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Description

[0001] The present invention refers to a laundry treat-
ing appliance, for example a laundry washing machine
(called also washing machine), a laundry washer-drier
(called also washer-drier), a tumble drier, having a heat
pump system.

[0002] Traditional laundry treating appliances, for ex-
ample washing machines, washer-driers, tumble driers,
typically comprise a cabinet containing a rotatable drum
wherein the laundry to be treated (i.e. washed and/or
dried) can be loaded.

[0003] An operating fluid (e.g., depending on the kind
of laundry treating appliance and on the treating process
to be applied, water, water mixed with a washing/rinsing
additive, air), is circulated through the drum by a circulat-
ing system (comprising, for example pumps, valves,
fans, etc., depending on the kind of fluid to be circulated).
[0004] Insome known laundry treating appliances, the
operating fluid is heated and/or cooled/dehumidified by a
heat pump system, typically comprising a compressor, an
expansion valve, two heat exchangers (one operating as
a condenser, and the other as an evaporator), and con-
duits fluidly connecting such elements in a closed circuit.
[0005] A heat pump system has an improved energy
efficiency with respect to traditional heating systems
using an electrical heater as heat source.

[0006] Somerefrigerantflowsthroughthe compressor,
the condenser, the expansion valve and the evaporator,
and through the conduits connecting these to one an-
other.

[0007] The refrigerant releases heat to the operating
fluid by means of the condenser, and extracts heat and
humidity from the operating fluid by means of the eva-
porator. The compressor converts electromechanical
power to thermal power by compressing the refrigerant
in the refrigerant circuit.

[0008] A known kind of heat exchangers, widely used
in heat pump systems of laundry treating appliances,
comprises a plurality of fins, typically made of aluminum
and having a rectangular plane, stacked in spaced and
parallel planes; the fins comprise a plurality of through-
holes wherein a plurality straight pipes, made of copper or
aluminum, parallel one another and perpendicular to the
fins, are fitted, with their lateral surface into close contact
with the border of the through-holes, so as to obtain an
effective heat-exchange.

[0009] The straight pipes are connected intwos, atone
end, by a curved pipe, to define as a whole a single duct
wherein the refrigerant flows; this single duct has an inlet
portion and an outlet portion protruding from the stack of
fins, and connectable to the rest of the heat pump system
circuit. During the functioning of the heat pump system,
the operating fluid flows through the gaps between the
fins, exchanging heat with the latter, and therefore with
the refrigerant flowing in the pipes, which are thermally
connected to the fins. Currently, the refrigerants mainly
used in heat pump systems of known laundry treating
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appliances are hydrofluorocarbon (HFC) refrigerants, in
particular the ones known as R134a and R407C. Unfor-
tunately, these refrigerants have a high Global Warming
Potential (GWP), so alternative refrigerants start to be
more and more used in different industries.

[0010] Possible alternative refrigerants used for repla-
cing hydrofluorocarbon (HFC) refrigerants in heat pump
systems of laundry treating appliances are hydrocarbons
refrigerants, such as propane (R290) and propylene
(R1270).

[0011] These alternative refrigerants have a negligible
impact on GWP and their thermo-physical properties
makes them very suitable for the typical working condi-
tions of heat pump systems of laundry treating appli-
ances, in particular tumble driers and washer-driers.
[0012] The downside of these alternative refrigerants
is that they are flammable, and therefore, for limiting
possible risks, regulations (e.g. the IEC 60335-2-11 stan-
dard) limit the amount of refrigerant that can be charged
in the heat pump system to 150 g (grams).

[0013] Inside the heat pump system, when the com-
pressor is switched ON, most of the refrigerant can be
found inside the condenser, since in this heat exchanger
the refrigerant is at high pressure and, for a portion
thereof, in liquid state, so with a very high density.
[0014] The evaporator, on the contrary, works at low
pressure, and the refrigerant contained therein is mainly
a liquid-vapour mixture and a superheated vapour, so its
density is quite low. It has been observed that limiting to
150 g the refrigerant charge could negatively affect the
performances of the heat pump system, in particular its
energy efficiency.

[0015] There is the need, therefore, to reduce the
volume of the components of the heat exchangers
wherein the refrigerant flows, so as to limit the refrigerant
charge required by the system. On the other hand, it's
important not reducing too much the external surface
area, so as to keep a good heat exchange performance.
[0016] In particular, in order to reduce the overall vo-
lume of the single duct of the heat exchanger wherein the
refrigerant flows, there could be the possibility to reduce
the number of stacked fins, and therefore the length of the
straight pipes composing the single duct; unfortunately,
reducing the number of fins reduces also the overall
thermal exchange surface of the heat exchanger, which
reduces the energy efficiency of the heat pump system.
[0017] EP 3 617 393 A1 discloses a laundry dryer
including 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
heated up, a second heat exchanger where the refriger-
antis cooled off, acompressor to pressurize and circulate
the refrigerant through the refrigerant circuit, and a pres-
sure-lowering device; the first and/or second heat ex-
changer are apt to perform heat exchange between the
refrigerant flowing in the refrigerant circuit and the pro-
cess air. The refrigerant is a flammable refrigerant. Each
of the first and second heat exchanger is a finned tube
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heat exchanger comprising a tube having multiple sec-
tions one above the other and a plurality of fins; it is
divided in three portions: a central portion wherein the
multiple sections of the tube are in contact with the
plurality of fins, and a firstand second end portions where
the tube is not in contact with the plurality of fins. The
value of the ratio between a thickness of the central
portion of the second heat exchanger and a thickness
of the central portion of the first heat exchanger is lower
than 1.

