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(54) Laundry dryer

(57)  Alaundry dryer (1) is disclosed, which compris-
es a casing (2) supporting a drying chamber (3) for re-
ceiving a load to be dried and having a basement (24);
a process air conduit (11) in communication with the dry-
ing chamber (3) where an air process stream is apt to
flow; A heat pump (30) having a heat pump circuit in
which a refrigerant (R) can flow, said heat pump circuit
including a condenser (31) and an evaporator (32); said
evaporator (32) and/or said condenser (31) being ther-
mally coupled to the process air conduit (11) to perform
heat exchange between said refrigerant (R) flowing in

said heat pump circuit and said process air stream.

The heat pump circuit further comprises a heat ex-
changer module (10) including aninletheader (5) to direct
a flow of said refrigerant (R) into said heat exchanger
module (10); an outer header (6) to discharge said re-
frigerant (R) from said heat exchanger module (10); and
a plurality of channels (7) extending along a longitudinal
direction connecting the inlet (5) to the outlet header (6)
to enable the refrigerant (R) to flow from said inlet (5) to
said outlet header (6) and/or vice versa; the plurality of
channels (7) being at least in part subject to the flow of
the air process stream.
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Description

Field of the invention

[0001] The presentinvention relates to a laundry dryer
including a heat pump, in particular to a laundry dryer
which optimizes the energy consumption and/or the du-
ration of the drying cycles.

Background art

[0002] Most dryers consist of a rotating drum called a
tumbler, thus called tumble dryer, through which heated
air is circulated to evaporate 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
dryerislonger 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 reinserted into the drum. In order to func-
tion, 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] European patent EP 0467188 discloses a laun-
dry drier with a heat pump circuit for heating of the proc-
ess air guided by means of an electric-motor-driven fan
in a closed process air channel, and a heat pump circuit
which is equipped for precipitation of the moisture con-
tained in the process air from the laundry drying chamber
and which consists of a condenser, evaporator, compres-
sor and throttle, as well as in addition with a settable
opening for exhaust air and an opening for feed air in the
process channel.

[0007] German patent DE 4330456 relates to a tumble
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dryer with a drum, with a closed drying-air circuit by
means of which drying air can be conducted through the
drum and which is provided with a first blower as well as
with a heating system and a condenser, with an open
coolant circuit by means of which cooling air can be con-
ducted by means of a second blower through the con-
denser, and with a refrigerant circuit comprising a com-
pressor, a liquefier arranged downstream in the drying-
air circuit, an expansion valve and an evaporator ar-
ranged in the cooling-air circuit.

Summary of the invention

[0008] The present invention is relative to a laundry
dryer for drying clothes and other garments including a
heat pump. The dryer of the invention may include either
avented or a condense dryer. The configuration and con-
struction of the heat pump in the dryer of the invention is
realized in order to obtain a higher energy efficiency and
optimization of the drying cycles’ duration with respect
to known heat pump dryers.

[0009] A traditional heat pump dryer includes a drying
chamber, such as a drum, in which the load, e.g. clothes,
to be dried is placed. The drying chamber is part of an
air process 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 con-
duit 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. More specifically, hot dry air is
fed into the drying chamber, flowing over the laundry,
and the resulting humid cool air exits the same. The hu-
mid air stream rich in water vapor 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 dry air is then either vented
outside the dryerin the ambient where the latter is located
or it continues in the closed-loop circuit. In this second
case, the dry air in the process 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.

[0010] The heat pump of such a dryer includes a heat
pump circuit in which a refrigerant can flow and which
connects via piping the evaporator where the refrigerant
undergoes a phase transition from the liquid to the vapor
phase due to the heat exchange with the warm process
air exiting the drying chamber. The evaporated refriger-
ant is then supplied via a compressor to the condenser,
which functions as seen above as a heat source for the
dryer and in which the refrigerant condenses again, heat-
ing up the process air before the latter is introduced into
the drying chamber. The condensed refrigerant arrives
via an expansion device, such as a choke, a valve or a
capillary tube back at the evaporator closing the circuit.
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The functioning of such a heat pump, which is the func-
tioning of a heat pump according to the prior art and ac-
cording to the invention, is schematically depicted in fig.
2. Due to their function, condenser and evaporator can
also be called in the following "heat exchanger", in par-
ticular first and second heat exchanger.

[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] 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 configuration of the heat exchanger(s) allows
achieving several benefits, such as maximizing the heat
exchange between the refrigerant and the process air,
reducing the pressure drop both in the refrigerant and in
the process air circuit, and reducing the amount of refrig-
erant 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.

[0013] The structure of the heat exchanger of the dryer
of the present invention is the following: the heat ex-
changer includes one or more heat exchanger modules,
each of which includes two headers, an inlet header to
allow the inflow of refrigerant into the module and an out-
let header to allow the refrigerant to discharge from the
module. Between the two headers, a plurality of channels
is interposed, so that the refrigerant is allowed to flow
from the inlet to the outlet header and/or vice versa.
[0014] More in details, in one of its aspects, the inven-
tion relates to a laundry dryer comprising:

- acasing supporting a drying chamber for receiving
a load to be dried;

- Aprocess air conduitin communication with the dry-
ing chamber where an air process stream is apt to
flow;

- A heat pump having a heat pump circuit in which a
refrigerant can flow, said circuit including a first heat
exchanger where the refrigerant 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 perform heat exchange
between said refrigerant flowing in said heat pump
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circuit and said process air stream;

Characterized in that said first and/or second heat
exchanger further comprises a heat exchanger mod-
ule, said module including

- Aninletheader to direct a flow of said refrigerant into
said module;

- an outer header to discharge said refrigerant from
said module; and

- aplurality of channels having a longitudinal direction
connecting said inletand said outletheader to enable
said refrigerant to flow from said inlet to said outlet
header and/or vice versa; said plurality of channels
being at least in part subject to the flow of said air
process stream.

[0015] Said heat exchanger module can be part of the
first heat exchanger, of the second heat exchanger, or
of both.

[0016] Due to the above mentioned configuration of
the heat exchanger of the invention, a high ratio between
the heattransfer capacity and the heat exchanger volume
is achieved: a reduction of the overall dimensions of the
heat exchanger is therefore possible, and thus the vol-
ume occupied by it within the casing can be also reduced.
For example, the amount of space occupied by the heat
exchanger(s) in the basement of the dryer can be much
reduced without affecting the amount of exchanged heat,
on the contrary the latter quantity is kept substantially
constant. In addition, a significant reduction on the
amount of refrigerant needed and of the pressure drops
on both the air and refrigerant circuits is obtained, as
detailed below.

[0017] Alternatively, the dryer of the invention may in-
clude a heat exchanger having the same dimensions as
the one of the prior art, but with an increased cooling and
heating capacity, due to the above mentioned reasons,
and therefore improving the energy consumption and re-
ducing the duration of a drying cycle.

[0018] In case an evaporator of the dryer of the inven-
tion includes a single heat exchanger module, the inlet
header receives the refrigerant from a capillary tube and
the refrigerant then leaves the outlet header leading to a
compressor.

