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dried, heating means adapted to heat up said drying air,
condenser means adapted to remove moisture from the
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Description

[0001] The present invention refers to an improved
kind of clothes tumble dryer.

[0002] In the current state of the art as far as the ma-
chines and methods for drying clothes are concerned,
the most commonly found dryers are generally com-
prised of an outer casing provided with a loading door, a
drying air circuit adapted to cause heated air to be circu-
lated through a perforated rotating drum holding the laun-
dry to be dried, heating means adapted to heat up said
drying air, and a condenser adapted to remove moisture
from the hot moisture-laden drying air exiting said drum
after having flown through the laundry contained therein.
[0003] The dryer further comprises blower means to
circulate the drying air through the drum and the drying-
air circuit.

[0004] The drying-air circuit is so arranged as to be
able to cause the hot moisture-laden air to exit the drum
and to deliver the same air into and through the condens-
er, where the air undergoes a heat-exchange process,
in which heat is exchanged with a means lying at a lower
temperature, to the purpose of removing from the air the
moisture it took away from the clothes in the drum. There-
upon, the air is then heated up again passing through a
heating element prior to its being blown again into the
drum.

[0005] One of the most intensively pursued design tar-
gets in the field of laundry drying machines is to increas-
ingly simplify the construction of the drying-air circuit, in
view of being able to reduce the overall dimensions, and
related space requirements, of the same circuit and, at
the same time, improve the drying performance capabil-
ities of the machine.

[0006] In prior-artlaundry dryers, the hot moisture-lad-
en air is taken out of the drum through ducts that add to
the bulkiness of the circuit and increase the pressure
drop and the flow resistance thereof.

[0007] Inaddition, itis exactly atthose sections, where
the drum connects to such ducts, that the hot moisture-
laden air gives off a lot of heat due to the considerable
convective heat-exchange process that takes place
when the air exiting the drum is conveyed into the drying
circuit. The resulting heat loss by the drying air has the
effect of worsening the thermodynamic efficiency of the
machine, since the air cools down before reaching the
condenser, thereby reducing the effectiveness of the lat-
ter.

[0008] It therefore is @ main object of the present in-
vention to provide a clothes tumble dryer, which is effec-
tive in doing away with the above-cited drawbacks of pri-
or-art machines.

[0009] Within this general object, it is a purpose of the
present invention to reduce the bulkiness of the drying
air circuit provided inside the clothes tumble dryer.
[0010] Itis another purpose of the present invention to
simplify the conveyance of the air exiting the drum to-
wards the drying circuit, so as to improve air circulation
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inside the dryer altogether.

[0011] Still another purpose of the present invention is
toreduce the heatloss, i.e. the amount of heat dissipated
by the drying air exiting the drum, when it is conveyed
into the drying circuit.

[0012] According to the present invention, these aims,
along with further ones that will become apparent from
the following disclosure, are reached in an arrangement
incorporating the features as defined and recited in the
claims 1 to 9 appended hereto.

[0013] Features and advantages of the present inven-
tion will anyway be more readily understood from the
description that is given below by way of nonlimiting ex-
ample with reference to the accompanying drawings, in
which:

- Figure 1 is a perspective view of a clothes tumble
dryer according to the present invention, showing in
particular the air passage;

- Figure 2 is a perspective cross-sectional view of the
air passage of the clothes dryerillustratedin Figure 1;

- Figure 3 is a perspective view of the door frame of
the clothes dryer according to the present invention;

- Figure 4 is a side elevational, cross-sectional view
of the door of the clothes dryer according to the
present invention, showing an aerogel layer sealing-
ly enclosed in the frame thereof.

[0014] With reference to the above-cited Figures, the
clothes tumble dryer according to the present invention
- as generally indicated at 1 in said Figures - comprises
an outer casing 2 provided with a loading door 3, a drying
air circuit adapted to cause a flow of heated air to be
circulated through a perforated rotating drum 4 holding
the laundry to be dried, heating means adapted to heat
up said drying air, condenser means adapted to remove
moisture from the hot moisture-laden air exiting the drum
after having flown through the laundry contained in the
drum.

