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(54) HEAT PUMP DRYER

(57) The present invention is relative to a drying ap-
pliance (1) including
o A treating chamber where items are introduced and
treated with a process medium;
o a heat pump (30) system having a refrigerant circuit
(38) in which a refrigerant can flow, said refrigerant circuit
(38) including a first heat exchanger (31) where the re-
frigerant is cooled off, a second heat exchanger (32)
where the refrigerant is heated up, a compressor (33) to
pressurize and circulate the refrigerant through the re-

frigerant circuit, and a pressure-lowering device (34);
said first and/or second heat exchanger being apt to per-
form heat exchange between said refrigerant flowing in
said refrigerant circuit (38) and said process medium;

characterized in that it further includes
o a grid (40) interposed between said first and said sec-
ond heat exchanger (31, 32) so that said process medium
flowing through the second heat exchanger is at least
partially guided toward the first heat exchanger.



EP 3 124 682 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical field

[0001] The present invention relates to a heat pump
dryer. The dryer of the invention has an increased effi-
ciency when compared with heat pumps of the prior art.

Technological background

[0002] Most dryers consist of a rotating drum called a
tumbler, through which heated air is circulated to evap-
orate the moisture from the load. The tumbler is rotated
around its axis.
[0003] Known laundry dryer includes two categories:
condense laundry dryers and vented laundry dryers. Dry-
ers of the first category circulate air exhausted from the
drum through a heat exchanger/condenser to cool the
air and condense the moisture; they subsequently re-
circulate the air back through the drum, after having heat-
ed the same using a heater. Dryers of the second cate-
gory draw air from the surrounding area, heat it, blow it
into the drum during operation and then exhaust it
through a vent into the outside.
[0004] Generally, dryer of the first category are the
most common in the market, due to the fact that they do
not require special means for proper installation such as
an exhaust duct to exhaust the humid hot air coming from
the drum. However, commonly, for the same power and
the same amount of load, the drying cycle of a condensed
dryer is longer than an equivalent cycle in a vented dryer.
[0005] Several solutions have been proposed accord-
ing to the prior art in order to improve the efficiency of
condense and vented dryers. In particular, heat pump
technology has been applied to laundry dryer in order to
enhance the efficiency in drying clothes. In traditional
heat pump drier, air flows in a close loop. The air, moved
by a fan, passes through a drum removing water from
wet clothes, and then it is cooled down and dehumidified
in a heat pump evaporator and heated up in a heat pump
condenser to be re-inserted into the drum. In order to
function, the heat pump includes a refrigerant with which
the air is in thermal exchange, and the refrigerant is com-
pressed by a compressor, condensed in the condenser
laminated in an expansion device and then vaporized in
the evaporator.
[0006] It is desired to also improve the efficiency of the
heat pump dryers themselves. The efficiency of the heat
pump dryer depends on several parameters which can
influence the energy consumption and the drying time. It
is desirable to achieve a so called steady state, which
represents an optimum operation state in which the de-
humidifying 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.

Summary of the invention

[0007] A first goal of the present invention is to realize
a heat pump dryer having a high efficiency. Further, a
goal of the invention is to obtain such an increased effi-
ciency without increasing, or increasing only in a minor
way, the costs of manufacturing of the dryer and its as-
sembly time.
[0008] In a heat pump dryer, process air flows in a proc-
ess air circuit which includes the drum, in order to dry the
laundry. The humid process air exits the dryer, for exam-
ple from the front part, and is directed towards the heat
pump where it is dried and heated, so that it can return
to the drum to continue the drying cycle.
[0009] A loss in performances during the drying cycle
is due - among others - to the loss of process air which
escapes the process air circuit. In particular, when proc-
ess air reaches the heat pump, it is dehumidified by the
evaporator and then heated up by the condenser. If proc-
ess air which has passed through the evaporator and
has exited the latter does not reach the condenser, but,
due to turbulences or non-straight trajectories of the air
flow path, it is diverted somewhere else, energy which
has been used to dehumidify and blow this diverted proc-
ess air is lost, because this diverted process air does not
contribute any more to the drying process. Further, cha-
otic air paths and turbulences of the air flow path reduce
the heat exchange between the process air and the evap-
orator and/or condenser.
[0010] Applicants have therefore realized that it is im-
portant to properly direct the process air exiting the evap-
orator towards the condenser.
[0011] According to an aspect, the invention relates to
a drying appliance including

o A treating chamber where items are introduced
and treated with a process medium;
o a heat pump system having a refrigerant circuit in
which a refrigerant can flow, said refrigerant circuit
including a first heat exchanger where the refrigerant
is cooled off, a second heat exchanger where the
refrigerant is heated up, a compressor to pressurize
and circulate the refrigerant through the refrigerant
circuit, and a pressure-lowering device; said first
and/or second heat exchanger being apt to perform
heat exchange between said refrigerant flowing in
said refrigerant circuit and said process medium;
characterized in that it further includes
o a grid interposed between said first and said sec-
ond heat exchanger so that said process medium
flowing through the second heat exchanger is at least
partially guided toward the first heat exchanger.

