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DESCRIPTION
Title of Invention

REFRIGERATOR

Technical Field
[0001]

The present disclosure relates to a refrigerator that includes a vacuum thermal
insulator.
Background Art
[0002]

There is a type of refrigerator that includes a storage compartment that is set to
a temperature higher than the temperatures of other compartments disposed around
the storage compartment (see Patent Literature 1, for example). Patent Literature 1
discloses a refrigerator where a refrigerator compartment, an ice-making
compartment, a vegetable compartment, and a freezer compartment are provided in
this order from the top. When the frequency of opening and closing the door or the
opening duration of the door is compared between the vegetable compartment and
the freezer compartment, although there are differences according to the individual,
the vegetable compartment generally has a higher frequency of opening and closing
the door and a longer opening duration of the door.  For this reason, in Patent
Literature 1, the vegetable compartment is disposed at a position higher than the
freezer compartment to improve convenience of the refrigerator. However, in the
refrigerator having such a configuration, the ice-making compartment and the freezer
compartment, which are spaces in a minus temperature zone, are provided above
and below the vegetable compartment, which is a space in a plus temperature zone,
and hence, a cooler is disposed behind the vegetable compartment, and cools the
spaces disposed above and below the vegetable compartment into the minus
temperature zone. In the refrigerator disclosed in Patent Literature 1, to prevent a
situation where the vegetable compartment is excessively cooled, a vacuum thermal

insulator is provided in the rear wall portion of the vegetable compartment, the
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vacuum thermal insulator having higher thermal insulation performance (that is,
having a smaller heat transfer coefficient) than a foamed thermal insulator. Further,
the refrigerator disclosed in Patent Literature 1 has a plurality of air passages that
allow a cooler chamber, in which the cooler is disposed, to communicate with the
storage compartments, such as the vegetable compartment. Cold air cycles through
the inside of the refrigerator via these air passages, so that stored objects
accommodated in the respective storage compartments are cooled by cold air. In
the refrigerator disclosed in Patent Literature 1, the vacuum thermal insulator is
provided to the rear wall portion of the vegetable compartment except for the left and
right end portions of the rear wall portion, and the entire cooler is covered by the

vacuum thermal insulator when viewed in the front view.

Citation List
Patent Literature
[0003]
Patent Literature 1: International Publication No. WO 2018/13115

Summary of Invention
Technical Problem
[0004]

The refrigerator disclosed in Patent Literature 1 is provided with a return air
passage for cold air, the return air passage allowing the vegetable compartment and
the cooler chamber to communicate with each other. Cold air warmed in the
vegetable compartment is returned to the cooler chamber through the return air
passage, and is cooled by the cooler again. Therefore, the outlet in the cooler
chamber for the return air passage is disposed to cause cold air returned to the cooler
chamber to pass through the cooler. In the refrigerator disclosed in Patent Literature
1, the vacuum thermal insulator is provided to cover the entire cooler when viewed in
a front view, and the inlet of the return air passage is provided next to the vacuum

thermal insulator. Accordingly, in the case where the outlet of the return air passage
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is disposed to cause cold air to pass through the cooler in the refrigerator disclosed in
Patent Literature 1, the return air passage is provided to extend in the lateral direction
from the inlet to the cooler when viewed in a front view. Further, in this case, a
portion of the return air passage that overlaps with the vacuum thermal insulator
when viewed in a front view is disposed behind the vacuum thermal insulator to
bypass the vacuum thermal insulator. Therefore, the shape of the return air passage
is complicated, and it is necessary to ensure a space to provide the return air
passage in the rear wall portion of the vegetable compartment at a position behind
the vacuum thermal insulator. Accordingly, in the case where the return air passage
is provided in the refrigerator disclosed in Patent Literature 1 such that cold air
returned to the cooler chamber from the vegetable compartment is caused to pass
through the cooler, the thickness of the rear wall portion of the vegetable
compartment increases, thus reducing a storage space.

[0005]

The present disclosure has been made to solve the above-mentioned
problems, and it is an object of the present disclosure to provide a refrigerator in
which a return air passage is provided without reducing a storage space, the return
air passage returning cold air to cause the cold air to pass through the cooler.
Solution to Problem
[0006]

A refrigerator according to an embodiment of the present disclosure includes a
thermal insulation box body in which a plurality of storage compartments are formed,
the thermal insulation box body having an opening that is formed at a front side of the
thermal insulation box body and that is covered by a door, wherein a first storage
compartment configured to store a stored object, a temperature of the first storage
compartment being set to a temperature higher than a temperature of another storage
compartment of the plurality of storage compartments, another storage compartment
being adjacent to the first storage compartment, a cooler chamber provided behind
the first storage compartment, a cooler being disposed in the cooler chamber, a first

vacuum thermal insulator disposed between the first storage compartment and the
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cooler chamber, and a return air passage configured to allow the first storage
compartment and the cooler chamber to communicate with each other, cold air
returning to the cooler chamber flowing through the return air passage, are provided
in the thermal insulation box body, and when the thermal insulation box body is
viewed in a front view, the first vacuum thermal insulator is disposed to overlap with a
portion of the cooler, and the return air passage is provided to be adjacent to the first
vacuum thermal insulator in a state of overlapping with the cooler without overlapping
with the first vacuum thermal insulator.

Advantageous Effects of Invention

[0007]

In the refrigerator according to the embodiment of the present disclosure, the
return air passage does not overlap with the first vacuum thermal insulator when the
thermal insulation box body is viewed in a front view and hence, it is unnecessary to
provide a space for a return air passage at a position behind the vacuum thermal
insulator. Accordingly, it is possible to avoid a reduction in the storage space of the
first storage compartment. Further, in the refrigerator according to the embodiment
of the present disclosure, when the thermal insulation box body is viewed in a front
view, the return air passage is provided to be adjacent to the first vacuum thermal
insulator in a state of overlapping with the cooler, and the outlet of the return air
passage for cold air is disposed at a position that overlaps with the cooler or at a
position below the cooler. Accordingly, unlike a conventional technique, it is possible
to provide the return air passage that returns cold air to cause the cold air to pass
through the cooler without requiring the return air passage to extend in the lateral
direction. Therefore, according to the present disclosure, it is possible to provide the
return air passage without reducing the storage space, the return air passage

returning cold air to cause the cold air to pass through the cooler.

Brief Description of Drawings
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[0008]

[Fig. 1] Fig. 1 is a perspective view showing the external appearance of a
refrigerator according to Embodiment 1 of the present disclosure.

[Fig. 2] Fig. 2 is a schematic front view showing the inside of the refrigerator
shown in Fig. 1.

[Fig. 3] Fig. 3 is an explanatory view showing a longitudinal cross section of the
refrigerator shown in Fig. 1 taken along a front-back direction.

[Fig. 4] Fig. 4 is a diagram showing a refrigerant circuit of the refrigerator
shown in Fig. 1.

[Fig. 5] Fig. 5 is an explanatory view showing a cross section of a portion of a
wall portion of a thermal insulation box body of the refrigerator shown in Fig. 1.

[Fig. 6] Fig. 6 is an explanatory view showing a cross section of a portion of a
wall portion of a left side surface portion of the thermal insulation box body of the
refrigerator shown in Fig. 1.

[Fig. 7] Fig. 7 is an explanatory view showing another example of the cross
section of the portion of the wall portion of the thermal insulation box body shown in
Fig. 5.

[Fig. 8] Fig. 8 is an explanatory view showing another example of the cross
section of the portion of the wall portion of the thermal insulation box body shown in
Fig. 5.

[Fig. 9] Fig. 9 is a diagram showing a longitudinal cross section of an area
around a vegetable compartment of the refrigerator shown in Fig. 1 taken along the
front-back direction.

[Fig. 10] Fig. 10 is an explanatory view showing a longitudinal cross section of
another example of a ceiling wall portion of the vegetable compartment shown in Fig.
9.

[Fig. 11] Fig. 11 is an explanatory view showing a longitudinal cross section of
another example of the ceiling wall portion of the vegetable compartment shown in

Fig. 9.
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[Fig. 12] Fig. 12 is a diagram showing another example of a vegetable
compartment rear wall portion shown in Fig. 9.

[Fig. 13] Fig. 13 is a diagram showing another example of the vegetable
compartment rear wall portion shown in Fig. 9.

[Fig. 14] Fig. 14 is a schematic view showing an X-X cross section of the
refrigerator shown in Fig. 2.

[Fig. 15] Fig. 15 is a schematic front view showing a lower portion of the
refrigerator shown in Fig. 2.

[Fig. 16] Fig. 16 is a schematic view showing an A-A cross section of the
refrigerator shown in Fig. 2.

[Fig. 17] Fig. 17 is a schematic view showing a blowout air passage for cold air
to a freezer compartment shown in Fig. 16 and a return air passage for cold air from
the freezer compartment.

[Fig. 18] Fig. 18 is a schematic view showing a B-B cross section of the
refrigerator shown in Fig. 2.

[Fig. 19] Fig. 19 is a schematic view showing a return air passage for cold air
from the vegetable compartment shown in Fig. 18.

[Fig. 20] Fig. 20 is a schematic front view showing a cooler of the refrigerator
shown in Fig. 3.

[Fig. 21] Fig. 21 is a front perspective view showing the cooler shown in Fig.
20.

[Fig. 22] Fig. 22 is a schematic view showing a T-T cross section of the
refrigerator shown in Fig. 2.

[Fig. 23] Fig. 23 is a schematic view showing another example of the return air
passage for cold air from the vegetable compartment of the refrigerator shown in Fig.
22.

[Fig. 24] Fig. 24 is a schematic front view showing another example of the
refrigerator shown in Fig. 2.

[Fig. 25] Fig. 25 is a schematic front view of the refrigerator shown in Fig. 24.
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[Fig. 26] Fig. 26 is a schematic view showing vacuum thermal insulators in wall
portions forming the vegetable compartment of the refrigerator shown in Fig. 1.

[Fig. 27] Fig. 27 is a schematic view showing the vacuum thermal insulators in
the wall portions forming the vegetable compartment of the refrigerator shown in Fig.
26 as viewed from the rear side.

[Fig. 28] Fig. 28 is a partial schematic view of the vegetable compartment of the
refrigerator shown in Fig. 15.

[Fig. 29] Fig. 29 is a schematic front view of a refrigerator according to
Embodiment 2 of the present disclosure.

[Fig. 30] Fig. 30 is a schematic view showing a C-C cross section of the

refrigerator shown in Fig. 29.

Description of Embodiments
[0009]

Hereinafter, Embodiments of the present disclosure will be described with
reference to drawings. In the respective drawings, components given the same
reference symbols are identical or corresponding components, and the same goes for
the entire specification. Modes of constitutional elements shown in the entire
specification are merely given for the sake of example, and are not limited to the
description in the specification.

[0010]
Embodiment 1

Fig. 1 is a perspective view showing the external appearance of a refrigerator 1
according to Embodiment 1 of the present disclosure. Fig. 2 is a schematic front
view showing the inside of the refrigerator 1 shown in Fig. 1. Fig. 3 is an explanatory
view showing a longitudinal cross section of the refrigerator 1 shown in Fig. 1 taken
along a front-back direction. Fig. 4 is a diagram showing a refrigerant circuit of the
refrigerator shown in Fig. 1. The schematic configuration of the refrigerator 1 will be
described with reference to Fig. 1 to Fig. 4.

[0011]
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As shown in Fig. 1, the refrigerator 1 includes a thermal insulation box body 19.
As shown in Fig. 2, a plurality of storage compartments are provided in the thermal
insulation box body 19. In an example shown in Fig. 2, the thermal insulation box
body 19 has a vertically elongated cuboid shape. In the example shown in Fig. 2, a
refrigerator compartment 2, an ice-making compartment 3, a temperature versatile
compartment 4, a freezer compartment 6, and a vegetable compartment 5 are formed
in the thermal insulation box body 19. The refrigerator compartment 2, the ice-
making compartment 3 and the temperature versatile compartment 4, the vegetable
compartment 5, and the freezer compartment 6 are disposed in this order from the
top. The ice-making compartment 3 and the temperature versatile compartment 4
are provided to be adjacent to each other in a lateral direction. The temperature
versatile compartment 4 is disposed on the left, and the ice-making compartment 3 is
disposed on the right of the temperature versatile compartment 4. Partitions that
separates the storage compartments are provided in the thermal insulation box body
19. The number of storage compartments of the refrigerator 1, the type, that is, the
set temperature, of each storage compartment, and the arrangement of the storage
compartments are not limited to the above. For example, the refrigerator 1 may be
configured to include a chiller compartment (being a storage compartment having a
set temperature of 0 to 3 degrees C, for example). The temperature versatile
compartment 4 may be disposed on the right, and the ice-making compartment 3 may
be disposed on the left of the temperature versatile compartment 4.