[0018] EP 3 066 406 A1 discloses a household appli-
ance, in particular a laundry treatment appliance, pro-
vided with a heat pump comprising a rotary compressor, a
condenser, a restrictor, and an evaporator, wherein the
condenser is of an expanded tube- and-fin type, with the
tubes having an outer diameter of less than 7 mm and
wherein theroller has a height-to-radius ratio of 1.4to 1.2.
[0019] DE 102015120487 discloses a heatexchanger,
in particular for a heat pump dryer, having at least one
tube bentin a meandering shape for the passage of a first
medium to be cooled or heated; between the tube there
are lamellar layers for the passage of a second medium to
be heated or cooled, wherein the layers are connected to
one another via layer connecting pieces; recesses are
provided, in which partial cross-sections of the respective
tube sections of the tube are accommodated.

[0020] The aim of the present invention is therefore
obtaining a laundry treating appliance using a heat pump
system having a reduced Global Warming Potential
(GWP) and an improved efficiency.

[0021] Within this aim, a further object of the invention
is obtaining a laundry treating appliance fulfilling the
safety regulations related to the refrigerants of the heat
pump systems, without reducing the overall energy effi-
ciency. Applicant has found that, by selecting, for specific
ranges of external diameters of the metallic pipes of a
finned heat exchanger which stacked fins have a plurality
of through-holes distributed to define a plurality of mu-
tually parallel rows of aligned through-holes which cen-
ters are aligned to each other along a respective straight
line, specific ranges for the distances of the straight lines
of adjoining rows, and corresponding specific ranges for
the distances between the centers of couples of adjoining
through-holes of a same row, it is possible to reduce the
overall internal volume of the single duct of the heat
exchanger wherein the refrigerant flows without reducing
the length of the single pipes composing such a single
duct nor the number of fins, and therefore without redu-
cing the overall thermal exchange surface.

[0022] This inventive solution allows using in the heat
pump system of a laundry appliance a flammable refrig-
erant, like for example propane (R290) or propylene
(R1270), which have a very low Global Warming Poten-
tial (GWP), but that needs to be used in small quantities,
and therefore requires a reduced volume of the single
duct of the heat exchanger wherein the refrigerant flows.
[0023] In particular, above aim is solved by a laundry
treating appliance comprising:
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- acabinet;

- adrum, rotatably housed within the cabinet, in which
laundry can be loaded;

- aheat pump system, using one or more flammable
refrigerants, configured for exchanging heat with an
operating fluid;

- a circulating system configured for circulating the
operating fluid through the drum;

wherein the heat pump system comprises a heat
exchanger comprising:

- a plurality of metallic pipes wherein the flam-
mable refrigerant flows, wherein the external
diameter of the metallic pipes is comprised be-
tween 6.5 and 8 mm;

- aplurality of fins, stacked spaced and parallel to
one another, each provided with a plurality of
through-holes, each through-hole housing one
of the metallic pipes,

the plurality of through-holes of the fins being dis-
tributed on the respective fin to define a plurality of
mutually parallel rows of aligned through-holes,
wherein the centers of the through-holes of each
row are aligned to each other along a respective
straight line,

wherein the metallic pipes comprise two or more
straight pipes, parallel one another and perpendicu-
lar to the fins, each one of the two or more straight
pipes being housed in one of the plurality of through-
holes of each stacked fin, the two or more straight
pipes being connected in twos, at one end, by a
curved pipe, to define as a whole a single duct
wherein the flammable refrigerant flows,

wherein

- the distance between the centers of two adjoin-
ing through-holes of a same row is comprised
between 16 and 26 mm, and the distance be-
tween the straight lines of two adjoining rows is
comprised between 24 and 50 mm,
or

- the distance between the centers of two adjoin-
ing through-holes of a same row is comprised
between 26 and 50 mm, and the distance be-
tween the straight lines of two adjoining rows is
comprised between 18 and 50 mm.

[0024] It is underlined that stating that two rows are
adjoining (or in other words contiguous, or neighboring,
or adjacent) means that there aren’t other rows posi-
tioned between suchtworows. Itis underlined that stating
that two through-holes are adjoining (or in other words
contiguous, or neighboring, or adjacent) means that
there aren’t other through-holes positioned between
such two through-holes.

[0025] Using the specific inventive ranges of distances
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between straight lines/through-holes, in combination
with the specificinventive ranges of the external diameter
of the metallic pipe, allows keeping reduced the internal
volume of heat exchanger wherein the flammable refrig-
erant flows, without significantly affecting the overall
dimensions of the stacked fins, and therefore without
significantly affecting the heat exchange performances.
[0026] In addition, the specific combinations of inven-
tive ranges allow allows obtaining a uniform heat distri-
bution along the fins, which avoids overheating of some
parts of the latter, and also improves the heat exchange.
[0027] In another advantageous embodiment, the dis-
tance between the centers of two adjoining through-holes
of a same row is comprised between 16 and 26 mm, and
the distance between the straight lines of two adjoining
rows is comprised between 26 and 40 mm.

[0028] In a further advantageous embodiment, the
distance between the centers of two adjoining through-
holes of asame row is comprised between 30 and 40 mm,
and the distance between the straight lines of two adjoin-
ing rows is comprised between 18 and 24 mm.

[0029] In a preferred embodiment, the distance be-
tween the straight lines of two adjoining rows is the same
for all the couples of adjoining rows.

[0030] Preferably, the distance between the centers of
two adjoining through-holes of a same row is the same for
all the couples of adjoining through-holes of a same row.
[0031] More preferably, the distance between the cen-
ters of two adjoining through-holes of a same row is the
same for all the rows.

