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(54) Method and device for drying for a drying or washing/drying machine

(57) The present invention relates to a method for
drying objects in a drying or washing/drying machine,
comprising the steps of:
Having an air volume lap a regenerable hygroscopic ma-
terial, so as to lower the degree of humidity of the former;

having said air volume lap said crockery, and the step of
regenerating said regenerable hygroscopic material by
subjecting it to a pressure which is lower than the atmos-
pheric pressure.
The present invention also relates to a drying or washing/
drying machine implementing said method.
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Description

[0001] The present invention relates to a method for
drying objects in a drying or washing/drying machine, as
well as to a device implementing said method.
[0002] The term drying or washing/drying machine
generally refers, in the present description and in the ap-
pended claims, lither to dishwashing machines having a
drying function, as well as to clothes dryers and washing/
drying machines.
[0003] Referring to dishwashers, some models are
currently available which also perform a crockery drying
step that follows the washing of the crockery.
[0004] For example, patent EP358279 teaches to dry
crockery by having it lapped by a volume of dry air.
[0005] The air volume is dried by having it lap a regen-
erable hygroscopic material, which absorbs the humidity
of the air.
[0006] This patent teaches how to regenerate (i.e. to
dry) the hygroscopic material by subjecting it to a tem-
perature increase caused by electric resistors heating it
up, so that it yields the absorbed humidity and is then
ready for a new cycle.
[0007] Once the material has yielded the absorbed hu-
midity, in fact, it is ready for being used in a new crockery
drying cycle.
[0008] This solution however requires much energy,
due to the necessity of keeping the electric resistor on
through the entire hygroscopic material regeneration
time.
[0009] The term "regeneration" as used herein refers
to the release of humidity from the hygroscopic material,
so that the latter can become dry again.
[0010] The object of the present invention is to provide
a method and a device for drying objects in a drying or
washing/drying machine which can overcome these and
other drawbacks.
[0011] The present invention relates to a method for
drying objects in a drying or washing/drying machine and
a device implementing said method.
[0012] The idea underlying of the present invention is
to regenerate the hygroscopic material by subjecting it
to a pressure which is lower than the atmospheric pres-
sure, i.e. a pressure lower than 1 bar.
[0013] The reduction of the pressure in the container
of the regenerable hygroscopic material, in fact, allows
the latter to release the humidity it contains without re-
quiring the use of any electric heating resistors, resulting
in an improvement over prior-art solutions.
[0014] Advantageously, in fact, the energy consump-
tion of a pump or a compressor used for reducing the
pressure is significantly lower than that of an electric re-
sistor.
[0015] Let us consider, for example, that an electric
resistor used for this application typically draws 1KW/h
or more, whereas a pump ensuring the attainment of the
same result typically draws 100 W/h, i.e. there is a dif-
ference of approximately one order of magnitude.

[0016] It is another object of the present invention to
provide a method for regenerating a hygroscopic material
to be used in a drying or washing/drying machine, which
method comprises the step of subjecting said hygroscop-
ic material to a pressure which is lower than the atmos-
pheric pressure.
[0017] Further advantageous features will be set out
in the appended claims, which are intended as an integral
part of the present text.
[0018] These features as well as further advantages
of the present invention will become more apparent from
the following description of an embodiment thereof,
shown in the annexed drawings provided by way of non-
limiting example, wherein:

Fig. 1 shows a diagram of a dishwasher according
to a basic embodiment of the present invention;
Figs. 2 and 3 show the dishwasher of Fig. 1 in two
distinct operating conditions, i.e. a condition in which
the hygroscopic material is being regenerated, and
a condition in which the crockery is being dried;
Fig. 4 shows a diagram of a dishwasher according
to a first improved embodiment of the present inven-
tion;
Figs. 5 and 6 show the dishwasher of Fig. 4 in two
distinct operating conditions, i.e. a condition in which
the hygroscopic material is being regenerated, and
a condition in which the crockery is being dried;
Fig. 7 shows a diagram of a dishwasher according
to a second improved embodiment of the present
invention;
Figs. 8 and 9 show the dishwasher of Fig. 7 in two
distinct operating conditions, i.e. a condition in which
the hygroscopic material is being regenerated, and
a condition in which the crockery is being dried.