[0019] Incase acondenserofthe dryer of the invention
includes a single heat exchanger module, the inlet head-
er receives the refrigerant flow from a compressor, while
the outlet header sends the refrigerant flow towards the
capillary tube.

[0020] According to the aforementioned aspects, the
dryer of the invention may include, alternatively orin com-
bination, any of the following characteristics.

[0021] Preferably, the inlet and outlet headers each
include a pipe, having a longitudinal extension, within
which the refrigerant can flow. More preferably the head-
er(s) is(are) realized in metal. Preferably, the inlet and
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the outlet header have substantially the same construc-
tion and both include aninlet and an outlet aperture. Pref-
erably, the inlet and outlet header are parallel to each
other.

[0022] Preferably, the channels of the plurality are sub-
stantially parallel to each other.

[0023] Preferably, the channels extend along a direc-
tion which is substantially parallel to the horizontal plane
and also perpendicular to the flow of the process air
stream when the dryer is functioning. In other words, the
channels, which preferably have a diameter much small-
er than their length, extend from the first to the second
header in such a way that their longitudinal extension
results substantially parallel to the horizontal plane and
perpendicular to the flow of process air with which the
heat exchange takes place.

[0024] In case the channels are rectilinear, their longi-
tudinal extension (and longitudinal direction) corre-
sponds to their longitudinal axis. In case the channels
are not rectilinear, i.e. for example they are forming an
arch, their longitudinal extension (and longitudinal direc-
tion) corresponds to the line joining the point from which
they depart from the inlet/outlet header and the first point
having the maximum distance from the inlet/outlet header
longitudinal axis.

[0025] The channels may include rectilinear portions
and/or bumps or other turbulence-inducing elements that
may enhance the heat transfer between the refrigerant
and the air process stream. Additionally, channels may
include smooth or corrugated inner and/or outer surfaces
and may comprise bends or curves.

[0026] In a preferred embodiment of the invention, the
channels are rectilinear. In an additional embodiment of
the invention, the channels include a plurality of rectilin-
ear portions connected to each other via U-bends. In this
latter embodiment, the rectilinear portions are preferably
stacked one on top of the other in a vertical direction.
According to a different embodiment of the invention, the
rectilinear portions are coplanar, more preferably in a
plane parallel to the horizontal plane. According to a fur-
ther embodiment, the channels are bended forming an
arch, their longitudinal extension being preferably still
perpendicular to the process air flow. This latter embod-
imentis used in particular to place the module of the dryer
of the invention in the most suitable location within the
process air conduit. Indeed, it is known that there are
portions of the process air conduit in which the process
air flow is more uniform and less turbulent. Heat ex-
change between the process air flow and the refrigerant
is therefore optimal inthese locations. An arched channel
allows the positioning of the module also in locations in
which other objects are present or narrow thus in general
to better exploit the available space and/or to reduce the
limitations given by a not even distribution of the air flow.
[0027] According to an embodiment of the invention,
the hydraulic diameter of each of the channel, where the
hydraulic diameter Dy is defined as
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where A is the cross sectional area of the channel and
P is the wetted perimeter of the cross-section of the chan-
nel, is smaller or equal than 5 mm, i.e. Dy <5 mm, more
preferably Dy < 3 mm, even more preferably Dy < 1 mm.
[0028] Due to the size of the hydraulic diameter, the
module of the invention may include many channels,
therefore the refrigerant flow is divided in a plurality of
smaller refrigerant streams, one per channel. In this way
the pressure drop of the refrigerant within the channels
is reduced compared to the refrigerant pressure drop in
bigger channels.

[0029] Additionally, itis known that the maximum pres-
sure that a pipe can withstand is inversely proportional
to its hydraulic diameter. A small hydraulic diameter
therefore means that the channels can withstand higher
pressures than bigger pipes. For this reasons, high pres-
sures refrigerants, such as carbon dioxide, can be used
in the heat pump circuit of the dryer of the invention.
[0030] Moreover, still due to the smaller size, a smaller
amount of refrigerant is needed for the proper functioning
of the module than in standard heat pump dryers. Use
of hydrocarbons, which are flammable, can be therefore
also considered, due to the low amount required.
[0031] The shape of the cross section of the channels
is not relevant for the present invention, and it can be
squared, rectangular, circular (in this case the hydraulic
diameter coincide with the diameter of the circle), elliptic,
and so on. The cross section of the plurality of channels
does not have to be the same for all channels in the plu-
rality, but it can be different and the various channels can
have a combination of the possible above listed cross
sections. In addition, the cross section may vary both in
hydraulic diameter and/or in shape along the extension
of the channel.

[0032] Preferably, the channels are realized in metal,
more preferably aluminum.

[0033] In a preferred realization, the plurality of chan-
nels forms a plurality of channels layers stacked in a
stackwise direction, each layer including more than one
channel, the channels being located one adjacent to the
other(s). More preferably, the plurality of channels are
parallel to each other within each channels layer and the
plurality of channels layers are also substantially parallel
to each other. Preferably, the stackwise direction is a
vertical direction and the channels layers are stacked
one on top of the other.

[0034] Said stackwise direction and the longitudinal di-
rection of the channels define a first plane, which is pref-
erably perpendicular to the horizontal plane and also per-
pendicular to air flow direction of the process air when
the dryer is functioning.

[0035] Each channels layer defines a second plane
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which is formed by the longitudinal direction of the chan-
nel and by the width direction of the layer.

[0036] Preferably, fins are located between adjacent
layers. Fins are preferably realized using a corrugated
sheet of material which is formed of a material well-suited
to heat transfer applications, such as metal. In particular,
fins are preferably in contact with each two adjacent lay-
ers.

[0037] According to an embodiment, the second plane
defined by the channels layer is parallel to the horizontal
direction and also to the air flow direction. In this case,
the airpressure drop inthe process air circuitis minimized
because this configuration minimizes the resistance to
flow of the process air. However, in the evaporator, during
the functioning of the dryer, water condenses on the sur-
faces of the module. The water flows down, for example
to a canister, by its own weight. However, the velocity of
the process air is not fast enough to avoid a temporary
coverage of the channels layer outer surface by the con-
densed water. The fins can be covered by this water as
well. The fact that the fins and/or the surfaces of the mod-
ule is/are covered by water, reduces the heat exchange
surface available for the heat exchange between the re-
frigerant and the process air, reducing the efficiency of
the heat pump. For thisreason, preferably the evaporator
of the dryer of the invention includes a heat exchanger
module having a layer defining a plane which is tilted with
respect to the horizontal plane, in particular more pref-
erably the angle o formed between the channels layer
plane and the horizontal plane is comprised between 3°
< a £20°.

[0038] Preferably, the second plane formed by the lay-
ers and the longitudinal direction of the header are sub-
stantially perpendicular. Alternatively, the second plane
and the longitudinal direction of the header are inclined
forming an angle comprised between 70° <90° - a. < 87°.
According to a different embodiment, the plane and the
longitudinal direction defined by the headers are parallel.
[0039] In all the above embodiments, however, pref-
erably the longitudinal direction of flow of the refrigerant
within the channels is substantially perpendicular to the
process air direction.

