are washed and/or cleaned).

24



10

15

20

25

30

35

WO 2024/110029 PCT/EP2022/082955

The dishwasher 2 may have a control panel 4 which is preferably arranged at an upper region
of the dishwasher front face, e.g. at the middle and/or right side of the upper region of the
dishwasher front face. Preferably, the control panel 4 is integrated in the door 18, more
preferably arranged at an upper region of the door 18. The control panel 4 preferably
comprises a display for displaying information about the washing program (e. g. energy
consumption, duration of the washing cycle and the like) and an input device for selecting

between different washing programs.

As shown in Figs. 1 and 2, the dishwasher 2 may comprise an internal air circulation path 20
for circulating air within the tub 8, preferably during drying of the articles contained in the tub
8. The air circulation path 20 may comprise an inlet 20a and an outlet 20b each connected to
the interior of the tub 8. Preferably, a blower 20c is provided at or close to the inlet 20a.
Preferably, the inlet 20a and outlet 20b are arranged at opposing side walls of the tub 8. With
respect to the normal operation position of the dishwasher, the inlet 20a is preferably arranged
on the right side wall and the outlet 20b is arranged at the left side wall of the tub 8. The inlet
20a may be arranged at a vertical position which is higher than the vertical position of the

outlet 20b. The air circulation path 20 preferably extends external to the tub 8.

As shown in Figs. 2 and 3, the dishwasher 2 may comprise a washing liquid circulation path
for circulating the washing liquid during a washing cycle. In particular, the washing liquid
collected in a sump 48 (see Fig. 3) may be pumped via a circulation pump 50 through a
washing liquid conduit system 22 into the interior of the tub 8. The washing liquid conduit
system 22 includes a delivery conduit 24 that is fluidly connected to one or more spray
devices (the spray devices are not shown). In the exemplary embodiment, the delivery conduit
comprises a connector 26 adapted to be connected to a first spray device (e.g. top spray device
26a), a connector 28 adapted to be connected to a second spray device (e.g. middle spray
device 28a), and a connector 30 adapted to be connected to a third spray device (e.g. a lower
spray device 30a). The top spray device is preferably proximate to a top portion of the
dishwasher, the lower spray device is preferably proximate the tub bottom 16, and the middle
spray device is preferably located between the top and lower spray devices. The delivery
conduit 24 and spray devices of the washing liquid conduit system are configured for spraying
the washing liquid, under pressure, onto the articles contained in the tub 8 during dishwasher

use.
As shown in Fig. 2, the dishwasher 2 may comprise a filtration assembly 40 that is connected

to a sump 48 (see Fig. 3). The filtration assembly 40 is configured to filter the washing liquid
returning to the sump 48 after washing liquid has been deployed in the tub 8.
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The dishwasher 2 may include a control unit (not shown) in communication with one or more
of the dishwasher's functional components. E.g. the control unit may be in communication
with a circulation pump 50 and may be configured to selectively operate the circulation pump
50 to pump washing fluid to at least one of the spray devices of the washing liquid conduit
system 22. In accordance with some embodiments, the dishwasher may comprise a flow
manifold or a flow controller 64 (flow manifold may be any device having valves for guiding
the washing liquid along different flow paths, flow controller is preferably a device as it is
shown e.g. in Fig. 13). The control unit may be adapted to control the flow controller 64, as
will be described in more detail below. The control unit may include a memory for storage of

data such as routines for operation of dishwasher 2.

As shown in Figs. 3 and 4, the dishwasher 2 comprises the sump 48 for collecting washing
liquid, typically under the influence of gravity. The washing liquid is used by the dishwasher
2 to clean, wash and rinse the articles. The sump 20 is arranged below the tub bottom 18, in
particular the sump 48 is fluidly connected from below to the tub bottom 18, such that the

washing liquid within the tub 8 can flow into the sump 48.

The dishwasher 2 may comprise a fresh water tank assembly 46 having a fluid connection to
water mains. A fresh water inlet valve (not shown) may be provided upstream of the fresh
water tank assembly 46 for enabling or blocking flow of fresh water into the dishwasher 2. As
shown in Fig. 3, a flow meter 58 may be provided upstream of the fresh water tank assembly
46 for providing a feedback signal indicating the amount of supplied fresh water to the control
unit. The fresh water tank assembly 46 may comprise a tank for storing fresh water. The fresh
water tank assembly 46 may further comprise a ventilation connection 46a to the tub 8 for
equalizing the pressure between the fresh water tank assembly 46 and the tub 8 and/or if the
water tank overflows, the overflowing washing liquid is guided through the connection 46a

into the tub interior.

In case, the dishwasher comprises a softener assembly 52 (as shown in the figures herein), an
outlet 54a of the tank assembly 46 is connected to a salt container of the softener assembly 46,
and another outlet 54b of the tank assembly 46 is connected to a resin container 54b of the
softener assembly 46. The fresh water flowing out of the tank assembly 52 may be guided
either through the outlet 54b connected to the resin container (for softening the fresh water),
or, if a regeneration of the resin in the resin container is necessary, through the outlet 54a
connected to the salt container and then through the resin container. A valve element (not
shown) such as a two-way valve may be provided upstream of the salt container and
preferably downstream of the outlet 54a for enabling or blocking water flow into the salt
container. The softener assembly 52 is preferably arranged at least partially below the tank

assembly 46. A tank valve (not shown) may be provided downstream of the water tank
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assembly 46 and upstream of the softener assembly 52 for enabling or blocking water flow

out of the water tank assembly 46.

The softener assembly 52 may comprise an outlet which is connected to the sump 48 via a
flow connection 56 (see Fig. 4). For example, fresh water can be supplied directly to the sump
48 via the tank assembly 46. Alternatively, the tank assembly 46 can be filled with fresh water
which can be supplied to the sump 48 in a subsequent phase of the washing cycle orin a

subsequent washing cycle.

The dishwasher 2 may comprise a draining circuit 59 for draining the washing liquid in the
sump 48, via a drain pump 60, out of the dishwasher 2. The draining circuit 59 may comprise
a first, second and third draining path section 62a-c. The first draining path section 62a
comprises an inlet at the sump 48 and the outlet of the first draining path section 62a is
connected to an inlet of the second draining path section 62b which is preferably arranged at a
side wall of the tub 8. An outlet of the second draining path section 62b is connected to an

inlet of the third draining path section 62¢ guiding the washing liquid out of the dishwasher 2.

The second draining path section 62b may comprise a siphon or air gap for preventing dirty
water to flow back into the dishwasher 2. In particular, the second draining path section 62b
may extend from the bottom to the top and from the top to the bottom forming a siphon. Thus,
when the drain pump 60 for draining the washing liquid is stopped, the remaining dirty
washing liquid within the second draining path section 62b flows out of the draining path 62b
due to gravity. When the draining circuit 59 has a clog or blockage downstream of the air
gap/siphon, no dirty water can flow from the outside of the dishwasher 2 back into the

dishwasher 2 via the second draining path section 62b due to the siphon/air gap.

The refrigerant flow direction 31 of the refrigerant in the heat pump system of the dishwasher
2 and the washing liquid flow direction 32 are indicated by arrows in some of the following
Figures (see: Figs. 6 and 7). Therefore, a dashed arrow defines the washing liquid flow
direction 32 and a filled arrow indicates the refrigerant flow direction 31. These definitions
for the flow directions are valid for the figures herein. The refrigerant flow direction 31
shown in Fig. 7 corresponds to a "normal" refrigerant flow direction (i.e. when the heat pump
is operated in the normal operation mode). When the heat pump is operated in the reverse
mode, the refrigerant flow direction 31 is reverted. The different operation modes of the heat

pump are described further below.

Washing liquid cooling path
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As shown in Fig. 5 and 6, the dishwasher may comprise a washing liquid cooling path 43
having an inlet provided at the sump 48 being connected to a circulation pump 50, a
condenser 44 and the flow manifold or preferably (and as shown in the Figures 1 to 14) the
flow controller 64 (described in detail with respect to Figs. 8 to 12). An outlet of the
circulation pump 50 is connected to an inlet of the condenser 44 and an outlet of the
condenser 44 is connected to an inlet 66 of the flow controller 64. As further described below,
the flow manifold or flow controller 64 may comprise one outlet (first, second, and/or third
outlet 70, 72, 74, see below) for each spray device, wherein preferably in a normal operation
mode of the heat pump, the washing liquid is heated and circulated through one or more of the
spray devices into the tub 8. The flow manifold or flow controller 64 may have further outlets
(see further below: fourth and fifth outlets 76, 78), wherein when operating the heat pump in a
reverse mode, washing liquid is preferably circulated along the washing liquid cooling path
through the fourth and/or fifth outlets 76, 78 for cooling the washing liquid and/or the tub 8
(preferably while bypassing any spray devices).

Further, a heater (not shown) for heating the washing liquid in addition or alternatively to the
heating of washing liquid by the condenser may be provided. The heater is preferably

arranged within or integrated in a housing of the circulation pump 50.

Heat pump system

As shown in Figs. 5 to 7, the dishwasher 2 comprises a heat pump (i.e. heat pump system).
The heat pump comprises a compressor 92, the condenser 44 and an evaporator 90. The
condenser 44 has an outer or first passage 82 for guiding the washing liquid and an inner or
second passage 84 for guiding the refrigerant, wherein the first and second passages 82, 84
are in heat exchanging contact with each other. As shown in Fig. 7, the condenser 44 is
preferably a tube-in-tube condenser, wherein an outer tube forms the first passage 82 and an

inner tube forms the second passage 84.

