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(67)  The present invention relates to a method for
assembling a laundry dryer (32) including a heat pump
system with a closed refrigerant circuit, said method com-
prises the steps of: providing components (12, 14, 16,
18) for the refrigerant circuit, wherein at least two com-
ponents (12, 14, 16, 18) are coupleable by interconnect-
ing a first end piece (26) and a second end piece (28) of
refrigerant pipes (22); enlarging the first end piece (26)
of the refrigerant pipe (22), so that the inner diameter of
the first end piece (26) is marginally bigger than the outer
diameter of the second end piece (28); deforming the
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enlarged portion of the first end piece (26) from the outer
side, so that the second end piece (28) is coaxially in-
sertable into the first end piece (28); inserting the second
end piece (28) into the first end piece (28); and welding
together the first end piece (26) and the second end piece
(28). Further, the present invention relates to a laundry
dryer (32) including a heat pump system with a closed
refrigerant circuit. Moreover, the present invention re-
lates to a heat pump system with a closed refrigerant
circuit for a laundry dryer (32).
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Description

[0001] The present invention relates to a method for
assembling alaundry dryerincluding a heat pump system
with a closed refrigerant circuit. Further, the present in-
vention relates to a laundry dryer including a heat pump
system with a closed refrigerant circuit. Moreover, the
present invention relates to a heat pump system with a
closed refrigerant circuit for a laundry dryer.

[0002] Some laundry dryers comprise a heat pump
system in order to dry wet clothes. The heat pump system
allows that heat energy can be moved from one environ-
ment to another, and in either direction. This allows the
heat pump system to bring heat into an occupied space,
or to take it out of said space. The heat pump system
uses an intermediate fluid called refrigerant. Said refrig-
erant absorbs heat as it vaporizes and releases the heat
as itis condensed. In the laundry dryer the moist air com-
ing from the laundry drum passes through the heat ex-
changers, namely a condenser and an evaporator, and
releases the moisture accumulated, wherein the mois-
ture condenses.

[0003] The heatexchangers are composed of very thin
metal plates, in particular aluminium plates. Usually, said
aluminium plates are arranged in parallel and equally
spaced. The metal plates have high heat conductivity.
During the drying process the moist air touches the metal
plates of the heat pump evaporator and moisture is con-
densed. The moisture is than driven to a drain pump and
finally stored in a tank for being expelled. Laundry drying
air further passes through the heat pump condenser for
being heated up before being delivered to the drum
chamber containing laundry to be dried. The refrigerant
flows through special pipes, which crisscross the heat
exchangers in order to have the maximum contact with
the metal plates of the heat exchangers as well as the
moist air. The metal for the refrigerant pipes should be
chosen as a good compromise between the costs and
the heat conductivity. For this reason welding between
pipes of different materials, such as copper and alumin-
ium, are often used.

[0004] Actually the welding process consists basically
in inserting a pipe into another pipe and then pouring
between them a welding material. This process is easy
to perform, but imprecise. In fact, due to a loose space
between the pipes to be coupled, there is no guarantee
that the pipes themselves remain coaxial. In addition, the
temporary insertion of the one pipe end in the other pipe
end may be released even by a simple vibration. This
could lead to an incomplete welding or avoids the weld-
ing, so that refrigerant leakages and losses in the per-
formance of the heat pump system may occur.

[0005] Itis an object of the presentinvention to provide
amethod forassembling a laundry dryerwith a heat pump
system and a corresponding laundry dryer, which over-
comes the problems relating to the connection of the re-
frigerant pipes of the refrigerant circuit.

[0006] The object of the present invention is achieved
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by the method according to claim 1.

[0007] The present invention relates to a method for
assembling alaundry dryerincluding a heat pump system
with a closed refrigerant circuit, said method comprises
the steps of:

- providing components for the refrigerant circuit,
wherein at least two components are coupleable by
interconnecting a first end piece and a second end
piece of refrigerant pipes,

- enlarging the first end piece of the refrigerant pipe,
so that the inner diameter of the first end piece is
marginally bigger than the outer diameter of the sec-
ond end piece,

- deforming the enlarged portion of the first end piece
from the outer side, so that the second end piece is
coaxially insertable into the first end piece,

- inserting the second end piece into the first end
piece, and

- welding together the first end piece and the second
end piece.