[0040] According to a preferred embodiment of the in-
vention, each channellayerincludes one single pipe hav-
ing an outer wall within which partition walls are realized
in order to form the plurality of adjacent channels. The
partition walls are preferably realized integral with the
outer wall of the pipe, for example by stamping.

[0041] In case a plurality of channels layers is present,
they can be in parallel or in series according to the re-
frigerant flow, as detailed below.

[0042] In case of multiple channels layers, each of
them mightinclude two opposite ends, the firstend being
in fluid communication with the inlet header and the sec-
ond end being in fluid communication with the second
header. The refrigerant flowing in the inlet header is
therefore distributed in parallel flows into the different
channels layers, entering the same via their first ends
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and exiting the channels layers from their second ends,
coming into the outlet header where the various streams
merges. In each channels layer, in addition, the flow is
further divided in a plurality of streams, one for each chan-
nel. In the following, it is said that a group of channels
layers is parallel with respect to the refrigerant flow di-
rection when the refrigerant flow can pass through all the
channels layers of the group at the same time, i.e. there
is a plurality of refrigerant streams which are running with-
in the various channels at the same time.

[0043] In the following therefore, channels layers are
named "parallel" with respect to the refrigerant flow when
the refrigerant flow is distributed in the same in form of
a plurality of groups of streams which run in all channels
layers of the group at the same time.

[0044] Alternatively, channels layers mightinclude two
opposite ends, and the ends can be alternatively con-
nected in fluid communication either with one or the head-
ers or with another end of another layer. For example a
single channel can belong to a plurality of channels lay-
ers: the channel can include a first rectilinear portion,
included in the first channels layer, a second rectilinear
portion belonging to the second channels layer stacked
on top of the first portion, a U-bend connecting the first
and second rectilinear portion, and so on. Therefore the
first end of the first channels layer is connected to the
inlet header, while the second end of the first channels
layer is connected via the U-bend to the first end of the
second channels layer and so on. In this case the chan-
nels layers are "in series", because the streams of refrig-
erant flow have to pass the various channels layers in
the order they are given, i.e. the flow has to go through
first the first channels layer, then through the second
channels layer, etc.

[0045] In the following therefore channels layers are
named "in series" with respect to the refrigerant flow,
when the flow of refrigerant have to traverse the channels
layers in a given sequence and not all of them at the
same time.

[0046] According to a preferred realization, the chan-
nels within a channels layer are directly connected to the
inlet and outlet header, i.e. for each channel there is an
aperture realized on the header in which the channel is
inserted, for each channels layer therefore a row of ap-
ertures is realized on the headers, preferably the various
rows being parallel.

[0047] Alternatively, for each channels layer, a single
aperture is realized in the header, to which the inlet of a
connecting pipe is attached. The connecting pipe then
includes a number of outlets equal to the number of chan-
nels in the channels layer.

[0048] Preferably, the flow of the refrigerant in the inlet
header is substantially parallel to the flow of the refriger-
ant in the outlet header. In a first variant, the direction of
flow in both headers is the same, in a second variant the
two directions are opposite one to the other.

[0049] In an embodiment of the present invention, the
inlet and outlet headers are mounted on the dryer per-
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pendicularly to the horizontal plane and parallel to each
other; in other words the longitudinal extension of the
headers, which corresponds to the flow direction of the
refrigerant therein, is perpendicular to the horizontal
plane and to air flow in the air process conduit. In a dif-
ferent embodiment of the invention, the headers are still
parallel one to the other, and also substantially parallel
to the horizontal plane.

[0050] According to a first variant of this embodiment,
in case channels layers are present, the channels layers
are parallel with respect to the refrigerant flow, and sub-
stantially straight. The flow of the refrigerant within each
channels layer is along a single longitudinal direction.
[0051] According to a different variant of the above
mentioned embodiment of the invention, the inlet and
outlet header are parallel to each other, the channels
layers are in parallel, but the flow of refrigerant within
each channels layer is along at least two directions, pref-
erably one direction opposite to the other. For example,
a module may include a channels layer which departs
from the inlet header and extends for a given first length
along a given direction, then form a U turn and extends
in a direction substantially parallel to the first one for a
second length equal to the first length till it meets the
outlet header. The two portions of the channels layer are
within the same plane. In this case the channels within
a channels layer have an U shaped form. The refrigerant
therefore, internally to these channels, flows along a first
direction in a first portion of the channels, and flows in
the opposite direction for a second portion of the chan-
nels. Moreover, a separator can be placed within one or
both headers, in order to transversally divide the same
in multiple portions. The refrigerant cannot flow through
the separator. The channels therefore connecting the in-
let and the outlet headers are divided in multiple groups,
the number of which depending on the number of sepa-
rator. The number of groups is equal to the number of
separators plus one. Forexample, in case the inlet(outlet)
header includes a single separator, the channels are di-
vided in a first and a second group, the first group is
connecting the first portion of the header (which is the
inletheader) to anintermediate header, the second group
is connecting the second portion of the header (outlet
header) to the intermediate header. The channels layers
within each group are in parallel with respect to the re-
frigerant flow, however the two groups are in series with
respect to the refrigerant flow. Indeed, the refrigerant
within each group flows at the same time in all channels
layers belonging to the same group, while it has to flow
through thechannels layers of the first and the second
group in a given order - the groups being thus in series
(i.e. first it has to flow through the channels layers of the
first group and then through the channels layers of the
second group).

[0052] In case more modules are present, the connec-
tion among them can be configured according to different
embodiment.

[0053] Afirstand a second module can be for example
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stacked one on top of the other in the same direction,
being therefore in parallel with respect to the process air
flow (the definition of parallel and in series with respect
to the process air flow is analog to the definition given
with respect to the refrigerant flow). A pipe can bring the
refrigerant towards the inlet headers of the first and the
second module, the pipe branches in two and the refrig-
erant enters both inlet headers. The two outlet headers
are also connected via a piping which collects the flow
of refrigerant coming from the two. The two modules are
also in parallel with respect to the refrigerant flow.
[0054] Alternatively, the connection between the first
and the second modules can be configured so as to be
in series with respect to the air flow direction, i.e. the first
module can be in front of the second module with respect
to the process air flow. The inlet header of the first module
receives the refrigerant flow coming from the capillary
tube/compressor, while the outlet header of the first mod-
ule is in fluid communication with the inlet header of the
second module, the outer header of the second module
leading then the refrigerant flow towards the compressor/
capillary tube. In this case the modules are also in series
with respect to the refrigerant flow.

[0055] The same configuration as above in which the
modules are in series with respect to the air flow (i.e. the
modules are one in front of the other in the direction of
the air flow) can be also parallel with respect to the re-
frigerant flow. In this case, a pipe brings the refrigerant
towards the inlet headers of both modules, the refrigerant
entering both inlet headers. The two outlet headers are
also connected via a piping which collects the flow of
refrigerant coming from the two outlet headers.