[0012]

As shown in Fig. 2, the thermal insulation box body 19 includes an upper
surface portion 19a, a bottom surface portion 19b, a right side surface portion 19c, a
left side surface portion 19d, and a rear surface portion 19f (see Fig. 3), and has an
opening formed at the front side thereof. As shown in Fig. 1, the refrigerator 1
includes doors 2a, 3a, 4a, 5a, and 6a that open and close the respective storage
compartments. In the example shown in Fig. 2 and Fig. 3, the upper surface portion
19a of the thermal insulation box body 19 forms the ceiling wall portion of the

refrigerator compartment 2, which is disposed at the uppermost portion, and the

8



10

15

20

25

30

bottom surface portion 19b of the thermal insulation box body 19 forms the bottom
wall portion of the freezer compartment 6, which is disposed at the lowermost portion.
In the example shown in Fig. 2 and Fig. 3, the left side surface portion 19d of the
thermal insulation box body 19 forms left side wall portions of the refrigerator
compartment 2, the temperature versatile compartment 4, the vegetable compartment
5, and the freezer compartment 6. The right side surface portion 19c¢ of the thermal
insulation box body 19 forms right side wall portions of the refrigerator compartment
2, the ice-making compartment 3, the vegetable compartment 5, and the freezer
compartment 6.

[0013]

As shown in Fig. 3, the refrigerator 1 includes a cooler 14 that cools the
plurality of storage compartments. As shown in Fig. 4, the refrigerator 1 includes a
refrigerant circuit 7 that includes the cooler 14. In an example shown in Fig. 4, the
refrigerant circuit 7 is formed by connecting, by pipes, a compressor 8, an air cooled
condenser 9, a condenser 10, a frost prevention pipe 11, a dryer 12, a pressure
reducing device 13, and the cooler 14, the compressor 8 compressing refrigerant, the
air cooled condenser 9 causing the refrigerant to exchange heat with surrounding air,
the condenser 10 being provided in the wall portion of the thermal insulation box body
19, the dryer 12 removing moisture and foreign substances from the refrigerant, the
pressure reducing device 13 reducing the pressure of the refrigerant. The frost
prevention pipe 11 is routed around the respective storage compartments on the front
side of the refrigerator 1. The configuration of the refrigerant circuit 7 is not limited to
the above-mentioned configuration.

[0014]

As shown in Fig. 3, an air passage through which cold air passes is provided in
the thermal insulation box body 19. As shown in Fig. 2, the refrigerator 1 includes a
fan 15 that is disposed in the air passage at a position above the cooler, and causes
cold air to cycle through the inside of the refrigerator 1. As shown in Fig. 3, the
refrigerator 1 also includes air volume adjustment devices 18a, 18b, and 18c that

adjust the volume of cold air being supplied to the respective storage compartments.
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[0015]

The air passage is branched into a plurality of blowout air passages at
positions higher than the cooler 14. Cold air that is cooled by the cooler 14 and is
discharged from the fan 15 flows into the respective branched air passages. A
blowout air passage 27 that communicates with the refrigerator compartment 2 is
provided in a foamed thermal insulator installed at a position close to the rear surface
of the refrigerator compartment 2. A portion of cold air from the cooler 14 is supplied
to the refrigerator compartment 2 via the blowout air passage 27. The air volume
adjustment device 18a is disposed in the blowout air passage 27, the air volume
adjustment device 18a adjusting the volume of cold air supplied to the refrigerator
compartment 2. Electric components that form the respective air volume adjustment
devices 18a, 18b, and 18c are stored in the rear wall portions of the storage
compartments disposed at positions above the vegetable compartment 5.  With such
a configuration, it is unnecessary to provide an extra space at a position behind the
vegetable compartment 5 and hence, it is possible to achieve the vegetable
compartment 5 having a large capacity.

[0016]

The lower portion of the rear surface portion 19f of the thermal insulation box
body 19 is indented frontward, so that a machine chamber 51 is formed at a lower
portion of the refrigerator 1 at a position close to the rear surface. The thermal
insulation box body 19 also includes a vegetable compartment rear wall portion 31
provided between the cooler 14 and the vegetable compartment 5, and a cooler
chamber 52, which is a space where the cooler 14 is disposed, is formed on the rear
surface side of the vegetable compartment rear wall portion 31. The cooler chamber
52 communicates with the air passage. A frost prevention heater 47 (described later,
see Fig. 16) and a drip tray 66 are provided in the cooler chamber 52 at a position
below the cooler 14, the drip tray 66 receiving melted water from the cooler 14.
[0017]

As shown by solid line arrows in Fig. 4, in the refrigerant circuit 7, refrigerant

discharged from the compressor 8 is supplied to the air cooled condenser 9, which is
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installed in the machine chamber 51. The refrigerant that flows through the air
cooled condenser 9 flows through the condenser 10 installed in urethane of the
thermal insulation box body 19 (see Fig. 3). The refrigerant that flows through the
condenser 10 is condensed by a condensation step during the period in which the
refrigerant flows through the frost prevention pipe 11 that is routed around the
respective storage compartments on the front side of the refrigerator 1. The
refrigerant that flows through the frost prevention pipe 11 passes through the dryer 12
and, thereatfter, is supplied to the pressure reducing device 13, thus being reduced in
pressure. The refrigerant that is reduced in pressure by the pressure reducing
device 13 is supplied to the cooler 14. The refrigerant that is supplied to the cooler
14 evaporates in the cooler 14, thus exchanging heat with cold air that is forcibly
caused to cycle through the inside of the refrigerator 1 by the fan 15. The cold air
generated by the heat exchange in the cooler 14 cools the respective storage
compartments in the refrigerator 1. After the refrigerant exchanges heat in the
cooler 14, the refrigerant receives heat, thus being gasified, and then returns to the
compressor 8.

[0018]

As shown by broken line arrows in Fig. 4, cold air generated by the cooler 14 is
supplied to the respective storage compartments through the air passage by the fan
15. After the cold air cools the inside of the respective storage compartments and
stored objects, such as food, the cold air returns to the cooler chamber 52 (see Fig. 3)
again, and is cooled by the cooler 14.

[0019]

Each of the air volume adjustment devices 18a, 18b, and 18c shown in Fig. 3 is
an electric component that adjusts opening and closing of an air passage, such as a
damper. In the example shown in Fig. 3, three air volume adjustment devices, that
is, the air volume adjustment devices 18a, 18b, 18c, are provided in the air passage
at positions higher than the cooler 14 and downstream of the fan 15. The volume of
air being supplied to the refrigerator compartment 2 is adjusted by the air volume

adjustment device 18a, the volume of air being supplied to the temperature versatile
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compartment 4 is adjusted by the air volume adjustment device 18b, and the volume
of air being supplied to the vegetable compartment 5 is adjusted by the air volume
adjustment device 18c. The detailed configuration of the air passage will be
described later.

[0020]

As shown in Fig. 3, the refrigerator 1 includes a plurality of temperature
sensors 16a, 16b, 16¢, and 16d installed in the storage compartments. Each
temperature sensor detects the temperature of air in the storage compartment in
which the temperature sensor is installed or the temperature of stored objects. In
the example shown in Fig. 3, the temperature sensor 16a is installed in the
refrigerator compartment 2, the temperature sensor 16b is installed in the
temperature versatile compartment 4, the temperature sensor 16¢ is installed in the
vegetable compartment 5, and the temperature sensor 16d is installed in the freezer
compartment 6. Although not shown in the drawing, a temperature sensor is also
installed in the ice-making compartment 3.

[0021]

The refrigerator 1 also includes a control unit 17 that performs various controls
for the refrigerator 1.  The control unit 17 is provided at the upper portion of the rear
surface portion of the thermal insulation box body 19, for example. The control unit
17 includes a control board and a microcomputer, electronic components, and other
components disposed on the control board. Temperature information detected by
each of the above-mentioned plurality of temperature sensors is inputted into the
control unit 17. The control unit 17 causes the respective air volume adjustment
devices 18a, 18b, 18c to be operated according to the inputted temperature
information. With such an operation, the volumes of air being supplied to the
respective storage compartments are adjusted by the air volume adjustment devices
18a, 18b, 18c according to the temperatures detected by the temperature sensors
16a, 16b, 16¢, 16d, so that the respective storage compartments are maintained at

appropriate temperatures. The control unit 17 controls a frequency of the
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compressor 8 and the opening degree of the pressure reducing device 13, the
compressor 8 and the pressure reducing device 13 being shown in Fig. 4.
[0022]

As shown in Fig. 2, the refrigerator 1 includes the storage compartments that
are set to a freezing temperature zone, being a minus temperature zone, (the freezer
compartment 6 and the ice-making compartment 3, for example), and the storage
compartments that are set to a refrigeration temperature zone, being a plus
temperature zone, (the refrigerator compartment 2 and the vegetable compartment 5,
for example). In the example shown in Fig. 2 and Fig. 3, the freezer compartment 6
is disposed at the lowermost portion of the refrigerator 1 and the vegetable
compartment 5 having a higher frequency of access than the freezer compartment 6
is disposed above the freezer compartment 6 to improve convenience. Inthe
example shown in Fig. 2 and Fig. 3, the vegetable compartment 5 in the refrigeration
temperature zone is disposed to be adjacent to the freezer compartment 6 and the
ice-making compartment 3 in the up-down direction of the refrigerator 1, the freezer
compartment 6 and the ice-making compartment 3 being in the freezing temperature
zone. To ensure thermal insulation properties between the respective storage
compartments, vacuum thermal insulators (not shown in the drawing) are provided to
the partitions that are provided between the respective storage compartments. In
the example shown in Fig. 2 and Fig. 3, to cool both the freezer compartment 6 and
the ice-making compartment 3, which are in the freezing temperature zone, the cooler
chamber 52 is provided behind the vegetable compartment 5, which is disposed
between the freezer compartment 6 and the ice-making compartment 3. Therefore,
to insulate the cooler 14 against heat from the vegetable compartment 5, a vacuum
thermal insulator 39 (see Fig. 9, which will be described later) is also provided to the
vegetable compartment rear wall portion 31, which is disposed between the cooler
chamber 52 and the vegetable compartment 5 in the refrigeration temperature zone.
Hereinafter, the vacuum thermal insulator 39 disposed between the cooler 14 and the

vegetable compartment 5 may be referred to as "first vacuum thermal insulator".
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The arrangement of the first vacuum thermal insulator will be described later in more
detail.
[0023]

In the refrigerator 1 shown in Fig. 3, by taking into account accessibility to the
respective storage compartments and a balance between the inner volumes of the
storage compartments, it is preferable to set a distance L from the floor surface of the
room to a floor surface 2b of the refrigerator compartment 2 to 954 mm or more and
994 mm or less, the refrigerator compartment 2 being the storage compartment
disposed at the uppermost portion.

[0024]

In the example shown in Fig. 3, the cooler chamber 52, in which the cooler 14
is disposed, is mainly provided behind the vegetable compartment 5, and also
extends to positions behind the lower portions of the ice-making compartment 3 and
the temperature versatile compartment 4 and to a position behind the upper portion of
the freezer compartment 6. A lower end 14b of the cooler 14 is located in the cooler
chamber 52 at a position lower than a height F of the floor surface of the vegetable
compartment 5 in the up-down direction. In the case where the lower end 14b of the
cooler 14 is located at the position lower than the height F of the floor surface of the
vegetable compartment 5 as shown in Fig. 3, a large space is ensured above the
cooler 14, thus increasing the degree of freedom in selection of the size of the fan 15
that is disposed in this space.

[0025]

Fig. 5 is an explanatory view showing a cross section of a portion of a wall
portion 20 of the thermal insulation box body 19 of the refrigerator 1 shown in Fig. 1.
As shown in Fig. 5, the wall portion 20 of the thermal insulation box body 19 includes
a metal sheet 21, an inner box 22, and a thermal insulator 23, the metal sheet 21
forming the outer shell, the inner box 22 forming inner walls of the respective storage
compartments, the thermal insulator 23 being disposed between the metal sheet 21
and the inner box 22. The wall portion 20 suppresses the amount of heat intrusion

from the outside. In Embodiment 1, the thermal insulator 23 is configured to include
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a vacuum thermal insulator 24. By sticking the vacuum thermal insulator 24 to the
metal sheet 21 forming the outer shell, it is possible to significantly reduce the amount
of heat intrusion. The vacuum thermal insulator 24 that is disposed in the wall
portion 20 may be one rectangular plate-like vacuum thermal insulator, for example.
[0026]

Aside from the vacuum thermal insulator 24, the thermal insulator 23 is mainly
made of a urethane foam material. The thermal insulator 23 is configured to include
various internal parts disposed in a space in which a urethane foam material is
sealed, the internal parts being fixed by the urethane foam material. Examples of
the internal parts include a reinforcing part that corrects distortion of the refrigerator 1,
parts of the above-mentioned refrigerant circuit 7, and parts of electric wiring.

