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(54) Washer-dryer machine

(57)  Washer-dryer machine (1) comprising a cham-
ber (10) for receiving goods, an air circuit (90) configured
to circulate air through the chamber (10), and a heat
pump system (20) comprising:

- a first heat exchanger (22), a second heat exchanger
(24) and a compressor (26) that form a first refrigerant
circuit (27) configured to circulate a refrigerant, the first
heat exchanger (22) being configured to cool said refrig-
erantand to heat the air in said air circuit (90), the second
heat exchanger (24) being configured to heat said refrig-
erant and to dehumidify the air in said circuit,

- a third heat exchanger (25) arranged outside the air
circuit (90), the third heat exchanger (25) forming with
the first heat exchanger (22) and the compressor (26) a
second refrigerant circuit (28) configured to circulate said
refrigerant bypassing said second heat exchanger (24),
the third heat exchanger (25) being configured to heat
said refrigerant, and

- a switching element (23) configured to selectively cir-
culate said refrigerant into the first refrigerant circuit (27),
during a drying cycle of the washer-dryer machine (1),
and into the second refrigerant circuit (28), during a wash-
ing cycle of the washer-dryer machine (1) wherein air in
said air circuit (90) is heated by the first heat exchanger
(22).
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Description

[0001] The presentinvention relates to a washer-dryer
machine for washing and drying goods.

[0002] In a washer-dryer machine, washing cycles are
performed, wherein goods are washed and rinsed in a
chamber, and drying cycles are performed wherein the
goods in the chamber are dried.

[0003] During a drying cycle, it is known to re-circulate
heated air through the chamber along an air circuit where-
in the heated air is conveyed into the chamber, moisture-
laden air from the chamber is cooled and dehumidified
and then heated again before being conveyed back into
the chamber.

[0004] US2010/0107703 discloses a drum-type wash-
er-dryer provided with a heat pump for drying laundry.
The washer-dryer comprises a water tub with a warm air
inlet and a warm air outlet and an airflow duct communi-
cating the warm air inlet and the warm air outlet. The heat
pump comprises an evaporator and a condenser and a
compressor. The air is re-circulated inside the water tub
through the airflow duct by means of a blower. The vapour
contained in the air supplied to the airflow duct from the
water tub is cooled and dehumidified by the evaporator.
The dehumidified airis heated by the condenser and sub-
sequently supplied into the water tub as warm air.
[0005] The Applicant observes that this document
does not provide any detail about the washing cycles of
the washer-dryer.

[0006] It is an object of the invention to provide an al-
ternative washer-dryer machine with a heat pump sys-
tem.

[0007] Itis another object of the invention to provide a
washing-dryer machine with a heat pump system, which
has enhanced performance.

[0008] It is a further object of the invention to provide
awasher-dryer machine with a heat pump system where-
in the washing cycles and the drying cycles are efficiently
performed with reduced power consumption.

[0009] Itis another object of the invention to provide a
washer-dryer machine with a heat pump system, which
has an improved design and construction.

[0010] The Applicant found that the above objects are
achieved by a washer-dryer machine comprising acham-
ber for receiving goods, an air circuit for circulating air
inside the chamber and a heat pump system comprising:
a compressor, a first heat exchanger for heating the air
that flows into the chamber and a second heat exchanger
for dehumidifying and cooling the air that comes from the
chamber, during a drying cycle of the machine. The heat
pump system further comprises a third heat exchanger
placed outside said air circuit and configured to be used
in cooperation with said compressor and said first heat
exchanger, bypassing the second heat exchanger, for
heating the air that flows into the chamber during a wash-
ing cycle of the machine.

[0011] Indeed, the Applicant found that executing the
washing cycles of the machine by exploiting the air cir-
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culation circuit and part of the heat pump elements used
for executing the drying cycles (that is the first heat ex-
changer and the compressor) enables the washer-dryer
machine to perform the washing and drying cycles with
reduced power consumption, limited size and simplified
structure. This is advantageous in terms of costs, design
and construction of the machine.

[0012] Furthermore, the use -during a washing cycle
of the machine-of a third heat exchanger, which is placed
outside the air circuit and within a second refrigerant cir-
cuit that bypasses the second heat exchanger, prevents
the air flowing towards the chamber from being cooled
and dehumidified either by the second heat exchanger
or by the third heat exchanger during washing cycles of
the machine wherein goods have to be wetted and not
dried.

[0013] In fact, as in the second refrigerant circuit the
refrigerant bypasses the second heat exchanger, the
second heat exchanger is inactive during the washing
cycle. Therefore, even if it is thermally coupled with the
air circuit, it is inert on (that is, it does not exchange heat
with) the air re-circulating in the air circuit. On the other
hand, the third heat exchanger, even if active during the
washing cycle, it is outside the air circuit so that it is inert
too on the air re-circulating in the air circuit.

[0014] This advantageously avoid that during a wash-
ing cycle - wherein wet goods in the chamber have to be
heated - the heating efficiency is reduced by a cooling/de-
humidifying action performed by the second heat ex-
changer and/or the third heat exchanger on the air inject-
ed into the chamber.

[0015] Enhanced performances of the washer-dryer
machine both in washing cycles and drying cycles are
thus guaranteed.

