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dishwasher 2 using a pump device 12, opening a first valve
38 in a condensate conduit 36 connecting the condensate col-
lection container 34 with a suction conduit 20 of the pump
device, pumping a condensate from the condensate collection
container 34 using the pump device 12. Further a dishwasher
2 is disclosed.
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Method of Operating a Dishwasher and a Dishwasher

TECHNICAL FIELD
The present invention relates to a method of operating a dishwasher. The present invention

further relates to a dishwasher.

BACKGROUND
Dishwashers utilizing a heat pump circuit for heating washing liquid are known in the art. The

heat pump circuit comprises an evaporator, a compressor, and a condenser.

EP 2682036 discloses a method for heating washing liquid in a dishwasher. The dishwasher
comprises a heat pump. The method involves conducting supply air to an evaporator of the
heat pump. Air delivers heat energy to a refrigerant within the evaporator. The evaporated
refrigerant is compressed by a compressor. The compressed refrigerant condenses within a
condenser and delivers heat energy to washing liquid. Water vapour of the air is condensed
within the evaporator. Condensed water vapour of the air, i.e. condensate, is collected in a
condensate container and supplied to a washing chamber of the dishwasher. The
dishwasher comprises a condensate pump for pumping the condensate into the washing

chamber.

SUMMARY
It is an object of the present invention to provide a cost-efficient method of disposing of

condensate in a dishwasher comprising a heat pump circuit.

According to an aspect of the invention, the object is achieved by a method of operating a
dishwasher. The dishwasher comprises a washing chamber, a pump device for pumping a
washing liquid, a washing liquid circulation circuit, and a heat pump circuit. The heat pump
circuit comprises a condenser, an expansion device, an evaporator, and a compressor. The
washing liquid circulation circuit comprises a sump arranged at a bottom portion of the
washing chamber, a conduit portion in thermal communication with the condenser, and at
least one nozzle arranged in the washing chamber. A condensate collection container is
associated with the evaporator. The method comprises steps of:

pumping a washing liquid from the sump using the pump device,

opening a first valve in a condensate conduit connecting the condensate
collection container with a suction conduit of the pump device, and

pumping a condensate from the condensate collection container using the

pump device.
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Since the condensate is pumped using the same pump device which is used for pumping
washing liquid from the sump, no separate pump for pumping the condensate is required.
Thus, costs for producing and operating the dishwasher may be reduced. As a result, the

above mentioned object is achieved.

When the pump device is running and the first valve is open, the negative pressure in the
suction conduit also prevails in the condensate conduit. Thus, the pump device may pump
condensate from the condensate collection container. This may be done simultaneously as

pumping washing liquid from the sump through the suction conduit.

Dishes to be washed may be placed in the washing chamber of the dishwasher. From the at
least one nozzle washing liquid is sprayed into the washing chamber and onto the dishes.
Washing liquid sprayed into the washing chamber is eventually collected in the sump to be
circulated back to the at least one nozzle. Thus, it may be said that the washing chamber

forms part of the washing liquid circulation circuit.

A refrigerant circulates inside the heat pump circuit and heats washing liquid via the conduit
portion in thermal communication with the condenser of the heat pump circuit. Water vapour
of air coming in contact with an outer surface of the evaporator condenses and forms the

condensate.

The condensate collection container being associated with the evaporator entails that the
condensate collection container is arranged in relation to the evaporator such that
condensate which condenses on the outer surface of the evaporator flows into the
condensate collection container. For instance, the condensate collection container may be
arranged substantially below the evaporator such that condensate simply drips from the
evaporator into the condensate collection container, or the condensate collection container
may be arranged laterally of the evaporator and a funnel beneath the evaporator may guide

the condensate into the condensate collection container.

According to embodiments, the step of pumping a condensate from the condensate
collection container may comprise a step of emptying the condensate collection container. In
this manner the entire condensate collection container may be emptied while the first valve is

open.
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3
According to embodiments, the step of opening the first valve may be preceded by a step of
sensing an upper threshold condensate level in the condensate collection container. In this
manner the condensate collection container may be emptied only when the condensate level

has reach a predetermined threshold level in the condensate collection container.