[0012] The appliance of the invention may be prefera-
bly a dryer or a washer dryer.
[0013] A heat pump appliance includes a treating
chamber, such as a drum, in which the load of laundry,
e.g., clothes, or other items to be washed and/or dried
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are placed. The treating chamber is part of a process air
circuit, in particular for example a closed-loop air circuit
in case of a condensed dryer or an open air circuit in case
of a vented dryer, which in both cases includes an air
duct for channelling a stream of air to dry the load. The
process air circuit is connected with its two opposite ends
to the treating chamber. For example, hot dehumidified
air is fed into the treating chamber, flowing over the laun-
dry, and the resulting humid cool air exits the same. The
humid air stream rich in water vapour is then fed into an
evaporator of a heat pump, where the moist warm proc-
ess air is cooled and the humidity present therein con-
denses. The resulting cool dehumidified air is then either
vented outside the appliance 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
air circuit is then heated up before entering again in the
drying chamber by means of a condenser of the heat
pump, and the whole loop is repeated 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. Different circuits are known in the
art in case of a washer-dryer.
[0014] The heat pump of the appliance further includes
a refrigerant circuit in which a refrigerant can flow and
which connects via piping the first heat exchanger or con-
denser, the second heat exchanger or evaporator, a com-
pressor and a pressure-lowering device. The refrigerant
is pressurized and circulated through the system by the
compressor. On the discharge side of the compressor,
the hot and highly pressurized vapour is cooled in the
condenser, until it condenses into a high pressure, mod-
erate temperature liquid, heating up the process air be-
fore the latter is introduced into the drying chamber. The
condensed refrigerant then passes through the pressure-
lowering device such as an expansion device, e.g., a
choke, a valve or a capillary tube. The low pressure liquid
refrigerant then enters 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.
[0015] Preferably, the dryer includes a casing including
walls delimiting the dryer and mounted on a basement
located at the bottom of the dryer. Preferably, the heat
pump is mounted within the basement of the dryer. Ad-
vantageously, the basement is formed by an upper and
lower shell. The upper and lower shells define a casing
to contain the first and the second heat exchanger of the
heat pump.
[0016] Advantageously, each heat exchanger, the
evaporator or the condenser, includes a bottom surface
facing the basement, an upper surface substantially par-
allel to it facing upwards and four lateral surfaces. A lat-
eral surface of the condenser faces a lateral surface of
the evaporator, due to the fact that preferably the first
and second heat exchangers are positioned in series

within the process air circuit, one in front of the other,
along the flow path of the process air circuit. The heat
exchangers preferably are not in contact with each other.
[0017] 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, by the ground on which
the dryer is resting. However, the same definition applies
when the ground is not really horizontal, but tilted with
respect of the same. Also in this case, all spatial termi-
nology like "upper", "lower", "lateral" can be still used,
referring to a local coordinate system where the plane
(X,Y) is a locally horizontal plane on which the dryer rests
and Z the locally vertical coordinate along which the dryer
extends.
[0018] Applicants have realized that, in addition to the
proper choice of refrigerant and compressor, also the
design of the heat exchangers, i.e. namely of the evap-
orator and the condenser, can severely affect energy
consumption and drying time performances. In particular,
a proper mutual configuration of the heat exchanger(s)
allows achieving several benefits, such as maximizing
the heat exchange between the refrigerant and the proc-
ess air, reducing the pressure drop both in the refrigerant
and in the process air circuit, and reducing the amount
of refrigerant needed for a proper functioning of the heat
pump. All these benefits allow saving energy, reduce the
drying cycle duration and, in general, allow the realization
of a more "ecofriendly" dryer.
[0019] This improvement is achieved positioning a grid
between the evaporator and the condenser. The evapo-
rator is part of the process air circuit and it is hit by the
humid process air on one side. The process air passes
through the evaporator and exits on the opposite side
after having exchanged heat with the evaporator, in par-
ticular after having been cooled down and dehumidified.
At the exit of the evaporator, the process air flow enters
the grid, which further guides the process air exiting the
evaporator of the heat pump towards the condenser. The
grid therefore, with its guiding properties, limits or mini-
mizes the amount of process air that is lost in the transfer
from evaporator to condenser. Further, the grid helps to
"straighten" the flux lines of the process air flow, so that
less turbulences and chaotic behavior occurs inside the
condenser. A substantially straight air flow increases the
efficiency of the heat exchange between the process air
and the refrigerant at the condenser, so that the process
air is efficiently heated up and the drying time is reduced.
[0020] The grid is defined as a framework of spaced
bars that are crossing each other. A grid is herein used
as a synonym of a grating or mesh. The grid forms a
pattern of spaced horizontal and vertical bars forming a
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plurality of channels having each a polygonal cross-sec-
tion along the process air flow direction. Each of these
polygons formed by intersecting bars has the function of
a channel to direct the process air towards the condenser.
The geometrical shape of the channel is arbitrary; they
can - in cross - section - include squares, rectangles,
rhombus, etc. The grid includes at least two channels.
[0021] Preferably, the grid extends vertically between
the two heat exchangers.
[0022] According to the above mentioned aspect, the
dryer of the invention may include in addition or alterna-
tively any of the following characteristics.
[0023] Preferably, the first heat exchanger comprises
a first surface and the second heat exchanger comprises
a second surface facing said first surface, said grid being
dimensioned so that it overlaps the majority of said first
and/or second surface.
[0024] The layout of the heat pump is such that the
evaporator faces the condenser in the direction of flow
of the process air in the process air conduit. A lateral
surface of the condenser facing a lateral surface of the
evaporator is called first surface while the lateral surface
of the evaporator is called second surface. In its flow, the
process air exits the evaporator from the second surface
and enters the condenser via its first surface. The dimen-
sions of the grid are preferably such that, when inserted
between the first and the second surfaces, it extends so
as to cover the majority of the first and/or the second
surface, more preferably the whole first and/or second
surface, in order to channel most of the process air exiting
the evaporator towards the condenser. The projection of
the grid onto the first and/or onto the second surface
therefore preferably covers most of the first and/or sec-
ond surface, more preferably they superimpose substan-
tially completely.
[0025] In an embodiment, the dimensions of the grid
are bigger than those of the first and/or second surface,
so that the grid extends for example within the basement,
such as in a condensate water drain channel apt to collect
and drain the condensation water which generally forms
under the evaporator.
[0026] Advantageously, said first and second heat ex-
changers form a gap therebetween having a gap width,
and wherein said grid is inserted in said gap, the grid
including a boundary frame having a first and a second
lateral bars, said first and second bars being wider, at
least for a portion, than the gap width.
[0027] The evaporator and the condenser are not in
contact to each other, but they are separated by a gap,
of a given width W. In the same way, the first and second
surfaces are separated one from the other by the same
gap having width W. The width does not have to be con-
stant, but it can vary. For example, one portion of the first
surface could be closer to the second surface than a sec-
ond portion. The gap in this case, seen from above, could
have a wedge shape. Preferably, the gap has a substan-
tially uniform width. The grid is inserted in this gap.
[0028] The grid includes a boundary frame that delimits