[0032] In an advantageous embodiment, the single
duct comprises an inlet portion and an outlet portion
protruding both from a same terminal fin of the plurality
of stacked fins. Preferably, the flammable refrigerant is or
comprises a hydrocarbon, or is or comprises propane
(R290) or propylene (R1270) .

[0033] Preferably, the plurality of fins and/or the me-
tallic pipes are made of, or comprise, aluminum or alu-
minum alloy, or copper, or copper alloy.

[0034] In an advantageous embodiment, the stacked
fins comprise perimeter edges defining as a whole an
envelope surface comprising at least a plane portion, and
wherein the plurality of mutually parallel rows are per-
pendicular to the at least a plane portion.

[0035] Preferably, fins of the plurality of metallic fins
have a width comprised between 65 mm and 145 mm,
and a height comprised between 110 mm and 185 mm.
[0036] More preferably, fins of the plurality of metallic
fins have a width comprised between 95 mm and 125
mm, and a height comprised between 145 mm and 165
mm.

[0037] Preferably, the overall length of the stacked fins
is comprised between 330 mm and 370 mm.

[0038] More preferably, the overall length of the
stacked fins is comprised between 200 mm and 250 mm.
[0039] Advantageously, the laundry treating appliance
is atumble drier or a washer-drier, and the operating fluid
is air or, the laundry treating appliance is a laundry
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washing machine, and the operating fluid is water, or
water mixed with a washing/rinsing agent.
[0040] Other advantages and features of a laundry
treating appliance according to the present invention will
be clear from the following detailed description, provided
only as a not limitative example, in which:

Fig 1 is a schematic lateral cross section of a laundry
treating appliance, in particular a tumble drier, ac-
cording to the invention;

Fig. 2is a schematic plan view of a heat exchanger of
a laundry treating appliance according to the inven-
tion:

Fig. 3 is a schematic plan view of a fin of a heat
exchanger of a laundry treating appliance ac-
cording to the invention;

Fig. 4 is a lateral schematic view of the stacked
fins of a heat exchanger according to the inven-
tion;

Fig. 5 is a schematic plan view of a fin of a heat
exchanger of a laundry treating appliance ac-
cording to the invention.

[0041] Inthe figures, same parts are indicated with the
same reference numbers.

[0042] Advantageously, the laundry treating appliance
10 illustrated in figure 1 is a tumble drier of the "horizontal
axis type"; it is however clear that the invention can be
applied, without any substantial modification, also to
tumble driers of the vertical axis" type, and to washing
machines and washer driers, both of the "horizontal axis"
and of the "vertical axis" type.

[0043] The laundry treating appliance (being it a tum-
ble drier 10, or a washing machine or washer-drier, not
illustrated) comprises a cabinet 20, or housing, prefer-
ably parallelepiped, configured to be positioned on a
horizontal surface 2, for example the floor of a building,
preferably by suitable feet 21, one or more of which can
have, advantageously, an adjustable height, so as to
adapt to a possible not perfect planarity of the horizontal
surface 2.

[0044] Advantageously, in the frontal wall 20a of the
cabinet 20 an access opening, not illustrated, is prefer-
ably obtained, advantageously selectively closable by a
loading/unloading door 4, preferably hinged to the frontal
wall 20a.

[0045] The laundry treating appliance (being it a tum-
ble drier 10, or a washing machine or washer-drier)
comprises a drum 30 rotatably housed within the cabinet
20, in which the laundry, not illustrated, can be loaded.

[0046] If the laundry treating appliance is a washing
machine or a washer-drier, both not illustrated, the cabi-
net 20 also houses a washing tub, not illustrated, pre-
ferably suspended to the cabinet through springs and
dumpers, also not illustrated, in which the drum 30 is
rotatably contained.

[0047] The laundry treating appliance 10 comprises a
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circulating system 60 configured for circulating an oper-
ating fluid through the drum 3.

[0048] It is underlined that the circulating system 60
can define a closed circuit for the operating fluid (i.e. the
operating fluid remains within the closed circuit during the
laundry treating process, and the same fluid, opportunely
treated, passed repeatedly through the drum 30), oritcan
define an opened circuit for the operating fluid (i.e. the
operating fluid is loaded within the laundry treating ap-
pliance 10 at a certain point of the laundry treating pro-
cess, and itis drained from the laundry treating appliance
10 at another point of the laundry treating process).
[0049] In the advantageous embodiment in which the
laundry treating appliance 10 is a tumble drier, like the
advantageous example of figure 1, or a washer drier, not
illustrated, the operating fluid is or comprises air (repre-
sented by arrows 50), and the circulating system pre-
ferably comprises an air circuit 61 and one or more fans
62 configured for circulating such air 50 through the drum
3 and the air circuit 61.

[0050] Ifthelaundry treating appliance is a tumble drier
10, it can also advantageously comprise a lint filter 63,
arranged in the air circuit 61 for trapping lint or fluff
released from the laundry.

[0051] If the laundry treating appliance is a washing
machine or a washer drier, both not illustrated, the oper-
ating fluid is or comprises water, or water mixed with a
washing/rinsing additive, and the circulating system pre-
ferably comprises a water inlet circuit, not illustrated,
adapted to feed water into the tub, also not illustrated,
and a drain circuit, also not illustrated, adapted for drain-
ing washing/rinsing liquid from the machine.