According to embodiments, the dishwasher may comprise an electric motor for driving the
pump device, and the method may comprise steps of:

sensing an electric current of the electric motor during the step of pumping the
condensate from the condensate collection container, and

closing the first valve when a change in the electric current of the electric motor
is sensed. The change in electric current may indicate that air reaches the pump device and
accordingly, that the condensate collection container is empty. In this manner the method

may comprise an easy way of determining when to close the first valve.

According to embodiments, the method may comprise steps of:

sensing a lower threshold condensate level in the condensate collection
container during the step of pumping the condensate from the condensate collection
container, and

closing the first valve in response to sensing the lower threshold level. In this

manner an alternative way of determining when to close the first valve may be provided.

According to embodiments, the method may comprise a step of closing the first valve when a
predetermined period of time has passed from opening the first valve. In this manner is may

be ensured that first valve does not remain open over longer periods of time.

According to embodiments, the dishwasher may comprise a second valve arranged in the
suction conduit upstream a connection position between the suction conduit and the
condensate conduit, and the method may comprise a step of:

closing the second valve in connection with the step of opening the first valve.
In this manner the pump device may pump only condensate from the condensate collection
container and no washing liquid in the washing liquid circulation circuit. The step of closing
the second valve and a subsequent opening of the second valve may be performed while the

pump device is continuously running.

According to embodiments, the pump device may be a circulation pump arranged in the
washing liquid circulation circuit, and wherein the step of pumping a washing liquid from the

sump may comprise:
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a step of circulating a washing liquid in the washing liquid circulation circuit
using the circulation pump. In this manner the condensate may be pumped from the
condensate collection container into the washing liquid circulation circuit. The condensate
may later be disposed of together with the washing liquid when it is emptied from the

dishwasher.

According to embodiments, the pump device may be a drain pump connected to the sump
and to a washing liquid outlet of the dishwasher, and wherein the step of pumping a washing
liquid from the sump may comprise

a step of draining a washing liquid from the sump to the washing liquid outlet
using the drain pump. In this manner the condensate may be disposed of while emptying the

dishwasher of washing liquid.

According to a further aspect of the invention the above-mentioned object is achieved by a
dishwasher comprising a washing chamber, a pump device for pumping a washing liquid
from a sump, a washing liquid circulation circuit, and a heat pump circuit. The heat pump
circuit comprises a condenser, an expansion device, an evaporator, and a compressor. The
washing liquid circulation circuit comprises the sump arranged at a bottom portion of the
washing chamber, a conduit portion in thermal communication with the condenser, and at
least one nozzle arranged in the washing chamber. A condensate collection container is
associated with the evaporator. The dishwasher further comprises a condensate conduit
connecting the condensate collection container with a suction conduit of the pump device
and a first valve arranged in the condensate conduit, such that when the first valve is open

the pump device is able to pump a condensate from the condensate collection container.

According to embodiments, the dishwasher may comprise a control unit configured to control
the dishwasher in accordance with any aspect and/or embodiment of methods disclosed

herein.

Further features of, and advantages with, the present invention will become apparent when

studying the appended claims and the following detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of the invention, including its particular features and advantages, will be
readily understood from the example embodiments discussed in the following detailed
description and the accompanying drawings, in which:

Figs. 1 and 2 schematically illustrate cross sections through dishwashers according to
embodiments, and

Fig. 3 illustrates embodiments of a method of operating a dishwasher.

DETAILED DESCRIPTION
Aspects of the present invention will now be described more fully. Like numbers refer to like
elements throughout. Well-known functions or constructions will not necessarily be described

in detail for brevity and/or clarity.

Fig. 1 schematically illustrates a cross section through a dishwasher 2 according to
embodiments. The dishwasher 2 comprises a washing chamber 4, a washing liquid

circulation circuit 6, and a heat pump circuit 8.

