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Description
TECHNICAL FIELD

[0001] The present invention relates to a refrigerator, and more particularly, to a structure of a heat insulation box of
the refrigerator.

BACKGROUND ART

[0002] In conventional refrigerator 500, an accommodating section for a substrate such as a control circuit substrate
is formed in an intermediate portion of a back surface portion of a heat insulation box of refrigerator 500 in the vertical
direction (see PTL 1 for example).

[0003] FIG. 6 is a side sectional view showing an internal structure of conventional refrigerator 500.

[0004] Heat insulation box 102 of body 101 of refrigerator 500 is formed by foaming and charging heat insulation
material 105 between outer box 103 made of steel plate and inner box 104 made of resin.

[0005] Machine compartment 106 is formed in a lower portion on a far side of heat insulation box 102 by entirely
notching a portion of a bottom surface portion of heat insulation box 102 in the lateral direction as viewed from rear.
Machine compartment 106 is provided with compressor 107 which constitutes a portion of a refrigeration cycle.

[0006] Heatinsulation box 102 is divided into storage compartments by partition wall 108 and the like. As the storage
compartments, there are formed refrigerating compartment 109 at an uppermost portion of heat insulation box 102,
vegetable compartment 110 under refrigerating compartment 109, ice-making compartment 111 and a switching com-
partment (not shown) laterally arranged side by side under vegetable compartment 110, and freezing compartment 113
at a lowermost portion of heat insulation box 102.

[0007] Storage settemperatures of refrigerating compartment 109 and vegetable compartment 110 are set to a cooling
temperature zone. Storage set temperatures of ice-making compartment 111 and freezing compartment 113 are set to
a freezing temperature zone. For the switching compartment, one of temperature zones of a plurality of storage set
temperatures from the cooling temperature zone to the freezing temperature zone is selected and set.

[0008] Substrate accommodating section 114 is formed in a back surface portion of vegetable compartment 110, with
heat insulation material 105 interposed therebetween, by denting a portion of heat insulation box 102.

[0009] Control circuit substrate 115 which electrically controls compressor 107 and the like is disposed in substrate
accommodating section 114.

[0010] In such a configuration, to enhance heat insulation performance of heat insulation box 102, assume that a
vacuum heat insulation panel having smaller thermal conductivity than that of heat insulation material 105 is disposed
on a back surface portion of heat insulation box 102. In this case, since substrate accommodating section 114 exists at
a central portion, it is necessary to divide the vacuum heat insulation panel in the vertical direction and dispose the
divided panels, or to dispose the vacuum heat insulation panel entirely and form a through hole in a portion where
substrate accommodating section 114 is disposed. Hence, a degree of enhancement of the heat insulation performance
becomes small.

[0011] As another method, substrate accommodating section 114 may be disposed at an uppermost portion of heat
insulation box 102. In this case, it is not necessary to divide the vacuum heat insulation panel and dispose the divided
panels. However, if an inverter compressor which requires DC power is used as compressor 107 to further reduce an
amount of consumed power, for example, refrigerator 500 is likely to receive electromagnetic interference since adistance
between compressor 107 and control circuit substrate 115 is increased.

[0012] Hence, there is a possibility that electromagnetic problems occur. For example, an additional EMC (Electro-
Magnetic Compatibility) measure needs to be taken, or a loss at the time of energization is increased.

[0013] As yetanother method, a heat insulation wall may be made thick by increasing outer box 103 in size or reducing
inner box 104 in size, so that the heat insulation performance is enhanced, and the amount of consumed power is
reduced. In this case, however, costs such as material costs and mold costs are increased.

[0014] According to the configuration of refrigerator 500, since freezing compartment 113 and compressor 107 which
is subjected to high temperature are opposed to each other, there is a problem that an amount of heat entering from
machine compartment 106 to freezing compartment 113 is large.

Citation List
Patent Literature

[0015] PTL 1: Unexamined Japanese Patent Publication No. 2002-81855
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EP 2 735 826 A1
SUMMARY OF THE INVENTION

[0016] The present invention has been made in view of the above problems, and provides a refrigerator capable of
reducing an amount of consumed power at low cost without investing in a mold or adding a new member.

[0017] A refrigerator of the present invention includes a heat insulation box having a heat insulation wall, a machine
compartment disposed on a back surface side of the heat insulation box, a refrigeration cycle including at least a
compressor, and a controller which controls operation of the compressor. The compressor and the controller are disposed
in the machine compartment, the machine compartment is disposed opposed to a storage compartment with the heat
insulation wall interposed therebetween, the storage compartment being set to a cooling temperature zone.

