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(54) LAUNDRY DRYER WITH HEAT PUMP

(57) The invention relates to a laundry dryer (1) com-
prising:
• a cabinet (2) supporting a drying chamber (3) for re-
ceiving a load to be dried and having a basement (24),
a front wall (20), a rear wall (23), a first and a second
side wall (21,22) which define a cabinet inner volume;
• A process air conduit (11) in communication with the
drying chamber (3) where an air process stream is apt
to flow;
• A heat pump system (30) having a heat pump circuit
formed by pipes (31) in which a refrigerant can flow, said
heat pump circuit including a first heat exchanger (31)
where the refrigerant is cooled off and the process air
stream is heated up, and a second heat exchanger (32)

where the refrigerant is heated up and the process air is
cooled off; said first and/or second heat exchanger being
thermally coupled to the process air conduit (11) to per-
form heat exchange between said refrigerant flowing in
said heat pump circuit and said process air stream;
wherein the heat pump system (30) further includes an
auxiliary heat exchanger (13) which comprises a skin
condenser including a portion (62) of said pipes and a
heat radiating wall (18, 18a), the portion (62) of said pipes
extending on one side of the heat radiation wall (18, 18a),
and said heat radiating wall (18, 18a) being a portion
(18a) of said cabinet (2) or being contained within said
cabinet inner volume.



EP 3 235 942 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Field of the invention

[0001] The invention relates to a laundry treatment ap-
paratus having a heat pump system in which process air
for laundry treatment is dehumidified and heated.

Background art

[0002] In driers using a heat pump system for dehu-
midifying and heating the process air in a closed process
air loop, excess energy has to be removed from the heat
pump system as soon as the system has achieved a
steady state of operation. The so called steady state is
an optimum operation state in which the dehumidifying
capacity of the evaporator and the heating capacity of
the condenser are optimized in view of drying the laundry
and energy consumption of the heat pump system. In the
steady state the excess energy is the heat loss power
introduced to the system by the compressor and which
over the time would drive the system to an over-temper-
ature and less-optimum operation, if not removed. From
prior art different approaches are known to remove the
excess energy when reaching the steady state.
[0003] A dryer having a heat pump system for dehu-
midifying and heating process air is known from WO
2008/086933. An auxiliary condenser cooled by ambient
air is used to remove heat from the refrigerant loop in the
heat pump system.
[0004] In the dryer of EP 2 034 084 A1 an auxiliary
condenser of the heat pump system is arranged in the
bottom section between an ambient air blower and a com-
pressor such that the ambient air cools and removes ex-
cessive heat from both, the auxiliary condenser and the
compressor.
[0005] In EP 2 573 252, a laundry treatment apparatus
having a heat pump includes an auxiliary heat exchanger
which is arranged at the external side of the base section.

Summary of the invention

[0006] The present invention is relative to a heat pump
laundry dryer for drying clothes and other garments in-
cluding a heat pump having a plurality of heat exchang-
ers. The laundry dryer of the invention may include either
a machine having only drying function or a combined
washer dryer, having washing and drying function. Fur-
thermore, it may include either a vented or a condense
dryer. The configuration of the heat exchanger(s) in the
laundry dryer of the invention is such that an optimal heat
transfer capacity is achieved, substantially tailored on
the specific geometry of the laundry dryer.
[0007] A heat pump dryer includes a drying chamber,
such as a drum, in which the load, e.g., clothes, to be
dried (and in some embodiments also to be washed) is
placed. The drying chamber is part of a process air circuit;
in particular a closed-loop circuit in case of a condensed

dryer or an open circuit in case of a vented dryer, which
in both cases includes an air duct for channeling a stream
of air to dry the load. The process air circuit is connected
with its two opposite ends to the drying chamber. Pref-
erably, heated dehumidified air is fed into the drying
chamber, flowing over the laundry, and the resulting hu-
mid cool air exits the same. The humid air stream rich in
water vapor is then fed into an evaporator (or second
heat exchanger) of the heat pump, where the moist warm
process air is cooled and the humidity present therein
condenses. The resulting cool dehumidified air is then
either vented outside the dryer in the ambient where the
latter is located or it continues in the closed-loop circuit.
In this second case, the dehumidified air in the process
circuit is then heated up before entering again in the dry-
ing chamber by means of a condenser (or first heat ex-
changer) of the heat pump, and the whole loop is repeat-
ed till the end of the drying cycle. Alternatively, ambient
air enters into the drum from the ambient via an inlet duct
and it is heated up by the condenser of the heat pump
before entering the drying chamber.
[0008] The heat pump of the dryer includes a refriger-
ant circuit in which a refrigerant can flow and which con-
nects via piping the first heat exchanger or condenser,
the second heat exchanger or evaporator, a compressor
and a pressure-lowering device. The refrigerant is pres-
surized and circulated through the system by the com-
pressor. On the discharge side of the compressor, the
hot and highly pressurized vapor is cooled in the first heat
exchanger, the condenser, until it condenses into a high
pressure, moderate temperature liquid, heating up the
process air before the latter is introduced into the drying
chamber. The condensed refrigerant then passes
through the pressure-lowering device such as an expan-
sion device, e.g., a choke, a valve or a capillary tube.
The low pressure liquid refrigerant then enters the sec-
ond heat exchanger, the evaporator, in which the fluid
absorbs heat and evaporates due to the heat exchange
with the warm process air exiting the drying chamber.
The refrigerant then returns to the compressor and the
cycle is repeated.
[0009] From the above, it is clear that in a working cycle
of the heat pump:

1) In the evaporator both latent heat and sensible
heat are exchanged with the refrigerant. The latent
heat exchange leads to a condensation of the water
extracted from the clothes. During this process the
refrigerant absorbs heat from the water and evapo-
rates.