The washing liquid circulation circuit 6 comprises a sump 10 arranged at a bottom portion of
the washing chamber 4, a circulation pump 12 for circulating washing liquid through the
washing liquid circulation circuit 6, and at least one nozzle 14 arranged in the washing
chamber 4. In these embodiments the washing liquid circuit 6 further comprises conduits and
rotating arms 16, in which the at least one nozzle 14 is provided. The circulation pump 12
pumps the washing liquid to the rotating arms 16 and the at least one nozzle 14, wherefrom
the washing liquid is distributed in the washing chamber 4. In the washing chamber 4 two
trays 18 are provided for holding dishes to be washed. The washing liquid distributed in the
washing chamber 4 is collected in the sump 10, from where it is led back to the circulation
pump 8 via a suction conduit 20. After use, the washing liquid may be emptied from the

dishwasher 2 via non-shown means.

The heat pump circuit 8 comprises a condenser 22, an expansion device 24, an evaporator
26, and a compressor 30. The expansion device 24 has been illustrated in the form of an
expansion valve, but may be formed alternatively e.g. by a capillary tube. A conduit portion
32 of the washing liquid circulation circuit is arranged in thermal communication with the
condenser 22. Thus, washing liquid is heated in the conduit portion 32 as refrigerant
circulating in the heat pump circuit 8 driven by the compressor 30 condenses in the

condenser 22 and transfers heat to the washing liquid. Optionally, a heating element (not
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shown) for heating the washing liquid may be provided in the washing liquid circulation

circuit, in addition to the conduit portion 32 in thermal communication with the condenser 22.

Since an outer surface of the evaporator 26 is cooled by evaporating refrigerant inside the
evaporator 26 during operation of the heat pump circuit 8, water vapour in ambient air
condenses on the outer surface of the evaporator and forms condensate. Under humid
conditions substantial amounts of condensate may condensate on the outer surface of the
evaporator 26. Thus, a condensate collection container 34 is associated with the evaporator
26, i.e. the condensate collection container 34 is arranged to collect condensate from the
evaporator 26. A condensate conduit 36 connects the condensate collection container 34
with the suction conduit 20 of the circulation pump 12. A first valve 38 is arranged in the
condensate conduit 36. Thus, when the first valve 38 is open the circulation pump 12 is able
to pump a condensate from the condensate collection container 34. That is, the negative
pressure created in the suction conduit 20 by the circulation pump sucks the condensate into
the washing liquid circulation circuit 6. In these embodiments the condensate collection
container 34 is arranged below the sump 10 and below the circulation pump 12. The
negative pressure in the suction conduit 20 suffices to pump condensate from the
condensate collection container 34 into the washing liquid circuit 6. The condensate
collection container 34 may alternatively be arranged at a level between the circulation pump

12 and the sump 10, or at a level higher than the circulation pump 12 and the sump 10.

The circulation pump 12 forms a pump device for pumping a washing liquid from the sump
10 in accordance with the present invention. Accordingly, in these embodiments the pump

device is a circulation pump 12 arranged in the washing liquid circulation circuit 6.

The dishwasher 2 comprises an electric motor 48 for driving the pump device, i.e. for driving
the circulation pump 12. The electric motor 48 may be e.g. a brushless electric motor, a

synchronous electric motor, or an asynchronous electric motor.

A check valve 40 is arranged in the condensate conduit 36. Thus, in case of malfunction of
the first valve 38, draining of the washing liquid circulation circuit 6 via the condensate

conduit 36 to the condensate collection container 34 may be prevented.

A condensate level sensor 28 of a suitable kind may be provided in the condensate collection
container 34. The condensate level sensor 28 may sense an upper threshold condensate
level in the condensate collection container 34. When the upper threshold condensate level

is sensed, the condensate collection container 34 may be filled with condensate, or
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substantially filled with condensate, and the first valve 38 may be opened to empty the
condensate collection container 34. If the condensate level sensor is omitted, an alternative
may be to open the first valve 38 at regular time intervals to empty the condensate collection

container 34.

