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(54) Device and method for a dishwasher

(57) A device, arranged for fluid communication with
a washing chamber of a dishwasher, the device further
being arranged to allow a passage of air between the
washing chamber and the device, the device comprising
a drying material arranged in a bed, the drying material
being able to withdraw moisture from the air passing
through the bed during a withdrawal step, and release
moisture to the air during a regeneration step, a heating
element arranged in the bed arranged to heat the drying
material during the regeneration step such that moisture
is released from the drying material, and a fan, arranged
to circulate the air between the device and the washing
chamber such that the air flow rate during the withdrawal
step is higher than the air flow rate during the regenera-
tion step by altering the fan speed.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a device and a
method for the processing of air in a dishwasher.

BACKGROUND OF THE INVENTION

[0002] The operation of a conventional dishwasher
generally comprises a washing program of processes
performed sequentially, such as e.g. a "prewash" step
followed by a "clean" wash step, an "intermediate" wash
step, and a "clear" wash step, or the like.
[0003] Occasionally, the washing program further
comprises a "drying" step, wherein goods positioned in
the washing container of the dish washer such as e.g.
cutlery, glasses, plates, and/or pottery are dried from ad-
hering water. Analogously, a "humidifying" step may be
comprised in the program for applying humid air on the
goods positioned in the washing container.
[0004] In the prior art, dishwashing machines and proc-
esses are shown with the aim to improve the operation
of the washing cycle. More specifically for this applica-
tion, there are prior art documents which propose tech-
niques for the step of drying and the step of humidifying
in a dishwashing machine.
[0005] In patent document US2007/0295373, a dish-
washing machine is disclosed comprising a washing con-
tainer, a heating device and a sorption drying device. The
sorption drying device in the disclosure comprises a re-
versibly dehydratable material that acts as an adsorbent
of moisture from air during the passage of air through the
sorption drying device. Thus, air that passes through the
sorption drying device may be dried by the dehydratable
material, such that washed crockery, comprised in the
washing machine, may be dried.
[0006] For generating an air flow when the sorption
drying device is in use, a fan is provided. Furthermore,
a heating device is arranged in the region of the vicinity
of the air inlet of the sorption column, such that the air
which is to pass the dehydratable material is heated at
the input of the sorption column.
[0007] However, there are problems related to this in-
vention. The dishwashing machine as disclosed, and
consequently, the operation of the dishwashing machine,
have deficiencies as the machine is not optimized re-
garding the energy efficiency.

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to improve
on the concept of energy efficiency and to provide a de-
vice that improves the energy efficiency of a dish washer.
[0009] This and other objects are achieved by provid-
ing a device having the features defined in the independ-
ent claim. Preferred embodiments are defined in the de-
pendent claims.

[0010] According to the present invention, there is pro-
vided a device, arranged for fluid communication with a
washing chamber of a dish washer, the device further
being arranged to allow a passage of air between the
washing chamber and the device, the device comprising
a drying material arranged in a bed, the bed being ar-
ranged for a passage of air through the bed, the drying
material being able to withdraw moisture from the air
passing through the bed during a withdrawal step when
the device is in use, and release moisture to the air during
a regeneration step when the device is in use, a heating
element arranged in the bed, the heating element being
arranged to heat the drying material during the regener-
ation step when the device is in use such that moisture
is released from the drying material, and a fan, arranged
to circulate the air between the device and the washing
chamber such that the mean air flow rate through the bed
during the withdrawal step is higher than the mean air
flow rate through the bed during the regeneration step
by altering the fan speed.
[0011] Thus, the device of the present invention is
based on the idea of providing a device which provides
an improved withdrawal and regeneration of moisture
from air for the processing of air in a dish washer. The
fan, comprised in the device, is operated at a mean speed
during the withdrawal step which is different to the mean
speed during the regeneration step, thereby further op-
timizing the operation of the device when in use. Thus,
the present invention yields a more efficient and energy-
saving device compared with arrangements in the prior
art, as the fan speed is altered such that the mean speed
of the fan is lower during the regeneration step than dur-
ing the withdrawal step.
[0012] The device of the present invention is arranged
for fluid communication with a washing chamber of a dish
washer. By the term "fluid communication", it is here
meant that a fluid such as e.g. air with varying amounts
of moisture may pass between the device and the wash-
ing chamber, and vice versa, of the dish washer, i.e. that
the device allows a passage of air between the device
and the washing chamber, as well as between the wash-
ing chamber and the device.
[0013] Furthermore, the device comprises a drying
material. This material may be any kind of material that
can take up moisture, i.e. water, from air and then be
regenerated by releasing the moisture back to air, de-
pending on the conditions such as material temperature,
moisture saturation of the air and/or of the material, to
which the material is subjected. In other words, the ma-
terial may be a dehydratable material, wherein the uptake
and release of moisture is reversible, such that the ma-
terial may act as an absorber and a desorber of moisture.
[0014] The drying material as such may be realized in
the device in any shape, still being able to withdraw mois-
ture and to regenerate moisture. As examples, the ma-
terial may be provided as chunks, pellets, flakes, powder
or as a monolithic block.
[0015] Furthermore, the drying material is arranged in
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a bed which is arranged for a passage of air through the
bed. Thus, the bed and the drying material arranged
therein is air-permeable, such that air may pass through
the bed.
[0016] The drying material may have the advanta-
geous property of a high surface-area-to-weight ratio, i.e.
that the structure of the drying material is such that the
material provides a big contact area for the uptake of
water.
[0017] The drying material is able to withdraw moisture
from the air passing through the bed during a withdrawal
step when the device is in use. In this withdrawal step,
air from the washing chamber of the dish washer flows
through the device, wherein the air from the washing
chamber may be very humid. The moisture comprised in
the air passing through the device may at least partially
be withdrawn or bound by the drying material, such that
the "drying" of the air thereby facilitates the drying of the
goods comprised in the washing chamber. Hence, by the
word "withdraw", it is here meant that the drying material
may adsorb, absorb, or otherwise bind or hold the mois-
ture (i.e. water) in the air passing through the bed. As a
result, the air within the washing chamber becomes dryer
when the air that has passed through the bed is reintro-
duced into the chamber.
[0018] Thus, the humidity of the air before passing the
drying material is higher than the humidity of the air after
passing the drying material, in the withdrawal step.
Hence, in the withdrawal step, the drying material acts
as a "dryer" of the air, and may bind some of the moisture
of the passing air.
[0019] Furthermore, the air passing the drying material
during the withdrawal step is heated by the heat of ad-
sorption. In other words, the humid air, before passing
the drying material, has a lower temperature than the
temperature of the dryer air after passing the drying ma-
terial. This increase of temperature is advantageous as
additional heating of the air that is to enter into the wash-
ing chamber may possibly not be necessary. Further-
more, the heated air may more easily take up moisture
from the goods before reentering into the device.
[0020] Analogously, the drying material is able to re-
lease moisture to the air during a regeneration step, when
the device is in use. Contrary to the withdrawal step, air
from the washing chamber of the dish washer, before
applying the regeneration step, may be relatively dry.
Thus, the drying material may be at least partially regen-
erated by releasing the moisture (i.e. water), which is
associated with the drying material, to the air. In other
words, the drying material may release the moisture to
the air, such that the air in the washing chamber becomes
more humid.
[0021] In the regeneration step, the drying material is
able to release moisture to the air during operation of the
fan. In this case, the drying material is able to release
moisture to the air passing through the bed. Also, the
drying material is able to release moisture to the air when
the fan is not operated, i.e. when no air passes through