[0027]

Fig. 6 is an explanatory view showing a cross section of a portion of the wall
portion 20 of the left side surface portion 19d of the thermal insulation box body 19 of
the refrigerator 1 shown in Fig. 1. As shown in Fig. 6, the thermal insulator 23 of the
wall portion 20 of the left side surface portion 19d of the thermal insulation box body
19 of the refrigerator 1 is configured to fix, by a urethane foam material, various
internal parts disposed in the space in which a urethane foam material is sealed. In
Embodiment 1, a support 25 is also disposed on the wall portion 20 of the left side
surface portion 19d of the thermal insulation box body 19 as the internal part in
addition to the above-mentioned reinforcing part, the parts of the refrigerant circuit 7,
and the parts of the electric wiring, for example, the support 25 supporting the door
(for example, the door 5a shown in Fig. 1) of the drawer-type storage compartment.
The support 25 has a rail structure that receives a frame structure forming the door of
the drawer-type storage compartment, and the thermal insulator 23 that fixes the
support 25 is formed into a shape that conforms to the shape of the rail structure to fix
the rail structure of the support 25.

[0028]
The configuration of the wall portion 20 of the thermal insulation box body 19 is

not limited to the above-mentioned configuration. Fig. 7 is an explanatory view
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showing another example of the cross section of the portion of the wall portion 20 of
the thermal insulation box body 19 shown in Fig. 5. Fig. 8 is an explanatory view
showing another example of the cross section of the portion of the wall portion 20 of
the thermal insulation box body 19 shown in Fig. 5.

[0029]

As shown in Fig. 7, at some installation positions, the vacuum thermal insulator
24 of the thermal insulator 23 may be disposed at an intermediate position between
the metal sheet 21 forming the outer shell and the wall surface of the inner box 22 by
using spacers 26. Alternatively, as shown in Fig. 8, at some installation positions,
the vacuum thermal insulator 24 of the thermal insulator 23 may be adhered to the
wall surface of the inner box 22. As described above, the vacuum thermal insulator
24 of the thermal insulator 23 may be installed in the wall portion 20 by any one of the
methods shown in Fig. 5, Fig. 6, and Fig. 7. To avoid the breakage of the vacuum
thermal insulator 24, the vacuum thermal insulator 24 is installed in a state of
preventing interference with the above-mentioned internal parts.

[0030]

It is preferable that an area covered by the vacuum thermal insulators 24
disposed in these wall portions 20 be 40% or more of the entire surface area of the
outer shell including the thermal insulation box body 19 of the refrigerator 1 and the
doors 2a, 3a, 4a, 5a and 6a (see Fig. 1) of the respective storage compartments. It
is also preferable that the foam density of a urethane foam material sealed in an area
around these vacuum thermal insulators 24 be 60 kg/cm?® or more. It is also
preferable that the flexural modulus of the urethane foam material be 15.0 MPa or
more. By forming the urethane foam material as described above, it is possible to
ensure the strength of the thermal insulation box body 19 of the refrigerator 1.

[0031]

As described above, the vacuum thermal insulator 24 having higher thermal
insulation performance than the foamed thermal insulator is included in the thermal
insulator 23 of the thermal insulation box body 19. Accordingly, even when a

distance between the outer shell of the refrigerator 1 and the inner wall of the inner
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box 22 is reduced, that is, even when a thermal insulation thickness is reduced, it is
possible to ensure equivalent thermal insulation performance. Therefore, in the case
where the vacuum thermal insulator 24 is provided in the wall portion 20 of the
thermal insulation box body 19, it is possible to increase the inner volume of the
refrigerator 1 by reducing the thickness of the wall portion 20 compared with the case
where the vacuum thermal insulator 24 is not provided.

[0032]

Fig. 9 is a diagram showing a longitudinal cross section of an area around the
vegetable compartment 5 of the refrigerator 1 shown in Fig. 1 taken along the front-
back direction. Fig. 10 is an explanatory view showing a longitudinal cross section of
another example of a ceiling wall portion 32 of the vegetable compartment 5 shown in
Fig. 9. Fig. 11 is an explanatory view showing a longitudinal cross section of another
example of the ceiling wall portion 32 of the vegetable compartment 5 shown in Fig.
9. Fig. 12 is a diagram showing another example of the vegetable compartment rear
wall portion 31 shown in Fig. 9. Fig. 13 is a diagram showing another example of the
vegetable compartment rear wall portion 31 shown in Fig. 9. The plurality of wall
portions forming the vegetable compartment 5 will be described with reference to Fig.
9 to Fig. 13.

[0033]

As shown in Fig. 9, the ceiling wall portion 32 of the vegetable compartment 5
forms the partition between the vegetable compartment 5, and the ice-making
compartment 3 and the temperature versatile compartment 4 shown in Fig. 3. The
ceiling wall portion 32 is a thermal insulation wall, and suppresses heat transfer
between the vegetable compartment 5 and the storage compartments that are set to
temperatures lower than the temperature of the vegetable compartment 5 and that
are disposed above the vegetable compartment 5. The outer shell of the ceiling wall
portion 32 is made of an injection molding material, and the inner portion of the ceiling
wall portion 32 is made of a vacuum thermal insulator 33 and a urethane foam
material 34. In the ceiling wall portion 32, the vacuum thermal insulator 33 is

installed at a position close to the storage compartments having temperatures lower
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than the temperature of the vegetable compartment 5, that is, at a position close to
the upper side.
[0034]

As shown in Fig. 9, a bottom wall portion 35 of the vegetable compartment 5
forms the partition between the vegetable compartment 5 and the freezer
compartment 6 shown in Fig. 3. The bottom wall portion 35 is a thermal insulation
wall, and suppresses heat transfer between the vegetable compartment 5 and the
storage compartment that is set to a temperature lower than the temperature of the
vegetable compartment 5 and that is disposed below the vegetable compartment 5.
In the same manner as the ceiling wall portion 32, the outer shell of the bottom wall
portion 35 is made of an injection molding material, and the inner portion of the
bottom wall portion 35 is made of a vacuum thermal insulator 36 and a urethane foam
material 37. In the bottom wall portion 35, the vacuum thermal insulator 36 is
installed at a position close to the storage compartment having a temperature lower
than the temperature of the vegetable compartment 5, that is, at a position close to
the lower side.

[0035]

By taking into account fluidity during manufacture and manufacturing
variations, it is preferable that the thickness of each of the urethane foam material 34
in the ceiling wall portion 32 of the vegetable compartment 5 and of the urethane
foam material 37 in the bottom wall portion 35 of the vegetable compartment 5 be 7
mm or more. Each of the vacuum thermal insulator 33 in the ceiling wall portion 32
of the vegetable compartment 5 and the vacuum thermal insulator 36 in the bottom
wall portion 35 of the vegetable compartment 5 is one rectangular plate-like vacuum
thermal insulator.

[0036]

The arrangement of the vacuum thermal insulator 33 in the ceiling wall portion
32 of the vegetable compartment 5 is not limited to the above. A configuration may
be adopted where the vacuum thermal insulator 33 disposed in the ceiling wall portion

32 of the vegetable compartment 5 and the vacuum thermal insulator 36 disposed in
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the bottom wall portion 35 of the vegetable compartment 5 are respectively wrapped
by the urethane foam materials 34, 37 in the urethane injection step in the
manufacturing process of the refrigerator 1.

[0037]

As shown in Fig. 10, for example, in the ceiling wall portion 32, the vacuum
thermal insulator 33 may be disposed between the upper and lower wall surfaces of
the outer shell by ensuring viscosity of the urethane foam material 34 or the width of a
flow passage. In this case, the entire vacuum thermal insulator 33 is wrapped by the
urethane foam material 34 and hence, it is possible to further suppress the
deterioration of the vacuum thermal insulator 33. Alternatively, as shown in Fig. 11,
for example, in the ceiling wall portion 32, the vacuum thermal insulator 33 may be
installed on the wall surface close to the vegetable compartment 5, that is, on the
lower wall surface, from out of the upper and lower wall surfaces of the outer shell.

In this case, a coverage of the vacuum thermal insulator 33 can be increased on the
inner wall surface of the vegetable compartment 5 and hence, it is possible to
suppress the amount of heat intrusion.

[0038]

As described above, the ceiling wall portion 32 and the bottom wall portion 35
respectively include the vacuum thermal insulator 33 and the vacuum thermal
insulator 36, each of the ceiling wall portion 32 and the bottom wall portion 35
providing, in the refrigerator 1, the partition between the vegetable compartment 5
and the storage compartment that is adjacent to the vegetable compartment and that
has a temperature lower than the temperature of the vegetable compartment (the
freezer compartment 6 and the ice-making compartment 3, for example, in
Embodiment 1). With such a configuration, an area of the vegetable compartment 5
that is covered by the vacuum thermal insulators 33, 36 increases as much as
possible. Accordingly, it is possible to prevent inflow of cooling energy into the
vegetable compartment 5 from the periphery of the vegetable compartment 5 and
hence, it is possible to avoid a situation where the inside of the vegetable

compartment 5 is excessively cooled.
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[0039]

As shown in Fig. 9, of the plurality of wall portions forming the vegetable
compartment 5, the vegetable compartment rear wall portion 31 is a thermal
insulation wall that provides the partition between the vegetable compartment 5 and
the cooler chamber 52 disposed behind the vegetable compartment 5. The
vegetable compartment rear wall portion 31 includes thermal insulation wall outer
shells 38 and 42, the vacuum thermal insulator 39, and a foamed thermal insulator 40
provided to wrap the vacuum thermal insulator 39. That is, the vegetable
compartment rear wall portion 31 is configured to include the vacuum thermal
insulator 39 between the inner wall of the vegetable compartment 5 and the cooler
14. The vacuum thermal insulator 39 may be one rectangular plate-like vacuum
thermal insulator, for example.

[0040]

The thickness of the foamed thermal insulator 40 of the vegetable compartment
rear wall portion 31 is set to a thickness obtained by using the limit thickness for
molding as a reference and by providing a required thermal insulation thickness if
there is an additional function desired to be provided to the foamed thermal insulator
40. Inthe case where PS-FO is used as a material for forming the foamed thermal
insulator 40 and an expansion ratio is 40 times, for example, it is preferable to form
the foamed thermal insulator 40 such that a thickness is at least 5 mm or more.
[0041]

A blowout air passage 41 for cold air to the freezer compartment 6 is provided
in the foamed thermal insulator 40 of the vegetable compartment rear wall portion 31,
the blowout air passage 41 allowing the cooler chamber 52 and the freezer
compartment 6 (see Fig. 3) to communicate with each other. In an example shown
in Fig. 9, components are arranged in front of and behind the blowout air passage 41
such that the cooler 14, the thermal insulation wall outer shell 42, the foamed thermal
insulator 40 in which the blowout air passage 41 is formed, the vacuum thermal
insulator 39, and the thermal insulation wall outer shell 38 that forms the inner wall of

the vegetable compartment 5 are arranged in this order from the back.
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[0042]

The configuration of the vegetable compartment rear wall portion 31 is not
limited to the above-mentioned configuration. For example, as shown in Fig. 12, to
make the thermal insulation effect of the vacuum thermal insulator 39 of the vegetable
compartment rear wall portion 31 more effective, the vacuum thermal insulator 39
may be adhered to the inner wall of the thermal insulation wall outer shell 42 disposed
close to the cooler 14. That is, the vacuum thermal insulator 39 is disposed in the
vegetable compartment rear wall portion 31 at a position close to the cooler 14.
However, in this case, restrictions are imposed on the vacuum thermal insulator 39
due to the position or the size of an outlet for cold air discharged from the fan 15 (see
Fig. 2), so that the dimension of the vacuum thermal insulator 39 in the height
direction slightly reduces. In this case, the rear surface of the vacuum thermal
insulator 39 is not covered by the foamed thermal insulator 40 and hence, there is a
concern about the deterioration of the vacuum thermal insulator 39. By providing the
foamed thermal insulator 40 between the vacuum thermal insulator 39 and the inner
wall of the thermal insulation wall outer shell 42 disposed close to the cooler 14 as
shown in Fig. 13, the rear surface of the vacuum thermal insulator 39 can be covered
by the foamed thermal insulator 40. Accordingly, compared with the case shown in
Fig. 13, it is possible to suppress the deterioration of the vacuum thermal insulator 39.
[0043]