2) The cold and dry air exiting from the evaporator
is then heated up in the condenser: in this process
only sensible heat is exchanged. During this proc-
ess, the refrigerant is cooled down and condenses.

[0010] In some embodiments, in the first and/or second
heat exchangers, the refrigerant may not be subject to a
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phase transition. The operation of a dryer having a heat
pump is depicted in a schematic manner in fig. 1.
[0011] In the following, with the terms "downstream"
and/or "upstream", a position with reference to the direc-
tion of the flow of a fluid inside a conduit is indicated.
Additionally, in the present context, the terms "vertical"
and "horizontal" are referred to the positions of elements
with respect to the dryer in its normal installation or func-
tioning. Indeed, a horizontal plane (X,Y) formed by two
horizontal X,Y perpendicular directions is defined, and a
vertical direction Z, perpendicular to the horizontal plane,
is defined as well in a 3-D space.
[0012] Since the overall system must be in an equilib-
rium state, the heat pump efficiency is limited by the heat
exchange capacity of the air at the condenser side where
only sensible heat is exchanged. This means that the
evaporator works in a reduced way, having a bigger heat
exchange capacity, thus penalizing the performance of
the heat pump system, in terms of drying time and energy.
[0013] A solution to this problem of increasing the heat
exchange capacity at the condenser side could be to in-
crease the flow rate of the air flowing through the con-
denser. This increase of flow rate can be achieved for
example by the addition of a dedicated fan for the con-
denser. However, this addition is not possible in all dryers
due to space issues within the dryer itself or where an
increase in flow rate causes excessive noise.
[0014] A different solution for increasing the heat ex-
change capacity at the condenser side is to include an
auxiliary condenser in the heat pump of the dryer so that
the total heat exchange of the condenser is made by the
one of the "main" condenser and the one of the auxiliary
condenser. This auxiliary condenser is usually cooled
down by an auxiliary fan that sucks air from the ambient.
[0015] With an auxiliary condenser, the refrigerant ex-
iting the "main" condenser is additionally cooled (sub-
cooled) by the auxiliary condenser, so the global heat
exchange in the condenser is increased, allowing an im-
provement of the heat exchange in the evaporator as
well.
[0016] However, in order to implement such solution,
a significant additional space is required inside the dryer,
as it is necessary to include, for example within the base-
ment, two further elements: both the auxiliary condenser
and the auxiliary fan. Moreover, the heat capacity of the
ambient air is poor, which means that a considerable
amount of air has to flow through the auxiliary condenser
(which implies for example the presence of a "big" fan)
or that a substantial air temperature increase has to be
achieved. In both cases, an auxiliary heat exchanger hav-
ing relatively large dimensions is needed, requiring again
a large available volume inside the cabinet of the dryer.
This large "free" available volume is - as said- not always
present in many dryers.
[0017] It is an object of the invention to provide a laun-
dry dryer having a heat pump system in which an auxiliary
heat exchanger is integrated in a compact manner and
at the same time assuring a non-negligible increase in

heat exchange capacity. In particular, the dimensions of
the auxiliary heat exchanger are such that the amount of
occupied space by it inside the laundry machine is limited.
[0018] Applicants have realized that in order to achieve
the above mentioned goal including an auxiliary heat ex-
changer in the heat pump of the laundry dryer, a special
geometry and positioning of the auxiliary heat exchanger
has to be selected so as to minimize the volume occupied
by it in the cabinet of the dryer, and at the same time
ensuring a relatively high heat exchange.
[0019] A further objective of the present invention is to
realize a dryer having a heat pump system including an
auxiliary heat exchanger the costs of which are relatively
low so that the overall costs of the dryer are substantially
unmodified by the presence of the auxiliary heat ex-
changer.
[0020] These goals are at least in part achieved by the
present invention by means of a skin condenser as an
auxiliary heat exchanger. The skin condenser is a heat
exchanger wherein at least one pipe is arranged on one
of the two sides of a wall without passing through such
wall. The wall acts as heat radiating element. The heat
radiating wall can be a part, or the entirety of one or more
of the cabinet walls, Alternatively or additionally, the heat
radiating wall can be an additional element contained
within the inner volume defined by the cabinet walls. Pref-
erably, the skin condenser can be used as a condenser.
By using the heat exchange by conduction with a large
surface of one (or both) side walls of the cabinet or of an
additional element, a higher efficiency of the heat pump
is achieved. At the same time, an auxiliary heat exchang-
er located adjacent to the side wall minimizes the "occu-
pied" free space within the cabinet itself. A cabinet wall
is particularly advantageous for arranging the meander-
ing tube of the skin condenser because it generally offers
a wide heat radiating medium and a location which does
not interfere with other components of the machine.
[0021] According to an aspect, the invention relates to
a laundry dryer comprising:

• a cabinet supporting a drying chamber for receiving
a load to be dried and having a basement, a front
wall, a rear wall, a first and a second side wall, which
defines a cabinet inner volume;

• A process air conduit in communication with the dry-
ing chamber where an air process stream is apt to
flow;

• A heat pump having a heat pump circuit formed by
pipes in which a refrigerant can flow, said heat pump
circuit including a first heat exchanger where the re-
frigerant is cooled off and the process air stream is
heated up, and a second heat exchanger where the
refrigerant is heated up and the process air is cooled
off; said first and/or second heat exchanger being
thermally coupled to the process air conduit to per-
form heat exchange between said refrigerant flowing
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in said heat pump circuit and said process air stream;

characterized in that said heat pump further includes an
auxiliary heat exchanger which comprises a skin con-
denser including a portion of said pipes and a heat radi-
ating wall, the portion of said pipes extending on one side
of the heat radiation wall, and said heat radiating wall
being a portion of said cabinet or being contained within
said cabinet inner volume.
[0022] According to the mentioned aspect, a laundry
dryer having a drying chamber for treating the laundry
and a heat pump system for dehumidifying and heating
process air vented through the laundry storing chamber
is provided. For removing at least a portion of the exces-
sive energy (i.e. excessive heat power or temperature)
from the heat pump system, an auxiliary heat exchanger
is provided which removes heat from the refrigerant cir-
culated in the refrigerant loop. The auxiliary heat ex-
changer may function as an auxiliary condenser. Prefer-
ably, the heat is transferred from the refrigerant to ambi-
ent air which is available in the operating surroundings
of the laundry dryer.
[0023] The dryer comprises a cabinet comprising a
front wall, a rear wall, side walls (generally in the number
of two) and a base section or basement. The front wall
may comprise a front top panel to command the func-
tioning of the machine by the user. The cabinet defines
the limit between the internal or inner side of the dryer
and the external side of the dryer.. In conventional laun-
dry dryers having a heat pump system, like heat pump
dryers only or washer-dryer machines, all components
of the apparatus - in particular the components of the
heat pump system - are arranged in the inner side of the
apparatus.
[0024] According to the invention, the auxiliary heat
exchanger is arranged at an inner side of one of the walls
or basement of the cabinet. Preferably, the auxiliary heat
exchanger extends along the inner side of one of the side
walls, more preferably starting from a location at or close
to the basement of the machine and then preferably ex-
tending substantially "only" vertically, with a limited width
in the horizontal direction.
[0025] Preferably, the heat pump system except the
auxiliary heat exchanger is arranged completely or sub-
stantially within the basement of the apparatus. Then,
providing an auxiliary heat exchanger located for at least
a portion at the basement results in the advantage that
the auxiliary heat exchanger is arranged close to the oth-
er elements of the heat pump system, so a limited length
of additional piping to connect the two is needed. The
other components of the heat pump system are a first
and second heat exchanger, a compressor, and prefer-
ably an expansion device.
[0026] By arranging the auxiliary heat exchanger along
a wall of the cabinet at its inner side, a compact overall
layout or design of the heat pump system can be provid-
ed. In this way, the addition of an extra heat exchanger
such as the auxiliary heat exchanger is possible in most

of the dryers.
[0027] The auxiliary heat exchanger is preferably con-
nected in the refrigerant circuit in series between the con-
denser (first heat exchanger) and the expansion device.
The auxiliary heat exchanger exchanges heat contained
in the refrigerant flowing in the refrigerant circuit of the
heat pump system. This refrigerant flows in the auxiliary
heat exchanger through a pipe which is a portion of the
piping of the overall refrigerant circuit of the heat pump
system. Therefore, a portion of the refrigerant circuit pip-
ing is forming the piping of the auxiliary heat exchanger.
[0028] The auxiliary heat exchanger according to the
invention is a skin condenser, i.e. a heat exchanger which
uses a heat radiating wall to dissipate the heat contained
in the refrigerant flowing in the pipe portion of the heat
exchange piping. This heat radiating wall can be for ex-
ample a portion of one of the walls of the cabinet or a
portion of the basement, more preferably a portion of one
of the side walls of the cabinet of the dryer in order to
exchange heat. In this way, the need of an auxiliary fan
may be cancelled, the heat exchange taking place thanks
to the relatively wide surface of the cabinet wall. Alterna-
tively, the heat radiating wall is an additional element to
the cabinet, such as an additional plate. This plate can
be the only "radiating element" of the auxiliary heat ex-
changer, that is, the plate is thermically isolated from the
cabinet, or it is used to dissipate heat in addition to a
portion of the cabinet, such as a portion of the cabinet
walls, so that the heat radiating wall of the auxiliary heat
exchanger is both an additional element (the plate) and
an element of the cabinet (a portion of one of the cabinet’s
wall or basement). In this latter case, heat exchange
takes place between the auxiliary heat exchanger and
the cabinet.
[0029] Due to the skin condenser, if heat exchange
takes place between the auxiliary heat exchanger and
the cabinet, additional heat transfer takes place and heat
is transferred to the exterior of the dryer via the relatively
wide surface of the walls and basement by conduction.
The temperature of the wall might slightly increase with-
out any consequence.
[0030] Additionally, the skin condenser technology al-
lows the realization of an auxiliary condenser at a rela-
tively low price.
[0031] Preferably, the skin condenser is a wire-type
heat exchanger or a wire-tube heat exchanger including
a pipe or wire.
[0032] Preferably, the auxiliary heat exchanger is a coil
heat exchanger, which is formed by one or more wires
as tubes.
[0033] Preferably, the auxiliary heat exchanger has a
tube for containing and passing the refrigerant, wherein
the tube is guided at the inner side of the heat radiating
wall in a curved manner or in serpentines or meandering
from a lower region vertically upward. The tube or pipe
of the auxiliary heat exchanger preferably starts from the
lower region to an upper region at the inner side of the
side wall. Thus, it consumes only little space. Preferably