[0008] The pipe joint between the first end piece and
the second end piece avoids refrigerant leakages due to
wrong alignment, i.e. centering, between the refrigerant
pipes to be connected. Said pipe joint avoids accidental
release ofthe temporary coupled end pieces before weld-
ing them together. Further, the pipe joint between the
first end piece and the second end piece increases the
mechanical strength. These pipe joints improve the effi-
ciency of the heat pump system. The inventive pipe joint
between the first end piece and the second end piece
does not require any special tools for keeping the en-
largedfirst end piece and the second end piece in position
during their connection operation.

[0009] Preferably, deforming the enlarged portion of
the first end piece from its outer side comprises forming
one or more elements which protrude inwardly from the
inner surface of the enlarged portion of said first end
piece.

[0010] In particular, the elements protruding inwardly
from the inner surface of the enlarged portion of the first
end piece comprise a plurality of dots arranged along at
least one circumference of the enlarged portion of the
first end piece.

[0011] Optionally, at least one predetermined portion
of the first end piece is prevented from being enlarged,
so that at least this portion remains at its initial diameter.
[0012] Alternatively or additionally, atleast one circum-
ferential groove is formed on the outer surface of the
enlarged portion of the firstend piece, so that the inserted
second end piece is firmly kept inside the enlarged por-
tion of the first end piece.

[0013] Preferably, the first end piece and the second
end piece are welded together by pouring a welding ma-
terial between said first end piece and second end piece.
[0014] In particular, the first end piece and the second
end piece are welded together by pouring the welding
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material between a circumferential inner side of the en-
larged portion of the first end piece and a circumferential
outer side of the second end piece.

[0015] Further, the object of the present invention is
achieved by the laundry dryer according to claim 8.
[0016] The presentinvention relates to a laundry dryer
including a heat pump system with a closed refrigerant
circuit, wherein:

- the refrigerant circuit comprises a number of com-
ponents, wherein at least two components are cou-
pled by interconnecting a first end piece and a sec-
ond end piece of refrigerant pipes,

- thefirst end piece of the refrigerant pipe is enlarged,
so that the inner diameter of the first end piece is
marginally bigger than the outer diameter of the sec-
ond end piece,

- theenlarged portion of the first end piece is deformed
from the outer side, so that the second end piece is
coaxially inserted into the first end piece, and

- the first end piece and the second end piece are
welded together.

[0017] In particular, the enlarged portion of the first end
piece comprises one or more elements which protrude
inwardly from the inner surface of the enlarged portion
of said first end piece.

[0018] Preferably, the elements protruding inwardly
from the inner surface of the enlarged portion of said first
end piece comprise a plurality of dots arranged along at
least one circumference of the enlarged portion of the
first end piece.

[0019] Asanoption, atleastone predetermined portion
of the first end piece is remained at its initial diameter.
[0020] Alternatively oradditionally, atleastone circum-
ferential groove is formed on the outer surface of the
enlarged portion of the first end piece, so that the inserted
second end piece is firmly kept inside the enlarged por-
tion of the first end piece.

[0021] Preferably, the first end piece and the second
end piece are welded together, wherein a welding mate-
rial has been poured between said first end piece and
second end piece.

[0022] In particular, the first end piece and the second
end piece are welded together by pouring the welding
material between a circumferential inner side of the en-
larged portion of the first end piece and a circumferential
outer side of the second end piece.

[0023] At last the present invention relates to a heat
pump system with a closed refrigerant circuit for a laundry
dryer, wherein the heat pump system is provided for a
laundry dryer mentioned above.

[0024] Novel and inventive features believed to be the
characteristic of the present invention are set forth in the
appended claims.

[0025] The invention will be described in further detail
with reference to the drawings, in which
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FIG1 illustrates a perspective view of a basement
portion for a laundry dryer according to a pre-
ferred embodiment of the present invention,
FIG2 illustrates a perspective view of a heat pump
system for the laundry dryer according to the
preferred embodiment of the present invention,
FIG 3 illustrates an exploded perspective view of the
basement portion for the laundry dryer accord-
ing to the preferred embodiment of the present
invention,

FIG4 illustrates a detailed perspective view of a pipe
joint of the heat pump system for the laundry
dryer according to the preferred embodiment of
the present invention,

FIG5 illustrates a detailed perspective view of the
pipe joint of the heat pump system for the laun-
dry dryer according to the preferred embodi-
ment of the present invention,

FIG 6 illustrates a front view and a sectional top view
of the pipe joint of the heat pump system for the
laundry dryer according to the preferred em-
bodiment of the present invention,

FIG7 illustrates an enhanced sectional top view of
the pipe joint of the heat pump system for the
laundry dryer according to the preferred em-
bodiment of the present invention,

FIG 8 Iillustrates a perspective view of the laundry dry-
er according to the preferred embodiment of the
present invention, and

FIG9 Iillustrates a detailed perspective view of alower
part of the laundry dryer according to the pre-
ferred embodiment of the present invention.

