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(54) REFRIGERATOR

(57) The present invention provides a refrigerator,
comprising: a refrigerant circuit 10 comprising: a suction
pipe 17 made of aluminum and comprising a recess 171
formed in a lengthwise direction and recessed radially
inwardly; and a capillary tube 15 embedded in the recess
171. In the present invention, with the capillary tube being

embedded in the recess of the suction pipe made of alu-
minum, an operation of joining the suction pipe to the
capillary tube can be performed easily, and the heat
transfer efficiency between the refrigerant circulating in
the suction pipe and the refrigerant circulating in the cap-
illary tube can be improved.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a refrigerator.

BACKGROUND

[0002] Usually, a refrigerator has a refrigerant circuit
which is configured in a way that the refrigerant dis-
charged from a compressor circulates through a con-
denser, a capillary tube, an evaporator and a suction pipe
in turn, and returns to the compressor again from the
suction pipe.
[0003] The refrigerant in the evaporator absorbs the
heat in the refrigerator and vaporizes. However, in a case
where the refrigerant in the evaporator does not vaporize
sufficiently, it might occur that the liquid refrigerant flows
into the suction pipe from the evaporator. The suction
pipe is also connected to the compressor. If a counter-
measure is not taken, the liquid (heavier-mass) refriger-
ant will return to the compressor, which might be one of
factors causing the compressor to fail.
[0004] To prevent this case, a structure is employed in
which an outer surface of the suction pipe and an outer
surface of the capillary tube are in thermal contact. The
temperature of the refrigerant circulating in the capillary
tube is high, so the thermal contact between the suction
pipe and the capillary tube enables the heat exchange
between the refrigerant flowing through the suction pipe
and the refrigerant flowing through the capillary tube. As
a result, the refrigerant in the suction pipe vaporizes and
the vaporized refrigerant flows into the compressor, so
that the liquid refrigerant can be prevented from flowing
into the compressor.
[0005] Incidentally, suction pipes made of copper are
mostly used so far, but suction pipes made of cheaper
aluminum have been developed for the refrigerant circuit
of the refrigerator to reduce the costs of the products.
The following patent document 1 discloses a refrigerant
circuit having a suction pipe made of aluminum.
[0006] Patent document 1 JP2013092287A is cited
herein as a prior art patent document. The technique dis-
closed in patent document 1 relates to a refrigerant circuit
and a refrigerator having the same, wherein the refriger-
ant circuit comprises a suction pipe made of aluminum
and a capillary tube made of an aluminum alloy, and the
refrigerant circuit is structured in a way that the suction
pipe and the capillary tube are joined in a molten state.
[0007] However, the suction pipe and the capillary tube
of the refrigerant circuit involved in patent document 1
are joined by laser emitted from a laser welder. Further-
more, when the suction pipe is joined to the capillary tube,
a pressing roller is used to form a press-fitted state of the
suction pipe and the capillary tube.
[0008] To this end, dedicated devices must be intro-
duced to manufacture the refrigerant circuit disclosed in
patent document 1. In addition, these devices need to be

operated difficulty in a long period of time to properly join
the suction pipe to the capillary tube. Therefore, although
the refrigerant circuit disclosed in patent document 1 us-
es the suction pipe made of aluminum cheaper than cop-
per, the problem of high product costs still exists.
[0009] Furthermore, the suction pipe and the capillary
tube disclosed in the patent document 1 are in thermal
contact only via a substantially linear molten-joining por-
tion. Therefore, since the formed thermal contact region
is local, there is room for improvement of the heat ex-
change efficiency of the refrigerant circulating in the suc-
tion pipe and the refrigerant circulating in the capillary
tube.

SUMMARY

[0010] In view of the above problems, an object of the
present invention is to provide a refrigerator, aiming to
reduce costs of products, make an operation of joining
of the suction pie and the capillary tube easier, and mean-
while improve the heat exchange efficiency between the
refrigerant circulating in the suction pipe and the refrig-
erant circulating in the capillary tube.
[0011] Means to solve the problem.
[0012] In order to solve the above problems, the refrig-
erator according to the present invention includes a re-
frigerant circuit, the refrigerant circuit comprising:

a suction pipe made of aluminum and comprising a
recess formed in a lengthwise direction and re-
cessed radially inwardly; and
a capillary tube, the capillary tube is embedded in
the recess.

