EP 4 155 628 A1

(19)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
29.03.2023 Bulletin 2023/13

(21) Application number: 22196206.1

(22) Date of filing: 16.09.2022

(11) EP 4 155 628 A1

EUROPEAN PATENT APPLICATION

(51) International Patent Classification (IPC):
F25B 41/37 (2021.01) F25B 39/02 (2006.01)
F25B 43/00 (2006.01) F25B 41/42(2021.0)

(52) Cooperative Patent Classification (CPC):
F25B 41/37; F25B 39/02; F25B 41/42;
F25B 43/003; F25B 2341/062; F25B 2500/18

(84) Designated Contracting States:
AL ATBE BG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
KH MA MD TN

(30) Priority: 24.09.2021 EP 21382859

(71) Applicant: BSH Hausgerdte GmbH
81739 Miinchen (DE)

(72) Inventors:
¢ Jimenez Ruiz, Eduardo
31006 Pamplona (ES)
* Roitegui Acedo, Ricardo
31200 Estella (ES)

(54)

HEAT PUMP HAVING A CAPILLARY, HOME APPLIANCE CONTAINING THE HEAT PUMP AND

A PROCESS FOR MANUFACTURING A HEAT PUMP

(67)  The invention relates to a heat pump, including
an evaporator 1, a condenser, a compressor for driving
and compressing a flow of a refrigerant, a capillary 2 for
expanding the refrigerant flow, and a refrigerant channel
3 for circulating the refrigerant flow sequentially through
the compressor, the condenser, the filter 14, the capillary
2, the evaporator 1, and the compressor, wherein the

Fig. 7

capillary 2 is connected to the evaporator 1 in a gas-tight
and fluid-tight manner such that a first end 4 of the cap-
illary 2 intrudes into the evaporator 1, wherein the capil-
lary 2 is a cylindrical tube 5 with a lateral opening 6,7 at
its first end 4 and/or at a second end 8 thereof. The in-
vention also relates to a house appliance containing the
heat pump.
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Description

[0001] The invention relates to a heat pump having a
capillary and a home appliance containing the heat
pump. In particular, the invention relates to a heat pump,
including an evaporator, a condenser, a compressor for
drivingand compressing a flow of a refrigerant, a capillary
for expanding the refrigerant flow, and a refrigerant chan-
nelfor circulating the refrigerant flow sequentially through
the compressor, the condenser, the filter, the capillary,
the evaporator, and the compressor, wherein the capil-
lary is connected to the evaporator in a gas-tight and
fluid-tight manner such that a first end of the capillary
intrudes into the evaporator; and a home appliance con-
taining the heat pump.

[0002] Heat pumps are used in various fields of tech-
nology. A heat pump is a device which takes thermal
energy from a reservoir with lower temperature, for ex-
ample from the environment, and transfers it together
with the drive energy as useful heat to a system to be
heated with higher temperature. Heat pumps of this type
can be used for example for heaters, dryers, washer-
dryers, washing machines and dishwashers. A heat
pump can also be used for cooling, e.g. in a refrigerator
orin an air conditioner. The technical work is usually gen-
erated by means of electrical energy. It is desired to re-
duce the consumption of electrical energy and thus in-
crease the energy efficiency of heat pumps. Another aim
is to reduce the manufacturing costs of heat pumps.
When heat pumps are used in dryers and washer-dryers,
for example, drying times should also preferably be re-
duced. A known approach to achieve these goals is to
reduce the diameter of the pipes carrying the refrigerant
of the heat pump circuit. By reducing the diameter of the
heat exchanger tubes, energy efficiency can be in-
creased. Furthermore, reducing the diameter of the tubes
can save material and thus reduce the manufacturing
costs of the heat pump. However, the disadvantage here
is that the pressure loss or pressure drop of the tubes
can be increased by reducing the diameter of the tubes.
[0003] Dryersandwasherdryers with heat pumps usu-
ally use a capillary or a regulated expansion valve as a
throttle. The capillary must have a correspondingly large
length in order to be able to generate a sufficiently high
pressure difference between the condenser and the
evaporator.