[0026] FIG 1 illustrates a perspective view of a base-
ment portion 10 for a laundry dryer according to a pre-
ferred embodiment of the presentinvention. A heat pump
system is arranged in said basement portion 10.

[0027] The heat pump system includes a compressor
12, afirstheat exchanger 14, i.e. arefrigerant evaporator,
asecond heat exchanger 18, i.e. arefrigerant condenser,
and an expansion device 16 arranged in the refrigerant
pipe line leading the refrigerant from the condenser 18
to the evaporator 14. The first heat exchanger 14 and
second heat exchanger 18 are air-to-refrigerant heat ex-
changers. In FIG 1 the first heat exchanger 14 and the
second heat exchanger 18 are covered by a basement
casing 20. Such casing 20 forms a portion of a laundry
drying air path that conveys air towards a rotatable drum
chamber where laundry to be dried is contained.

[0028] FIG 2 illustrates a perspective view of the heat
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pump system for the laundry dryer according to the pre-
ferred embodiment of the present invention. The com-
pressor 12, the first heat exchanger 14, the expansion
device 16 and the second heat exchanger 18 form a re-
frigerant circuit. The refrigerant circuit includes a plurality
of refrigerant pipes 22. The refrigerant pipes 22 are pro-
vided for connecting the compressor 12, the first heat
exchanger 14, the expansion device 16 and the second
heat exchanger 18.

[0029] Further,thefirstheatexchanger 14 and the sec-
ond heat exchanger 18 include at least one refrigerant
pipe 22 in each case, wherein at least a part of said re-
frigerant pipe 22 has a serpentine form. Moreover, the
first heat exchanger 14 and the second heat exchanger
18 include a plurality of metal plates in each case. Said
metal plates are very thin. In particular, the metal plates
are made of aluminium. Preferably, the metal plates are
arranged in parallel and equally spaced. The metal plates
have high heat conductivity. Metal plates are arranges
so as to be passed through by laundry drying air.
[0030] FIG 3 illustrates an exploded perspective view
of the basement portion 10 for the laundry dryer accord-
ing to the preferred embodiment of the present invention.
FIG 3 clarifies the arrangement of the components of the
heat pump system.

[0031] The compressor 12 compresses a refrigerant,
so that the pressure and temperature of the refrigerant
become much higher. For example, the compression is
an adiabatic compression. The first heat exchanger 14,
commonly referred as evaporator, cools down the drying
air stream arriving from a revolving laundry drum 35 (see
FIG 9), in order to condense the surplus moisture in said
drying air stream. Said laundry drum 35 is arranged
above the basement portion 10. At the same time, the
first heat exchanger 14 heats up the refrigerant. In the
expansion device 16 the refrigerant is released and
cooled down. The second heat exchanger 18, commonly
referred as condenser, cools down the refrigerant. At the
same time, the second heat exchanger 18 heats up again
the drying air stream arriving from the firstheat exchanger
14. The drying air stream is then directed back to the
revolving laundry drum 35. The temperature of the drying
air stream re-entering into the laundry drum again is high-
er than or equal to that of the drying air stream flowing
out of the laundry drum.

[0032] FIG 4 illustrates a detailed perspective view of
a pipe joint 24 of the heat pump system for the laundry
dryer according to the preferred embodiment of the
present invention. The pipe joint 24 interconnects two
neighboured end pieces of refrigerant pipes 22. FIG 4
shows the pipe joint 24 in a connected state.

[0033] The pipe joint 24 is obtained by inserting a nar-
row end piece 28 of one refrigerant pipe 22 into an en-
larged end piece 26 of another refrigerant pipe 22. The
one end piece 26 is enlarged before connecting the
neighboured refrigerant pipes 22. The enlarged end
piece 26 includes a number of dots 30.

[0034] FIG 5 illustrates a detailed perspective view of
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the pipe joint 24 of the heat pump system for the laundry
dryer according to the preferred embodiment of the
present invention. In FIG 5, the pipe joint 24 is in a dis-
connected state. FIG 5 clarifies that the number of dots
30 are formed in the enlarged end piece 26.

[0035] FIG 6illustrates a front view and a sectional top
view of the pipe joint 24 of the heat pump system for the
laundry dryer according to the preferred embodiment of
the present invention. FIG 6 clarifies the geometric prop-
erties of the pipe joint 24, the enlarged end piece 26 and
the narrow end piece 28. The number of dots 30is formed
in the enlarged end piece 26.