The description has been made with reference to Fig. 9 for the case where, of
the plurality of wall portions forming the vegetable compartment 5, the ceiling wall
portion 32, the bottom wall portion 35, and the vegetable compartment rear wall
portion 31 respectively include the vacuum thermal insulators 33, 36, 39. However,
a configuration may be adopted where each of the left and right side wall portions of
the vegetable compartment 5 and the door 5a of the vegetable compartment 5 also
includes the vacuum thermal insulator. Each vacuum thermal insulator may be one
rectangular plate-like vacuum thermal insulator. As in the case of the vegetable
compartment 5 of the present disclosure, when the configuration is adopted where

the vegetable compartment 5 is adjacent to the storage compartment having a
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temperature lower than the temperature of the vegetable compartment 5 and the
cooler 14 is disposed behind the vegetable compartment 5, there is a possibility that
cooling energy flows into the vegetable compartment 5, thus excessively cools the
inside of the vegetable compartment 5. However, by adopting the configuration
where the plurality of wall portions forming the vegetable compartment 5 respectively
include vacuum thermal insulators 24, 33, 36, 39, each being one rectangular vacuum
thermal insulator, as described above, it is possible to prevent inflow of cooling
energy into the vegetable compartment 5 from the periphery of the vegetable
compartment 5 and hence, it is possible to avoid a situation where the inside of the
vegetable compartment 5 is excessively cooled. Further, it is also possible to
prevent heat radiation from the inside of the vegetable compartment 5 to the
periphery of the refrigerator 1 being the outside of the vegetable compartment 5 and
hence, the inside of the vegetable compartment 5 can be maintained at a set
temperature with high heat efficiency.

[0044]

Fig. 14 is a schematic view showing an X-X cross section of the refrigerator 1
shown in Fig. 2. Fig. 15 is a schematic front view showing the lower portion of the
refrigerator shown in Fig. 2. Fig. 16 is a schematic view showing an A-A cross
section of the refrigerator 1 shown in Fig. 2. Fig. 17 is a schematic view showing the
blowout air passage 41 for cold air to the freezer compartment 6 shown in Fig. 16 and
a return air passage 70 for cold air from the freezer compartment 6. Fig. 18 is a
schematic view showing a B-B cross section of the refrigerator 1 shown in Fig. 2.
Fig. 19 is a schematic view showing a return air passage 80 for cold air from the
vegetable compartment 5 shown in Fig. 18. Outline arrows in the drawings show
directions in which cold air flows. The configuration of the air passages and the
positional relationship between the air passages and the vacuum thermal insulator 39
will be described with reference to Fig. 14 to Fig. 19.
[0045]

As shown in Fig. 14 and Fig. 15, a blowout air passage 30 for cold air to the

vegetable compartment 5, blowout air passages (not shown in the drawing) for cold
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air to the temperature versatile compartment 4 and the ice-making compartment 3,
and the blowout air passage 41 for cold air to the freezer compartment 6 are provided
in the thermal insulation box body 19 in addition to the blowout air passage 27 for
cold air to the refrigerator compartment 2 shown in Fig. 3, the blowout air passage 30,
the blowout air passages (not shown in the drawing), and the blowout air passage 41
being branched from the blowout air passage 27 at positions above the cooler 14. A
return air passage 29a for cold air from the temperature versatile compartment 4, a
return air passage 28 for cold air from the ice-making compartment 3, a return air
passage 29b for cold air from the refrigerator compartment 2, and the return air
passage 80 for cold air from the vegetable compartment 5 are also provided in the
thermal insulation box body 19. As shown in Fig. 16, the return air passage 70 for
cold air from the freezer compartment 6 is provided in the thermal insulation box body
19.

[0046]

As shown in Fig. 15, the blowout air passage 30 for cold air to the vegetable
compartment 5 is provided to extend from a branch point on the downstream of the
fan 15 to the upper side of the rear portion of the vegetable compartment 5. A
blowout port 44 is an outlet of the blowout air passage 30 for cold air, and is provided
in the inner wall of the vegetable compartment 5. In an example shown in Fig. 15,
the blowout port 44 is provided in the inner wall of the vegetable compartment rear
wall portion 31. The air volume adjustment device 18c is disposed in the blowout air
passage 30, and a portion of cold air cooled by the cooler 14 is blown into the
vegetable compartment 5 by the fan 15 from the blowout port 44 via the air volume
adjustment device 18c. Of the wall portions forming the vegetable compartment 5,
the blowout port 44 may be formed in the inner wall of the wall portion other than the
vegetable compartment rear wall portion 31. In the example shown in Fig. 15, the
configuration is adopted where the blowout air passage 30 allows the cooler 14 and
the vegetable compartment to directly communicate with each other, and the blowout
port 44 causes cold air cooled by the cooler 14 to directly flow into the vegetable

compartment 5. However, the configuration is not particularly limited to such a
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configuration. For example, a configuration may be adopted where the blowout air
passage 30 communicates with the vegetable compartment 5 via another storage
compartment (for example, the refrigerator compartment 2) from the cooler 14. In
this case, cold air that is cooled by the cooler 14 and is then warmed by cooling
stored objects in another storage compartment (the refrigerator compartment 2) is
supplied to the vegetable compartment 5.

[0047]

As shown in Fig. 15 and Fig. 16, the blowout air passage 41 for cold air to the
freezer compartment 6 is provided to extend from a branch point on the downstream
of the fan 15 to an area behind the vegetable compartment 5 and an area behind the
bottom wall portion 35 of the vegetable compartment that provides the partition
between the freezer compartment 6 and the vegetable compartment 5.  As shown in
Fig. 16 and Fig. 17, the return air passage 70 for cold air from the freezer
compartment 6 is provided behind the lower portion of the blowout air passage 41 for
cold air to the freezer compartment 6, the return air passage 70 allowing the freezer
compartment 6 and the cooler chamber 52 to communicate with each other.

[0048]

As shown in Fig. 15, the return air passage 29a for cold air from the
temperature versatile compartment 4 is provided behind the temperature versatile
compartment 4 and behind the vegetable compartment 5, and allows the temperature
versatile compartment 4 and the cooler chamber 52 (see Fig. 14) to communicate
with each other. The return air passage 28 for cold air from the ice-making
compartment 3 is provided behind the ice-making compartment 3 and behind the
vegetable compartment 5, and allows the ice-making compartment 3 and the cooler
chamber 52 (see Fig. 14) to communicate with each other in the up-down direction.
[0049]

As shown in Fig. 15 and Fig. 18, the return air passage 80 for cold air from the
vegetable compartment 5 is provided behind the vegetable compartment 5, and
allows the vegetable compartment 5 and the cooler chamber 52 (see Fig. 14) to

communicate with each other. As shown in Fig. 15, the return air passage 80 has a
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vertically elongated shape that extends in the up-down direction when viewed in a
front view. As shown in Fig. 18, a return port 45 being an inlet for cold air is provided
in the front side of the upper end portion of the return air passage 80, and an outlet 81
for cold air is provided in the rear side of the lower end portion of the return air
passage 80. The return air passage 80 is provided in the vegetable compartment
rear wall portion 31, and the return port 45 is provided in the inner wall of the
vegetable compartment rear wall portion 31.

[0050]

In the example shown in Fig. 15, the blowout air passage 41 for cold air to the
freezer compartment 6 and the return air passage 70 for cold air from the freezer
compartment 6 (see Fig. 16) are disposed behind the vegetable compartment 5 at the
center in the left-right direction when viewed in a front view. The blowout air
passage 30 for cold air to the vegetable compartment 5, the return air passage 29a
for cold air from the temperature versatile compartment 4, the return air passage 28
for cold air from the ice-making compartment 3, and the return air passage 80 for cold
air from the vegetable compartment 5 are disposed on the right or left of the blowout
air passage 41 in a state of being substantially parallel to the blowout air passage 41.
The blowout air passage 30 for cold air to the vegetable compartment 5, the return air
passage 29a for cold air from the temperature versatile compartment 4, and the
return air passage 29b for cold air from the refrigerator compartment 2 are disposed
on the left of the blowout air passage 41 for cold air to the freezer compartment 6.

Of these air passages, the return air passage 29b for cold air from the refrigerator
compartment 2 is disposed at the leftmost position. The return air passage 28 for
cold air from the ice-making compartment 3 and the return air passage 80 for cold air
from the vegetable compartment 5 are disposed on the right of the blowout air
passage 41 for cold air to the freezer compartment 6 when viewed in a front view.

The return air passage 80 for cold air from the vegetable compartment 5 is disposed
at the rightmost position. The return air passage 29b for cold air from the refrigerator
compartment 2 is connected to the drip tray 66 in the cooler chamber 52 (see Fig. 16)

from the left at a position below the cooler 14.
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[0051]

As shown in Fig. 14, the above-mentioned air passages, that is, the blowout air
passages 30, 41 and the return air passages 29a, 28, 80, are formed in the vegetable
compartment rear wall portion 31, which is provided between the vegetable
compartment 5 and the cooler chamber 52. In the vegetable compartment rear wall
portion 31 shown in Fig. 14, a space formed between the blowout air passage 41 and
the return air passage 28 is a thickness reducing portion that is provided for
stabilizing the shape of the vegetable compartment rear wall portion 31.

[0052]

As shown in Fig. 15, the vacuum thermal insulator 39 of the vegetable
compartment rear wall portion 31 is disposed to overlap with a portion of the cooler 14
when viewed in a front view. The return air passage 80 for cold air from the
vegetable compartment 5 is provided to be adjacent to the vacuum thermal insulator
39 in a state of, without overlapping with the vacuum thermal insulator 39,
overlapping with a portion of the cooler 14 that does not overlap with the vacuum
thermal insulator 39 when viewed in a front view. In the example shown in Fig. 15, a
configuration is adopted where most of the left portion of the front surface of the
cooler 14 from the upper end to the lower end is covered by the rectangular vacuum
thermal insulator 39, and the right portion of the front surface of the cooler 14 is
covered by the return air passage 80 for cold air from the vegetable compartment 5,
the return air passage 80 extending in the up-down direction.

[0053]

It is preferable that substantially the entire cooler 14 be covered by one
rectangular vacuum thermal insulator 39 and the space of the return air passage 80
when viewed in a front view, cold air warmed in the vegetable compartment 5 flowing
through the return air passage 80. W.ith such a configuration, an effect of
suppressing inflow of cooling energy into the vegetable compartment 5 from the
cooler 14 can be maintained and, compared with the conventional configuration
where the entire front surface of the cooler 14 is covered only by the vacuum thermal

insulator 39, the lateral width of the vacuum thermal insulator 39 can be reduced
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compared with the conventional configuration and hence, it is possible to reduce
costs. Further, by suppressing inflow of cooling energy into the vegetable
compartment 5 from the cooler 14, it is possible to prevent a rise in temperature of the
cooler 14 and it is also possible to prevent lowering of the temperature of the
vegetable compartment rear wall portion 31. As a result, it is possible to prevent
frosting in the vegetable compartment 5.

[0054]

It is not always necessary to adopt the configuration where the entire front
surface of the cooler 14 is completely covered by the vacuum thermal insulator 39
and the return air passage 80. In the case where the return air passage 80 is
disposed next to the vacuum thermal insulator 39, a wall portion that forms the return
air passage 80 is disposed between the vacuum thermal insulator 39 and the return
air passage 80. Therefore, by taking into account the strength and the like
necessary for the return air passage 80, a wall portion having a certain thickness or
less may be interposed between the return air passage 80 and the vacuum thermal
insulator 39. Further, the wall portion that forms the return air passage 80 may
include a thermal insulator.