[0018] According to this configuration, since a temperature difference between the compressor and the storage com-
partment can be made small, an amount of heat entering into the storage compartment becomes small.

[0019] Hence, according to the refrigerator of the present invention, it is possible to reduce an amount of consumed
power at low cost without investing in a mold or adding a new member.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

FIG. 1 is a front view of a refrigerator according to a first embodiment of the present invention.

FIG. 2 is a side sectional view showing an internal structure of the refrigerator in the first embodiment of the present
invention.

FIG. 3 is a rear view of essential portions of the refrigerator in the first embodiment of the present invention.

FIG. 4 is a side sectional view showing an internal structure of a refrigerator in a second embodiment of the present
invention.

FIG. 5 is a rear view of essential portions of the refrigerator in the second embodiment of the present invention.
FIG. 6 is a side sectional view showing an internal structure of a conventional refrigerator.

DESCRIPTION OF EMBODIMENTS

[0021] Embodiments of the present invention will be described below with reference to the drawings. Note that the
present invention is not limited to the embodiments.

FIRST EXEMPLARY EMBODIMENT

[0022] FIG. 1is a front view of refrigerator 300 in a first embodiment of the present invention, FIG. 2 is a side sectional
view showing an internal structure of refrigerator 300, and FIG. 3 is a rear view of essential portions of refrigerator 300.
[0023] Refrigerator300includes heatinsulation box 21 having a heatinsulation wall, machine compartment 60 disposed
on a back surface side of heat insulation box 21, a refrigeration cycle having at least compressor 50, and controller 70
which controls operation of compressor 50.

[0024] Compressor 50 and controller 70 are disposed in machine compartment 60. Machine compartment 60 is dis-
posed opposed to a storage compartment with the heat insulation wall interposed therebetween. The storage compart-
ment is set to a cooling temperature zone.

[0025] Refrigerator 300 includes heat insulation box 21 in refrigerator body 20. Heat insulation box 21 is formed from
inner box 22 made of resin, outer box 23 made of a metal magnetic material such as a steel plate, and a heat insulation
wall formed by charging heat insulation material 24 between inner box 22 and outer box 23.

[0026] Heatinsulation box 21 has front surface opening 21a. Heat insulation box 21 is heat-insulated and partitioned
by partition walls 25, 26, 27 and 28, and a plurality of storage compartments, i.e., refrigerating compartment 29, ice-
making compartment 30, first freezing compartment 31, second freezing compartment 32, and vegetable compartment
33 are formed in this order from above. In this embodiment, ice-making compartment 30 and first freezing compartment
31 are laterally arranged side by side.

[0027] Storage set temperatures of refrigerating compartment 29 and vegetable compartment 33 is set to a cooling
temperature zone. The storage set temperatures of ice-making compartment 30, first freezing compartment 31, and
second freezing compartment 32 are set to a freezing temperature zone.

[0028] The storage compartments are provided with refrigerating compartment door 29a, ice-making compartment
door 30a, first freezing compartment door 31a, second freezing compartment door 32a, and vegetable compartment
door 33a. Each of the doors closes front surface opening 21a when the door is closed, is connected to heat insulation
box 21, and has a heat insulation wall.

[0029] Upper and lower ends of a right side of refrigerating compartment door 29a as viewed from front are turnably
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connected to heat insulation box 21 by upper hinge 34 and lower hinge 35 each having a rotation axis. The storage
compartment doors other than refrigerating compartment door 29a are drawer-type doors, and these doors are connected
to heat insulation box 21 such that the doors can open in the longitudinal direction by rail members 36 provided to the
storage compartments.

[0030] Railmembers 36, for example, rail member 36 of ice-making compartment 30 having a relatively small capacity
and rail member 36 of vegetable compartment 33 having a large capacity, may be different members or may be formed
at different positions depending on drawer capacities, drawer lengths, and the like of the storage compartments .
[0031] When the doors are closed, spaces 37 of about 5 mm are created in the longitudinal direction between front
surface opening 21a and surfaces of the storage compartment doors on the heat insulation box 21 side. Gaskets 38
having magnets are disposed in spaces 37 on four upper, lower, left, and right sides of the surfaces of the storage
compartment doors on the heat insulation box 21 side. Since gaskets 38 are attracted and brought into close contact
with front surface opening 21a by magnetic forces of gaskets 38, the storage compartments are substantially hermetically
sealed.