[0056] In case of more than two modules, the modifi-
cations to be made to the overall configuration are clear
to the man skilled in the art in view of the above.

[0057] According to a further characteristic of the in-
vention, a cleaning system is provided in correspondence
of the heat exchanger module.

[0058] Itis known thatthe lint flowing through the proc-
ess air conduit in a heat pump tumble dryer can be a
cause of many inconveniences. If not properly filtered,
the lint gets deposited and stuck on the fins between the
layers of the heat exchanger, creating an additional pres-
sure drop in the air conduit and/or a thermal resistance
to the heat exchange with the process air. The addition
of a filtering surface is not appreciated by most users,
due to the need of a regular and constant cleaning op-
eration of the same.

[0059] Due to the reduced size of the heat exchanger
of the invention, a plurality of nozzles can be located ac-
cording to the invention substantially facing the heat ex-
changer module. More preferably, the nozzles are dis-
posed in a stack manner along the same stackwise di-
rection in which the layers are stacked and facing the
latter. Alternatively, the nozzles can be disposed hori-
zontally still facing the channels of the module. Preferably
the nozzles spray air or water (preferably condensed wa-
ter generated during the laundry drying cycle at the evap-
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orator) or a combination of the two on the layers so as
to clean the same from the lint. In addition, preferably
the direction of the spray is opposite is in counterflow to
the direction of the process air flow

[0060] Accordingtoanothercharacteristic of theinven-
tion, due to the "small" dimensions of the fins, i.e. they
have a thickness of 0.1 mm-0.3 mm, the fins themselves
form a mesh filter blocking the lint flowing in the conduit.
[0061] These and other features and advantages of
the invention will better appear from the following de-
scription of some exemplary and non-limitative embodi-
ments, to be read with reference to the attached draw-
ings, wherein:

- Fig. 1aandfig. 1b are schematic views, where some
elements have been removed for clarity, of a laundry
condense dryer and of a vented condensed dryer,
respectively, according to the invention;

- Fig. 2is aflow diagram of the principle of functioning
of an element of the dryer of the invention of fig. 1a
or fig. 1b;

- Fig. 3 is a perspective view of a portion of an em-
bodiment of the dryer of the invention of fig. 1a or 1b
with the casing removed;

- Fig. 4 is an enlarged view of a detail of fig. 3;

- Fig. 5is a perspective view in section of an element
of the dryer of fig. 1a or 1b;

- Fig. 6 is a cross-sectional view of an element of the
detail of fig. 4;

- Figs. 7a and 7b are a schematic front view and top
view, respectively, of an embodiment of the heat ex-
changer module of the dryer of the invention of fig.
1a or fig. 1b;

- Figs. 8a and 8b are a schematic front view and top
view, respectively, of an additional embodiment of
the heat exchanger module of the dryer of the inven-
tion of fig. 1a or fig. 1b;

- Figs. 9a and 9b are a schematic front view and top
view, respectively, of a further additional embodi-
ment heat exchanger module of the dryer of the in-
vention of fig. 1a or fig. 1b;

- Figs. 10a and 10b are a schematic front view and
top view, respectively, of a further additional embod-
iment of the heat exchanger module of the dryer of
the invention of fig. 1a or fig. 1b;

- Figs. 11a and 11b are a schematic front view and
top view, respectively, of a further additional embod-
iment of the heat exchanger module of the dryer of
the invention of fig. 1a or fig. 1b;

- Figs. 12a and 12b are a schematic front view and
top view, respectively, of a further additional embod-
iment of the heat exchanger module of the dryer of
the invention of fig. 1a or fig. 1b;

- Figs. 13a, 13b, 13c and 13d are three perspective
views and a side view of a portion of a further em-
bodiment of the dryer of the invention of fig. 1a or 1b
with the casing removed;

- Fig. 14 is perspective view of a portion of a further
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embodiment of the dryer of the invention of fig. 1a
or 1b with the casing removed;

- Figs. 15a, 15b and 15c are a schematic front view,
top view and lateral view, respectively, of the em-
bodiment of fig. 14;

- Figs. 16a and 16b are a schematic front view and
top view, respectively, of an embodiment of connec-
tion between two heat exchanger modules of any of
the examples of figs. 7a-7b to figs. 12a-12b and of
figs. 15a-15c;

- Figs. 17a and 17b are a schematic front view and
top view, respectively, of an embodiment of connec-
tion between two heat exchanger modules of any of
the examples of figs. 7a-7b to figs. 12a-12b and of
figs. 15a-15c;

- Fig. 18a and 18b are a schematic front view and top
view, respectively, of an embodiment of connection
between two heat exchanger modules of any of the
examples of figs. 7a-7b to figs. 12a-12b and of figs.
15a-15c;

- Fig. 19is a perspective view of an additional embod-
iment of a heat exchange module of the dryer of the
invention of fig. 1a or fig. 1b;

- Fig. 20 is a schematic view of an additional element
of the dryer of the invention of fig. 1a or fig. 1b.

[0062] Withinitialreferencetofigs. 1aand 1b, alaundry
dryer realized according to the present invention is glo-
bally indicated with 1.

[0063] Laundrydryer 1 comprises an outer box casing
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 cas-
ing, 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, preferably hinged to casing, which
can open and close an opening realized on the casing
itself..

[0064] More in detail, casing 2 generally includes a
frontpanel 20, arear wall panel 21 and two sidewall panel
all mounted on a basement 24. Panels 20, 21 and base-
ment 24 can be of any suitable material. Preferably, the
basement 24 is realized in plastic material. Preferably,
basement 24 is molded.

[0065] Preferably, basement 24 includes an upper and
a lower shell 24a,24b (visible in the figures 13a and 13b
detailed below).

[0066] The dryer 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 perpen-
dicular to the plane (X,Y).

[0067] Laundry dryer 1 also comprises an electrical
motor assembly for rotating, on command, revolving
drum 3 along its axis inside casing. Casing 2, revolving
drum 3, door and motor are common parts in the technical
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field and are considered to be known; therefore they will
not be described in details.

[0068] Dryer 1 additionally includes a process air circuit
4 which comprises the drum 3 and an air process conduit
11, schematically depicted in figs. 1a and 1b as a plurality
of arrows showing the path flow of a process air stream
through the dryer 1. In the basement 24, air process con-
duit 11 is formed by the connection of the two upper and
lower shells 24a,24b. Air process conduit 11 is preferably
connected with its opposite ends to two opposite sides
of drum 3. Process air circuit 4 may also include a fan or
blower 12 (shown only in fig. 1a) and an electrical heater
(not shown in the figures).