[0004] It is disadvantageous that the capillary has a
significantly smaller diameter than the tube of the evap-
orator, but these two elements must be connected to one
another in a fluid-tight or gas-tight manner in order to
close the refrigerant circuit of the heat pump. Copper
tubes are usually used for both the capillary and the tube
of the evaporator, so that the end of the capillary can be
inserted into the end of the tube of the evaporator and
the end of the tube of the evaporator can be crimped
around the end of the capillary by reshaping to establish
this connection. This connection is usually also brazed.
[0005] However, since the undefined result of the re-
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shaping can make soldering more difficult, leaky solder-
ing points can occur comparatively frequently at these
points, so that no reliable gas and fluid-tight connection
between the end of the capillary and the tube of the evap-
orator might be established.

[0006] To avoid this, an adapter piece can be used at
this point, which can form the transition between the re-
spective diameters of the end of the capillary and the
tube of the evaporator. The adapter piece can each have
an opening which corresponds to one of the diameters
of the end of the capillary and the end of the tube of the
evaporator. The transitions from the end of the capillary
to the adapter piece and from the adapter piece to the
end of the tube of the evaporator must be brazed, but
this can be done without reshaping and thus more defined
and safer, so that the risk of leaks at these brazed points
can be reduced. However, this requires additional mate-
rial and manufacturing costs of the adapter piece and an
increased number of brazing points.

[0007] The connection between a capillary pipe and
an evaporator is currently made with a capillary pipe
adapter. On the other hand it is known to connect the
capillary pipe directly to an elbow of the evaporator in-
stead of using a capillary pipe adapter. In such a case,
however, a blockage of refrigerant flow can occur. For
example during an assembly process it might occur that
the capillary pipe is introduced too much. The first end
of the capillary pipe can then touch the internal wall of
the elbow avoiding a correct flow of the refrigerant.
[0008] The publication DE 10 2017 109 065 B4 dis-
closes a connection system for the gas-tight and fluid-
tight connection of a condenser of a heat pump to an
evaporator of the heat pump, the evaporator having at
least two refrigerant passes, with a capillary and with a
connecting element which is connected to the capillary
in a gas-tight and fluid-tight manner, the connecting ele-
ment having at least one first tube element, which is de-
signed for connection to the first refrigerant pass of the
evaporator, and atleast one second tube element, which
is designed for connection to the second refrigerant pass
of the evaporator, the capillary having a passage for the
passage of a refrigerant into the connecting element,
wherein the passage of the capillary has at least one first
outletand at least one second outlet, which are arranged
within the connecting element. Said publication discloses
also a heat pump, with a condenser, with an evaporator
with at least two refrigerant passes, and with at least one
connection system described above, which connects the
condenser to the evaporator in a gas-tight and fluid-tight
manner.

[0009] In view of this situation it is an object of the
present invention to provide an improved heat pump that
does not show a blockage of refrigerant flow and that can
be manufactured in an improved assembly process.
[0010] This objectis achieved according to the present
invention with a heat pump, a process for the manufac-
ture of the heat pump, and a home appliance according
to the respective independent claims. Preferred embod-
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iments of the heat pump and the process are defined in
respective dependent claims, with preferred embodi-
ments of the process and the home appliance corre-
sponding to preferred embodiments of the heat pump,
and vice versa, even if not expressly specified elsewhere
herein.

[0011] The invention is thus directed to a heat pump,
including an evaporator, a condenser, a compressor for
drivingand compressing a flow of a refrigerant, a capillary
for expanding the refrigerant flow, and a refrigerant chan-
nelfor circulating the refrigerant flow sequentially through
compressor, the condenser, the filter, the capillary, the
evaporator, and the compressor, wherein the capillary is
connected to the evaporator in a gas-tight and fluid-tight
manner such that a first end of the capillary intrudes into
the evaporator, wherein the capillary is a cylindrical tube
with a lateral opening at its first end and/or at a second
end thereof.

[0012] In a preferred embodiment of the heat pump,
the lateral opening or the lateral openings are obtainable
by cutting the first end and/or the second end of the cap-
illary correspondingly. The cut at the end of the capillary
can be made by many methods, forexample by punching,
water jet, laser trimming or a cutting disc. It is moreover
possible to have the cut performed through the entire
cross section, i.e. through the entire capillary pipe diam-
eter, or through only part of it.