[0019] In principle, the method and the device de-
scribed hereafter can be used or implemented, in gen-
eral, in any type of machine equipped with a drying func-
tion, whether for treating laundry (such as washing/drying
machines, clothes dryers and the like) or for treating
crockery (such as dishwashers).
[0020] For simplicity, however, the following will de-
scribe an example of application in a dishwasher
equipped with a crockery drying function.
[0021] Any applications of the teachings of the present
invention for laundry treating purposes should nonethe-
less be considered to fall within the scope of the present
invention, in that all the necessary adaptations required
by the differences between the two types of machines
fall within the scope of the person skilled in the art.
[0022] Referring now to Fig. 1, there is shown a basic
configuration of a dishwasher adapted to implement the
method of the present invention.
[0023] The method comprises the two known basic
steps of:

s 1. having an air volume to lap a regenerable hy-
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groscopic material, so as to lower the degree of hu-
midity of the former;
s2. having said air volume to lap crockery to be dried;
and, in accordance with the present invention, it fur-
ther comprises the step of:

a. regenerating said regenerable hygroscopic
material by subjecting it to a pressure which is
lower than the atmospheric pressure, preferably
between 0.2 and 0.05 absolute bars.
In particular, this latter step of the method is ap-
plicable whenever one wants to regenerate a
hygroscopic material, such as zeolites, before,
during or after a crockery drying cycle in a dish-
washing machine. A hygroscopic material which
is particularly suitable for the implementation of
the present method is a zeolite known to those
skilled in the art under the commercial name SA-
PO-34.
The method according to the present invention
lends itself to many applications, but it always
comprises the above-mentioned step a.
Step a. may advantageously be carried out prior
to the basic steps s1. and s2., leading to advan-
tages that will be described more in detail below.
Steps s1.,s2. may optionally be repeated for a
preferred number of times.
Step a. may advantageously be carried out in
the course of a crockery washing step being ex-
ecuted by said dishwasher, so that the cycle is
not made longer by the execution of step a., and
it is possible to use, in order to speed up the
regeneration of the hygroscopic material, the
heat possibly dispersed by the dishwasher dur-
ing the washing step (it must be remembered
that the dishwashers’ washing steps typically
utilize water at high temperature, i.e. at approx.
55°C).
This method step a. causes the regeneration of
the regenerable hygroscopic material, which
yields water that is collected into and expelled
from the container, thus making the regenerable
hygroscopic material ready for use.
At the end of a crockery wash cycle, the crockery
temperature is relatively high (because of the
high temperature of the wash liquid), and the
humidity present in the tub of the washing ma-
chine and on the crockery itself (which is hot at
the end of the wash cycle) tends to condense
onto the tub walls, whose temperature is lower.
This determines a decrease in the humidity per-
centage, until a condition is reached wherein the
"natural" drying process described so far is
made difficult by the small temperature differ-
ence (less than 5°C) between the humid air in
the tub and the tub walls, onto which the humidity
should condense.
Once this condition has been attained, there-

fore, the "natural" drying of the crockery will con-
tinue, but will require a very long time to com-
plete.
In order to improve this process, it is necessary
to subtract the residual humidity from the dishes,
so that at the end of this drying step they can be
picked up substantially dry by the user. Advan-
tageously, according to the method of the
present invention the air to be conveyed against
the crockery to enhance the drying thereof is
dried by having it lap the hygroscopic material
before being delivered into the tub.
To this end, it is necessary that the hygroscopic
material be ready to dry the air, and therefore it
must be dried, or regenerated, before it comes
in contact with the air to be delivered onto the
crockery.
In order to dry or regenerate the hygroscopic
material, the above step a. is carried out.
As aforementioned, the energy consumption of
a machine implementing this method is rather
low, and is anyway lower than when the hygro-
scopic material is only regenerated through
heating by means of electric resistors.
The drying method also comprises, in a basic
embodiment of the present invention, the steps
of:
b. generating an air flow;
c. having said air flow to lap the crockery;
d. having said air flow to lap said hygroscopic
material.

