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(54) Household appliance with regeneration drying device

(57) The invention relates to a household appliance
equipped with a regeneration-type drying device (2),
wherein an air flow laps the load (S) in the tub, thereby
removing the water contained therein and then yielding
it as moisture to a hygroscopic material (26).

For the purpose of regenerating the latter, an electric
resistor (25) or the like is provided; the hygroscopic ma-
terial (26) and the resistor are housed in a thermally in-
sulated container (24), thus saving energy necessary for
the regeneration process.
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Description

[0001] The present invention relates to a household
appliance equipped with a regeneration-type load drying
device.
[0002] In this description and in the appended claims,
the term "household appliance" will refer to any type of
machine, such as a dishwasher, a clothes dryer or a
washing/drying machine, which includes a function for
drying the load, wherein the latter may be crockery or
laundry depending on the application.
[0003] Therefore, wherever reference will be made for
brevity to dishwashers only, such reference will nonethe-
less have to be extended also to the other household
appliances cited above, unless otherwise specified.
[0004] Also, the term "regeneration-type drying"
means that an air flow, preferably heated, laps the load
in the household appliance, thereby removing the water
deposited thereon, which is then released as moisture
through adsorption by an appropriate hygroscopic mate-
rial.
[0005] This type of household appliance has been well
known for a long time, and many technical and patent
publications exist on this matter; by way of example, ref-
erence can be made to European patents and patent
applications EP 358279, EP 1667569 and EP 2397064.
[0006] This latter publication is a European patent ap-
plication by the present Applicant, the contents of which
are expressly referred to and incorporated herein, so that,
for brevity, reference can be made thereto for any aspects
that will not be expressly described herein.
[0007] As is known, the existing regulations relating to
the energy consumption of household appliances are be-
coming increasingly restrictive, and of course they also
apply to machines with a regeneration-type drying func-
tion.
[0008] In particular, this aspect concerns machines
wherein the load-drying air flow is heated in order to en-
sure better performance, i.e. to reduce the drying times
and/or to dry a bigger load, all other conditions being
equal.
[0009] In fact, the cycle for regenerating the material
that adsorbs the moisture from the drying air is carried
out by heating said material, which generally consists of
a hygroscopic material.
[0010] European patent EP 1667569 describes a low-
consumption dishwasher, wherein an adsorption column
is connected to the tub of the dishwasher, and the energy
produced by drying the water in the column is also used
for partially heating the dish rinse water.
[0011] In addition to this, a heat generating device is
also known which is used for heating at least a part of
the drying air circulating in the tub of the dishwasher,
which exploits the above-mentioned drying heat.
[0012] This solution appears to be rather complex to
implement, in that it still requires an adequate program
for controlling the dishwasher, with suitable sensors that
do not appear to be easy to manufacture.

[0013] The present invention aims at finding a solution
which is alternative to this state of the art, by providing a
household appliance with a regeneration-type drying
function having structural and operating features that en-
sure low energy consumption combined with improved
performance, all other conditions being equal, compared
to prior-art household appliances.
[0014] The basic idea of the invention is to better pre-
serve the heat used in the regeneration cycle, in particular
the heat used for heating the hygroscopic material; to
this end, the structural configuration of the household
appliance is such that it promotes the thermal insulation
of the part to be used for the hygroscopic material regen-
eration cycle.
[0015] The features of the household appliance ac-
cording to the invention are specifically set out in the
claims appended to this description; such features, as
well as the effects and advantages deriving therefrom,
will become more apparent from the example of embod-
iment of the invention described below with reference to
the annexed drawings, wherein:

Fig. 1 schematically shows a dishwasher according
to the invention;
Fig. 2 is a sectional side view of the dishwasher of
Fig. 1;
Fig. 3 is a sectional front view of a dishwasher
equipped with a second  embodiment of the regen-
eration-type drying device according to the inven-
tion;
Fig. 4 shows in detail the drying device of Fig. 3,
without the dishwasher;
Figs. 5 and 6 are, respectively, a side view and a
front view of the device of Fig. 4;
Fig. 7 is a top view, with a sectioned part, of a detail
of the device of Figs. 4 to 6;
Fig. 8 is a longitudinal sectional view of the detail of
Fig. 7;
Fig. 9 is a sectional view of the same detail from an
angle different from that of Fig. 8.
Fig. 10 is a sectional side view of a dishwasher
equipped with the second embodiment of the regen-
eration-type drying device according to the inven-
tion.

