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Description

TECHNICAL FIELD

[0001] The present invention relates to a microwave
laundry drier.

BACKGROUND ART

[0002] Known laundry driers operate in various ways,
and in particular may condense a stream of hot air blown
into a drying drum to remove moisture from the laundry,
or may exhaust the stream of moisture-laden hot air di-
rectly from the drier. Known laundry driers comprise a
ventilation system (i. e. usually a blower comprising a fan
and an electric fan motor) and a heating arrangement,
which draw air from outside, and heat and blow the air
into and through the laundry drum; and the hot drying air
is then either exhausted directly from the drier or fed to
condensing means to condense the moisture collected
in the hot air.

[0003] A known condensation laundry drier comprises
a laundry drum; an air intake conduit for feeding the hot
drying air into the drum through an inflow opening; and
an air outlet or exhaust conduit for exhausting the hot
drying air from the drum through an outflow opening. The
air conduits are connected to each other by a condenser
for condensing the moisture in the hot drying air flowing
through it.

[0004] Atpresent, dryingisbyindirectheating: anelec-
tric heating element heats an airflow, and the air removes
moisture from the laundry. Using this method, standard
drying cycle time can only be shortened by increasing
either heating power or airflow. A commercial drier heat-
ing element, however, absorbs 2.2-2.4 kW electric pow-
er, and, since, in certain European countries (e.g. Italy),
most houses have a contract which allows maximum
electric power absorption from the mains of 3kW, no sig-
nificant increase can be made in the heating power of
the heating element. And, since airflow is limited by the
size of the air ducts, fans, and the machine itself, increas-
ing airflow is complicated and expensive, by involving
complete redesign of the machine. Furthermore, increas-
ing airflow results in a corresponding increase in the noise
level of the machine, and so calls for high-cost noise-
damping improvements.

[0005] As disclosed, for example, in Patents
US4356640A1, US4490923A1, US4765066A1,
US4510361A1 and US6393725A1, driers employing oth-
er heating technologies, such as microwaves, have been
proposed. Microwaves show considerable potential in
shortening drying time, by coupling directly with water
(direct heating). For example, a microwave drier com-
prises a casing housing a drying chamber; a blower con-
nected by a ductto the drying chamberto draw air through
the chamber from openings in both the chamber and the
casing; and a microwave energy source for directing mi-
crowave energy to the drying chamber. As the microwave
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energy heats and vaporizes the water in the laundry to
be dried, the evaporated moisture is drawn out of the
drying chamber by the air flowing through it, and is ex-
hausted into the atmosphere. The drying chamber may
be in the form of a revolving tumble drum mounted inside
the casing, or in the form of a stationary container; and
airflow into the drying chamber may be preheated to im-
prove removal of the evaporated moisture from the drying
chamber.

[0006] CA 1092 198 discloses, is a motorized clothes
drier which is heated by microwaves. It consists of an
outer stationary vented shell in which rotates a motorized
drum. The shell is provided with a loading door which is
in line with an opening in the drum. To the back of the
loading door is attached a container in which is centrally
located a reflector containing one or more microwave
magnetron tubes. When the loading door is closed, the
magnetron container penetrates partly into the drum. The
rear of the drum is provided with a vented conical baffle
which reflects the microwaves. A drive for rotating the
drum consisting of an electric motor, pulleys, and belt, is
located within the shell. Also located within the shell is
an exhaust fan which removes the air and vapour at a
rate to create a partial vacuum within the drum.

[0007] The main problem in a microwave laundry drier
is containing the microwaves inside the drying chamber,
to ensure user safety and maximize energy transfer to
the laundry, which means forming around the drying
chamber a closed environment which perfectly reflects
(and so contains) the microwaves. The weak area of such
a closed environment is the door, for loading/unloading
wet/dry laundry into/from the drying chamber, and which
constitutes a possible microwave leakage point.

[0008] In known microwave laundry driers, the door
configuration is complicated and expensive, and does
notalways guarantee perfectisolation of the microwaves.

DISCLOSURE OF INVENTION

[0009] Itis an object of the present invention to provide
a microwave laundry drier designed to eliminate the
aforementioned drawbacks, and which is cheap and easy
to implement, and in particular has a door configuration
which completely seals the closed environment around
the drying chamber to maximize energy transfer to the
wet laundry and prevent microwave leakage to the sur-
rounding outside environment.