the outer boundaries of the grid. Inside the grid additional
bars divide the grid in channel. The boundary frame also
includes bars, such as a first and a second lateral bars.
The first and the second lateral bars are substantially
perpendicular to the (X, Y) plane, or at least a projection
of the lateral bars onto the (X, Y) plane is much smaller
than the projection of the bars in a plane perpendicular
to the (X, Y) plane.
[0029] The lateral bars are wider than the width of the
gap, regardless of whether the gap width is constant or
not. To be wider, the lateral bars need to protrude, at
least for a portion, from the gap; otherwise they would
penetrate the first and/or second heat exchanger. There-
fore, the lateral bars extend along the lateral surfaces of
the evaporator and/or condenser. The lateral surfaces
along which the bars extend are the lateral surfaces sub-
stantially perpendicular to the first and/or second surface.
[0030] In this embodiment, therefore, preferably the
lateral bars are surrounding from both sides a portion of
the evaporator and/or a portion of the condenser. Pref-
erably, the lateral bars both surrounds a portion of the
evaporator and of the condenser. Advantageously, the
lateral bars extend for a minor portion of the lateral sur-
faces of the evaporator and/or condenser.
[0031] More preferably, said first and second lateral
bars include each a first projection, said first projections
extending towards said first heat exchanger, the first pro-
jection of the first bar being spaced apart from the first
projection of the second bar so as to form a seat there-
between for receiving the first heat exchanger.
[0032] Even more preferably, a length difference be-
tween a distance between the first projection of the first
lateral bar and the first projection of the second lateral
bar and a breadth of said first heat exchanger along a
line connecting said first projection of said first lateral bar
and said first projection of said second lateral bar is equal
to or smaller than 1 cm.
[0033] As already mentioned, the grid includes a
boundary frame having lateral bars. The frame forms
substantially a C shape, where the two arms of the C
partially embrace a portion of the condenser. The center
of the C is the portion of the grid interposed in the gap
between the two heat exchangers. The C arms are real-
ized by the first projections or flaps extending one each
from the first and the second lateral bar. Preferably, the
distance between the projections is substantially identi-
cal or only slightly bigger than the breath of the heat ex-
changer. Therefore, the heat exchanger is inserted be-
tween the two projections and its possible lateral move-
ments are substantially prevented by the presence of the
projections of the lateral bars belonging to the grid. In
this way, the heat exchanger remains substantially in its
position, because lateral movements are hindered,
blocked by the lateral bars. This avoids both vibrations
of the heat exchanger and the corresponding noise due
to the vibrations themselves. The vibrations could be due
to the drum rotations during the drying cycles.
[0034] Advantageously, said first and second lateral
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bars include each a second projection, said second pro-
jections extending towards said second heat exchanger,
the second projection of the first lateral bar being spaced
apart from the second projection of the second lateral
bar so as to form a seat therebetween for receiving the
first heat exchanger.
[0035] More preferably, a length difference a distance
between the second projection of the first lateral bar and
the second projection of the second lateral bar and a
breadth of said second heat exchanger along a line con-
necting said second projection of said first lateral bar and
said second projection of said second lateral bar is equal
to or smaller than 1 cm.
[0036] The lateral bars instead or in addition to the con-
denser may embrace a portion of the evaporator and
form a seat by means of the two projections which is C
shaped. The above considerations made for the con-
denser applies here for the evaporator as well. In case
both the evaporator and the condenser are surrounded
by the lateral first and second bars, the bars form a double
C, each C facing a different heat exchanger.
[0037] In an embodiment, said first and/or second lat-
eral bar is T shaped, and said first and/or second projec-
tion is extending from an end of said first and/or second
lateral bar.
[0038] The first and/or second lateral bar includes two
projections, one to partially embrace the evaporator and
the other to partially embrace the condenser, in cooper-
ation with the projections of the other of the second and/or
first lateral bar. The lateral bars are preferably vertically
positioned and they define two axially opposite ends, a
top end and a bottom end. The projections extend from
one of the axial ends of the lateral bar, preferably from
the top end, so that each lateral bar has substantially a
T shape.
[0039] Preferably, the dryer of the invention includes
a basement and a drain channel realized in a bottom
surface of said basement, wherein said drain channel is
located below the second heat exchanger and/or the first
heat exchanger, providing the condensate water to flow
away from the second and/or first heat exchangers, said
grid being inserted into said drain channel and resting on
a bottom surface of said drain channel. Advantageously,
the basement also includes a water collecting housing,
which is apt to collect the water which condenses due to
the presence of the evaporator within the air process cir-
cuit. Indeed, the evaporator dehumidifies the process air
and thus condensation process water can drip from the
evaporator surfaces onto the basement. This water is
thus collected into the water collecting housing by means
of a drain channel which is also realized in the bottom
surface of the basement below the evaporator and pos-
sibly also below the condenser. The drain channel pref-
erably extends also within the gap between the two heat
exchangers.
[0040] Preferably, the drain channel may include a sin-
gle channel or a plurality of channels connecting the lo-
cation where the condensed water is formed, for example