5 6 



EP 3 235 942 A1

5

5

10

15

20

25

30

35

40

45

50

55

the resulting flow path of the refrigerant is from the upper
region of the auxiliary heat exchanger to the lower region
thereof for higher efficiency in heat exchange. Alterna-
tively the net refrigerant flow may be from left to right or
right to left or from below upwards.
[0034] More preferably, said skin condenser includes
a single pipe or tube.
[0035] The single pipe or tube is the pipe of the refrig-
erant circuit. In this way a simple and economical con-
struction is achieved.
[0036] Even more preferably, said pipe or tube in-
cludes a plurality of contiguous rectilinear portions con-
nected by bended portions.
[0037] The skin condenser comprises a pipe which is
bend and forms a serpentine or a sinusoidal pattern, me-
andering and forming several curves or bends. It is known
that oil droplets - which might form inside the refrigerant
circuit - may be trapped and blocked within the refrigerant
pipe itself, however the serpentine form minimizes this
risk.
[0038] In an advantageous embodiment, said rectilin-
ear portions and bended portions lie substantially on the
same skin condenser plane.
[0039] Preferably, the skin condenser is essentially flat
and/or planar and/or has restricted extension in the hor-
izontal direction and/or is oriented upright. In this way the
space in the basement occupied by the skin condenser
is substantially negligible and room is left for the bulky
condenser, evaporator and compressor of the heat
pump.
[0040] Preferably, said one side of a heat radiating wall
is an inner side of the first and/or second side wall.
[0041] Advantageously, the auxiliary heat exchanger
uses a portion of the side walls of the cabinet to dissipate
heat. A wide surface for heat exchange is thus available
due to the cabinet construction.
[0042] Preferably, the heat radiating wall is thermally
connected with one or more of the cabinet basement (24),
the front wall, the rear wall, the first and the second side
wall.
[0043] In case the heat radiating wall is an additional
element to the cabinet, the heat exchange capabilities of
the cabinet can still be used by the auxiliary heat ex-
changer putting the heat radiating wall in heat exchange
with a portion of the cabinet, such as a portion of one of
its walls or of the basement. Even more preferably, said
skin condenser plane is substantially parallel to an inner
side of said first and/or second side wall.
[0044] As mentioned, the auxiliary heat exchanger
may have a ’flat’ design. Flat means for example that the
skin condenser extends substantially along a plane and
its dimensions (e.g. width or length) along one direction
are much bigger than its dimension in a direction sub-
stantially perpendicular to it. Being flat and parallel to the
inner side of the side wall along its bigger dimension al-
lows achieving a very compact configuration.
[0045] Due to the flat design, the auxiliary heat ex-
changer can be sandwiched between other components

