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(57)  To provide arefrigerator having a reduced filling
amount of a foam heat-insulating material while the
strength of the box is maintained. The refrigerator ac-
cording to the presentinvention includes a box that forms
a storage compartment having an opening front, includes
an area between an inner box and an outer box which
area is foam-filled with a foam heat-insulating material,
and has an up-down dimension which is greater than a
left-right dimension, in which a left surface and/or a right
surface of the box have or has a front end(s) including a
front-end heat-insulating material foam-filed with the
foam heat-insulating material continuously in an up-down
direction; have or has an area(s) where an area(s) having
aflow-permitting thickness for afoam heat-insulating ma-
terial which is smaller than those of surrounding areas;
and include(s) another heat-insulating material that pro-
vides heat insulation performance higher than that of the
foam heat-insulating material.
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Description

Technical Field

[0001] The present invention relates to a refrigerator.
Background Art
[0002] To meet a need for space saving and larger

volumes, there are known technologies related to refrig-
erators with reduced wall thicknesses and expanded in-
ner volumes. The energy saving performance of a refrig-
erator is realized by using mainly two heat-insulating ma-
terials which are a vacuum heat-insulating material and
a foam heat-insulating material in combination. In view
of this, recently, there is a refrigerator proposed to en-
hance the coverage or thickness of a vacuum heat-insu-
lating material with excellent heat insulation perform-
ance, and reduce the thickness of a foam heat-insulating
material. For example, PTL 1 discloses a refrigerator in
which the area size of portions where there is not a foam
heat-insulating material on a rear heat insulating wall is
made greater than the area size of portions where there
is not a foam heat-insulating material on a side heat in-
sulating wall (claim 1, etc.) .

Citation List
Patent Literature

[0003] PTL 1: Japanese Patent No. 6023941

Summary of Invention
Technical Problem

[0004] However, conventional technologies like the
one disclosed in PTL 1 or the like related to a refrigerator
with a reduced filling amount of a foam heat-insulating
material are targeted only at the rear surface of a heat
insulation box, and are not targeted at the side surfaces,
top surface, and bottom surface of the heat insulation
box. In view of this, the present inventors paid attention
to the fact that if portions where a foam heat-insulating
material influences the strength of a refrigerator less can
be identified, the filling amount of the foam heat-insulat-
ing material can be reduced also at those portions of the
box.

Solution to Problem

[0005] In view of the problem, a refrigerator according
to the present invention includes a box that forms a stor-
age compartment having an opening front, includes an
area between an inner box and an outer box which area
is foam-filled with a foam heat-insulating material, and
has an up-down dimension which is greater than a left-
right dimension, in which a left surface and/or a right sur-
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face of the box have or has a front end(s) including a
front-end heat-insulating material foam-filled with the
foam heat-insulating material continuously in an up-down
direction; have or has an area(s) where an area(s) having
aflow-permitting thickness for afoam heat-insulating ma-
terial which is smaller than those of surrounding areas;
and include(s) another heat-insulating material that pro-
vides heat insulation performance higher than that of the
foam heat-insulating material.

Brief Description of Drawings
[0006]

Figure 1 is a front view depicting the external ap-
pearance of a refrigerator.

Figure 2 is a perspective view depicting configuration
of a heat insulation box in the refrigerator.

Figure 3 is a figure depicting, about each filling
amount of a foam heat-insulating material, results of
analysis of filled portions that are necessary in terms
of strength.

Figure 4 is a rear perspective view of an inner box
of the refrigerator.

Figure 5 is a plan view of the refrigerator as seen
from above.

Figure 6 is an arrow view of a cross section taken
along A-A in Figure 5.

Figure 7 is an arrow view of a cross section taken
along B-B in Figure 5.

Figure 8 is an arrow view of a cross section taken
along C-C in Figure 5.

Figure 9 is an arrow view of a cross section taken
along D-D in Figure 5.

Figure 10 is a figure depicting a ceiling portion of a
cold compartment as seen from the front side.
Figure 11 is a partial cross-sectional perspective
view depicting portions near an inside light at the
ceiling portion of the cold compartment.

Figure 12 is a perspective view of the ceiling portion
of the cold compartment as seen from above without
an outer box, an inner box, and a vacuum heat-in-
sulating material.

Figure 13 is a partial cross-sectional view of the ceil-
ing portion of the cold compartment as seen from
front.

Figure 14 is a plan view of the ceiling portion of the
cold compartment as seen from above, in which the
vacuum heat-insulating material, the inside light, and
a wire for the inside light can be seen through.
Figure 15 is a perspective view depicting configura-
tion of a heat insulation partition that serves as a
partition between a lower freezer compartment and
a vegetable compartment.

Figure 16 is a plan view of the heatinsulation partition
as seen from above.

Figure 17 is an arrow view of a cross section taken
along A-A in Figure 16.
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Figure 18 is an arrow view of a cross section taken
along B-B in Figure 16.

Figure 19 is an arrow view of a cross section taken
along C-C in Figure 16.

Figure 20 is an arrow view of a cross section taken
along D-D in Figure 16.

Figure 21 is a perspective view of the heat insulation
partition as seen from below.

Figure 22 is a plan view of the heatinsulation partition
as seen from above in a state without an upper case.
Figure 23 is a partially enlarged perspective view of
a portion indicated by broken lines F in Figure 22.
Figure 24 is a figure depicting schematic configura-
tion of the ceiling portion in Example 2.

Figure 25 is a schematic cross-sectional view of a
heat insulation structure.

Figure 26 is an image view depicting how it appears
when the strength of shelves is maintained.

Description of Embodiments

[0007] Embodiments of the present invention are ex-
plained below with reference to the attached figures.

Example 1

[0008] A refrigerator according to Example 1 is ex-
plained specifically with reference to the attached figures.
Figure 1is a front view depicting the external appearance
of a refrigerator 1. Note that directions relative to a view-
point of a user in each figure are defined as front, back,
left, right, up, and down.

<Basic Structure of Refrigerator>

[0009] As depicted in Figure 1, as storage compart-
ments, the refrigerator 1 according to the present exam-
ple has a cold compartment 2, an ice compartment 3,
and an upper freezer compartment 4 that are arranged
side by side on the left and right, a lower freezer com-
partment 5, and a vegetable compartment 6, in this order
from above. The refrigerator 1 includes doors to open
and close openings of the respective storage compart-
ments. These doors are rotary cold compartment doors
2a and 2b that open and close the opening of the cold
compartment 2, and are divided on the left and right, and
a drawer-type ice compartment door 3a, upper freezer
compartment door 4a, lower freezer compartment door
5a, and vegetable compartment door 6a that open and
close the openings of the ice compartment 3, the upper
freezer compartment 4, the lower freezer compartment
5, and the vegetable compartment 6, respectively. Note
that whereas the refrigerator has the six doors in the ex-
ample explained in the present example, the six-door re-
frigerator is not the sole example. The drawer-type doors
are each provided with a housing container, and door-
side rails extending in the front-back direction, and can
slide on rails on the side of an inner box 8 of the refrig-
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erator 1, for example.

[0010] The cold compartment 2 is a refrigeration stor-
age compartment whose average inner temperature is
kept at a temperature in the refrigeration temperature
range which is approximately 4°C for example. The ice
compartment 3, the upper freezer compartment 4, and
the lower freezer compartment 5 are frozen storage com-
partments whose average inner temperatures are kept
at temperatures in the freezing temperature range which
are approximately -18°C, for example. The vegetable
compartment 6 is a refrigeration storage compartment
whose average inner temperature is kept at a tempera-
ture in the refrigeration temperature range which is ap-
proximately 6°C, for example, and is configured to cool
foods indirectly to avoid dehydration of foods.

[0011] Shelfribs 13 disposed on both side surfaces of
the cold compartment 2 have front ends that are posi-
tioned apart from the front end of the refrigerator 1, and
the shelf ribs 13 extend backward from there. Shelves
on which foods can be placed are placed across the shelf
ribs 13, and a plurality of the shelf ribs 13 are arrayed in
the up-down direction in the present example.

[0012] A coolerfor cooling the insides of the respective
storage compartments is arranged behind the lower
freezer compartment 5. Although not depicted in the fig-
ure, the cooler, a compressor, a condenser, and a cap-
illary tube are connected with each other, and a refriger-
ation cycle is formed thereby. Then, a blower for circu-
lating cold air cooled by the cooler is arranged above the
cooler, and a discharge port for discharging the cold air
into the storage compartments is formed downstream of
the blower. Note that there may be a plurality of coolers,
and the arrangement positions of them are not limited to
positions behind the lower freezer compartment 5, but
may be positions behind the cold compartment 2.
[0013] The rails are connected to the door-side rails
connected to the drawer-type doors, and support the
doors. Containers that can house foods are mounted on
the doors or the door-side rails, and move along with the
doors.

<Basic Structure of Heat Insulation Box>

[0014] Figure 2 is a perspective view depicting config-
uration of a heat insulation box in the refrigerator 1 ac-
cording to the present example. As depicted in Figure 2,
the heat insulation box has a box-type shape including
a top surface, a bottom surface, both side surfaces, and
arear surface, and having an opening over its front plane.
In addition, the heat insulation box includes an outer box
7 (not depicted in Figure 2) made of metal, and an inner
box 8 made of synthetic resin, and the space inside the
heat insulation box formed by the outer box 7 and the
inner box 8 is filled with a foam heat-insulating material
9such asrigid urethane foam by so-called foam-in-place,
and thermally insulates the storage compartments from
the outside.