[0032] The refrigeration cycle which cools refrigerator body 20 at the time of operation is disposed in heat insulation
box 21. The refrigeration cycle includes compressor 50, a condenser (not shown), a decompressor (not shown), evap-
orator 51, and a series of refrigerant paths.

[0033] As a refrigerant of the refrigeration cycle, it is possible to use a combustible hydrocarbon-based refrigerant,
e.g., isobutane. A density of isobutane is higher than that of air.

[0034] Upper and lower portions of heat insulation box 21 on the back surface side are provided with upper concave
portion 21b and lower concave portion 21c, respectively.

[0035] Upper concave portion 21b is formed by notching portions of an upper surface portion and a back surface
portion of heat insulation box 21 such that upper concave portion 21b faces refrigerating compartment 29 with heat
insulation material 24 interposed therebetween.

[0036] Machine compartment 60 is disposed in upper concave portion 21b. Compressor 50 and controller 70 are
disposed in machine compartment 60. An upper surface and a back surface of machine compartment 60 are integrally
covered by machine compartment cover 80 which is made of a material having excellent thermal conductivity such as
a steel plate.

[0037] Compressor 50 includes discharge pipe 50a from which a high-temperature and high-pressure gas refrigerant
is discharged and suction pipe 50b into which a low-temperature and low-pressure gas refrigerant flows. Discharge pipe
50a and suction pipe 50b are respectively provided in both left and right ends of compressor 50 as viewed from front,
and these pipes are connected to other parts which form the refrigeration cycle.

[0038] Pressure of the refrigerant at the time of operation is several atmospheres in discharge pipe 50a and 1 atmos-
phere or lower in suction pipe 50b.

[0039] Compressor 50 is a reciprocating-type compressor in which a piston reciprocates in a cylinder to compress the
refrigerant. Compressor 50 electrically converts DC power into AC power, and is inverter-controlled.

[0040] It is possible to stepwisely switch a drive frequency of compressor 50 between a plurality of predetermined
values by inverter control, and to efficiently cool the storage compartments.

[0041] Controller 70 controls operations of electric components of refrigerator body 20 such as compressor 50. Con-
troller 70 is connected to the electric components through cables (not shown). Controller 70 is disposed close to suction
pipe 50b of compressor 50.

[0042] In this embodiment, as shown in FIG. 3, controller 70, suction pipe 50b, compressor 50, and discharge pipe
50a are disposed in this order from the left as viewed from a back surface of refrigerator body 20.

[0043] Machine compartment cover 80 includes ventilation ports 80a. Ventilation ports 80a are provided on a back
surface side of machine compartment cover 80. In the vicinity of suction pipe 50b of compressor 50 and controller 70,
lower portions of the back surface of machine compartment cover 80 are opened so that ventilation ports 80a are formed.
In the vicinity of discharge pipe 50a, upper portions of the back surface of machine compartment cover 80 are opened
so that ventilation ports 80a are formed. In this manner, ventilation ports 80a are formed roughly in two groups in the
vicinity of left and right ends on the back surface side of machine compartment 60. Accordingly, even if a combustible
refrigerant having greater specific gravity than that of air leaks, the refrigerant can be prevented from staying in the
vicinity of controller 70 by utilizing natural convection, and it is possible to secure safety of refrigerator 300.

[0044] Since compressor 50 generates heat when it is operated, ventilation ports 80a are desirably opened widely,
but in this case, there is a possibility that a problem of noise occurs by an operating sound of compressor 50. However,
by providing ventilation ports 80a in the lower portion in the vicinity of controller 70 and in the upper portion in the vicinity
of compressor 50, air whose specific gravity becomes small by waste heat of compressor 50 is discharged from ventilation
ports 80a in the vicinity of compressor 50. Accordingly, outside air is naturally sucked from ventilation ports 80a in the
vicinity of controller 70, and it is possible to ventilate entire machine compartment 60 by natural convection without
having to add new ventilating means such as a machine compartment fan.

[0045] As shownin FIG. 2, lower concave portion 21c is formed by notching portions of a bottom surface portion and
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aback surface portion of heat insulation box 21 such that lower concave portion 21cis opposed to vegetable compartment
33 with heat insulation material 24 interposed therebetween. In lower concave portion 21c, there is disposed defrosting
water processor 90 which forcibly evaporates defrosting water generated at the time of defrosting operation of evaporator
51 by using a heat source and by blowing air.