[0010] According to the presentinvention, there is pro-
vided a microwave laundry drier as claimed in the ac-
companying Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A non-limiting embodiment of the present in-
vention will be described by way of example with refer-
ence to the accompanying drawings, in which:

Figure 1 shows a schematic side view of a microwave
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laundry drier in accordance with the present inven-
tion;

Figure 2 shows a view in perspective of a front panel
of the Figure 1 microwave laundry drier;

Figure 3 shows an enlarged view in perspective of
a portion of the Figure 2 front panel; and

Figure 4 shows a section of a lateral portion of a door
of the Figure 1 microwave laundry drier.

PREFERRED EMBODIMENTS OF THE INVENTION

[0012] Number 1 in Figure 1 indicates as a whole a
laundry drier comprising a casing 2 resting on a floor on
a number of feet. Casing 2 supports a revolving laundry
drum 3 which defines a drying chamber 4, rotates about
a horizontal rotation axis 5 (in alternative embodiments
not shown, rotation axis 5 may be tilted or vertical), and
has a front access opening 6 closed by a door 7 hinged
to a front wall of casing 2. Drum 3 is rotated by an electric
motor (not shown), and is fed through with a stream of
drying air fed into drum 3 by an exhaust-type ventilation
system 8 (i.e. in which the hot drying air from drum 3 is
exhausted directly into the external environment).
[0013] Ventilation system 8 comprises an air intake
conduit 9 for drawing in outside air, heating the air, and
feeding the hot drying air into drum 3 through an inflow
opening 10; an air exhaust conduit 11 for exhausting the
moist, hot drying air from the drum to the outside through
an outflow opening 12; and a centrifugal fan 13 and a
heating device 14 located along air intake conduit 9.
[0014] It should be pointed out that the arrangement
of ventilation system 8 is referred to here purely by way
of example in connection with one embodiment of the
present invention, and may be different. For example,
ventilation system 8 may comprise a condenser located
along air exhaust conduit 11 to condense the vapour in
the stream of moist, hot air from drum 3, and at least part
of the dry air from the condenser may be fed back into
air intake conduit 9.

[0015] Microwave laundry drier 1 comprises a micro-
wave energy source 15 for directing microwave energy
to drying chamber 4. As shown in Figures 1 and 2, mi-
crowave energy source 15 is fixed to a front panel 16,
which is supported by casing 2 (in particular, may form
part of or be fixed to casing 2) and has a central opening
17 coaxial with front access opening 6 of drying chamber
4. Microwave energy source 15 comprises four magne-
trons 18 arranged symmetrically around central opening
17 in front panel 16 and fixed (screwed) to the back of
front panel 16 to prevent microwave leakage inwards of
casing 2. Each magnetron 18 has a magnetron body 19
located inside casing 2; and a magnetron antenna 20,
which emits the microwave energy and is located outside
casing 2 through a hole 21 in front panel 16.

[0016] AsshowninFigures 3 and4, microwave energy
source 15 comprises, for each magnetron 18, a
waveguide device 22 to guide the microwaves towards
drying chamber 4. Each waveguide device 22 comprises
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a housing 23, which is supported by front panel 16, sur-
rounds magnetron antenna 20, and has an open side 24
towards the centre of central opening 17 in front panel
16. Each waveguide device 22 also comprises a deflector
25, which is supported by door 7, when door 7 is closed,
is located in front of open side 24 of housing 23, and is
designed to direct the microwaves towards drying cham-
ber 4. In a preferred embodiment, each deflector 25 has
an inclined surface 26 facing open side 24 of housing 23
when door 7 is closed.