[0015] The outer box 7 includes a top board and left
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and right side boards that are formed by bending a thin
steel strip into a gate-like shape, a rear board formed of
a separate member and a bottom board formed of a sep-
arate member, and is formed into a box shape. On the
other hand, the inner box 8 is formed into a box shape
by shaping a synthetic resin board. The top board, and
the left and right side boards may be separate bodies.
[0016] Inaddition, the cold compartment?2is separated
from the ice compartment 3 and the upper freezer com-
partment 4 by a heat insulation partition 10 disposed as
an approximately horizontal surface. In addition, the low-
erfreezer compartment5is separated from the vegetable
compartment 6 by a heat insulation partition 11 disposed
as an approximately horizontal surface. These heat in-
sulation partitions are provided at portions defining the
storage compartments whose temperatures are kept in
the different temperature ranges, and play a role of pre-
venting the insides of the refrigeration temperature-range
compartments from being cooled excessively by cold air
of the freezing temperature-range compartment.

[0017] Furthermore, in addition to the foam heat-insu-
lating material 9, a vacuum heat-insulating material 12
(not depicted in Figure 2) having thermal conductivity
lower than the thermal conductivity of the foam heat-in-
sulating material 9 is implemented between the outer box
7 and the inner box 8, and the heat insulation perform-
ance is increased without reducing the food housing vol-
ume. Here, in order to maintain the gas barrier perform-
ance, the vacuum heat-insulating material 12 includes a
core material such as glass wool that is wrapped by an
outer wrapping material formed of a metal layer such as
aluminum, for example. The vacuum heat-insulating ma-
terial 12 is pasted onto the inner wall surface of the outer
box 7, that is, the inner wall surface of each of the top
board, the side boards, the rear board, and the bottom
board by using an adhesive such as a double-sided tape
or a hot-melt adhesive at part of or over the whole of the
vacuum heat-insulating material 12.

[0018] The foam heat-insulating material 9 applied by
foam-in-place is inferior to the vacuum heat-insulating
material 12 in terms of thermal conductivity, but is useful
in enhancing the strength of the heat insulation box since
its bonding force can integrate the inner box 8 and the
outer box 7. In an injection method for a urethane heat-
insulating material to be the foam heat-insulating material
9 at a time of foam-in-place, the refrigerator 1 is placed
such that its front plane faces vertically downward, and
its rear surface faces vertically upward, and the urethane
heat-insulating material is injected in the space between
the inner box 8 and the outer box 7 of the refrigerator 1
via, for example, four injection ports provided through the
rear surface of the outer box 7. The injected urethane
heat-insulating material is dropped somewhere around
the side-surface front ends in the heat insulation box, and
foaming starts there. The urethane heat-insulating ma-
terial runs up along the side surfaces, and goes around
to the rear side, filling the space, and being solidified.
[0019] That is, the space between the vacuum heat-
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insulating material 12 and the inner box 8 is basically
filled with the foam heat-insulating material 9 by injection-
foaming, and is adhered with the inner box 8 to maintain
the strength of the refrigerator. However, in the present
example, portions that influence the strength less are not
filled with the foam heat-insulating material 9 or is filled
with a smaller amount of the foam heat-insulating mate-
rial 9 (partially urethane-less). Specifically, in the present
example, the urethane flow thickness (the gap between
the inner box 8 and the vacuum heat-insulating material
12) of the entire area or entire circumference of the par-
tially urethane-less portions is reduced to a thickness
smaller than 6 mm, for example. Thereby, it becomes
possible to provide an area which is intentionally not filled
with urethane or is intentionally filled with a smaller
amount of urethane which area is not an area (voids)
unintentionally not filled with urethane resulting from di-
mensional variations of the vacuum heat-insulating ma-
terial 12 or the like; as a result, it is possible to reduce
the injection volume of the urethane heat-insulating ma-
terial of the refrigerator 1 as a whole. Regarding connec-
tion between a portion with a larger flow thickness (e.g.,
a portion equal to or greater than 8 mm) filled with the
foam heat-insulating material 9, and a portion with a
smaller flow thickness which is intentionally not filled with
urethane or is intentionally filled with a smaller amount
of urethane, for example, the inner box 8 is formed in a
taper shape to approach the outer box 7, and thereby
the flow thickness changes continuously. Thereby, con-
centration of stress due to weight, generated by a rapid
change of the rigidity can be avoided. In addition, pres-
sure loss of an air path can be reduced at locations where
cold air flows. On the other hand, for example, if the inner
box 8 is connected stepwise, the inner volumes of the
storage compartments can be maximized, and the flow
thickness can be increased. Accordingly, the risk of fail-
ure to fill the connection portion with urethane can be
reduced.

[0020] Note that a member to be embedded between
the outer box 7 and the inner box 8 along with the foam
heat-insulating material 9 is not limited to the vacuum
heat-insulating material 12, but may be anything with
thermal conductivity A which is lower than the thermal
conductivity of the foam heat-insulating material 9. For
example, the vacuum heat-insulating material 12 de-
scribed in each example may be replaced with a heat
insulation structure 30 like the one depicted in Figure 25.
The heat insulation structure 30 is one that is formed by
placing, one on another, a first board 31a and a second
board 31b formed of a stainless steel strip, a PCM steel
strip, a glass board or the like with board thicknesses of
0.5 to 2.0 mm such that an inner space 32 is created
between the first board 31a and the second board 31b.
The heat insulation structure 30 has joints 33 formed by
joining the outer circumferences of the first board 31a
and the second board 31b by welding, bonding or the
like, a plurality of spherical spacer members 34 made of
glass, ceramic, or the like are arranged in the inner space
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32, and the height of the inner space 32 is made approx-
imately 2 to 5 mm. The inner space 32 is evacuated
through a discharge port 35 provided through either of
the first board 31a and the second board 31b, and is
sealed by a cap 36. By creating vacuum atmosphere in
the inner space 32 of the heat insulation structure 30 in
this manner, the thermal conductivity A can be made low-
er than the thermal conductivity of the foam heat-insulat-
ing material 9.

<Overview of Partially Urethane-Less>

[0021] Figure 3 is a figure depicting results of analysis
of filled portions that are necessary in terms of strength.
The foam heat-insulating material 9 fills heat insulation
spaces formed by the inner box 8 and the outer box 7,
or the vacuum heat-insulating material 12, and the like,
and is solidified to maintain the strength of the refrigera-
tor, but does not make a contribution as a structure to all
the spaces equally. Results of determination, by an op-
timization technique by a density method, of urethane
portions that make a contribution to the rigidity required
for the refrigerator are depicted in Figure 3. Since rigidity
is a premise for the refrigerator to function as a refriger-
ator, the results were obtained under a condition that
weight is applied to shelves placed across the shelf ribs
13, and rails 21 supporting drawer-type storage compart-
ment containers.

[0022] Relative to results of a case that all heat insu-
lation spaces are filled, the most effective urethane in-
jection spaces in cases that 10%, 30%, and 70% ure-
thane injection is performed are depicted from left. Spac-
es that are required to be filled with a small filling amount
are mainly the front ends (opening) and middles in the
front-back direction of the side portions, this represents
that these portions make a great contribution to the rigid-
ity. As the filling amount is increased, the filled portion
spreads backward from portions near the opening on the
front side, and connects to the middles of the side sur-
faces, but does not spread to spaces on the rear sides
of the side surfaces, the bottom surface, the top surface,
and the rear side unless the filling amount is increased,
and this represents that urethane in the heat insulation
space at these portions makes a small contribution to the
rigidity. It is observed that, regarding the middles of the
side surfaces, the spaces above the uppermost shelf ribs
13, and the spaces below the lowermost rails 21 also
make a relatively smaller contribution.

[0023] The results representing that the side-surface
front ends are important are because, since the refriger-
ator 1 has an approximately rectangular parallelepiped
shape, and has an opening on its front plane, it is nec-
essary to maintain the rigidity particularly at longer-side
portions in sides forming the opening plane. The neces-
sity for rigidity on the shorter-side sides (the front ends
of the top surface and bottom surface) is relatively low.
In addition, in a case that hinge portions 22 that support
the rotary doors are provided, portions near the hinge
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portions 22 also need to be filled with urethane to in-
crease the rigidity. Accordingly, the side-surface front
ends are preferably filled with urethane over their entire
up-down areas.

[0024] Next to the opening at the front plane, that is,
next to particularly the longer sides extending in the up-
down direction at the front ends of the heat insulation
box, urethane makes a great contribution also at portions
where the shelf ribs 13 and the rails 21 are provided on
the middle sides of the side surfaces in the front-back
direction. The results representing that these portions
are importantin terms of strength are because the rigidity
of portions near the shelf ribs 13 and the rails 21 that are
disposed on the side surfaces, and receive the weight of
foods placed on or in the shelves or the containers is
necessary for supporting the food weight. In this regard,
in a case that portions to support shelves are located at
other locations, the amount of urethane at these portions
can be reduced. For example, in a case that portions to
support shelves are located at certain locations on the
rear surface, the portions to support the shelves on the
rear surface, instead of the side surfaces, can be filled
with a greater amount of urethane alternatively.

[0025] On the basis of these analysis results, on the
side surfaces of the heat insulation box (the refrigerator
1) according to the present example, the flow thickness
for the foam heat-insulating material 9 at the front ends
of the heat insulation box, the shelf ribs 13 and the rails
21 is increased. Specifically, the side-surface front ends
have anincreased flow thickness over the entire up-down
area of the refrigerator 1, and the foam heat-insulating
material 9 (a front-end heat-insulating material 91) is pro-
vided to fill the side-surface front ends. In Figure 3, po-
sitional images of the front-end heat-insulating material
are given a reference character 91'. Thereby, it is possi-
ble to omit filling of the foam heat-insulating material 9
on the rear-end sides of the side surfaces while the front-
end sides which are important in terms of strength are
filled with the foam heat-insulating material 9. Then, sup-
posing that areas of the side surfaces from the front ends
to positions that are apart backward from the front ends
by a predetermined distance are called front-end sides
(opening sides), and areas behind those areas are called
rear-end sides, the flow thickness on the front-end sides
as a whole is made larger than the flow thickness on the
rear-end sides. The boundaries between the front ends
and the rear ends can vary depending on up-down posi-
tions on the side surfaces, but, for example, can be at or
behind the rear ends of the front-end heat-insulating ma-
terial 91.