[0016] With reference to the drawings, particularly to
the first two figures, numeral 1 designates as a whole a
household appliance according to the invention, which
in this case is a dishwasher.
[0017] The dishwasher 1 is of a per se known type as
concerns the typical functions used for washing and sup-
porting the crockery S, but it includes a drying device 2
made in accordance with the invention.
[0018] Said device comprises a collector 20 for recir-
culating the drying air, which extends from an air intake
4 arranged in an elevated position with respect to the
wash tub 3 of the dishwasher, and an air outlet 5 on the
bottom of the tub.
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[0019] In this example, the collector is shown to be
external to the household appliance for simplicity and
clarity reasons, as will become more apparent below.
[0020] It may however be provided inside the house-
hold appliance, in such a way as to be thermally insulated;
to this end, the collector 20 will be preferably insulated
in a known manner, e.g. by wrapping it with an insulating
material such as mineral wool, polymeric foam or the like.
[0021] In an intermediate region of the collector 20
there is a container 24 for the  hygroscopic material; in
accordance with this embodiment, the container 24 has
a spherical shape, even though it may be different (e.g.
cylindrical, parallelepiped or the like).
[0022] Inside the container there is an electric resistor
25, which is controlled in a per se known manner through
a regulator (not shown in the drawings).
[0023] In accordance with a preferred embodiment, the
resistor is embedded into a layer of silica gel 26.
[0024] This type of gel is available on the market, e.g.
the one produced by German company Oker-Chemie
GmbH; it has an adsorption capacity of approx. 25 % and
a regeneration temperature around 180 °C.
[0025] According to the invention, the container 24 is
also thermally insulated with mineral wool, polymeric
foam or the like, so as to ensure good preservation of
the heat generated therein by the resistor 25.
[0026] The dishwasher 1 further comprises an intake
fan 7 arranged at the intake 4, and a diffuser 8 associated
with the outlet 5; the former is used for circulating air
inside the collector 20 and the container 24, down to the
latter. The outlet 5 and the diffuser 8 protrude from the
level corresponding to the maximum level of the water in
the tub, and prevents the water on the tub bottom to flow
back into the collector 20.
[0027] The protection device 8 essentially consists of
a cover placed on top of the terminal part of the outlet 5,
which prevents any splashes of water from entering the
outlet 5.
[0028] The operation of the dishwasher 1 can be easily
understood in the light of the above description.
[0029] In order to dry the load in the tub 3, in fact, the
air present therein is circulated in the collector 20 and in
the container 24, where its moisture content is adsorbed
by the silica gel layer 26 arranged in the container 24.
[0030] At the beginning of an operating cycle of the
machine, the silica gel is regenerated by the heat of the
resistor 25; however, since the regenerating device 2 can
preserve heat well due to the collector 20 and the con-
tainer 25 being thermally insulated, the electric resistor
25 does not need to be  powered continuously or for long
time intervals.
[0031] It follows that the electric energy consumption
at this stage of the operating cycle of the household ap-
pliance can be significantly lowered, thus meeting the
energy efficiency classification requirements.
[0032] This advantageous result is attained through a
solution that does not require high costs for its industrial
implementation, since de facto it only requires, the ap-