[0017] In the preferred embodiment shown in Figure
1, air intake conduit 9 is connected to microwave energy
source 15 so that at least part of the drying air flows past
microwave energy source 15 to transfer heat from micro-
wave energy source 15 to the drying air. More specifical-
ly, the fresh drying air (i.e. the drying air from outside,
not yet heated by heating device 14) flows past magne-
tron bodies 19 of magnetrons 18 to cool magnetron bod-
ies 19 and, at the same time, preheat the fresh drying air
upstream from heating device 14 (which, of course, is
located downstream from microwave energy source 15).
[0018] In connection with the above, it is important to
point out that magnetrons 18 may have heat losses of
up to 50% of energy supply. For example, to get 0.9 kW
microwaves (nominally 1 kW), they need approximately
1.4 kW electric energy from the mains, and so dissipate
into heat about 0.4-0.7 kW. Feeding the fresh drying air
past microwave energy source 15 optimizes energy con-
sumption, by virtue of all the electric energy supplied to
magnetrons 18 being used for machine purposes : part
is converted to microwave energy, and part is used to
heat the drying air.

[0019] As shown in Figure 1, microwave laundry drier
1 comprises an annular reflecting element 27 surround-
ing central opening 17 in front panel 16 to form a micro-
wave barrier. In equivalentembodiments, annular reflect-
ing element 27 may be supported by door 7, by front
panel 16, or by casing 2. For example, annular reflecting
element 27 creates an electromagneticfield discontinuity
that blocks the microwaves, and is defined by a number
of small T-shaped projections equalin size to one-quarter
of the microwave energy wavelength to create imped-
ance decoupling and reflect the microwaves.

[0020] Microwave laundry drier 1 as described above
has numerous advantages, by being cheap and easy to
implement, and by providing a rational arrangement of
microwave energy source 15. More specifically, fixing
microwave energy source 15 to the front panel provides
for optimizing use of the inner volume of casing 2, for
easy connection of air intake conduit 9 to microwave en-
ergy source 15, and for easily directing all the microwaves
inside drying chamber 4, thus ensuring perfect micro-
wave isolation.

Claims

1. A microwave laundry drier (1) comprising:
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a casing (2) comprising a front panel (16) pro-
vided with a central opening (17);

a drying chamber (4) housed inside the casing
(2) and having a front access opening (6) for
loading/unloading clothes;

a door (7) hinged to the front panel (16) of the
casing (2) to close the access to the drying
chamber (4);

a microwave energy source (15) and a
waveguide device (22) for directing microwave
energy to the drying chamber (4) through the
front access opening (6);

the microwave laundry drier (1) being charac-
terized in that the microwave energy source
(15) is fixed to the back of the front panel (16)
inside the casing (2)

A microwave laundry drier (1) as claimed in Claim
1, wherein the microwave energy source (15) com-
prises at least one magnetron (18) having a magn-
etron body (19) located inside the casing (2), and a
magnetron antenna (20) emitting the microwave en-
ergy and located outside the casing (2); the front
panel (16) comprising a hole (21), through which the
magnetron antenna (20) is fitted.

A microwave laundry drier (1) as claimed in Claim
2, wherein the microwave energy source (15) com-
prises a number of magnetrons (18) arranged sym-
metrically around the central opening (17) in the front
panel (16).

A microwave laundry drier (1) as claimed in Claim 2
or 3, and comprising, for each magnetron (18), a
waveguide device (22) to guide the microwaves to-
wards the drying chamber (4).

A microwave laundry drier (1) as claimed in Claim
4, wherein each waveguide device (22) comprises
a housing (23), which is supported by the front panel
(16), surrounds the magnetron antenna (20), and
has an open side (24) towards the centre of the cen-
tral opening (17) in the front panel (16),

A microwave laundry drier (1) as claimed in Claim
5, wherein each waveguide device (22) comprises
a deflector (25), which is supported by the door (7),
when the door (7) is closed, is located in front of the
open side (24) of the housing (23), and is designed
todirectthe microwaves towards the drying chamber

(4).

A microwave laundry drier (1) as claimed in Claim
5, wherein each deflector (25) has an inclined sur-
face (26) facing the open side (24) of the housing
(23) when the door (7) is closed.

A microwave laundry drier (1) as claimed in any of
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10.

11.

12.

13.

14.

Claims 1 to 7, and comprising a ventilation system
(8), which blows drying air through the drying cham-
ber (4), and comprises an air intake conduit (9) for
feeding the drying air into the drying chamber (4)
through an inflow opening (10), and an air exhaust
conduit (11) for exhausting the drying air from the
drying chamber (4) through an outflow opening (12);
the air intake conduit (9) is connected to the micro-
wave energy source (15) so that at least part of the
drying air flows past the microwave energy source
(15) to transfer heat from the microwave energy
source (15) to the drying air.