[0026] Specifically, as illustrated on the left surface in
Figure 2, within the side surface, a partial area 81 above
the uppermost shelf rib 13, and a partial area 84 below
the lowermost rail 21 have areduced flow thickness, and
is not filled with the foam heat-insulating material 9 or is
filled with a smaller amount of the foam heat-insulating
material 9 in the refrigerator 1 according to the present
example. Other than this, an area 82 defined by an up-
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down range from the uppermost shelf rib 13 to the low-
ermost rail 21, and a front-back range from the front-end
heat-insulating material 91 to the shelf ribs 13 or the rails
21, and an area 83 sandwiched in the up-down direction
by shelf ribs 13 or by rails 21 also can have a reduced
flow thickness, and be not filled with the foam heat-insu-
lating material 9 or are filled with a smaller amount of the
foam heat-insulating material 9. Note that whereas the
front end of the area 83 is drawn as being located behind
the middle of the shelf ribs 13 or the rails 21 in the front-
back direction in Figure 2, the area 83 may be expanded
to the front end of the shelf ribs 13 or the rails 21.
[0027] Forexample, the boundaries between the front-
end sides and the rear-end sides can be considered in
the following manner in a case that the shelf ribs 13/rails
21 are provided in the refrigerator 1 as in the present
example.

[0028] First, regarding up-down positions where the
shelf ribs 13/rails 21 are provided, the boundaries can
be at positions before the front ends of the shelf ribs
13/rails 21 or at the middles of the front-back dimensions
of the shelf ribs 13/rails 21. If the boundaries are at po-
sitions before the front ends of the shelf ribs 13 and/rails
21, this is preferrable in that the flow thickness of portions
that influence the strength less (portions other than the
side-surface front ends, the shelf ribs 13 and the rail 21)
can be reduced; however, in a foam-in-place method in
which a urethane undiluted solution is injected from an
injection ports on the rear surface of the refrigerator 1, a
foaming path from the side-surface front ends to the shelf
ribs 13/rails 21 is likely to be blocked, and voids are likely
to be generated at the shelf ribs 13/rails 21. In view of
this, in the present example, the flow thickness of the
area 82 is made greater to approximately the same de-
gree as the front-end heat-insulating material.

[0029] On the other hand, if the boundaries are at po-
sitions at the middles of the front-back dimensions of the
shelf ribs 13/rails 21, the urethane filling amount cannot
be reduced at positions on the front side of those posi-
tions, but it is relatively easier to fill portions at the shelf
ribs 13/rails 21 that influence the strength significantly
with the foam heat-insulating material 9. Because of this,
for example, the flow thickness of the area 83 may be
reduced.

[0030] Second, regarding the up-down ranges above
the uppermost shelf rib 13/below the lowermost rail 21,
the boundaries can be at positions at or behind the rear
end of the front-end heat-insulating material mentioned
above. In the present example, regarding the range
above the uppermost shelf rib 13, the area 81 with a
reduced flow thickness is provided from the rear end of
the front-end heat-insulating material 91 to the approxi-
mately rear end of the side surface. The position of the
rear end of the area 81 is not restricted particularly. In
addition, regarding the range below the lowermost rail
21, the rectangular area 84 with a reduce flow thickness
is provided near the rear end of the front-end heat-insu-
lating material. The rear end of the area 84 may be lo-
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cated behind its position depicted in Figure 2.

[0031] Note that the areas 81 to 84 can overlap the
vacuum heat-insulating material 12 in the front view of
the side surface, and additionally are located inward of
the edge of the vacuum heat-insulating material 12 pref-
erably.

[0032] Next, in a case of a refrigerator not provided
with shelf ribs 13 and rails 21, the boundary between the
front-end side and the rear-end side can be at a position
which is at a distance from the front end, the distance
being 1/3 or 1/2 of the front-back dimension from the front
end to the rear surface of the inner box, for example.
[0033] Inthis manner, regarding the side surface of the
refrigerator 1, the ratio of a filled area with an increase
flow thickness for the foam heat-insulating material 9
(e.g., an area provided with the front-end heat-insulating
material 91)to the sum of the filled area with the increased
flow thickness, and an unfilled area or less filled area with
a reduced flow thickness is higher on the side-surface
front-end side than on the side-surface rear-end side. In
Figure 2, regarding the left surface, each of the areas 81
to 84 can be given a reduced flow thickness, and the
remaining area is given an increased flow thickness. In
the present example, the areas 81 and 84 are given re-
duced flow thicknesses, and the remaining area is given
an increased flow thickness. The right surface can be
configured similarly to the left surface.

[0034] Inthismanner,inaddition to being provided with
the front-end heat-insulating material 91, the side surface
of the refrigerator 1 is filled with the foam heat-insulating
material 9 (food-support heat-insulating material) with an
increased urethane flow thickness in projection planes
of the shelf ribs 13 and the rails 21 also. By filling areas
corresponding to the projection planes of the shelf ribs
13 and the rails 21 at least with the foam heat-insulating
material 9, the strength can be maintained at portions
that are important in terms of food weights.

[0035] In order to perform foam-in-place of the food-
support heat-insulating material, for example, the entire
area over the range from the uppermost shelf rib 13 to
the lowermost rail 21 can be filled with the foam heat-
insulating material 9 with an increased urethane flow
thickness, or an area like the area 83 sandwiched in the
up-down direction between shelf ribs 13 and rails 21 may
not be filled with the foam heat-insulating material or may
be filled with a smaller amount of the foam heat-insulating
material by reducing the flow thickness. The present ex-
ample adopts the former. In the latter case, the food-
support heat-insulating material is in a so-called full-of-
holes state.

[0036] Regarding the front-back direction of the side
surface ofthe refrigerator 1, the foam heat-insulating ma-
terial 9 may fill the area between the front-end heat-in-
sulating material mentioned above and the food-support
heat-insulating material such that the foam heat-insulat-
ing material 9 links the front-end heat-insulating material
and the food-support heat-insulating material, or the area
may not be filled with the foam heat-insulating material
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9 or may be filled with a smaller amount of the foam heat-
insulating material 9 by reducing the flow thickness (e.g.
by reducing the flow thickness of part of or the entire area
82). If the area (e.g. the area 82) between the front-end
heat-insulating material 91 and the food-support heat-
insulating material is filled with the foam heat-insulating
material 9, it is easy to fill the area with the food-support
heat-insulating material in a case of foam-in-place, and
if the area is not filled with the foam heat-insulating ma-
terial 9 or is filled with a smaller amount of the foam heat-
insulating material 9, the urethane amount can be re-
duced while reducing influence on the strength (rigidity)
of the refrigerator 1. In a case that part of the area 82 is
given a reduced flow thickness, if a plurality of areas that
are given a reduced flow thickness are provided being
spaced apart from each other in the up-down direction,
areas with an increased flow thickness can also be left,
the foam heat-insulating material 9 can easily flow there-
through, and so backward filling can be easily performed.
That is, this is preferrable in that generation of voids of
areas that should be the food-support heat-insulating ma-
terial can be inhibited.

[0037] Note that if a separate component having rigid-
ity higher than the rigidity of the foam heat-insulating ma-
terial 9 filling areas and being solidified there is mounted
in areas that should be the food-support heat-insulating
material, and reinforces those areas, the necessity for
performing foam filling in the areas that should be the
food-support heat-insulating material is eliminated or re-
duced. Accordingly, the flow thickness of the entire area
between the front-end heat-insulating material and the
food-support heat-insulating material like the area 82,
and the area 83 can be increased further, and the flow
thickness of the entire area overlapping the shelf ribs 13
and the rails 21 can also be reduced. The shelf ribs 13
and the rails 21 are important only in a case that support-
ing of food weights is considered, the front-end heat-in-
sulating material is important for the strength of the inner
box and the outer box as structures, and supporting of
food weights is permitted to be attained by reinforcement,
not by the foam heat-insulating material 9. Figure 26 is
animage view depicting how itappears when the strength
of shelves is maintained by providing a reinforcement 23
which is a resin component or a metallic component be-
tween the inner box 8 and the vacuum heat-insulating
material 12.

[0038] Details of the top surface and the bottom sur-
face are mentioned later, and, since the front ends make
a greater contribution to the strength as mentioned
above, the flow thickness is made greater on the front-
end side than on the rear-end side. Since the top surface
and the bottom surface according to the present example
are not provided with shelf ribs and rails, the boundaries
can be set as positions which are at distances from the
front end, the distances being 1/3 or 1/2 of the front-back
dimension of the refrigerator 1, for example. Regarding
the top surface and/or the bottom surface also, the front
end(s) can be filled with the foam heat-insulating material
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9, and, in this case, the foam heat-insulating material 9
can be continuous with the front-end heat-insulating ma-
terial 91 of the side surfaces. The front ends of the top
surface and the bottom surface also are filled with the
foam heat-insulating material 9 in the present example,
and the entire area of the front end of the heat insulation
box, that is, the rectangular area, is given an increased
flow thickness.

[0039] Asamethod of reducing the urethane flow thick-
ness, for example, such a reduction can be realized by
forming a recess toward the outer box 7 on the inner box
8. By doing so, the inner volumes of the storage com-
partments can be expanded. Since the vacuum heat-in-
sulating material 12 makes a far greater contribution to
the heat insulation performance of the refrigerator 1 than
the foam heat-insulating material 9 does, in terms of ex-
pansion of the inner volumes and reduction of the ure-
thane amount, the flow thickness of the area where the
flow thickness is reduced is preferably reduced to such
a degree that the foam heat-insulating material 9 does
not fill the area. That is, in a case that the flow thickness
(the distance over which there are no structures such as
the vacuum heat-insulating material 12 in the area be-
tween the outer box 7 and the inner box 8) of the area
where the vacuum heat-insulating material 12 is provided
is reduced, when the vacuum heat-insulating material 12
has been mounted on the inner box 8, the distance be-
tween the vacuum heat-insulating material 12 and the
outer box 7 as the flow thickness can be made equal to
or shorter than 6 mm, preferably equal to or shorter than
3 mm, for example. In addition, when the vacuum heat-
insulating material 12 has been mounted on the outer
box 7, the distance between the vacuum heat-insulating
material 12 and the inner box 8 can certainly be made
similar. On the other hand, in an area where the flow
thickness is increased, the distance over which there are
no structures in the area between the outer box 7 and
the inner box 8 as the flow thickness can be made equal
to or longer than 8 mm, equal to or longer than 10 mm,
equal to or longer than 12 mm, or equal to or longer than
15 mm, for example. In addition, it may be given a flow
thickness approximately the same as the front-end heat-
insulating material 91.