The compressor 92 is used for increasing the pressure of the refrigerant and for circulating the
refrigerant within a refrigerant circulation circuit 83. The refrigerant is circulated through the
second passage 84 of the condenser 44, the compressor 92 and the evaporator 90 in the

refrigerant circulation circuit 83 (not necessarily in this order).

Condenser

The condenser 44 is preferably arranged at a side wall 10 of the tub 8. Preferably, the

condenser 44 is arranged between the side wall 10 of the tub 8 and the cabinet of the
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dishwasher 2. When considering the normal operation position of the dishwasher 2, the

condenser 44 may be arranged at the right side wall of the dishwasher 2 as shown in Fig. 2.

The condenser 44 may extend in a vertical or substantially vertical plane. Inlets and outlets
82a, 82b, 84a, 84b of the first passage 82 and the second passage 84, respectively, may be

arranged at the bottom of the condenser 44.

As shown in Figs. 5 and 7, the condenser 44 may comprise a first section 80a, a second
section 80b arranged opposite to the first section 80a, and a third section 80c¢ connecting the
first and second sections 80a, 80b. The first and second sections 80a, 80b preferably each
extend vertically or substantially vertically. The third section 80c preferably connects the first
and second sections 80a, 80b in an arc shape, wherein the apex of the arc is the highest

vertical point of the condenser 44. The arc may have an angle of 180° or substantially 180°.

As shown in Fig. 7, the second passage 84 may comprise at least two pipes arranged parallel
to each other. For this the inner second passage 84 is split by a branch into two parallel
passage lines wherein each a branch is provided at the inlet region and end region within the

first passage 82. Thereby the heat exchanging capacity is doubled.

A plurality of spacing elements 81 may be arranged along the inner surface of the first
passage 82 for receiving the second passage 84. The spacing elements 81 are adapted such
that after mounting the second passage 84 within the spacing elements 81, the inner walls of
the second passage 84 and the outer walls of the first passage 82 are separated or spaced from
each other. Thus, a spacing between first passage 82 and second passage 84 is ensured such
that liquid can pass between the inner surface of the first passage and the outer surface of the

housed second passage.

The wall forming the first passage 82 may be divided into a first and second half (first and
second shells). As shown in Fig. 5, the first passage 82 is divided vertically or substantially
vertically in the first and second half. When mounting both halves while the second passage
84 is already arranged within one of the halves, the first and second halves form the outer tube
82 for guiding the washing liquid around the inner tube 84 while the inner tube is provided for

guiding the refrigerant.

For heat exchange, the washing liquid is circulated through the first passage 82 of the
condenser 44 and refrigerant through the second passage 84. After heat exchange the control
unit is adapted to stop the circulation pump 50 such that the washing liquid flows out of the
condenser, i.e. out of the first passage 82 due to the gravity. Thus, accumulation of dirt in the

first passage 82 can be avoided.
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An inlet 82a of the first passage 82 of the condenser 44 (see Fig. 7) is connected via a first
fluid flow path 68a to an outlet of the circulation pump 50. A second fluid flow path 68b
connects an outlet 82b of the first passage 82 to the inlet 66 of the flow controller 64.

Refrigerant circulation circuit

As shown in Fig. 7, the refrigerant circulation circuit 83 comprises a first, second, third,
fourth, fifth and sixth refrigerant circuit section 83a-f. A first refrigerant circuit section 83a
connects an outlet 84b of the second passage 84 to an evaporator inlet 90a, a second
refrigerant circuit section 83b connects an evaporator outlet 90b to a first inlet 86a of a
switching element (switching valve) 86 (refrigerant flow changing device), a third refrigerant
circuit section 83¢ connects a first outlet 87a of the switching valve 86 to a compressor inlet
92a, a fourth refrigerant circuit section 83d connects a compressor outlet 92b to a second inlet
86b of the switching valve 86, a fifth refrigerant circuit section 83e connects a second outlet
87b of the switching valve 86 to an inlet 84a of the second passage 84 of the condenser 44,
and a sixth refrigerant circuit section 83f (being the second passage 84) connects the inlet 84a
to the outlet 84b. The piping of the refrigerant circuit sections - except the piping of the
condenser itself, may be provided as flexible pipes. The flexible pipes may be easily adapted
to paths which are not straight without requiring mechanical bending as it is the case when

using e. g. copper pipes.

An expansion device 88 (e. g. a capillary or expansion valve) may be provided within the first
refrigerant section 83a connecting the outlet 84b of the second passage 84 to the evaporator
inlet 90a. The expansion device 88 may be adapted to control the amount of refrigerant

released into the evaporator 90.

As indicated in Fig. 5, at least one of the following components of the refrigerant circulation
circuit 83 may be arranged at the basement 6 of the dishwasher 2: the compressor 92, the
evaporator 90, the expansion device 88 and/or the switching valve 86. Preferably the
switching valve 86 is positioned vertically, in particular perpendicular to the rotation axis of
the compressor 92.

The switching valve 86 may be a valve that only guides the refrigerant from the first inlet 86a
to the first outlet 87a and from the second inlet 86b to the second outlet 87b. Preferably, the
switching valve 86 is configured to change the refrigerant flow direction within the refrigerant
circulation circuit 83. The flow direction of the refrigerant and the flow direction of the
washing liquid within the condenser 44 may be opposite to each other for improving the heat
exchange.

30



10

15

20

25

30

35

WO 2024/110029 PCT/EP2022/082955

Evaporator

As schematically shown in Fig. 7, the evaporator 90 is preferably arranged in an evaporator
tank 94. The evaporator tank 94 is preferably arranged in the basement 6 of the dishwasher,
i.e. below the tub 8 (see Fig. 5). The evaporator tank 94 may be sealed by a seal extending
along the edge of the opening of the evaporator tank 94 or any other sealing mechanism and is
preferably closed by an evaporator tank cover. The evaporator tank cover may have a
convenient form that seals the evaporator tank 94.

The evaporator tank 94 is preferably a closed tank for permanently storing a heat exchanging
medium. Preferably the evaporator 90 is arranged or received inside the evaporator tank 94.
The evaporator 90 is in heat exchanging contact with the heat exchanging medium for
enabling heat exchange between said medium and the refrigerant flowing inside the conduits
of the evaporator 90. The evaporator 90 may have e. g. a meandering structure or any other
structure and may be used for warming the circulating refrigerant (and cooling the heat
exchanging medium), which is the "normal" operation mode of the heat pump, or for cooling
the circulating refrigerant (and warming the heat exchanging medium), which is the "reverse"
operation mode of heat pump. The warmed refrigerant may be used for warming the

circulating washing liquid by heat exchange in the condenser.

Different operation modes

In the heating mode (the 'normal’ operation mode of the heat pump system), within the
refrigerant circulation circuit 83, starting from refrigerant outlet 84b, the refrigerant is
directed by the first refrigerant circuit section 83a through the expansion device 88 to the
evaporator 90. The compressor 92 arranged within the refrigerant circulation circuit 83 creates
a vacuum applied to the evaporator 90. The heat exchanging medium in the evaporator tank
94 is in heat-exchanging contact with the evaporator 90. The medium is cooled down and
finally changes from the liquid to the solid phase for releasing heat. The heat released heats
the refrigerant in the evaporator 90 which then evaporates. The heated refrigerant as a gas
phase is sucked by the compressor 92 through the second refrigerant circuit section 83b, the
switching valve 86 and the third refrigerant circuit section 83c. The compressed refrigerant is
passed through the fourth refrigerant circuit section 84d, the switching valve 86 and fifth
refrigerant circuit section 84e to the condenser 44 through the refrigerant condenser inlet 84a.
Within the condenser 44, the refrigerant and the washing liquid preferably flow in opposite
directions for an improved heat exchange. In the condenser the washing liquid is heated by
transferring the heat from the refrigerant to the washing liquid. From the refrigerant inlet 84a

to the refrigerant condenser outlet 84, i.e. within the second passage 84, the refrigerant cools

31



10

15

20

25

30

35

WO 2024/110029 PCT/EP2022/082955

down. The washing liquid is heated in the first passage 82 from the condenser inlet 82a to the

washing liquid condenser outlet 82b.

The heated washing liquid exits the condenser 44 through the washing liquid condenser outlet
82b and the washing liquid may be guided through any of the outlets of the flow controller as

described above.

In the cooling mode for de-icing the evaporator 90 in a washing cycle and/or if in a drying
phase of a washing cycle the tub is to be cooled down for improving the drying, the
refrigerant flow direction is reverted as indicated by the white filled arrows in Figs. 15 to 21
(the black filled arrows indicate the normal flow direction for the heating process of the
washing liquid). This is the 'reverse mode' of the heat pump system. The reversal of the
refrigerant flow through the condenser 44, expansion device 88 and evaporator 90 is provided
by the refrigerant flow changing device 86. In refrigerant flow reverse mode, the evaporator
90 works as a condenser and heats the heat exchanging medium within the evaporator tank
94. The condenser 44 operates as an evaporator and cools the circulated liquid (which is
freshly supplied tap water and/or water from the previous rinsing). The expansion device 88
preferably is a dual-direction expansion device, e.g. a capillary that operates independent of

the flow direction.