[0046] A height of the notched portion of the back surface portion of lower concave portion 21¢ is smaller than a height
of the notched portion of upper concave portion 21b.

[0047] Vacuum heat insulation panel 100 is disposed in heat insulation material 24 between upper concave portion
21b and lower concave portion 21c in a back surface portion of outer box 23.

[0048] Vacuum heat insulation panel 100 integrally covers, by a predetermined thickness, a substantially entire flat
surface portion of the back surface portion of outer box 23 between upper concave portion 21b and lower concave
portion 21c. Vacuum heat insulation panel 100 is disposed on the back surface side of evaporator 51 and the storage
compartments with heat insulation material 24 interposed therebetween. Vacuum heat insulation panel 100 is opposed
to substantially entire duct 110 through which low-temperature air is circulated into the storage compartments.

[0049] Thermal conductivity of vacuum heat insulation panel 100 is lower than thermal conductivity of heat insulation
material 24.

[0050] Operation and effect of refrigerator 300 having the above-described configuration will be described below.
[0051] When the refrigeration cycle is operated, a high-temperature and high-pressure refrigerant discharged by com-
pressing action of compressor 50 exchanges heat with surrounding air by the condenser and dissipates heat. The
refrigerant which is condensed and liquefied by the heat radiation is decompressed in the decompressor, and then, the
refrigerant exchanges heat with air in the storage compartment and evaporates in evaporator 51.

[0052] At this time, temperature of air around evaporator 51 becomes low by the evaporation. This air is made to
circulate into the storage compartments through duct 110, thereby cooling and holding the storage compartments to the
set temperature zone.

[0053] Since vacuum heat insulation panel 100 is disposed, an amount of heat entering from the back surface portion
of heat insulation box 21 can be reduced as compared with a case where the back surface portion is formed of only heat
insulation material 24.

[0054] Since vacuum heatinsulation panel 100 is disposed outside evaporator 51 and duct 110, it is possible to reduce
the amount of heat entering into evaporator 51 and duct 110 having the lowest temperature in refrigerator body 20. In
particular, since a heat-receiving loss when low-temperature air passes through duct 110 can be reduced, it is possible
to greatly enhance heat insulation performance when refrigerator body 20 is operated.

[0055] A reduction effect of the heat-receiving loss becomes higher as an area of a path of duct 110 is wider. Therefore,
a particularly high effect is obtained in a large refrigerator having a large storage compartment capacity.

[0056] It is possible to further enhance the heat insulation performance of heat insulation box 21 by adding vacuum
heat insulation panels 100 to both side surface portions or upper and lower surface portions of heat insulation box 21
as viewed from front. However, it is possible to enhance the heat insulation performance most efficiently by disposing
vacuum heat insulation panel 100 on a back surface portion of heat insulation box 21 which is opposed to evaporator
51 and duct 110.

[0057] In this embodiment, the description has been made of the example in which vacuum heat insulation panel 100
is integrally formed. If vacuum heat insulation panel 100 is divided or a hole is formed in vacuum heat insulation panel
100, a side area of vacuum heat insulation panel 100 in its thickness direction adversely increases, and the amount of
heat entering from the back surface of outer box 23 to heat insulation material 24 adversely increases. Hence, in view
of conditions such as material costs and mass production construction methods of vacuum heat insulation panel 100
and refrigerator body 20, it is possible to further enhance the heat insulation performance if vacuum heat insulation panel
100 is integrally formed to a maximum extent.

[0058] Inrefrigerator 300 of this embodiment, refrigerating compartment 29 and machine compartment 60 are disposed
opposed to each other. Accordingly, as compared with a case where machine compartment 60 is opposed to the storage
compartment in the freezing temperature zone, it is possible to reduce a temperature difference between air in the
storage compartment and warm air in machine compartment 60 generated when compressor 50 is operated. Therefore,
it is possible to reduce the amount of heat entering into the storage compartment. Accordingly, it is possible to reduce
consumed power of refrigerator 300.