[0040] Note that in terms of reduction of the weight of
urethane, as means for reducing the flow thickness,
some separate component may be disposed between
the inner box 8 and the outer box 7 to realize the reduc-
tion. In addition, for example, in a case that the unfilled
or lessfilled area is formed into some geometrical shape,
it is not necessarily necessary to reduce the flow thick-
ness of the inside of the geometrical shape, and the flow
thickness of only the entire edge of the geometrical shape
(i.e., a closed curve) may be reduced. In this case, al-
though the advantage of the expansion of the inner vol-
umes is reduced, the reduction of the urethane amount
is realized.

[0041] Inotherrespects, regarding the top surface, the
bottom surface, and the rear surface of the refrigerator
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1, the filling amount of the foam heat-insulating material
9 is reduced taking supporting and protection of the vac-
uum heat-insulating material 12 into consideration. This
is mentioned later.

<Details of Partially Urethane-Less>

[0042] Next, a specific structure of each portion of the
heat insulation box in the refrigerator 1 according to the
presentexample is explained. Figure 4 is a rear perspec-
tive view of the inner box 8 of the refrigerator 1, and Figure
5 is a plan view of the refrigerator 1 as seen from above
(where the vacuum heat-insulating material is seen
through). In addition, Figure 6 is an arrow view of a cross
section taken along A-A in Figure 5, Figure 7 is an arrow
view of a cross section taken along B-B in Figure 5, Figure
8 is an arrow view of a cross section taken along C-C in
Figure 5, and Figure 9 is an arrow view of a cross section
taken along D-D in Figure 5.

<<Ceiling Portion>>

[0043] First, the structure of the top surface (ceiling
portion) of the heat insulation box is explained. The front
side and the rear side of the vacuum heat-insulating ma-
terial 12 of the ceiling portion are continuously filled with
the foam heat-insulating material 9 as depicted in Figure
6. Here, regarding the area between the lower surface
of the vacuum heat-insulating material 12 and the inner
box 8, only the front area extending from the front end to
an inside light 14 and the rear area extending from the
rear end to the termination end of a corner 20 (an upper
rear inclined portion at which the rear surface is contin-
uous with the top surface) are filled with the foam heat-
insulating material 9, and the middle area (between the
front area and the rear area) is not filled with the foam
heat-insulating material 9.

[0044] On the other hand, as depicted in Figure 7 to
Figure 9, the left side and the right side of the vacuum
heat-insulating material 12 of the ceiling portion are con-
tinuously filled with the foam heat-insulating material 9.
Here, regarding the area between the lower surface of
the vacuum heat-insulating material 12 and the inner box
8, the front area is continuously filled with the foam heat-
insulating material 9 from the left end to the right end as
depicted in Figure 7, but the middle area is not filled with
the foam heat-insulating material 9 from the left end to
the right end as depicted in Figure 8 and Figure 9.
[0045] By making the middle area (an area 85) corre-
sponding to the vertically downward projection plane of
the vacuum heat-insulating material 12 of the ceiling por-
tion partially urethane-less in this manner, the injection
volume of the urethane heat-insulating material can be
reduced. In addition, even if the middle area is made
partially urethane-less, there is the foam heat-insulating
material 9 around (front, rear, left, and right side surfaces)
of the vacuum heat-insulating material 12 of the ceiling
portion. In particular, in the front area and the rear area,
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the foam heat-insulating material 9 is supporting the end
of the vacuum heat-insulating material 12 like it wraps
the vacuum heat-insulating material 12 from the lower
surface to the side surfaces. Accordingly, falling or heat
bridge of the vacuum heat-insulating material 12 is pre-
vented. Simultaneously, since atleast the urethane heat-
insulating material fills the area around the inside light
14 arranged near the urethane-less portion, the fixation
strength of components related to the inside light 14 can
also be maintained.

[0046] Note that since similar advantages can be at-
tained even if the foam heat-insulating material 9 sup-
ports the vacuum heat-insulating material 12 like it wraps
the vacuum heat-insulating material 12 in its left and right
areas, areas to be wrapped are not limited to the front
area and the rear area.

[0047] The partially urethane-less area (the area 85)
of the ceiling portion can be provided in the projection
plane of the vacuum heat-insulating material 12, and on
the inner side of the edge of the vacuum heat-insulating
material 12, for example, as in the present example.

In addition, as depicted in Figure 9, the width dimension
of the vacuum heat-insulating material 12 disposed on
the top surface of the inner box 8 is smaller than the width
dimension of the top surface of the inner box 8.
Accordingly, in each of areas 9a between left and right
corners 8a on the top surface of the inner box 8 and the
left end and right end of the vacuum heat-insulating ma-
terial 12, the foam heat-insulating material 9 fills the area
between the outer box 7 and the inner box 8. The thick-
ness of the foam heat-insulating material 9 in these rang-
es is equivalent to the thickness of the vacuum heat-
insulating material 12. Since the heat transfer coefficient
of the foam heat-insulating material 9 is higher than the
heat transfer coefficient of the vacuum heat-insulating
material 12, these portions provide lower heat insulation
performance. If heat insulation performance is insuffi-
cient, the outer box 7 is cooled by the inside of the refrig-
erator, condensation occurs to the outer box 7 due to the
temperature difference of the refrigerator outside air, and
this is not preferrable. In the refrigerator according to the
present example, heat of a hot gas pipe (not depicted)
installed between the outer box 7 and the foam heat-
insulating material 9 prevents the outer box 7 from being
cooled, and this reduces the temperature difference be-
tween the outer box 7 and the refrigerator outside air,
and prevents occurrence of condensation.

In this manner, since the top surface (the vertically down-
ward projection plane of the vacuum heat-insulating ma-
terial 12 and the area 9a) of the inner box 8 is made
approximately the same planar shape, expansion of the
inner volume is possible also at portions other than the
projection plane of the vacuum heat-insulating material
12.

<<Opening>>

[0048] Next, regarding the structure of the opening of
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the heat insulation box, as mentioned before, the refrig-
erator 1 is placed in a state that its rear surface faces
upward, and the urethane heat-insulating material is in-
jected toward the front plane, which is facing vertically
downward, of the refrigerator 1 through, for example, four
injection ports provided through the rear surface. In the
present example, not only the entire up-down areas of
the left surface and the right surface equivalent to longer
sides on the front-plane side (opening) of the refrigerator
1, but the entire left-right areas of the top surface and the
bottom surface equivalent to shorter sides are given an
increased flow thickness. Because of this, the opening
of the refrigerator 1 (the heat insulation box) can be filled
with the foam heat-insulating material 9 continuously
over the entire circumference. In this manner, filling with
the front-end heat-insulating material can be performed.

<<Shelf Ribs>>

[0049] Next, the structure of portions in the heat insu-
lation box where the shelfribs 13 are formed is explained
by using Figure 8 and Figure 9. On the side surfaces of
the refrigerator 1, recessed areas (the areas 81) where
the inner box 8 is recessed toward the outer box 7 are
formed above the uppermost shelf ribs 13, and those
recessed areas are given a reduced flow thickness. The
recessed areas (the areas 81) are not provided at the
front ends of the side surfaces (see Figure 7).

[0050] Foam-in-place of the urethane heat-insulating
material injected through the injection ports on the rear
surface of the refrigerator 1 is performed in a state that
the rear surface of the refrigerator 1 faces vertically up-
ward as mentioned above. For example, the urethane
heat-insulating material having started foaming firstin an
area where the front-end heat-insulating material is
formed next starts filling areas with an increased flow
thickness. Because of this, filling with the foam heat-in-
sulating material 9 proceeds in the inner box 8 in the
range including the uppermost shelf rib 13 to the lower-
most rail such that the foam heat-insulating material 9
runs up toward the rear side of the refrigerator 1. In this
manner, filling with the food-support heat-insulating ma-
terial proceeds entirely continuously from the area of the
front-end heat-insulating material.

[0051] On the other hand, side surfaces positioned
above the uppermost shelf ribs 13 in Figure 8 (in terms
of directions at a time of use of the refrigerator 1) which
side surfaces do not make a contribution to supporting
of the shelf ribs 13 are given a reduced flow thickness.
Since the thickness is a flow thickness which is reduced
to such a degree that urethane cannot flow therethrough
in the present example, the urethane heat-insulating ma-
terial does not run up at all at the front ends of the refrig-
erator 1.

<Ceiling Panel>

[0052] Figure 10is a figure of the ceiling portion of the
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cold compartment 2 as seen from the front side, and Fig-
ure 11 is a partial cross-sectional perspective view de-
picting portions near the inside light 14 at the ceiling por-
tion of the cold compartment 2. The inside light 14 is
covered with a light-transmitting cover member. The
quality of the material of the cover member is not limited
particularly, but is desirably a transparent synthetic resin.
[0053] Since the inside light 14 is mounted on the inner
box 8 at the front side of the ceiling portion as depicted
in Figure 11, the area between the inner box 8 and the
vacuum heat-insulating material 12 is filled with the foam
heat-insulating material 9, and the support strength for
the inside light 14 is enhanced. On the other hand, since
the gap between the vacuum heat-insulating material 12
and the inner box 8 is small (e.g., smaller than 1 mm) on
the rear side of the ceiling portion, and the inner box 8 is
located at a high position, the food housing space for the
uppermost shelf is increased. It should be noted that it
is better not to make the vacuum heat-insulating material
12 contact the inner box 8 but to form at least a small
gap as a buffer for a case that a user hits the ceiling
portion with a can or the like.