the bed.
[0022] In the regeneration step, and during operation
of the fan, the humidity of the air after passing the drying
material is higher than the humidity of the air before pass-
ing the drying material. Thus, the drying material may
release the moisture or water which is bound in the ma-
terial, to the passing air.
[0023] To reduce the humidity uptake during a washing
or a rinsing phase of the dish washer, back valves may
be implemented. By this, moisture is prevented from re-
versing into the "wrong" direction during regeneration.
Furthermore, a water trap may be implemented in the
device in order to condense excessive moisture from
passing air.
[0024] A heating element is arranged in the bed,
wherein the heating element is arranged to heat the dry-
ing material during the regeneration step when the device
is in use such that moisture is released from the drying
material.
[0025] The term "heating element" may be construed
as any heat-producing unit, cell, radiator, or the like,
known to the man skilled in the art. As a further example,
a thin-film heater could be a possible heating element.
[0026] The heating element, being arranged in the bed,
may be in direct, thermal contact with the drying material.
In other words, the heating element may be embedded
in the material bed such that the heating may provide a
direct, uniform heating of the drying material. This is ad-
vantageous regarding the energy consumption of the de-
vice, as the transmission of heat between the heating
element and the drying material hereby is provided effi-
ciently. Thus, the arrangement yields an improved heat-
ing such that any heat losses between the heating ele-
ment and the drying material is minimized.
[0027] When the device is in use, the heating element
is arranged to heat the drying material during the regen-
eration step to a sufficiently high temperature such that
the material may be regenerated. During the regenera-
tion step, the moisture is released from the drying mate-
rial, such that the humidified air is passed from the device
to the washing chamber of the dish washer. Thus, the
hot, humid air enters the washing chamber and thereby
heats up and moistens goods comprised therein such as
e.g. glasses, cutlery, plates, and/or cups. This is advan-
tageous, as the hot, humid air may e.g. loosen ingrained
food, grime or stains on the goods.
[0028] Furthermore, the increase in temperature of the
air by means of the heating element is further advanta-
geous considering that any further heating of the air be-
fore entering the washing chamber may be dispensed
with.
[0029] The device further comprises a fan which is ar-
ranged to circulate the air between the device and the
washing chamber, i.e. that air may be circulated from the
washing chamber, to the device, back to the washing
chamber, and so on.
[0030] In the withdrawal step, the fan circulates the air
such that the goods comprised in the washing chamber
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may dry. In other words, in the cycle generated by the
fan, the drying material decreases the amount of humidity
in the washing chamber.
[0031] Analogously, in the regeneration step, the fan
may circulate the air such that the goods comprised in
the washing are heated and humidified by the hot, humid
air from the drying material, i.e. in the cycle generated
by the fan, the drying material increases the amount of
humidity in the washing chamber.
[0032] By the word "fan" it is in this context meant e.g.
a propeller, a turbine, or pumping device, such that an
air flow is generated when the device is in use.
[0033] The positioning of the fan in the device may for
example be directly upstream of the bed. As an example,
the fan may be provided in the vicinity of the bed, through
which bed air is blown when the device is in use. Alter-
natively, the fan may be so closely provided to the bed
such that the bed and the fan may be provided as a com-
pact unit, to save space in the dish washer. However,
any other positioning of the fan in the device is feasible,
wherein the fan still provides a flow of air.
[0034] When the device is in use, the mean air flow
rate through the bed during the withdrawal step is higher
than the mean air flow rate during the regeneration step,
wherein the term "air flow rate" should here be construed
as the amount of air circulated by the fan as a function
of time. The mean air flow rate during the withdrawal step
is made higher than the mean air flow rate during the
regeneration step by altering the fan speed and/or oper-
ating the fan intermittently.
[0035] Thus, during the withdrawal step, wherein the
goods comprised in the washing chamber are to be dried,
the fan speed is set such that the air passes the device
at a certain flow rate. Hence, the time of the cycle for the
air passage from the washing chamber of the dish wash-
er, to the device, and back to the dish washer, is a function
of the flow rate of the withdrawal step.
[0036] Analogously, before or during the regeneration
step, wherein moisture is released from the drying ma-
terial such that humid air is passed to the goods com-
prised in the washing chamber, the fan speed is altered.
More precisely, the fan speed is set such that the air
passes the device at a mean flow rate which is lower than
the mean air flow rate of the withdrawal step.
[0037] During the regeneration step, the fan speed
may be such that the flow rate is not zero, i.e. that an air
flow is generated and that moisture is released from the
drying material to the passing air. Alternatively, the fan
speed may be such that the flow rate is zero during the
regeneration step. However, the drying material may still
regenerate such that moisture is released from the drying
material to the air.
[0038] By altering the fan speed or operating the fan
intermittently, the mean amount of air flow of the regen-
eration step is smaller than the mean amount of air flow
of the withdrawal step.
[0039] The arrangement of altering the fan speed for
the two different steps of withdrawal and regeneration is