[0015] The door 3 forms an air passage 5 that, when
the door 3 is closed, fluidly communicates with said drum
4 so as to convey the hot and moisture-laden drying air
exiting the drum 4 towards the condenser means; it fur-
ther forms one or more cavities 6 to encapsulate, i.e.
enclose an aerogel layer 7 therein, so as to thermally
insulate from the outside the door 3 forming said air pas-
sage 5.

[0016] Ina preferred embodiment of the presentinven-
tion, the dryer comprises a closed-loop drying-air circuit,
through which the hot and moisture-laden drying air is
conveyed, when leaving the perforated rotating drum,
and the dehydrated drying air from the condenser is then
delivered back into the drum, upon having duly heated
up again, so as to remove additional moisture from the
clothes being tumbled in the drum.
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[0017] Insuch preferred embodiment, the dryer further
comprises an open-loop cooling-air circuit adapted to
cause a stream of cooling air taken in from outside to
circulate through and over the condenser to cool it down
before being eventually exhausted into the outside at-
mosphere again.

[0018] The tumble dryer comprises blower means
adapted to cause the drying air to circulate inside the
drum and through the closed-loop drying-air circuit, as
well as to cause the cooling air to circulate through the
open-loop cooling-air circuit.

[0019] The door 3 comprises a door frame 8 that, along
side edges thereof, is provided with recesses 9 integrally
forming corresponding rotating pins adapted to engage
corresponding guides provided in the outer casing of the
dryer. These pins are adapted to rotate inside said guides
so as to enable the door 3 to rotate relative to the outer
casing 2 and, therefore, access to be gained into the
drum 4 to load and unload clothes in and from the same
drum.

[0020] Thedoorframe 8 hasaninnerside 10thatfaces
the drum 4 when the door 3 is closed, and an outer side
11 facing the outside of the machine.

[0021] Theinner side 10 of the door frame 8 forms the
air passage 5 adapted to convey the hot moisture-laden
drying air exiting the drum 4 towards the condenser.
[0022] The air passage 5 is formed by the inner side
10 of the door frame 8 by means of a collecting or baffle
member 12 projecting from the inner side 10 of the door
frame 8 towards the drum 4 to receive and collect the air
exiting the same drum. To this purpose, the collecting
member 12 is provided with an inflow portion 13 provided
and arranged in such manner as to come to lie in a po-
sition close to an aperture of the drum 4 or to be received
into said aperture when the door 3 is closed. In particular,
the inflow portion 13 comprises a surface provided with
a plurality of perforations, through which the drying air is
able to flow from the drum 4 into said air passage 5. A
removable filter (not shown) is arranged inside the baffle
member 12 for retaining fluff being carried by the drying
air flowing therethrough. The filter is adapted to be
cleaned after each drying cycle by the user.

[0023] The above-mentioned collecting member 12
defines an abutment frame 14 that extends around the
inflow portion 13 and is peripherally provided with a seal-
ing member 15. When the door 3 is closed, said abutment
frame 14 is adapted to rest against an undercut provided
on the outer casing 2 and correspondingly shaped so as
to be able to receive the abutment frame 14 and enable
the perforations of the inflow portion 13 of the collecting
member 12 to come to lie inside the peripheral rim of the
aperture of the drum 4. In addition, the sealing member
15 is adapted to provide an air-tight coupling of the pe-
ripheral edge of the frame 14 with the receiving undercut
in the outer casing, when the door 3 is closed, so as to
force the drying air exiting the drum 4 to solely flow
through the perforations of the inflow portion 13 of the
collecting member 12 and, as a result, to flow into the air
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passage 5 of the door 3.