A microwave laundry drier (1) as claimed in Claim
8, wherein the ventilation system (8) comprises a
heating device (14) located downstream from the mi-
crowave energy source (15) to heat the drying air.

A microwave laundry drier (1) as claimed in any of
Claims 1 to 9, and comprising an annular reflecting
element (27), which surrounds the central opening
(17) in the front panel (16) to create a microwave
barrier.

A microwave laundry drier (1) as claimed in Claim
10, wherein the annular reflecting element (27) is
supported by the door (7).

A microwave laundry drier (1) as claimed in Claim
10, wherein the annular reflecting element (27) is
supported by the front panel (16) or the casing (2).

A microwave laundry drier (1) as claimed in Claim
10, 11 or 12, wherein the annular reflecting element
(27) creates an electromagnetic field discontinuity
that blocks the microwaves, and is defined by a
number of small T-shaped projections equal in size
to one-quarter of the microwave energy wavelength
to create impedance decoupling and reflect the mi-
crowaves.

A microwave laundry drier (1) as claimed in any of
Claims 1 to 13, wherein the drying chamber (4) is
defined by a revolving laundry drum (3).

Patentanspriiche

1.

Mikrowellen-Waschetrockner (1), umfassend:

ein Gehause (2), mit einer Frontplatte (16), die
mit einer mittleren Offnung (17) versehen ist;
eine Trockenkammer (4), die in dem Gehause
(2) untergebracht ist und eine vordere Zugriff-
o6ffnung (6) zum Beladen/Entladen von Wasche
aufweist;

eine Tur (7), die an der Frontplatte (16) des Ge-
hauses (2) schwenkbar angebracht ist, um den
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Zugriff zur Trockenkammer (4) zu schlieRen;
eine Mikrowellen-Energiequelle (15) und eine
Wellenleitervorrichtung (22) zur Leitung von Mi-
krowellenenergie in die Trockenkammer (4)
durch die vordere Zugrifféffnung (6);

wobei der Mikrowellen-Waschetrockner (1) da-
durch gekennzeichnet ist, dass die Mikrowel-
len-Energiequelle (15) an der Rickseite der
Frontplatte (16) innerhalb des Gehauses (2) be-
festigt ist.

Mikrowellen-Waschetrockner (1) gemal Anspruch
1, wobei die Mikrowellen-Energiequelle (15) minde-
stens ein Magnetron (18) mit einem Magnetronkor-
per (19) innerhalb des Gehéauses (2) und einer Ma-
gnetron-Antenne (20) umfasst, welche die Mikrowel-
lenenergie abgibt und auBerhalb des Gehauses (2)
angeordnet ist; wobei die Frontplatte (16) ein Loch
(21) aufweist, durch das die Magnetron-Antenne
(20) montiert ist.

Mikrowellen-Waschetrockner (1) gemal Anspruch
2, wobei die Mikrowellen-Energiequelle (15) eine
Anzahl von Magnetronen (18) umfasst, die symme-
trisch um die mittlere Offnung (17) in der Frontplatte
(16) angeordnet sind.

Mikrowellen-Waschetrockner (1) gemal Anspruch
2 oder 3, die zusétzlich fiir jedes Magnetron (18) eine
Wellenleitervorrichtung (22) umfasst, die dazu dient,
die Mikrowellen in Richtung der Trockenkammer (4)
zu fuhren.

Mikrowellen-Waschetrockner (1) gemal Anspruch
4, wobei jede Wellenleitervorrichtung (22) ein Ge-
hause (23) umfasst, das von der Frontplatte (16) ge-
tragen wird, die Magnetron-Antenne (20) umschlief3t
und eine offene Seite (24) gegen die Mitte der mitt-
leren Offnung (17) in der Frontplatte (16) aufweist.

Mikrowellen-Waschetrockner (1) gemafl Anspruch
5, wobei jede Wellenleitervorrichtung (22) einen De-
flektor (25) aufweist, der von der Tir (7) getragen
wird, wenn die TUr (7) geschlossen ist, vor der offe-
nen Seite (24) des Gehauses (23) platziert ist und
so ausgefihrt ist, dass er die Mikrowellen auf die
Trockenkammer (4) zuleitet.