[0069] The dryer 1 of the invention additionally com-
prises a heat pump 30 including a first heat exchanger
called also condenser 31 and a second heat exchanger
called also evaporator 32. Heat pump 30 also includes
a refrigerant closed circuit (schematically depicted in the
picture with lines connecting 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 condense in correspondence of the
condenser 31, releasing heat, and warms up, potentially
even evaporating, in correspondence of the second heat
exchanger (evaporator) 32, absorbing heat. Alternative-
ly, no phase transition takes place in the condenser
and/or evaporator, which indicates in this case respec-
tively a gas heater and gas cooler, the refrigerant cools
off or it warms up, respectively, without condensation or
evaporation. In the following the heat exchangers are
named either condenser and evaporator or first and sec-
ond heat exchanger, respectively.

[0070] More in detail, the heat pump circuit connects
via piping 35 (see figs. 3 and 4 for example) the second
heat exchanger 32 where the refrigerant warms up and
may undergo a phase transition from the liquid to the
vapour viaa compressor 33 to the condenser 31, in which
the refrigerant cools off and may condense again. The
cooled or condensed refrigerant arrives via an expansion
device 34, such as a choke, a valve or a capillary tube,
back at the evaporator 32.

[0071] Preferably, in correspondence of evaporator
32, thedryer 1 of the invention may include a condensed-
water canister 40 (shown only in fig. 1b) which collects
the condensed water produced, when the dryer is in op-
eration, inside evaporator 32 by condensation of the sur-
plus moisture in the process air stream arriving from the
drying chamber 3. The canister40 is located at the bottom
of the evaporator 32. Preferably, through a connecting
pipe and a pump (not shown in the drawings), the col-
lected demineralized water is sent in a reservoir located
in correspondence of the highest portion of the dryer 1
so as to facilitate manual discharge of the water by the
user.

[0072] The condenser 31 and the evaporator 32 of the
heat pump 30 are located in correspondence of the proc-
ess air conduit 11.

[0073] Incase ofacondense dryer - as depicted in fig.
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1a - where the air process circuit 4 is a closed loop circuit,
the condenser 31 is located downstream of the evapo-
rator 32. The air exiting the drum 3 enters the conduit 11
and reaches the evaporator 32 which cools down and
dehumidifies the process air. The dry cool process air
continues to flow through the conduit 11 till it enters the
condenser 31, where it is warmed up by the heat pump
30 before re-entering the drum 3.

[0074] Incase of a vented dryer - as depicted in fig. 1b
- the process air circuit 4 includes an exhaust duct 104
connected to the drum 3 via an aperture 4a into which
the process air enters after having passed the whole
drum 3 to de-humidify the laundry. The process air trav-
elling into the exhaust duct 104 is exhausted outside the
dryer via an exhaust aperture 105 defining an opening
in the casing 2. The evaporator 32 of the heat pump is
located along the exhaust duct 104 in order again to cool
the process air exiting the drum 3 and causing conden-
sation of the moisture therein. Air enters into vented dryer
1 through one or more air vents 13 realized in the casing
2, more preferably in the rear panel 21 of same. The air
travels through an inlet duct 101, part of the process air
conduit 4, from intake vents 13 reaching the condenser
31, where it is heated as it passes through and it is then
introduced in the rotatable drum 3. During operation, the
heated process air dries the laundry present inside drum
3.

[0075] In both dryers 1 of figs. 1a and 1b, a lint filter
103 to block the lint is preferably present (only in fig. 1a
itis shown). The lint filter 103 is preferably located before
the process air reaches the evaporator 32, i.e. when it
exits the drum 3.

[0076] It is to be understood that in the dryer 1 of the
invention, the electrical heater can also be omitted, being
the heat pump 30 sufficient to heat up the air process
stream for the purpose of laundry drying. However, heat
pump 30 and heater can also work together to speed up
the heating process (and thus reducing the drying cycle
time). In the latter case, preferably condenser 31 of heat
pump 30 is located upstream the heater.

[0077] First and/or second heat exchanger 31, 32 fur-
therinclude - according to a characteristic of the invention
- one or more heat exchanger modules 10 located along
the process air conduit 11.

[0078] With now reference to figs. 3 and 4, the base-
ment 24 of a dryer 1 showing a plurality of modules 10
included in the evaporator 32 and in the condenser 31
of the heat pump 30 according to the invention is depict-
ed. In the mentioned figures, the casing 2 and the drum
3 of the dryer 1 have been removed in order to show the
heat exchangers located along the process air conduit
11. As stated above, although in the appended drawings
both evaporator 32 and condenser 31 of the dryer 1 in-
cludes heat exchanger modules 10 realized according
to the invention, itis to be understood that the evaporator
32 only or the condenser 31 only might include such mod-
ule(s) 10. In addition, a single module 10 can be included
in either evaporator 32 or condenser 31. Moreover, in
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case both evaporator and condenser include more than
one module 10 according to the invention, the evaporator
can include a different number of modules from the con-
denser (as per the appended figures 3 and 4 where the
evaporator 32 includes two modules 10 and the condens-
er four modules 10).

[0079] Preferably, modules 10 are located in corre-
spondence of the basement 24 of dryer 1.

[0080] The structure of a single module 10 will be now
be described, with reference to the different embodi-
ments depicted in figs. From 7a-7b to 12a-12b, 15a-15b-
15c and 19.

[0081] A heat exchanger module 10 includes an inlet
header 5 and an outlet header 6. Inlet and outlet headers
5,6 have preferably the structure of a pipe and more pref-
erably with a circular cross section. The headers have a
longitudinal extension along an axis, which corresponds
to the main direction of flow of the refrigerant within the
headers. The refrigerant is flowing into the module 10 via
the inlet header 5 and exiting the same via the outlet
header 6. A plurality of channels, each indicated with 7,
is connecting the inlet to the outlet header and vice versa,
so that the refrigerant can flow between the two headers,
the plurality of channels being subject to the flow of proc-
ess air, i.e. channels 7 are located within the air process
conduit 11 of the dryer 1. The channels 7, due to their
configuration, allow a better heat exchange between the
refrigerant and the process air than known dryers.
[0082] Channel 7 defines a longitudinal direction X
along which it extends. Preferably, the channels 7 are
mounted in the module 10 so that their longitudinal ex-
tension X is substantially perpendicular to a process air
flow direction Y and substantially parallel to the horizontal
plane.

[0083] Preferably, the refrigerant flow within channels
7 is substantially perpendicular to the process air flow.
[0084] Accordingtoapreferred embodiment, the chan-
nels 7 are grouped in channels layers 8: each channels
layerincludes a plurality of channels 7 which are adjacent
and parallel to each other. More preferably, each module
10 includes a plurality of channels layers 8, more prefer-
ably all layers 8 are stacked one on top of the other in a
stackwise direction and even more preferably parallel to
each other, substantially forming a plurality of parallel
rows. Preferably the stackwise direction is the vertical
direction. According to an embodiment of the invention,
channels layer 8 includes a single tube, having for ex-
ample an elongated cross section, including two substan-
tially parallel flat surfaces 9a,9b. Within the tube, sepa-
rators 8a are realized in order to longitudinally divide the
interior of the tube in the plurality of channels 7. Such a
structure is schematically depicted in the cross section
of a channels layer 8 of fig. 6. The cross section of the
single channels 7 can be arbitrary. Each channels layer
8 has a width which depends on the number of channels
which are located one adjacent to the other.