[0055]

The return air passage 80 for cold air from the vegetable compartment 5 is
disposed in the vegetable compartment rear wall portion 31 in a space next to the
vacuum thermal insulator 39, the space being formed by reducing the lateral width of
the vacuum thermal insulator 39. The return air passage 80 is disposed to overlap
with the portion of the cooler 14 that does not overlap with the vacuum thermal
insulator 39 when viewed in a front view. Accordingly, as shown in Fig. 19, it is
sufficient that the outlet 81 of the return air passage 80 extends in the backward
direction only by an amount corresponding to the thickness of the wall portion of the
vegetable compartment rear wall portion 31 at a position close to the cooler chamber
52. Therefore, unlike the conventional configuration where the entire front surface of
the cooler 14 is covered only by the vacuum thermal insulator 39, it is unnecessary to

adopt a complicated configuration where the return air passage 80 is provided in a
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state of bypassing the vacuum thermal insulator 39 or is caused to extend not only in
the backward direction but also in the lateral direction.
[0056]

In the example shown in Fig. 15, the vacuum thermal insulator 39 has a lateral
width Wv smaller than a lateral width Wc of the cooler 14, and is provided such that
the left end portion of the vacuum thermal insulator 39 covers the left end of the
cooler 14 when viewed in a front view. The right portion of the cooler 14 is not
covered by the vacuum thermal insulator 39, but is covered by the return air passage
80 when viewed in a front view.

[0057]

The arrangement of the vacuum thermal insulator 39 relative to the cooler 14 is
not limited to the above. For example, the vacuum thermal insulator 39 may be
disposed such that the right end portion of the vacuum thermal insulator 39 covers
the right end of the cooler 14 when viewed in a front view. Alternatively, for example,
one end portion of the vacuum thermal insulator 39 may be aligned with the end
portion of the cooler 14 such that the right end of the vacuum thermal insulator 39
matches the right end of the cooler 14 or the left end of the vacuum thermal insulator
39 matches the left end of the cooler 14 when viewed in a front view.

[0058]

In the example shown in Fig. 14 and Fig. 15, in the same manner as the above-
mentioned case of the return air passage 80, the blowout air passage 30 is also
configured not to overlap with the vacuum thermal insulator 39 when viewed in a front
view, the inner wall of the vegetable compartment rear wall portion 31 having the
blowout port 44 of the blowout air passage 30. However, unlike the case of the
return air passage 80, it is not always necessary for the blowout air passage 30 for
cold air to the vegetable compartment 5 to overlap with the cooler 14 when viewed in
a front view.

[0059]
As shown in Fig. 15, neither the blowout port 44 for cold air to the vegetable

compartment 5 nor the return port 45 for cold air from the vegetable compartment 5 is
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provided in the inner wall of the vegetable compartment rear wall portion 31 at
positions that overlap with the vacuum thermal insulator 39 when viewed in a front
view. Such a configuration does not require special working, such as forming holes
or notches in the vacuum thermal insulator 39, or does not require the use of a
plurality of vacuum thermal insulators in forming the blowout port 44 and the return
port 45. Further, it is unnecessary to cause the blowout air passage 30 and the
return air passage 80 to have a complicated shape that bypasses the vacuum thermal
insulator 39, the blowout air passage 30 and the return air passage 80
communicating with the vegetable compartment 5.

[0060]

In the conventional refrigerator, a blowout port for cold air to a vegetable
compartment and a return port for cold air from the vegetable compartment are
provided in a vegetable compartment rear wall portion at diagonal corner portions
disposed outside a vacuum thermal insulator when viewed in a front view. In the
conventional refrigerator, the vacuum thermal insulator is provided over a large area
to cover the entire front surface of a cooler and hence, restrictions are imposed on a
choice for the arrangement of the return port for cold air from the vegetable
compartment compared with the present disclosure. In the conventional refrigerator,
the blowout port is provided in the vegetable compartment rear wall portion at an
upper corner portion, and the return port is provided in the vegetable compartment
rear wall portion at a lower corner portion disposed at the opposite diagonal corner
from the blowout port for cold air. In such a configuration, cold air cannot easily
enter the return air passage from the return port, the cold air being blown into the
vegetable compartment from the blowout port and descending while spreading. The
reason is as follows. The cold air blown out from the blowout port and having a
temperature lower than the temperature in the vegetable compartment flows
downward immediately after being blown out. However, the cold air is gradually
warmed as the cold air cools casings and food in the vegetable compartment, so that
the warmed cold air gradually rises.

[0061]
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In contrast, in the present disclosure, as shown in Fig. 14, the blowout port 44
and the return port 45 are provided in the inner wall of the vegetable compartment
rear wall portion 31 at the same height. More specifically, the blowout port 44 is
provided at the upper portion located on the left of the vacuum thermal insulator 39
when viewed in a front view. The return port 45 is provided at the upper portion
located on the right of the vacuum thermal insulator 39, the upper portion being
located at a position that overlaps with the cooler 14 when viewed in a front view.
[0062]

With such a configuration, it is possible to separate the blowout port 44 and the
return port 45 from each other by a certain distance or more in the left-right direction
due to the vacuum thermal insulator 39. Further, it is possible to provide the return
port 45 at an intermediate portion or an upper portion located at a position higher than
the return port of the conventional configuration. Accordingly, cold air circulates
through the entire vegetable compartment 5, so that a thermal efficiency is improved.
In the above-mentioned configuration, the blowout air passage 30 and the return air
passage 80 can be provided without being interrupted by the vacuum thermal
insulator 39 in the front-back direction. Further, the return air passage 80 can be
provided at a position that overlaps with the cooler 14 when viewed in a front view.
Accordingly, cold air can be returned to the cooler 14 while the blowout air passage
30 and the return air passage 80 are allowed to have simple shapes.

[0063]

Positions where the blowout port 44 and the return port 45 are provided are not
limited to the above-mentioned case. For example, of the wall portions forming the
vegetable compartment 5, the blowout port 44 for cold air to the vegetable
compartment 5 may be provided in a wall portion other than the vegetable
compartment rear wall portion 31, such as the ceiling wall portion 32 of the vegetable
compartment 5. For example, the return port 45 for cold air from the vegetable
compartment 5 may be provided at a position higher than the blowout port 44.

[0064]
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Even when the return port 45 is provided at the height of the intermediate stage
or the upper stage of the cooler 14 when viewed in a front view, it is possible to guide
cold air from the vegetable compartment 5 to the lowermost stage of the cooler 14
from the return port 45 by causing the cold air to pass through the return air passage
80 extending in the up-down direction. Cold air in the cooler chamber 52 is moved
upward by the fan 15. Accordingly, it is possible to efficiently perform heat exchange
between the cooler 14 and cold air that is returned from the vegetable compartment
5.

[0065]

In such a configuration, cold air that is blown into the vegetable compartment 5
from the blowout port 44 takes a path where the cold air once reaches the lower
portion of the vegetable compartment 5 and, thereafter, returns toward the return port
45 disposed at the upper portion. In the case where a plurality of casings are
provided in the storage compartment, such as the vegetable compartment, in the
conventional refrigerator, cold air that is blown out from the blowout port, which is
located in the storage compartment at a right upper back portion takes a cyclic path
where the cold air first enters an upper casing, and then flows into a lower casing
and, thereatfter, flows into the return port, which is located in the storage compartment
at a left lower back portion. However, when cold air flows as described above,
immediately after cold air is blown out, the cold air impinges on the casings and food,
so that there is a possibility that food is frozen or dried out. In contrast, in the
configuration of the present disclosure, the return port 45 is provided to the vegetable
compartment 5 at a position higher than the return port of the conventional
configuration and hence, it is possible to cause cold air that is blown out to uniformly
cycle around the casings without directly guiding the cold air into the casings (not
shown in the drawing) provided in the vegetable compartment 5. As a result, it is
possible to avoid a situation where food is frozen. Further, water vapor in the casing
is prevented from easily flowing to the outside of the casing and hence, it is possible
to enhance food moisture retention performance.

[0066]
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As described with reference to Fig. 15, the blowout air passage 41 for cold air
to the freezer compartment 6 includes, in the up-down direction, a portion provided in
the vegetable compartment rear wall portion 31, which separates the vegetable
compartment 5 and the cooler 14 from each other, and a portion provided in the
bottom wall portion 35 of the vegetable compartment 5, which provides the partition
between the vegetable compartment 5 and the freezer compartment 6. The portion
of the blowout air passage 41 for cold air to the freezer compartment 6, the portion
being provided in the vegetable compartment rear wall portion 31, that is, the portion
of the blowout air passage 41 that is located at a position behind the vegetable
compartment 5, is disposed to overlap with the vacuum thermal insulator 39 when
viewed in a front view. Further, the return air passage 29a for cold air from the
temperature versatile compartment 4 and the return air passage 28 for cold air from
the ice-making compartment 3 are also provided in the vegetable compartment rear
wall portion 31 to overlap with the vacuum thermal insulator 39 when viewed in a front
view. In the example shown in Fig. 14, the blowout air passage 41 for cold air to the
freezer compartment 6, the return air passage 29a for cold air from the temperature
versatile compartment 4, and the return air passage 28 for cold air from the ice-
making compartment 3 are arranged in the lateral direction of the refrigerator 1 at
positions behind the vacuum thermal insulator 39. In the example shown in Fig. 14,
the return air passage 29b for cold air from the refrigerator compartment 2 is provided
in the thermal insulator that is disposed behind the vegetable compartment rear wall
portion 31 and on the left of the cooler 14.

[0067]

As shown in Fig. 15, in the lateral direction of the refrigerator 1, the vacuum
thermal insulator 39 of the vegetable compartment rear wall portion 31 is provided
over an area larger than the area where the cooler 14 and the blowout air passage 41
are provided. In the height direction of the refrigerator 1, the vacuum thermal
insulator 39 of the vegetable compartment rear wall portion 31 is provided over an
area larger than the area where the cooler 14 is provided. It is preferable that the

vacuum thermal insulator 39 of the vegetable compartment rear wall portion 31 be
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provided from the upper end to the lower end of the vegetable compartment rear wall
portion 31 to overlap with substantially the entire portion of the blowout air passage
41 for cold air to the freezer compartment 6, the portion of the blowout air passage 41
being provided in the vegetable compartment rear wall portion 31, when viewed in a
front view.

[0068]

As shown in Fig. 17, the return air passage 70 for cold air from the freezer
compartment 6 is provided to overlap with the lower portion of the blowout air
passage 41 shown in Fig. 15 at a position behind the bottom wall portion 35 of the
vegetable compartment 5, which is provided between the vegetable compartment 5
and the freezer compartment 6. As shown in Fig. 15, in the lateral direction of the
refrigerator 1, the blowout air passage 41 and the return air passage 70 (see Fig. 17)
are disposed within the area where the cooler 14 is disposed, and the blowout air
passage 41 and the return air passage 70 have a width equal to or smaller than the
width Wc of the cooler 14.  As shown in Fig. 16, the outlet of the return air passage
70 for cold air is connected to the drip tray 66 in the cooler chamber 52 at a position
below the cooler 14 in the same manner as the outlet of the return air passage 29b
for cold air from the refrigerator compartment 2 (see Fig. 14).

[0069]

As shown in Fig. 17, the blowout air passage 41 for cold air to the freezer
compartment 6 is branched into an upper blowout air passage and a lower blowout air
passage at the outlet. Accommodation casings 6b in the plurality of stages in the
up-down direction are provided in the freezer compartment 6. A guide portion 6¢ is
provided to the ceiling of the freezer compartment 6 at a position close to the back
side, and the guide portion 6¢ guides cold air from upper and lower outlets of the
blowout air passage 41. The guide portion 6¢ includes a first guide portion 6¢1 and
a second guide portion 6¢2 provided behind the first guide portion 6¢1. The first
guide portion 6¢1 is configured to branch the outlet of the blowout air passage 41 into
the upper outlet and the lower outlet, and the second guide portion 6¢2 is configured

to provide the partition between the lower outlet of the blowout air passage 41 and the
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inlet of the return air passage 70. That is, the guide portion 6¢ plays a role of both a
guide for cold air blown into the freezer compartment 6 and a guide for cold air
returned from the inside of the freezer compartment 6.

[0070]

As shown in Fig. 17, cold air is cooled by the cooler 14 and is then caused to
pass through the blowout air passage 41 for cold air to the freezer compartment 6 by
the fan 15. The cold air is introduced into the accommodation casings 6b in the
plurality of stages in the freezer compartment 6 by the guide portion 6¢ of the freezer
compartment 6, and cools stored objects in the respective accommodation casings
6b. The cold air that is warmed by cooling the stored objects in the respective
accommodation casings 6b is introduced to the inlet of the return air passage 70 by
the guide portion 6¢, and then enters the return air passage 70. The cold air that
enters the return air passage 70 passes through the return air passage 70 and then
returns to an area below the cooler 14 in the cooler chamber 52.