[0052] The laundry treating appliance 10 advanta-
geously comprises a heat pump system 40, configured
for heating the operating fluid, for example, in case of a
tumble drier, the air 50. Advantageously, the heat pump
system 40 can also be configured for cooling and dehu-
midifying the operating fluid.

[0053] Preferably, the heat pump system 40 comprises
a compressor, not illustrated, an expansion valve, also
not illustrated, two heat exchangers 70a, 70b (one oper-
ating as a condenser, and the other as an evaporator),
and conduits, not illustrated, fluidly connecting such ele-
ments in a closed circuit.

[0054] A flammable refrigerant flows through the com-
pressor, the condenser 70a, the expansion valve and the
evaporator 70b, and through the conduits connecting
these to one another.

[0055] The flammable refrigerant releases heat to the
operating fluid by means of the condenser 70a and ex-
tracts heat and humidity from the operating fluid by
means of the evaporator 70b. The compressor converts
electromechanical power to thermal power by compres-
sing the flammable refrigerant in the refrigerant circuit.
[0056] The flammable refrigerant is or comprises a
hydrocarbon, preferably propane (R290) or propylene
(R1270). Advantageously, the heat exchangers, for ex-
ample the condenser 70a and/or the evaporator 70b,

10

15

20

25

30

35

40

45

50

55

comprise a plurality of metallic pipes 80 (called also
simply pipes) wherein the flammable refrigerant flows,
and a plurality of fins 90 (advantageously metallic),
stacked spaced and parallel to one another, each pro-
vided with a plurality of through-holes 100) wherein one of
the metallic pipes 80 is fitted. Advantageously, the
through-holes 100 of any fin 90 are respectively aligned
with the through-holes 100 of the rest of the stacked fins
90.

[0057] Advantageously, the perimeter edges 99 of the
stacked fins 90 define as a whole an envelope surface,
illustrated in figures 4 and 5 with a dotted line numbered
92, comprising at least a plane portion 93.

[0058] Preferably, the fins 90 have a rectangular or
square plan, in which case the envelope surface 92
comprises four plane portions, corresponding to the four
sides of the rectangle or square.

[0059] Preferably, the width "w" of the fins 90 is com-
prised between 65 mm and 145 mm, more preferably
between 95 mm and 125 mm. Preferably, the height "h" of
the fins 90 is comprised between 110 mm and 185 mm,
more preferably between 145 mm and 165 mm. Prefer-
ably, the overall length of the stacked fins 90 is comprised
between 330 mm and 370 mm, more preferably between
200 mm and 250 mm.

[0060] Advantageously, the fins 90 are made of, or
comprise, aluminum or aluminum alloy, or copper, or
copper alloy. Advantageously, the metallic pipes 80 are
made of, or comprise, aluminum or aluminum alloy, or
copper or copper alloy.

[0061] The metallic pipes 80 comprise two or more
straight pipes 81, parallel one another and perpendicular
tothefins 90, each straight pipe 81 being housedin one of
the through-holes 100 of each stacked fin 90.

[0062] Advantageously, the straight pipes 81 are fitted,
with their lateral surface into close contact with the border
of the respective through-holes 100, so as to obtain an
effective heat-exchange between them; this can be ob-
tained by radially expanding such straight pipes 81 by
suitable tools, not illustrated.

[0063] Thetwoormore straight pipes 81 are connected
in twos, at one end thereof, by a curved pipe 82, to define
as a whole a single duct 83 wherein the flammable
refrigerant flows.

[0064] Such a single duct 83 advantageously com-
prises an inlet portion 831 and an outlet portion 832,
configured for allowing the flammable refrigerant respec-
tively to enter/exit the single duct; advantageously, the
inlet portion 831 and the outlet portion 832 are fluidly
connected or connectable to the other elements of the
heat pump system 40, so as to allow circulation of the
flammable refrigerant through the respective heat ex-
changer 70a or 70b.

[0065] Advantageously, like in the examples of at-
tached figures, the inlet portion 831 and an outlet portion
832 protrude both from a same terminal fin 91 of the
plurality of stacked fins 90, which simplifies the connec-
tion of the single duct 83 to the other conduits of the heat
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pump system 40.

[0066] According to the invention, the through-holes
100 are distributed on the respective fins 90 to define a
plurality of mutually parallel rows 150 of aligned through-
holes 100, wherein the centers Ce of the through-holes
100 of each row 150 are aligned to each other along a
straight line 110.

[0067] In an alternative embodiment, not covered by
the subject-matter of the claims, if the external diameter
de of the metallic pipes 80 is comprised between 3 and
6.5 mm, then:

- the distance Tp between the centers Ce of two
adjoining through-holes 100 of a same row 150 is
comprised between 14 and 22 mm, and the distance
Rp between the straight lines 110 of two adjoining
rows 150 is comprised between 18 and 50 mm, or

- the distance Tp between the centers Ce of two
adjoining through-holes 100 of a same row 150 is
comprised between 22 and 50 mm, and the distance
Rp between the straight lines 110 of two adjoining
rows 150 is comprised between 15 and 50 mm.
According to the invention, the external diameter
de of the metallic pipes 80 is comprised between
6.5 and 8 mm, wherein:

- the distance Tp between the centers Ce of two
adjoining through-holes 100 of a same row 150 is
comprised between 16 and 26 mm, and the distance
Rp between the straight lines 110 of two adjoining
rows 150 is comprised between 24 and 50 mm, or

- the distance Tp between the centers Ce of two
adjoining through-holes 100 of a same row 150 is
comprised between 26 and 50 mm, and the distance
Rp between the straight lines 110 of two adjoining
rows 150 is comprised between 18 and 50 mm.