a surface or basin below the evaporator where water
drips, to the water collecting housing. Preferably, the
drain channel includes a plurality of channels which
merge into a single duct when they emerge from below
the evaporator.
[0041] Preferably, the evaporator is located within the
basement. Preferably, such drain channel to channel the
condensed water to the water collecting housing is real-
ized integral to said basement. Preferably, the surface
or basin onto which the condensed water drips is also
integral to the basement.
[0042] The drain channel is also present at least for a
portion in the gap between the first and the second heat
exchanger. The grid is in abutment with a bottom surface
of the drain channel. It is preferred that the grid is sup-
ported by the basement to give stability to it.
[0043] In the present context, with the terms "realized
integral to" mean that the element discussed is realized
as a single unit together with another element, without
discontinuities. A first element realized integral to a sec-
ond element thus means that the two are a single piece,
a unitary body.
[0044] Advantageously, said grid includes a boundary
frame having a top and a bottom bars, said top and bottom
bars being inclined one with respect to the other.
[0045] More preferably, said bottom surface of said
drain channel is inclined with respect to a plane (X, Y)
on which the appliance rests and said bottom bar of said
boundary frame is also inclined with respect to the plane
(X, Y) so as to abut onto the bottom surface of the drain
channel.
[0046] Preferably, the drain channel is inclined with re-
spect to the plane on which the dryer rests. This inclina-
tion allows a quicker and easy outflow of the condensa-
tion water towards for example the water collecting hous-
ing. Due to the fact that to enhance stability the grid is in
abutment to the bottom surface of the drain channel with
its bottom bar, also the bottom bar is advantageously
inclined so that it can follow the slope of the bottom sur-
face of the drain channel.
[0047] In an embodiment, said first and second heat
exchangers form a gap (50) therebetween having a gap
width, and wherein said grid is inserted in said gap, the
grid including a boundary frame having a top and a bot-
tom bars, said top and/or said bottom bar having a width
substantially identical to said gap width (W).
[0048] The lateral bars of the grid may project outside
the gap, to hold the heat exchangers in position, while
the top and bottom bars are inserted within the gap and
preferably, in order to avoid process air leakage, have a
width equal to the width of the gap, to properly confine
the process air within the grid while process air is travel-
ling from the evaporator to the condenser.
[0049] Advantageously, said first and second surfaces
are substantially perpendicular to a plane (X, Y) on which
the appliance rests.
[0050] The first and second heat exchangers are pref-
erably positioned on the basement with their respective
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bottom surfaces substantially parallel to the ground and
then they extends vertically in such a way that their first
surface and second surface are substantially vertical,
that is, perpendicular to the ground.
[0051] Preferably, said grid includes a boundary frame
having a first and a second lateral bars and a top and a
bottom bars connecting said first and second lateral bars,
and the grid further includes at least an additional bar
connecting said first and second lateral bars and posi-
tioned between said top and bottom bars.
[0052] Preferably, said grid includes a boundary frame
having a first and a second lateral bars and a top and a
bottom bars connecting said first and second lateral bars,
and the grid further includes at least an additional bar
connecting said top and bottom bars and positioned be-
tween said first and second lateral bars.
[0053] In order to form the channels for the process
air, the grid not only includes the boundary frame, but
also additional bars positioned internally to the boundary
frame to divide the boundary frame in portions, each por-
tion forming a channel for the process air. The number
of additional internal bars is arbitrary. Preferably, the ad-
ditional internal bars connecting the top and bottom bars
of the boundary frame are substantially parallel to the
lateral bars, while preferably the additional bars connect-
ing the lateral bars of the boundary frame are substan-
tially parallel to the top bar.
[0054] Advantageously, said first heat exchanger com-
prises a first surface and said second heat exchanger
comprises a second surface facing said first surface, and
between said first and a said second surface a gap ther-
ebetween having a gap width is formed, and wherein said
grid is inserted in said gap, said grid abutting on the first
surface on one side and on the second surface on the
other side so that process air exiting the second heat
exchanger is guided to enter the first heat exchanger.
[0055] The grid substantially occupies the entire gap
between the first and the second heat exchangers. In this
way, the losses of process air are minimized and, in turn,
also pressure drops in the process air circuit are mini-
mized as well. If the grid is in contact to the first and the
second surfaces, it means that the process air experi-
ences a substantially continuous channel from the exit
of the evaporator to the inlet of the condenser. The proc-
ess air flux in addition is regularized by the plurality of
channels formed within the grid.
[0056] Preferably, the drying appliance of the invention
includes a basement having a bottom surface in which
first and a second seats are formed and wherein said
grid includes a boundary frame from which a first and a
second pins extend, said first and second pins being in-
serted into said first and second seats, respectively.
[0057] More preferably, said basement includes a
drain channel and said first and second seats are formed
in a bottom channel of said drain channel.
[0058] Advantageously the grid is in abutment to the
basement and more preferably to the bottom surface of
the drain channel. However, the dryer might vibrate due

to the rotation of the drum during the drying cycles. To
avoid that these vibration might misplace the grid posi-
tioned in the gap between the two heat exchangers, pref-
erably the grid is fixed in an optimal desired position. This
fixing is performed by a coupling of two pins formed in
the grid with two correspondingly formed seats in the
basement, and more preferably in the drain channel, of
the dryer. Preferably, the pins are realized integral to the
lateral bars.

Brief description of the drawings

[0059] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this specifi-
cation, illustrate possible embodiments of the invention
and together with the description serve to explain the
principles of the invention. In the drawings, correspond-
ing characteristics and/or components are identified by
the same reference numbers. In particular:

• Figure 1 shows a perspective view of a laundry drying
machine realized according to the invention;

• Figure 2 shows a perspective view of a basement of
the laundry drying machine illustrated in figure 1;

• Figure 3 shows a perspective view of a heat pump
located in the basement of figure 2;

• Figure 4 shows a perspective view the basement of
figure 2 with some elements removed;

• Figure 5 shows a perspective view of the basement
of figure 4 where the heat pump has been removed;

• Figure 6 shows a perspective view of a grid used in
the heat pump of figure 3;

• Figure 7 shows a top view of the grid of figure 6;
• Figure 8 shows a front view of the grid of figure 6; and
• Figure 9 shows a lateral view of the grid of figure 6.