[0085] Preferably, each couple of adjacent stacked
channels layers 8 is connected via fins 50. Preferably the
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upper surface 9a of a channels layer 8 is connected via
the plurality of fins 50 to the lower surface 9b of the ad-
jacent channels layer 8.

[0086] A channelslayer8hasawidthdirectionY which,
together with the longitudinal direction X of channels 7
defines a channels layer plane (X,Y).

[0087] As an example, in fig. 5 a section of a header
5,6 is represented. The header 5,6 includes a cylindrical
envelope 107 in which a plurality of holes 7a are realized,
the channels 7 forming a layer 8 being inserted therein.
However different configurations are possible, as better
detailed below.

[0088] The refrigerant entering the module 10 via the
inlet header 5 can come from the outlet header 6 of an-
other module 10, from the compressor 33 or from the
expansion valve 34. Additionally, the refrigerant exiting
the outlet may be directed towards the inlet header 6 of
another module 10, towards the capillary tube 34 or to-
wards the compressor 33. The connection between the
compressor 33, modules 10 and capillary tube 34 (not
depicted) and between modules is made via piping 35,
as it can be seen in figures 3 and 4. In the following fig-
ures, the flow of the refrigerant R will be indicated with a
dotted line having a pointing arrow in the direction of the
flow.

[0089] According to a first embodiment of the module
10 of the dryer 1 of the invention depicted in figs. 7a and
7b, the two headers 5,6 are mounted vertically (i.e. their
axis Zis the vertical axis) on the basement 24 of the dryer
1, parallel one to the other, and the channels 7 connecting
the two headers 5,6 are substantially straight along the
longitudinal direction X. Channels 7 are divided in chan-
nels layers 8, each of which includes a different tube de-
fining upper and lower surfaces 9a,9b (see fig. 6) within
which the channels 7 are realized. A plurality of channels
layers 8 connects the inlet 5 to the outlet header 6, all
layers having a first end 8b and a second end 8c longi-
tudinally opposite to each other, the first end being con-
nected to the inlet header and the second end being con-
nected to the outer header. Channels layers are stacked
one on the other along the vertical direction forming a
plane (Z,X) defined by the longitudinal extension X of the
channels 7 and the direction of stacking Z. This plane is
perpendicular to the horizontal plane and to direction of
flow Y of process air as clear from figs. 7a, 7b. In addition,
each channels layer has a width direction Y perpendic-
ular to the longitudinal extension X of the channels 7. In
the present embodiment, this width direction Y is parallel
to the horizontal plane and the air flow direction; i.e. the
layer planes (X,Y) are horizontal. In other words, the mod-
ule 10 is mounted so that the channels layers 8 forms
parallel planes between which the process air flows. In
each header 5,6 in correspondence of each channels
layer’s end 8b,8c, a plurality of apertures 7a is realized,
in each aperture 7a a channel 7 being inserted. The so-
formed rows of apertures 7a (see fig. 5) are parallel one
to the other and perpendicular to the longitudinal exten-
sion Z of the header 5,6.
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[0090] Therefrigerantenters theinlet header 5 of mod-
ule 10 via an inlet aperture 5in along a flow direction
parallel to the longitudinal extension Z of header 5 and
branches off into the various channels 7 via apertures
7a. The channels layers 8 are "parallel" to each other
according to the refrigerant flow direction. In each chan-
nel 7, the flow of the refrigerant is substantially parallel
to the flow direction of the refrigerantin the other channels
and has the same direction. The refrigerant then exits
the module via an outlet aperture 6out of outlet header 6.
[0091] Thedirectionofflow ofrrefrigerantin the headers
5,6 is perpendicular to the process air flow. In addition,
the flow of the refrigerant in the inlet header is parallel to
the flow of the refrigerant in the outlet header, but with
opposite direction.

[0092] Accordingto a second embodiment of the mod-
ule 10 depicted in figs. 8a and 8b, the module 10 is sub-
stantially analog to the module 10 described with refer-
ence to figs. 7a and 7b, with the exception of the refrig-
erant flow in the inlet and in the outlet header: in this
second preferred embodiment, the two flows are parallel
and have the same direction.

[0093] According to a third embodiment of the module
10 of the dryer of the invention depicted in figs. 9a and
9b, the inletand the outlet header 5, 6 are disposed within
the basement 24 substantially parallel to the process air
flow direction Y (i.e. they horizontally lie on the base-
ment), therefore also the resulting refrigerant flow within
the headers is parallel to horizontal plane (X,Y). In addi-
tion, the module 10 includes a plurality of channels layers
8, which are stacked one ontop of the other in a stackwise
direction which corresponds to the vertical direction Z
and which are all formed by a single tube. Channels lay-
ers 8 are parallel to each other and their longitudinal ex-
tension Xis perpendicular to the process air flow direction
Y. The single tube within which the various channels 7
are realized has a first rectilinear portion 8e defining the
first channels layer, it then includes a U-shaped bend 8f
and it extends for a second rectilinear portion 8g parallel
to the firstrectilinear portion 8e defining the second chan-
nels layer, and so on. In this way a single row of apertures
7aisformedineachheader5, 6 and the flow of refrigerant
in the various layers can be considered in series with
respect to the refrigerant flow. The flows of refrigerant
within the various channels 7 forming the channels layers
are parallel to each other. Additionally, the channels layer
planes (X,Y) are parallel to the horizontal plane (X,Y).
[0094] The flows of the refrigerant in the two headers
5,6 are preferably parallel to each other. The two flows
can have the same direction, or opposite directions.
[0095] Accordingtoafourthembodimentofthe module
10 of the present invention, depicted in figs. 10aand 10b,
the module’s overall configuration is similar to that of the
first or the second embodiment above described of figs.
7a,8a,7b,8b, but one of the two headers includes a trans-
versal separator 17 which divides the header in two sep-
arated portions. In other words, there are still two parallel
vertical headers connected by parallel layers 8, but one
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of the layers is divided in two and the first portion repre-
sents the inlet header 5, while the second portion is the
outletheader 6. The second header 5ais an intermediate
header for the refrigerant flow. The flow of refrigerant
entering the header 5 is therefore prevented by separator
17 to go from the first to the second portion 5,6 of the
header. The channels layers 8 are thus divided in two
groups: the first group G1 connects the first portion 5 (the
inlet header 5) to the intermediate header 5a and the
second group G2 connects the intermediate header 5a
to the outlet header 6.