The cooled washing liquid exiting the condenser 44 (i.e. first passage 82) may be guided
through extra outlet A and/or B (see below) of the flow controller 64. The supplied water may
flow directly into the sump 48 via outlet A or into the sump via the tub. The washing liquid
collected in the sump 48 can then be drained with the drain pump 60 along the draining circuit

59, e.g. after the de-icing of the evaporator 90 and/or cooling of the tub 8.

The flow changing device 86 has two switching states, wherein the refrigerant conveyance
direction of the compressor 92 is not changed in both switching states.

a) In a first state (normal operation state for the heat pump, heating mode as described
above) the evaporator 90 operates as evaporator and the condenser 44 operates as
condenser. The refrigerant compressed by the compressor and coming from the
compressor outlet is directed by the switching valve 86 to the condenser 44. The
refrigerant from the evaporator 90 is sucked in through the switching valve 86 to the
compressor inlet.

b) In a second state (refrigerant flow reversal, cooling mode as described above) the
refrigerant compressed by the compressor 92 is directed by the switching valve 86 to
the evaporator 90. The refrigerant exiting the condenser 44 is sucked in by the

compressor 92 through the switching valve 86 being in its second switching state.
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Fig. 8 is a perspective view of the sump 48 and the filtration assembly 40 of the dishwasher 2
of Fig. 3, and Fig. 9 is a perspective view of the sump 48 and the flow controller 64. The
sump 48 may comprise one or more washing fluid outlets 70, 72, 74 connected to the washing
liquid conduit system 22. The outlets 70, 72, 74 are preferably provided along an internal side
of the sump 48 that, in use, is located proximate to the tub bottom 16. The outlets generally
serve to enable the flow of washing fluid from the sump 48 to different components of the
dishwasher 2. For example, the sump 48 comprises a first outlet 70 being fluidly connected to
the lower spray device of the washing fluid conduit system 22, a second outlet 72 being
fluidly connected to the top spray device of the washing fluid conduit system 22, and a third
outlet 74 being fluidly connected to the middle spray device of the washing fluid conduit
system 22.

A fourth washing fluid outlet (herein called "extra outlet A") and/or a fifth washing fluid
outlet (herein called "extra outlet B) 76, 78 may be provided at the sump 48, preferably in
proximity to the first, second and/or third outlets 70, 72, 74. Further, a drain outlet 79 may be
provided in the sump 48 to facilitate circulation of the washing fluid in the sump 48 by

operation of the circulation pump 50.

The plurality of outlets 70-78 may be arranged at the sump 48. Preferably, the flow controller
64 is integrated in the sump 48 and comprises the outlets 70-78. Washing liquid guided from
the condenser 44 to the inlet 66 of the flow controller 64 and flowing through the first outlet
70 supplies washing liquid to the lower spray device. Washing liquid guided from the
condenser 44 to the inlet 66 of the flow controller 64 and flowing through the second outlet
72 supplies washing liquid to the top spray device. Washing liquid guided from the condenser
44 to the inlet 66 of the flow controller 64 and flowing through the third outlet 74 supplies
washing liquid to the middle spray device. In other embodiments, outlets 70, 72, 74 may
enable the supply of washing fluid from sump 48 to any spray devices and/or any other
component of washing fluid conduit system 22 of the dishwasher 2. Preferably, the washing
liquid is supplied into the tub 8 via the first, second and/or third outlet 70, 72, 74 when the

heat pump is operated in the normal operation mode in which the washing liquid is heated.

As shown in Fig. 9, sump 48 is unitary and is formed by a single-piece construction. The

functioning of the flow controller 64 is described in detail with respect to Fig. 12.

Sump nozzle/tub nozzle

As shown in Figs. 8 and 9, the extra outlet A 76 is fluidly connected to a tub outlet, preferably
a tub nozzle 100, which is adapted to supply washing liquid into the interior of the tub 8 at the
tub bottom region. Extra outlet B 78 is preferably fluidly connected to a sump outlet,
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preferably a sump nozzle 98, being adapted to directly supply washing liquid back into the
sump 48, preferably avoiding that the circulated liquid is guided through the tub.

The washing liquid cooling path 43 may comprise a first cooling branch 43a in which
washing liquid exiting the condenser 44 (i.e. first passage 82) is guided through the extra
outlet A 76 and via the sump nozzle 98 back into the sump 48, and/or a second cooling branch
43b in which washing liquid exiting the condenser 44 (i.e. first passage 82) is guided through
the extra outlet B 78 and via the tub nozzle 100 into the tub 8, wherein the washing liquid
flows back to the sump 48 via the tub 8.

The washing liquid is preferably guided through extra outlet A 76 and/or extra outlet B 78
when the heat pump is operated in the reverse mode. During the reverse mode, the washing
liquid is cooled in the condenser 44, in particular in the first passage 82, and the cooled
washing liquid is guided directly to the sump 48 via outlet A 76 and/or into the interior of the
tub 8 via outlet B 78. The reverse mode of the heat pump enables regeneration of the heat
exchanging medium in the evaporator tank 94, i.e. deicing of the heat exchanging medium
and/or enables, during a drying phase, cooling of the tub 8 and/or the air within the tub
resulting in an improved drying efficiency.

When e.g. washing liquid is guided along the first cooling branch 43a, the washing liquid
does not enter the interior of the tub 8 and thus does not substantially affect the air
temperature in the interior of the tub 8. L.e. the cooled washing liquid does not cool the tub 8
and/or the air within the tub 8 when the heat pump is operated in the reverse mode and the
washing liquid is guided along the first cooling branch 43a.

Preferably, during a drying phase of a washing cycle, the washing liquid is guided along the
second cooling branch 43b, wherein the cooled washing liquid cools the tub 8 and/or the air
within the tub such that the humidity of the air condensates, and thus the drying process is
improved. In this case, the drying process is improved in addition to the regeneration of the
heat exchanging medium in the evaporator tank 94. When circulating the washing liquid
along the second cooling branch 43b, the tub nozzle 100 is preferably adapted such that the
washing liquid supplied into the tub interior does not contact the articles therein (thus articles

are not cooled by the washing liquid).

The filtration assembly 40 may comprise a cover element 42. The cover element 42 is
preferably adapted to cover at least a portion of the sump. At least a portion of the cover
element 42 is arranged above the flow controller 64 covering and redirecting the respective
outlets 70-78 of the flow controller 64. As shown in the bottom view in Fig. 11, the cover

element 42 comprises inlets which are aligned with the outlets of the flow controller 64. One
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inlet connects the extra outlet A 78 to the sump nozzle 98 and one inlet connects the extra
outlet B 76 to the tub nozzle 100. Further, the cover element 42 comprises one outlet for each
outlet 70, 72, 74 for fluidly connecting to the spray devices such that the washing liquid can
pass from the outlets 70, 72, 74 through the cover element 42 to the washing liquid conduit

system and the respective spray device.

The cover element 42 has a portion formed as a filter adapted to filter washing liquid when it

flows from the interior of the tub 8 through the filter to the sump 48.

As shown in Fig. 8, the cover element 42 may comprise a hub 96 arranged at the upper side of
the cover element 42 and extending vertically or substantially vertically from the cover
element 42. The hub 96 is adapted to connect the first outlet 70 to the lower spray device (not

shown).

The tub nozzle 100 and/or the sump nozzle 98 are at least partially integrated in the cover
element 42. Preferably, the cover element 42 and the sump nozzle 98 and/or the tub nozzle
100 are formed in a single piece, preferably fabricated from a plastic material. The sump
nozzle 98 is preferably arranged at a lower surface of the cover element 42 and/or the tub

nozzle 100 is preferably arranged at a top surface of the cover element 42.

As shown in Fig. 11, the cover element 42 may comprise fixation element apertures 106, and
sump attachments 104 arranged at a lower surface of the cover element 42 when considering
the mounting normal mounting position. Fixation element apertures 106 are preferably sized
and shaped to accept fixation elements (not shown) to connect the cover element 42 to the
sump 48. Sump attachments 104 are preferably sized and shaped to fit over the respective
outlets 70, 72, 74, 76, 78 of the sump 48 to connect the outlets 70, 72, 74, 76, 78 to the
respective spray arms of the water conduit system and/or to the sump nozzle 98 and/or the tub
nozzle 100 of the dishwasher, as described herein. The connection between the sump

attachments 104 and the outlets 70, 72, 74, 76, 78 is preferably formed as a sealed connection.

The sump nozzle 98 is attachable to the extra outlet A 76 with a connection element (not
specifically shown). Preferably the sump nozzle 98 simply fits the profile of the extra outlet A
76 by interlocking. The sump nozzle 98 is attachable to the extra outlet A 76 such that the
washing fluid supplied to the extra outlet A 76 from the dishwasher tub 8 and sump 48
follows the path of arrow C (shown in Fig. 10) back into the sump 48.

When the cover element 42 is attached to the outlets, a flow channel 102 is preferably formed
between the outlet A 76 and the sump nozzle 98. In particular, the bottom of the cover

element 42 includes a first part 102a of the flow channel 102 which is preferably integrated in
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the cover element 42, and a second part 102b of the flow channel 102 which is preferably
integrated in the sump 48 at the extra outlet A 76. The first part and the second parts 102a,
102b are preferably configured such that when the cover element 42 is mounted at the sump
48, the first and second parts 102a, 102b form the flow channel 102 for guiding washing
liquid from the extra outlet A via the sump nozzle 98 into the sump 48. Preferably, the first
part 102a is formed in a single piece with the cover element 42 and/or the second part 102b is

formed in a single piece with the sump 48.