advantageous regarding several aspects. By the ar-
rangement of the present invention, the mean air flow
rate of the regeneration step may be lower compared to
the air flow rate of the withdrawal step. The lower air flow
rate of the regeneration step, which is an effect of a lower
mean fan speed, provides a more energy-saving mode
of the device when it is in use compared to a higher air
flow rate.
[0040] The device and method of the present invention
contributes to a decrease of energy use. This is beneficial
not only for environmental aspects, but also for the eco-
nomics regarding the operation of the dish washer.
[0041] Furthermore, as a rotating operation, such as
a rotation of a fan, often is directly related to noise, the
lower fan speed of the regeneration step may give a more
quiet operation of the device, i.e. a noise reduction when
the dish washer is in use. This is highly advantageous
as dish washers often are present in kitchens, in which
people often spend much time for e.g. preparing meals
and eating. Thus, a more silent dish washer contributes
to a more pleasant and agreeable kitchen environment.
[0042] According to an embodiment of the present in-
vention, the fan is arranged for a speed during the with-
drawal step, which speed is substantially constant. Thus,
when the device is in use, the fan speed is substantially
constant during the withdrawal step such that air passing
the drying material comprised in the bed may be passed
in a substantially constant air flow. As the fan speed is
substantially constant, noise disturbances related to var-
ying fan speeds may be circumvented.
[0043] According to an embodiment of the present in-
vention, the fan is arranged for a speed during the re-
generation step, which speed is substantially constant.
Thus, when the device is in use, the fan speed is sub-
stantially constant during the regeneration step such that
air passing from the drying material comprised in the bed
to the washing chamber may be passed in a substantially
constant air flow.
[0044] In this embodiment, the fan is arranged for a
speed during the withdrawal step and a speed during the
regeneration step. However, the mean speed of the fan
in the regeneration step is arranged to be lower than the
mean speed of the fan in the withdrawal step. Thus, by
an altering of the fan speed from the constant fan speed
of the withdrawal step to the constant fan speed of the
regeneration step, the mean fan speed is decreased.
[0045] An embodiment of a substantially constant
speed of the fan during the regeneration step may avoid
noise disturbances in relation to varying fan speeds. Fur-
thermore, as the magnitude of a rotating operation, such
as the rotation of a fan, often is directly related to noise,
the lower fan speed of the regeneration step yields a
more quiet operation of the device, i.e. a noise reduction
when the dish washer is in use.
[0046] According to an embodiment of the present in-
vention, the fan is arranged for a speed during the re-
generation step, which speed is substantially periodical.
By the term "periodical" it is here meant that the fan is
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arranged for a speed having a magnitude which is cyclic.
As an example, the fan may be arranged for a speed
such that the fan is switched between an "on" and an
"off" mode, i.e. that the fan is turned on for a certain time
period, then switched off for a certain time period, then
turned back on, etc. This means that the operation of the
fan is not continuous in the present embodiment.
[0047] The substantially periodical operation of the fan
speed may be interpreted as "puffs", i.e. air blown at short
periods from the fan, such that the air flow during the
regeneration step is driven by a cyclic operation of the
fan with short time periods when the fan is on and long
time periods when the fan is off.
[0048] As another example, the fan may be arranged
for a speed which is sinusoidal, "saw-tooth-shaped", or
the like, such that the fan speed over time is cyclic and
repetitive, but that the fan speed is gradually increased
from a minimum speed to a maximum speed, and vice
versa. Alternatively, any other function for the fan speed
over time is feasible, wherein the mean air flow rate dur-
ing the regeneration step is lower than the mean air flow
rate during the withdrawal step.
[0049] An advantage with an embodiment wherein the
fan is arranged for a substantially periodical speed during
the regeneration step is that the periodical operation of
the fan is energy saving, as the time of the fan at operation
is decreased compared to a regular operation of the fan.
As an example, the fan may be arranged for a speed
during the regeneration step, wherein the maximum
speed has approximately the same speed as the con-
stant speed of the fan during the withdrawal step. Anal-
ogously, the fan may be arranged for a speed during the
regeneration step, wherein the minimum speed is lower
than the constant speed of the fan during the withdrawal
step.
[0050] A further advantage with the periodical opera-
tion of the fan is that any noise related to the operation
of the fan may be reduced in connection with operation
intermissions, i.e. when the fan is switched off.
[0051] As an example, operations of air cycles imply
that e.g. fans during steps of drying goods comprised in
dish washers in the prior art may be e.g. 25 minutes long,
or possibly, as long as 1 hour, wherein the fan is operated
at a constant speed. In an embodiment of the present
invention, however, the fan may operate at an aggregate
time of as low as e.g. 3 minutes during the total time of
the regeneration step, wherein during the remaining time
of the regeneration step, the fan is switched off. This com-
parison further emphasizes the advantages of the
present invention which relates to a more efficient regen-
eration step of the device in the dish washer, leading to
e.g. a more environmental friendly, noise reduced, and
more economical operation of the dish washer compris-
ing the device.
[0052] According to an embodiment of the present in-
vention, the heating element is an electrical heating re-
sistor in the form of a wire, a coil, a loop or a sheet. This
embodiment is advantageous regarding several aspects.