plication of insulating material onto the container 24 and,
preferably but not necessarily, around the collector 20.
[0033] In addition to its intrinsic low cost, this solution
is advantageous because it can also be implemented in
existing machines; in other words, the application of the
insulating material requires no particular measures or
modifications to existing household appliances having a
regeneration system with a container or a collector for
hygroscopic material; therefore, it is easily applicable at
the industrial level.
[0034] As possible variations of the invention de-
scribed so far, reference should be made to the previous
remarks regarding the arrangement of the collector 20
and of the container 24, which may be internal to the
household appliance.
[0035] It can also be easily understood that, depending
on this, also the shape of the collector, along with its air
intake 4 and the outlet 5, as well as that of the container
24 may be different from that shown.
[0036] As regards the hygroscopic material, it is ap-
parent that many alternatives to silica gel may be used;
in principle, any regenerable hygroscopic material may
be used for the present invention.
[0037] The above observations about the possible var-
iations of the invention can be better understood with
reference to Figures 3 to 10, which show a second em-
bodiment of the drying device of the invention.
[0038] In such figures, an apostrophe has been added
to the numerals of the various elements; those elements
which are structurally or functionally equivalent to those
already described have been designated by the same
numerals.
[0039] As can be seen, the dishwasher 1’ comprises
a drying device 2’ in which a collector 20’ extends along
one side of the dishwasher from an upper region of the
wash tub 3’, where an air intake 4’ with an impeller 7’ is
arranged, to a lower region, where there is an air outlet
5’ for delivering the air into the tub 3’.
[0040] In accordance with the variant of the invention
shown in Figures 3-10, the drying device 2’ also compris-
es a second air intake 4" with its impeller 7" and a second
collector 20", which joins the first collector 20’ upstream
of the inlet of the container 24’ for the hygroscopic ma-
terial. The latter is similar to the one taken into account
in the previous example, to which reference should be
made for brevity.
[0041] It must however be pointed out that the second
collector 20" may be absent or there may be more than
two collectors.
[0042] Unlike the previous example, in this case the
hygroscopic material container 24’ is arranged in the low-
er part of the dishwasher 1’, under the bottom of the tub 3’.
[0043] Preferably, at least one portion of the container
24’ is in thermal exchange with the bottom of the tub 3’
and/or with the liquid which is collected thereon during
the operating cycle of the household appliance.
[0044] The zeolite container 24’ is connected to the
collector 20’ by means of a fitting 21’, and is closed at
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the top by the outlet 5’, from which a diffuser 8’ extends
whose function is to diffuse the drying air into the tub 3’
while still preventing any wash water from entering it and
flowing back into the container 24’.
[0045] For this purpose, the diffuser is preferably split
into two equal portions - even though there may be only
one portion or more than two portions - each having a
diverging configuration.
[0046] Each portion 8’ of the diffuser comprises aper-
tures 9’ for internal channels directed downwards, so that
any splashes of wash liquid entering the diffuser 8’ will
fall outside without reaching the outlet 5’ and the contain-
er 24’.
[0047] The latter is cylindrical in shape and houses an
electric resistor 25’ which, in accordance with a preferred
embodiment, has a helicoidal configuration; furthermore,
as can be better observed in Figures 8 and 9, the heli-
coidal resistor 25’ has a central part of smaller diameter
than the ends.
[0048] These features of the resistor promote the ther-
mal exchange with the hygroscopic material inside the
container 24’, into which the resistor 25’ is buried, as well
as with the air flowing into the regeneration-type drying
device 2.
[0049] The upper part of the container 24’ and the dif-
fuser 8’ extend from the bottom of the tub 3’ above the
level that can be reached by the water during the oper-
ating cycle of the dishwasher 1’.
[0050] This avoids any risk of flooding of the container
while the household appliance 1’ is in operation.
[0051] Furthermore, the fact that the upper part of the
container 24’ with the outlet 5’ protrudes from the bottom
of the tub 3’ still makes the thermal exchange with the
water in the tub possible; advantageously, the exchange
area can be increased by the presence of a collar or
flange 27’ surrounding the upper part of the container
24’, which also acts as a thermal finning for the latter. In
its lower part, the container 24’ comprises a bottom 28’,
which is so shaped as to impart a rotary motion compo-
nent to the air flow that goes through the regeneration-
type drying device 2.
[0052] For this purpose, the bottom 28’ has a central
convexity or relief 29’ that defines, together with the
rounded wall of the bottom 28’, a toroidal chamber 30’
with which a fluid inlet channel 31’ is tangentially asso-
ciated. The fluid, therefore, enters the toroidal chamber
28’ with a tangential velocity component, goes through
it, and flows upwards through the container 24’ with heli-
coidal motion.
[0053] This ensures that the distance run - and the time
taken - by the fluid to flow through the container 24’ is
longer than in the case of a vertically ascending flow.
[0054] This enhances the thermal exchange between
the fluid and the hygroscopic  material present in the con-
tainer 24’, all other conditions being equal, thereby im-
proving the performance of the regeneration-type drying
device according to the invention.
[0055] Increased performance is also attained in re-