The extra outlet A 76 may extend vertical or substantially vertical from the sump 48, and a
side wall of the outlet A 76 may comprise an aperture fluidly connecting the outlet A 76 to the
flow channel 102.

Alternatively to the flow channel 102 comprising the first and second parts 102a, 102b, the
flow channel 102 may be formed as a closed channel integrated in the cover element 42,
wherein the inlet is adapted to be connected to the extra outlet A 76 and the outlet is forming
the sump nozzle 98.

The tub nozzle 100 is attachable to the extra outlet B 78 with a connection element (not
specifically shown), preferably the tub nozzle 100 simply fits the profile of the extra outlet B
78 by interlocking. The tub nozzle 100 is attachable to the extra outlet B 78 such that the
washing fluid supplied to outlet B 78 is guided into the interior of the tub 8 via the tub nozzle
100. The outlet of the tub nozzle 100 is preferably arranged such that the washing fluid

exiting the tub nozzle 100 does not contact the articles in the dishwasher 2.

Flow controller

Fig. 12 is an exploded view of the sump 48 and the flow controller 64 of Fig. 9. Sump 48
includes a disk portion 110 formed within an external side of the sump 48. The flow
controller 64 includes a disk 112, CAM disk 114, switch (not specifically shown), and motor
116. Disk portion 110 of sump 48 is sized and shaped to receive disk 112, CAM disk 114,
switch, and motor 116. The motor 116 is configured to rotate the disk 112 relative to the
washing fluid outlets 70, 72, 74, 76 and 78. The relative movement between the disk 112 and
sump outlets 70-78 will be described in further detail herein. However, generally, in the
exemplary embodiment, the control unit may signal to the switch and motor 116 to rotate
CAM disk 114 at the intervals and times consistent with the dishwasher cycle and as a result,
the disk 112 is selectably moved relative to the sump 48 and outlets 70-78.

The disk 112 may comprise a plurality of apertures 113 arranged for selectively closing and
opening the plurality of washing fluid outlets 70, 72, 74 and the extra outlet A 76 and/or the
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extra outlet B 78 during rotation of the disk 112. Preferably, the motor 116 is adapted to align
at least one of the plurality of apertures 113 of the disk 112 with at least one of the washing
fluid outlets 70, 72, 74 and the extra outlet A 76 and/or the extra outlet B 78 such that
washing liquid is permitted to pass through the aligned outlet(s).

A housing 118 of the flow controller 64 preferably fits around or envelops the disk 112 when
the disk 112 is positioned within disk portion 110 of sump 48. In use, the disk 112 is located
between the housing 118 and the sump 48. CAM disk 114, switch, and motor 116 are located
within an internal compartment (not specifically shown) of the housing 118 such that at least
the CAM disk 114 is in contact with the disk 112 through the housing 118. In other
embodiments, the housing, the CAM disk, the switch, and the motor may have a different
configuration. For example, the CAM disk, switch, and motor may be immediately adjacent
to the disk 112 rather than separated by a portion of the housing body as presently disclosed.
For example, the housing 118 is below the CAM disk 114, the switch, and the motor 116.

Different flow rates

As shown in Figs. 13 and 14, in addition to the above circulation through the sump and/or tub
nozzle 98, 100 or as an alternative, if e.g. no sump nozzle 98 is provided, washing liquid can
be supplied in the reverse mode of the heat pump into the interior of the tub 8 through the
above described tub nozzle 100 with a reduced flow rate 120 or with a higher flow rate 122
(see Fig. 13). Alternatively or additionally, e.g. when no sump nozzle 98 and/or no tub nozzle
100 is provided, the washing liquid can be supplied with a reduced flow rate through the
lower spray device 30a (see: Fig. 14 in which arrows indicate the washing liquid flow) into
the interior of the tub 8.

In case of the lower spray device 30a, a normal flow rate through the lower spray device 30a
is preferably a flow rate in which the articles above the lower spray arm 30a are contacted by
the washing liquid. The reduced flow rate is a flow rate which is reduced compared to the

normal flow rate and adapted such that the washing liquid does not contact the articles when

applying the reduced flow rate through the lower spray device.

In case of the tub nozzle 100, the higher flow rate (and thus also the reduced flow rate which
is lower than the higher flow rate) for circulating the washing liquid through the tub nozzle

100 is adapted such that the water cannot contact the articles.

Preferably, the bottom of the tub 8 comprises a first region 124 surrounding/covering the
sump 48, and a second region 126 surrounding the first region 24. When applying the reduced
flow rate through the tub nozzle 100, the washing liquid is conveyed through the tub nozzle to

37



10

15

20

25

30

35

WO 2024/110029 PCT/EP2022/082955

the first region 124, and when applying the higher flow rate through the tub nozzle 100, the
washing liquid is conveyed through the tub nozzle 100 the washing liquid is also conveyed to
the second region 126. On the other hand, when applying the reduced flow rate through the
lower spray device 30a, the washing liquid is conveyed to the first and second regions 124,
126.

The second region 126 is more distant from the sump 48 than the first region 124. When
applying the higher flow rate, the washing liquid can exchange heat with the interior of the
tub 8 and/or with the hot air within the tub, preferably during a drying phase. The majority of
the washing liquid preferably enters the first region 124 at the reduced flow rate and the
second region 126 at the higher flow rate. When applying the higher flow rate, the supplied
washing liquid preferably flows from the second region 126 through the first region 124 of
the tub bottom 16, back into the sump 48. Since the second region 126 is more distant from
the tub nozzle 100 than the first region 124, when applying the higher flow rate, the washing
liquid has more time and a longer path for heat exchange with the air within the tub 8 and/or
the tub 8 until the washing liquid flows back into the sump 48. E.g. when applying the higher
flow rate, the washing liquid is sprayed out of the tub nozzle with a length of at least 1.5, 1.7,
1.9,2.0,2.2 or 2.5 times of the spray length when applying the reduced flow rate.

When applying the reduced or the higher flow rate through the tub nozzle 100 or the reduced
flow rate through the lower spray device 30a and operating the heat pump in the reverse
mode, the heat exchanging medium in the evaporator tank 94 can be regenerated. In addition,
when applied during a drying phase, the drying efficiency can be improved when cooled
washing liquid is supplied with the higher flow rate through the tub nozzle 100 (compared to
the reduced flow rate through the tub nozzle 100) and/or the reduced flow rate through the

lower spray device 30a into the interior of the tub 8 for cooling down the interior of the tub 8.

The reduced flow rate through the tub nozzle 100 is preferably applied during a washing
phase and/or a cold rinse and/or a hot rinse and/or at the beginning of a drying phase of the
washing cycle, and/or the higher flow rate is preferably applied during a drying phase of the
washing cycle, in particular after the reduced flow rate has been applied during the drying

phase.
The reduced flow rate through the lower spray device 30a is preferably applied during the
washing phase and/or the cold rinse and/or the hot rinse and/or during the drying phase of the

washing cycle.

Different heat pump and washing liquid flow path arrangements
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In the following Figs. 15 to 21, the reverted refrigerant flow direction for cooling the washing
liquid is indicated by the white filled arrows and the normal refrigerant flow direction for

heating the washing liquid is indicated by the black filled arrows.

The heat pump and washing liquid flow path arrangement, i.e. the refrigerant circulation
circuit 83 and the washing liquid cooling path 43 of the dishwasher 2 shown in Fig. 1 to 14 is

schematically shown in Fig. 15.

The flow controller 64 comprises the outlet A 76 connected to the sump 48 via the first
cooling branch 43a, in particular the sump nozzle 98, and comprises the outlet B 78 connected
to the tub 8 via the second cooling branch 43b, in particular the tub nozzle 100, for supplying
cooled washing liquid in a reverse mode of the heat pump. Further, the flow controller 64
comprises the first, second and third outlets 70, 72, 74, wherein the first outlet 70 is connected
to the lower spray device 30a, the second outlet 72 is connected to the top spray device 26a

and the third outlet 74 is connected to the middle spray device 28a.

Although the flow controller 64 is shown with the three outlets 70, 72, 74 for the spray
devices, it is understood that only one or two of the outlets can be present in any of the
embodiment disclosed herein. Similar, only one of the outlets A and B may be present in any

of the embodiment disclosed herein.

In the following Figs. 16 to 21, heat pump and washing liquid flow path arrangements which
differ from the heat pump and washing liquid flow path arrangement shown in Fig. 1 to 14
and illustrated by the schematic view in Fig. 15 are shown. Only the differences between the
heat pump and washing liquid flow path arrangements of Figs. 16 to 21 with respect to the
heat pump and washing liquid flow path arrangement of Fig. 15 are described. All other
features which are described with respect to the dishwasher 2 of Figs. 1 to 15 are also

applicable to the arrangements shown in Figs. 16 to 21.