The heating element, arranged in the bed, may in the
form of a wire, a coil or a loop be provided in a close
vicinity, immediately adjacent, or directly in contact with
the drying material that is to be heated during the regen-
eration step. In other words, the form of the heating ele-
ment may to a higher extent integrate with the drying
material, compared to a more bulky realization of a heat-
ing element. The wire, coil or loop of the heating element
may increase the efficiency of the heating of the drying
material and mitigates heat loss effects.
[0053] Furthermore, the examples presented for the
heating element may be provided throughout the bed
comprising the drying material, e.g. a wire may be dis-
tributed within the bed such that a more uniform heating
of the drying material is achieved. Moreover, the exam-
ples of the embodiment, such as a wire, a coil, or a loop,
yield a more permeable bed for the air to pass through
when the device is in use, compared to a more bulky
heating element, blocking the flow of air. Thus, the
present embodiment results in an even more efficient
operation of the device.
[0054] Furthermore, a plurality of heating elements
comprised in the device may be feasible to yield a more
desirable heating. As an example, the heating element
may comprise several element of a kind, e.g. several
wires, coils, loops, sheets, or the like. Alternatively, any
combination of heating elements may be feasible, e.g.
one or more wires, coils, loops, and/or sheets.
[0055] According to an embodiment of the present in-
vention, the drying material comprises activated alumina.
The activated alumina has a very high surface-area-to-
weight ratio which makes it very suitable for the withdraw-
al of moisture. The air moisture sticks to the alumina itself
in between tiny passages in the material, as air passes
through. The moisture becomes trapped so that the air
is dried out as it passes through the bed in the withdrawal
step. This process is reversible, and in the regeneration
step, the alumina is heated such that the moisture stored
is released.
[0056] By "activated alumina", it is here meant Al2O3.
However, any similar compound with similar properties
of those described above for the activated alumina, could
also be a feasible embodiment of a drying material. As
an example, zeolite and/or silica may be used.
[0057] An advantage of the use of activated alumina
is that the material may withdraw moisture and regener-
ate at a much lower temperature than other drying ma-
terials used in the prior art. As an example, the activated
alumina in the regeneration step may be heated to a lower
temperature, compared to the use of e.g. zeolite. More-
over it tolerates contact with liquid water better than other
alternatives. Furthermore, as the material cost of activat-
ed alumina is less than that of zeolite, the activated alu-
mina of the present invention does not only contribute to
an easier and faster heating of the drying material, but
also cheaper.
[0058] Furthermore, by the use of activated alumina
as a drying material, the regeneration step may be per-
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formed quicker as the regeneration temperature is
reached faster.
[0059] According to an embodiment of the present in-
vention, the drying material is arranged to be heated by
the heating element in the regeneration step to a tem-
perature of 100-250 °C, such as 130-200 °C, such as
150-180 °C. Thus, the activated alumina may be heated
by the heating element to 130-200 °C, such as 150-180
°C for regeneration when the device is in use.
[0060] As a comparing example, the use of zeolite as
a drying material may require a heating of the material
to approximately 250° C for a release of moisture from
the material. Thus, by the embodiment of the present
invention, the example further emphasizes the advan-
tages of the use of activated alumina compared to e.g.
zeolite regarding factors such as cost and efficiency.
[0061] Another advantage of the activated alumina is
that the temperature increase of the passing air during
withdrawal becomes lower with this material compared
with e.g. zeolite. In other words, during the withdrawal
step, when moisture is to be withdrawn from the air pass-
ing through the bed, the reaction wherein the moisture
condensates is less exothermic compared with zeolite.
Thus, the temperature of the passing air after the with-
drawal step using activated alumina is lower than the
temperature of the passing air if zeolite is used. As high-
temperature air passing into the washing chamber may
deform and/or melt components such as plastic devices
or the like, arranged in the washing chamber, the use of
activated alumina may be preferred.
[0062] The heat which is generated by the exothermic
reaction at the withdrawal step may be used to e.g. heat
water for a later stage in the dish cycle.
[0063] Another advantage of using activated alumina
is that the material is not sensitive to water, i.e. that water
is not detrimental to the activated alumina. Therefore, at
the regeneration step, it is not necessary to have an un-
interrupted passage of air through the bed which trans-
ports the moisture from the drying material.
[0064] According to an embodiment of the present in-
vention, the device further comprises a container at least
partly enclosing the bed, the container being arranged
for a passage of air through the container. The container
holds the bed comprising the drying material and it may
be formed such that the bed is protected from damage
and/or wear. Furthermore, the container may keep the
bed compact and shield the bed from e.g. the fan such
that pieces or dust from the drying material do not enter
into the fan.
[0065] As the container is arranged for a passage of
air through the container, the portion of the container fac-
ing the incoming air which is to pass through the bed,
and the portion of the container through which the air
leaves the container may consist of an easily permeable
material or structure such as e.g. a net, a mesh or a grid
of wire.
[0066] According to an embodiment of the present in-
vention, the container comprises a heat resistant insu-