DETAILED DESCRIPTION OF THE INVENTION

[0060] With initial reference to Fig. 1, a laundry dryer
realized according to the present invention is globally in-
dicated with 1.
[0061] Although the present description refers to a dry-
er, the appliance of the invention could comprise a dryer
or a combined washer-dryer.
[0062] Laundry dryer 1 comprises an outer box or cas-
ing 2, preferably but not necessarily parallelepiped-
shaped, and a treating chamber, such as a drum (not
visible in the drawings), for example having the shape of
a hollow cylinder, closed or not on one side, for housing
the laundry and in general the clothes and garments to
be dried. The drum is preferably rotatably fixed to the
casing 2, so that it can rotate around a preferably hori-
zontal axis (in alternative embodiments, rotation axis may
be tilted). Access to the drum is achieved for example
via a door 4, preferably hinged to casing 2, which can
open and close an opening realized on the cabinet itself.
[0063] More in detail, casing 2 generally includes a
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front wall 20, a rear wall 21 and two lateral walls 25, all
mounted on a basement 24. Preferably, the basement
24 is realized in polymeric material. Preferably, basement
24 is molded via an injection molding process. Preferably,
on the front wall 20, the door 4 is hinged so as to access
the drum. The cabinet, with its walls, defines the volume
of the laundry dryer 1. Advantageously, basement 24 in-
cludes an upper and a lower shell portion 24a, 24b (visible
in Figure 2 detailed below).
[0064] The dryer 1, and in particular basement 24, de-
fines an horizontal plane (X,Y) which is substantially the
plane of the ground on which the dryer 1 is situated, and
a vertical direction Z perpendicular to the plane (X, Y).
In case the ground is tilted with respect to a real horizontal
plane, the (X, Y) plane is still called horizontal in a local
coordinate system.
[0065] Laundry dryer 1 also preferably comprises an
electrical motor assembly 50 for rotating, on command,
revolving drum along its axis inside cabinet 2. Motor 50
includes a shaft 51 which also rotates an air process fan
or blower 12 (see figure 2).
[0066] Further, laundry dryer 1 may include an elec-
tronic central control unit 100 (schematically visible in
figure 1) which controls both the electrical motor assem-
bly 50 and other components of the dryer 1 to perform,
on command, one of the user-selectable drying cycles
preferably stored in the same central control unit. The
programs as well other parameters of the laundry dryer
1, or alarm and warning functions can be set and/or vis-
ualized in a control panel 11, preferably realized in a top
portion of the dryer 1, such as above door 4.
[0067] Dryer 1 additionally includes a process air circuit
which comprises the drum and an air process conduit
18, depicted as a plurality of arrows showing the path
flow of a process air stream through the dryer 1 (see
figure 2). In the basement 24, a portion of the air process
conduit 18 is formed by the connection of the upper shell
24a and the lower shell 24b. Air process conduit 18 is
preferably connected with its opposite ends to two oppo-
site sides of drum. Process air circuit also includes the
fan or blower 12 (shown in fig. 2), preferably operated by
motor 50, which blows process air within the circuit.
[0068] With now reference to figs. 2 - 4, the dryer 1 of
the invention additionally comprises a process air gen-
erator, in the depicted embodiment a heat pump system
30 including a first heat exchanger (called also condens-
er) 31 and a second heat exchanger (called also evap-
orator) 32. Heat pump 30 also includes a refrigerant
closed circuit (partly depicted) in which a refrigerant fluid
flows, when the dryer 1 is in operation, cools off and may
condense in correspondence of the condenser 31, re-
leasing heat, and warms up, in correspondence of the
second heat exchanger (evaporator) 32, absorbing heat.
A compressor 33 receives refrigerant in a gaseous state
from the evaporator 32 and supplies the condenser 31,
thereby closing the refrigerant cycle. In the following the
heat exchangers are named either condenser and evap-
orator or first and second heat exchanger, respectively.

More in detail, the heat pump circuit connects via piping
35 (see Fig. 2) the second heat exchanger (evaporator)
32 via the compressor 33 to the condenser 31. The outlet
of condenser 31 is connected to the inlet of the evaporator
32 via an expansion device (not shown), such as a choke,
a valve or a capillary tube.
[0069] It is to be understood that in the dryer 1 of the
invention, an air heater, such as an electrical heater, can
also be present, in addition to the heat pump 30. In this
case, heat pump 30 and heater can also work together
to speed up the heating process (and thus reducing the
drying cycle time).
[0070] Circulation of the process drying air inside the
drum evaporates the moisture from the wetted laundry
so as to form a moisture-laden process air, or moist proc-
ess air. The moist process air then exits the drum pref-
erably at the front side of the dryer 1, as depicted in figure
2 by a vertical arrow. With reference to fig. 2, the moist
process air enters into the basement 24 through opening
19in and flows through the evaporator 32, where the
moisture included in the process air is at least partially
removed.
[0071] In the circuit 18 depicted, the condenser is in
series positioned downstream of the evaporator, so that
moist process air passes the evaporator 32 and then the
condenser 31 one after the other. The evaporator con-
denses the water vapor of the moist process air and the
water formed therein falls in a bottom surface 7a of base-
ment 24, better detailed below. The process air then
passes the condenser 31, exits the basement 24, pref-
erably from the back of the basement, and then it is fed
again to the drum.
[0072] In figure 2, a heat exchanger casing 7 is shown
apt to house both heat exchangers (condenser 31 and
evaporator 32) of heat pump 30. In the figure, casing 7
is shown open, with the upper shell detached from the
lower shell. The basement portion of the process air cir-
cuit 18 includes, in addition to the casing 7 for the heat
pump 30, a channel 28, located downstream of the casing
7 in the direction of flow of the process air, which channels
the process air exiting the condenser 31 of the heat pump
30 outside the basement 24. Channel 28 and casing 7
are visible for example in figure 2.
[0073] The casing 7 for the heat exchangers 31, 32
includes the bottom surface 7a. As mentioned, the moist
process air is dehumidified at the evaporator; therefore
some water may condense and fall into the bottom sur-
face of the casing 7 under the evaporator. In the bottom
surface 7a of the casing, and preferably below evaporator
32, a plurality of drain channels are formed, all indicated
with 60, which collect the condensed water and brings
the latter into a single drain duct 63, preferably running
parallel to a lateral wall 25 of casing 2, which in turn pref-
erably brings the condensate water to a water collecting
housing 64.
[0074] Preferably, the bottom surface 7a is realized as
an integral part of the lower shell 24b.
[0075] Preferably, the laundry dryer 1 of the invention
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further includes the condensed-water housing 64 (par-
tially visible in figure 4 and 5) which collects the conden-
sation water produced, when the dryer 1 is in operation,
by evaporator 32 by condensation of the surplus moisture
in the process air stream arriving from the drum. The
housing is located at the basement 24. Preferably,
through a connecting pipe and a pump (not shown in the
drawings), the collected water in the housing 63 is sent
in a reservoir 9 located in correspondence of the highest
portion of the dryer 1 so as to facilitate a comfortable
manual discharge of the water by the user of the dryer 1.
[0076] Preferably drain duct 63 is located in proximity
of one of the lateral side of the basement 24, that, is
between the heat pump 30 and the boundary of the base-
ment 3, and brings water to the housing 64. Preferably,
the drain channels 60 running on bottom surface 7a are
preferably inclined with respect to the horizontal plane
(X, Y), so that condensation water by gravity flows from
the channels 60 to the main duct 63 leading to housing
64. The drain channels 60 therefore preferably include a
bottom surface 61 which is inclined or tilted with respect
to the horizontal plane.
[0077] With now reference to fig. 5, drain duct 63 ends
in water collecting housing 64 defining an inlet 65 for the
condensed water. In order to better channel condensed
water accumulated in surface 7a to housing 64, prefer-
ably also duct 63 is slightly vertically tilted, so that water
flows to water collecting housing 64 by gravity.
[0078] With reference now to figures 3 and 4, heat
pump 30 includes the two heat exchangers 31, 32 one
facing the other in series in the direction of the process
air flow and are located in correspondence of the process
air conduit 18 formed in the basement 24.
[0079] Preferably, both evaporator and condenser are
positioned on the bottom surface 7a of the casing 7 in
the process air conduit 18 and are spaced apart by a gap
50 having advantageously a uniform width W. The gap
50 defines the width W in the direction of flow of the proc-
ess air. In the process air conduit, as mentioned, the proc-
ess air first passes through the evaporator 32, it then
exits the latter, passes through the gap 50 running for a
distance W and then enters the condenser 31. The gap
is delimited by two surfaces, a first surface 51 of the con-
denser 31 and a second surface 52 of the evaporator 32.
Preferably the first and second surfaces 51, 52 are sub-
stantially vertical and even more preferably they are par-
allel one to the other. From the first and second surface
51, 52, lateral surfaces 31a, 31b and 32a, 32b depart.
Preferably, in each first or second heat exchanger 31,
32, the lateral surfaces are substantially perpendicular
to the first or second surface, 51, 52 respectively. Each
heat exchanger is thus substantially parallelepiped-
shaped. Preferably, the first and the second surface 51,
52 are substantially perpendicular to the main direction
of the process air within the air process circuit 18.
[0080] If the gap 50 were empty, the process air would
travel unconfined for a distance W in the gap 50, therefore
some process air could not enter the condenser. Accord-