[0054] Since the area with a small gap between the
vacuum heat-insulating material 12 and the inner box 8
is not filled with the foam heat-insulating material 9 in this
manner, the inner box 8 is not adhered to the outer box
7 or the vacuum heat-insulating material 12 via the foam
heat-insulating material 9. As a result, the inner box 8
droops undesirably due to its own weight, and this is not
preferrable in terms of external appearance. In view of
this, injection foaming of the urethane heat-insulating ma-
terial is performed in a state that a ceiling panel 16 made
of synthetic resin is mounted below the inner box 8 of the
urethane-less portion in the present example, and the
ceiling panel 16 forms part of the ceiling surface of the
cold compartment 2.

<Support Structure for Ceiling Panel>

[0055] Since the ceiling panel 16 has an inclined sur-
face 16a whose front side is extending downward, is fas-
tened at the inclined surface 16a by a screw 17 from the
outside of the inner box 8, and is prevented from falling
off, it is difficult for a user to visually recognize the pres-
ence of the screw 17. In addition, since the head of the
screw 17 is covered with the foam heat-insulating mate-
rial 9 in the end, this not only inhibits loosening of the
screw 17 but also prevents a user from removing the
screw 17, the screw 17 from contacting and damaging
the vacuum heat-insulating material 12, and so on.

[0056] Note thatsince the front side of the ceiling panel
16 is formed as the inclined surface 16a, cold air dis-
charged from the rear side of the cold compartment 2 is
guided diagonally downward, and it becomes easier to
cool foods in door pockets. In addition, this provides a
merit that it is easier to take out and put in foods, and a
merit that it is easier for the urethane heat-insulating ma-
terial to flow, as compared with a step without an incli-
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nation.

[0057] Figure 12 is a perspective view of the ceiling
portion of the cold compartment 2 as seen from above
without the outer box 7, the inner box 8, and the vacuum
heat-insulating material 12, and Figure 13 is a partial
cross-sectional view of the ceiling portion of the cold com-
partment 2 as seen from front. As depicted in Figure 12,
aclaw 16b is formed at the middle, in the left-right direc-
tion, on the rear side of the ceiling panel 16, and engages
with the inner box 8. Since this claw 16b is formed to
occupy only a partial left-right width of the ceiling panel
16 having a left-right width dimension which is approxi-
mately the same as the inner box 8, this provides high
installation working efficiency about the ceiling panel 16.
[0058] Since the left and right ends of the ceiling panel
16 are simply placed on ribs (not depicted) extending in
the front-back direction from the side walls of the inner
box 8, the ceiling panel 16 is not constrained in the hor-
izontal direction. In addition, the rear end of the ceiling
panel 16 also is simply constrained in the up-down direc-
tion by the claw 16b. Because of this, thermal deformation
ofthe ceiling panel 16 due to an environment temperature
change, warping of the ceiling panel 16 due to foaming
pressure of the foam heat-insulating material 9 received
via the inner box 8, and the like can be inhibited. Note
that as long as either the left and right ends or the front
and rear ends of the ceiling panel 16 are unconstrained
in the horizontal direction, the ceiling panel 16 may be
supported by another method.

[0059] In addition, a first rib 16c extending in the front-
back direction at the middle in the left-right direction, and
a second rib 16d extending in the left-right direction at
the middle in the front-back direction are formed on the
upper surface of the ceiling panel 16, and this increases
the rigidity of the ceiling panel 16. Note that a plurality of
first ribs 16¢ or second ribs 16d may be formed. In addi-
tion, since a plurality of reinforcement pieces 16e extend-
ing in the left-right direction are formed side by side in
the front-back direction at the left and right ends of the
ceiling panel 16, deformation of the ceiling panel 16 due
to foaming pressure of the foam heat-insulating material
9 that fills the area between the inner box 8 and the outer
box 7 forming the left and right side surfaces can be in-
hibited.

[0060] Here, the inner box 8 and the ceiling panel 16
are not bonded together, a gap is formed between the
inner box 8 and the ceiling panel 16 as depicted in Figure
13, and load is not applied to the ceiling panel 16 even
if the inner box 8 droops to some degree. Note that the
first rib 16¢c and the second rib 16d also play a role of
preventing the entire surface from contacting the ceiling
panel 16 even if the inner box droops. In addition, since
mass % of a glass filler used to shape the ceiling panel
16 according to the present example is equal to or lower
than 10, warping at a time of shaping is reduced. Note
that the quality of the material of the ceiling panel is not
limited to a synthetic resin, but the ceiling panel may be
a structure mounted after injection foaming of the ure-
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thane heat-insulating material.
<Wire of Ceiling Portion>

[0061] Figure 14 is a plan view of the ceiling portion of
the cold compartment 2 as seen from above, in which
the vacuum heat-insulating material 12, the inside light
14, and a wire (cord 15) for the inside light 14 can be
seen through. As depicted in Figure 14, the cord 15 led
out from the inside light 14 passes by the vacuum heat-
insulating material 12, reaches the rear side, further goes
down on the rear side, and is connected to a control sub-
strate which is not depicted.

[0062] Here, the area between the lower surface of the
vacuum heat-insulating material 12 of the ceiling portion
and the inner box 8 is not filled with the foam heat-insu-
lating material 9 except for the front area and the rear
area as depicted in Figure 6. If the cord 15 is arranged
at a portion not filled with the foam heat-insulating mate-
rial 9, there is a possibility that the inner box 8 is pressed
by the cord 15, and marks, the cord 15 damages the
vacuum heat-insulating material 12, and so on, when a
jig is used to press from the side of the inner box 8 at a
time of foaming of the urethane heat-insulating material.
Accordingly, in the present example, the cord 15 is ar-
ranged at a portion filled with the foam heat-insulating
material 9. That is, the wire arranged in the area corre-
sponding to the vertically downward projection plane of
the vacuum heat-insulating material 12 is arranged only
in the front area and the rear area which are portions
where there is the foam heat-insulating material 9, and,
in areas therebetween, the wire is arranged at portions
outside the vertical projection plane of the vacuum heat-
insulating material 12 where there is the foam heat-insu-
lating material 9.

[0063] Itshould be noted that by providing an interven-
ing member such as a foaming body that has been
formed by foaming in advance between the cord 15 and
the inner box 8, providing a space for avoiding the cord
15 on the side of the inner box 8 or on the side of the
vacuum heat-insulating material 12, and so on, the cord
15 can be arranged even at portions not filled with the
foam heat-insulating material 9.

<Heat Insulation Partition>

[0064] Next, the heat insulation partition 11 that sepa-
rates the lower freezer compartment 5 from the vegetable
compartment 6 is explained specifically. Figure 15 is a
perspective view depicting configuration of the heat in-
sulation partition 11 that serves as a partition between
the lower freezer compartment 5 (freezing temperature-
range compartment) and the vegetable compartment 6
(refrigeration temperature-range compartment). As de-
picted in Figure 15, the heat insulation partition 11 in-
cludes a combination of an upper case 111 and a lower
case 112. Furthermore, in a space surrounded by the
upper case 111 and the lower case 112, the heat insu-



19 EP 4 293 304 A1 20

lation partition 11 includes the vacuum heat-insulating
material 12 and a heater 113, in this order from above.
Then, when the space between the outer box 7 and the
inner box 8 is filled with the foam heat-insulating material
9, the urethane heat-insulating material injected through
the four injection ports mentioned before provided on the
side of the rear surface of the heat insulation box flows
into the heat insulation partition 11 through urethane in-
flow ports 11a formed on the left and right sides on the
front side of the heat insulation partition 11. Filling with
the urethane heat-insulating material having flowed into
the heatinsulation partition 11 proceeds in areas around
the vacuum heat-insulating material 12, and the urethane
heat-insulating material is adhered to the heat insulation
box along with the upper case 111 and the lower case
112 in the end.

<<Upper Case>>

[0065] Although the upper case 111 faces the lower
freezer compartment 5, as depicted in Figure 15, the up-
per case 111 has two upper-surface recesses 111a on
the left and right, so it becomes possible to increase the
inner volume of the lower freezer compartment 5. Note
that as a shape corresponding to lower-surface recesses
112a (see Figure 21) of the lower case 112, and the front
side of a bent portion 12a (see Figure 18) of the vacuum
heat-insulating material 12 positioned thereabove, the
frontsides of the upper-surface recesses 111ahave shal-
low bottom surfaces as compared with the rear sides. In
addition, a bridge portion 111b which has the same height
as the peripheries of the upper-surface recesses 111a
is formed at a portion sandwiched by the left and right
upper-surface recesses 111a.

[0066] Figure 16 is a plan view of the heat insulation
partition 11 as seen from above (the side of the lower
freezer compartment 5). Figure 17 is an arrow view of a
cross section taken along A-A in Figure 16, Figure 18 is
an arrow view of a cross sectiontaken along B-B in Figure
16, Figure 19 is an arrow view of a cross section taken
along C-C in Figure 16, and Figure 20 is an arrow view
of a cross section taken along D-D in Figure 16.