lating material such as a mineral material, e.g. Mica or
alumina. Alternatively, the heat resistant insulating ma-
terial may be a high temperature polymer, e.g. polyimide.
[0067] The heat resistant insulating material may fur-
ther be electrically insulating, which provides several ad-
vantages. As an example, the heating of the bed may be
performed more efficiently, as the electrical insulation of
the container enables more direct heating options within
the bed.
[0068] Furthermore, the heat resistant insulating ma-
terial provides a container which, when the device is in
use, does not become as hot as a container of a heat-
conducting material such as e.g. metal. Thus, the con-
tainer comprising the heat resistant insulating material
forms a container that allows high temperatures within
the container.
[0069] Furthermore, the heat resistant insulating ma-
terial is heat resistant such that the material may with-
stand high temperatures without melting, or deforming.
Examples of materials may be ceramics, glass, high tem-
perature polymers or natural minerals that can be shaped
into desirable forms.
[0070] According to an embodiment of the present in-
vention, the mineral is a Mica mineral. By "Mica", it is
here meant a compound which may be of the kind (K,
Na, Ca)2(Al, Mg, Fe)4-6(Si, Al)8O20(OH, F)4.
[0071] Mica is a desirable mineral for a container as
comprised in this invention. As an example, the Mica min-
eral may be split into very thin slices while retaining ther-
mal resistance, and further, it may be formed into sheets
that are easily cut still having sufficient mechanical
strength and good electrical insulation properies. Thus,
the container comprising the Mica mineral may be thin,
i.e. the walls of the container may be thin. This decreases
the size of the container, and furthermore, the size of the
device such that the dish washer may be made smaller,
or analogously, that more space is available for the dish
to be washed.
[0072] Furthermore, the Mica mineral has extremely
low thermal conductivity, which makes the material es-
pecially suitable for the high-temperature conditions with-
in the container during operation, as the material miti-
gates the conduction of heat to the exterior.
[0073] Furthermore, the Mica mineral is refractory
enough to withstand temperatures as high as 1200° C.
Thus, the resistance to heat of the Mica mineral is highly
advantageous for the application in dish washers, or the
like, wherein the high temperatures may be detrimental
for other material used.
[0074] Furthermore, the Mica mineral is inexpensive,
which further emphasizes the suitability of the mineral
for the purpose of the invention.
[0075] A further advantage of the use of the Mica min-
eral is its low thermal expansion. Thus, in the high-tem-
perature environment that may arise in the dishwasher
during operation, a container comprising a Mica mineral
may to a higher extent conserve its shape compared with,
for example, any metallic-based container, having a high-
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er thermal expansion. This may have the further advan-
tage if the container in its turn is enclosed by e.g. a hous-
ing. As an example of this, it is suitable that the container
and the housing may have approximately the same low
thermal expansion. By this, any air gap between the con-
tainer and the housing may be conserved even when the
items are subjected to high temperatures during opera-
tion of the dish washer, such that the insulating properties
of the device are maintained.
[0076] In the case of a container shaped as a parallel-
epiped, the two sides of the container being perpendic-
ular to the air flow, when the device is in use, may com-
prise e.g. a net of metal wire, whereas the four sides of
the container being parallel to the air flow may comprise
a Mica mineral.
[0077] According to an embodiment of the present in-
vention, the device further comprises a housing at least
partly enclosing the container, wherein the housing com-
prises an inlet and an outlet arranged for passage of air
through the housing. In other words, the device compris-
es a container at least partly enclosing the bed, which
container in its turn is at least partly enclosed by a hous-
ing. Furthermore, the housing comprises an air inlet and
an air outlet, such that when the device is in use, air may
pass through the interior of the housing.
[0078] By this embodiment, there is provided a "double
wall" structure for the bed which is advantageous regard-
ing properties such as heat insulation and protection. Fur-
thermore, the housing is constructed such that air may
pass through the inlet of the housing, pass through the
container wherein the bed with the drying material is com-
prised, and thereafter pass through the outlet of the hous-
ing.
[0079] According to an embodiment of the present in-
vention, the housing comprises an insulating material
such as a plastic. The insulating material of the housing
further improves the heat insulation of the device, such
that the heating of the bed may be operated more effi-
ciently. Furthermore, the insulating material may provide
electrical insulation for the housing.
[0080] Furthermore, the housing provides a heat insu-
lation vis-à-vis the exterior, such that an exterior heating
is avoided or reduced. By this, it is meant that dissipative
transfer of heat from the heating element during the re-
generation step to e.g. the portion of the dish washer
where the device is located, is mitigated. As an example,
the heat insulating material of the container may avoid
that a portion of the dish washer, facing a user or facing
kitchen equipment and/or furniture provided adjacent the
dish washer, gets hot. The embodiment provides an im-
provement of the container in this aspect compared to
e.g. metal covers, wherein the heat-conductive metal
may transfer heat to its surroundings which may be en-
ergy inefficient, and possibly, hazardous.
[0081] The heat insulating material may comprise a
plastic. The term "plastic" should here be construed in
the broader range of the term than normally used, i.e.
that the material is a synthetic or semi-synthetic material