[0071]

As shown in Fig. 14, the vacuum thermal insulator 39 of the vegetable
compartment rear wall portion 31 can be provided to overlap with the front surface of
a cooler center portion 14a of the cooler 14 when viewed in a front view, fins 91 being
provided to the cooler center portion 14a. In this case, the return air passage 80 for
cold air from the vegetable compartment 5 is provided to overlap with a portion of the
cooler 14 that does not overlap with the vacuum thermal insulator 39, such as hairpin
portions 95 of a refrigerant pipe 92, when viewed in a front view. The area of the
cooler 14 that overlaps with the vacuum thermal insulator 39 or the return air passage
80 when viewed in a front view is not limited to the above. For example, in the case
where importance is placed on a reduction in cost of the vacuum thermal insulator 39,
the return air passage 80 may be disposed on one end side of the cooler 14 in the
left-right direction to overlap with a portion of the cooler 14 that is disposed outside
the cooler center portion 14a and a portion of the cooler center portion 14a on one
end side. Alternatively, in the case where importance is placed on thermal insulation

properties between the vegetable compartment 5 and the cooler chamber 52, for
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example, the vacuum thermal insulator 39 may be provided to overlap with at least
the entire front surface of the cooler center portion 14a.
[0072]

Fig. 20 is a schematic front view showing the cooler 14 of the refrigerator 1
shown in Fig. 3. Fig. 21 is a front perspective view showing the cooler 14 shown in
Fig. 20. Fig. 22 is a schematic view showing a T-T cross section of the refrigerator 1
shown in Fig. 2. The configuration of the cooler 14 will be described in detail with
reference to Fig. 20 to Fig. 22.

[0073]

The cooler 14 includes the refrigerant pipe 92 and the plurality of fins 91,
refrigerant flowing through the inside of the refrigerant pipe 92, the plurality of fins 91
being mounted on the refrigerant pipe 92. The cooler 14 performs heat exchange
between refrigerant and air that flows around the fins 91 with the plurality of fins 91.
On the right and the left of the cooler center portion 14a to which the fins 91 are
provided, the refrigerant pipe 92 is bent, thus forming the hairpin portions 95.
Refrigerant pipe center portions of the refrigerant pipe 92 form the cooler center
portion 14a, and the plurality of hairpin portions 95 are provided to the left side and
the right side of the refrigerant pipe center portions. Each hairpin portion 95
connects right ends or left ends of two refrigerant pipe center portions to which the
plurality of fins 91 are provided. The connected refrigerant pipe center portions are
horizontally provided to be parallel to each other.

[0074]

The cooler 14 also includes partition portions 97 at the left and right end
portions respectively, the partition portions 97 being provided to surround the hairpin
portions 95. Each partition portion 97 includes a plate-like separation plate 97a, an
outer plate 97b, and a roof portion 97¢, the separation plate 97a extending in the up-
down direction and having holes in which the refrigerant pipe 92 is disposed, the
outer plate 97b covering the end portions of the hairpin portions 95 of the refrigerant
pipe 92 in the lateral direction, the roof portion 97¢ being disposed above the hairpin

portions 95. The partition portion 97 has a substantially U shape. The separation
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plate 97a is provided to separate the refrigerant pipe center portions of the refrigerant
pipe 92 from the hairpin portions 95 of the refrigerant pipe 92. A portion of the cooler
14 between the separation plate 97a of the left partition portion 97 and the separation
plate 97a of the right partition portion 97 is the cooler center portion 14a. Each
partition portion 97 can be formed by bending one plate part.

[0075]

As described above, the fins 91 are not provided to the hairpin portions 95 of
the cooler 14 and hence, compared with the cooler center portion 14a, the left end
portion and the right end portion of the cooler 14 have lower heat exchange capacity.
Therefore, a temperature difference between the cooler chamber 52 and the
vegetable compartment 5 shown in Fig. 14 is smaller in the periphery of the hairpin
portions 95 than in the periphery of the cooler center portion 14a. For this reason,
as shown in Fig. 14, the vacuum thermal insulator 39 is provided in the vegetable
compartment rear wall portion 31, which is disposed between the vegetable
compartment 5 and the cooler chamber 52, to overlap with the cooler center portion
14a when viewed in a front view, and the return air passage 80 is provided next to the
vacuum thermal insulator 39 to overlap with at least a portion of the hairpin portions
95. With such a configuration, an influence on heat transfer between the vegetable
compartment 5 and the cooler chamber 52 is suppressed, and the lateral width Wv of
the vacuum thermal insulator 39 of the vegetable compartment rear wall portion 31
(see Fig. 15) can be reduced compared with the conventional technique.

[0076]

As shown in Fig. 21, a heater pipe 93 of the frost prevention heater 47 is
disposed at the front surface portion of the cooler 14. As shown in Fig. 22, the frost
prevention heater 47 includes a holding portion 94 that holds the heater pipe 93.

The frost prevention heater 47 of the cooler 14 melts frost, thus generating melted
water, and the melted water is discharged to the outside of the thermal insulation box
body 19 via the drip tray 66.

[0077]
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As shown in Fig. 22 showing a transverse cross section of the lower portion of
the cooler chamber 52, a configuration is adopted where the outlet 81 of the return air
passage 80 for cold air from the vegetable compartment 5 is provided in the
vegetable compartment rear wall portion 31 at a position in the vicinity of the holding
portion 94 for the heater pipe 93, and cold air returns to the cooler 14 disposed above
the outlet 81. Specifically, in an example shown in Fig. 22, the outlet 81 of the return
air passage 80 for cold air from the vegetable compartment 5 is provided at a position
that overlaps with the holding portion 94 for the heater pipe 93 when viewed in a front
view. Alternatively, the outlet 81 of the return air passage 80 may be provided
outside the holding portion 94 when viewed in a front view.

[0078]

The position and the configuration of the outlet 81 of the return air passage 80
for cold air from the vegetable compartment 5 are not limited to the above. ltis
sufficient that the outlet 81 of the return air passage 80 for cold air be disposed at a
position that overlaps with the cooler 14 or a position below the cooler 14 when
viewed in a front view. If the outlet 81 for cold air is disposed at a position higher
than the cooler 14, cold air cannot be returned to pass through the cooler 14.
Accordingly, such a case is excluded.

[0079]

Fig. 23 is a schematic view showing another example of the return air passage
80 for cold air from the vegetable compartment 5 of the refrigerator 1 shown in Fig.
22. In an example shown in Fig. 23, the return air passage 80 includes an air
passage guide portion 82 at a position close to the outlet 81, the air passage guide
portion 82 extending toward the heater pipe 93 disposed at a position closer to the
center than the holding portion 94. The air passage guide portion 82 includes, for
example, a guide front portion 82b and a guide rear portion 82a, the guide front
portion 82b being formed at the rear portion of the vegetable compartment rear wall
portion 31, the guide rear portion 82a being formed from a thermal insulation wall
different from the vegetable compartment rear wall portion 31 provided in the cooler

chamber 52.
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[0080]

The air passage guide portion 82 is provided to incline toward the rear side and
the center as the air passage guide portion 82 extends toward the outlet 81. With
such a configuration, the outlet 81 of the return air passage 80 is disposed at a
position close to the heater pipe 93 and hence, return cold air that flows out from the
outlet 81 is warmed by the heater pipe 93. Accordingly, it is possible to suppress
frost formed around the outlet 81.

[0081]

In the example shown in Fig. 23, the air passage guide portion 82 is provided
at a position close to the outlet of the return air passage 80 for cold air from the
vegetable compartment 5, and is configured such that the width of the air passage is
reduced toward the outlet 81. With such a configuration, a thermal insulator having
a large thickness can be disposed in the vicinity of the outlet 81 and hence, compared
with the case shown in Fig. 22, it is possible to increase thermal insulation properties
in an area around the return air passage 80. Further, the width of the return air
passage 80 at the air passage guide portion 82 is reduced compared with the width of
other portions of the return air passage 80 and hence, even in the case where the
same amount of thermal insulator (for example, polystyrene foam) as the case shown
in Fig. 22 is used for the vegetable compartment rear wall portion 31, it is possible to
increase the capacity of the vegetable compartment 5 by reducing the thickness of
the vegetable compartment rear wall portion 31.

[0082]

In the example shown in Fig. 23, the guide rear portion 82a of the air passage
guide portion 82 is a part that has at least a portion thereof overlapping with the
holding portion 94 for the heater pipe 93 when viewed in a front view and that guides
the outlet 81 of the return air passage 80 toward the heater pipe 93. The guide rear
portion 82a and the guide front portion 82b may be integrally formed with polystyrene
foam used for the vegetable compartment rear wall portion 31, the return air passage
80 being formed in the polystyrene foam, or may be attached as separated parts as

described above.
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[0083]

In the example shown in Fig. 2 and Fig. 15, the return air passage 80 for cold
air from the vegetable compartment 5 and the return port 45, which is the inlet of the
return air passage 80, are provided on the right of the center line passing through the
center of the thermal insulation box body 19 in the left-right direction, and the vacuum
thermal insulator 39 is disposed on the left of the return air passage 80 and the return
port 45. However, Embodiment 1 is not limited to the above-mentioned
configuration.

[0084]

Fig. 24 is a schematic front view showing another example of the refrigerator 1
shown in Fig. 2. Fig. 25 is a schematic front view of the refrigerator 1 shown in Fig.
24. In an example shown in Fig. 24 and Fig. 25, a configuration is adopted where
the configuration of the refrigerator 1 shown in Fig. 2 is inverted in the left-right
direction about the center line of the thermal insulation box body 19 in the left-right
direction. That is, in the example shown in Fig. 24 and Fig. 25, the return air
passage 80 for cold air from the vegetable compartment 5 and the return port 45 are
provided on the left of the center line of the thermal insulation box body 19 in the left-
right direction, and the vacuum thermal insulator 39 is disposed on the right of the
return air passage 80. Such a configuration of the refrigerator 1 can also obtain
advantageous effects substantially equal to the advantageous effects obtained in the
case shown in Fig. 2.

[0085]

Fig. 26 is a schematic view showing the vacuum thermal insulators in the wall
portions forming the vegetable compartment 5 of the refrigerator 1 shown in Fig. 1.
Fig. 27 is a schematic view showing the vacuum thermal insulators in the wall
portions forming the vegetable compartment 5 of the refrigerator 1 shown in Fig. 26
as viewed from the rear side. The description will be made with reference to Fig. 1,
Fig. 2, Fig. 26, and Fig. 27 for the arrangement of the vacuum thermal insulators of
the refrigerator 1, particularly, for the arrangement of the vacuum thermal insulators in

the wall portions forming the vegetable compartment 5.
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[0086]

The vegetable compartment 5 includes a plurality of wall portions including the
ceiling wall portion 32, the bottom wall portion 35, the vegetable compartment rear
wall portion 31, and a right side wall portion 19c1, a left side wall portion 19d1 and the
door 5a, the ceiling wall portion 32 providing the partition between the vegetable
compartment 5, and the ice-making compartment 3 and the temperature versatile
compartment 4 disposed above the vegetable compartment 5, the bottom wall portion
35 providing the partition between the vegetable compartment 5 and the freezer
compartment 6 disposed below the vegetable compartment 5, the vegetable
compartment rear wall portion 31 providing the partition between the vegetable
compartment 5 and the cooler chamber 52 disposed behind the vegetable
compartment 5, the right side wall portion 19c¢1, the left side wall portion 19d1 and the
door 5a providing partitions between the vegetable compartment 5 and the outside of
the refrigerator 1 on the left side, the right side, and the front side of the refrigerator 1.
[0087]

The vacuum thermal insulators 24, 24, 24, 33, 36, 39, each being one
rectangular vacuum thermal insulator, are respectively provided in the plurality of wall
portions forming the vegetable compartment 5. The right side wall portion 19¢1 of
the vegetable compartment 5 is a portion of the right side surface portion 19c¢ of the
thermal insulation box body 19, and the left side wall portion 19d1 of the vegetable
compartment 5 is a portion of the left side surface portion 19d of the thermal
insulation box body 19. Therefore, a configuration may be adopted where one
rectangular plate-like vacuum thermal insulator 24 is disposed over the right side
surface portion 19c of the thermal insulation box body 19 for the entire refrigerator 1
including other storage compartments disposed above and below the vegetable
compartment 5. Further, a configuration may be adopted where one rectangular
plate-like vacuum thermal insulator 24 is disposed over the left side surface portion
19d of the thermal insulation box body 19 for the entire refrigerator 1 including other
storage compartments disposed above and below the vegetable compartment 5.

[0088]
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In contrast, one rectangular plate-like vacuum thermal insulator 33 is provided
in the ceiling wall portion 32 of the vegetable compartment 5, one rectangular plate-
like vacuum thermal insulator 36 is provided in the bottom wall portion 35 of the
vegetable compartment 5, and one rectangular plate-like vacuum thermal insulator 39
is provided in the vegetable compartment rear wall portion 31.  Further, one
rectangular plate-like vacuum thermal insulator 24 is provided in the door 5a of the
vegetable compartment 5.