[0067] As depicted in Figure 17 and Figure 18, one
vacuum heat-insulating material 12 having the bent por-
tion 12a is positioned below the upper case 111. The
front-back dimension of the vacuum heat-insulating ma-
terial 12 is the same as or greater than the front-back
dimension of the upper-surface recesses 111a, the left
end of the vacuum heat-insulating material 12 is at the
same position as or on the left side of the left end of the
left upper-surface recess 111a, and the right end of the
vacuum heat-insulating material 12 is at the same posi-
tion as or on the right side of the right end of the right
upper-surface recess 111a. Here, as compared with the
lower portion of the bridge portion 111b which is a portion
between the two upper-surface recesses 111a (see Fig-
ure 17), the lower portion of the portion where the upper-
surface recesses 111a are formed (see Figure 18) has
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a smaller gap between the upper case 111 and the vac-
uum heat-insulating material 12 (e.g., smaller than 6
mm). Accordingly, the urethane heat-insulating material
having flowed into the heat insulation partition 11 through
the urethane inflow ports 11a cannot flow into the space
sandwiched by the portion where the upper-surface re-
cesses 111a are formed and the vacuum heat-insulating
material 12, but flows into the space sandwiched by a
portion where the upper-surface recesses 111a are not
formed and the vacuum heat-insulating material 12. That
is, as indicated by dotted lines E in Figure 16, the flow
path of the urethane heat-insulating material goes
through a gap below the periphery of each upper-surface
recess 111a, and hits a lower portion of the bridge portion
111b in the front-back direction in the end.

[0068] Since the foam heat-insulating material fills the
lower portion of the bridge portion 111b of the upper case
111 in the front-back direction near the middle of the heat
insulation partition 11 in this manner, the rigidity of the
heat insulation partition 11 is increased as exhibited by
reduction of warping of the upper case 111 or the like,
and damage to the vacuum heat-insulating material 12
and the like are inhibited. In addition, the urethane heat-
insulating material having flowed in through the urethane
inflow ports 11a branches into a plurality of directions
due to the upper-surface recesses 111a. Since the ure-
thane heat-insulating material the flow of which has
branched hits any portion (final filled portion) in the heat
insulation partition 11, there is the risk of voids. However,
by providing the bridge portion 111b, itis possible to form
a flow of the urethane heat-insulating material that flows
to the front end and rear end of the lower portion of the
bridge portion 111b. Since urethane that has flowed from
the front end and rear end of the lower portion of the
bridge portion 111b hits, voids, if generated, can be kept
within the area of the bridge portion 111b. Furthermore,
there is the vacuum heat-insulating material 12 in the
area corresponding to the vertically downward projection
plane of the bridge portion 111b. That is, even if voids
are generated, generation positions of the voids can be
kept within the area of the vacuum heat-insulating mate-
rial 12, so influence of the voids on the heat insulation
performance of the heat insulation partition wall can be
minimized. Note that the present example adopts con-
figuration in which the upper-surface recesses 111a are
arranged side by side on the left and right, and the bridge
portion 111b is formed in the front-back direction, con-
figuration in which the upper-surface recesses 111a are
arranged side by side in the up-down direction, and the
bridge portion 111b is formed in the left-right direction
may be adopted. In addition, since it is sufficient if the
height of the bridge portion 111b is at least taller than the
lower surfaces of the upper-surface recesses 111a in
order to make sure that there is an inflow of urethane,
the present example is not limited in this respect.
[0069] In addition, the front side and rear side of the
vacuum heat-insulating material 12 are filled with the
foam heat-insulating material 9 as depicted in Figure 17
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and Figure 18, and the left side and right side of the vac-
uum heat-insulating material 12 are also filled with the
foam heat-insulating material 9 as depicted in Figure 19
and Figure 20. On the other hand, a double-sided tape
(not depicted) is applied onto part of the lower-surface
side of the vacuum heat-insulating material 12, and the
part is bonded with the lower case 112. Because of this,
the area between the vacuum heat-insulating material
12 and the lower case 112 also is basically not filled with
the foam heat-insulating material 9. However, as depict-
ed in Figure 20, since the area below the front side of the
bent portion 12a of the vacuum heat-insulating material
12 has a relatively large gap with the lower case 112
except for the area of the lower-surface recesses 112a
formed on the front side of the lower case 112, the area
below the front side of the bent portion 12a is filled with
the foam heat-insulating material 9.

[0070] Since the upper-surface side and lower-surface
side of the vacuum heat-insulating material 12 in the heat
insulation partition 11 is partially urethane-less in the
presentexample in this manner, this provides a merit that
the filling amount of the foam heat-insulating material 9
in the refrigerator 1 as a whole can be reduced. Since,
in addition to this, portions in front of, behind, and to the
left and right of the vacuum heat-insulating material 12
are filled with the foam heat-insulating material 9, the
vacuum heat-insulating material 12 is stably supported
in the heat insulation partition 11, and the strength as the
heat insulation partition 11 is maintained.

<<Lower Case>>

[0071] Figure 21 is a perspective view of the heat in-
sulation partition 11 as seen from below (the side of the
vegetable compartment 6). As indicated by broken lines
and dotted lines in Figure 21, there is the heater 113
above the lower case 112, and there is the vacuum heat-
insulating material 12 above the heater 113. In addition,
although not depicted, the refrigerator 1 according to the
present example has a structure in which a vegetable
compartment cover that can open and close the upper
plane of the container of the vegetable compartment 6
can be installed. This vegetable compartment cover is
for inhibiting dehydration of vegetables in the container
by increasing the degree of sealing of the container, and
is supported by a vegetable-compartment cover mount-
ing portion 112b provided to the lower case 112 of the
heat insulation partition 11.

[0072] The front side of the lower case 112 has the
vegetable-compartment cover mounting portion 112b,
and the lower-surface recesses 112a that are provided
side by side to the left and right of the vegetable-com-
partment cover mounting portion 112b. The lower-sur-
face recesses 112a have a shape protruding upward on
the rear side of the vegetable-compartment cover mount-
ing portion 112b, and can restrict the position of the vac-
uum heat-insulating material 12. Because of this, it is
possible to prevent the vacuum heat-insulating material
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12 from abutting on the vegetable-compartment cover
mounting portion 112b, and being damaged. In addition,
since surfaces on the rear sides of the lower-surface re-
cesses 112a facing the vacuum heat-insulating material
12 are inclined surfaces 112c, damage to the vacuum
heat-insulating material 12 due to contact with the lower-
surface recesses 112a is also inhibited. Furthermore,
since a plurality of the lower-surface recesses 112a are
provided side by side in the left-right direction, and the
lower-surface recesses 112a are not formed continuous-
ly over the entire area in the left-right direction, the ure-
thane heat-insulating material can easily flow in; as a
result, the support strength of the front side of the heat
insulation partition 11 can be enhanced.

[0073] The heater 113 is for heating the vegetable
compartment 6 that the heatinsulation partition 11 (lower
case 112) faces, and keeping the temperature of the in-
side of the vegetable compartment 6 in a predetermined
temperature range, and, although not depicted, includes
aheattransfer wire, an aluminum sheet covering the heat
transfer wire, and a lead connected with the heat transfer
wire. Since the planar heater 113 used in the present
example cannot form the bent portion 12a unlike the vac-
uum heat-insulating material 12 can, it is difficult to be
extended forward up to the inclined surfaces 112c of the
lower-surface recesses 112a. However, since the vacu-
um heat-insulating material 12 is positioned also above
the area on the front side where the heater 113 cannot
reach, occurrence of condensation can be prevented.
[0074] Since, behindthe lower-surface recesses 112a,
there is an area not filled with the foam heat-insulating
material 9 above the lower case 112 in the present ex-
ample, there is a possibility that the lower case 112
droops due to its own weight or warping. However, since
there is a drawer-type container in the vegetable com-
partment 6 faced by the lower case 112, and the lower
surface of the heat insulation partition 11 is a location
where a user is difficult to see visually, it is attempted in
the present example to reduce the filling amount of the
foam heat-insulating material 9 while reducing the neg-
ative influence on the aesthetic look.

[0075] As mentioned already, in the heat insulation
partition 11 according to the present example, there are
the upper-surface recesses 111a of the upper case 111,
and the lower-surface recesses 112a of the lower case
112. Here, since the temperature range of the lower
freezer compartment 5 faced by the upper case 111 is
lower than the temperature range of the vegetable com-
partment 6 faced by the lower case 112, it is necessary
to increase the circulatory flow amount of cold air. Ac-
cordingly, by making the volume of the overall recesses
of the upper-surface recesses 111a greater than the vol-
ume of the overall recesses of the lower-surface recess-
es 112a, it is possible to preferentially increase the air
path dimension of cold air flowing through the bottom of
the lower freezer compartment 5.



23 EP 4 293 304 A1 24

<<Cord Temporary Housing Portion>>

[0076] Figure 22 is a plan view of the heat insulation
partition 11 as seen from above (the side of the lower
freezer compartment 5) in a state without the upper case
111 and Figure 23 is a partially enlarged perspective view
ofaportionindicated by brokenlines F in Figure 22. Cords
such as the lead of the heater 113 that pass through the
heat insulation partition 11 need to be arranged at pre-
determined positions before the heat insulation partition
11 is installed on the heat insulation box, and injection-
foaming of the urethane heat-insulating material is per-
formed. In view of this, in the present example, in order
to enhance the working efficiency at a time of installation
of the heat insulation partition 11 on the heat insulation
box, a cord temporary housing portion 11b is formed at
a front-side portion of the lower case 112 as a recessed
space for temporarily housing the cords. The cords that
are housed primarily are taken out from the cord tempo-
rary housing portion 11b when the installation of the heat
insulation partition 11 is ended, and are linked at prede-
termined positions, and injection foaming of the urethane
heat-insulating material is performed.

[0077] As depicted in Figure 23, the cord temporary
housing portion 11b is defined by inner walls 11b1 that
prevent the cords from contacting the vacuum heat-in-
sulating material 12, and being damaged, and an outer
wall 11b2 that prevents the cords from coming out. In
addition, since a plurality of the inner walls 11b1 are pro-
vided in the front-back direction, and inner openings 11b3
are formed therebetween, the urethane heat-insulating
material can flow in through the inner openings 11b3. On
the other hand, a first outer opening 11b4 is formed be-
hind the outer wall 11b2, and it becomes possible to draw
the cords into the cord temporary housing portion 11b.
In addition, since a second outer opening 11b5 is formed
before the outer wall 11b2 such that the second outer
opening 11b5 faces the inner openings 11b3, the ure-
thane heat-insulating material injected through the ure-
thane inflow ports 11a to the heat insulation partition 11
can easily pass through the cord temporary housing por-
tion 11b. Note that since the urethane inflow ports 11a
are formed not only at a position facing the second outer
opening 11b5 but also at a position facing the first outer
opening 11b4, the urethane heat-insulating material
flows in also through the first outer opening 11b4. Since
the cord temporary housing portion 11b is formed at a
position facing the urethane inflow ports 11a to the heat
insulation partition 11 in this manner, the recessed space
is filled with the foam heat-insulating material 9, and the
heat insulation properties is maintained.