ing to the invention, in the gap 50 between the first and
the second heat exchangers, a grid 40 is interposed. The
grid 50 preferably substantially occupies the whole gap
50, that is, the dimensions of the grid are such that the
whole free space between the first and the second sur-
face is filled by the grid itself.
[0081] In figure 3, the heat pump 30 with the grid 40
inserted in the gap 50 between the first and second heat
exchangers 31, 32 is shown. This is the operative position
during the normal functioning of the dryer 1. In figure 4,
the grid 40 extracted from the gap 50 is shown to better
display the gap 50. Further, in figure 5, the basement 24
without heat pump 30 but with grid 50 is depicted as well.
[0082] Preferably, grid 40 is realized in polymeric ma-
terial.
[0083] In figure 6 a perspective view of the grid 40 alone
is shown. Grid 40 includes a boundary frame 41 delimiting
its outer dimensions. When mounted, the grid preferably
closes the gap 50 substantially completely, that is, the
boundary frame 41 is in abutment to the first and the
second surface 51, 52 at least for a portion of the same.
[0084] The grid 40 is substantially a parallelepiped,
wherein the boundary frame forms a mantle having a
rectangular cross-section. In this preferred embodiment,
the mantle includes four bars. Two of the four bars are
parallel to each other and are called lateral first and sec-
ond bars 42, 43. These first and second lateral bars are
substantially vertical and - when the grid is mounted -
substantially form a geometrical continuation of the lat-
eral surfaces 31a, 31b and 32a, 32b of the first and sec-
ond heat exchangers 31, 32. In this way the process air
is confined in a channel and cannot leak from it, leakage
which may cause pressure drops in the process air con-
duit. Further, due to the fact that the boundary frame 41
is surrounding the boundaries of the first and the second
surfaces 51, 52, substantially the whole process air ex-
iting the evaporator from the second surface enters the
condenser at the first surface.
[0085] Further, the boundary frame 41 includes a top
and bottom bars 44, 45. Top bar 44 is preferably sub-
stantially horizontal and more preferably it forms a geo-
metrical continuation of top surfaces 31c and 32c of the
first and the second heat exchangers 31, 32, respective-
ly. That is to say that the height at which the top bar 44
is positioned is the height of the boundaries of first and
second surfaces 51 and 52. The top bar 44 therefore
delimits the process air flow exiting the first surface 51
and entering the second surface 52 from above. The bot-
tom bar 45 is preferably tilted, that is, inclined with respect
to the horizontal plane (X, Y). This inclination is better
visible in the front view of the grid 40 of figure 8.
[0086] In order to strengthen the lateral bars 42, 43,
the first and/or second lateral bar includes a plurality of
reinforcing ribs 8, as shown in figure 9.
[0087] When grid 40 is mounted in gap 50, the bottom
bar 45 preferably abuts onto the lower shell 24b of the
basement 24, more preferably on the bottom surface 7a,
and even more preferably onto a bottom surface 61 of
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one of the drain channels 60 which is located at the bot-
tom of gap 50. This bottom surface 61 of the drain channel
60, as described above, is tilted with respect to the hor-
izontal plane (X, Y) and therefore, in order to obtain a
correct and stable contact between the bottom bar 45
and the bottom surface 61 of the drain channel, the bot-
tom bar 45 is preferably following the slope of the bottom
surface 61. The inclination of the bottom surface 61 and
of the bottom bar 45 is therefore preferably the same.
[0088] Some process air from the first surface 51 may
enter the drain channel 60 because the bottom bar does
not follow the boundary of the first and the second sur-
faces 51, 52 however the process air possibly lost is a
minimal component of the whole process air flux.
[0089] The grid 40 is then blocked in the position of
abutment in the gap 50 by means of a first and a second
pin 64a and 64b protruding from the first and second
lateral bars 42, 43, respectively. Pins 64a, 64b are pref-
erably substantially cylindrical and preferably extend
from their respective lateral bar 42, 43 along the Z direc-
tion. The first and second pins 64a, 64b enter respective
first and second seats 65a, 65b realized on the surface
7a, preferably on the bottom surface 61 of the drain chan-
nel 60. The seats 65a, 65b are so formed that they are
shape-matched with the pins 64a, 64b.
[0090] Bottom bar 45 comprises advantageously two
different portions tilted in two different directions, that is,
it is tilted for a portion with respect to a first axis belonging
to the horizontal plane, and for another portion also with
respect to a second axis belonging to the (X, Y) plane,
the first and second axes being substantially perpendic-
ular. This double inclination is created in order to follow
the geometrical shape of the bottom surface 61 of drain
channel 60, which includes a ramp 66 to drain water col-
lected below the condenser. This ramp is inclined with
respect to the (X, Y) plane. The bottom surface 61 is thus
formed by two portions. A first portion lies on a plane
which is rotated with respect to the horizontal plane
around a first axis belonging to the (X, Y) plane. Also the
second portion, which brings water towards the drain duct
63, lies on a plane which is rotated with respect to the
horizontal plane around a second axis belonging to the
(X, Y) plane, however the first and second axis are sub-
stantially perpendicular.
[0091] In addition, in order to form a plurality of chan-
nels or duct for the process air, the grid 40 includes a
plurality of further bars. Some of these bars connect the
first and second lateral bars 42, 43 and are preferably
parallel to the top bar 44, such as additional bar 48. Other
additional bars connect the top and the bottom bars 44,
45, and are preferably parallel to the lateral bars 42, 43,
such as additional bars 49. In this depicted embodiment,
the grid thus forms six channels arranged in two rows
and three columns. The topmost row includes three chan-
nels having a rectangular cross section along a plane
perpendicular to the process air flow. The lowermost row
includes three channels having a trapezoid cross section
along a plane perpendicular to the process air flow.