[0059] In refrigerator 300 of this embodiment, the lowermost storage compartment is vegetable compartment 33 which
is set to the cooling temperature zone. Hence, even if machine compartment 60 is disposed in lower concave portion
21c, for example, a reducing effect of the amount of heat entering from machine compartment 60 into the storage
compartment can be obtained in the same manner. However, waste heat of compressor 50 discharged from ventilation
port 80a of machine compartment cover 80 provided at the lower portion rises along the back surface portion of heat
insulation box 21. Hence, when waste heat rises, there is a possibility that heat from the back surface enters the storage
compartments other than vegetable compartment 33. Therefore, it is more desirable that machine compartment 60 is
disposed in upper concave portion 21b.
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[0060] When machine compartment 60 is provided in upper concave portion 21b, a storage space in an upper portion
of the back surface of refrigerating compartment 29 is adversely reduced. However, particularly in a large refrigerator
having a high overall height, a user’s hand cannot easily reach the upper portion of the back surface and usability is
poor. Hence, even if the storage space in this portion is reduced, the usability of refrigerator body 20 is not deteriorated.
[0061] Further, in this embodiment, a notch height of lower concave portion 21c is smaller than a notch height of the
back surface portion of upper concave portion 21b. Vegetable compartment 33 which is the lowermost storage com-
partment is provided with rail member 36 to form the drawer door. Accordingly, a depth of vegetable compartment 33
is increased, usability is enhanced, and food products to be cooled can be easily taken in and out from vegetable
compartment 33.

[0062] In this embodiment, compressor 50 and controller 70 are disposed close to each other, so that electromagnetic
interference can be suppressed. When inverter control is carried out, household AC power is first converted into high
voltage DC power, and the DC power is again electrically converted into AC power. At this time, since voltage and the
like of compressor 50 are controlled at intervals of a few thousandths of a second, there is a possibility that even very
small electromagnetic interference may cause malfunction or an operation loss.

[0063] Hence, itis absolutely necessary to take countermeasures against electromagnetic interference. If compressor
50 and controller 70 are disposed close to each other, a range where the countermeasures should be taken also becomes
narrow, and it is possible to easily take the countermeasures against electromagnetic interference.

[0064] The above-described countermeasures against electromagnetic interference is necessary for the inverter con-
trol, but since the number of rotations of compressor 50 can be changed in accordance with a cooled state of the storage
compartment, it is possible to greatly reduce the amount of consumed power of refrigerator body 20.

[0065] In this embodiment, machine compartment cover 80 is provided with ventilation ports 80a. Accordingly, even
if heat in machine compartment 60 or a refrigerant leaks in machine compartment 60, the refrigerant can be discharged
to outside air without staying in machine compartment 60.

[0066] Heatin machine compartment 60 is generated mainly from compressor 50 and controller 70. If compressor 50
and controller 70 have high temperatures, efficiency and reliability thereof are deteriorated. Therefore, it is necessary
to suppress the temperature rise thereof by ventilation.

[0067] Inthis embodiment, machine compartment cover 80 is made of a material having excellent thermal conductivity.
Accordingly, in addition to the ventilation from ventilation ports 80a, heat radiation can be carried out also by thermal
conduction of machine compartment cover 80. For example, even when refrigerator body 20 is installed in a state where
it is in close contact with a wall or ventilation ports 80a are clogged with dust or the like when the refrigerator is used for
along term, it is possible to suppress deterioration in efficiency and reliability of compressor 50 and controller 70.
[0068] To prevent heat from staying in machine compartment 60, it is necessary to utilize natural convection. It is also
possible to dispose a machine compartment fan in machine compartment 60. However, the amount of consumed power
and costs of refrigerator body 20 will be increased. In addition, in a small refrigerator, it is difficult to dispose the machine
compartment fan in addition to compressor 50 and controller 70 in machine compartment 60.

[0069] In this embodiment, ventilation ports 80a are provided in the upper portion of machine compartment cover 80
in the vicinity of discharge pipe 50a of compressor 50 having the highest temperature, thereby discharging air. Ventilation
ports 80a are also provided in the lower portion of machine compartment cover 80 in the vicinity of relatively-low-
temperature suction pipe 50b and a relatively-low-temperature controller 70, thereby sucking air. In this manner, the
natural convection is facilitated by providing ventilation ports 80a in the portions having a large temperature difference.
[0070] In this embodiment, compressor 50 and controller 70 are disposed in the lateral direction as viewed from front
of refrigerator body 20, and ventilation ports 80a are disposed in the vicinity of both left and right ends of machine
compartment 60. Accordingly, convection can be generated inside entire machine compartment 60.