[0016] Accordingly, in a first aspect the present inven-
tion relates to a washer-dryer machine comprising:

- a chamber for receiving goods,

- an air circuit configured to circulate air through the
chamber,

- aheatpump system comprising a first heat exchang-
er, a second heat exchanger and a compressor that
form a first refrigerant circuit configured to circulate
a refrigerant, the first heat exchanger being config-
ured to cool said refrigerant and to heat the air in
said air circuit, the second heat exchanger being
configured to heat said refrigerant and to dehumidify
the air in said circuit, characterized in that the heat
pump system also comprises:

- athird heat exchanger arranged outside the air cir-
cuit, the third heat exchanger forming with the first
heat exchanger and the compressor a second refrig-
erant circuit configured to circulate said refrigerant
so as to bypass said second heat exchanger, the
third heat exchanger being configured to heat said
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refrigerant, and

- a switching element configured to selectively circu-
late said refrigerant into the first refrigerant circuit,
during a drying cycle of the washer-dryer machine,
and into the second refrigerant circuit, during a wash-
ing cycle of the washer-dryer machine wherein air in
said air circuit is heated by the first heat exchanger.

[0017] Inthe presentdisclosure, the term "washing cy-
cle" is used to indicate a cycle of a washing program of
the washer-dryer machine, including a washing cycle, a
pre-washing cycle and arinsing cycle. In a washing cycle,
heated air circulating through the chamber increases the
temperature inside the chamber. In this way, the goods
in the chamber, preferably wetted by water optionally
mixed with washing/rinsing products, are suitably heated
up.

[0018] Inthepresentdisclosure, theterm"dryingcycle"
is used to indicate a cycle of a drying program of the
washer-dryer machine. In a drying cycle, good in the
chamber are suitably dried by means of dehumidified and
heated air injection into the chamber.

[0019] Preferably, the washer-dryer machine compris-
es a control unit configured to operate the switching el-
ement so that said refrigerant is circulated within the first
refrigerant circuit, during the drying cycle of the washer-
dryer machine, and within the second refrigerant circuit,
during the washing cycle of the washer-dryer machine.
[0020] Suitably, the switching element is arranged
downstream of the first heat exchanger and upstream of
the second heat exchanger and the third heat exchanger.
In the present disclosure, the terms "upstream" and
"downstream" are used in relation to the direction of the
refrigerant flow inside the first refrigerant circuit and the
second refrigerant circuit.

[0021] In an embodiment, the switching element com-
prises a three-ways valve.

[0022] Preferably, the heat pump system comprises a
pressure lowering device upstream of the second heat
exchanger and the third heat exchanger. Preferably, the
pressure lowering device is downstream of the first heat
exchanger.

[0023] The pressure lowering device can comprise an
expansion valve or another expansion element, such as
a capillary tube.

[0024] In an embodiment, the switching element itself
is configured to provide said pressure lowering device.
[0025] When the pressure lowering device is arranged
upstream of the switching element or at the switching
element, the pressure lowering device can be shared be-
tween the first refrigerant circuit and the second refriger-
ant circuit.

[0026] When the pressure lowering device is arranged
downstream of the switching element, the machine pref-
erably comprises two pressure lowering devices respec-
tively arranged in the first refrigerant circuit upstream of
the second heat exchanger and in the second refrigerant
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circuit upstream of the third heat exchanger.

[0027] The first heat exchanger is thermally coupled
with the air circuit. In an embodiment, the first heat ex-
changer is placed within the air circuit.

[0028] The second heat exchanger is thermally cou-
pled with the air circuit. In an embodiment, the second
heat exchanger is placed within the air circuit.

[0029] Preferably, the chamber is positioned down-
stream of the first heat exchanger and upstream of the
second heat exchanger, in relation to the direction of the
air flow inside the air circuit.

[0030] The third heat exchanger is arranged outside
the air circuit so as to avoid heat exchange with the air
circulating along the air circuit towards the chamber.
[0031] In an embodiment, the chamber comprises an
air inlet for air supply into the chamber and an air outlet
for air exit from the chamber.

[0032] In an embodiment, the air circuit comprises at
least one duct fluidly connecting the air inlet and the air
outlet of the chamber.

[0033] Inanembodiment, the first heat exchanger and
the second heat exchanger are placed within said at least
one duct.

[0034] In an embodiment, the air circuit comprises a
fan operable for propelling the air through said air circuit.
Preferably, the fan is configured to propel air into the
chamber, from the chamber towards the second heat ex-
changer, from the second heat exchanger towards the
first heat exchanger and from the first heat exchanger
back again into the chamber.

[0035] Suitably, the washer-dryer machine comprises
a cabinet having a top.

[0036] Inanembodiment, the first heat exchanger and
the second heat exchanger are arranged in an upper part
of the cabinet, between the chamber and a top wall of
the top.

[0037] Preferably, the top of the cabinet is configured
to match and close from above the cabinet. The top is
preferably formed as a ready-to-mount part ready to be
mounted onto the cabinet.

[0038] In a preferred embodiment, the top of the cab-
inet comprises, integrally formed therein, at least part of
the air circuit, and seats configured to house the first heat
exchanger and the second heat exchanger. As also ex-
plained in more detail below, this embodiment advanta-
geously enables to improve the machine assembly.
[0039] Preferably, the air circuit comprises atleastone
duct integrally formed in the top.

[0040] Accordingtoanembodiment, the top of the cab-
inet also comprises, integrally formed therein, a seat con-
figured to house the switching element.

[0041] Preferably, thethird heat exchangeris arranged
within the bottom of the cabinet.

[0042] Preferably, the compressor is arranged within
the bottom of the cabinet.

[0043] In an embodiment, the machine comprises a
tank adapted to contain a fluid.

[0044] The third heat exchanger is preferably config-
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ured to cool the fluid contained in the tank.

[0045] The third heat exchanger is advantageously
thermally coupled to the tank. In an embodiment, the third
heat exchanger can be arranged within the tank.
[0046] Preferably, said tank is arranged within the bot-
tom of the cabinet.

[0047] In an embodiment, the tank is a closed tank.
According to another embodiment, the tank is fluidly con-
nected to the chamber and/or to water mains.