[0078] Inaddition, the inner walls 11b1 of the cord tem-
porary housing portion 11b also play a role of restricting
the position of the vacuum heat-insulating material 12
such that the vacuum heat-insulating material 12 does
not block the urethane inflow ports 11a. Furthermore, the
inner walls 11b1 and the outer wall 11b2 extend upward
from the lower case 112, but do not contact the upper
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case 111, desirably. Thereby, it becomes possible to in-
hibit generation of heat conduction between storage
compartments with different temperature ranges that are
located above and below the heat insulation partition 11.
Note that whereas the inner walls 11b1 and the outer
wall 11b2 are formed on the lower case 112 in the present
example, heat conduction via the heat insulation partition
11 can be inhibited even in a case that the inner walls
11b1 and the outer wall 11b2 are formed on the upper
case 111 such that they extend downward, by spacing
the lower ends of the inner walls 11b1 and the outer wall
11b2 apart from the lower case 112.

Example 2

[0079] The refrigerator 1 according to Example 2 is ex-
plained by using Figure 24. In the present example, the
ceiling panel 16 like the one according to Example 1 is
not provided, but an adhesive 18 fixes the inner box 8
and the vacuum heat-insulating material 12 together.
[0080] As mentioned before, in conventional refriger-
ators, since the area between the vacuum heat-insulating
material 12 of the ceiling portion and the inner box 8 is
filled with the foam heat-insulating material 9, the inner
box 8 is adhered to the vacuum heat-insulating material
12. Accordingly, drooping of the inner box 8 hardly occurs
even if there is the own weight of the inner box 8, or linear
expansion of the inner box 8 at high temperature. How-
ever, in a case that the area between the vacuum heat-
insulating material 12 and the inner box 8 is not filled with
the foam heat-insulating material 9, the inner box 8 easily
warps, and droops. In view of this, as depicted in Figure
24, in the present example, the vacuum heat-insulating
material 12 and the inner box 8 are fixed together by the
adhesive 18 such as a hot-melt adhesive, and thereby
drooping of the inner box 8 is inhibited. Note that the
adhesive 18 to be used is desirably a material that can
elastically deform such that it can be deformed along with
warping of the inner box 8.

[0081] Inaddition, if only the adhesive 18 is used, there
is a possibility that it cannot deform along with warping
of the inner box 8, and the vacuum heat-insulating ma-
terial 12 and the inner box 8 are peeled off from each
other undesirably. Furthermore, there are variations of
the thickness, warping and surface irregularity of the vac-
uum heat-insulating material 12, and there are necessar-
ily variations of the thicknesses of the inner box 8 and
the adhesive 18 also. In view of this, in the present ex-
ample, in order to absorb warping of the inner box 8, and
dimensional variations of each component, and keep the
clearance between the vacuum heat-insulating material
12 and the inner box 8 constant, spacers 19 are provided
between the outer box 7 and the vacuum heat-insulating
material 12. The spacers 19 are intervening members
having a certain degree of thickness, and additionally
have a functionality of bonding the outer box 7 and the
vacuum heat-insulating material 12 together. For exam-
ple, a double-sided tape or the like obtained by forming
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polyethylene orthe like into a sheetis used as the spacers
19. Note that if a certain degree of thickness can be main-
tained, an adhesive such as a hot-melt adhesive may be
used as the spacers 19. In addition, it is not necessary
to provide the spacers 19 over the entire upper surface
of the vacuum heat-insulating material 12, and it is de-
sirable if the spacers 19 are arranged at at least part or
the whole of the area of the urethane-less portion.
[0082] Furthermore, since the inner box 8, the foam
heat-insulating material 9 and the like are deformed eas-
ily depending on temperature as compared with the vac-
uum heat-insulating material 12, the front, rear, left, and
right portions of the vacuum heat-insulating material 12
may be covered with, and protected by an elastic mem-
ber, and damage to the vacuum heat-insulating material
12 due to deformation of the inner box 8 or the like may
be prevented. Note that regarding the up-down direction
of the vacuum heat-insulating material 12, the spacers
19function as cushions, and damage to the vacuum heat-
insulating material 12 is prevented while the gap between
the outer box 7 and the inner box 8 is filled thereby.

Example 3

[0083] Inthe refrigerator 1 according to Example 1 and
Example, as mentioned before, while partially urethane-
less portions of the heat insulation box are realized, the
front side of the heat insulation box is filled with the foam
heat-insulating material 9 taking maintenance of the
strength into consideration. That is, in the top surface,
the side surface and the bottom surface of the inner box
8, the distance to the vacuum heat-insulating material 12
is increased in the front areas, and the distance to the
vacuum heat-insulating material 12 is narrowed in the
middle areas. Because of this, there are portions where
the dimension of the inner box 8 on the rear side is greater
than the dimension of the inner box 8 on the front side.
This means that, when the refrigerator 1 of the same
model is mass-produced, even if one attempts to stock
a plurality of inner boxes 8 in such a manner that the
plurality of inner boxes 8 are placed one on another, one
inner box 8 hits the narrow opening of another inner box
8, and it is difficult to fit the one to the other. In view of
this, in the present example, at least a partially urethane-
less area of the inner box 8, that is, an area where the
dimension is increased on the rear side than on the front
end, is formed as a deformable area by adopting a bellow
structure or the like. As a result, it becomes possible to
stock the plurality of inner boxes 8 by causing them to
shrink when they are placed one on another, and it be-
comes possible to expand them by pressing a jig from
inside when the urethane heat-insulating material is
caused to foam.

[0084] The present invention is not limited to each ex-
ample mentioned before, but various modifications are
possible. For example, whereas the ceiling panel 16 is
provided below the inner box 8 of the ceiling portion in
Example 1, instead of providing the ceiling panel 16, the
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inside light cover may be expanded backward, and cover
the portion below the inner box 8, in another possible
configuration. In addition, the examples mentioned be-
fore are illustrated as examples in order to explain the
presentinvention in an easy-to-understand manner, and
are not necessarily limited to those including all the con-
stituent elements explained. Furthermore, some of the
constituent elements of an example can be replaced with
constituent elements of another example, and constitu-
ent elements of an example can be added to the constit-
uent elements of another example. In addition, some of
the constituent elements of each example can addition-
ally have other constituent elements, can be eliminated
or replaced with other constituent elements.

<Technical Ideas Covered by Present Specification>

[0085] The present specification covers the following
technical ideas.

[Additional Note 1-1]

[0086] A refrigerator including a box that forms a stor-
age compartment having an opening front, includes an
area between an inner box and an outer box which area
is foam-filled with a foam heat-insulating material, and
has an up-down dimension which is greater than a left-
right dimension,

in which a left surface and/or a right surface of the box

have or has a front end(s) including a front-end heat-
insulating material foam-filled with the foam heat-
insulating material continuously in an up-down direc-
tion;

have or has an area(s) where an area(s) having a
flow-permitting thickness for a foam heat-insulating
material which is smaller than those of surrounding
areas; and

include(s) another heat-insulating material that pro-
vides heat insulation performance higher than that
of the foam heat-insulating material.

[Additional Note 1-2]

[0087]
1-1,

in which the area(s) having the smaller flow-permitting
thickness is or are provided with a portion(s) where the
inner box is recessed toward the outer box.

The refrigerator according to additional note

[Additional Note 1-3]

[0088]
1-2,

The refrigerator according to additional note

in which the left surface and the right surface include
shelf ribs or rails, and
the area(s) having the smaller flow-permitting thick-
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ness is or are provided above uppermost shelf ribs
or below lowermost rails.

[Additional Note 1-4]

[0089]
1-2,

The refrigerator according to additional note

in which the left surface and the right surface include
shelf ribs or rails, and

the area(s) having the smaller flow-permitting thick-
ness is or are provided at an up-down position where
any of the shelfribs or the rails is provided and before
a front end of the shelf rib or the rail.

[Additional Note 1-5]

[0090]
1-2,

The refrigerator according to additional note

in which the left surface and the right surface include
shelf ribs or rails,

a plurality of the shelf ribs or the rails are arrayed in
the up-down direction, and

the area(s) having the smaller flow-permitting thick-
ness is or are provided in an area sandwiched in the
up-down direction by the shelf ribs or the rails.

[Additional Note 1-6]
[0091]

1-5,
in which each of the shelf ribs or the rails is reinforced.

The refrigerator according to additional note

[Additional Note 1-7]

[0092]
12,

The refrigerator according to additional note

in which the left surface and the right surface include
shelf ribs or rails,

aflow-permitting thickness for afoam heat-insulating
material is great in a range that extends forward from
front ends of the shelf ribs or the rails to the front-
end heat-insulating material, and

an area that overlaps the shelfribs or the rails is filled
with a foam heat-insulating material.

[Additional Note 1-8]

[0093]
1-2,

The refrigerator according to additional note

in which the left surface and the right surface are not
provided with shelf ribs and rails, and

the area(s) having the smaller flow-permitting thick-
ness is or are provided at a position which is on a
rear-end side relative to a position which is at a dis-
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tance from front ends of the left surface and the right
surface, the distance being 1/3 of a front-back di-
mension from the front ends to a rear surface of the
inner box.

[Additional Note 1-9]

[0094]
1-2,

in which the area(s) having the smaller flow-permitting
thickness is or are provided with a portion not filled with
the foam heat-insulating material.