[0071] Positions of ventilation ports 80a are not absolutely limited to the above-described ranges, and it is desirable
that wide ventilation ports 80a are secured for heat radiation and for preventing the refrigerant from staying. For example,
ventilation ports 80a may be provided in an upper surface portion or the like of machine compartment cover 80. In
particular, when the upper portion of discharge pipe 50a is provided with ventilation ports 80a, it is possible to obtain an
extremely excellent heat radiation effect.

[0072] However, not only in a small refrigerator with a small height but also in a large refrigerator with a large height,
items to be cooled are placed and stored on an upper surface portion of refrigerator body 20. Hence, when such a
configuration is employed, it is necessary that ventilation ports 80a of the upper surface are not closed.

[0073] Even when a combustible refrigerant leaks in machine compartment 60, since suction pipe 50b of compressor
50 is disposed in the vicinity of controller 70, it is possible to prevent the leaked refrigerant from being sprayed toward
controller 70. The combustible refrigerant generally has greater specific gravity than that of air. Accordingly, even when
compressor 50 stops and natural convection is not easily generated, the refrigerant is naturally discharged to outside
air without staying since the lower portion of controller 70 is provided with ventilation ports 80a.

[0074] Suction pipe 50b into which the refrigerant flows is disposed close to controller 70 than discharge pipe 50a
from which the combustible refrigerant circulating through the refrigeration cycle is discharged. Accordingly, even if the
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combustible refrigerant leaks in machine compartment 60, a risk that the combustible refrigerant leaks in the vicinity of
controller 70 can be reduced. Accordingly, it is possible to secure safety of refrigerator body 20. Even if the refrigerant
leaks on the side of suction pipe 50b, a large amount of refrigerant does not leak in a short time since pressure of the
refrigerant is weak.

[0075] In this embodiment, the amount of consumed power of refrigerator body 20 is reduced by using compressor
50 which carries out the inverter control, vacuum heat insulation panel 100, and the like. However, the present invention
is not limited to this example. For example, in accordance with a required value of the amount of consumed power, it is
possible to use a compressor which is normally controlled, or to insulate heat using only heat insulation material 24
without using vacuum heat insulation panel 100.

[0076] In this case, it is necessary to add and replenish heat insulation material 24 of an amount corresponding to a
volume of vacuum heat insulation panel 100. However, heat insulation material 24 can be added only by changing the
setting of equipment, and additional costs such as changing costs of compressor 50 and investment in a mold are not
generated.

[0077] Asdescribed above, inthis embodiment, compressor 50 and controller 70 are disposed in machine compartment
60. Machine compartment 60 is disposed opposed to refrigerating compartment 29 with heat insulation material 24
interposed therebetween. The storage set temperature of refrigerating compartment 29 is the cooling temperature zone.
[0078] According to this configuration, the back surface portion of heat insulation box 21 can be widely formed using
the same surface. When vacuum heat insulation panel 100 is disposed on the back surface portion, it is possible to
integrally and widely dispose an area of vacuum heat insulation panel 100. Accordingly, it is possible to greatly enhance
heat insulation performance of heat insulation box 21, and to reduce the amount of consumed power of refrigerator body
20.

[0079] Further, since a temperature difference between compressor 50 and refrigerating compartment 29 becomes
smaller than atemperature difference between compressor 50 and the freezing compartment, the amount of heat entering
into refrigerating compartment 29 becomes small, and it is possible to further reduce the amount of consumed power
of refrigerator body 20.

[0080] In this embodiment, compressor 50 and controller 70 are disposed in machine compartment 60. Hence, even
when an inverter compressor which requires DC power is used as compressor 50, electromagnetic interference is not
received, and a loss at the time of energization is not increased. Therefore, it is possible to reduce the amount of
consumed power of refrigerator body 20 by using the inverter compressor without taking new countermeasures against
the electromagnetic problem.

[0081] Conventionally, controller 70 is provided at a position of the back surface portion of heat insulation box 21 which
is different from machine compartment 60. However, in this embodiment, controller 70 is disposed in machine compart-
ment 60. Accordingly, an area of the back surface portion of refrigerator 300 increases. Hence, when vacuum heat
insulation panel 100 is disposed on the back surface portion, it is possible to integrally and widely dispose the area of
vacuum heat insulation panel 100. Accordingly, it is possible to greatly enhance the heat insulation performance of heat
insulation box 21, and to reduce the amount of consumed power of refrigerator 300.