[0013] In a preferred embodiment of the heat pump,
the cutting is performed by punching, water jet, laser trim-
ming or a cutting disc.

[0014] Moreover, as stated above, in a preferred em-
bodiment of the heat pump, the lateral opening or the
lateral openings extend over the entire inner cross sec-
tion area A of the capillary.

[0015] In another embodiment of the inventive heat
pump, the lateral opening or the lateral openings extend
over a part of the inner cross section A of the capillary.
[0016] The desired shape of the lateral opening can
be achieved by the proper use of a cutting device men-
tioned above.

[0017] Itis moreover preferred that a surface area A ;;
of the lateral opening or the lateral openings is > inner
cross section A of the capillary. In the heat pump of the
presentinvention, the ratio A to A is preferably in the
range of from 1 to 3.

[0018] Itis moreover preferred in the heat pump of the
presentinvention that the capillary intrudes into an elbow
of the evaporator.

[0019] Preferably the heat pump contains a filter. In a
preferred embodiment of the heat pump, the second end
of the capillary faces a filter mesh of a filter for the refrig-
erant. In this regard, a heat pump is preferred wherein
the second end of the capillary facing the filter mesh has
a lateral opening with an opening area A2 which is >
inner cross-section area A of the capillary.

[0020] In a preferred embodiment of the heat pump,
the first end of the capillary also has an opening with an
opening area A_,! which is > inner cross-section area
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A of the capillary.

[0021] Numerous refrigerants can be used in the in-
vention, for example propane, which is also known by
the designation R290 in the field of heat pump technol-
ogy.

[0022] The capillary of the heat pump preferably con-
tains or is made of copper.

[0023] Theinventionis moreover directed to a process
for the manufacture of a heat-pump including an evapo-
rator, a condenser, a compressor for driving and com-
pressing a flow of a refrigerant, a capillary for expanding
the refrigerant flow, and a refrigerant channel for circu-
lating the refrigerant flow sequentially through compres-
sor, the condenser, the filter, the capillary, the evapora-
tor, and the compressor, wherein the capillary is connect-
ed to the evaporator in a gas-tight and fluid-tight manner
such that a first end of the capillary intrudes into the evap-
orator, wherein the capillary is a cylindrical tube with an
opening at its first end and/or at a second end thereof,
comprising the steps

(a) providing a capillary; and
(b) cutting the first end and/or the second end of the
capillary.

[0024] In a preferred process, the cutting in step (b) is
performed by punching, water jet, laser trimming or a
cutting disc.

[0025] In the present invention, a lateral opening is
present at least at one end of the capillary pipe. The first
end and the second end of the capillary can be also
termed first and second edge, respectively.

[0026] The opening can be presentover the entire sur-
face of the capillary pipe, first end and/or second end of
the capillary pipe.

[0027] In the present invention, a lateral cut is usually
performed on the edge of a capillary pipe end. It is pre-
ferred that the lateral opening has a surface which is at
least equal to the capillary pipe internal cross section.
Thus, in the case of the edge of a capillary pipe end touch-
ing another surface, at least one capillary pipe internal
cross section is open to allow refrigerant flow.

[0028] In apreferred embodiment, the cut is applied at
the two ends of the capillary pipe, i.e. for a direct con-
nection to an elbow of the evaporator used in a heat pump
and for the other end of the capillary pipe, i.e. the second
end, where there is usually afilter that in general contains
a filter mesh. Namely, also in the case of a filter, if the
capillary pipe is introduced too much, a capillary pipe end
can touch the internal filter mesh and it can produce a
blockage of refrigerant flow.

[0029] The invention is finally directed to a home ap-
pliance comprising a heat-pump according to any of the
preceding embodiments.

[0030] The home appliance of the invention is prefer-
ably embodied as a laundry dryer for pieces of laundry,
a washer-dryer which combines the function of washing
laundry with the function of drying. Another embodiment
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is a dishwasher that performs drying of tableware by ap-
plying a heat pump circuit. In a laundry dryer or awasher-
dryer the drying chamber is in general a rotatable drum.
[0031] According to a further aspect of the present in-
vention, the evaporator is connected to the capillary in a
gas-tight and fluid-tight manner by means of a material
connection, preferably by gluing, welding, brazing or sol-
dering, particularly preferably by brazing.