[0068] Alternatively, not covered by the subject-matter
of the claims, if the external diameter de of the metallic
pipes 80 is comprised between 3 and 6.5 mm, the dis-
tance Tp between the centers Ce of two adjoining
through-holes 100 of a same row 150 is comprised
between 14 and 22 mm, and the distance Rp between
the straight lines 110 of two adjoining rows 150 is com-
prised between 20 and 35 mm.

[0069] Alternatively, not covered by the subject-matter
of the claims, if the external diameter de of the metallic
pipes 80 is comprised between 3 and 6.5 mm,

the distance Tp between the centers Ce of two adjoining
through-holes 100 of a same row 150 is comprised
between 22 and 35 mm, and the distance Rp between
the straight lines 110 of two adjoining rows 150 is com-
prised between 15 and 18 mm.

[0070] Inanadvantageous embodiment, if the external
diameter de of the metallic pipes 80 is comprised be-
tween 6.5 and 8 mm,

the distance Tp between the centers Ce of two adjoining
through-holes 100 of a same row 150 is comprised
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between 16 and 26 mm, and the distance Rp between
the straight lines 110 of two adjoining rows 150 is com-
prised between 26 and 40 mm.

[0071] In another advantageous embodiment, if the
external diameter de of the metallic pipes 80 is comprised
between 6.5 and 8 mm, the distance Tp between the
centers Ce of two adjoining through-holes 100 of a same
row 150 is comprised between 30 and 40 mm, and the
distance Rp between the straight lines 110 of two adjoin-
ing rows 150 is comprised between 18 and 24 mm. In a
preferred embodiment, the distance Rp between the
straight lines 110 of two adjoining rows 150 is the same
for all the couples of adjoining rows 150.

[0072] Inafurther preferred embodiment, the distance
Tp between the centers Ce of two adjoining through-
holes 100 of a same row 150 is the same for all the
couples of adjoining through-holes 100 of a same row
150; more preferably, the distance Tp between the cen-
ters Ce of two adjoining through-holes 100 of a same row
150 is the same for all the rows 150.

[0073] In advantageous embodiments, like for exam-
ple the ones illustrated in attached figures, in which the
fins 90 have a rectangular or square plan, and the envel-
ope surface 92 comprises four plane portions corre-
sponding to the four sides of the rectangle or square,
the straight lines 110 are parallel to two sides of such
rectangle or square.

[0074] Itis seen therefore how the invention achieves
the proposed aim and objects, since it allows obtaining an
evaporator for the heat pump system of a laundry treating
appliance having a relatively small volume of the single
duct wherein the refrigerant flows, and a high overall
thermal exchange surface; this evaporator allows using
in the heat pump system a flammable refrigerant, like for
example propane (R290) or propylene (R1270), which
have a very low Global Warming Potential (GWP), ful-
filling the regulation requirements related to flammable
refrigerant charge, and keeping at the same time a high
energetic efficiency.

Claims
1. Alaundry treating appliance (10) comprising:

- a cabinet (20);

- a drum (30), rotatably housed within said ca-
binet (20), in which laundry can be loaded;

- a heat pump system (40), using one or more
flammable refrigerants, configured for exchan-
ging heat with an operating fluid (50);

- a circulating system (60) configured for circu-
lating said operating fluid (50) through said drum
(30);

wherein said heat pump system (40) comprises
a heat exchanger (70a, 70b) comprising:

- a plurality of metallic pipes (80) wherein
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said flammable refrigerant flows, wherein
the external diameter (de) of said metallic
pipes (80) is comprised between 6.5 and 8
mm;

- a plurality of fins (90), stacked, spaced and
parallel to one another, each provided witha
plurality of through-holes (100), each
through-hole (100) housing one of said me-
tallic pipes (80),

said plurality of through-holes (100) of said
fins (90) being distributed on the respective
fin (90) to define a plurality of mutually par-
allel rows (150) of aligned through-holes
(100), wherein the centers (Ce) of the
through-holes (100) of each row (150) are
aligned to each other along a respective
straight line (110),

wherein said metallic pipes (80) comprise
two or more straight pipes (81), parallel one
another and perpendicular to said fins (90),
each one of said two or more straight pipes
(81) being housed in one of said plurality of
through-holes (100) of each stacked fin
(90), said two or more straight pipes (81)
being connected in twos, at one end, by a
curved pipe (82), to define as a whole a
single duct (83) wherein said flammable
refrigerant flows,

characterized in that

-the distance (Tp) between the centers (Ce)
of two adjoining through-holes (100) of a
same row (150) is comprised between 16
and 26 mm, and the distance (Rp) between
the straightlines (110) of two adjoining rows
(150) is comprised between 24 and 50 mm,
or

-the distance (Tp) between the centers (Ce)
of two adjoining through-holes (100) of a
same row (150) is comprised between 26
and 50 mm, and the distance (Rp) between
the straight lines (110) of two adjoining rows
(150) is comprised between 18 and 50 mm.

A laundry treating appliance (10), according to claim
1,

wherein said distance (Tp) between the centers (Ce)
of two adjoining through-holes (100) of a same row
(150) is comprised between 16 and 26 mm, and said
distance (Rp) between the straight lines (110) of two
adjoining rows (150) is comprised between 26 and
40 mm.

Alaundry treating appliance (10), according to claim
1,

wherein said distance (Tp) between the centers (Ce)
of two adjoining through-holes (100) of a same row
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12.

(150) is comprised between 30 and 40 mm, and said
distance (Rp) between the straight lines (110) of two
adjoining rows (150) is comprised between 18 and
24 mm.