[0013] Further, the recess comprising:

a bottom wall which is located on a radially inner side
of the suction pipe, the capillary tube being disposed
on the bottom wall;
a first side wall connected with a first side edge of
the bottom wall and rising outward in a radial direc-
tion, the first side wall being in contact with the cap-
illary tube; and
a second side wall connected with a second side
edge of the bottom wall and rising outward in a radial
direction, the second side wall being in contact with
the capillary tube;
as viewed from a cross section, the bottom wall is
curved corresponding to a curvature of an outer sur-
face of the capillary tube, and the bottom wall is in
contact with a surface of the capillary tube.

[0014] Further, as viewed from the cross section, the
first side wall is a flat plate-shaped, or the first side wall
is curved corresponding to the curvature of the outer sur-
face of the capillary tube, and the first side wall is in con-
tact with the surface of the capillary tube.
[0015] Further, as viewed from the cross section, the
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second side wall is a flat plate-shaped, or the second
side wall is curved corresponding to the curvature of the
outer surface of the capillary tube, and the second side
wall is in contact with the surface of the capillary tube.
[0016] Further, the refrigerator further comprises an
auxiliary heat exchange member, the auxiliary heat ex-
change member being mounted at the suction pipe and
configured to cover the recess and the capillary tube em-
bedded in the recess.
[0017] Further, the auxiliary heat exchange member is
an aluminum tape.
[0018] Further, the refrigerator further comprises a
heat-shrinkable tube receiving the suction pipe in which
the capillary tube is embedded, the heat-shrinkable tube
pressing the capillary tube towards the recess.
[0019] Further, the topmost portion of the capillary tube
is received in the recess
[0020] The refrigerator according to the present inven-
tion can achieve reduction of costs of products by using
the suction pipe made of aluminum. In addition, due to
the structure with the capillary tube being embedded in
the recess of the suction pipe, an operation of joining the
suction pipe to the capillary tube can be performed easily,
and the suction pipe and the capillary tube can be main-
tained in excellent thermal contact; therefore, the loss of
heat transfer between the refrigerant circulating in the
suction pipe and the refrigerant circulating in the capillary
tube can be reduced.
[0021] In addition, since the capillary tube is in contact
with each of the bottom wall, the first side wall and the
second side wall of the recess of the suction pipe and in
contact with the bottom wall surface, the refrigerator ac-
cording to the present invention has a simple structure
and can further reduce the loss of heat transfer between
the suction pipe and the capillary tube.
[0022] Furthermore, the refrigerator according to the
present invention is structured in a way that the auxiliary
heat transfer member covering the capillary tube embed-
ded in the recess of the suction pipe is mounted at the
suction pipe, the loss of heat transfer between the refrig-
erant circulating in the suction pipe and the refrigerant
circulating in the capillary tube can be further reduced.
[0023] Furthermore, in the refrigerator according to the
present invention, since the capillary tube is pressed by
the heat-shrinkable tube towards the recess, the thermal
contact of the suction pipe and the capillary tube can be
maintained better; therefore, the loss of heat transfer be-
tween the refrigerant circulating in the suction pipe and
the refrigerant circulating in the capillary tube can be re-
duced.
[0024] Furthermore, the refrigerator according to the
present invention is structured in a way that since the
topmost portion of the capillary tube is received in the
recess, the swelling of the heat-shrinkable tube that might
be caused by the heat-shrinkable tube pressing the top-
most portion of the capillary tube can be prevented; there-
fore, the operation of receiving the suction pipe in which
the capillary tube is embedded into the heat-shrinkable

tube can be performed simply and conveniently, and
meanwhile the heat-shrinkable tube with a smaller diam-
eter can be used; as a result, reduction of the costs of
products can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is a side vertically-sectional view of a refrig-
erator according to an embodiment of the present
invention;
FIG. 2 is a perspective view of a refrigerator accord-
ing to an embodiment of the present invention as
viewed from rear, wherein a refrigerant circuit is
shown.
FIG. 3 is a partially perspective view of the refrigerant
circuit, illustrating a form of thermal contact region
of a suction pipe and a capillary tube.
FIG. 4 is a cross-sectional view of the refrigerant
circuit, illustrating the thermal contact region of the
suction pipe and the capillary tube.