which has high insulating properties, which tolerates heat
and which is easy to shape for industrial applications.
Thus, any kind of plastic, or plastic-like material, such as
e.g. polyamide, polypropylene, polystyrene, polyvinyl
chloride, or polyethylene may be feasible materials for
the housing.
[0082] A further advantage with the use of plastic for
the housing is that the material gives higher freedom of
design and integration of other structural parts compared
to e.g. metal.
[0083] According to an embodiment of the present in-
vention, a space is defined by means of spacers between
the container and the housing, such that a portion of the
air passing through the housing passes between the con-
tainer and the housing, without passing through the bed,
when the device is in use. By this, it is meant that the
housing encloses the container in such a way that a
space is provided between the container and the hous-
ing, wherein e.g. spacers are provided to maintain the
space. As an example, both the container and the hous-
ing may have similar shapes, but wherein the size of the
housing is slightly bigger than the container, such that a
space is formed between the housing and the container.
[0084] Furthermore, the housing and the container
may be formed in such a way that the space is arranged
as a passage for air, when the device is in use. As an
example, a small portion of the air, which air is circulated
by means of the fan, may pass in the space around the
container, whereas a major portion of the air may pass
through the container for passing the drying material in
the withdrawal step or regeneration step, when the de-
vice is in use. This means that the air may be divided
when entering the housing, and merged when exiting the
housing, such that there are two portions of air passing
through the housing, i.e. one small portion of air passing
around the container, and a major portion of air passing
through the container and the bed. Alternatively, the
passing of the air in this embodiment may be seen as a
small "leakage" of air around the container, instead of
through the container.
[0085] An advantage with the present embodiment is
that the passage of air around the container may cool
the housing. As an example, the temperature of the air
passing through the container and through the bed during
the regeneration step, when the bed is heated, may be
approximately 170° C. However, the air passing the
housing which does not pass through the container and
the heating element of the bed is consequently not heated
to this temperature. By this, this portion of the air may
pass the space between the container and the housing,
creating an air gap, thereby cooling the housing.
[0086] Furthermore, the passage of air when the de-
vice is in use may work as a heat insulator for the housing
such that the heat transfer from the container is further
mitigated. By this, the temperature of the housing may
be kept under 100 °C, thereby avoiding damage to the
housing as a result of excessive heat.
[0087] As an example of the construction of the device,
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the container may be shaped as a parallelepiped and the
housing as a somewhat bigger parallelepiped, such that
the container is enclosed in the housing. The space be-
tween the container and the housing, through which
space air may pass, may be 1-2 mm wide.
[0088] According to the present invention, there is pro-
vided a method of processing air in a dish washer, the
dish washer comprising a washing chamber and a de-
vice, the device comprising a drying material arranged
in a bed, a heating element arranged in the bed and a
fan, the method comprising circulating the air between
the washing chamber and the device such that at least
part of the air passes through the bed allowing the air to
contact the drying material of said bed, withdrawing mois-
ture from the air passing through the bed by means of
the drying material, the air passing through the bed at a
first mean flow rate, regenerating the drying material by
heating the bed by means of the heating element and
releasing at least part of the moisture to the air at a second
mean flow rate, and altering the fan speed such that the
first mean flow rate is higher than the second mean flow
rate.
[0089] The discussion above relating to the device is
in applicable parts also relevant to the method. Refer-
ence is made to that discussion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0090] These and other aspects of the present inven-
tion will now be described in more detail, with reference
to the appended drawings, wherein:

Fig. 1 is a schematic cross-sectional view of a dish
washer comprising a device according to an embod-
iment of the present invention,
Figs. 2a-2c are schematic diagrams illustrating the
fan speed as a function of time according to embod-
iments of the present invention,
Fig. 3 is a schematic cross-sectional view of a device
according to an embodiment of the present inven-
tion, and
Fig. 4 is a schematic perspective view of a container
according to an embodiment of the present inven-
tion.

DETAILED DESCRIPTION

[0091] In the following description, the present inven-
tion is described with reference to a device arranged for
fluid communication with a washing chamber of a dish
washer.
[0092] In Fig. 1, a schematic cross-sectional view of a
dishwasher 1 is shown, wherein the dishwasher 1 com-
prises a washing chamber 2. Goods 3 that are to be
washed such as e.g. glasses, cutlery, plates, and/or cups
may be provided in dish trays 4 within the washing cham-
ber 2.
[0093] Adjacent the washing chamber 2 is provided a