[0096] Therefrigerantflow which enters the first portion
5 (the inlet header 5) in a vertical Z direction is distributed
via apertures 7a into the first group G1 of channels layers
8 and the refrigerant flows within the parallel channels in
the first group G1 towards the intermediate header 5a.
Therefore, the layers within the first group G1 are parallel
with respect to the refrigerant flow. The refrigerant
streams exit the first group G1 of channels layers 8 and
enter the intermediate header 5a, where they merge.
From the intermediate header 5a, the refrigerant flow
then enters the second group G2 of channels layers 8
reaching the outlet header 6. Thus, also the channels
layers within the second group G2 are parallel to each
other with respect to the refrigerant flow. However the
layers of the two groups G1, G2 are in series with respect
to the refrigerant flow. Indeed, the refrigerant flows in
parallel in all layers belonging to the same group, while
it has to flow through the layers of first and the second
group in agiven order - the layers of the two groups being
thus in series.

[0097] According to afifth embodiment of the invention
depicted in figs. 11a and 11b, the configuration of the
module 10 is substantially analog to that of the first and
second embodiment. However, instead of a single aper-
ture 7a realized on the header 5,6 for each channel 7, a
single aperture 80 for each channels layer 8 is realized,
to which the inlet of a connecting pipe 19 is attached.
The connecting pipe 19 then includes a number of outlets
equal to the number of channels 7 in the channels layer 8.
[0098] Therefore, for each layer of the plurality belong-
ing to the same module 10, two connecting pipes are
present to connect, each via a single hole 80, the two
opposite ends 8b,8c of the channels layer 8 to the two
headers 5,6, respectively.

[0099] According to a sixth embodiment of the module
10 of the dryer 1 of the invention, depicted in figs. 12a
and 12b, the module 10 includes two headers 5,6 which
are mounted vertically (i.e. their axis Z is the vertical axis)
on the basement 24 of the dryer 1 and the channels 7
connecting the two headers 5,6 have each a first and a
second straight portion 7a,7b connected via a U-shaped
bend 7c. The first and second straight portions 7a,7b are
parallel to each other, having both the same length. the
first and second straight portions 7a,7b of channel 7 ex-
tend along the longitudinal direction X, which is perpen-
dicular to the longitudinal extension of the header Z and
to the process airflow, but parallel to the horizontal plane.
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Channels 7 are divided in channels layers 8, each of
which includes a tube defining upper and lower surface
9a,9b (see fig. 6) within which the channels 7 are realized.
A plurality of channels layers 8 connects the inlet 5 to the
outlet header 6, each layer being realized by a different
tube. Channels layers are connected to headers 5,6 via
connecting pipes 19 as described in the fifth embodiment.
Channels layers are stacked one on the other along the
Z direction forming a plane (Z,X) defined by the longitu-
dinal extension X of the channels 7 and the direction of
stacking Z. This plane is perpendicular to the horizontal
plane and to direction of flow Y of process air as clear
from figs. 7a, 7b. In addition, each channels layer has a
width direction Y perpendicular to the longitudinal exten-
sion X of the channels 7. As in the first and in the second
embodiments, the module 10 is mounted so that the
channels layers 8 form parallel planes (preferably parallel
to the horizontal plane) between which the process air
flows.

[0100] Therefrigerantenters theinletheader 5 of mod-
ule 10 via inlet aperture 5in along a flow direction parallel
to the longitudinal extension Z of header 5 and branches
off into the various layers 8 via apertures 80. In each
channel 7, in the first straight portion 7a, the refrigerant
flows along the longitudinal extension X of the channel
and it then bends along the U-shaped bends. The direc-
tion of the flow is then reversed along the same axis X.
The channels layers 8 are "parallel" to each other ac-
cording to the refrigerant flow direction. In the various
channels 7, the flow direction of the refrigerant is sub-
stantially parallel to the flow direction of the refrigerantin
the other channels. The refrigerant then exits the module
via outlet aperture 6out of outlet header 6.

[0101] The flow of refrigerant in the headers is perpen-
dicular to the process air flow and it undergoes a 180°
turn of direction. In addition, the flow of the refrigerantin
the inlet header is parallel to the flow of the refrigerantin
the outlet header, but with opposite direction.

[0102] According to a seventh embodiment of the in-
vention depicted in figs. 13a, 13b 13c and 13d, the mod-
ule 10 has substantially the same configuration of the
module of the first or the second embodiment, with the
following differences. As mentioned, channels layer 8 de-
fines a plane formed by the longitudinal direction of chan-
nel X and the width direction of the layer. In the first and
second embodiment, said plane is parallel to the longi-
tudinal direction Z of headers 5,6 and it is parallel to the
horizontal plane (X,Y). In the seventh embodiment, such
a plane forms an angle with the horizontal plane, and
correspondingly with the longitudinal extension of the
headers. Preferably said angle is comprised between 3°
and 20°. Preferably, the module of the seventh embodi-
ment is part of an evaporator 32.

[0103] Alternatively, the angle above mentioned be-
tween the horizontal plane and the layer plane can be
formed according to the eighth embodiment of module
10 depicted in figs. 14 and 15a-15c. In this embodiment,
the module 10 is realized in an identical manner as the
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module of the first or the second embodiment, however
the headers 5,6 are mounted forming an angle with the
vertical direction. The angle is chosen so that the angle
formed by the channels layer plane and horizontal plane
is comprised between 3° and 20°. According to a ninth
embodiment of the invention depicted in fig. 19, the mod-
ule 10 has a configuration similar to that outlined with
reference to the first and second embodiment, with the
exception of the configuration of channels 7. Each chan-
nel 7 includes an arch portion 7d which connects the inlet
to the outlet header. Consequently, also the channels
layers 8 include a tube which has an arched top view. An
extension direction X is still defined, which is the line con-
necting the two headers, and the channels layer planes
are still parallel to horizontal plane.

[0104] Itis to be understood that also different combi-
nations of the characteristics of the modules 10 of the
various embodiments above outlined are possible. For
example, any of the module 10 of embodiments first-ninth
may include a connecting pipe 19 connecting the headers
5,6 to the channels layers 8; any channel 7 of embodi-
ments first-ninth may include two rectilinear portions con-
nected by a U-shaped bend, or a curved arch, and so
on; any module may include a channels layers plane
which is tilted or parallel with respect to the horizontal
plane.

[0105] The evaporator 32 and/or the condenser 31
may include one or more of modules 10, in case more
than one moduleisincluded, the modules can be identical
or different.

[0106] The connection between modules can be made
according to the invention as follows. The description is
made with reference to the module 10 realized according
to the first and/or the second embodiment, however the
same teaching applies to the connection between any
two modules of any of the afore mentioned embodiments
using modifications which are within the skills of the ex-
pert in the technical field.

[0107] With now reference to figs. 16a and 16b, a first
and a second module 10, 10’ are connected to each oth-
er. The two modules are stacked in the same vertical
direction Z as the layers, i.e. the inlet and outlet headers
of first and second module are mounted one on top of
the other and the channels layers 8, 8’ of the first and the
second module 10, 10’ are all stacked one on top of the
other. The flow of refrigerant enters atthe same time both
first and second inlet headers 5,5of the first and the sec-
ond module 10,10’ for example via a piping located be-
tween the inlet header 5 of the first module 10 and the
inlet header 5’ of the second module 10’. The refrigerant
flows then within the channels layers 8,8’ reaching the
corresponding outlet headers 6,6’. The flows of refriger-
ant exiting the two outlet headers 6,6’ is then merged.
The flows in the first and second inlet header 5,5’ and in
the first and second outlet header 6,6’ are parallel to each
other but have opposite directions. In this configuration,
the channels layers 8,8’ of the first and second module
10,10’ are parallel with respect to the refrigerant flow,
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and the first and the second module are also parallel with
respect to the process air flow.