[0048] According to a preferred embodiment, the tank
is fluidly connected to water mains by means of a conduit
configured to supply tap water from the water mains to
the tank bypassing the chamber.

[0049] In an embodiment, the first heat exchanger is a
tubes and fins heat exchanger. In an embodiment, the
second heat exchanger is a tubes and fins heat exchang-
er.

[0050] In an embodiment, the third heat exchanger is
a tube-in-tube heat exchanger or a plate heat exchanger
or similar.

[0051] In an embodiment, the refrigerant is adapted to
condense inside the first heat exchanger and to evapo-
rate inside the second heat exchanger. In this embodi-
ment, the first heat exchanger is a condenser and the
second heat exchanger is an evaporator.

[0052] In an embodiment, the refrigerant is adapted to
evaporate inside the third heat exchanger. In this em-
bodiment, the third heat exchanger is an evaporator.
[0053] In another embodiment, the refrigerant can op-
erate nonconventional cycles, as for instance in the case
of carbon dioxide, that do not undergo a phase change
(i.e., condensation and evaporation).

[0054] Suitably, said first refrigerant circuit and said
second refrigerant circuit are closed recirculation circuits.
[0055] Suitably, the washer-dryer machine comprises
a water inlet circuit adapted to supply water, that can be
optionally mixed with washing/rinsing products (i.e. de-
tergents, softeners, etc.), into the chamber. The water
inlet circuit can comprise a detergent drawer and water
inlet pipes.

[0056] According to a preferred embodiment, the top
of the cabinet comprises, integrally formed therein, at
least part of the water inlet pipes.

[0057] According to a preferred embodiment, the top
ofthe cabinet comprises, integrally formed therein, a seat
configured to house the detergent drawer.

[0058] Suitably, the washer-dryer machine comprises
a water outlet circuit for discharging waste water (i.e.
used water) from the chamber. The water outlet circuit
is advantageously fluidly connected to the bottom of the
chamber.

[0059] The water outlet circuit can comprise a draining
pump and draining pipes, adapted for discharging waste
water from the chamber after process cycles (e.g. wash-
ing, rinsing cycles).

[0060] Itis observed that, during operation of the heat
pump system in a washing cycle, the fluid in the tank,
thermally coupled with the third heat exchanger, is cooled
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down with respect to a starting temperature and, option-
ally, at least partially iced. The cooled/iced fluid needs to
be regenerated, that is warmed up again towards the
starting temperature, in order to be used again for a next,
optionally immediately subsequent, washing cycle.
[0061] According to an embodiment, the tank is ther-
mally coupled to the water outlet circuit (e.g. to said drain-
ing pump and/or to said draining pipes). This enables to
transfer heat from the waste water flowing through the
water outlet circuit to the fluid contained in the tank there-
by improving regeneration of the cooled/iced fluid in the
tank. The thermal coupling between the tank and the wa-
ter outlet circuit can be achieved, for example, by means
of a heat exchanger, as for example by placing the drain-
ing pipes in contact with the tank.

[0062] In an embodiment, the tank is configured to
drain away at least part of cooled fluid from the tank.
[0063] According to an embodiment, the control unit is
configured to manage fluid regeneration in the tank by
managing entry of tap water from the water mains and/or
from the chamber and exit of at least part of the fluid
cooled by the third heat exchanger.

[0064] Advantageously, the tank is fluidly connected
to the water outlet circuit in order to drain away at least
part of cooled fluid from the tank via the water outlet cir-
cuit.

[0065] According to another embodiment, the tank is
fluidly connected to a dedicated fluid outlet circuit (that
is to a fluid outlet circuit free of fluid connection with the
water outlet circuit).

[0066] In a preferred embodiment, the control unit is
configured to operate the heat pump system so that the
fluid in the tank is at least partially freezed. In this way,
the latent heat of the phase transition from liquid to solid
is advantageously used and the heat pump system effi-
ciency is improved.

[0067] The washer-dryer machine can be a dish wash-
er with drying functionality or a laundry washer-dryer ma-
chine.

[0068] In afurther aspect the present invention relates
to a method of operating a washer-dryer machine com-
prising a chamber for receiving goods, an air circuit, a
heat pump system comprising: a first heat exchanger, a
second heat exchanger and a compressor, which form
afirstrefrigerant circuit with a refrigerant, and a third heat
exchanger, arranged outside the air circuit, forming with
the first heat exchanger and the compressor a second
refrigerant circuit for said refrigerant, the method com-
prising:

during a drying cycle:

- circulating air through the chamber along said
air circuit;

- switching said refrigerantinto the firstrefrigerant
circuit and operating the compressor so that: the
refrigerant is circulated through the first refrig-
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erant circuit, the first heat exchanger cools said
refrigerant and heats the air in said air circuit
that flows into the chamber, and the second heat
exchanger heats said refrigerant and dehumid-
ifies the air in said air circuit that comes from the
chamber;

during a washing cycle:

- circulating air through the chamber along said
air circuit;

- switching said refrigerant into the second refrig-
erant circuit bypassing said second heat ex-
changer and operating the compressor so that:
the refrigerant is circulated through the second
refrigerant circuit, the first heat exchanger cools
said refrigerant and heats the air that flows into
the chamber, and the third heat exchanger heats
said refrigerant.

[0069] Preferably, during the washing cycle and during
operation of the compressor, the third heat exchanger
cools a fluid in a tank. Suitably, the tank is thermally cou-
pled to the third heat exchanger.