device 5, wherein the device 5 is in fluid communication
with the washing chamber 2. The device 5 comprises a
duct 6 which is elongated and provided vertically in a
close vicinity to the washing chamber 2. The duct 6 elon-
gates from the top of the washing chamber 2, wherein
an inlet 7 of the duct 6 is provided, to the bottom of the
washing chamber 2. At the bottom of the duct 6, an outlet
8 of the duct 6 is provided into the washing chamber 2.
Thus, the duct 6 of the device 5 is arranged for allowing
a passage of air 9 between the washing chamber 2 and
the device 5.
[0094] As shown in Fig. 1, the washing chamber 2 and
the device 5 provides a circulation of air from the washing
chamber 2, into the duct 6 of the device 5, back to the
washing chamber 2, and so on, when the device 5 is in
use.
[0095] In the vicinity of the outlet 8 of the duct 6, there
is provided a drying material 10 within the duct 6. The
drying material 10 may be in the form of e.g. chunks,
pellets, flakes, or powder, or in the form of a monolithic
block. The drying material 10 is arranged in a bed 11,
wherein the bed 11 is arranged in the duct 6 for a passage
of air 9 through the bed 11 and contacting the drying
material 10. Thus, the bed 11 and the drying material 10
are permeable such that the air 9 may pass through the
bed 11 comprising the drying material 10.
[0096] The drying material 10 arranged in the bed 11
may withdraw moisture from the air 9 passing through
the bed 11 during a withdrawal step when the device 5
is in use. Thus, the drying material 10 may "dry" the air
9 passing through the duct 6 to the washing chamber 2
such that the air 12, after passing the drying material 10,
may be relatively dry.
[0097] The air 9 from the washing chamber 2 of the
dishwasher 1 which flows through the drying material 10
may be very humid. The moisture comprised in the air 9
passing through the drying material 10 may at least partly
be withdrawn by the drying material 10, i.e. the drying
material 10 may at least partly adsorb, absorb, bind or
hold the moisture (i.e. water) in the air 9 passing through
the bed 11. Thus, the air 12, i.e. the air 9 after passing
the drying material 10, is dried during the withdrawal step.
[0098] At the withdrawal step, the air 12 is heated by
the heat of condensation. Thus, the air 12 which reenters
the washing chamber 2 has a higher temperature than
the air 9 coming into the bed 11. The heated air 12 may
take up moisture from the goods 3 before reentering into
the device 5.
[0099] Analogously, the drying material 10 arranged
in the bed 11 may release moisture to the air 12 during
a regeneration step when the device 5 is in use. Thus,
the drying material 10 may regenerate such that the mois-
ture (i.e. water), which is held in the drying material 10,
may be released to the air 12.
[0100] A heating element 13 is arranged in the bed 11,
wherein the heating element 13 is arranged to heat the
drying material 10 during the regeneration step when the
device 5 is in use. By this, moisture may be released from
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the drying material 10.
[0101] The heating element 13, depicted in Fig. 1 as
a coil, is provided within the bed 11 to generate a uniform
heating of the drying material 10 during the regeneration
step. Thus, the heat from the heating element 11 increas-
es the temperature of the drying material 10 to a relatively
high temperature. By this, the drying material 10 may
release moisture previously withdrawn from the air 9 by
the drying material 10.
[0102] A fan 14 is provided at the bottom of the duct
6, in the vicinity of the bed 11, wherein the fan 14 is ar-
ranged to circulate the air 9 between the device 5 and
the washing chamber 2. Thus, the fan 14 circulates the
air 9 of the duct 6, through the bed 11 comprising the
drying material 10, into the washing chamber 2, back to
the duct 6, and so on.
[0103] In the regeneration step and during operation
of the fan 14, the drying material 10 may release the
moisture to the air 9 passing through the bed 11. Thus,
the air 12, i.e. the air 9 after passing the drying material
10, is humidified during the regeneration step.
[0104] In Fig. 2, the fan speed, in arbitrary units, is
shown as a function of time, in arbitrary units, according
to embodiments of the present invention.
[0105] Fig. 2a shows an embodiment wherein the air
flow rate through the bed 11 during the withdrawal step
is constant and higher than the constant air flow rate dur-
ing the regeneration step, by altering the fan speed. Thus,
during the withdrawal step, the mean fan speed is higher
than the mean fan speed during the regeneration step.
[0106] In Fig. 2b, the fan speed during the regeneration
step of an embodiment of the present invention is shown.
Here, the fan 14 is only operated periodically, i.e. it is
switched on for a certain time period t1, then switched
off for a certain time period t2, wherein t2 may be much
longer than t1. Thus, in this embodiment of the present
invention, the fan 14 operates discontinuously during the
regeneration step.
[0107] Hence, in this embodiment as shown in Fig 2b,
the time of the operation of the fan 14 is much shorter
than the time that the fan 14 is turned off. The operations
of the fan 14 during the time periods t1 may be interpreted
as "puffs" from the fan 14 such that the air flow during
the regeneration step is driven by a cyclic operation of
the fan 14 with short times when the fan 14 is on and
long times when the fan 14 is off.
[0108] Fig. 2c shows an embodiment of the present
invention wherein the fan 14 is operated periodically but
wherein the fan speed is increased and decreased grad-
ually. As an example, the fan speed may be realized as
a saw-tooth function 15, wherein the fan speed is con-
stantly increased to a maximum fan speed and then con-
stantly decreased to a zero fan speed, during the time
period t1, and that the fan speed is zero during the time
period t2. This operation of the fan speed may be per-
formed again in a cyclic way.
[0109] Alternatively, the function may be a sinusoidal
function 16, for the increase and decrease of the fan

speed of the fan 14 during the time period t1, whereas
the fan speed is zero during the time period t2. This op-
eration of the fan may be performed again in a cyclic way.
[0110] Fig. 3 is a schematic cross-sectional view of the
device 5 according to an embodiment of the present in-
vention. The device 5 comprises a container 17 which
encloses the bed 11, wherein the container 17 is ar-
ranged for a passage of air through the container 17 (also
shown in Fig. 4). The container 17, shaped as a paral-
lelepiped, protects the bed 11 from damage and shields
the bed 11 from e.g. the fan 14 such that pieces, dust or
debris from the drying material 10 do not enter into the
fan 14.
[0111] The container 17 comprises a heat insulating
material such as a mineral material, thereby isolating the
heat generated by the heating element 13 when the de-
vice 5 is in use. The insulating material may be a Mica
mineral, which may be made thin and which has excellent
properties regarding heat insulation, low thermal expan-
sion and high mechanical strength.
[0112] A housing 18 at least partly encloses the con-
tainer 17. The housing 18 comprises an inlet 23 and an
outlet 24 arranged for passage of air through the housing
18. The housing 18 may comprise a heat insulating ma-
terial such as a plastic, thereby further improving the in-
sulation of the device 5 and providing a heat insulation
towards the exterior.
[0113] A space 19 is defined between the container 17
and the housing 18. By this, a small portion of the air 20,
which air is circulated by means of the fan 14, may pass
in the space 19 around the container 17, whereas a major
portion of the air 21 may pass through the container 17
and the drying material 10 in the withdrawal step or re-
generation step, when the device 5 is in use.
[0114] The air passage in this embodiment may be
seen as a small "leakage" of air 20 around the container
17, instead of all air passing through the container 17.
This portion of air 20 may cool the housing 18 and fur-
thermore, act as an insulator.
[0115] At the outlet 24 of the housing 18, the small
portion of the air 20 and the major portion of the air 21
may merge to exit the housing 18.
[0116] In Fig. 3, the container 17 is shaped as a par-
allelepiped and the housing 18 as a somewhat bigger
parallelepiped, the container 17 thereby enclosing the
housing 18. The space 19 between the container 17 and
the housing 18 may be 1-2 mm.
[0117] In Fig. 4, the container 17 is shown in a sche-
matic perspective view. The container 17 is shaped as a
flat, elongated parallelepiped, wherein the air 21 which
is to pass through the container 17 is directed substan-
tially perpendicular to one of the flat surfaces of the con-
tainer 17. The two sides of the container being perpen-
dicular to the air flow 21, when the device is in use, may
comprise e.g. a net 22 of metal wire, whereas the four
sides of the container 17 being parallel to the air flow may
comprise a Mica mineral.
[0118] Even though the invention has been described
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with reference to specific exemplifying embodiments
thereof, many different alterations, modifications and the
like will become apparent for those skilled in the art. The
described embodiments are therefore not intended to lim-
it the scope of the invention, as defined by the appended
claims.
[0119] For example, the relative sizes and the posi-
tions of the components of the dishwasher 1 and the de-
vice 5 could vary, as the figures are meant for a schematic
illustration only. As an example, any size of the fan 14,
the bed 11, the duct 6, or any other component may vary,
as the purpose of the figures, to a higher extent than that
of depicting relative sizes, is to describe the function of
the dishwasher 1. More specifically, the duct 6 may be
much thinner, the width of the bed 11 may be smaller,
the fan 14 may be bigger, etc.
[0120] Furthermore, the positioning of the device 5
may be provided under or over the washing chamber 2,
or in any other position such that the device 5 is in fluid
communication with the washing chamber 5. As another
example, the fan 14 may be provided anywhere in the
device 5, still yielding an air flow 9 within the device 5.
[0121] Furthermore, the inlet 7 and the outlet 8 of the
duct 6 may be provided at positions other than at the top
and at the bottom, respectively, of the washing chamber
2. As an example, the inlet 7 may be provided at a lower
position than that depicted in Fig. 1.