Alaundry treating appliance (10) according to one or
more of the previous claims, wherein said distance
(Rp) between the straight lines (110) of two adjoining
rows (150) is the same for all the couples of adjoining
rows (150).

Alaundry treating appliance (10) according to one or
more of the previous claims, wherein said distance
(Tp) between the centers (Ce) of two adjoining
through-holes (100) of a same row (150) is the same
for all the couples of adjoining through-holes (100) of
a same row (150).

A laundry treating appliance (10) according to claim
5, wherein said distance (Tp) between the centers
(Ce) of two adjoining through-holes (100) of a same
row (150) is the same for all said rows (150).

A laundry treating appliance (10) according to one or
more of the previous claims, wherein said single duct
(83) comprises an inlet portion (831) and an outlet
portion (832) protruding both from a same terminal
fin (91) of said plurality of stacked fins (90).

Alaundry treating appliance (10) according to one or
more of the previous claims, wherein said flammable
refrigerant is or comprises a hydrocarbon, or is or
comprises propane (R290) or propylene (R1270).

Alaundry treating appliance (10) according to one or
more of the previous claims, wherein said plurality of
fins (90) and/or said metallic pipes (80) are made of,
or comprise, aluminum or aluminum alloy, or copper,
or copper alloy.

Alaundry treating appliance (10) according to one or
more of the previous claims, wherein said stacked
fins (90) comprise perimeter edges (99) definingas a
whole an envelope surface (92) comprising atleasta
plane portion (93), and wherein said plurality of
mutually parallel rows (150) are perpendicular to
said at least a plane portion (93).

A laundry treating appliance (10) according to one or
more of the previous claims, wherein fins of said
plurality of metallic fins (90) have a width (w) com-
prised between 65 mm and 145 mm, preferably
between 95 mm and 125 mm, and a height (h)
comprised between 110 mm and 185 mm, preferably
between 145 mm and 165 mm.

Alaundry treating appliance (10) according to one or
more of the previous claims, wherein the overall
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length (L) of said stacked fins (90) is comprised
between 330 mm and 370 mm, preferably between
200 mm and 250 mm.

Alaundry treating appliance (10) according to one or
more of the previous claims, wherein said laundry
treating appliance (10) is a tumble drier (11) or a
washer-drier, and wherein said operating fluid (50) is
air or, wherein said laundry treating appliance (10) is
a laundry washing machine, and said operating fluid
(50) is water, or water mixed with a washing/rinsing
agent.

Patentanspriiche

1.

Waschebehandlungsgerat (10), das Folgendes um-
fasst:

- ein Gehause (20);

- eine innerhalb des Gehauses (20) drehbar
aufgenommene Trommel (30), die mit Wasche
beladen werden kann;

- ein Warmepumpensystem (40), das ein oder
mehrere zum Austauschen von Warme mit ei-
nem Betriebsfluid (50) vorgesehene brennbare
Kaltemittel nutzt;

- ein Umwalzsystem (60), das zum Umwalzen
des Betriebsfluids (50) durch die Trommel (30)
vorgesehen ist;

wobei das Warmepumpensystem (40) einen
Warmeaustauscher (70a, 70b) umfasst, der Fol-
gendes umfasst:

- mehrere Metallrohre (80), in denen das
brennbare Kaltemittel flie3t, wobei der Au-
Rendurchmesser (de) der Metallrohre (80)
zwischen 6,5 und 8 mm betragt;

- mehrere Ubereinander angeordnete, zu-
einander beabstandete und zueinander pa-
rallele Rippen (90), die je mit mehreren
Durchgangsléchern (100) versehen sind,

wobei in jedem Durchgangsloch (100) eines der
Metallrohre (80) aufgenommen ist,

wobei die mehreren Durchgangslécher (100)
der Rippen (90) auf der jeweiligen Rippe (90)
verteilt sind, um mehrere zueinander parallele
Reihen (150) ausgerichteter Durchgangslocher
(100) zu definieren, wobei die Mittelpunkte (Ce)
der Durchgangslocher (100) jeder Reihe (150)
entlang einer jeweiligen geraden Linie (110) an-
einander ausgerichtet sind,

wobei die Metallrohre (80) zwei oder mehrere
gerade, zueinander parallele und zu den Rippen
(90) senkrechte Rohre (81) umfassen, wobei
jedes der zwei oder mehreren geraden Rohre
(81) in einem der mehreren Durchgangslécher
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(100) jeder Ubereinander angeordneten Rippe
(90) aufgenommen ist, wobei die zwei oder
mehreren geraden Rohre (81) an einem Ende
durch ein gekrimmtes Rohr (82) in Paaren ver-
bunden sind, um im Ganzen einen Einzelkanal
(83), in dem das brennbare Kaltemittel flie3t, zu
definieren,

dadurch gekennzeichnet, dass

- die Entfernung (Tp) zwischen den Mittelpunk-
ten (Ce) zweier angrenzender Durchgangsl6-
cher (100) derselben Reihe (150) zwischen 16
und 26 mm betragt und die Entfernung (Rp)
zwischen den geraden Linien (110) zweier an-
grenzender Reihen (150) zwischen 24 und 50
mm betragt oder

- die Entfernung (Tp) zwischen den Mittelpunk-
ten (Ce) zweier angrenzender Durchgangslo-
cher (100) derselben Reihe (150) zwischen 26
und 50 mm betragt und die Entfernung (Rp)
zwischen den geraden Linien (110) zweier an-
grenzender Reihen (150) zwischen 18 und 50
mm betragt.