As shown in Fig. 16, the washing liquid cooling path 43 comprises the inlet at the sump 48,
the condenser 44, i.e. the first passage 82, and an outlet at the sump 48. In contrast to the heat
pump arrangement of Fig. 15, the washing liquid cooling path 43 is not guided through the
flow controller 64. Instead a separate circulation flow path 128 connecting an or the inlet of
the washing liquid cooling path 43 at the sump 48 to the flow controller 64 is provided. The
flow controller 64 has the same outlets 70-78 as the flow controller 64 of Fig. 15 with the

same connections.
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In this case, the washing liquid is only guided through the condenser 44 when heat exchange
is required. Thus, the pump energy consumption and soiling of condenser can be reduced
since the washing liquid is not always guided through the condenser 44.

Preferably, the washing liquid cooling path 43 and the circulation flow path 128 may have an
at least partially common flow path downstream of the circulation pump 50. Thus, the same
circulation pump 50 can be used for supplying washing liquid along the washing liquid
cooling path 43 and/or the circulation flow path 128. The flow path branches downstream of
the pump 50 into the washing liquid cooling path 43 and the circulation flow path 128. A
control element 130 may be arranged at the branching point or downstream of the branching
point in at least one of the washing liquid cooling path 43 and/or the circulation flow path

128. The control element 130 is preferably configured such that when the control unit controls
the control element 130, the washing liquid can be circulated along the washing liquid cooling
path 43 and/or the circulation flow path 128. Alternatively, the washing liquid cooling path 43
and the circulation flow path 128 may be completely separated from each is separately

connected to a circulation pump which is in turn connected to the sump.

Fig. 17 shows another washing liquid flow path arrangement which is different from the
arrangement shown in Fig. 15 in that the outlets A and B 76, 78 are not provided at the flow
controller 64. The flow controller connected to the condenser 44 (only) comprises the outlets
connected to the spray devices 26a, 28a, 30a. The flow path downstream of the condenser 44
and upstream of the flow controller 64 may branch off into the first cooling branch 43a being
connected to an outlet 76 and the second cooling branch 43b being connected to an outlet 78.
Preferably, in each of first and second cooling branches 43a, 43b a control element 130 may
be arranged which is adapted to enable or block the washing fluid flow along the respective
cooling branches 43a, 43b. Preferably, if the control unit controls the elements 130 to
circulate washing liquid through outlet 76 and/or 78, the control unit simultaneously controls
the flow controller 64 such that no washing fluid can pass through any of the outlets 70, 72,
74, e.g. in that the disk 112 is rotated to a position where it blocks outlets 70, 72, 74.

In the washing liquid flow path arrangement shown in Fig. 18 the washing liquid cooling path
43 comprises the inlet at the sump 48, a second circulation pump 50b, the condenser 44, i.e.
the first passage 82, and the outlets 76 and/or 78. In contrast to the flow path arrangement of
Fig. 15, the washing liquid cooling path 43 is not guided through the flow controller 64 and
the outlets 76 and/or 78 are provided separate from the flow controller 64. A separate
circulation flow path 128 having an or the inlet at the sump 48, a first circulation pump 50a,
and the flow controller 64 is provided. In this case, the flow controller 64 only comprises the
outlets 70, 72, 74 connected to the spray devices 26a, 28a, 30a for supplying washing liquid
into the tub 8.
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By separating the washing liquid cooling path 43 having the first and second cooling branches
43a, 43b and the circulation flow path 128 each having its own circulation pump, the size
and/or power of second circulation pump 50b can be smaller than the first pump 50a since the
second circulation pump 50b has not to be capable of supplying washing liquid to any of the
spray devices. Thus, the second pump 50b has less flow resistance resulting and less energy

consumption compared to the first pump 50a.

In the washing liquid flow path arrangement shown in Fig. 19 the flow controller 64 is
arranged upstream of the condenser 44 (whereas in Fig. 15 flow controller is downstream of
condenser 44), wherein the outlet at the sump 48 is connected to the inlet of the flow
controller 64 via the circulation pump 50. The flow controller 64 may comprise the one or
more outlets 70, 72, 74 being connected to the respective spray devices. The flow controller
64 may comprise the further outlet 76 which is connected to an inlet of the condenser 44 (at
the first passage 82), wherein the flow path downstream of the condenser 44 preferably

branches off into the first and second cooling branches 43a, 43b.

In the washing liquid flow path arrangement shown in Fig. 20 the flow controller 64 is
arranged upstream of the condenser 44 (whereas in Fig. 15 flow controller is downstream of
condenser 44), wherein the inlet of the washing liquid cooling path 43 at the sump 48 is
connected to the inlet of the flow controller 64 via circulation pump 50. The flow controller
64 may comprise the one or more outlets 70, 72, 74 being connected to the respective spray
devices. The flow controller 64 may further comprise the outlet 76 being connected to the
inlet of the condenser 44, wherein the outlet of the condenser 44 is connected to the sump,
preferably the sump nozzle 98, forming the washing liquid cooling path 43. The flow
controller may further comprise the outlet 78 which is connected to the tub outlet, preferably
connected to the tub nozzle 100 forming the circulation flow path 128. In this case, the
washing liquid is only guided through the condenser (and thus can be cooled in the reverse
mode of the heat pump) when the washing liquid in the flow controller 64 is guided through
the outlet 76.

The heat and washing liquid flow path arrangement shown in Fig. 21 is very similar to the
arrangement shown in Fig. 18 wherein the washing liquid cooling path 43 (preferably having
the first and/or second cooling branches 43a, 43b) is separate from the circulation flow path
128. For simplicity, only one part of the circulation flow path 128 showing the connection to
the middle spray device 28a is shown. In contrast to Fig. 18, the flow controller outlet 78, in
particular the tub nozzle 100 is not arranged at the sump, but is arranged at or in proximity to
a side wall of the tub 8. Preferably, the flow controller outlet 78 is arranged at the connector

28 to the middle spray device 28a such that the washing liquid supplied through the outlet 78
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flows along the inner wall of the tub 8 to the bottom of the tub 8 and from there back to the
sump 48. The washing liquid released from nozzle 100 is directed to and along the sidewall
(as an example here the inner tub back wall) such that it does not come in contact with the

articles stored in the tub.

In the following examples are described how and when to operate the dishwasher in the
reverse mode of the heat pump during a washing cycle and how during the reverse mode the
washing liquid is circulated through the outlets A and/or B and/or through the lower spray

device with reduced flow rate applied.

Regeneration during a washing cycle in dependency of different heating strategies

Fig. 22 shows a washing cycle having the following phases: a wash phase WP, optional a cold
rinse phase CR, a hot rinse phase HR (in which in particular washing liquid with rinse aid is

used) and a drying phase DP for drying the articles in the dishwasher 2.

The washing phase WP comprises a first heating section H1 and the hot rinse phase comprises
a second heating section H2, wherein in each of the heating sections H1, H2 the washing
liquid may be heated by operating the heat pump in the normal mode and/or by operating the
electrical heater. As described above the electrical heater is preferably arranged within the

sump 48 for heating the washing liquid.

A first regeneration section R1 may be provided in the washing phase WP, preferably at the
end of the washing phase WP, and/or a second regeneration section R2 in the cold rinse phase
CR - if provided, preferably at the end of the cold rinse phase CR. Additionally or
alternatively a third regeneration section R3 can be provided in the hot rinse phase HR,
preferably at the end of the hot rinse phase HR, or at the beginning of the drying phase DP as
in the example of Fig. 22. In each of the regeneration sections R1, R2, R3, the heat pump is
operated in the reverse mode such that the heat exchanging medium is heated and thus
regenerated. Preferably, the heat pump is operated in the reverse mode before the washing
liquid is drained at the end of the respective phase, or - if applicable - at the end of the

respective regeneration section.

In dependency of which type of heating was used in the preceding washing liquid heating
phase or phases, the heat pump is operated in the reverse mode for extracting heat from the

heated washing liquid or the heat pump is not operated.

Further, operating the heat pump in the reverse mode may depend on a quantity of articles to

be washed, a quantity of washing liquid within the dishwasher, a washing liquid temperature
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and/or on a program selected by a user at the dishwasher or by a device connected to the

dishwasher such as a smartphone.

Preferably, in/during the regeneration sections R1 to R3, the heat pump is operated in the
reverse mode and the washing liquid is circulated along the washing liquid cooling path 43
(see Figs. 15 to 21) from the inlet of the washing liquid cooling path 43 at the sump 48
through the flow controller outlet A 76 back to the sump 48.

Alternatively, as described with respect to Figs. 13 and 14, the washing liquid may be
circulated in/during the regeneration sections R1 to R3 with the reduced flow rate through the
lower spray device 30a or the washing liquid may be circulated with the reduced flow rate
through the tub outlet, preferably the tub nozzle 100.