When the dryer is operating, the drying air exits the drum
4, flows through the perforations in the inflow portion 13
of the collecting member 12 entering the air passage 5,
and is deflected by the inner side 10 of the door frame 8
so as to be directed towards an outflow aperture provided
in the air passage 5 of the door 3, through which said air
passage 5 fluidly communicates with the condenser.
[0024] The inner side 10 of the door frame 8 therefore
defines an airflow deflecting surface, over which the dry-
ing air flowing in from the drum 4 is adapted to stream to
be deflected and conveyed towards the outflow aperture
of the air passage 5, from which the air reaches then the
condenser.

[0025] The outer side 11 of the door frame 8 forms a
pluralities of cavities or compartments 6, which are sep-
arated from each other by partitions and are adapted to
be filled with aerogel granules 7.

[0026] Aerogels have a very low density and an ex-
tremely low heat conductivity. The term "gel" refers to a
coherent, rigid, continuous three-dimensional network of
colloidal particles. Gels are produced by the aggregation
of colloidal particles (typically under acidic conditions
when neutralizing salts are absent) to form a three-di-
mensional gel microstructure. When a gel is then dried
(through the removal of liquid from the pores) with the
use of means in which the coherent gel microstructure
is preserved, as this for instance occurs in supercritical
drying, a low-density "aerogel" is formed. One suitable
process for the production of aerogels is described in US
3,122,520. The aerogel granules may have any suitable
diameter, preferably of approx. 5 to 10 mm.

[0027] Any suitable aerogel granules can be used in
the presentinvention and, in particular, the aerogels used
are those based on metal oxides that are suitable for the
sol-gel technique ( C.J. Brinker and G.W. Scherer, Sol-
Gel Science 1990, Chapters 2 and 3), such as for in-
stance Si or Al compounds, or those based on organic
substances suitable for the sol-gel technique, such as
melamine-formaldehyde condensates (US Pat. No.
5,086,085) or resorcinol-formaldehyde condensates (US
Pat. No. 4,873,218). Mixtures of the above-mentioned
materials may be used, as well. Preferably used are an-
yway aerogels containing Si compounds, such as in par-
ticular SiO, aerogels.

[0028] An outer panel 16 is adapted to be applied on
to the door frame 8 so as to encapsulate, i.e. enclose the
aerogel inside the same door 3.

[0029] The aerogel granulesform alayerthatthermally
insulates the inner side of the door frame forming the air
passage provided for the drying air exiting the drum to
flow therethrough, thereby preventing the heat of the
same air from dissipating outside the machine. The ex-
ternal surface of the door acts, in fact, as a heat sink.
The heat loss from the drying air due to convective heat
exchange with the inner side of the door frame is drasti-
cally reduced, thereby improving the thermal efficiency
of the drying cycle as a whole.
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[0030] According to the present invention, the dryer is
therefore provided with a door that integrally forms a por-
tion of the drying air circuit, thereby enabling the bulki-
ness of the same circuit and the space occupied by it
inside the machine to be reduced and further enabling
the pressure drop and the turbulence of the air flow to be
reduced owing to the design of the air passage.

[0031] Furthermore, the door of the dryer forms a con-
veyance means that establishes an effective fluid com-
munication between the drum and the condenser, there-
by reducing flow resistance and pressure losses and
maximizing the passage of the drying air from the drum
into the circuit.

Claims

1. Clothes tumble dryer comprising an outer casing (2)
provided with a loading door (3), a drying air circuit
adapted to cause heated air to be circulated through
a perforated rotating drum (4) holding the laundry to
be dried, heating means adapted to heat up said
drying air, condenser means adapted to remove
moisture from the hot moisture-laden drying air ex-
iting the drum, characterized in that, said door (3)
forms an air passage (5) establishing fluid commu-
nication with said drum (4) for conveying the hot
moisture-laden drying air exiting the drum (4) to-
wards and into said condenser means, said door (3)
further forming one or more cavities (6) to encapsu-
late an aerogel layer (7) therein, so as to thermally
insulate from the outside said door (3) forming said
air passage (5).