[0092] In addition, advantageously, first and second
lateral bars 42, 43, for a portion thereof, protrude from
the gap 50. Each lateral bar 42, 43 includes two protru-
sions, first and second, 46a, 47a and 46b, 47b, respec-
tively. The first protrusions 46a, 46b are extending in di-
rection of the first heat exchanger, while the second pro-
trusions 47a, 47b are extending in direction of the second
heat exchanger. The first protrusions 46a, 46b preferably
run adjacent to the lateral surfaces 31a, 31b of the first
heat exchanger, while the second protrusions 47a, 47b
run adjacent to the lateral surfaces 32a, 32b of the second
heat exchanger. The first protrusions 46a, 46b form
therefore a seat in which the first heat exchanger 31 is
inserted. The dimension of the first heat exchanger, that
is, its breath, is substantially equal or slightly smaller to
the distance between the first protrusion 46a of the first
lateral bar and the first protrusion 46b of the second lat-
eral bar. The difference between the breath of the first
heat exchanger and the distance between the two first
protrusions 46a, 46b is at most equal to 1 cm. Analo-
gously, preferably the second protrusions 47a, 47b form
a seat in which the second heat exchanger 32 is inserted.
The dimension of the second heat exchanger, that is, its
breath, is substantially equal or slightly smaller to the
distance between the second protrusion 47a of the first
lateral bar and the second protrusion 47b of the second
lateral bar. The difference between the breath of the sec-
ond heat exchanger and the distance between the two
second protrusions 47a, 47b is at most equal to 1 cm. In
this way, lateral movements of the first and/or second
heat exchanger are prevented. The extension of the first
and/or second protrusions 46a, 46b; 47a, 47b is rather
limited when compared with the extension of the lateral
surfaces of the heat exchangers. The length of the pro-
trusions in comparison with the length of the lateral sur-
faces of the heat exchangers can be seen in figure 3,
while the length of the protrusions compared with the grid
dimensions can be best appreciated in the top view of
the grid 40 of figure 7.
[0093] Preferably, the first protrusions 46a, 46b are
flap-shaped, while the second protrusions 47a, 47b are
preferably rod-shaped. The first and second protrusions
46a, 47a in the first lateral bar 42 are better seen in the
lateral view of the grid 40 shown in figure 9. Preferably
first and/or second protrusions are realized integral with
the first and/or second lateral bar 42, 43. Advantageous-
ly, the first and second protrusions 46a, 47a in the first
lateral bar 42 are realized at one axial end of the bar.
More preferably, the axial end from which the protrusions
depart is the top-most end of the bar. The bar is thus, on
a lateral view, T-shaped. Analogously, preferably also
the first and second protrusions 46b, 47b in the second
lateral bar 43 extend from the top-most end of the bar,
so that the second lateral bar is T-shaped as well.
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Claims

1. A drying appliance (1) including

o A treating chamber where items are introduced
and treated with a process medium;
o a heat pump (30) system having a refrigerant
circuit (38) in which a refrigerant can flow, said
refrigerant circuit (38) including a first heat ex-
changer (31) where the refrigerant is cooled off,
a second heat exchanger (32) where the refrig-
erant is heated up, a compressor (33) to pres-
surize and circulate the refrigerant through the
refrigerant circuit, and a pressure-lowering de-
vice (34); said first and/or second heat exchang-
er being apt to perform heat exchange between
said refrigerant flowing in said refrigerant circuit
(38) and said process medium; characterized
in that it further includes
o a grid (40) interposed between said first and
said second heat exchanger (31, 32) so that said
process medium flowing through the second
heat exchanger is at least partially guided to-
ward the first heat exchanger.