Mikrowellen-Waschetrockner (1) gemal Anspruch
5, wobei jeder Deflektor (25) eine geneigte Oberfla-
che (26) aufweist, die der offenen Seite (24) des Ge-
hauses (23) zugewandt ist, wenn die Tur (7) ge-
schlossen ist.

Mikrowellen-Waschetrockner (1) gemaf einem der
Anspriiche 1 bis 7, der zusétzlich ein Llftungssy-
stem (8) umfasst, das Trockenluft durch die Trok-
kenkammer (4) blast, und eine Lufteinlassleitung (9)
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10.

11.

12.

13.

14.

zur Zuflhrung der Trockenluftin die Trockenkammer
(4) durch eine Einlasséffnung (10) sowie eine Luft-
abfuhrleitung (11) zum Abfihren der Trockenluft aus
der Trockenkammer (4) durch eine Auslassoéffnung
(12); wobei die Lufteinlass6ffnung (9) mit der Mikro-
wellen-Energiequelle (15) verbundenist, so dass zu-
mindest ein Teil der Trockenluft an der Mikrowellen-
Energiequelle (15) vorbei stromt, um Warme von der
Mikrowellen-Energiequelle (15) zur Trockenluft zu
beférdern.

Mikrowellen-Waschetrockner (1) gemafy Anspruch
8, wobei das Liftungssystem (8) eine Heizungsvor-
richtung (14) umfasst, die stromabwarts der Mikro-
wellen-Energiequelle (15) angeordnet ist und dazu
dient, die Trokkenluft zu erwédrmen.

Mikrowellen-Waschetrockner (1) gemal Anspruch
1 bis 9, der zusatzlich ein ringférmiges Reflexions-
element (27) umfasst, das die mittlere Offnung (17)
in der Frontplatte (16) umschlief3t, um eine Mikro-
wellenbarriere zu schaffen.

Mikrowellen-Waschetrockner (1) gemafy Anspruch
10, wobei das ringférmige Reflexionselement (27)
von der Tur (7) getragen wird.

Mikrowellen-Waschetrockner (1) gemafy Anspruch
10, wobei das ringférmige Reflexionselement (27)
von der Frontplatte (16) oder dem Gehause (2) ge-
tragen wird.

Mikrowellen-Waschetrockner (1) gemal Anspruch
10, 11 oder 12, wobei das ringférmige Reflexions-
element (27) eine Diskontinuitat eines elektroma-
gnetischen Feldes schafft, die die Mikrowellen blok-
kiert, und von einer Anzahl kleiner, T-férmiger Vor-
spriinge begrenztist, dieinihrer Gré3e einem Viertel
der Wellenldange der Mikrowellenenergie entspre-
chen, um eine Impedanzentkopplung zu schaffen
und die Mikrowellen zu reflektieren.

Mikrowellen-Waschetrockner (1) gemaf einem der
Anspriche 1 bis 13, wobei die Trockenkammer (4)
durch eine sich drehende Waschetrommel (3) be-
grenzt wird.

Revendications

1.

Seéche-linge a micro-ondes (1) comprenant :

une carcasse (2) comprenant un panneau avant
(16) prévu avec une ouverture centrale (17) ;

une chambre de séchage (4) logée a l'intérieur
de la carcasse (2) et ayant une ouverture d’ac-
cés frontale (6) pour charger/déchargerle linge ;
une porte (7) articulée par rapport au panneau
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avant (16) de la carcasse (2) pour fermer I'acces
a la chambre de séchage (4) ;

une source d’énergie a micro-ondes (15) et un
dispositif de guide d’ondes (22) pour diriger
I'énergie a micro-ondes jusqu’a la chambre de
séchage (4) en passant par I'ouverture d’acces
frontale (6) ;

le séche-linge a micro-ondes (1) étant caracté-
risé en ce que la source d’énergie a micro-on-
des (15) est fixée sur I'arriére du panneau avant
(16) a l'intérieur de la carcasse (2).