[0070] Suitably, during the washing cycle, the method
further comprises supplying water into the chamber.
[0071] During the washing cycle, the air circulating
through the chamber, heated by the first heat exchanger,
increases the temperature inside the chamber. In this
way, the goods (e.g. the laundry), preferably wetted by
the water supplied into the chamber, are heated up.
[0072] Preferably, the method further comprises re-
generating the fluid contained in the tank, cooled by the
third heat exchanger during the washing cycle.

[0073] Regeneration of the fluid contained in the tank
can be performed by supplying to the tank tap water from
water mains, preferably bypassing the chamber, and/or
by supplying to the tank process water from the chamber.
[0074] In an embdoiment, regenerating the fluid con-
tained in the tank comprises draining away at least part
of the cooled fluid from the tank.

[0075] Preferably, the air is re-circulated in said air cir-
cuit in sequence through the chamber, the second heat
exchanger, the first heat exchanger and back through
the chamber.

[0076] Preferably, during the drying cycle, the refriger-
antis caused to circulate along the first refrigerant circuit
in sequence through the first heat exchanger, through
the switching element, through the second heat exchang-
er and through the compressor.

[0077] Preferably, during the washing cycle, the refrig-
erant is caused to circulate along the second refrigerant
circuit in sequence through the first heat exchanger,
through the switching element, through the third heat ex-
changer and through the compressor.

[0078] Preferably, during the drying cycle, the air is cir-
culated and the compressor is operated till the goods in
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the chamber are suitably dried or till the temperature in
the chamber reaches a predetermined value or for a pre-
determined operation time. Thereafter, the air circulation
is stopped (e.g., the fanis switched off) and the compres-
sor is switched off.

[0079] Preferably, during the washing cycle, the air is
circulated and the compressor is operated till the tem-
perature in the chamber reaches a predetermined value,
or till the fluid in the tank reaches a predetermined con-
dition (for example a predetermined degree of ice forma-
tion in the tank), or for a predetermined operation time.
Thereafter, the air circulation is stopped (e.g., the fan is
switched off) and the compressor is switched off.
[0080] Suitably, the air is circulated again along said
air circuit (e.g., the fan is switched on again) and the
compressoris operated (thatis, switched-on) again when
another washing cycle or drying cycle has to be per-
formed.

[0081] Preferably, in case of a laundry washer-dryer
machine, the method further comprises performing at
least one laundry spinning cycle.

[0082] Features and advantages of the present inven-
tion will be more readily understood from the from the
following detailed description of some preferred embod-
iments thereof, which is given below by way of non-lim-
iting example with reference to the accompanying draw-
ings, in which:

- figure 1 schematically shows a washer-dryer ma-
chine according to an embodiment of the invention;

- figure 2 schematically shows operation of the wash-
er-dryer machine of figure 1, during a washing cycle;

- figure 3 schematically shows operation of the wash-
er-dryer machine of figure 1, during a drying cycle;

- figure 4 schematically shows a washer-dryer ma-
chine according to another embodiment of the inven-
tion, during a drying cycle;

- figure 5 schematically shows the embodiment of fig-
ure 4, during a washing cycle;

- figure 6 schematically shows in perspective an ex-
emplary washer-dryer laundry machine according to
the embodiment of figures 4 and 5, with parts of the
cabinet removed;

- figure 7 schematically shows in perspective, from
another point of observation, the exemplary washer-
dryer laundry machine of figure 6, with additional
parts of the cabinet removed.

[0083] Like elements are denoted by like reference
signs throughout the figures.

[0084] Figure 1 shows a washer-dryer machine 1 ac-
cording to an embodiment of the invention.
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[0085] The washer-dryer machine 1 is configured to
wash goods in a washing phase and to dry goods in a
drying phase. The drying phase can be executed after a
washing phase or alone.

[0086] The washing/drying phases are suitably per-
formed according to washing/drying programs, selecta-
ble by a user, wherein the goods are pre-
washed/washed/rinsed with water and possible wash-
ing/rinsing products, according to one or more washing
cycles, and at least in part dried, according to one or
more drying cycles.

[0087] The washer-dryer machine 1 comprises a
chamber 10 for treating goods.

[0088] The washer-dryer machine 1 can be a dish
washer with drying functionality or a laundry washer-dry-
er.

[0089] In case of laundry washer-dryer the chamber
10 canbe a drum, optionally perforated, which is rotatably
contained in a tub 11 (shown only in figures 6 and 7).
[0090] The washer-dryer machine 1 comprises a con-
trol unit 60 configured to control operation of the same.
[0091] The washer-dryer machine 1 comprises a water
outlet circuit 50 for discharging waste water (i.e. used
water optionally mixed with washing/rinsing products)
from the chamber 10 after washing (e.g., pre-washing,
washing, rinsing) cycles.

[0092] The wateroutletcircuit 50 can comprise a drain-
ing pump 51 and draining pipes 52.

[0093] The water outlet circuit 50 is advantageously
fluidly connected to the bottom of the chamber 10.
[0094] The washer-dryer machine 1 also comprises a
water inlet circuit 70 adapted to supply water, that can
be optionally mixed with washing/rinsing products, into
the chamber 10. The water inlet circuit 70 advantageous-
ly comprises a detergent drawer 72 and water inlet pipes
74.

[0095] The water inlet pipes 74 fluidly connect water
mains 40 to the chamber 10 via the detergent drawer 72.
[0096] The detergentdrawer 72 is adapted to be filled
with washing/rinsing products, for example detersives,
softener, bleaching, sparkling/rinse aid substances, etc.
The detergent drawer 72 can comprise one or more com-
partments (not shown) for one or more products from
which a certain amount of these products, depending on
the washing program, is delivered into the chamber 10.
[0097] The washer-dryer machine 1 also comprises a
heat pump system 20, a tank 30 adapted to contain a
fluid and an air circuit 90.