[0024] The above steps b.,c.,d. may optionally be re-
peated for a preferred number of times.
[0025] The basic method referred to above operates
as a closed loop, wherein the air circulating within the
machine is always the same and draws humidity from
the crockery to yield it by contact to the regenerable hy-
groscopic material.
[0026] The latter is dried at the beginning of the cycle,
by lowering the pressure in the environment where it is
housed, so as to reduce the vapour tension of the water
absorbed by the regenerable hygroscopic material.
[0027] A more complex embodiment of the method,
for example, comprises the following steps:

i. generating a first air flow taken from the environ-
ment outside the dishwasher;
ii. having said first air flow to lap the wet crockery;
iii. exhausting said first air flow into the environment
outside the dishwasher;
iv. (optional) repeating steps i,ii,iii for a preferred
number oftimes;

a. subjecting a regenerable hygroscopic mate-
rial, housed in a container, to a pressure be-
tween 0.2 and 0.05 absolute bars;
b. generating an air flow;
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c. having said air flow to lap the crockery;
d. having said air flow to lap said hygroscopic
material;
e. (optional) repeating steps b,c,d for a preferred
number of times.

[0028] As can be seen, the above method includes two
distinct phases, i.e. one to be carried out in open-loop
mode and one to be carried out in closed-loop mode.
[0029] During the first open-loop phase, the crockery
is dried by simply subjecting it to a flow of environmental
air, which is then exhausted out of the machine after the
humidity has been lowered by means of a condenser or
the like.
[0030] The second closed-loop phase is substantially
similar to the one described above, and is used to speed
up the drying of the crockery, while at the same time
providing a substantial energy saving.
[0031] In this regard, it must be pointed out that when
the crockery’s humidity percentage is high, it can be sub-
tracted relatively easily from the crockery but as it falls
below a certain value, the water evaporation process be-
comes slower and the air coming from the environment
may not be suitable because it is too humid.
[0032] In this case as well, an air heating step may be
provided by using suitable electric resistors.
[0033] As for the machine 1 capable of carrying out
such a cycle, one example of a basic machine is shown
in Fig. 1, which illustrates the tub 2 of the dishwasher 1
that houses the crockery S. The exploded view shows a
part of the circuit that can be used for implementing the
method according to the present invention.
[0034] Of course, in its practical implementation the
circuit is an integral part of the machine 1, since it is
housed therewithin; the exploded view in the annexed
drawings is however useful to understand its operation
and to identify its functional parts.
[0035] In particular, with reference to Fig. 1, it can be
seen that there is an air intake duct 3 in fluidic commu-
nication with the tub 2, which duct extends from the latter
towards a container for a regenerable hygroscopic ma-
terial 6.
[0036] Along the air intake duct 3 there is a first valve
4, preferably a solenoid valve, which is adapted to inter-
cept the duct 3 itself.
[0037] There is also a container for a regenerable hy-
groscopic material 6, said container 6 being preferably
hermetic except for an intake aperture and an exhaust
aperture respectively connected to said air intake duct 3
and to an air exhaust duct 7, along which there is a vac-
uum pump 8 having preferably a power of approx. 100
W and a flow rate of 15 1t/min and being adapted to reach
absolute pressures of approx. 0.12 bars.
[0038] Downstream of the pump 8 an air supply duct
12 is visible, which is in fluidic communication with the
tub 2.
[0039] The operation of the system for carrying out the
method of the present invention is shown in Figs. 2 and 3.