Waschebehandlungsgerat (10) nach Anspruch 1,
wobei die Entfernung (Tp) zwischen den Mittelpunk-
ten (Ce) zweier angrenzender Durchgangslocher
(100) derselben Reihe (150) zwischen 16 und 26
mm betragt und die Entfernung (Rp) zwischen den
geraden Linien (110) zweier angrenzender Reihen
(150) zwischen 26 und 40 mm betragt.

Waschebehandlungsgerat (10) nach Anspruch 1,
wobei die Entfernung (Tp) zwischen den Mittelpunk-
ten (Ce) zweier angrenzender Durchgangsldcher
(100) derselben Reihe (150) zwischen 30 und 40
mm betragt und die Entfernung (Rp) zwischen den
geraden Linien (110) zweier angrenzender Reihen
(150) zwischen 18 und 24 mm betragt.

Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriiche, wobei
die Entfernung (Rp) zwischen den geraden Linien
(110) zweiter angrenzender Reihen (150) bei allen
Paaren angrenzender Reihen (150) gleich ist.

Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriiche, wobei
die Entfernung (Tp) zwischen den Mittelpunkten
(Ce) zweier angrenzender Durchgangslécher
(100) derselben Reihe (150) bei allen Paaren an-
grenzender Durchgangsldcher (100) derselben Rei-
he (150) gleich ist.

Waschebehandlungsgerat (10) nach Anspruch 5,
wobei die Entfernung (Tp) zwischen den Mittelpunk-
ten (Ce) zweier angrenzender Durchgangslocher
(100) derselben Reihe (150) bei allen Reihen
(150) gleich ist.
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Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriche, wobei
der Einzelkanal (83) einen Einlassabschnitt (831)
und einen Auslassabschnitt (832), die beide von
derselben Abschlussrippe (91) der mehreren uber-
einander angeordneten Rippen (90) vorstehen, um-
fasst.

Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriiche, wobei
das brennbare Kaéltemittel ein Kohlenwasserstoff
ist oder einen Kohlenwasserstoff umfasst oder Pro-
pan (R290) oder Propylen (R1270) ist oder umfasst.

Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriiche, wobei
die mehreren Rippen (90) und/oder die Metallrohre
(80) aus Aluminium oder einer Aluminiumlegierung
oder Kupfer oder einer Kupferlegierung hergestellt
sind oder Aluminium oder eine Aluminiumlegierung
oder Kupfer oder eine Kupferlegierung umfassen.

Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriiche, wobei
die Ubereinander angeordneten Rippen (99) Um-
fangskanten (90) umfassen, die im Ganzen eine
Hillflache (92), die mindestens einen Ebenenab-
schnitt (93) umfasst, definieren, und wobei die meh-
reren zueinander parallelen Reihen (150) senkrecht
zu dem mindestens einen Ebenenabschnitt (93)
sind.

Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriiche, wobei
die Rippen der mehreren Metallrippen (90) eine
Breite (w), die zwischen 65 mm und 145 mm, vor-
zugsweise zwischen 95 mm und 125 mm, betragt,
und eine Hohe (h), die zwischen 110 mm und 185
mm, vorzugsweise zwischen 145 mm und 165 mm
betragt, aufweisen.

Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriiche, wobei
die Gesamtlange (L) der Ubereinander angeordne-
ten Rippen (90) zwischen 330 mm und 370 mm,
vorzugsweise zwischen 200 mm und 250 mm,
betragt.

Waschebehandlungsgerat (10) nach einem oder
mehreren der vorhergehenden Anspriiche, wobei
das Waschebehandlungsgerat (10) ein Wasche-
trockner (11) oder ein Waschautomat mit Trockner
ist und wobei das Betriebsfluid (50) Luft ist oder
wobei das Waschebehandlungsgerat (10) eine Wa-
schewaschmaschine ist und das Betriebsfluid (50)
Wasser oder mit einem Wasch-/Spulmittel gemisch-
tes Wasser ist.
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Revendications

1.

Appareil de traitement du linge (10) comprenant :

- un caisson (20) ;

- un tambour (30), logé de maniére rotative a
l'intérieur dudit caisson (20), dans lequel du
linge peut étre chargé ;

- un systeme de pompe a chaleur (40), utilisant
un ou plusieurs réfrigérants inflammables,
congu pour échanger de la chaleur avec un
fluide de travail (50) ;

- un systéme de circulation (60) congu pour faire
circuler ledit fluide de travail (50) a travers ledit
tambour (30) ;

ledit systéeme de pompe a chaleur (40) compre-
nant un échangeur de chaleur (70a, 70b)
comprenant :

- une pluralité de tuyaux métalliques (80)
dans lesquels ledit réfrigérant inflammable
s’écoule, le diamétre extérieur (de) desdits
tuyaux métalliques (80) étant compris entre
6,5et8 mm;

- une pluralité d’ailettes (90), empilées, es-
paceées et paralléles les unes aux autres,
chacune pourvue d’une pluralité de trous
traversants (100), chaque trou traversant
(100) logeant I'un des tuyaux métalliques
(80),

ladite pluralité de trous traversants (100) des-
dites ailettes (90) étant répartie sur l'ailette (90)
respective pour définir une pluralité de rangées
(150) mutuellement paralléles de trous traver-
sants (100) alignés, les centres (Ce) des trous
traversants (100) de chaque rangée (150) étant
alignés les uns par rapport aux autres le long
d’une ligne droite (110) respective,

lesdits tuyaux métalliques (80) comprenant au
moins deux tuyaux droits (81), paralléles les uns
aux autres et perpendiculaires auxdites ailettes
(90), chacun desdits au moins deux tuyaux
droits (81) étant logé dans I'un de ladite pluralité
de trous traversants (100) de chaque ailette (90)
empilée, lesdits au moins deux tuyaux droits
(81) étant reliés par deux, au niveau d’'une ex-
trémité, par un tuyau incurvé (82), pour définir
dans son ensemble un conduit unique (83) dans
lequel ledit réfrigérant inflammable s’écoule,
caractérisé en ce que