[0098] Theaircircuit 90 comprises afan 92, afan motor
96 (shown only in figure 7), air ducts 94 connecting an
airinlet 91 and an air outlet 93 of the chamber 10 and an
air filter 95.

[0099] As shown infigures 2-7, the heat pump system
20 comprises a first heat exchanger 22, a switching ele-
ment 23, a second heat exchanger 24, a third heat ex-
changer 25 and a compressor 26.

[0100] In the embodiments shown, the first heat ex-
changer 22 and the second heat exchanger 24 are ar-
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ranged within the air circuit 90.

[0101] The third heatexchanger25is arranged outside
the air circuit 90. In this way, it does not exchange heat
with the air circulating in the air circuit 90.

[0102] The airfilter 95 is positioned downstream of the
chamber 10 and upstream of the second heat exchanger
24, in relation to the direction of the air flow inside the air
circuit 90.

[0103] The third heatexchanger 25 is suitably thermal-
ly coupled to the tank 30. In the embodiments shown in
figures 2-5, the third heat exchanger 25 comprises a pipe
(or a series of pipes) properly shaped and immersed in
the fluid contained in the tank 30.

[0104] The fluid contained in the tank 30 preferably
comprises water.

[0105] The fan 92 is configured to re-circulate air along
the air circuit 90, in sequence through the chamber 10,
the second heat exchanger 24, the first heat exchanger
22, the fan 92 itself and back into the chamber 10.
[0106] Thefirstheatexchanger22 andthe secondheat
exchanger 24 are air-refrigerant heat exchangers for ex-
ample of the type tubes and fins.

[0107] The third heatexchanger25is afluid-refrigerant
heat exchanger and can be a tube-in-tube heat exchang-
er, a plate heat exchanger or similar.

[0108] The first heat exchanger 22, the switching ele-
ment 23, the second heat exchanger 24 and the com-
pressor 26 form a first closed refrigerant circuit 27 con-
figured to circulate a refrigerant therein.

[0109] The first heat exchanger 22, the switching ele-
ment 23, the third heat exchanger 25 and the compressor
26 form a second closed refrigerant circuit 28 configured
to circulate said refrigeranttherein and to bypass the sec-
ond heat exchanger 24.

[0110] The switching element 23 is configured to se-
lectively switch the flow of the refrigerant into the first
refrigerant circuit 27 or into the second refrigerant circuit
28.

[0111] Thefirstheatexchanger22is configured to cool
the refrigerant by releasing heat to the air circulating in
the air circuit 90, which is flowing towards the chamber
10.

[0112] The second heat exchanger is configured to
heat the refrigerant by absorbing heat from (that is, cool-
ing and dehumidifying) the air circulating in the air circuit
90, which is coming from the chamber 10 and flowing
towards the first heat exchanger 22.

[0113] The third heat exchanger 25 is configured to
heat the refrigerant by absorbing heat from (that is, cool-
ing) the fluid contained in the tank 30.

[0114] In an embodiment, the refrigerant is adapted to
condense inside the first heat exchanger 22 and to evap-
orate inside the second heat exchanger 24 and the third
heat exchanger 25. In this embodiment, the first heat
exchanger 22 is a condenser and the second heat ex-
changer 24 and the third heat exchanger 25 are evapo-
rators. During operation of the heat pump system 20 (that
is, when the compressor 26 is switched-on), liquefaction
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of the refrigerant takes place at the condenser (first heat
exchanger 22) accompanied by release of heat that is
used to heat the air flowing towards the chamber 10. On
the other side, evaporation of the refrigerant takes place
at the evaporator (second heat exchanger 24 or third
heat exchanger 25) accompanied by absorption of heat
that is used to dehumidify and cool the air coming from
the chamber 10 (in case of the second heat exchanger
24) or to cool the fluid in the tank 30 (in case of the third
heat exchanger 25).

[0115] Even if not shown in the figures, the heat pump
system 20 can comprise a pressure lowering device (e.g.
an expansion valve or other expansion element) down-
stream of the first heat exchanger 22 and upstream of
the second heat exchanger 24 and the third heat ex-
changer 25.

[0116] When the pressure lowering device is arranged
upstream of the switching element 23 or at the switching
element 23, a single pressure lowering device can be
used for both the first refrigerant circuit 27 and the second
refrigerant circuit 28.

[0117] When the pressure lowering device is arranged
downstream of the switching element 23, two pressure
lowering devices are preferably used, one arranged in
the first refrigerant circuit 27 upstream of the second heat
exchanger 24 and the other one arranged in the second
refrigerant circuit 28 upstream of the third heat exchanger
25.

[0118] Dependingonthe washing program, heat pump
power and desired washing temperature, the heat pump
system 20 alone might be insufficient to heat up the wet
goods to the desired process temperature in the available
time. Therefore, a conventional electrical heater (not
shown) may be comprised in the washer-dryer machine
1 as well. The conventional electrical heater can be suit-
ably positioned on the bottom of the chamber 10.
[0119] Similarly, the heat pump system 20 alone might
be insufficient to properly dry the goods in the available
time. Therefore, a conventional electrical heater (not
shown), different from the one optionally present for the
washing cycles, may be comprised in the washer-dryer
machine 1. The conventional electrical heater for the dry-
ing cycles can be suitably positioned on the air circuit 90
downstream of the first heat exchanger 22 and upstream
of the chamber 10, in relation to the direction of the air
flow inside the air circuit.