Claims

1. A device (5), arranged for fluid communication with
a washing chamber (2) of a dishwasher (1), the de-
vice (5) further being arranged to allow a passage
of air (9) between the washing chamber (2) and the
device (5), the device (5) comprising:

a drying material (10) arranged in a bed (11),
the bed (11) being arranged for a passage of air
(9) through the bed (11), the drying material (10)
being able to:

withdraw moisture from the air (9) passing
through the bed (11) during a withdrawal
step when the device (5) is in use, and
release moisture to the air (9) during a re-
generation step when the device (5) is in
use,

a heating element arranged in the bed (11), the
heating element (13) being arranged to heat the
drying material (10) during the regeneration step
when the device (5) is in use such that moisture
is released from the drying material (10), and
a fan (14), arranged to circulate the air between
the device (5) and the washing chamber (2) such
that the mean air flow rate through the bed (11)
during the withdrawal step is higher than the

mean air flow rate through the bed (11) during
the regeneration step by altering the fan (14)
speed.

2. The device (5) as claimed in claim 1, wherein the fan
(14) is arranged for a speed during the withdrawal
step, which speed is substantially constant.

3. The device (5) as claimed in claim 1 or 2, wherein
the fan (14) is arranged for a speed during the re-
generation step, which speed is substantially con-
stant.

4. The device (5) as claimed in claim 1 or 2, wherein
the fan (14) is arranged for a speed during the re-
generation step, which speed is substantially peri-
odical.

5. The device (5) as claimed in claim 4, wherein the fan
(14) is arranged for a speed during the regeneration
step, which is altered between a first fan speed, being
substantially the same as the fan speed during the
withdrawal step, and a second fan speed, being zero.

6. The device (5) as claimed in any one of the above
claims, wherein the heating element (13) is an elec-
trical heating resistor in the form of a wire, a coil, a
loop, or a sheet.

7. The device (5) as claimed in any of the above claims,
wherein the drying material (10) comprises activated
alumina.

8. The device (5) as claimed in claim 7, wherein the
drying material (10) is arranged to be heated by the
heating element (13) in the regeneration step to a
temperature of 100-250 °C, such as 130-200 °C,
such as 150-180 °C.

9. The device (5) as claimed in any one of the above
claims, further comprising a container (17) at least
partly enclosing the bed (11), the container (17) be-
ing arranged for a passage of air (21) through the
container (17).

10. The device (5) as claimed in claim 9, wherein the
container (17) comprises a heat resistant insulating
material such as a mineral material, e.g. Mica or alu-
mina.

11. The device (5) as claimed in claim 9 or 10, further
comprising a housing (18) at least partly enclosing
the container (17), wherein the housing (18) com-
prises an inlet (23) and an outlet (24) arranged for
passage of air (21) through the housing (18).

12. The device (5) as claimed in claim 11, wherein the
housing (18) comprises an insulating material such
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as a plastic.

13. The device (5) as claimed in claim 11 or 12, wherein
a space (19) is defined between the container (17)
and the housing (18), such that a portion of the air
(21) passing through the housing (18) passes be-
tween the container (17) and the housing (18), with-
out passing through the bed (11), when the device
(5) is in use.

14. A method of processing air in a dishwasher (1), the
dishwasher (1) comprising a washing chamber (2)
and a device (5), the device (5) comprising a drying
material (10) arranged in a bed (11), a heating ele-
ment (13) arranged in the bed (11), and a fan (14),
the method comprising:

circulating the air between the washing chamber
(2) and the device (5) such that at least part of
the air (9) passes through the bed (11) allowing
the air (9) to contact the drying material (10) of
said bed (11);
withdrawing moisture from the air (9) passing
through the bed (11) by means of the drying ma-
terial (10), the air (9) passing through the bed
(11) at a first mean flow rate;
regenerating the drying material (10) by heating
the bed (11) by means of the heating element
(13) and releasing at least part of the moisture
to the air (9) at a second mean flow rate; and
altering the fan speed such that the first mean
flow rate is higher than the second mean flow
rate.
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