[0032] The invention has several advantages. The
manufacture of the heat pump can be significantly im-
proved. The manufacture can be achieved by applying
simple, cheap and quickly assembled means. The tack
time in an assembly process can be reduced since it is
not necessary to pay attention to the length of the intro-
duced capillary length. The capillary can be produced in
a simple and inexpensive manner.

[0033] Further details of the invention will appear from
the subsequent description of specific embodiments with
references to the following Figures, wherein

Figure 1 shows a perspective view of a section of an
evaporator (elbow) of a heat pump to which
is connected a capillary tube;

Figure 2 shows a perspective view of the enlarged,
vertically cut section shown in Figure 1;

shows a front view of the cut section shown
in Figure 2;

Figure 3

Figure 4 shows a perspective view of a filter used in
an embodiment of the heat pump to which
a capillary tube is attached;

Figure 5 shows a perspective view of a cut through
the filter shown in Figure 4 wherein a filter
mesh can be seen that is touched by the
capillary tube;

Figure 6 shows a front view of a cut through the filter
shown in Figure 4 wherein a filter mesh can
be seen thatis touched by the capillary tube
with a lateral opening at its second end;
Figure 7 shows a capillary tube with a lateral opening
at an end of the capillary tube that goes
through the entire cross-section of the cap-
illary;

Figure 8 shows a capillary tube with a lateral opening
at an end of the capillary tube that goes
through a part of the cross-section of the
capillary;

Figure 9 shows a capillary tube and a cutting disc
that is positioned here to provide the capil-
lary tube with a lateral opening at an end of
the capillary tube that goes through the en-

10

15

20

25

30

35

40

45

50

55

tire cross-section of the capillary tube; and
Figure 10  shows a capillary tube and a cutting disc
that is positioned here to provide the capil-
lary tube with a lateral opening at an end of
the capillary tube that goes through a part
of the cross-section of the capillary tube.

[0034] Figure 1 shows a perspective view of a section
of an evaporator 1 of a heat pump to which is connected
a capillary tube 2. The capillary tube 2 is connected to
an elbow 18 of the evaporator. 3 refers to the refrigerant
channel within the capillary tube 2.

[0035] Figure 2 shows a perspective view of the en-
larged, vertically cut section shown in Figure 1. The ref-
erence signs have the same meaning as for Figure 1.
The refrigerant channel 3 can be seen here more clearly.
[0036] Figure 3 shows a front view of the cut section
shown in Figure 2. The reference signs have the same
meaning as for Figure 1.

[0037] Figure 4 shows a perspective view of a filter 14
used in an embodiment of the heat pump to which a cap-
illary tube 2 is attached.

[0038] Figure 5 shows a perspective view of a cut
through the filter 14 shown in Figure 4 wherein a filter
mesh 13 can be seen thatis touched by the capillary tube
2.

[0039] Figure 6 shows a front view of a cut through the
filter 14 shown in Figure 4 wherein a filter mesh 13 can
be seen that is touched by the capillary tube 2 which has
a lateral opening 7 at its second end 8.

[0040] Figure 7 shows a capillary tube 2 with a lateral
opening at an end 4, 8 of the capillary tube 2 that goes
through the entire cross-section of the capillary 2;
[0041] Figure 8 shows a capillary tube 2 with a lateral
opening at an end 4, 8 of the capillary tube 2 that goes
through a part of the cross-section of the capillary 2;
[0042] Figure 9 shows a capillary tube 2 and a cutting
disc 15 that is positioned here to provide the capillary
tube 2 with a lateral opening atan end 4, 8 of the capillary
tube 2 that goes through the entire cross-section of the
capillary tube 2; and

[0043] Figure 10 shows a capillary tube 2 and a cutting
disc 15 that is positioned here to provide the capillary
tube 2 with a lateral opening atan end 4, 8 of the capillary
tube 2 that goes through a part of the cross-section of
the capillary tube 2.