In the following, examples for combinations of regeneration sections R1 to R3 in dependency

of different heating strategies in the first and second heating sections H1 and H2 are shown:

Phase of Drying
) . Cold Rinse CR .
washing Washing phase WP . Hot Rinse HR Phase
(optional)
cycle: DP
Heating H1 Heating H2
Heat Provided Heat

Examples: Electrical R1 R2 Electrical R3

pump (yes/no)? pump

heating heating

heating heating
1 no yes yes yes yes no yes yes
2 no yes yes no no no yes yes
3 yes no no yes no yes no no
4 yes no no yes no no yes yes
5 no yes yes yes yes yes no yes
6 no yes no yes no yes no yes
7 yes yes no yes no yes yes yes

For example, if in the first and/or second heating sections H1, H2, the washing liquid is only
heated by operating the electrical heater, no heat is extracted from the heat exchanging
medium in the evaporator 90 during the heating sections H1, H2 and thus no regeneration in
the regeneration sections R1 and/or R2 may be necessary. In addition, a regeneration in the
regeneration section R3, i.e. at the end of the hot rinse phase or at the beginning of the drying
phase, may not be necessary (see Example 3) since no heat was extracted from the heat

exchanging medium.
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Drying phase of the washing cycle

Fig. 23 shows a detailed view of a drying phase as shown in Fig. 22. The drying phase DP
comprises a drying section D1 in which the heat pump is operated in the reverse mode and the
cooled washing liquid is preferably circulated along the washing liquid cooling path 43 (see
Figs. 15 to 21) from the inlet of the washing liquid cooling path 43 at the sump 48 through the
flow controller outlet B 78 into the interior of the tub 8 for cooling down the tub 8, and from
there back into the sump 48 via the tub 8. By cooling down the tub 8 with the cooled washing
liquid the air within the tub is cooled and thus the humidity within the air condensates when

contacting the cooled tub interior and the drying of the washed articles is improved.

Air circulation during first drying section D1

If the dishwasher comprises the internal air circulation path 20, the air within the tub is
preferably circulated during the drying phase along the internal air circulation path 20 by
activating the blower 20c¢ (see Fig. 3). Preferably, the blower 20c is activated during the first
drying section D1, i.e. during operation of the heat pump in the reverse mode and during the
circulation of the washing liquid through the tub 8, more preferably after the circulation of the
washing liquid through the sump in the section R3 (if provided) is finished. During the first
drying section D1, when the washing liquid is circulated through the interior of the tub 8, the
heat pump, the compressor 92 of the heat pump, and/or the blower 20c¢ of the internal air
circulation path 20 are preferably operated continuously or pulsed and/or the compressor 92
and the blower are operated at least partially simultaneously. The air at the bottom can be
cooled by the circulation of the washing liquid through the tub and the cooled air can be
circulated to the top region of the tub by the internal air circulation path 20. Hot air from the
top is circulated towards the bottom region and can be cooled by the cooled washing liquid
introduced into the tub interior. Thus, the internal air circulation assists the cooling of the air
within the tub and thus the drying of the articles.

Door opening after drying phase

In case of the internal air circulation path 20, a third drying section D3 is preferably provided.
As shown in Fig. 23, the third drying section D3 is preferably not part of the drying phase DP,
but is preferably executed after the end of the drying phase. In particular, in drying section
D3, a tub opening is provided. Thus, the remaining warm air can flow out of the tub interior
and thus the tub interior cools down. Thereby, the removal of the humidity from the articles in
the tub is further improved. The tub opening may for example comprise an opening of the

door 18 of the dishwasher. In particular, the door 18 of the dishwasher 2 may be opened

44



10

15

20

25

30

35

WO 2024/110029 PCT/EP2022/082955

automatically after the drying phase DP is finished. Alternatively, the tub opening may
comprise any flow connection from the tub interior to the ambient such that the warm air
within the tub can flow out of the dishwasher. Preferably the door opening or air exhaustion
to the ambient is provided after a previous condensation phase using e.g. R3 and/or D1 and/or
D2.

Drying phase without internal air circulation path

Fig. 24 shows another drying phase DP. This configuration is preferably applied when the
dishwasher does not comprise the air circulation flow path 20. The drying phase DP of Fig. 24
comprises a second drying section D2 which preferably corresponds to the first drying section
D1 of Fig. 23 as described above except that no air is circulated within the tub interior.
Thereby, by circulating the cooled washing liquid, the air within the tub and the tub interior is
cooled and thus the humidity within the air condensates when contacting the cooled tub

interior and the drying of the washed articles is improved.

In contrast to the drying phase DP shown in Fig. 23 in which the third drying section D3 is
executed after the drying phase DP is finished, the third drying section D3 of Fig. 24 is
executed during the drying phase DP. In this case, the drying section D3 is part of the drying
phase DP. The third drying section D3 is preferably provided after the second drying section
(1.e. circulation of the washing liquid through the tub) is finished. Other features described
with reference to the third drying section D3 of Fig. 23 also apply to the third drying section
D3 of Fig. 24. For example, the door 18 of the dishwasher is opened during the third drying
section D3. Thus, the warm air, which already cooled down and has lost a significant portion
of its humidity, can flow out of the tub interior and thus the tub interior further cools down
and the remaining humidity is reduced. Thereby, the condensation of the humidity in the tub

is improved.

Regeneration section R3 during drying phases of Figs. 23 and 24

The drying phases DP of Figs. 23 and 24 may further comprise the regeneration section R3
preceding the drying section D1 (or drying section D2 in case of Fig. 24). The regeneration
section R3 may be provided before the washing liquid is circulated through the tub 8 in the
drying section D1 (or before the drying section D2 in case of Fig. 23). As described above, in
the regeneration section R3, the heat pump is operated in the reverse mode and the washing
liquid is circulated along the washing liquid cooling path 43 (see Figs. 15 to 21) from the inlet
of the washing liquid cooling path 43 at the sump 48 through the outlet A 76 back to the sump
48. Thus, section R3 may be used for first cooling the washing liquid in the sump and the

cooled washing liquid may then be circulated in the subsequent drying section D1 (or drying

45



10

15

20

25

WO 2024/110029 PCT/EP2022/082955
section D2 in case of Fig. 24) through the tub 8 for cooling down the tub 8. Thereby the
condensation of humidity in the tub is more efficient due to the temperature difference

between tub interior and the already cooled-down liquid circulated through the tub.

Different flow rates during regeneration section R3 and subsequent drying section

As described with respect to Figs. 13 and 14, during the regeneration section R3, the washing
liquid may be circulated with the reduced flow rate through the tub outlet (tub nozzle 100)
and with the higher flow rate through the tub nozzle 100 during the subsequent drying section
D1 (or D2 in case of Fig. 24). Thus, the washing liquid can first be circulated with the
reduced flow rate through the tub nozzle 100 for cooling the washing liquid and the cooled
washing liquid can then be circulated in the subsequent drying section D1 (or D2) with the
higher flow rate through the tub nozzle 100. When applying the higher flow rate, the washing
liquid has more time and a longer path for heat exchange with the air within the tub 8 and/or
the tub 8 until the washing liquid flows back into the sump 48. Thereby the condensation of
humidity in the tub is more efficient due to the temperature difference between tub interior

and liquid circulated through the tub.

Alternatively, the washing liquid may be circulated with the reduced flow rate through the
lower spray device 30a during the regeneration section R3 and the subsequent drying section
D1. Thus, the washing liquid and the tub is cooled and condensation of humidity is improved

while the articles are not wetted by the circulated liquid.

In the following, examples for combinations of regeneration section R3 and drying sections

D1 to D3 for a dishwasher with and without an internal air circulation are shown:

Drying Phase
internal air D3 (Automatic Door Opening
Examples: R3 D1
circulation yes/no)
1 yes yes yes no
2 not provided yes yes no
no washing liquid
3 yes yes no
circulation
4 heat pump reverse yes yes yes
internal air D3 (Automatic Door Opening
R3 D2
circulation yes/no)
5 yes yes no yes
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6 not provided yes no yes
no washing liquid
7 yes no yes
circulation

Examples 1 to 4 are examples for the drying phase DP shown in Fig. 23 comprising the first

drying section D1 and in which the dishwasher comprises the internal air circulation path 20.

Examples 5 to 7 are examples for the drying phase DP shown in Fig. 24 comprising the

second drying section D2 and in which the dishwasher does not comprise the internal air

circulation path 20.

Reference Numeral List

o O BN

14
16
18
20
20a
20b
20c
22
24
26
26a
28
28a
30
30a
31
32
40
42
43

Dishwasher

control panel

basement

tub

side wall (tub)

top wall (tub)

tub bottom

door

internal air circulation path
inlet

outlet

blower

washing liquid conduit system
delivery conduit

connector to top spray device
top spray device / top spray arm
connector to middle spray arm
middle spray device / middle spray arm
connector to lower spray arm
lower spray device / lower spray arm
refrigerant flow direction
washing liquid flow direction
filtration assembly

cover element

washing liquid cooling path
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43a, 43bfirst / second cooling branch

44
46
46a
48

condenser
fresh water tank assembly
connection to tub

sump

50, 50a, 50b  (first / second) circulation pump

52
S4a
54b
56

58

59

60
62a-c
64

66

softener assembly

outlet to salt container

outlet to resin container

flow connection to sump

flow meter

draining circuit

drain pump

first / second / third draining path sections
flow manifold / flow controller

inlet of flow controller

68a, 68bfirst / second fluid flow path

70

72

74

76

78

79
80a-c
81

82
82a
82b
83
83a-f
84
84a
84b
86

86a, 86b
87a, 87b

88
90
90a

first washing fluid outlet

second washing fluid outlet

third washing fluid outlet

fourth washing fluid outlet / extra outlet A

fifth washing fluid outlet / extra outlet B

drain outlet

first, second, third section of condenser

spacing element

first passage (for washing liquid, e.g. outer tube of condenser)

inlet of first passage

outlet of first passage

refrigerant circulation circuit

first, second, third, fourth, fifth, sixth refrigerant circuit section

second passage (for refrigerant, e.g. inner tube of condenser)

inlet (outlet) of second passage

outlet (inlet) of second passage

refrigerant flow changing device / switching valve
first/second inlet of refrigerant flow changing device
first/second outlet of refrigerant flow changing device

expansion device

evaporator

evaporator inlet

48

PCT/EP2022/082955



10

15

20

25

30

35

WO

90b
92
92a, b
94
96
98
100
102
102a
102b
104
106
110
112
113
114
116
118
120
122
124
126
128
130