or elements of the apparatus.
[0046] According to an embodiment, one of the two
horizontal dimensions of the auxiliary heat exchanger is
smaller than the vertical dimensions of the auxiliary heat
exchanger, preferably much smaller.
[0047] Preferably, said skin condenser is lacking fins.
[0048] The costs of the skin condenser of the invention
are extremely reduced.
[0049] Advantageously, said skin condenser is fixed
to said first and/or second side wall in such a way that a
gap is formed therebetween for air circulation, thereby
enhancing cooling of the wall and tubes forming the skin
condenser.
[0050] Preferably, the auxiliary heat exchanger is ori-
ented at the inner side of the side wall such that a cooling
air flow is induced by natural convection. In particular,
the natural convection is a free convection without blower
assistance. The gap therefore helps in avoiding the need
of the provision of a fan or blower dedicated for the aux-
iliary condenser itself.
[0051] In a preferred embodiment, said skin condenser
includes a plate.
[0052] Preferably, said heat radiating wall is made of
metal.
[0053] Preferably the heat exchanging surface(s) of
the auxiliary heat exchanger is(are) increased by using
one or more thermally conductive elements like: a cor-
rugated metal plate, a heat radiator element, a heat ex-
changer rip, or combinations thereof. More preferably the
plate is used. One or more of these may be provided on
or at a surface being in contact with the cooling air (i.e.
to the outside of the refrigerant piping).
[0054] One of the dimensions of the heat radiating wall
is preferably minimal and this dimension is arranged so
that it is parallel to the horizontal direction. The bigger
dimension of the heat radiating wall is arranged substan-
tially vertically so that the heat radiating wall, the wall of
the cabinet and the skin condenser are one parallel to
the other, minimizing their overall dimension along the
horizontal plane, where the inner side of the cabinet is
already occupied by several components and maximiz-
ing the extension along the side wall so as to maximize
the heat exchange.
[0055] Preferably, the portion of said pipes extending
on one side of a heat radiating wall is glued onto such wall.
[0056] The piping of the skin condenser is to be fas-
tened onto the heat radiating wall. Several possibilities
are available, such as screws, rivets, hooks or welding.
Gluing is economical and easy to perform during the as-
sembly process.
[0057] In an embodiment, said skin condenser is sur-
rounded by foam.
[0058] The provision of a foam improves the connec-
tion of the skin condenser to the laundry dryer, the heat
transfer towards the cabinet wall and the protection of
the skin condenser
[0059] Preferably, said auxiliary heat exchanger is in
series with said first heat exchanger.
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[0060] Condenser and skin condenser are in series,
so that the refrigerant is further cooled down by the skin
condenser.
[0061] Advantageously, said pipe or tube of the auxil-
iary heat exchanger has an elliptical cross section.
[0062] The provision of an elliptical cross section, in
particular if this cross section is vertically oriented, i.e.
the major axis of the ellipses is vertically oriented, further
reduces the space occupied by the skin condenser in the
horizontal direction keeping the heat exchanging surface
unchanged compared to a squared or circular cross-sec-
tion. Preferably the major axis of the ellipse defined by
the cross section of the pipe or tube is substantially par-
allel to the side wall.
[0063] Preferably, an air pumping device is provided
to remove heat from the heat radiating wall. Preferably,
an airflow provided by the air pumping device is directed
towards a compressor of the heat pump system.
[0064] To further enhance heat exchange, a flow of
cooling air can be directed towards the heat radiating
wall. In order to keep costs low, an already existing com-
ponent of the dryer can be used to provide for said cooling
flow. In heat pump dryer, commonly a cooling fan to cool
the compressor of the heat pump system is present, to
avoid that the compressor may overheat during function-
ing. Properly arranging the compressor cooling fan and
the auxiliary heat exchanger, a flow of air can be directed
from the cooling fan towards the compressor and also
towards the heat radiating wall.

Brief description of the drawings

[0065] Reference is made in detail to preferred embod-
iments of the invention, examples of which are illustrated
in the accompanying figures, which show:

Fig. 1 is a schematic view of the principle of func-
tioning of an heat pump;

Fig. 2 is a schematic view of a section of a dryer
including an heat pump according to the invention;

Figs. 3a and 3b are two perspective views of a dryer
realized according to the invention in a partially dis-
assembled configuration;

Figs. 4a and 4b are two perspective views of a detail
of the dryer of figs. 3a and 3b; and

Fig. 5 is a schematic view of a further embodiment
of the dryer of figure 3a and 3b.

Best mode to carry out the invention

[0066] With initial reference to figs 3a and 3b, a dryer,
which in this embodiment is a heat pump tumble dryer,
is globally indicated with 1.
[0067] Laundry dryer 1 comprises an outer box cabinet