[0040] In Fig. 2 the machine 1 is carrying out the step
a. for regenerating the hygroscopic material.
[0041] In this operating condition, the valve 4 is closed,
i.e. it shuts off the air intake duct 3.
[0042] The pump 8 is in operation so that the container
6, arranged between the valve 4 and the pump 8 itself,
is placed by the latter into a vacuum condition at the
above-mentioned pressure values. Therefore, the hygro-
scopic material contained in the container 6, through the
effect of this pressure reduction, is dried and releases its
humidity in the form of steam, which is then sent, through
the air exhaust duct 7, and the pump 8 and the air supply
duct 12, into the tub 2 or directly into the drain of the
dishwasher 1 (not shown).
[0043] After a predetermined time of operation in this
condition, the valve 4 is opened, as shown in Fig. 3.
[0044] In this situation, the pump 8 conveys a flow of
dry air through the air supply duct, which air flows through
the tub 2 and laps the crockery, thus subtracting humidity
therefrom.
[0045] The air, which is now humid, then flows through
the air intake duct and reaches the container 6, where it
yields its humidity to the hygroscopic material contained
therein.
[0046] At the outlet of the container 6, the circulating
air flow is dry again, and reaches the pump 8 through the
air exhaust duct 7, from where it is recirculated.
[0047] For better readability, Figs. 2 and 3 show the
path followed by the air flow (humid or dry, according to
the case) by means of a dashed arrow.
[0048] At the end of a preset time or, as an alternative,
after a preferred number of cycles or upon reaching a
preset humidity threshold, controllable through suitable
sensors, the crockery S is considered to be dry and the
cycle stops.
[0049] During the next drying cycle, the above-de-
scribed step a. is carried out again in order to appropri-
ately dry or regenerate the hygroscopic material.
[0050] Of course, the method described so far and the
machine implementing it may be subject to many varia-
tions.
[0051] One of these variations is shown in Fig. 4, 5 and
6.
[0052] Fig. 4 shows an improved machine 10, wherein
the same reference numerals designate the same parts
of the machine 1, which will not be described any further.
[0053] The machine 10 comprises a first three-way
valve 40, a second three-way valve 50, and a bypass
duct 60.
[0054] The first valve 40 is located on the air intake
duct 3 upstream of the container 6; the second valve 50
is located on the air exhaust duct 7 downstream of the
container 6; the bypass duct 60 is connected to the first
valve 40 and to the second valve 50.
[0055] The first valve is therefore connected to: the air
intake duct 3, the container 6 and the bypass duct 60; in
its turn, the second valve 50 is connected to: the air ex-
haust duct 7, the container 6, and the bypass duct 60.
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[0056] The process taking place during the step of re-
generating the hygroscopic material contained in the con-
tainer 6 is shown in Fig. 5.
[0057] The first valve 40 is actuated to close the air
intake duct 3 and to place the container 6 in communi-
cation with the bypass duct 60; the second valve 50 is
actuated to close the container 6 and to place the bypass
duct 60 in fluidic communication with the air exhaust duct
7 directed towards the pump 8.
[0058] The latter is then turned on, resulting in the con-
tainer 6 being placed under a vacuum.
[0059] Because of the duct layout and of the fact that
the bypass duct is connected to the head of the container
6, the hygroscopic material contained in the latter is sub-
jected to a pressure which is lower than the atmospheric
pressure, and hence it yields humidity which is conveyed
into the tub 2, as previously explained.
[0060] The hygroscopic material which benefits the
most from the pressure reduction, thus drying sooner and
optimally, is immediately adjacent to the take-off point on
the container 6.
[0061] During the operating step in which the crockery
S is dried, as shown in Fig. 6, the dry air flow generated
by the pump 8 is conveyed into the tub 2 and subtracts
humidity from the crockery S.
[0062] The air flow, now humid, exits the tub through
the duct 3 and then reaches the valve 40.
[0063] The latter is actuated in a manner such as to
place the duct 3 in communication with the container 6
and to stop the fluidic communication with the bypass
duct 60.
[0064] The humid air flow then goes through the con-
tainer 6, thus yielding humidity to the hygroscopic mate-
rial and becoming dry again.
[0065] At the outlet of the container, the valve 50 is
actuated in a manner such as to place the container 6 in
communication with the duct 7 and hence with the pump
8.
[0066] The dry air flow exiting the container is thus de-
livered to the pump 8, and from there into the tub 2 again,
so that the cycle can be repeated for a preferred number
of times or until the crockery can be considered to be dry.
[0067] Since with this configuration the air take-off
point during the hygroscopic material regeneration step
coincides with the humid air supply point during the crock-
ery drying step, it is advantageously attained that the
portion of hygroscopic material that dries or regenerates
best is that very portion which gets imbibed the most in
the operating condition, since it is the first to come in
contact with the humid air flow coming from the tub 2.
[0068] Yet another variation is shown in Figs. 7, 8 and
9.
[0069] In these drawings, the same reference numer-
als designate the same parts previously described and
having the same functions, which will not therefore be
described any further.
[0070] The machine 100, in this case, comprises a
pump 900 arranged in line on the bypass duct 60, and a