A condensate level sensor 28 may additionally, or alternatively, be arranged to sense a lower
threshold condensate level in the condensate collection container 34, i.e. sensing that the

condensate collection container 34 is empty, or substantially empty.

In Fig. 1 a second valve 42 arranged in the suction conduit 20 upstream a connection
position 44 between the suction conduit 20 and the condensate conduit 36 has been
illustrated. The second valve 42 may be closed while the first valve 38 is open, or for at least
some of the time while the first valve 38 is open. The second valve 42 may not be required in

some embodiments and thus, has been illustrated to show alternative embodiments.

Fig. 2 schematically illustrates a cross section through a dishwasher 2 according to
embodiments. These embodiments resemble in much the embodiments of Fig. 1. The main

differences between the embodiments of Fig. 2 and those of Fig. 1 will be discussed below.

Again, the dishwasher 2 comprises a washing chamber 4, a washing liquid circulation circuit
6, and a heat pump circuit 8. Again, a conduit portion 32 of the washing liquid circulation
circuit 6 is arranged in thermal communication with the condenser 22 of the heat pump circuit

8, and a condensate collection container 34 is associated with the evaporator 26.

A condensate conduit 36 connects the condensate collection container 34 with a suction
conduit 20’ of a pump device for pumping a washing liquid from the sump 10. In these
embodiments, the pump device is a drain pump 50 connected to the sump 10 and to a
washing liquid outlet 52 of the dishwasher 2. Thus, in these embodiments the drain pump 50
forms a pump device for pumping a washing liquid from the sump 10 in accordance with the

present invention.

A first valve 38 is arranged in the condensate conduit 36. Thus, when the drain pump 50 is
driven by its electric motor 48’ to drain the sump 10 from washing liquid and the first valve 38
is open, the drain pump 50 pumps condensate from the condensate collection container 34.
That is, the negative pressure created in the suction conduit 20’ by the drain pump 50 sucks
the condensate into the suction conduit 20’ and via the drain pump 50 to the washing liquid
outlet 52.
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In Fig. 2 a second valve 42’ arranged in the suction conduit 20’ upstream a connection
position 44’ between the suction conduit 20" and the condensate conduit 36 has been
illustrated. The second valve 42’ may be closed while the first valve 38 is open, or for at least
some of the time while the first valve 38 is open. The second valve 42’ may not be required

in some embodiments and thus, has been illustrated to show alternative embodiments.

The dishwashers 2 disclosed in Figs. 1 and 2 are arranged to perform methods according to
aspects and/or embodiments discussed herein. Inter alia, for this purpose each dishwasher 2
comprises a control unit 46. The control unit 46 may be arranged to control at least one
washing operation of the dishwasher 2, including control the opening and closing of the first
valve 38, and if present the second valve 42, 42’. The control unit 46 may be connected to
the condensate level sensor 28. The control unit 46 further may be configured to sense an
electric current of the electric motor 48, 48’ while pumping the condensate from the
condensate collection container 34. A change in electric current may indicate that air reaches
the pump device 12, 50 via the condensate conduit 36. Accordingly, the condensate

collection container 34 may be empty and the control unit 46 may close the first valve 38.

A user of the dishwashers 2 may select a washing program in the control unit 46 via a non-
shown control panel. A washing program may comprise one or more different washing
operations such as pre-rinsing, washing with detergent, and after-rinsing. Thus, washing
liquid in the dishwashers 2 may comprise cold or heated plain water, heated water containing

detergent, as well as water containing rinsing agent.

Fig. 3 illustrates embodiments of a method of operating a dishwasher. The dishwasher may
be a dishwasher according to any aspects and/or embodiments disclosed herein. The
dishwasher comprises a washing chamber, a pump device for pumping a washing liquid, a
washing liquid circulation circuit, and a heat pump circuit. The heat pump circuit comprises a
condenser, an expansion device, an evaporator, and a compressor. The washing liquid
circulation circuit comprises a sump arranged at a bottom portion of the washing chamber, a
conduit portion in thermal communication with the condenser, and at least one nozzle
arranged in the washing chamber. A condensate collection container is associated with the
evaporator.