gard to air diffusion in the washing tub 3’.
[0056] In fact, thanks to the cantilever-style positioning
of the diffuser 8’ with respect to the bottom of the tub, the
air taken in by the drying device 2’ is delivered into the
tub evenly and can therefore reach all internal points
thereof.
[0057] In this context, it must be pointed out that the
cantilever-style positioning with respect to the bottom of
the tub 3’ facilitates the use of a double or multiple diffuser
8’, since the portions that compose it can be oriented in
respective different directions in order to improve the dis-
tribution of the air in the tub.
[0058] It must also be pointed out that, due to the flange
27’ and the outlet 5’ being in thermal exchange with the
water present on the bottom of the tub 3’, it is possible
to exploit the heat produced by the electric resistor 25’
to regenerate the zeolites, thus advantageously saving
energy.
[0059] In fact, in accordance with the preferred oper-
ating cycle of the household appliance 1, regeneration
of the zeolites occurs during a step like the initial one,
wherein wash water is supplied into the tub 3’: it follows
that the heat produced by the resistor 25’ for heating the
zeolites is also partly transmitted to the water present on
the bottom of the tub 3’, so that heating the latter will
require less energy than in prior-art machines.
[0060] All features of the invention, in all of its possible
variations, will still fall within the scope of the following
claims.

Claims

1. A household appliance comprising a tub (3; 3’)
adapted to contain a load (S) to be treated, a regen-
eration-type drying device (2; 2’), in which an air flow
laps the load (S) in the tub (3; 3’) in order to dry it
and then yields moisture to a hygroscopic material
(26; 26’), means (25; 25’) for heating the hygroscopic
material (26; 26’) in order to obtain the regeneration
thereof, characterized in that the drying device (2;
2’) supplies an air flow into the tub (3; 3’) at a height
above the bottom of the tub (3; 3’).

2. A household appliance according to claim 1, wherein
the drying device (2; 2’) comprises at least one ele-
ment (5’, 24’, 27’) in thermal exchange with a liquid
present in the tub (3; 3’).

3. A household appliance according to claim 1 or 2,
wherein the drying device (2; 2’) comprises an outlet
(5; 5’) and/or a diffuser (8; 8’) arranged in a cantilever
fashion with respect to the bottom of the tub (3; 3’)
and extending up to a level higher than the preset
one that is reached by the liquid collected on the
bottom of the tub.

4. A household appliance according to claim 3, wherein
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the diffuser is of the double or multiple type.

5. A device according to any one of the preceding
claims, wherein the means (25; 25’) for heating the
hygroscopic material (26; 26’) comprise a helicoidal
electric resistor with a central portion having a small-
er diameter than the ends.

6. A household appliance according to any one of the
preceding claims, wherein the hygroscopic material
(26; 26’) is housed in a container (24; 24’), and
wherein said air flow goes through said container
with a helicoidal motion.

7. A household appliance according to any one of the
preceding claims, wherein the hygroscopic material
(26; 26’) is housed in a container (25; 25’) which is
at least partly thermally insulated by means of an
insulation covering.

8. A household appliance according to any one of the
preceding claims, wherein the drying device (2) com-
prises a first collector (20’) extending between a re-
spective intake (4’) for taking air from outside the tub
(3; 3’) and an outlet (5’) for delivering the air into the
tub (3; 3’), and a second collector (20") equipped
with a respective intake (4"), which joins the first col-
lector (20’) upstream of the inlet of the hygroscopic
material container (24’).

9. A household appliance according to any one of the
preceding claims, wherein the first and/or the second
collectors (20; 20’, 20") are thermally insulated.

10. A household appliance according to any one of the
preceding claims, wherein the hygroscopic material
comprises silica gel in granular form.

11. A household appliance according to any one of the
preceding claims, which is a dishwasher, a clothes
dryer or a washing/drying machine.

12. A method of operation of a household appliance
comprising a tub (3; 3’) adapted to contain a load (S)
to be treated, a regeneration-type drying device (2;
2’), in which an air flow laps the load (S) in the tub
(3; 3’) in order to dry it and then yields moisture to a
hygroscopic material (26; 26’), means (25; 25’) for
heating the hygroscopic material (26; 26’) in order
to obtain the regeneration thereof, characterized in
that it comprises a step of regenerating the hygro-
scopic material, which is carried out during at least
a part of the step of supplying water into the tub (3; 3’).

13. A method according to claim 12, wherein the step of
regenerating the hygroscopic material (26; 26’) com-
prises taking an air flow lapping the hygroscopic ma-
terial (26; 26’) from the tub (3; 3’) and then delivering

it again into the tub (3; 3’).

14. A method according to claims 12 or 13, wherein the
air flow is delivered into the tub (3; 3’) at a height
above a preset level that is reached by the liquid
collected on the bottom of the tub (3; 3’).
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