2, preferably but not necessarily parallelepiped-shaped,
and a drying chamber, such as a drum 3, for example
having the shape of a hollow cylinder, for housing the
laundry and in general the clothes and garments to be
dried. The drum 3 is preferably rotatably fixed to the cab-
inet 2, so that it can rotates around a preferably horizontal
axis (in alternative embodiments, rotation axis may be
vertical or tilted). Access to the drum 3 is achieved for
example via a door 4, preferably hinged to casing, which
can open and close an opening realized on the casing
itself.
[0068] More in detail, cabinet 2 generally includes a
front wall 20, a rear wall panel 23 and two side wall 21,
22 (in figs. 3a and 3b one of the two side walls is alter-
natively removed) mounted on a basement 24. Walls 20,
21, 22, 23 and basement 24 can be of any suitable ma-
terial. Preferably, the basement 24 is realized in plastic
material. The cabinet defines an inner space surrounded
by walls 20-24 and an outer space external to the cabinet
2. Thus each wall or basement 20-24 automatically de-
fines an inner and an outer side, being the surfaces to-
wards the interior or the exterior, respectively, of the cab-
inet. In the appended drawings, inner and outer side 22a
and 22b of side wall 22 are indicated.
[0069] Preferably, basement 24 includes an upper and
a lower shell (the lower shell being visible in figure 4a).
[0070] The dryer 1 (see figures 3a and 3b) defines an
horizontal plane (X,Y) which is substantially the plane of
the ground on which the dryer is situated, and a vertical
direction Z perpendicular to the plane (X,Y).
[0071] Laundry dryer 1 also comprises an electrical
motor assembly (not visible in the drawings) for rotating,
on command, revolving drum 3 along its axis inside cas-
ing. Cabinet 2, revolving drum 3, door and motor are com-
mon parts in the technical field and are considered to be
known; therefore they will not be described in details.
[0072] Dryer 1 additionally includes a process air circuit
11 which comprises the drum 3. The air process circuit
11 is schematically depicted in fig. 1 as a plurality of ar-
rows. In the basement 24, air process circuit is formed
by the connection of the two upper and lower shells. Proc-
ess air circuit may also include a fan or blower and an
electrical heater (both not shown in the figures).
[0073] With now reference to fig. 2, the dryer 1 of the
invention additionally comprises a heat pump system 30
including a first heat exchanger called also condenser
12 and a second heat exchanger called also evaporator
10. Heat pump system 30 also includes a refrigerant
closed circuit 6 (schematically depicted with lines con-
necting the first to the second heat exchanger, and vice
versa, see in detail fig. 2) in which a refrigerant fluid flows,
when the dryer 1 is in operation, cools off and may con-
dense in correspondence of the condenser 12, releasing
heat, and warms up, potentially even evaporating, in cor-
respondence of the second heat exchanger (evaporator)
10, absorbing heat. Alternatively, no phase transition
takes place in the condenser and/or evaporator, which
indicates in this case respectively a gas heater and gas
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cooler, the refrigerant cools off or it warms up, respec-
tively, without condensation or evaporation. In the follow-
ing the heat exchangers are named either condenser and
evaporator or first and second heat exchanger, respec-
tively.
[0074] More in detail, the refrigerant circuit 6 includes
a piping 31 (see figs. 3a -3b and 4a - 4b for example)
which connects the second heat exchanger 10 where the
refrigerant warms up and may undergo a phase transition
from the liquid to the vapour via a compressor 14 to the
condenser 12, in which the refrigerant cools off and may
condense again. The cooled or condensed refrigerant
arrives via an expansion device 16, such as a choke, a
valve or a capillary tube, back at the evaporator 10. The
piping 31 advantageously includes a single pipe forming
a closed loop.
[0075] Preferably, the dryer 1 further includes a com-
pressor cooling fan (not depicted), located within the in-
ner space defined by the cabinet 2 and adapted to blow
air towards the compressor 14. In this way, overheating
of the compressor may be avoided, due to a flow of cool-
ing air blown by the compressor fan on the compressor.
The activation of the compressor cooling fan may for ex-
ample depend on a temperature of the refrigerant flowing
in piping 31 at a given selected location.
[0076] Preferably, in correspondence of evaporator
10, the dryer 1 of the invention may include a condensed-
water canister 40 (shown only in fig. 1) which collects the
condensed water produced, when the dryer is in opera-
tion, inside evaporator 10 by condensation of the surplus
moisture in the process air stream arriving from the drying
chamber 3. The canister 40 is located at the bottom of
the evaporator 10. Preferably, through a connecting pipe
and a pump (not shown in the drawings), the collected
demineralized water is sent in a reservoir located in cor-
respondence of the highest portion of the dryer 1 so as
to facilitate manual discharge of the water by the user.
[0077] In case of a condense dryer, where the air proc-
ess circuit is a closed loop circuit, the condenser 12 is
located downstream of the evaporator 10. The air exiting
the drum 3 enters the conduit and reaches the evaporator
10 which cools down and dehumidifies the process air.
The dry cool process air continues to flow through the
conduit till it enters the condenser 12, where it is warmed
up by the heat pump 30 before re-entering the drum 3.
[0078] It is to be understood that in the dryer 1 of the
invention, the electrical heater (not depicted in the draw-
ings) may or may not be present. In an embodiment, the
heater can be omitted, being the heat pump system 30
sufficient to heat up the air process stream for the pur-
pose of laundry drying. However, heat pump system 30
and heater can also work together to speed up the heat-
ing process (and thus reducing the drying cycle time). In
the latter case, preferably condenser 12 of heat pump
system 30 is located upstream the heater.
[0079] Furthermore, the heat pump system 30 includes
an auxiliary heat exchanger 13 connected in series with
the condenser 12. The auxiliary heat exchanger 13 is a