2. Clothesdryeraccordingto claim 1, wherein said door
(3) comprises a door frame (8) that has an inner side
(10), which is arranged so as to face the interior of
the drum when said door (3) is closed, and an outer
side (11) facing the outside of the machine, said inner
side (10) of the door frame (8) forming the air pas-
sage (5) adapted to convey the hot moisture-laden
drying air exiting the drum (4) towards and into the
condenser means.

3. Clothes dryer according to claim 2, wherein said air
passage (5) is formed by the inner side (10) of the
door frame (8) and an air collecting member (12)
provided so as to protrude from said inner side (10)
of the door frame (8) towards the drum (4) to receive
and collect the air flowing out of the same drum.

4. Clothes dryer according to claim 3, wherein said air
collecting member (12) has an inflow portion (13)
provided so as come to lie in proximity of an aperture
of the drum (4) when the door (3) is closed.

5. Clothes dryer according to claim 4, wherein said in-
flow portion (13) comprises a surface provided with
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a plurality of perforations through which the drying
air is able to flow from the drum (4) towards and into
said air passage (5), said inflow portion (13) being
adapted to perform as a lint filter for retaining fluff
carried by the drying air exiting the drum.

6. Clothes dryer according to claim 5, wherein said air
collecting member (12) defines an abutment frame
(14) extending around the inflow portion (13) and
provided peripherally with seal means (15), said
frame (14) being adapted to move, when the door
(3) is closed, into abutment against a correspond-
ingly shaped undercut provided on the outer casing
(2), said seal means (15) being in turn adapted to
establish an air-tight coupling between the peripher-
al edge of the frame (14) and the undercut of the
outer casing (2) when the door (3) is closed, so as
to force the drying air exiting the drum (4) to solely
pass through the perforations in the inflow portion
(13) of the air collecting member (12) and, as aresult,
to flow into the air passage (5) of the door (3).

7. Clothesdryeraccording to claim 6, wherein the inner
side (10) of the door frame (8) defines an air deflect-
ing surface, on which the stream of drying air flowing
in from the drum (6) is able to flow to be diverted and
conveyed towards an outflow aperture provided in
the air passage (5) and fluidly communicating with
the condenser.

8. Clothesdryeraccording to claim 7, wherein the outer
side (11) of the door frame (8) forms a plurality of
cavities or compartments (6) that are separated from
each other by partitions adapted to contain aerogel
granules (7) therein.

9. Clothes dryer according to claim 8, wherein an outer
panel (16) is adapted to be applied on to the door
frame (8) to encapsulate said aerogel granules (7)
in the interior of the same door (3).

Amended claims in accordance with Rule 86(2) EPC.

1. Clothes tumble dryer comprising an outer casing
(2) provided with aloading door (3), a drying air circuit
adapted to cause heated air to be circulated through
a perforated rotating drum (4) holding the laundry to
be dried, heating means adapted to heat up said
drying air, condenser means adapted to remove
moisture from the hot moisture-laden drying air ex-
iting the drum, when closed, said door (3) forms an
air passage (5) establishing fluid communication
with said drum (4) for conveying the hot moisture-
laden drying air exiting the drum (4) towards and into
said condenser means, characterized in that, said
door (3) further forming one or more cavities (6) to
encapsulate an aerogel layer (7) therein, so as to
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thermally insulate from the outside said door (3)
forming said air passage (5).

2, Clothes dryer according to claim 1, wherein said
door (3) comprises a door frame (8) thathasaninner 5
side (10), which is arranged so as to face the interior

of the drum when said door (3) is closed, and an
outer side facing the outside of the machine, said
inner side (10) of the door frame (8) forming the air
passage (5) adapted to convey the hot moisture-lad- 70
en drying air exiting the drum (4) towards and into

the condenser means.

3. Clothes dryer according to claim 2, wherein said
air passage (5) is formed by the inner side (10) of 75
the door frame (8) and an air collecting member (12)
provided so as to protrude from said inner side (10)
of the door frame (8) towards the drum (4) to receive

and collect the air flowing
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