2. The drying appliance (1) according to claim 1, where-
in said first heat exchanger (31) comprises a first
surface (51) and said second heat exchanger (32)
comprises a second surface (52) facing said first sur-
face, said grid (40) being dimensioned so that it over-
laps the majority of said first and/or second surface.

3. The drying appliance (1) according to claim 1 or 2,
wherein said first and second heat exchangers (31,
32) form a gap (50) therebetween having a gap width
(W), and wherein said grid (40) is inserted in said
gap (50), the grid (40) including a boundary frame
(41) having a first and a second lateral bars (42, 43),
said first and second bars (42, 43) being wider, at
least for a portion, than the gap width (W).

4. The drying appliance (1) according to claim 3, where-
in said first and second lateral bars (42, 43) include
each a first projection (46a, 46b), said first projec-
tions (46a, 46b) extending towards said first heat ex-
changer (31), the first projection (46a) of the first lat-
eral bar (42) being spaced apart from the first pro-
jection (46b) of the second lateral bar (43) so as to
form a seat therebetween for receiving the first heat
exchanger (31).

5. The drying appliance (a) according to claim 4, where-
in a length difference between a distance between
the first projection (46a) of the first lateral bar (42)
and the first projection (46b) of the second lateral
bar (43) and a breadth of said first heat exchanger
(31) along a line connecting said first projection (46a)
of said first lateral bar (42) and said first projection

(46b) of said second lateral bar (43) is equal to or
smaller than 1 cm.

6. The drying appliance (1) according to claim 3 or 4,
wherein said first and second lateral bars (42, 43)
include each a second projection (47a, 47b), said
second projections (47a, 47b) extending towards
said second heat exchanger (32), the second pro-
jection (47a) of the first lateral bar (42) being spaced
apart from the second projection (47b) of the second
lateral bar (43) so as to form a seat therebetween
for receiving the second heat exchanger (31).

7. The drying appliance (1) according to claim 6, where-
in a length difference between a distance between
the second projection (47b) of the first lateral bar (42)
and the second projection (47b) of the second lateral
bar (43) and a breadth of said second heat exchang-
er (32) along a line connecting said second projec-
tion (47a) of said first lateral bar (42) and said second
projection (47b) of said second lateral bar (43)is
equal to or smaller than 1 cm .

8. The drying appliance (1) according to claim 4 or 5,
wherein said first and/or second lateral bar (42, 43)
is T shaped, and said first and/or second projection
(46a, 46b, 47a, 47b) is extending from an end of said
first and/or second lateral bar (42, 43).

9. The drying appliance (1) according to any of the pre-
ceding claims, including a basement (24) and a drain
channel (60) realized in said basement, wherein said
drain channel (60) is located below the second heat
exchanger (32) and/or the first heat exchanger (31),
providing the condensate water to flow away from
the first and/or second heat exchangers, said grid
(40) being inserted into said drain channel (60) and
resting on a bottom surface (61) of said drain chan-
nel.

10. The drying appliance (1) according to any of the pre-
ceding claims, wherein said grid (40) includes a
boundary frame (41) having a top and a bottom bars
(44, 45), said top and bottom bars being inclined one
with respect to the other.

11. The drying appliance (1) according to any of the pre-
ceding claims, wherein said first and second heat
exchangers (31, 32) form a gap (50) therebetween
having a gap width (W), and wherein said grid (40)
is inserted in said gap (50), the grid (40) including a
boundary frame (41) having a top and a bottom bars
(44, 45), said top and/or said bottom bar (44, 45)
having a width substantially identical to said gap
width (W).

12. The drying appliance (1) according to any of the pre-
ceding claims when dependent on claim 2, wherein
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said first and second surfaces (51, 52) are substan-
tially perpendicular to a plane (X, Y) on which the
appliance rests.

13. The drying appliance (1) according to any of the pre-
ceding claims when dependent on claim 7, wherein
said bottom surface (61) of said drain channel (60)
is inclined with respect to a plane (X, Y) on which
the appliance rests and said bottom bar (45) of said
boundary frame (41) is also inclined with respect to
the plane (X, Y) so as to abut onto the bottom surface
(61) of the drain channel (60).

14. The drying appliance according to any of the preced-
ing claims, wherein said grid (40) includes a bound-
ary frame (41) having a first and a second lateral
bars (42, 43) and a top and a bottom bars (44, 45)
connecting said first and second lateral bars (42, 43),
and the grid (40) further includes at least an addi-
tional bar (48) connecting said first and second lat-
eral bars (42, 43) and positioned between said top
and bottom bars (44, 45).

15. The drying appliance (1) according to any of the pre-
ceding claims, wherein said grid (40) includes a
boundary frame (41) having a first and a second lat-
eral bars (42, 43) and a top and a bottom bars (44,
45) connecting said first and second lateral bars (42,
43), and the grid (40) further includes at least an
additional bar (49) connecting said top and bottom
bars (44, 45) and positioned between said first and
second lateral bars (42, 43).

16. The drying appliance (1) according to any of the pre-
ceding claims, wherein said first heat exchanger (31)
comprises a first surface (51) and said second heat
exchanger (32) comprises a second surface (52) fac-
ing said first surface, and between said first (51) and
a said second surface (52) a gap (50), having a gap
width (W), is formed, and wherein said grid (40) is
inserted in said gap (50), said grid abutting on the
first surface (51) on one side and on the second sur-
face (52) on the other side so that process air exiting
the second heat exchanger (32) is guided to enter
the first heat exchanger (31).

17. The drying appliance (1) according to any of the pre-
ceding claims, including a basement (24) having a
bottom wall (7a) in which a first and a second seats
(65a, 65b) are formed and wherein said grid (40)
includes a boundary frame (41) from which a first
and a second pins (64a, 64b) extend, said first and
second pins (64a, 64b) being inserted into said first
and second seats (65a, 65b), respectively.

18. The drying appliance (1) according to claim 17,
wherein said basement includes a drain channel (60)
and said first and second seats (65a, 65b) are formed

in a bottom surface (61) of said drain channel (60).
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