skin condenser which is preferably located at the inner
side of one of the side walls, either 21 or 22 (in the de-
picted embodiment at 22). In a different non-depicted em-
bodiment, more than one auxiliary condenser can be in-
cluded in the heat pump system 30, for example a first
auxiliary heat exchanger located at one side wall and a
second auxiliary heat exchanger located at the other side
wall.
[0080] In the main embodiment shown in the appended
drawings, the main components of the heat pump system
30 (except the control electronics which is preferably ar-
ranged at a top section of dryer) with the exception of the
auxiliary heat exchanger 13 are arranged in the base-
ment 24 which also forms parts of the process air chan-
nel.
[0081] Fig. 3a and 3b, and more in detail figs. 4a, 4b
and 5, show two embodiments of the auxiliary heat ex-
changer 13. The auxiliary heat exchanger 13 comprises
an inlet tube 60 and an outlet tube 61. The inlet tube 60
and the outlet tube 61 are parts of the refrigerant circuit
6, that is, the inlet and the outlet tubes 60, 61 are two
portions of the piping 31. In a preferred embodiment, the
inlet tube 60 is connected to an outlet of the second heat
exchanger 12 and the outlet tube 61 is connected to an
inlet of the expansion device 16. The inlet tube 60 and
the outlet tube 61 are connected to one end of a heat
exchanging tube or are the end sections of a heat ex-
changing tube extending in serpentines through the aux-
iliary heat exchanger 13. The shown heat exchanging
tube is formed by elongated extending tubes or rectilinear
portions 65 which are connected by curved portions 64
to form together a meandering tube 62 of the auxiliary
heat exchanger 13. Meandering tube 62 is also part of
piping 31, that is, it is a portion of the refrigerant closed
loop of the heat pump system. In the depicted embodi-
ment, the refrigerant first flows through the second heat
exchanger 12 and then through the auxiliary heat ex-
changer 13 and then it flows through the expansion de-
vice 16.
[0082] In the depicted preferred embodiment, the me-
andering tube 62 is the only tube included in the auxiliary
heat exchanger 13, which is in other words formed by a
portion of the refrigerant piping 31 which meanders in
itself forming a plurality of bends.
[0083] Preferably the cross section of the meandering
pipe 62 is arbitrary, more preferably elliptical and even
more preferably having the major axis substantially ori-
ented parallel to the side wall 22.
[0084] Preferably, the inlet tube 60 is arranged in an
higher location than the outlet tube 61.
[0085] In the depicted embodiment, the auxiliary heat
exchanger 13 includes no fins.
[0086] As compared to conventional heat exchangers
and also as compared to the first and second heat ex-
changers 10, 12, the auxiliary heat exchanger 13 is sub-
stantially "flat". Auxiliary heat exchanger 13 extends with
side or horizontal dimension "a" and "b" in the (X,Y) hor-
izontal plane and in a height dimension "c" along the Z
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axis, as depicted in fig. 4b. One of the side dimensions,
in this case dimension "a", is much smaller than the height
dimension "c", and even more preferably is also much
smaller than the other of the side dimensions "b". Pref-
erably, as depicted, the meandering tube 62 defines sub-
stantially a plane, so that the various rectilinear portions
and the bended portions lie on the same plane, e.g. they
have the same (X,Y) coordinates. More preferably, this
plane is a plane substantially parallel to the vertical axis
Z. In this way, one of the side dimensions, which is "a"
in the depicted embodiment, is substantially equal to the
dimension of the tube 62.
[0087] In this manner, the inlet and outlet tubes 61 and
62 of the auxiliary heat exchanger also lie substantially
on the same plane. In the preferred embodiment, the inlet
and the outlet tubes 61, 62 are one on top of the other
on the vertical axis Z and more preferably the inlet tube
is located higher than the outlet tube in the vertical Z
direction.
[0088] However in a different embodiment, the inlet
tube 61 and outlet tube 62 may be arranged in a horizontal
plane, that is, they have substantially the same Z coor-
dinates, or in a plane inclined with respect to the horizon-
tal and/or a vertical plane. Preferably, in any arrange-
ment, the inlet and the outlet tube are parallel to each
other.
[0089] As compared to conventional auxiliary heat ex-
changers, the auxiliary heat exchanger 13 according to
the invention occupies a very small area horizontally and
provides more freedom of design for integrating it even
in narrow spaced dryer inside locations or outside gaps
or recesses.
[0090] Preferably, height dimension "c" is parallel to a
side wall of the cabinet 2, either 21 or 22. Furthermore,
also the larger side dimensions "b" is parallel to the side
wall 21 or 22, while the remaining dimension "a" is sub-
stantially perpendicular to it, so that the skin condenser
protrudes from the side wall horizontally minimally.
[0091] Additionally, the auxiliary heat exchanger 13 in-
cludes means suitable to transfer additional heat from
the refrigerant flowing in the meandering pipe 62 to cool-
ing air such as ambient air present within the inner space
defined by the cabinet 2 or outside the same. For this
purpose, the auxiliary heat exchanger 13 includes a heat
radiating wall 18 having heat exchanger surfaces for en-
larging the heat exchanging surface area. The heat ra-
diating wall 18 can be an additional element in the dryer
1, for example the heat radiating wall can include a plate
18 such as a metal plate, or it can include an element
already present in the cabinet, such as a portion of the
cabinet itself, e.g. a portion of one of the walls 21, 22, 23
or basement 24 of the cabinet 2.
[0092] The heat radiating wall 18 is adapted to radiate
the heat coming from the refrigerant circuit 6, that is, there
is a heat exchange between the meandering pipe 62 and
the heat radiating wall 18 so that the heat absorbed by
the wall 18 can be radiated in the ambient surrounding
it. The wall therefore warms up due to the heat transport-