[0036] FIG 7illustrates an enhanced sectional top view
ofthe pipe joint 24 of the heat pump system for the laundry
dryer according to the preferred embodiment of the
present invention. FIG 7 is the enhanced view of the sec-
tional top view in FIG 6. FIG 7 clarifies the structure of
the dots 30. The enlarged end piece 26 and the narrow
end piece 28 have a common symmetry axis 36.
[0037] In FIG 7 the enlarged end piece 26 includes a
number of dots 30. The dots 30 are mechanically formed
on the outer surface of said enlarged end piece 26. The
dots 30 have the effect that the inner diameter of the
enlarged end piece 26 is locally smaller than in the re-
maining enlarged end piece 26. At the dots 30 the inner
diameter of the enlarged end piece 26 substantially cor-
responds to the outer diameter of the neighboured nar-
row end piece 28. FIG 7 illustrates a detailed view of the
dots 30 formed on the outer surface of said enlarged end
piece 26.

[0038] The dots 30 are preferably formed by a punch-
ing and/or buckling operation on the outer surface of the
enlarged end piece 26. Dots 30 are preferably arranged
along at least a circumference of the enlarged end piece
26. The dots 30 deform radially and inwardly the enlarged
end piece 26 so as to protrude from the inner surface 25
of the enlarged end piece 26 towards the axis 36 of both
the enlarged end piece 26 and the narrow end piece. As
an option, while enlarging the end piece 26, a portion of
said end piece 26 may be prevented from being enlarged,
so that this portion remains at its initial diameter. The
initial diameter corresponds to the outer diameter of the
narrow end piece 28.

[0039] Instead of the dots 30 or additionally, an annular
groove or a partially annular groove, may be formed on
the cylindrical outer surface of the enlarged end piece
26. Such groove protrudes inwardly from the inner sur-
face 25 of the enlarged end piece 26 towards the axis 36
of both the enlarged end piece 26 and the narrow end
piece. Once the narrow end piece 28 has been inserted
into the enlarged end piece 26, the narrow end piece 28
and the elements protruding inwardly from the inner sur-
face 25 of the enlarged end piece 26 interfere each other
such that the narrow end piece 28 is firmly kept in the
enlarged end piece 26 ensuring that coupled pipe ends
remain coaxial. In this way, when the welding material is
poured between the two neighboured pipes 22 it distrib-
utes regularly between them. This guarantees a perfect
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sealing and high mechanical strength.

[0040] The pipe joint 24 mentioned above avoids re-
frigerant leakages due to wrong alignment between the
refrigerant pipes 22 to be connected. The above pipe
joint 24 avoids accidental release of temporary coupled
end pieces 26 and 28 before welding them together. Fur-
ther, the above pipe joint 24 increases the mechanical
strength. The above pipe joints 24 improve the efficiency
of the heat pump system and simplify its assembling pro-
cedure. The inventive pipe joint 24 does not require any
special tools for keeping the enlarged end piece 26 and
the narrow end piece 28 in position during connecting
them.

[0041] The pipe joint 24 made according to the inven-
tion is preferably provided for connecting the compressor
12 inlet pipe end with the end of the pipe draining refrig-
erant fluid from the evaporator 14 and for connecting the
compressor 12 outlet pipe end with the end of the pipe
leading refrigerant fluid to the condenser 18.

[0042] FIG 8 illustrates a perspective view of the laun-
dry dryer 32 according to the preferred embodiment of
the present invention. The laundry dryer 32 comprises a
front portion including a front door 34. The laundry drum
35 is arranged behind said front door 34. The basement
portion 10 is arranged below the laundry drum 35.
[0043] FIG 9illustrates a detailed perspective view of
a lower part of the laundry dryer 32 according to the pre-
ferred embodiment of the present invention. FIG 9 clar-
ifies the position of the heat pump system inside the base-
ment portion 10.

[0044] Although illustrative embodiments of the
present invention have been described herein with ref-
erence to the accompanying drawings, it is to be under-
stood that the present invention is not limited to those
precise embodiments, and that various other changes
and modifications may be affected therein by one skilled
in the art without departing from the scope of the invention
as claimed. All such changes and modifications are in-
tended to be included within the scope of the invention
as defined by the appended claims.