- la distance (Tp) entre les centres (Ce) de
deux trous traversants (100) adjacents
d’'une méme rangée (150) est comprise
entre 16 et 26 mm, et la distance (Rp) entre
les lignes droites (110) de deux rangées
(150) adjacentes est comprise entre 24 et
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50 mm,

ou

- la distance (Tp) entre les centres (Ce) de
deux trous traversants (100) adjacents
d'une méme rangée (150) est comprise
entre 26 et 50 mm, et la distance (Rp) entre
les lignes droites (110) de deux rangées
(150) adjacentes est comprise entre 18 et
50 mm.

Appareil de traitement du linge (10), selon la reven-
dication 1, ladite distance (Tp) entre les centres (Ce)
de deux trous traversants (100) adjacents d'une
méme rangée (150) étant comprise entre 16 et 26
mm, et ladite distance (Rp) entre les lignes droites
(110) de deux rangées (150) adjacentes étant
comprise entre 26 et 40 mm.

Appareil de traitement du linge (10), selon la reven-
dication 1, ladite distance (Tp) entre les centres (Ce)
de deux trous traversants (100) adjacents d'une
méme rangée (150) étant comprise entre 30 et 40
mm, et ladite distance (Rp) entre les lignes droites
(110) de deux rangées (150) adjacentes étant
comprise entre 18 et 24 mm.

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, ladite
distance (Rp) entre les lignes droites (110) de deux
rangées (150) adjacentes étant la méme pour tous
les couples de rangées (150) adjacentes.

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, ladite
distance (Tp) entre les centres (Ce) de deux trous
traversants (100) adjacents d’'une méme rangée
(150) étant la méme pour tous les couples de trous
traversants (100) adjacents d’'une méme rangée
(150).

Appareil de traitement du linge (10) selon la reven-
dication 5, ladite distance (Tp) entre les centres (Ce)
de deux trous traversants (100) adjacents d'une
méme rangée (150) étant la méme pour toutes les-
dites rangées (150).

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, ledit
conduit unique (83) comprenant une partie d’entrée
(831) etune partie de sortie (832) faisant saillie d’'une
méme ailette terminale (91) de ladite pluralité d’ai-
lettes (90) empilées.

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, ledit ré-
frigérantinflammable étant ou comprenantun hydro-
carbure ou étant ou comprenant du propane (R290)
ou du propyléne (R1270).
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13.

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, ladite
pluralité d’ailettes (90) et/ou lesdits tuyaux métalli-
ques (80) étant constitués de, ou comprenant, de
I'aluminium ou un alliage d’aluminium, ou du cuivre,
ou un alliage de cuivre.

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, lesdites
ailettes (90) empilées comprenant des bords péri-
métriques (99) définissant dans leur ensemble une
surface d’enveloppe (92) comprenant au moins une
partie plane (93), et ladite pluralité de rangées (150)
mutuellement paralléles étant perpendiculaires a
ladite au moins une partie plane (93).

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, les ailet-
tes de ladite pluralité dailettes (90) métalliques
ayant une largeur (w) comprise entre 65 mm et
145 mm, de préférence entre 95 mm et 125 mm,
et une hauteur (h) comprise entre 110 mm et 185
mm, de préférence entre 145 mm et 165 mm.

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, la lon-
gueur totale (L) desdites ailettes (90) empilées étant
comprise entre 330 mm et 370 mm, de préférence
entre 200 mm et 250 mm.

Appareil de traitement du linge (10) selon une ou
plusieurs des revendications précédentes, ledit ap-
pareil de traitement du linge (10) étant un séche-
linge (11) ou un lave-linge séchant, et ledit fluide de
travail (50) étant de l'air ou ledit appareil de traite-
ment du linge (10) étant un lave-linge, et ledit fluide
de travail (50) étant de I'eau, ou de 'eau mélangée a
un agent de lavage/ringage.



EP 3 896 210 B1

|_m_ ..... _ !!m |||||
05 — | ] €9
_____ mHﬂHHVi!iiihmMHHVi!ii;ii-
| T~
0s AN

0¢ e0¢

0T

1"



de

EP 3 896 210 B1

(@]
(99)] o
o0 0
— o
™ N o0
0
\ N \
\1 ~ 3
& i o 4 ~
— .
\ o 20
L
™~
—
o
(0)]
W
A\ X \
+— N
[ N \
/’>

81

82

80

82




EP 3 896 210 B1

dy dy
R € 814
11 110 O
Q1oL O ©
IR o
©litol 9 o
BRANE ©
m_w___ ! O O 00T
i @& 0 O
||||||||||| NG O e
d1 ol 1o O ™— o0t
........... 910 o 0
di NORENe O
........... ljiel o o
——+& | | 1 O O
\é_:? o o
RCEENENG)
00T Ol il ol o%o
\__“___/ / 06
- _A, 0ST 00T

13



EP 3 896 210 B1

o
O
o
O
o
O
o
O

¥ 814

14



EP 3 896 210 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« EP 3617393 A1[0017]  DE 102015120487 [0019]
« EP 3066406 A1[0018]

15



	bibliography
	description
	claims
	drawings
	cited references