Séche-linge a micro-ondes (1) selon larevendication
1, danslequella source d’énergie a micro-ondes (15)
comprend au moins un magnétron (18) ayant un
corps de magnétron (19) positionné a l'intérieur de
la carcasse (2), et une antenne de magnétron (20)
émettant I'énergie des micro-ondes et positionnée a
I'extérieur de la carcasse (2) ; le panneau avant (16)
comprenant un trou (21) a travers lequel I'antenne
de magnétron (20) est montée.

Séche-linge a micro-ondes (1) selon larevendication
2,danslequellasource d’énergie a micro-ondes (15)
comprend un certain nombre de magnétrons (18)
agencés symeétriquement autour de I'ouverture cen-
trale (17) du panneau avant (16).

Séche-linge amicro-ondes (1) selon larevendication
2 ou 3, et comprenant, pour chaque magnétron (18),
un dispositif de guide d’ondes (22) pour guider les
micro-ondes vers la chambre de séchage (4).

Séche-linge amicro-ondes (1) selon larevendication
4, dans lequel chaque dispositif de guide d’ondes
(22) comprend un boitier (23), qui est supporté par
le panneau avant (16), entoure I'antenne de magné-
tron (20), et a un co6té ouvert (24) vers le centre de
I'ouverture centrale (17) dans le panneau avant (16).

Séche-linge amicro-ondes (1) selon larevendication
5, dans lequel chaque dispositif de guide d’ondes
(22) comprend un déflecteur (25), qui est supporté
par la porte (7), lorsque la porte (7) est fermée, est
positionné en face du c6té ouvert (24) du boitier (23),
et est congu pour diriger les micro-ondes vers la
chambre de séchage (4).

Séche-linge amicro-ondes (1) selon larevendication
5, dans lequel chaque déflecteur (25) a une surface
inclinée (26) faisant face au c6té ouvert (24) du boi-
tier (23) lorsque la porte (7) est fermée.

Séche-linge a micro-ondes (1) selon 'une quelcon-
que des revendications 1 a 7, et comprenant un sys-
teme de ventilation (8), qui souffle I'air de séchage
a travers la chambre de séchage (4), et comprend
un conduit d’admission d’air (9) pour alimenter I'air
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10.

1.

12

13.

14.

de séchage dans la chambre de séchage (4) par une
ouverture d’écoulement entrant (10), et un conduit
d’échappement d’air (11) pour évacuer l'air de sé-
chage provenant de la chambre de séchage (4) par
une ouverture d’écoulement sortant (12); le conduit
d’admission d’air (9) est raccordé a la source d’éner-
gie a micro-ondes (15) de sorte qu’au moins une
partie de I'air de séchage s’écoule au-dela de la sour-
ce d’énergie a micro-ondes (15) afin de transférer la
chaleur de la source d’énergie a micro-ondes (15) a
I'air de séchage.

Seche-linge a micro-ondes (1) selon larevendication
8, dans lequel le systeme de ventilation (8) com-
prend un dispositif de chauffage (14) positionné en
aval de la source d’énergie a micro-ondes (15) pour
chauffer I'air de séchage.

Seche-linge a micro-ondes (1) selon I'une quelcon-
que des revendications 1 a 9, et comprenant un élé-
ment de réflexion annulaire (27), qui entoure I'ouver-
ture centrale (17) dans le panneau avant (16) afin
de créer une barriére aux micro-ondes.

Seéche-linge amicro-ondes (1) selon larevendication
10, dans lequel I'élément de réflexion annulaire (27)
est supporté par la porte (7).

Seche-linge a micro-ondes (1) selon larevendication
10, dans lequel I'élément de réflexion annulaire (27)
est supporté par le panneau avant (16) ou la carcas-
se (2).

Seche-linge a micro-ondes (1) selon larevendication
10, 11 ou 12, dans lequel I'élément de réflexion an-
nulaire (27) crée une discontinuité de champ élec-
tromagnétique qui bloque les micro-ondes, et est dé-
fini par un certain nombre de petites saillies en forme
de T égales du point de vue de la taille a un quart
de la longueur d’'onde de I'énergie a micro-ondes
afin de créer un découplage d'impédance et réfléchir
les micro-ondes.

Séche-linge a micro-ondes (1) selon I'une quelcon-
que des revendications 1 a 13, dans lequel la cham-
bre de séchage (4) est définie par un tambour de
linge rotatif (3).
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