[0089]

It is preferable that coverage of the vacuum thermal insulators 24, 24, 24, 33,
36, 39 relative to the total area of the wall surfaces of the vegetable compartment 5
be 80% or more. By disposing the vacuum thermal insulators 24, 24, 24, 33, 36, 39
on all of six surfaces of the vegetable compartment 5 having a substantially cuboid
shape or a substantially cubic shape as described above, it is possible to suppress
heat transfer from the vegetable compartment 5 to other storage compartments
adjacent to the vegetable compartment 5.  Alternatively, it is possible to suppress
transfer of cooling energy to the vegetable compartment 5 from other storage
compartments adjacent to the vegetable compartment 5 and from the cooler chamber
52. ltis also possible to suppress the amount of heat intrusion into the vegetable
compartment 5 from the outside by the right side wall portion 19¢1, the left side wall
portion 19d1, and the door 5a.

[0090]

Fig. 28 is a partial schematic view of the vegetable compartment 5 of the
refrigerator shown in Fig. 15. At least one of the plurality of wall portions forming the
vegetable compartment 5 includes a heat retaining heater 46. In an example shown
in Fig. 28, the bottom wall portion 35 of the vegetable compartment 5 is configured to
include the heat retaining heater 46. By adopting a configuration where at least one
of the plurality of wall portions forming the vegetable compartment 5 includes the heat
retaining heater 46, it is possible to warm the inside of the vegetable compartment 5
with the heat retaining heater 46 when the inside of the vegetable compartment 5 is

excessively cooled.
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[0091]

In Embodiment 1, it is defined that the cooler 14 is disposed behind the
vegetable compartment 5. However, the present disclosure is applicable to any
configuration where the cooler 14 is disposed behind a storage compartment (first
storage compartment) set to a temperature higher than the temperatures of other
storage compartments adjacent to the storage compartment (first storage
compartment). The description has been made assuming that the vacuum thermal
insulator 39 is included in the vegetable compartment rear wall portion 31, that is, in
the rear wall portion of the storage compartment. However, the storage
compartment and the cooler 14 may be separated from each other by the vacuum
thermal insulator 39 and the return air passage for cold air from the storage
compartment. In this case, the return air passage disposed next to the vacuum
thermal insulator 39 may be a duct.

[0092]

As described above, the refrigerator 1 of Embodiment 1 includes the thermal
insulation box body 19 in which the plurality of storage compartments are formed, the
thermal insulation box body 19 having the opening that is formed at the front side of
the thermal insulation box body 19 and that is covered by the door 5a. The first
storage compartment (for example, the vegetable compartment 5) and the cooler
chamber 52 are provided in the thermal insulation box body 19, the first storage
compartment being configured to store stored objects, a temperature of the first
storage compartment being set to a temperature higher than temperatures of other
storage compartments (for example, the ice-making compartment 3 and the
temperature versatile compartment 4) adjacent to the first storage compartment, the
cooler chamber 52 being provided behind the first storage compartment, the cooler
14 being disposed in the cooler chamber 52. The first vacuum thermal insulator (the
vacuum thermal insulator 39) and the return air passage 80 are also provided in the
thermal insulation box body 19, the first vacuum thermal insulator being disposed
between the first storage compartment and the cooler chamber 52, the return air

passage 80 being configured to allow the first storage compartment and the cooler
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chamber 52 to communicate with each other, cold air returning to the cooler chamber
52 flowing through the return air passage 80. When the thermal insulation box body
19 is viewed in a front view, the first vacuum thermal insulator (the vacuum thermal
insulator 39) is disposed to overlap with a portion of the cooler 14. The return air
passage 80 is provided to be adjacent to the first vacuum thermal insulator in a state
of overlapping with the cooler 14 without overlapping with the first vacuum thermal
insulator. The outlet 81 of the return air passage 80 for cold air is disposed at a
position that overlaps with the cooler 14 or at a position below the cooler 14.
[0093]

With such a configuration, when the thermal insulation box body 19 is viewed in
a front view, the return air passage 80 does not overlap with the first vacuum thermal
insulator and hence, it is unnecessary to provide a space for the return air passage
80 at a position behind the first vacuum thermal insulator. Accordingly, it is possible
to avoid a reduction in the storage space of the first storage compartment (the
vegetable compartment 5). Further, in the refrigerator 1 according to the present
disclosure, when the thermal insulation box body 19 is viewed in a front view, the
return air passage 80 is provided to be adjacent to the first vacuum thermal insulator
in a state of overlapping with a portion of the cooler 14 that does not overlap with the
first vacuum thermal insulator. The outlet 81 of the return air passage 80 for cold air
is disposed at a position that overlaps with the cooler 14 or at a position lower than
the cooler 14. Accordingly, in the present disclosure, unlike the conventional
technique, it is possible to provide the return air passage 80 that returns cold air to
cause the cold air to pass through the cooler 14 without requiring the return air
passage 80 to extend in the lateral direction to bypass the first vacuum thermal
insulator. As described above, according to the present disclosure, it is possible to
provide the refrigerator 1 in which the return air passage 80 can be provided without
reducing a storage space, the return air passage 80 returning cold air to cause the
cold air to pass through the cooler 14.

[0094]
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The first vacuum thermal insulator (the vacuum thermal insulator 39) has the
lateral width Wv smaller than the lateral width Wc of the cooler 14.  When the
thermal insulation box body 19 is viewed in a front view, the first vacuum thermal
insulator is provided such that the right end portion of the first vacuum thermal
insulator covers the right end of the cooler 14, or the left end portion of the first
vacuum thermal insulator covers the left end of the cooler 14.

[0095]

With such a configuration, by moving one vacuum thermal insulator in the left-
right direction relative to the cooler 14 and by disposing the return air passage 80 on
the side in the direction opposite to the direction in which the one vacuum thermal
insulator is moved, it is possible to easily cover the front surface of the cooler 14 by
the first vacuum thermal insulator and the return air passage 80 with a simple shape
and arrangement.

[0096]

The first vacuum thermal insulator (the vacuum thermal insulator 39) has the
lateral width Wv smaller than the lateral width Wc of the cooler 14.  When the
thermal insulation box body 19 is viewed in a front view, the first vacuum thermal
insulator is provided such that the right end of the first vacuum thermal insulator
matches the right end of the cooler 14 or the left end of the first vacuum thermal
insulator matches the left end of the cooler 14.

[0097]

With such a configuration, heat transfer between the cooler 14 and the
vegetable compartment 5 can be suppressed by covering the front surface of the
cooler 14 by the first vacuum thermal insulator (the vacuum thermal insulator 39) and
the return air passage 80, and it is possible to reduce costs by setting the size of the
first vacuum thermal insulator to the minimum size.

[0098]

The thermal insulation box body 19 includes the storage compartment rear wall

portion (the vegetable compartment rear wall portion 31) configured to provide the

partition between the first storage compartment (the vegetable compartment 5) and
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the cooler chamber 52, the first vacuum thermal insulator (the vacuum thermal
insulator 39) being included in the storage compartment rear wall portion, and the
return air passage 80 is provided in the storage compartment rear wall portion. With
such a configuration, compared with the conventional case, it is possible to reduce
manufacturing costs for the storage compartment rear wall portion that includes the
first vacuum thermal insulator.

[0099]

A storage compartment blowout air passage (the blowout air passage 30) is
provided in the storage compartment rear wall portion (the vegetable compartment
rear wall portion 31), the storage compartment blowout air passage allowing the
cooler chamber 52 and the first storage compartment (the vegetable compartment 5)
to communicate with each other, cold air to be blown into the first storage
compartment flowing through the storage compartment blowout air passage. The
blowout port 44 and the return port 45 are formed in the inner wall of the storage
compartment rear wall portion on the first storage compartment side, the blowout port
44 being the outlet of the storage compartment blowout air passage for cold air, the
return port 45 being the inlet of the return air passage 80 for cold air. When the
thermal insulation box body 19 is viewed in a front view, the first vacuum thermal
insulator (the vacuum thermal insulator 39) is provided at a position that overlaps with
neither the blowout port 44 nor the return port 45.

[0100]

With such a configuration, it is not necessary to cause not only the return air
passage 80 but also the blowout air passage 30 to bypass the first vacuum thermal
insulator and hence, it is possible to allow the blowout air passage 30 to have a
simple shape.

[0101]

The return port 45 is provided in the inner wall at a position at the same height
as the blowout port 44 or at a position higher than the blowout port 44. With such a
configuration, compared with the conventional case where the return port 45 is

provided at a position lower than the blowout port 44, warmed cold air that rises in the
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first storage compartment (the vegetable compartment 5) can easily flow into the
return air passage 80. As a result, cold air can easily cycle through the inside of the
refrigerator 1 and hence, it is possible to efficiently cool stored objects in the
respective storage compartments.

[0102]

The blowout port 44 causes cold air cooled by the cooler 14 to be directly
blown into the first storage compartment (the vegetable compartment 5) or causes
cold air cooled by the cooler 14 and caused to pass through another storage
compartment (for example, the refrigerator compartment 2) to be blown into the first
storage compartment (the vegetable compartment 5).

[01083]

With such a configuration, in the case where cold air cooled by the cooler 14 is
directly blown into the first storage compartment (the vegetable compartment 5), it is
possible to effectively cool stored objects, such as food, stored in the first storage
compartment. In the case where cold air is blown into the first storage compartment
(the vegetable compartment 5) via another storage compartment, it is possible to
suppress a situation where stored objects in the vegetable compartment 5 is
excessively cooled.

[0104]

The refrigerator 1 includes the air volume adjustment device 18c configured to
adjust a volume of cold air to be blown out from the blowout port 44. With such a
configuration, it is possible to adjust the volume of cold air being supplied to the first
storage compartment according to the temperature of the first storage compartment
(the vegetable compartment 5), the set temperatures of another storage compartment
of the refrigerator 1, or the relationship of capacity, for example, and hence, it is
possible to suppress a situation where stored objects stored in the first storage
compartment are excessively cooled.

[0105]
The refrigerator 1 includes the heat retaining heater 46 configured to retain

heat in the first storage compartment (the vegetable compartment 5), the thermal
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insulation box body 19 includes the plurality of wall portions forming the first storage
compartment, and the heat retaining heater 46 is provided to any one of the plurality
of wall portions. With such a configuration, it is possible to avoid unintended
freezing of stored objects in the first storage compartment by warming the inside of
the first storage compartment with the heat retaining heater 46 when the inside of the
first storage compartment is excessively cooled.

[0106]

The first storage compartment is the vegetable compartment 5, and another
storage compartment is the storage compartment (for example, the refrigerator
compartment 2) that has a temperature lower than the temperature zone of the
vegetable compartment 5, the temperature versatile compartment 4 that is switched
to a temperature zone lower than the temperature zone of the vegetable compartment
5, the freezer compartment 6, the ice-making compartment 3, or a chiller
compartment. With such a configuration, by applying the present disclosure to
various refrigerators 1 in which the vegetable compartment 5 and other storage
compartments are provided, it is possible to obtain substantially the same
advantageous effects.

[0107]

The refrigerator compartment 2, the ice-making compartment 3, the
temperature versatile compartment 4, the freezer compartment 6, and the vegetable
compartment 5 being the first storage compartment are formed in the thermal
insulation box body 19. The refrigerator compartment 2, the ice-making
compartment 3 and the temperature versatile compartment 4, the vegetable
compartment 5, and the freezer compartment 6 are disposed in this order from the
top. With such a configuration, the return air passage 80 that communicates with the
vegetable compartment 5 is allowed to have a simple shape, and it is possible to
efficiently supply cold air from the cooler 14 to both the ice-making compartment 3
and the freezer compartment 6 that are provided above and below the vegetable
compartment 5 and that are set to the minus temperature zone, the vegetable

compartment 5 being set to the plus temperature zone.
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[0108]

The first storage compartment and another storage compartment are arranged
in the up-down direction of the thermal insulation box body 19. Each of two side wall
portions (the right side surface portion 19c¢ and the left side surface portion 19d) of the
thermal insulation box body 19 includes the second vacuum thermal insulator (the
vacuum thermal insulator 24, 24) provided over another storage compartment and the
first storage compartment in the up-down direction. With such a configuration, the
vacuum thermal insulator 24 that is used in the refrigerator 1 is efficiently disposed.
As a result, it is possible to reduce the number of vacuum thermal insulators to be
used, leading to a reduction in manufacturing costs, a simplification of assembly, and
an improvement in a manufacturing efficiency.