DETAILED DESCRIPTION

[0026] A refrigerator according to an embodiment of
the present invention will be described hereunder in detail
with reference to figures. In addition, when the refriger-
ator 1 according to the present embodiment is described,
an "up-down" direction corresponds to a height direction
of the refrigerator 1, a "left-right" direction corresponds
to a widthwise direction of the refrigerator 1, and a "front-
rear" direction corresponds to a depth direction of the
refrigerator 1.
[0027] First, an overall structure of the refrigerator 1
according to the present embodiment will be described
reference to FIG. 1. Here, FIG. 1 is a side vertically-sec-
tional view of the refrigerator 1. As shown in the figure,
the refrigerator 1 according to the present embodiment
comprises a heat-insulating cabinet 2 which is equivalent
to a main body of the refrigerator. The heat-insulating
cabinet 2 comprises a plurality of storage compartments
in which foods and the like are stored. In addition, which
is not particularly limited herein, the plurality of storage
compartments correspond to a refrigerating compart-
ment 3 and a freezing compartment 4 in turn from top to
bottom.
[0028] Each storage compartment provided in the
heat-insulating cabinet 2 has an opening in the front, and
heat-insulating doors D1 and D2 are provided to seal
these openings in a closeable and openable manner.
Here, the heat-insulating door D1 seals the front opening
of the refrigerating compartment 3 in such a way that
upper and lower ends of the right side (as viewed from
the front of the refrigerator for example) are rotatably sup-
ported on the heat-insulating cabinet 2. In addition, the
heat-insulating door D2 is disposed to seal the front open-
ing of the freezing compartment 4 in such a way that the
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heat-insulating door D2 may be drawn out or pushed in
in a front-rear direction relative to the heat-insulating cab-
inet 2.
[0029] Furthermore, the heat-insulating cabinet 2 com-
prises an outer cabinet 2a made of a steel plate, an inner
cabinet 2b made of a synthetic resin, and a heat-insulat-
ing material 2c made of foamed polyurethane (poly-
urethane foam), the heat-insulating material 2c being
filled in a gap formed between the outer cabinet 2a and
the inner cabinet 2b. A heat-insulating partition wall (for
example, a member shown by reference numeral 6 in
FIG. 1) is disposed inside the heat-insulating cabinet 2.
The refrigerating compartment 3 and the freezing com-
partment 4 are partitioned by the heat-insulating partition
wall 6.
[0030] In addition, the structure of the refrigerant circuit
10 will be described with reference to FIG. 2. A compres-
sor 11 for compressing the refrigerant is disposed in a
machine room M provided at the rear side of the bottom
of the refrigerator. The compressor 11 is one of the com-
ponents of the refrigerant circuit 10. Here, the refrigerant
circuit 10 is a channel in which the refrigerant circulates
to cool the interior of the storage compartments of the
refrigerator 1.
[0031] FIG. 2 is a perspective view of the refrigerator
1 as viewed from rear, wherein the refrigerant circuit 10
is shown. As shown in Fig. 2, the refrigerant circuit 10
comprises a compressor 11, a condenser (a wave peak
condenser) 12, a frame-type pipe 13 for preventing dew
condensation, a dryer 14 for dehumidifying the refriger-
ant, a capillary tube 15, an evaporator 16 and a suction
pipe 17.
[0032] The components of the refrigerant circuit 10 in
the present embodiment are connected in the order de-
scribed above. Further, the suction pipe 17 is connected
to the compressor 11, thereby forming a circulation pas-
sage of the refrigerant. In addition, the suction pipe 17 in
the present embodiment is made of aluminum which is
cheaper than copper. In addition, an outer surface of the
suction pipe 17 is preferably coated to prevent electric
corrosion. In addition, the capillary tube 15 involved in
the present embodiment is made of, but not limited to
copper.
[0033] The refrigerant compressed by the compressor
11 is discharged to the condenser 12 which for example
extends to left and right side walls and a bottom wall of
the refrigerator 1, and then flows through the condenser
12 and flows to the frame-type pipe 13 connected to the
condenser 12 (for example, the frame-type pipe 13 ex-
tends to the periphery of the front openings of the storage
components). Furthermore, the refrigerant reaches the
evaporator 16 via the dryer 14 and the capillary tube 15,
and then returns to the compressor 11 via the suction
pipe 17.
[0034] As shown in FIG. 2, the pipelines of the capillary
tube 15 and the suction pipe 17 are laid adjacent to the
rear side of the refrigerator 1. More specifically, thermal
contact is performed in regions HC1, HC2 and HC3 (the