Hi, H2
RI1-R3
DI

D2

D3
WP
CR

DP
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evaporator outlet

compressor

inlet / outlet of compressor
evaporator tank

hub for lower spray device

sump nozzle

tub nozzle

flow channel

first part

second part

sump attachments

fixation element apertures

disk portion

disk

aperture of disk

CAM disk

motor

housing of flow controller

spray jet with reduced flow rate

spray jet with higher flow rate

first region of tub bottom

second region of tub bottom
circulation flow path

control element

washing fluid flow

first / second heating section

first / second / third regeneration section
first drying section using internal air circulation
second drying section without air circulation and with door closed
third drying section with door opened
washing phase

cold rinse phase

hot rinse phase

drying phase
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Claims:

1. Method for operating a dishwasher, in particular a dishwasher (2) according to any of
claims 13 to 17,

the dishwasher (2) comprising:

a cabinet housing a tub (8) for washing articles therein,

a heat pump system having a compressor (92), an evaporator (90) in heat exchanging
contact with a heat exchanging medium, and a condenser (44) comprising a first passage (82)
for circulating the washing liquid and a second passage (84) for circulating the refrigerant,
wherein the first and second passages (82, 84) are in heat-exchanging contact with each other,

a refrigerant flow changing device (86) adapted to change between a normal mode of
the heat pump and a reverse mode of the heat pump, wherein in the normal mode of the heat
pump, the condenser (44) is adapted to heat the washing liquid when the washing liquid is
circulated through the first passage (82) of the condenser (44) and the evaporator (90) is
adapted to cool the heat exchanging medium, and wherein in the reverse mode of the heat
pump, the condenser (44) is adapted to cool the washing liquid and the evaporator (90) is
adapted to heat the heat exchanging medium,

an electrical heater arranged to heat the washing liquid, and

a sump (48) for collecting washing liquid,

wherein operating the dishwasher (2) comprises:

heating the washing liquid in a washing cycle by operating the heat pump in the
normal mode and/or by operating the electrical heater, and then,

in dependency of which type of heating was used in the preceding washing liquid
heating phase or was used in the preceding washing liquid phases, operating the heat pump in

the reverse mode for extracting heat from the heated washing liquid.

2. Method of claim 1, wherein the heat pump is operated in the reverse mode in a wash
phase (WP) and/or a cold rinse phase (CR) of the washing cycle, preferably at the end of a
wash phase (WP) and/or at the end of a cold rinse phase (CR).

3. Method of claim 2, wherein in dependency of one or more of the following: quantity

of articles to be washed, quantity of washing liquid within the dishwasher, washing liquid
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temperature, the heat pump is operated in the reverse mode only in the wash phase (WP),
preferably at the end of the wash phase (WP), or in the cold rinse phase (CR) of the washing
cycle, preferably at the end of the cold rinse phase (CR).

4. Method of claims 1 or 2, wherein in dependency of one or more of the following:
quantity of articles to be washed, quantity of washing liquid within the dishwasher, washing
liquid temperature, the heat pump is operated in the reverse mode in the wash phase (WP) and
in the cold rinse phase (CR) of the washing cycle, preferably at the end of the wash phase
(WP) and of the cold rinse phase (CR).

5. Method of claims 3 or 4, wherein operating heat pump in the reverse mode
additionally depends on a program selected by a user at the dishwasher or by a device

connected to the dishwasher such as a smartphone.

6. Method of any of the preceding claims, wherein the heat pump is operated in the
reverse mode in a phase of the washing cycle before the washing liquid is drained at the end

of the phase.

7. Method of any of the preceding claims, wherein operating the heat pump in the reverse
mode comprises circulating the washing liquid from the sump (48), in particular from an inlet
at the sump (48), back to an outlet (98) at or within the sump (48).

8. Method of any of the preceding claims, wherein the condenser (44) is arranged at a
side wall of the cabinet housing, preferably within the cabinet housing facing the inner side of

the cabinet side wall.

9. Method of any of the preceding claims, wherein the condenser (44) comprises a first
section (80a) and a second section (80b) each extending vertically or substantially vertically,
and a third section (80c) connecting the first and second section (80a, 80b) in an arc shape,

wherein preferably the third section (80c) forms an arc having an angle of 180° or
substantially 180 °.

10.  Method of any of the preceding claims, wherein the condenser (44) is formed of or
comprises tubes arranged in heat contact with each other, wherein in at least one tube the
refrigerant is flowing and in at least one other tube the washing liquid is flowing and wherein

the refrigerant tube(s) is (are) in heat contact with the washing liquid tube(s).

11.  Method of any of preceding claims, wherein the condenser (44) is a tube-in-tube

condenser comprising an inner tube forming the second (or the first) passage (84) of the
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condenser (44) and an outer tube forming the first (or second) passage (82) of the condenser
(44), and

wherein the inner tube (84) has a smaller cross section arranged within the outer tube
(82) having a larger cross section, and

wherein in particular in the outer tube (82) either the refrigerant or the washing liquid
is flowing around the inner tube (84) and wherein in the inner tube (84) either the washing

liquid or the refrigerant is flowing respectively.

12.  Method of any of the preceding claims, wherein the dishwasher (2) further comprises a
washing liquid cooling path (43) for circulating washing liquid from an inlet at the sump (48)
through the first passage (82) of the condenser (44) for selectively cooling the washing liquid
in the reverse mode of the heat pump or for heating the washing liquid in the normal mode of
the heat pump, and from there back to the sump (48) via an outlet (98) at or within the sump
(48).

13. Dishwasher (2), in particular for implementing a method according to any of the
preceding claims, wherein the dishwasher (2) comprises:

a cabinet housing a tub (8) for washing articles therein,

a heat pump system having a compressor (92), an evaporator (90) in heat exchanging
contact with a heat exchanging medium, and a condenser (44) comprising a first passage (82)
for circulating the washing liquid and a second passage (84) for circulating the refrigerant,
wherein the first and second passages (82, 84) are in heat-exchanging contact with each other,

a refrigerant flow changing device (86) adapted to change between a normal mode of
the heat pump and a reverse mode of the heat pump, wherein in the normal mode of the heat
pump, the condenser (44) is adapted to heat the washing liquid when the washing liquid is
circulated through the first passage (82) of the condenser and the evaporator (90) is adapted to
cool the heat exchanging medium, and wherein in the reverse mode of the heat pump, the
condenser (44) is adapted to cool the washing liquid and the evaporator (90) is adapted to heat
the heat exchanging medium,

an electrical heater arranged to heat the washing liquid,

a sump (48) for collecting washing liquid, and

a control unit adapted to control the operation of the dishwasher (2) during a washing
cycle,

wherein the control unit is adapted

to heat the washing liquid in a washing cycle by operating the heat pump in the normal
mode and/or by operating the electrical heater, and then,

in dependency of which type of heating was used in the preceding washing liquid
heating phase or was used in the preceding washing liquid phases, to operate the heat pump in

the reverse mode for extracting heat from the heated washing liquid.
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14.  Dishwasher of claim 13, wherein the control unit is adapted to operate the heat pump
in the reverse in a wash phase (WP) and/or a cold rinse phase (CR) of the washing cycle,
preferably at the end of a wash phase (WP) and/or at the end of a cold rinse phase (CR).

15.  Dishwasher of claim 13 or 14, wherein in dependency of one or more of the following:
quantity of articles to be washed, quantity of washing liquid within the dishwasher, washing
liquid temperature, the control unit is adapted to operate the heat pump in the reverse mode in
the wash phase (WP), preferably at the end of the wash phase (WP), and/or in the cold rinse
phase (CR) of the washing cycle, preferably at the end of the cold rinse phase (CR).

16.  Dishwasher of claim 15, wherein the control unit is adapted to operate heat pump in
the reverse mode additionally in dependency of a program selected by a user at the

dishwasher or by a device connected to the dishwasher such as a smartphone.

17.  Dishwasher of any of claims 13 to 16, wherein the dishwasher (2) further comprises a
washing liquid cooling path (43) having an inlet at the sump (48), the first passage (82) of the
condenser (44) for selectively cooling the washing liquid in the reverse mode of the heat
pump or heating the washing liquid in the normal mode of the heat pump, and an outlet (98)
at the sump (48).

18.  Method for operating a dishwasher, in particular a dishwasher according to any of
claims 24 to 27,

the dishwasher (2) comprising:

a cabinet housing a tub (8) for washing articles therein,

a heat pump system having a compressor (92), an evaporator (90) in heat exchanging
contact with a heat exchanging medium, and a condenser (44) comprising a first passage (82)
for circulating the washing liquid and a second passage (84) for circulating the refrigerant,
wherein the first and second passages (82, 84) are in heat-exchanging contact with each other,

a refrigerant flow changing device (86) adapted to change between a normal mode of
the heat pump and a reverse mode of the heat pump, wherein in the normal mode of the heat
pump, the condenser (44) is adapted to heat the washing liquid when the washing liquid is
circulated through the first passage (82) of the condenser and the evaporator (90) is adapted to
cool the heat exchanging medium, and wherein in the reverse mode of the heat pump, the
condenser (44) is adapted to cool the washing liquid and the evaporator (90) is adapted to heat
the heat exchanging medium,

a sump (48) for collecting washing liquid,

a washing liquid cooling path (43) being a circulation circuit having an inlet at the
sump (48) and having an outlet (98) at or within the sump (48),
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wherein operating the dishwasher comprises:

heating the washing liquid in a washing phase (WP) of a washing cycle by operating
the heat pump in the normal mode, then,

operating the heat pump in the reverse mode for extracting heat from the heated
washing liquid and circulating the washing liquid along the washing liquid cooling path (43),
and then,

heating the washing liquid in a hot rinse phase (HR) of the washing cycle by operating
the heat pump in the normal mode.