[0120] In the preferred embodiment shown in the fig-
ures, the tank 30 is fluidly connected by means of a tap
water conduit 31 to public water mains 40 in order to be
able to directly receive tap water from it. Preferably, said
tap water conduit 31 is configured to supply tap water
from the water mains 40 to the tank 30 bypassing the
chamber 10 (that is without making the tap water to pass
through the chamber 10). In this way, cooled/iced fluid
regeneration in the tank 30 can be performed with clean
tap water, avoiding the risk of contamination with depos-
its and/or bacteria from waste water from the chamber 10.
[0121] In an embodiment (not shown), the tank 30 can
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be thermally coupled to the water outlet circuit 50 in order
to transfer heat from waste water flowing through the
pipes 52 into the fluid contained in the tank 30. For ex-
ample, thermal coupling can be achieved by placing the
draining pipes 52 in contact with the tank 30.

[0122] In addition or in alterative, the tank 30 can be
thermally coupled to electronic components and heated
elements inside the machine (not shown, as for example
compressor, motor, inside air). The thermal energy re-
leased by these components can be transferred to the
fluid in the tank 30 for example by natural convection,
forced convection or conduction.

[0123] In the embodiment shown in figure 1, the tank
30 has an output fluidly connected to the water outlet
circuit 50 in order to drain away cooled fluid from the tank
30 via the water outlet circuit 50. The tank output and the
water outlet circuit 50 are suitably connected through
pipe(s) 34.

[0124] During operation of the heat pump system 20,
thefluid in the tank 30 can be moved by a pump orimpeller
(not shown) in order to increase the heat transfer coeffi-
cient.

[0125] The control unit 60 is advantageously config-
ured to operate the heat pump system 20 and the fan 92
of the air circuit 90 any time the washer-dryer machine
1is turned on in order to perform a predetermined wash-
ing and/or drying program.

[0126] Figure 2 schematically shows the washer-dryer
machine 1 during a washing cycle (e.g., pre-washing,
washing, rinsing, and similar cycle) of a predetermined
washing program.

[0127] During the washing cycle, water, optionally
mixed with washing/rinsing products, is suitably supplied
into the chamber 10 by means of the water inlet circuit 70.
[0128] The control unit 60 pilots the switching element
23 so that the flow of the refrigerant is switched into the
second refrigerant circuit 28, bypassing the second heat
exchanger 24. This situation is schematically represent-
ed in figure 2 by using a cross on the second heat ex-
changer 24 and by using dotted lines for representing
the part of the first refrigerant circuit 27 which is by-
passed.

[0129] Then the control unit 60 switches the fan 92 and
the heat pump system 20 (that is the compressor 26) on.
[0130] Inthis way, the fan 92 re-circulates air along the
air circuit 90, in sequence through the chamber 10, the
air filter 95, the second heat exchanger 24, the first heat
exchanger 22, the fan 92 itself and back into the chamber
10.

[0131] In addition, as shown in figure 2, the refrigerant
is re-circulated along the second refrigerant circuit 28, in
sequence through the first heat exchanger 22, the switch-
ing element 23, the third heat exchanger 25 and the com-
pressor 26, bypassing the second heat exchanger 24.
[0132] The aircirculating along the air circuit 90 is heat-
ed by the first heat exchanger 22 so that warm air is
injected into the wet goods contained in the chamber 10,
preferably wetted by the water supplied by the water inlet
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circuit 70. In this way the temperature inside the chamber
increases and the wet goods are heated up.

[0133] Suitably, the fan 92 and the heat pump system
20 are switched off by the control unit 60 when the tem-
perature in the chamber 10 reaches a desired value,
when the fluid in the tank 30 reaches a predetermined
condition (for example, when it is in large part iced) or
after a predetermined operation time.

[0134] It is observed that the fluid in the tank 30 ex-
changes with the third heat exchanger 25 sensible heat
during a cooling phase of the fluid and latent heat during
an icing phase (if any). The exploitation of the latent heat
allows reducing the amount of fluid required and there-
fore the overall dimensions of the tank 30. Accordingly,
the control unit 60 can be advantageously configured to
operate the heat pump system 20 so that the fluid in the
tank 30 is at least partially freezed.

[0135] Preferably, at the end of the washing cycle or
at a predetermined time during the washing cycle, the
fluid contained in the tank 30, cooled by the third heat
exchanger 25, is regenerated.

[0136] Inthe embodimentshown in the figures, regen-
eration of the fluid contained in the tank 30 is performed
by supplying to the tank 30 tap water from water mains
40, bypassing the chamber 10.

[0137] Suitably, regenerating the fluid contained in the
tank 30 also comprises draining away from the tank 30
at least part of the cooled fluid through pipes 34 and 52.
[0138] It is observed that, as in the second refrigerant
circuit 28 the refrigerant bypasses the second heat ex-
changer 24, the second heat exchanger 24 is inactive
during the washing cycle. Therefore, even if it is placed
within the air circuit 90, it is inert on (that is, it does not
exchange heat with) the air re-circulating in the air circuit
90. On the other hand, the third heat exchanger 25, even
if active during the washing cycle, it is outside the air
circuit 90 so that it is inert too on (that is, it does not
exchange heat with) the air re-circulating in the air circuit
90.

[0139] This advantageously avoid that during a wash-
ing cycle - wherein wet goods in the chamber 10 have to
be heated - the heating efficiency is reduced by a cool-
ing/dehumidifying action performed by the second heat
exchanger 24 and/or the third heat exchanger 25 on the
air injected into the chamber 10. In this way, enhanced
performances of the washer-dryer machine 1 are guar-
anteed, both in washing cycles and drying cycles.
[0140] Figure 3 schematically shows the washer-dryer
machine 1 during a drying cycle of a predetermined dry-
ing program.