regions are hereinafter referred to as a "thermal contact
region". In addition, a length of the thermal contact region
is referred to as a "heat exchange length".). As a result
of the heat exchange between the refrigerant circulating
in the capillary tube 15 and the refrigerant circulating in
the suction pipe 17, the temperature of the refrigerant in
the capillary tube 15 falls, and the temperature of the
refrigerant in the suction pipe 17 rises.
[0035] The higher the heat exchange efficiency be-
tween the refrigerant circulating in the capillary tube 15
and the refrigerant circulating in the suction pipe 17 is,
the more efficiently the refrigerant in the suction pipe 17
vaporizes and returns to the compressor 11. Therefore,
a situation in which the liquid refrigerant returns from the
suction pipe 17 to the compressor 11 is prevented, and
the damage of the compressor 11 can be effectively pre-
vented. However, the thermal contact region of the cap-
illary tube 15 and the suction pipe 17 is not limited to the
illustrated case.
[0036] Next, the form of the thermal contact region of
the capillary tube 15 and the suction pipe 17 will be illus-
trated with reference to FIG. 3 and FIG. 4. FIG. 3 is a
partial perspective view of the refrigerant circuit 10, which
shows the thermal contact region of the capillary tube 15
and the suction pipe 17. In addition, FIG. 4 is a cross-
sectional view of the refrigerant circuit 10.
[0037] As shown in FIG. 3 and FIG. 4, the suction pipe
17 comprises a recess 171 that is recessed inward in a
radial direction of the suction pipe 17. In addition, the
recess 171 has an opening on an upper surface side.
Furthermore, as shown in FIG. 3, the recess 171 is
formed along a length direction of the suction pipe 17.
[0038] The capillary tube 15 in the present embodiment
is embedded in the recess 171. According to the present
embodiment, the capillary tube 15 and the suction pipe
17 can be brought into thermal contact by embedding
the capillary tube 15 into the recess 171 of the suction
pipe 17. Therefore, the contacting (joining) operation of
the capillary tube 15 and the suction pipe 17 can be easily
performed, and the production costs of the products can
be reduced.
[0039] As shown in FIG. 4, the recess 171 involved in
the present embodiment comprises a first side wall
171S1, a second side wall 171S2 and a bottom wall 171B.
The first side wall 171S1 is connected to a first side edge
171B1 of the bottom wall 171B and rises outward in a
radial direction. In addition, an end edge 171T1 of the
rising frontmost portion of the first side wall 171S1 is
joined to an end edge 1721 of a main body portion 172
(a portion other than the recess 171) of the arcuate cross
section of the suction pipe 17.
[0040] Similarly, the second side wall 171S2 is con-
nected to a second side edge 171B2 of the bottom wall
171B and rises outward in the radial direction. In addition,
an end edge 171T2 of the rising frontmost portion of the
second side wall 171S2 is joined to the other end edge
1722 of the main body portion 172 of the arcuate cross
section of the suction pipe 17.
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[0041] Furthermore, length directions of the bottom
wall 171B, the first side wall 171S1 and the second side
wall 171S2 are formed along the length direction of the
suction pipe 17. In addition, for ease of description, the
bottom wall 171B, the first side wall 171S1 and the sec-
ond side wall 171S2 are described as separate compo-
nents, but they may be integrated in structure.
[0042] The capillary tube 15 embedded in the recess
171 is in contact with both the first side wall 171S1 and
the second side wall 171S2 of the recess 171, and is
placed on the bottom wall 171B. In this way, the capillary
tube 15 and the suction pipe 17 (the recess 171) can be
in contact with each other at multiple places. Therefore,
according to the present embodiment, the joining oper-
ation of the capillary tube 15 and the suction pipe 17 can
be performed simply and conveniently; in addition, even
when aluminum is used in place of the raw material of
the suction pipe 17, the thermal contact between the cap-
illary tube 15 and the suction pipe 17 can be maintained
well.
[0043] Furthermore, as shown in FIG. 4, the bottom
wall 171B is preferably curved corresponding to a curva-
ture 15R of an outer surface 15S of the capillary tube 15.
Since the bottom wall 171B has such a curved structure,
the bottom wall 171B contacts the capillary tube 15. As
a result, the thermal contact between the capillary tube
15 and the suction pipe 17 can be maintained better, and
the heat transfer loss between the refrigerant in the cap-
illary tube 15 and the refrigerant in the suction pipe 17
can be greatly reduced.
[0044] In addition, although both first side wall 171S1
and the second side wall 171S2 shown in the figure are
substantially flat plate-shaped, they may be in a state in
which they are curved corresponding to the curvature of
the outer surface 15S of the capillary tube and contact
the surface of the capillary tube 15, like the bottom wall
171B. With the first side wall 171S1 and the second side
wall 171S2 being curved in this way, the thermal contact
between the capillary tube 15 and the suction pipe 17
may be maintained better.
[0045] Furthermore, as shown in FIG. 3 and FIG. 4,
the thermal contact region between the capillary tube 15
and the suction pipe 17 in the refrigerant circuit 10 pref-
erably further comprises an auxiliary heat exchange
member 18 for improving the heat exchange efficiency
of the capillary tube 15 and the suction pipe 17. The aux-
iliary heat exchange member 18 is mounted at the suction
pipe 17 to cover the capillary tube 15 embedded in the
recess 171.
[0046] The type of the auxiliary heat exchange member
18 is not particularly limited, as long as it can serve as a
heat exchange medium between the capillary tube 15
and the suction pipe 17, but it is preferably an aluminum
tape with low cost and suitable thermal conductivity. In
addition, in a case where the auxiliary heat exchange
member 18 is an aluminum tape, the following is prefer-
able: the capillary tube 15 can be fixed by a simple op-
eration of bridging the auxiliary heat exchange member