The refrigerator according to additional note

[Additional Note 1-10]

[0095]
1-2,

in which the area(s) having the smaller flow-permitting
thickness is or are formed in an area(s) that is or are on
a projection plane of the other heat-insulating material,
and inside an edge of the other heat-insulating material.

The refrigerator according to additional note

[Additional Note 1-11]

[0096] The refrigerator according to any one of addi-
tional note 1-1 to additional note 1-10,

in which a front end(s) of a top surface and/or a bottom
surface of the box is or are filled with a foam heat-insu-
lating material continuously from the front-end heat-in-
sulating material.

[Additional Note 1-12]

[0097]
1-2,

The refrigerator according to additional note

in which at a top surface of the box, the foam heat-
insulating material is not positioned at at least part
of a lower surface of the other heat-insulating mate-
rial, and

the inner box is fixed to a lower-surface side of the
other heat-insulating material by an adhesive.

[Additional Note 1-13]

[0098]
1-12,
in which a spacer is provided between an upper surface
of the other heat-insulating material and the outer box.

The refrigerator according to additional note

[Additional Note 1-14]

[0099]
1-12,

The refrigerator according to additional note

in which at a top surface of the box, the foam heat-
insulating material is not positioned at at least part
of a lower surface of the other heat-insulating mate-
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rial, and

in an area where the foam heat-insulating material
is not positioned on the lower surface of the other
heat-insulating material, a ceiling panel is provided
below the inner box.

[Additional Note 1-15]

[0100] The refrigerator according to additional note
1-12 or additional note 1-14,

in which, at the top surface of the box, the foam heat-
insulating material is positioned on front, rear, left, and
right side surfaces of the other heat-insulating material.

[Additional Note 1-16]

[0101] The refrigerator according to additional note
1-12, including:

another storage compartment having a temperature
range lower than a temperature range of the storage
compartment; and

a heat insulation partition that serves as a partition
between the storage compartment and the other
storage compartment,

in which the heat insulation partition has therein a
foam heat-insulating material, and another heat-in-
sulating material that provides heat insulation per-
formance higher than that of the foam heat-insulating
material, and

the heat insulation partition has, on a projection
plane in a direction from the storage compartment
toward the other storage compartment, an area hav-
ing a flow-permitting thickness for a foam heat-insu-
lating material which is smaller than those of sur-
rounding areas.

[Additional Note 1-17]

[0102]
1-16,
in which the area having the smaller flow-permitting thick-
ness is provided with a portion not filled with the foam
heat-insulating material.

The refrigerator according to additional note

[Additional Note 1-18]

[0103]
1-16,
in which, in the area having the smaller flow-permitting
thickness, atleast a surface ofthe heatinsulation partition
on which the heatinsulation partition faces the other stor-
age compartment is provided with a recess.

The refrigerator according to additional note

[Additional Note 2-1]

[0104] A refrigerator comprising a box having a vacu-
um heat-insulating material and a foam heat-insulating
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material between an outer box and an inner box,

in which at a top surface of the box, the foam heat-insu-
lating material is positioned on front, rear, left, and right
side surfaces of the vacuum heat-insulating material, and
the foam heat-insulating material is not positioned at at
least part of alower surface of the vacuum heat-insulating
material.

[Additional Note 2-2]

[0105]
21,

in which the foam heat-insulating material is positioned
in a front area and a rear area of the lower surface of the
vacuum heat-insulating material.

The refrigerator according to additional note

[Additional Note 2-3]

[0106] The refrigerator according to additional note
2-1, comprising an inside light at the top surface,

in which a wire of the inside light is provided in an area
that is at the lower surface of the vacuum heat-insulating
material, and is foam-filled with the foam heat-insulating
material.

[Additional Note 2-4]

[0107]
2-1,

in which, in an area where the foam heat-insulating ma-
terial is not positioned at the lower surface of the vacuum
heat-insulating material, a ceiling panel is provided below
the inner box.

The refrigerator according to additional note

[Additional Note 2-5]

[0108]
21,
in which the inner box is fixed to a lower-surface side of
the vacuum heat-insulating material by using an adhe-
sive different from the foam heat-insulating material.

The refrigerator according to additional note

[Additional Note 2-6]

[0109]
2-5,

in which a spacer is provided between an upper surface
of the vacuum heat-insulating material and the outer box.

The refrigerator according to additional note

Reference Signs List

[0110]

1 refrigerator

2 cold compartment

3 ice compartment

4 upper freezer compartment
5 lower freezer compartment
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6 vegetable compartment
7 outer box
8 inner box
9 foam heat-insulating material
10, 11 heat insulation partition
11a urethane inflow port
11b cord temporary housing portion
111 upper case
111a upper-surface recess
111b bridge portion
112 lower case
112a lower-surface recess
113 heater
12 vacuum heat-insulating material
13 shelf rib
14 inside light
15 cord
16 ceiling panel
17 screw
18 adhesive
19 spacer
21 rail
22 hinge portion
23 reinforcement
Claims
1. Arefrigerator comprising a box that forms a storage
compartment having an opening front, includes an
area between an inner box and an outer box which
area is foam-filled with a foam heat-insulating mate-
rial, and has an up-down dimension which is greater
than a left-right dimension,
wherein a left surface and/or aright surface of the box
have or has a front end(s) including a front-end
heat-insulating material foam-filled with the
foam heat-insulating material continuously in an
up-down direction;
have or has an area(s) where an area(s) having
a flow-permitting thickness for a foam heat-in-
sulating material which is smaller than those of
surrounding areas; and
include(s) another heat-insulating material that
provides heat insulation performance higher
than that of the foam heat-insulating material.
2. The refrigerator according to claim 1,
wherein the area(s) having the smaller flow-permit-
ting thickness is or are provided with a portion(s)
where the innerboxis recessed toward the outer box.
3. The refrigerator according to claim 2,

wherein the left surface and the right surface
include shelf ribs or rails, and
the area(s) having the smaller flow-permitting
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thickness is or are provided above uppermost
shelf ribs or below lowermost rails.

4. The refrigerator according to claim 2,

wherein the left surface and the right surface
include shelf ribs or rails, and

the area(s) having the smaller flow-permitting
thickness is or are provided at an up-down po-
sition where any of the shelf ribs or the rails is
provided and before a front end of the shelf rib
or the rail.

5. The refrigerator according to claim 2,

wherein the left surface and the right surface
include shelf ribs or rails,

a plurality of the shelfribs or the rails are arrayed
in the up-down direction, and

the area(s) having the smaller flow-permitting
thickness is or are provided in an area sand-
wiched in the up-down direction by the shelf ribs
or the rails.

The refrigerator according to claim 5,
wherein each of the shelf ribs or the rails is rein-
forced.

The refrigerator according to claim 2,

wherein the left surface and the right surface
include shelf ribs or rails,

a flow-permitting thickness for a foam heat-in-
sulating material is great in a range that extends
forward from front ends of the shelf ribs or the
rails to the front-end heat-insulating material,
and

an area that overlaps the shelf ribs or the rails
is filled with a foam heat-insulating material.

8. The refrigerator according to claim 2,

wherein the left surface and the right surface are
not provided with shelf ribs and rails, and

the area(s) having the smaller flow-permitting
thickness is or are provided at a position which
is on arear-end side relative to a position which
is at a distance from front ends of the left surface
and the right surface, the distance being 1/3 of
a front-back dimension from the front ends to a
rear surface of the inner box.

The refrigerator according to claim 2,

wherein the area(s) having the smaller flow-permit-
ting thickness is or are provided with a portion not
filled with the foam heat-insulating material.

10. The refrigerator according to claim 2,
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wherein the area(s) having the smaller flow-permit-
ting thickness is or are formed in an area(s) that is
or are on a projection plane of the other heat-insu-
lating material, and inside an edge of the other heat-
insulating material.

The refrigerator according to any one of claims 1 to
10,

wherein a front end(s) of a top surface and/or a bot-
tom surface of the box is or are filled with a foam
heat-insulating material continuously from the front-
end heat-insulating material.

The refrigerator according to claim 2,

wherein at a top surface of the box, the foam
heat-insulating material is not positioned at at
least part of a lower surface of the other heat-
insulating material, and

the inner box is fixed to a lower-surface side of
the other heat-insulating material by an adhe-
sive.

The refrigerator according to claim 12,

wherein a spacer is provided between an upper sur-
face ofthe other heat-insulating material and the out-
er box.

The refrigerator according to claim 2,

wherein at a top surface of the box, the foam
heat-insulating material is not positioned at at
least part of a lower surface of the other heat-
insulating material, and

in an area where the foam heat-insulating ma-
terial is not positioned on the lower surface of
the other heat-insulating material, a ceiling pan-
el is provided below the inner box.

The refrigerator according to claim 12 or 14,
wherein, at the top surface of the box, the foam heat-
insulating material is positioned on front, rear, left,
and right side surfaces of the other heat-insulating
material.

The refrigerator according to claim 2, comprising:

another storage compartment having a temper-
ature range lower than a temperature range of
the storage compartment; and

a heat insulation partition that serves as a par-
tition between the storage compartment and the
other storage compartment,

wherein the heat insulation partition has therein
a foam heat-insulating material, and another
heat-insulating material that provides heat insu-
lation performance higher than that of the foam
heat-insulating material, and
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17.

18.

34

the heat insulation partition has, on a projection
plane in a direction from the storage compart-
ment toward the other storage compartment, an
area having a flow-permitting thickness for a
foam heat-insulating material which is smaller
than those of surrounding areas.

The refrigerator according to claim 16,

wherein the area having the smaller flow-permitting
thickness is provided with a portion not filled with the
foam heat-insulating material.

The refrigerator according to claim 16,

wherein, in the area having the smaller flow-permit-
ting thickness, atleast a surface of the heat insulation
partition on which the heat insulation partition faces
the other storage compartment is provided with a
recess.
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