[0141] The control unit 60 pilots the switching element
23 so that the flow of the refrigerant is switched into the
first refrigerant circuit 27, bypassing the third heat ex-
changer 25. This situation is schematically represented
in figure 3 by using a cross on the third heat exchanger
25 and by using dotted lines for representing the part of
the second refrigerant circuit 28 which is bypassed.
[0142] Then, the control unit 60 switches the fan 92
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and the heat pump system 20 (that is the compressor
26) on.

[0143] In this way, the fan 92 causes the air to re-cir-
culate along the air circuit 90, in sequence through the
chamber 10, the air filter 95, the second heat exchanger
24, the first heat exchanger 22, the fan 92 itself and back
into the chamber 10.

[0144] In addition, as shown in figure 3, the refrigerant
is re-circulated along the first refrigerant circuit 27, in se-
quence through the first heat exchanger 22, the switching
element 23, the second heat exchanger 24 and the com-
pressor 26.

[0145] The aircirculating along the air circuit 90 is heat-
ed by the first heat exchanger 22 so that warm air is
injected into wet goods contained in the chamber 10. In
addition, as in the first refrigerant circuit 27 the refrigerant
passes through the second heat exchanger 24, the sec-
ond heat exchanger 24 is active on the air circulating in
the air circuit 90 so that moisture-laden air coming from
the chamber 10is cooled and dehumidified by the second
heat exchanger 24. The wet goods in the chamber 10
are thus efficiently dried by means of warm dried air in-
jected into the chamber 10.

[0146] The fan 92 and the heat pump system 20 are
operated till the goods in the chamber 10 are sufficiently
dried orwhenthe temperature inthe chamber 10 reaches
a desired value or according to a predetermined opera-
tion time. Then, the fan 92 and the heat pump system 20
are suitably switched off by the control unit 60.

[0147] In the washer-dryer machine 1 of the present
disclosure, the washing cycles and the drying cycles are
performed by sharing the air circuit 90 and part of the
components (thatis, the compressor 26 and the first heat
exchanger 22) of the heat pump system 20. This advan-
tageously enables to bound, in the machine, the space
taken by the components necessary for performing the
washing and drying functions and to limit the machine
encumbrance.

[0148] In addition, with respect to an already existing
design of a dryer machine (already equipped with air cir-
cuit 90 and heat pump with first heat exchanger 22 and
second heat exchanger 24), the sharing of the air circuit
90, the compressor 26 and the first heat exchanger 22
between the washing cycles and the drying cycles, ena-
bles to limit the changes required to adapt the already
existing design of the dryer machine in order to house
the additional components (that is, the tank 30, the
switching element 23 and the third heat exchanger 25),
which are necessary for performing also the washing
function.

[0149] This advantageously enables to reduce the im-
pact on the already existing design of the dryer machine
and it might be interesting for household appliance man-
ufacturers to exploit the already existing design of adryier
machine for producing and offering to the customers a
washer-dryer machine.

[0150] Figures4 and5 schematically show anarrange-
ment of the components of the heat pump system 20, air
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circuit 90 and water inlet circuit 70 inside a cabinet 2 of
the washer-drier machine 1, according to an embodiment
of the invention. For the sake of simplicity, other compo-
nents of the washer-dryer machine 1 are not depicted in
figures 4 and 5.

[0151] In figure 4, operation of the machine during a
drying cycle (wherein the third heat exchanger 25 is by-
passed and the second heat exchanger 24 is active) is
exemplarily shown.

[0152] On the other hand, in figure 5 operation of the
machine during a washing cycle (wherein the second
heat exchanger 24 is bypassed and the third heat ex-
changer 25 is active) is exemplarily shown.

[0153] Figures 6 and 7 show two different perspective
views of an exemplary washer-dryer laundry machine
according to the embodiment of figures 4 and 5.

[0154] According to this embodiemnt, the cabinet 2
comprises a top 3 and a bottom 4.

[0155] Thetop 3is configured to match and close from
the above the cabinet 2.

[0156] The top 3 is formed as a ready-to-mount part
ready to be mounted to the cabinet 2.

[0157] Inthe embodiment shown, the top 3 comprises
at least part of the components of the machine that per-
formthe drying and washing functions. Such components
comprise at least part of the air circuit 90 (that is, the fan
92, the fan motor 96, the air filter 95 and part of the air
ducts 94), the first heat exchanger 22 and the second
heat exchanger 24.

[0158] Preferably, part of the air ducts 94 are integrally
formed in the top 3. The air filter 95, the first heat ex-
changer 22 and the second heat exchanger 24 are pref-
erably housed in seats integrally formed in the top 3.
[0159] In addition, the top 3 can also comprise, inte-
grally formed therein, at least part of the water inlet pipes
74 and a seat configured to house the detergent drawer
72.

[0160] In figures 4-5, the switching element 23 is
shown outside the top 3. However, according to a variant,
it can be housed in a seat integrally formed in the top 3.
[0161] Inthe embodiment of figures 4-7, other compo-
nents of the machine 1 that perform the drying and wash-
ing functions, as the compressor 26, the tank 30 and the
third heat exchanger 25, are housed into the bottom 4 of
the machine 1.

[0162] The embodiment of figures 4-7 enables to
house at least part of the components of the heat pump
system 20, air circuit 90 and air inlet circuit 70 by opti-
mazing the machine design and improving the machine
assembly.

[0163] Forexample, with respectto an already existing
design of a dryer machine (already equipped with a top
3 comprising an air circuit 90 and heat pump with first
heat exchanger 22 and second heat exchanger 24), this
embodiment enables to adapt the already existing design
of the dryer machine by housing the additional compo-
nents (that is, the tank 30and the third heat exchanger
25, which are necessary for performing also the washing
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function) in the bottom 4 of the cabinet 2. In addition, as
part of the components of the machine are integrally
formed into the top 3, such components can be simply
assembled by matching and closing the top 3 onto the
cabinet 2.