18 from the end edge 171T1 of the recess 171 to the end
edge 171T2 and adhering the auxiliary heat exchange
member 18 on the outer surface of the suction pipe 17.
[0047] Furthermore, as shown in FIG. 3 and FIG. 4,
the refrigerant circuit 10 is preferably provided with a
heat-shrinkable tube 19 that receives the suction tube 17
(covering the outer surface of the suction tube 17) into
which the capillary tube 15 is embedded. Since the suc-
tion tube 17 is received in the heat-shrinkable tube 19,
the capillary tube 15 can be embedded into the recess
171 while being squeezed toward the recess 171; there-
fore, the thermal contact between the capillary tube 15
and the suction pipe 17 can be maintained better.
[0048] In addition, as shown in FIG. 4, it is more pref-
erable that the topmost portion 15T of the capillary tube
15 is received in the recess 171 of the suction pipe 17.
Unlike the present embodiment, assuming that the top-
most portion 15T of the capillary tube 15 protrudes out-
ward out of the recess 171, a diameter of the heat-shrink-
able tube 19 must be increased in proportion to the pro-
truding portion. Conversely, in the present embodiment,
since the topmost portion 15T of the capillary tube 15 is
received in the recess 171, the suction tube 17 in which
the capillary tube 15 is embedded can be received by
the heat-shrinkable tube 19 with a short diameter. Since
the heat-shrinkable tube 19 with a shorter diameter can
be used, further reduction of the costs of the products
can be achieved.
[0049] According to the present embodiment shown in
FIGS. 3 and 4, as compared with the form in the prior art
in which the capillary tube is simply placed on the tubular
suction pipe without the recess 171 being formed and
the heat-shrinkable tube is wound around the capillary
tube and the suction pipe to fix them, the form in the
present invention can shorten the heat exchange length
by about 20% (in the case of the form of the prior art, the
heat exchange length is about 1800 mm, but in the case
of the form of the present embodiment, the heat ex-
change length can be shortened to 1500 mm.). There-
fore, since a usage of metal components such as the
suction pipe can be reduced, further reduction of the
costs of the products can be achieved.
[0050] Embodiments of the present invention have al-
ready described in detail. However, the forgoing depic-
tions are intended to facilitate understanding the content
of the present invention and not to limit the disclosure of
the present invention. The present invention may include
those solutions that may be modified and improved with-
out departing from the spirit of the present invention. In
addition, the present invention equivalents of the present
invention.