LIST OF REFERENCE NUMERALS
[0044]

Evaporator

Capillary

Refrigerant channel

First end of the capillary

Cylindrical tube

Lateral opening at the first end of the capillary
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Lateral opening at the second end of the capillary
Second end of the capillary

Inner cross section area A of the capillary

Part of the inner cross section A of the capillary
over which the opening extends

Surface area A_,! of the opening at the first end
of the capillary

Surface area A, of the opening at the second
end of the capillary

Filter mesh

Filter

Cutting disc

Lateral opening through the entire capillary
Lateral opening through part of the capillary
Elbow of an evaporator

cut

Claims

Heat pump, including an evaporator (1), a condens-
er, a compressor for driving and compressing a flow
of a refrigerant, a capillary (2) for expanding the re-
frigerant flow, and a refrigerant channel (3) for circu-
lating the refrigerant flow sequentially through the
compressor, the condenser, the filter (14), the cap-
illary (2), the evaporator (1), and the compressor,
wherein the capillary (2) is connected to the evapo-
rator (1) in a gas-tight and fluid-tight manner such
that a first end (4) of the capillary (2) intrudes into
the evaporator (1), characterized in that the capil-
lary (2) is a cylindrical tube (5) with a lateral opening
(6,7) at its first end (4) and/or at a second end (8)
thereof.

Heat pump according to claim 1, wherein the lateral
opening (6) or the openings (6,7) are obtainable by
cutting the first end (4) and/or the second end (8) of
the capillary (2).

Heat pump according to claim 1 or 2, wherein the
cutting is performed by punching, water jet, laser
trimming or a cutting disc.

Heat pump according to any of claims 1 to 3, wherein
the lateral opening (6) or the lateral openings (6,7)
extend over the entire inner cross section area A
(9) of the capillary (2).

Heat pump according to any of claims 1 to 3, wherein
the lateral opening (6) or the lateral openings (6,7)
extend over a part (10) of the inner cross section A
(9) of the capillary (2).

Heat pump according to any of claims 1 to 5, wherein
a surface area A_;; (11,12) of the opening (6) or the
openings (6,7) is > inner cross section A (9) of the
capillary (2).

10

15

20

25

30

35

40

45

50

55

7.

10.

1.

12.

13.

14.

15.

Heat-pump according to any of claims 1 to 6, wherein
the ratio A (11,12) to A (9) is in the range of from
1 to 3.

Heat pump according to any of claims 1 to 7, wherein
the capillary (2) intrudes into an elbow (18) of the
evaporator (1).

Heat pump according to any of claims 1 to 7, wherein
the second end (8) of the capillary (2) faces a filter
mesh (13) of a filter (14) for the refrigerant.

Heat pump according to claim 9, wherein the second
end (8) of the capillary (2) facing the filter mesh (13)
has an opening (7) with an opening area A2 which
is > inner cross-section area Q_ of the capillary (2).

Heat pump according to any of claims 1 to 10, where-
in the first end (4) of the capillary (2) facing the filter
mesh (13) has an opening (6) with an opening area
At which is > inner cross-section area A of the

capillary (2).

Heat pump according to any of claims 1to 11, where-
in the capillary (2) contains or is made of copper.

Process for the manufacture of a heat pump includ-
ing an evaporator (1), a condenser, a compressor
for driving and compressing a flow of a refrigerant,
a capillary (2) for expanding the refrigerant flow, and
arefrigerant channel (3) for circulating the refrigerant
flow sequentially through the compressor, the con-
denser, thefilter (14), the capillary (2), the evaporator
(1), and the compressor, wherein the capillary (2) is
connected to the evaporator (1) in a gas-tight and
fluid-tight manner such that a first end (4) of the cap-
illary (2) intrudes into the evaporator (1), wherein the
capillary (2) is a cylindrical tube (5) with an opening
(6,7) at its first end (4) and/or at a second end (8)
thereof, comprising the steps

(a) providing a capillary (2); and
(b) cutting the first end (4) and/or the second
end (8) of the capillary (2).

Process according to claim 13, wherein the cutting
of step (b) is performed by punching, water jet, laser
trimming or a cutting disc.

A home appliance comprising a heat pump accord-
ing to any of claims 1 to 12.
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