[0109]
Embodiment 2.

Fig. 29 is a schematic front view of a refrigerator 1 according to Embodiment 2
of the present disclosure. Fig. 30 is a schematic view showing a C-C cross section
of the refrigerator 1 shown in Fig. 29. The configuration of the refrigerator 1 of
Embodiment 2 that is different from the configuration of the refrigerator 1 of
Embodiment 1 will be described.

[0110]

As shown in Fig. 29, in the refrigerator 1 of Embodiment 2, one rectangular
plate-like vacuum thermal insulator 39 is disposed to overlap with the entire blowout
air passage 41 for cold air to the freezer compartment 6 when viewed in a front view.
The return air passage 80 is disposed to cover the right portion of the cooler 14 that
does not overlap with the vacuum thermal insulator 39 when viewed in a front view.
The return air passage 80 and the vacuum thermal insulator 39 are disposed without
overlapping with each other when viewed in a front view. A foamed thermal insulator
40a is disposed to cover the left portion of the cooler 14 that does not overlap with the
vacuum thermal insulator 39 when viewed in a front view. The foamed thermal
insulator 40a overlaps with neither the vacuum thermal insulator 39 nor the blowout

air passage 41 when viewed in a front view.

48



10

15

20

25

30

[0111]

Fig. 30 shows a longitudinal cross section taken along a line not passing
through the vacuum thermal insulator 39 but passing through the cooler 14. As
shown in Fig. 30, between the vegetable compartment 5 and the cooler 14, the
foamed thermal insulator 40a suppresses the intrusion of cooling energy into the
vegetable compartment 5 from the cooler 14 at a portion where neither the vacuum
thermal insulator 39 nor the blowout air passage 41 is disposed. The thermal
insulator disposed between the vegetable compartment 5 and the cooler 14 at a
portion where neither the vacuum thermal insulator 39 nor the blowout air passage 41
is disposed is not limited to the foamed thermal insulator 40a.

[0112]

As described above, in Embodiment 2, the freezer compartment 6 and the
freezer compartment blowout air passage (the blowout air passage 41) are provided
in the thermal insulation box body 19, the freezer compartment 6 being adjacent to
the first storage compartment (the vegetable compartment 5), the freezer
compartment blowout air passage allowing the cooler chamber 52 and the freezer
compartment 6 to communicate with each other, cold air to be blown into the freezer
compartment 6 flowing through the freezer compartment blowout air passage. The
foamed thermal insulator 40a is provided in the thermal insulation box body 19.
When the thermal insulation box body 19 is viewed in a front view, the first vacuum
thermal insulator (the vacuum thermal insulator 39) is provided to overlap with the
entire portion of the freezer compartment blowout air passage that is located behind
the first storage compartment. When the thermal insulation box body 19 is viewed in
a front view, the foamed thermal insulator 40a is provided for the region of the cooler
14 that overlaps with neither the first vacuum thermal insulator nor the return air
passage 80.

[0113]

With such a configuration, in the refrigerator 1 of Embodiment 2, it is possible

to further reduce the amount of the vacuum thermal insulator 39 compared with the

case of Embodiment 1 while inflow of cooling energy into the vegetable compartment
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5 from the blowout air passage 41 for cold air to the freezer compartment 6 is
suppressed by the vacuum thermal insulator 39 and the foamed thermal insulator that
are disposed in front of the blowout air passage 41, and hence, manufacturing costs
can be reduced.

[0114]

Embodiments 1, 2 of the present disclosure may be combined, or may be
applied to other portions. For example, also in Embodiment 2, in the same manner
as Embodiment 1, a configuration may be adopted where the vegetable compartment
rear wall portion 31 that provides the partition between the cooler chamber 52 and the
vegetable compartment 5 is provided, and the vegetable compartment rear wall
portion 31 includes the vacuum thermal insulator 39. In this case, the foamed
thermal insulator 40a is a portion of the foamed thermal insulator 40 disposed around
the vacuum thermal insulator 39 in the vegetable compartment rear wall portion 31.
The present disclosure is applicable to any configuration where two or more storage
compartments having different set temperatures are provided and the cooler 14
overlaps with at least a portion of the storage compartment having a higher
temperature when viewed in a front view.

Reference Signs List
[0115]

1: refrigerator, 2: refrigerator compartment, 2a, 3a, 4a, 5a, 6a: door, 2b: floor
surface, 3: ice-making compartment, 4: temperature versatile compartment, 5:
vegetable compartment, 6: freezer compartment, 6b: accommodation casing, 6c¢:
guide portion, 6¢1: first guide portion, 6¢2: second guide portion, 7: refrigerant circuit,
8: compressor, 9: air cooled condenser, 10: condenser, 11: frost prevention pipe, 12:
dryer, 13: pressure reducing device, 14: cooler, 14a: cooler center portion, 14b: lower
end, 15: fan, 16a, 16b, 16¢, 16d: temperature sensor, 17: control unit, 18a, 18b, 18c:
air volume adjustment device, 19: thermal insulation box body, 19a: upper surface
portion, 19b: bottom surface portion, 19c: right side surface portion, 19c1: right side
wall portion, 19d: left side surface portion, 19d1: left side wall portion, 19f: rear

surface portion, 20: wall portion, 21: metal sheet, 22: inner box, 23: thermal insulator,
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24, 33, 36, 39: vacuum thermal insulator, 25: support, 26: spacer, 27: blowout air
passage (for cold air to refrigerator compartment), 28: return air passage (for cold air
from ice-making compartment), 29a: return air passage (for cold air from temperature
versatile compartment), 29b: return air passage (for cold air from refrigerator
compartment), 30: blowout air passage (for cold air to vegetable compartment), 31:
vegetable compartment rear wall portion, 32: ceiling wall portion, 34, 37: urethane
foam material, 35: bottom wall portion, 38, 42: thermal insulation wall outer shell, 40,
40a: foamed thermal insulator, 41: blowout air passage (for cold air to freezer
compartment), 44: blowout port, 45: return port, 46: heat retaining heater, 47: frost
prevention heater, 51: machine chamber, 52: cooler chamber, 66: drip tray, 70: return
air passage (for cold air from freezer compartment), 80: return air passage (for cold
air from vegetable compartment), 81: outlet, 82: air passage guide portion, 82a: guide
rear portion, 82b: guide front portion, 91: fin, 92: refrigerant pipe, 93: heater pipe, 94:
holding portion, 95: hairpin portion, 97: partition portion, 97a: separation plate, 97b:

outer plate, 97c: roof portion.
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CLAIMS
[Claim 1]

A refrigerator comprising a thermal insulation box body in which a plurality of
storage compartments are formed, the thermal insulation box body having an opening
that is formed at a front side of the thermal insulation box body and that is covered by
a door, wherein

a first storage compartment configured to store a stored object, a
temperature of the first storage compartment being set to a temperature higher than a
temperature of an other storage compartment of the plurality of storage
compartments, the other storage compartment being adjacent to the first storage
compartment,

a cooler chamber provided behind the first storage compartment, a
cooler being disposed in the cooler chamber,

a first vacuum thermal insulator disposed between the first storage
compartment and the cooler chamber, and

a return air passage configured to allow the first storage compartment
and the cooler chamber to communicate with each other, cold air returning to the
cooler chamber flowing through the return air passage,

are provided in the thermal insulation box body, and

when the thermal insulation box body is viewed in a front view,

the first vacuum thermal insulator is disposed to overlap with a portion of
the cooler, and

the return air passage is provided to be adjacent to the first vacuum
thermal insulator in a state of overlapping with the cooler without overlapping with the
first vacuum thermal insulator.

[Claim 2]

The refrigerator of claim 1, wherein

when the thermal insulation box body is viewed in the front view,

an outlet of the return air passage for the cold air is disposed at a position that

overlaps with the cooler or at a position below the cooler.
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[Claim 3]

The refrigerator of claim 1 or 2, wherein

the first vacuum thermal insulator has a lateral width smaller than a lateral
width of the cooler, and

when the thermal insulation box body is viewed in the front view, the first
vacuum thermal insulator is provided such that a right end portion of the first vacuum
thermal insulator covers a right end of the cooler, or a left end portion of the first
vacuum thermal insulator covers a left end of the cooler.
[Claim 4]

The refrigerator of claim 1 or 2, wherein

the first vacuum thermal insulator has a lateral width smaller than a lateral
width of the cooler, and

when the thermal insulation box body is viewed in the front view, the first
vacuum thermal insulator is provided such that a right end of the first vacuum thermal
insulator matches a right end of the cooler, or a left end of the first vacuum thermal
insulator matches a left end of the cooler.
[Claim 5]

The refrigerator of claim 1 or 2, wherein

a freezer compartment adjacent to the first storage compartment,

a freezer compartment blowout air passage configured to allow the
cooler chamber and the freezer compartment to communicate with each other, the
cold air to be blown into the freezer compartment flowing through the freezer
compartment blowout air passage, and

a foamed thermal insulator

are provided in the thermal insulation box body, and

when the thermal insulation box body is viewed in the front view, the first
vacuum thermal insulator is provided to overlap with an entire portion of the freezer
compartment blowout air passage that is located behind the first storage

compartment, and the foamed thermal insulator is provided for a region of the cooler
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that overlaps with neither the first vacuum thermal insulator nor the return air
passage.
[Claim 6]

The refrigerator of any one of claims 1 to 5, wherein

the first vacuum thermal insulator is one rectangular plate-like vacuum thermal
insulator.

[Claim 7]

The refrigerator of any one of claims 1 to 6, wherein

the thermal insulation box body includes a storage compartment rear wall
portion configured to provide a partition between the first storage compartment and
the cooler chamber, the first vacuum thermal insulator being included in the storage
compartment rear wall portion, and

the return air passage is provided in the storage compartment rear wall portion.
[Claim 8]

The refrigerator of claim 7, wherein

a storage compartment blowout air passage is provided in the storage
compartment rear wall portion, the storage compartment blowout air passage allowing
the cooler chamber and the first storage compartment to communicate with each
other, the cold air to be blown into the first storage compartment flowing through the
storage compartment blowout air passage,

a blowout port and a return port are formed in an inner wall of the storage
compartment rear wall portion on a first storage compartment side, the blowout port
being an outlet of the storage compartment blowout air passage for the cold air, the
return port being an inlet of the return air passage for the cold air, and

when the thermal insulation box body is viewed in the front view, the first
vacuum thermal insulator is provided at a position that overlaps with neither the
blowout port nor the return port.

[Claim 9]

The refrigerator of claim 8, wherein
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the return port is provided in the inner wall at a position at a same height as the
blowout port or at a position higher than the blowout port.
[Claim 10]

The refrigerator of claim 8 or 9, wherein

the blowout port causes the cold air cooled by the cooler to be directly blown
into the first storage compartment or causes the cold air cooled by the cooler and
caused to pass through the other storage compartment to be blown into the first
storage compartment.

[Claim 11]

The refrigerator of any one of claims 8 to 10, comprising an air volume
adjustment device configured to adjust a volume of the cold air blown out from the
blowout port.

[Claim 12]

The refrigerator of any one of claims 1 to 11, comprising

a heat retaining heater configured to retain heat in the first storage
compartment, wherein

the thermal insulation box body includes a plurality of wall portions forming the
first storage compartment, and

the heat retaining heater is provided to any one of the plurality of wall portions.
[Claim 13]

The refrigerator of any one of claims 1 to 12, wherein

the first storage compartment is a vegetable compartment, and

the other storage compartment is a storage compartment of the plurality of
storage compartments that has a temperature lower than a temperature zone of the
vegetable compartment, a temperature versatile compartment that is switched to a
temperature zone lower than the temperature zone of the vegetable compartment, a
freezer compartment, an ice-making compartment, or a chiller compartment.

[Claim 14]

The refrigerator of any one of claims 1 to 12, wherein
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a refrigerator compartment, an ice-making compartment, a temperature
versatile compartment, the freezer compartment, and a vegetable compartment being
the first storage compartment are formed in the thermal insulation box body, and the
refrigerator compartment, the ice-making compartment and the temperature versatile
compartment, the vegetable compartment, and the freezer compartment are disposed
in this order from a top.

[Claim 15]

The refrigerator of any one of claims 1 to 14, wherein

the first storage compartment and the other storage compartment are arranged
in an up-down direction of the thermal insulation box body, and

each of two side wall portions of the thermal insulation box body includes a
second vacuum thermal insulator provided over the other storage compartment and

the first storage compartment in the up-down direction.
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