List of reference numerals
[0045]

10  basement portion
12  compressor

14  first heat exchanger
16  expansion device
18 second heat exchanger
20 basement casing
22 refrigerant pipe

24  pipe joint

25 inner surface

26  enlarged end piece
28 narrow end piece
30 dot

32  laundry dryer
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34 front door
35 laundry drum
36  symmetry axis

Claims

1. A method for assembling a laundry dryer (32) includ-
ing a heat pump system with a closed refrigerant
circuit, said method comprises the steps of:

- providing components (12, 14, 16, 18) for the
refrigerant circuit, wherein at least two compo-
nents (12, 14, 16, 18) are coupleable by inter-
connecting a first end piece (26) and a second
end piece (28) of refrigerant pipes (22),

- enlarging the first end piece (26) of the refrig-
erant pipe (22), so that the inner diameter of the
first end piece (26) is marginally bigger than the
outer diameter of the second end piece (28),

- deforming the enlarged portion of the first end
piece (26) from the outer side, so that the second
end piece (28) is coaxially insertable into the first
end piece (28),

- inserting the second end piece (28) into the
first end piece (28), and

- welding together the first end piece (26) and
the second end piece (28).

2. The method according to claim 1,
characterized in that
deforming the enlarged portion of the first end piece
(26) from the outer side comprises forming one or
more elements (30) which protrude inwardly from
the inner surface of the enlarged portion of said first
end piece (26).

3. The method according to claim 2,
characterized in that
said elements (30) comprise a plurality of dots (30)
arranged along at least one circumference of the en-
larged portion of the first end piece (26).

4. The method according to any one of the preceding
claims,
characterized in that
at least one predetermined portion of the first end
piece (26) is prevented from being enlarged, so that
at least this portion remains at its initial diameter.

5. The method according to any one of the preceding
claims,
characterized in that
at least one circumferential groove is formed on the
outer surface of the enlarged portion of the first end
piece (26), so that the inserted second end piece
(28) is firmly kept inside the enlarged portion of the
first end piece (26).
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The method according to any one of the preceding
claims,

characterized in that

the first end piece (26) and the second end piece
(28) are welded together by pouring a welding ma-
terial between said first end piece (26) and second
end piece (28).

The method according to claim 6,

characterized in that

the first end piece (26) and the second end piece
(28) are welded together by pouring the welding ma-
terial between a circumferential inner side of the en-
larged portion of the first end piece (26) and a cir-
cumferential outer side of the second end piece (28).

A laundry dryer (32) including a heat pump system
with a closed refrigerant circuit, wherein:

- the refrigerant circuit comprises a number of
components (12, 14, 16, 18), wherein at least
two components (12, 14, 16, 18) are coupled by
interconnecting a first end piece (26) and a sec-
ond end piece (28) of refrigerant pipes (22),

- the first end piece (26) of the refrigerant pipe
(22) is enlarged, so that the inner diameter of
the first end piece (26) is marginally bigger than
the outer diameter of the second end piece (28),
- the enlarged portion of the first end piece (26)
is deformed from the outer side, so that the sec-
ond end piece (28) is coaxially inserted into the
first end piece (28), and

- the first end piece (26) and the second end
piece (28) are welded together.

The laundry dryer according to claim 8,
characterized in that

the enlarged portion of the first end piece (26) com-
prises one or more elements (30) which protrude in-
wardly from the inner surface of the enlarged portion
of said first end piece (26).

The laundry dryer according to claim 9,
characterized in that

said elements (30) comprise a plurality of dots (30)
arranged along at least one circumference of the en-
larged portion of the first end piece (26).

The laundry dryer according to any one of the claims
8 to 10,

characterized in that

at least one predetermined portion of the first end
piece (26) is remained at its initial diameter.

The laundry dryer according to any one of the claims
8 to 11,

characterized in that

at least one circumferential groove is formed on the
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13.

14.

15.

outer surface of the enlarged portion of the first end
piece (26), so that the inserted second end piece
(28) is firmly kept inside the enlarged portion of the
first end piece (26).

The laundry dryer according to any one of the claims
8to 12,

characterized in that

the first end piece (26) and the second end piece
(28) are welded together, wherein a welding material
has been poured between said first end piece (26)
and second end piece (28).

The laundry dryer according to claim 13,
characterized in that

the first end piece (26) and the second end piece
(28) are welded together by pouring the welding ma-
terial between a circumferential inner side of the en-
larged portion of the first end piece (26) and a cir-
cumferential outer side of the second end piece (28).

A heat pump system with a closed refrigerant circuit
for a laundry dryer,

characterized in that

the heat pump systemis provided for a laundry dryer
(32) according to any one of the claims 8 to 14.
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