The method comprises steps of:

pumping 100 a washing liquid from the sump using the pump device,

opening 102 a first valve in a condensate conduit connecting the condensate collection

container with a suction conduit of the pump device, and
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pumping 104 a condensate from the condensate collection container using the pump device.

According to embodiments, the step of pumping 104 a condensate from the condensate
collection container may comprise a step of emptying 106 the condensate collection

container.

According to embodiments, the step of opening 102 the first valve may be preceded by a
step of sensing 108 an upper threshold condensate level in the condensate collection
container. In this manner the condensate collection container may be emptied only when the

condensate level has reached a predetermined level in the condensate collection container.

As an alternative, the step of opening 102 the first valve may be performed at regular time

intervals.

According to embodiments, the dishwasher may comprise an electric motor for driving the
pump device, and the method may comprise steps of:

sensing 110 an electric current of the electric motor during the step of pumping 104 the
condensate from the condensate collection container, and

closing 112 the first valve when a change in the electric current of the electric motor is

sensed.

According to embodiments, the method may comprise steps of:
sensing 113 a lower threshold condensate level in the condensate collection container during
the step of pumping 104 the condensate from the condensate collection container, and

closing 115 the first valve in response to sensing 113 the lower threshold level.

According to embodiments, the method may comprise a step of closing 114 the first valve
when a predetermined period of time has passed from opening the first valve. This step may
be an alternative to the step of closing 112 the first valve, or to the step of closing 115 the
first valve. Alternatively, or additionally this step of closing 114 may be a safety feature to
ensure that the first valve is closed in case the step of closing 112 the first valve should fail,

or the step of closing 115 the first valve should fail.

According to embodiments, the dishwasher may comprise a second valve arranged in the
suction conduit upstream a connection position between the suction conduit and the

condensate conduit. The method may comprise a step of:
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10
closing 116 the second valve in connection with the step of opening 102 the first valve. This
entails closing the second valve just before, or just after, or simultaneously with the step of

opening 102 the first valve.

According to embodiments, the pump device may be a circulation pump arranged in the
washing liquid circulation circuit, and wherein the step of pumping 104 a washing liquid from
the sump may comprise a step of circulating 118 a washing liquid in the washing liquid

circulation circuit using the circulation pump.

According to embodiments, the pump device may be a drain pump connected to the sump
and to a washing liquid outlet of the dishwasher, and wherein the step of pumping 104 a
washing liquid from the sump may comprise a step of draining 120 a washing liquid from the

sump to the washing liquid outlet using the drain pump.

This invention should not be construed as limited to the embodiments set forth herein. A
person skilled in the art will realize that different features of the embodiments disclosed
herein may be combined to create embodiments other than those described herein, without
departing from the scope of the present invention, as defined by the appended claims.
Although the invention has been described with reference to example embodiments, many
different alterations, modifications and the like will become apparent for those skilled in the
art. Therefore, it is to be understood that the foregoing is illustrative of various example

embodiments and that the invention is defined only by the appended claims.

As used herein, the term "comprising" or "comprises" is open-ended, and includes one or
more stated features, elements, steps, components or functions but does not preclude the
presence or addition of one or more other features, elements, steps, components, functions

or groups thereof.
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CLAIMS
1. A method of operating a dishwasher, the dishwasher comprising a washing chamber, a
pump device for pumping a washing liquid, a washing liquid circulation circuit, and a heat
pump circuit, wherein the heat pump circuit comprises a condenser, an expansion device, an
evaporator, and a compressor, wherein the washing liquid circulation circuit comprises a
sump arranged at a bottom portion of the washing chamber, a conduit portion in thermal
communication with the condenser, and at least one nozzle arranged in the washing
chamber, and wherein a condensate collection container is associated with the evaporator,

the method comprising steps of:

pumping (100) a washing liquid from the sump using the pump device,

opening (102) a first valve in a condensate conduit connecting the condensate
collection container with a suction conduit of the pump device, and

pumping (104) a condensate from the condensate collection container using the

pump device.