19.  Method of claim 18, wherein the evaporator (90) is arranged within an evaporator tank
(94) containing the heat exchanging medium, and/or

wherein the evaporator (90) and optionally the evaporator tank (94) is arranged below
the tub (8).

20.  Method of claim 19 or 20, wherein when circulating the washing liquid along the
washing liquid cooling path (43), the washing liquid is guided directly back to the sump (48)
via the outlet (98) at or within the sump (48), preferably without having an open flow path in
the interior of the tub (8) and/or without being guided through the interior of the tub (8).

21.  Method of any of claims 19 to 20, the method comprises:

operating, after heating the washing liquid in the hot rinse phase (HR), the heat pump
in the reverse mode and circulating the washing liquid along the washing liquid cooling path
(43).

22, Method of claim 19 or 21, wherein a cold rinse phase (CR) is provided between the
washing phase (WP) and the hot rinse phase (HR), and

wherein preferably the method comprises operating the heat pump in the cold rinse
phase (CR), preferably at the end of the cold rinse phase (CR), in the reverse mode and
circulating the washing liquid along the washing liquid cooling path (43).

23.  Method of any of claims 19 to 22, wherein the heat pump is operated in the reverse
mode and the washing liquid is circulated along the washing liquid cooling path (43) in or at
the end of the washing phase (WP) and/or in or at the end of the cold rinse phase (CR) and/or
in or at the end of the hot rinse phase (HR) before the washing liquid is drained at the end of

the respective phase.

24. Dishwasher (2), in particular a dishwasher for implementing a method according to
any of claims 19 to 23, comprising:

a cabinet housing a tub (8) for washing articles therein,
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a heat pump system having a compressor (92), an evaporator (90) in heat exchanging
contact with a heat exchanging medium, and a condenser (44) comprising a first passage (82)
for circulating the washing liquid and a second passage (84) for circulating the refrigerant,
wherein the first and second passages (82, 84) are in heat-exchanging contact with each other,

a refrigerant flow changing device (86) adapted to change between a normal mode of
the heat pump and a reverse mode of the heat pump, wherein in the normal mode of the heat
pump, the condenser (44) is adapted to heat the washing liquid when the washing liquid is
circulated through the first passage (82) of the condenser and the evaporator (90) is adapted to
cool the heat exchanging medium, and wherein in the reverse mode of the heat pump, the
condenser (44) is adapted to cool the washing liquid and the evaporator (90) is adapted to heat
the heat exchanging medium,

a sump (48) for collecting washing liquid,

a washing liquid cooling path (43) being a circulation circuit having an inlet at the
sump (48) and having an outlet (98) at or within the sump (48), and

a control unit adapted to control the operation of the dishwasher during a washing
cycle,

wherein the control unit is adapted

to heat the washing liquid in a washing phase (WP) of a washing cycle by operating
the heat pump in the normal mode, then,

to operate the heat pump in the reverse mode for extracting heat from the heated
washing liquid and circulating the washing liquid along the washing liquid cooling path, and
then,

to heat the washing liquid in a hot rinse phase (HR) of the washing cycle by operating

the heat pump in the normal mode.

25.  Dishwasher of claim 24, wherein a spray device disposed inside the tub (8) and
configured to spray washing liquid to the articles in the tub (8) is bypassed when the washing
liquid is circulated along the washing liquid cooling path (43).

26.  Dishwasher of claim 24 or 25, wherein the washing liquid cooling path (43) comprises
the first passage (82) of the condenser (44) which is preferably arranged downstream or

upstream of a flow manifold or a flow controller (64).

27.  Dishwasher of claim 26, wherein the first passage (82) of the condenser is arranged
upstream of the flow manifold or the flow controller (64),

wherein the flow manifold or the flow controller (64) comprises at least an outlet A
(76), and

wherein the washing liquid cooling path (43) comprises the outlet A (76) connecting
the first passage (82) of the condenser (44) to the outlet (98) at or within the sump (48).

55



WO 2024/110029 PCT/EP2022/082955

Fig. 1




2/11

WO 2024/110029 PCT/EP2022/082955

Fig. 3

20¢

| 44
\ 58
S54a
54b
Fig. 4

62¢ 58 56 64

59
52

b
e
i:
£
i;
¥
i
i
j_
14
-t |
1
£




3/11

WO 2024/110029 PCT/EP2022/082955

Fig. 5 y

44

62a & o

92 60 48 50
86 38 90

Fig. 6

82a
50 48

76

W
R = g S £ A
N 7 ‘/‘ 204 7 Ak \ Y :
/I W /N N i -
‘.‘ “ ‘ .v‘. ..i- ) N './»/ If
/ “' o N Ny, = : & %
'\ N 2P Vel

82

82b




4/11

WO 2024/110029 PCT/EP2022/082955
Fig. 7/
83
84 /
90a
88 20 o4
80b i‘ 3 C
N/
83a ’6
84a 86a 90b
r-92 — 83b
92a 83¢ e 87b
87a
92b §3d N~ 83¢
86b
Fig. 8 96 100
T
42 . ,ﬁ;’/ ////ll llﬁ ™
o8 et SERN
/ f/f - ﬁﬂ;g:ﬁ:‘:r::\\ R \\ 4 8
£ NN
é
102
/ ) - - :

Fig. 9




5/11

PCT/EP2022/082955

WO 2024/110029

Fig. 10

0
.
\\

/

102

102a

102b

04

1

98

Fig. 11

106

6

10




6/11

WO 2024/110029 PCT/EP2022/082955

Fig. 12

48

113




7/11

WO 2024/110029 PCT/EP2022/082955
| 83
AN \\/ <+
4 gy Z
88

/ \H E i % normal refrigerant

43 Z S/ ,/' flow direction
P g
82 74 7 = reverted refrigerant

flow direction

50

Fig. 16

130




8/11

WO 2024/110029 PCT/EP2022/082955
Fig. 17

Fig. 18




9/11

. WO 2024/110029 PCT/EP2022/082955
Fig. 19 G
N
90
88
26a 74 84 g 26
28a \j \/ < 83
4 Z
\\\\ s 72 82 / 43

74

70

50
30a

Fig. 20

88

90

28a \: 1E
74
6 -
K

7
70
30a

A

—
26a
5




10/11

WO 2024/110029 PCT/EP2022/082955

Fig. 21 o

)

90
88
II%] 44 g4
[ 8
Il

43a

s 76 j
4\--,—”\P 43 | 128

24

Fig. 22

Temperature
B
Ll

Cold Rinse Hot Rinse Drying phase

CR (optiona»ll)< HR DP

Washing phase WP
| * >I
|
|
|
|

)

..... i \

N

Time

H1 R1 R2 H2 R3



11/11

PCT/EP2022/082955

WO 2024/110029

Drying Phase DP

.
]

ormeroduwo I,

Time

D3

D1

R3

Time

Drying Phase DP

ormeroduwo I,

D3

D2

R3



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2022/082955

A. CLASSIFICATION OF SUBJECT MATTER
INV. A47L15/00 A47L15/42

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A4T7L

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 2020/163525 A1l (YOON SANGHEON [KR] ET
AL) 28 May 2020 (2020-05-28)

cited in the application

the whole document

A US 11 399 694 B2 (LG ELECTRONICS INC [KR])
2 August 2022 (2022-08-02)

claims; figures

A EP 2 728 052 Al (ELECTROLUX HOME PROD CORP
[BE]) 7 May 2014 (2014-05-07)

the whole document

A WO 2016/134938 Al (BSH HAUSGERAETE GMBH
[DE]) 1 September 2016 (2016-09-01)
claims; figures

I:‘ Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international wyr
filing date

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

cited to establish the publication date of another citation or other """ document of - . ; ; -
. b particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
18 July 2023 26/07/2023
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3016 Stroppa, Giovanni

Form PCT/ASA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2022/082955
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2020163525 Al 28-05-2020 DE 102019131926 Al 28-05-2020
KR 20200063420 A 05-06-2020
Us 2020163525 A1l 28-05-2020
US 11399694 B2 02-08-2022 DE 102019131954 Al 28-05-2020
KR 20200064265 A 08-06-2020
Us 2020163530 Al 28-05-2020
EP 2728052 Al 07-05-2014 EP 2728052 Al 07-05-2014
EP 3170935 Al 24-05-2017
PL 2728052 T3 31-08-2017
PL 3170935 T3 01-08-2022
WO 2016134938 Al 01-09-2016 CN 107405042 A 28-11-2017
EP 3261509 A1 03-01-2018
PL 3261509 T3 31-10-2019
Us 2018028042 A1l 01-02-2018
WO 2016134938 Al 01-09-2016

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - wo-search-report
	Page 70 - wo-search-report