Claims

1. A refrigerator (1), wherein the refrigerator (1) com-
prises a refrigerant circuitr (10), the refrigerant cir-
cuitr (10) comprising:
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a suction pipe (17) made of aluminum and com-
prising a recess (171) formed in a lengthwise
direction and recessed radially inwardly; and
a capillary tube (15), the capillary tube (15) is
embedded in the recess (171).

2. The refrigerator (1) according to claim 1, wherein
the recess (171) comprising:

a bottom wall (171B) which is located on a radi-
ally inner side of the suction pipe (17), the cap-
illary tube (15) being disposed on the bottom
wall (171B);
a first side wall (171S1) connected with a first
side edge of the bottom wall (171B) and rising
outward in a radial direction, the first side wall
(171S1) being in contact with the capillary tube
(15); and
a second side wall (171S2) connected with a
second side edge (171B2) of the bottom wall
(171B) and rising outward in a radial direction,
the second side wall (171S2) being in contact
with the capillary tube (15);
as viewed from a cross section, the bottom wall
(171B) is curved corresponding to a curvature
of an outer surface of the capillary tube (15), and
the bottom wall (171B) is in contact with a sur-
face of the capillary tube (15).

3. The refrigerator (1) according to claim 2, wherein as
viewed from the cross section, the first side wall
(171S1) is a flat plate-shaped, or the first side wall
(171S1) is curved corresponding to the curvature of
the outer surface of the capillary tube (15), and the
first side wall (171S1) is in contact with the surface
of the capillary tube (15).

4. The refrigerator (1) according to claim 2, wherein as
viewed from the cross section, the second side wall
(171S2) is a flat plate-shaped, or the second side
wall (171S2) is curved corresponding to the curva-
ture of the outer surface of the capillary tube (15),
and the second side wall (171S2) is in contact with
the surface of the capillary tube (15).

5. The refrigerator (1) according to claim 1, wherein
the refrigerator (1) further comprises an auxiliary
heat exchange member (18), the auxiliary heat ex-
change member (18) being mounted at the suction
pipe (17) and configured to cover the recess (171)
and the capillary tube (15) embedded in the recess
(171).

6. The refrigerator (1) according to claim 5, wherein the
auxiliary heat exchange member (18) is an aluminum
tape.

7. The refrigerator (1) according to claim 1, wherein

the refrigerator (1) further comprises a heat-shrink-
able tube (19) receiving the suction pipe (17) in which
the capillary tube (15) is embedded, the heat-shrink-
able tube (19) pressing the capillary tube (15) to-
wards the recess (171).

8. The refrigerator (1) according to claim 7, wherein
the topmost portion (15T) of the capillary tube (15)
is received in the recess (171).
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