[0108] Referring to figs. 17a and 17b, afirst and a sec-
ond module 10, 10’ are connected to each other. The two
modules are realized parallel one to the other and one
in front of the other in the direction of flow of the process
air, both substantially perpendicular to the horizontal
plane. Both modules have channels layers 8,8’ which are
parallel to the horizontal plane. The refrigerant flow en-
ters the inlet header 5 of the first module 10, it divides
within the plurality of channels 7 and the various streams
merges in the outlet header 6. The refrigerant exits the
first module 10 via the outlet header 6, thus entering the
inlet header 5’ of the second module 10'. In the second
module 10’, again the refrigerant flow travels through the
plurality of channels 7’ and exits the second module via
the outlet header 6’ of the second module. In this case,
therefore, the modules 10,10’ are in series with respect
to the process air flow and in series with respect to the
refrigerant flow.

[0109] Alternatively, as depicted in figs. 18a and 18b,
a first and a second module 10, 10’ are connected to
each other. The two modules are realized parallel one to
the other and one in front of the other in the direction of
flow of the process air and substantially perpendicular to
the horizontal plane. Both modules have channels layers
8,8’ which are parallel to the horizontal plane and to the
process air flow. The flow of refrigerantenters atthe same
time both first and second inlet headers 5,5’of the first
and the second module 10,10’ for example via a piping
located above the inlet header 5 of the first module 10
and the inlet header 5’ of the second module 10’. The
refrigerant flows then at the same time within the chan-
nels layers 8,8’ reaching the corresponding outlet head-
ers 6,6’. The flows of refrigerant exiting the two outlet
headers 6,6 are then merged. The flows in the first and
second inlet headers 5,5’ and in the first and second out-
let header 6,6’ are parallel to each other and have the
same direction. In this configuration, the channels layers
8,8’ within the first and within the second module 10,10’
are parallel with respect to the refrigerant flow, and the
channels layers 8,8’ of the first and of the second module
10,10’ are in series with respect to the process air flow.
[0110] According to a different aspect of the invention,
the dryer 1 includes a cleaning system 50 in correspond-
ence of the heat exchanger module 10, as schematically
shown in fig. 20.

[0111] In front of the surface defined by the stack di-
rection and the longitudinal direction of the channels, a
plurality of nozzles 51 is disposed. As depicted, the noz-
zles are also disposed along a vertical direction parallel
to the stack direction of the channels layers 8. Alterna-
tively, horizontal rows of nozzles 51 can be realized, in
front of the channels 7. Preferably, nozzles can spry air
and/or water on the modules, more preferably the spray-
ing direction is in counter flow to the process air flow.
[0112] Such a plurality of nozzles 51 can be located in
front of all modules 10, or only in front of some of them.
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[0113] Additionally, the cleaning system 50 may in-
clude a filtering mesh 52 to filter the lint flowing in the air
conduit 11. Nozzles are located in conduit 11. Also the
filtering mesh 52 can be sprayed by the nozzle to remove
the lint.

[0114] Preferably, the geometrical shape of nozzles 51
is such that it offers the minimum possible resistance to
the process air flow.

Claims
1. Alaundry dryer (1) comprising:

* a casing (2) supporting a drying chamber (3)
for receiving a load to be dried and having a
basement (24);

* A process air conduit (11) in communication
with the drying chamber (3) where an air process
stream is apt to flow;

* A heat pump (30) having a heat pump circuit
in which a refrigerant (R) can flow, said heat
pump circuitincluding a firstheat exchanger (31)
where the refrigerant is cooled off and the proc-
ess 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 proc-
ess air stream;

Characterized in that said first and/or second
heatexchanger (31;32) further comprises a heat
exchangermodule (10; 10’), said module includ-
ing

* An inlet header (5;5’) to direct a flow of said
refrigerant into said module;

« an outer header (6;6’) to discharge said refrig-
erant from said module; and

« a plurality of channels (7;7’) extending along a
longitudinal direction (X) connecting said inlet
(5;5’) to said outlet header (6;6’) to enable said
refrigerant(R) to flow from said inletto said outlet
header and/or vice versa; said plurality of chan-
nels (7;7°) being at least in part subject to the
flow of said air process stream.

2. The laundry dryer (1) according to claim 1, wherein
said channels (7;7’) of the plurality are substantially
parallel one to the others.

3. The laundry dryer (1) according to any of the pre-
ceding claims, wherein said inlet (5;5’) and said out-
letheader (6,6’) are substantially parallel to each oth-
er.

4. The laundry dryer (1) according to any of the pre-
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ceding claims, wherein said channels (7;7’) have a
hydraulic diameter smaller or equal than 5 mm.

The laundry dryer (1) according to any of the pre-
ceding claims, wherein said module (10;10’) in-
cludes a plurality of adjacent channels forming a
channels layer (8;8’).

The laundry dryer (1) according to claim 5, wherein
said module (10;10’) includes a plurality of layers (8;
8’), said channels layers (8,8’) being stacked in a
stackwise direction one on top of the other(s).

The laundry dryer (1) according to claim 5 or 6,
wherein , said channels layers (8;8’) are substantial-
ly parallel one to the others.

The laundry dryer (1) according to claim 7, wherein
each channels layer (8,8’) defines a plane by said
longitudinal direction and by a width direction, said
plane being substantially parallel to the a horizontal
plane (X,Y).

The laundry dryer (1) according to claim 7, wherein
each channels layer (8,8’) defines a plane by said
longitudinal direction and by a width direction, said
plane forming an angle (a) comprised between 3°
and 20° with a horizontal plane (X,Y)..

The laundry dryer (1) according to claim 9, wherein
said module (10;10’) is part of an evaporator (32).

The laundry dryer (1) according to any of claims 5-9,
wherein said module (10;10’) includes a plurality of
channels layers (8;8’), said channels layers being in
parallel with respect to the refrigerant flow direction
(Y).

The laundry dryer (1) according to any of claims 5-9,
wherein said module (10;10’) includes a plurality of
channels layers (8;8’), said layers being in series with
respect to the refrigerant flow direction (Y).

The laundry dryer (1) according to any of the pre-
ceding claims, including a fist and a second module
(10;10’), the first and second module being connect-
ed in parallel with respect to the process air flow.

The laundry dryer (1) according to any of the pre-
ceding claims, including a fist and a second module
(10;10’), the first and second module being connect-
ed in series with respect to the process air flow.

The laundry dryer (1) according to any of the pre-
ceding claims, including a cleaning system (50) hav-
ing aplurality of nozzles (51) substantially facing said
channels (7;7’) for spraying water and/or air to said
channels (7;7).
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