Claims
1. Washer-dryer machine (1) comprising

- a chamber (10) for receiving goods,

- an air circuit (90) configured to circulate air
through the chamber (10),

- aheat pump system (20) comprising a first heat
exchanger (22), a second heat exchanger (24)
and a compressor (26) that form a first refriger-
ant circuit (27) configured to circulate a refriger-
ant, the first heat exchanger (22) being config-
ured to cool said refrigerant and to heat the air
in said air circuit (90), the second heat exchang-
er (24) being configured to heat said refrigerant
and to dehumidify the air in said circuit,
characterized in that the heat pump system
(20) also comprises:

- a third heat exchanger (25) arranged outside
the air circuit (90), the third heat exchanger (25)
forming with the first heat exchanger (22) and
the compressor (26) a second refrigerant circuit
(28) configured to circulate said refrigerant so
as to bypass said second heat exchanger (24),
the third heat exchanger (25) being configured
to heat said refrigerant, and

- a switching element (23) configured to selec-
tively circulate said refrigerant into the first re-
frigerant circuit (27), during a drying cycle of the
washer-dryer machine (1), and into the second
refrigerant circuit (28), during a washing cycle
of the washer-dryer machine (1) wherein the air
in said air circuit (90) is heated by the first heat
exchanger (22).

2. Washer-dryer machine (1) according to claim 1, fur-
ther comprising a tank (30) adapted to contain afluid,
the third heat exchanger (25) being configured to
cool the fluid contained in the tank (30).

3. Washer-dryer machine (1) according to claim 2,
wherein the tank (30) is fluidly connected to water
mains (40) by means of a conduit (31) configured to
supply tap water from the water mains (40) to the
tank (30) bypassing the chamber (10).

4. Washer-dryer machine (1) according to claim 3,
comprising a control unit (60) configured to manage
fluid regeneration in the tank (30) by managing entry
of tap water from the water mains (40) and exit of at
least part of the fluid cooled by the third heat ex-
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changer (25).

Washer-dryer machine (1) according to claim 1,
wherein the heat pump system (20) comprises a
pressure lowering device upstream of the second
heat exchanger (24) and the third heat exchanger
(25).

Washer-dryer machine (1) according to claim 5,
wherein the pressure lowering device is downstream
of the first heat exchanger (22).

Washer-dryer machine (1) according to claim 1, fur-
ther comprising a cabinet (2) having a top (3) with a
top wall, the first heat exchanger (22) and the second
heat exchanger (24) being arranged within the cab-
inet (2) between the chamber (10) and the top wall.

Washer-dryer machine (1) according to claim 1, fur-
ther comprising a cabinet (2) and a top (3), the top
(3) being configured to match and close from above
the cabinet (2) and being formed as a ready-to-
mount part ready to be mounted to the cabinet (2),
wherein the top (3) comprises, integrally formed
therein, at least part of the air circuit (90) and seats
configured to house the first heat exchanger (22) and
the second heat exchanger (24).

Washer-dryer machine (1) according to claim 8,
wherein the air circuit (90) comprises at least one
duct (94) integrally formed in the top (3).

Washer-dryer machine (1) according to claim 1,
wherein the air circuit (90) comprises at least one
duct (94) fluidly connecting an air inlet (91) and an
air outlet (93) of the chamber (10).

Washer-dryer machine (1) according to claim 1,
wherein the air circuit (90) comprises a fan (92) op-
erable for propelling the air through said air circuit
(90).

Washer-dryer machine (1) according to claim 11,
wherein the fan (92) is configured to propel air into
the chamber (10), from the chamber (10) towards
the second heat exchanger (24), from the second
heat exchanger (24) towards the firstheat exchanger
(22) and from the first heat exchanger (22) back into
the chamber (10).

Method of operating a washer-dryer machine (1)
comprising a chamber (10) for receiving goods; an
air circuit (90); a heat pump system (20) comprising:
afirstheatexchanger (22), a second heat exchanger
(24) and a compressor (26), which form a first refrig-
erant circuit (27) with a refrigerant, and a third heat
exchanger (25), arranged outside the air circuit (90),
forming with the first heat exchanger (22) and the
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compressor (26) a second refrigerant circuit (28) for
said refrigerant; the method comprising:

during a drying cycle:

- circulating air through the chamber (10)
along said air circuit (90);

- switching said refrigerant into the first re-
frigerant circuit (27) and operating the com-
pressor (26) so that: the refrigerant is circu-
lated through the firstrefrigerant circuit (27),
the first heat exchanger (22) cools said re-
frigerant and heats the air in said air circuit
(90) that flows into the chamber (10), and
the second heat exchanger (24) heats said
refrigerant and dehumidifies the air in said
air circuit (90) that comes from the chamber
(10);

during a washing cycle:

- circulating air through the chamber (10)
along said air circuit (90);

- switching said refrigerant into the second
refrigerant circuit (28) bypassing said sec-
ond heat exchanger (24) and operating the
compressor (26) so that the refrigerant is
circulated through the second refrigerant
circuit(28), and the first heat exchanger (22)
cools said refrigerant and heats the air in
said air circuit (90) that flows into the cham-
ber (10) and the third heat exchanger (25)
heats said refrigerant.

Method according to claim 13, wherein, during the
washing cycle and during operation of the compres-
sor (26), the third heat exchanger (25) cools a fluid
contained in a tank (30).

Method according to claim 14, comprising regener-
ating the fluid contained in the tank (30), cooled by
the third heat exchanger (25), by supplying to the
tank (30) tap water from water mains (40) bypassing
the chamber (10).
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