2. The method according to claim 1, wherein the step of pumping (104) a condensate from
the condensate collection container comprises a step of:

emptying (106) the condensate collection container.

3. The method according to claim 1 or 2, wherein the step of opening (102) the first valve is
preceded by a step of:
sensing (108) an upper threshold condensate level in the condensate collection

container.

4. The method according to any one of the preceding claims, wherein the dishwasher
comprises an electric motor for driving the pump device, and wherein the method comprises
steps of:

sensing (110) an electric current of the electric motor during the step of
pumping (104) the condensate from the condensate collection container, and

closing (112) the first valve when a change in the electric current of the electric

motor is sensed.

5. The method according to any one of claims 1 - 3, comprising steps of:
sensing (113) a lower threshold condensate level in the condensate collection
container during the step of pumping (104) the condensate from the condensate collection

container, and
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closing (115) the first valve in response to sensing (113) the lower threshold

level.

6. The method according to any one of the preceding claims, comprising a step of:
closing (114) the first valve when a predetermined period of time has passed

from opening the first valve.

7. The method according to any one of the preceding claims, wherein the dishwasher
comprises a second valve arranged in the suction conduit upstream a connection position
between the suction conduit and the condensate conduit, and wherein the method comprises
a step of:

closing (116) the second valve in connection with the step of opening (102) the

first valve.

8. The method according to any one of the preceding claims, wherein the pump device is a
circulation pump arranged in the washing liquid circulation circuit, and wherein

the step of pumping (104) a washing liquid from the sump comprises

a step of circulating (118) a washing liquid in the washing liquid circulation

circuit using the circulation pump.

9. The method according to any one of claims 1 - 7, wherein the pump device is a drain
pump connected to the sump and to a washing liquid outlet of the dishwasher, and wherein
the step of pumping (104) a washing liquid from the sump comprises
a step of draining (120) a washing liquid from the sump to the washing liquid

outlet using the drain pump.

10. A dishwasher (2) comprising a washing chamber (4), a pump device (12, 50) for pumping
a washing liquid from a sump (10), a washing liquid circulation circuit (6), and a heat pump
circuit (8), wherein the heat pump circuit (8) comprises a condenser (22), an expansion
device (24), an evaporator (26), and a compressor (30), wherein the washing liquid
circulation circuit (6) comprises the sump (10) arranged at a bottom portion of the washing
chamber (4), a conduit portion (32) in thermal communication with the condenser (22), and at
least one nozzle (14) arranged in the washing chamber (4), and wherein a condensate
collection container (34) is associated with the evaporator (26),

characterized in that the dishwasher (2) comprises a condensate conduit (36)
connecting the condensate collection container (34) with a suction conduit (20, 20’) of the

pump device (12, 50) and a first valve (38) arranged in the condensate conduit (36), such
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that when the first valve (38) is open the pump device (12, 50) is able to pump a condensate

from the condensate collection container (34).

11. The dishwasher (2) according to claim 10, wherein a check valve (40) is arranged in the

condensate conduit (36).

12. The dishwasher (2) according to claim 10 or 11, wherein the pump device is a circulation

pump (12) arranged in the washing liquid circulation circuit (6).

13. The dishwasher (2) according to claim 10 or 11, wherein the pump device is a drain

pump (50) connected to the sump (10) and to a washing liquid outlet (52) of the dishwasher
(2).

14. The dishwasher (2) according to any one of claims 10 - 13, comprising a second valve
(42, 42’) arranged in the suction conduit (20, 20’) upstream a connection position (44, 44’)

between the suction conduit (20, 20’) and the condensate conduit (36).

15. The dishwasher (2) according to any one of claims 10 - 14, comprising a control unit (46)
configured to control the dishwasher (2) in accordance with the method as defined in any one

of claims 1 - 9.
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