blower 800 arranged on the duct 7 that leads to the tub.
[0071] The operation is similar to that previously de-
scribed, the only difference being that the hygroscopic
material drying step, shown in Fig. 8, is carried out by
turning on the pump 900 on the bypass duct 60 and leav-
ing the blower 800 off, whereas the crockery drying step
is carried out by turning off the pump 900 and turning on
the blower 800, which leads to a further saving in terms
of energy consumption, since the blower 800 absorbs
less electric energy than the pump 900.
[0072] Other changes may of course be made to the
method as well as to the machine implementing it; for
example, the closed loop shown in the drawings and de-
scribed so far may alternatively be replaced with an open
loop, or comprise ducts afferent to the outside environ-
ment. Advantageously, then, the circuit that comprises
the container 6 is housed in the base 20 of the machine
(which is also adapted to house one or more pumps),
thus saving room and improving the stability of the ma-
chine.

Claims

1. A method for drying objects, such as crockery, in a
drying or washing/drying machine, comprising the
steps of:

s 1. having an air volume to lap a regenerable
hygroscopic material, so as to lower the degree
of humidity of the former;
s2. having said air volume to lap said objects;
characterized in that
it further comprises the step of:

a. regenerating said regenerable hygro-
scopic material by subjecting it to a pressure
which is lower than the atmospheric pres-
sure.

2. A method according to claim 1, characterized in
that said pressure lower than the atmospheric pres-
sure is between 0.2 and 0.05 absolute bars.

3. A method according to claim 1 or 2, characterized
by further comprising the following steps:

b. generating an air flow;
c. having said air flow to lap the objects;
d. having said air flow to lap said hygroscopic
material;

to be preferably carried out after said step a.

4. A method according to one or more of the preceding
claims, characterized in that said step a. is carried
out during a wash cycle.
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5. A drying or washing/drying machine (1,10,100), in
particular a dishwasher with a crockery drying func-
tion, characterized in that it implements the method
according to one or more of claims 1 to 4.

6. A machine (1,10,100) according to claim 5, charac-
terized in that it comprises a tub (2) adapted to
house objects (S), such as crockery, to be subjected
to a drying action, and a container (6) adapted to
house a regenerable hygroscopic material, said con-
tainer (6) being in fluidic communication with said
tub (2) and with a pump (8,800) in order to be sub-
jected to a pressure which is lower than the atmos-
pheric pressure.

7. A machine (1,10) according to claim 6, character-
ized by comprising:

- an air intake duct (3) in fluidic communication
with said tub (2) and with said container (6),
- a valve (4,40) adapted to intercept said air in-
take duct (3),
- a vacuum pump (8),
- an air exhaust duct (7) connected to said con-
tainer (6) and to a vacuum pump (8),
- an air supply duct (12) in fluidic communication
with said pump (8) and with said tub (2).

8. A machine (10) according to claim 7, characterized
by further comprising:

- a bypass duct (60),
- a second three-way valve (50) connected to
the air exhaust duct (7), to the container (6) and
to said bypass duct 60,
wherein said first valve (40) is a three-way valve
connected to said air intake duct (3), to said con-
tainer (6) and to said bypass duct (60).

9. A machine (1,10) according to one or more of claims
5 to 8, characterized in that at least said container
(6) is housed in a base (20) of the machine (1,10,100)
which also houses one or more pumps.

10. A method for regenerating a regenerable hygroscop-
ic material which can be implemented in a drying or
washing/drying machine, in particular in a dishwash-
er, comprising the step of:

a. regenerating said regenerable hygroscopic
material by subjecting it to a pressure which is
lower than the atmospheric pressure.

9 10 



EP 2 397 064 A1

7



EP 2 397 064 A1

8



EP 2 397 064 A1

9



EP 2 397 064 A1

10



EP 2 397 064 A1

11



EP 2 397 064 A1

12



EP 2 397 064 A1

13



EP 2 397 064 A1

14



EP 2 397 064 A1

15

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• EP 358279 A [0004]


	bibliography
	description
	claims
	drawings
	search report