ed in the circuit 6 and dissipates this heat at least in part.
[0093] In a first embodiment depicted in figure 5, the
heat radiating wall 18 includes a portion of a cabinet wall,
for example a portion 18a of the lateral wall 22. However,
the portion 18a can be any portion of any of the walls
21-23 or of the basement 24 of the cabinet 2 of the laundry
dryer 1. Preferably however it is a portion 18a of a lateral
wall 21 or 22. The meandering pipe 62 is located in prox-
imity of the portion 18a so that the heat exchange can
take place. Preferably, the meandering pipe 62 is located
in front of portion 18a and more preferably parallel to it
(that is, the meandering pipe lays on a plane which is
parallel to the wall plane containing portion 18a), forming
a gap therebetween, for example of constant width. The
meandering pipe 62 is located within the inner space de-
fined by the cabinet 2, so that it is not visible from the
exterior of the cabinet and cannot come into contact to
a user without opening the cabinet.
[0094] Alternatively, as shown in the embodiment of
figure 4a and 4b, the heat radiating wall is an additional
plate 18, which is preferably interposed between the side
wall 22 and the meandering pipe 62. The structure is
therefore formed by a side wall 21 or 22, the plate 18 and
the meandering pipe 62, preferably located in parallel
planes. However instead of the side wall 21 or 22, the
structure above described can also be formed with the
front or rear wall or the basement. In order to keep the
volume occupied by the auxiliary heat exchange 13 rel-
atively small, the plate 18 is located in proximity of any
of the walls 21-23 or basement 24..
[0095] Meandering pipe 62 is for example glued on
plate 18. Additionally, plate 18 may be in turn glued on
the inner side of the side wall 22 (or any other walls 21-23
or basement 24 of the cabinet 2) or it is fixed thereto by
any means.
[0096] Preferably a gap is present between the plate
18 and the inner side of the wall 22 so that air circulation
is possible.
[0097] In case wall 18 is an additional element and not
a portion of one of the cabinet’s walls or basement, pref-
erably either heat exchange is possible between plate
18 and the wall or basement 21-24 in proximity to the
plate 18, so that also a portion of wall or basement 21-24
with which heat exchange takes place dissipates heat,
or the wall or basement 21-24 is thermally insulated from
the plate 18, for example using foam or any other insu-
lating material.
[0098] During operation of the dryer 1, the auxiliary
heat exchanger 13 acts as a condenser and transfers
heat from the process air to ambient air and possibly also
to a portion of the cabinet 2 improving the heat exchange
of the heat pump system 30.
[0099] In order to further dissipate heat from the heat
radiating wall 18 or 18a, air pumping device may be pro-
vided in order to blow air towards the heat radiating wall
18, 18a and dissipate air in a quicker and more efficient
manner. The air pumping device can be an air pumping
device already present in the dryer 1, such as for example
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the compressor cooling fan, which may be properly ori-
ented in order to blow cooling air both towards the com-
pressor and the heat radiating wall 18, 18a.

Claims

1. A laundry dryer (1) comprising:

• a cabinet (2) supporting a drying chamber (3)
for receiving a load to be dried and having a
basement (24), a front wall (20), a rear wall (23),
a first and a second side wall (21,22) which de-
fine a cabinet inner volume;
• A process air conduit (11) in communication
with the drying chamber (3) where an air process
stream is apt to flow;
• A heat pump system (30) having a heat pump
circuit formed by pipes (31) in which a refrigerant
can flow, said heat pump circuit including a first
heat exchanger (31) where the refrigerant is
cooled off and the process air stream is heated
up, and a second heat exchanger (32) where
the refrigerant is heated up and the process air
is cooled off; said first and/or second heat ex-
changer being thermally coupled to the process
air conduit (11) to perform heat exchange be-
tween said refrigerant flowing in said heat pump
circuit and said process air stream;

characterized in that said heat pump system (30)
further includes an auxiliary heat exchanger (13)
which comprises a skin condenser including a por-
tion (62) of said pipes and a heat radiating wall (18,
18a), the portion (62) of said pipes extending on one
side of the heat radiation wall (18, 18a), and said
heat radiating wall (18, 18a) being a portion (18a) of
said cabinet (2) or being contained within said cab-
inet inner volume.

2. Dryer (1) according to claim 1, wherein said skin con-
denser (13) includes a single pipe (62).

3. Dryer (1) according to claim 2, wherein said pipe (62)
includes a plurality of contiguous rectilinear portions
(65) connected by bended portions (64).

4. Dryer (1) according to claim 3, wherein said rectilin-
ear portions (65) and bended portions (64) lie sub-
stantially on the same skin condenser plane.

5. Dryer (1) according to any of the preceding claims,
wherein said skin condenser (13) is lacking fins.

6. Dryer (1) according to any preceding claim, wherein
said one side of a heat radiating wall (18a) is an inner
side (22a) of the first and/or second side wall (22).

7. Dryer (1) according to any claim 1 to 5, wherein the
heat radiating wall (18) is thermally connected with
one or more of the cabinet basement (24), the front
wall (20), the rear wall (23), the first and the second
side wall (21,22).

8. Dryer (1) according to any claim 1 to 5 wherein the
heat radiating wall (18) is connected to one or more
of the cabinet basement (24), the front wall (20), the
rear wall (23), the first and the second side wall
(21,22), and it forms a gap therebetween for air cir-
culation.

9. Dryer (1) according to any preceding claim, wherein
said heat radiating wall (18, 18a) is made of metal.

10. Dryer (1) according to any of the preceding claims,
wherein the portion (62) of said pipes (31) extending
on one side of a heat radiating wall (18, 18a) is glued
onto such wall.

11. Dryer (1) according to any of the preceding claims,
wherein said skin condenser (13) is surrounded by
foam.

12. Dryer (1) according to any of the preceding claims,
wherein said auxiliary heat exchanger (13) is in se-
ries with said first heat exchanger (12).

13. Dryer (1) according to any of the preceding claims,
wherein the portion (62) of said pipes pipe (31) ex-
tending on one side of the heat radiating wall (18,
18a) has an elliptical cross section.

14. Dryer (1) according to any of the preceding claims,
wherein an air pumping device is provided to remove
heat from the heat radiating wall (18, 18a).

15. Dryer (1) according to claim 14, wherein an airflow
provided by the air pumping device is directed to-
wards a compressor (14) of the heat pump system
(30).
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