[0082] Further, in accordance with the required amount of consumed power, vacuum heat insulation panel 100 may
be added or omitted, or compressor 50 may be changed to the specification which is driven by AC power. Hence, it is
not necessary to newly develop heat insulation box 21 by investing in a mold.

[0083] Accordingly, the present invention can also be applied to types of refrigerators having a plurality of functions
and different capacities. As described above, it is possible to greatly change the heat insulation performance of heat
insulation box 21 and the amount of consumed power of refrigerator body 20 without investing in a mold or adding a
new member for taking countermeasures against the problem.

[0084] In this embodiment, machine compartment 60 is disposed in an upper portion of the back surface of heat
insulation box21. Accordingly, since the upper portion of heatinsulation box 21 in which usability is poorinthe conventional
technique is utilized as machine compartment 60, it is possible to reduce the amount of heat entering from machine
compartment 60 into refrigerating compartment 29 without deteriorating user’s usability.

[0085] Assume that the combustible refrigerant is used as the refrigerant which circulates through the refrigeration
cycle. In this case as well, since suction pipe 50b is disposed close to controller 70 than discharge pipe 50a in machine
compartment 60, a risk that the combustible refrigerant leaks in the vicinity of controller 70 can be reduced even if
combustible refrigerant leaks in machine compartment 60. Hence, it is possible to secure safety of refrigerator body 20.
[0086] Machine compartment cover 80 is provided at least on a back surface of machine compartment 60. Ventilation
ports 80a which communicate inside and outside of machine compartment 60 are provided in the lower portion of machine
compartment cover 80 at least in the vicinity of controller 70, and provided in the upper portion of machine compartment
cover 80 in the vicinity of compressor 50. Accordingly, the refrigerant can be prevented from staying in the vicinity of
controller 70 even if the combustible refrigerant leaks, and thus, it is possible to secure the safety of refrigerator body 200.
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SECOND EXEMPLARY EMBODIMENT

[0087] Next, refrigerator 400 of a second embodiment of the present invention will be described.

[0088] FIG. 4 is a side sectional view showing an internal structure of refrigerator 400 in the second embodiment of
the present invention, and FIG. 5 is a rear view of essential portions of the refrigerator.

[0089] Assume that refrigerator body 200 of refrigerator 400 of this embodiment is a small refrigerator having an outer
shape smaller than that of refrigerator 300 of the first embodiment. However, the present invention is not limited to a
small refrigerator.

[0090] Refrigerator 400 includes heat insulation box 201 having a heat insulation wall, machine compartment 230
disposed on a back surface side of heat insulation box 201, a refrigeration cycle including at least compressor 220, and
controller 240 which controls operation of compressor 220.

[0091] Compressor 220 and controller 240 are disposed in machine compartment 230, and machine compartment
230 is disposed opposed to a storage compartment with a heat insulation wall interposed therebetween. The storage
compartment is set to a cooling temperature zone.

[0092] Heat insulation box 201 of refrigerator body 200 is configured by inner box 202 made of resin, outer box 203
made of a metal magnetic material such as a steel plate, and a heat insulation wall formed by charging heat insulation
material 204 between inner box 202 and outer box 203.

[0093] Heat insulation box 201 includes front surface opening 201a. Heat insulation box 201 is heat-insulated and
partitioned by partition wall 205, and refrigerating compartment 206, freezing compartment 207, and a plurality of storage
compartments are formed in this order from above.

[0094] A storage set temperature of refrigerating compartment 206 is set to a cooling temperature zone. A storage
set temperature of freezing compartment 207 is set to a freezing temperature zone.

[0095] The storage compartments are provided with refrigerating compartment door 206a and freezing compartment
door 207a which close front surface opening 201a when the doors are closed. Refrigerating compartment door 206a
and freezing compartment door 207a are connected to heat insulation box 201 and respectively include heat insulation
walls.

[0096] Upper and lower ends of right sides of refrigerating compartment door 206a and freezing compartment door
207a are turnably connected to heat insulation box 201 by upper hinge 208, middle hinge 209, and lower hinge 210,
each having a rotation axis.

[0097] When the storage compartment doors are closed, spaces 211 of about 5 mm in the longitudinal direction are
formed between front surface opening 201a and surfaces of the storage compartment doors on the side of heat insulation
box 201. Gaskets 212 having magnets are disposed in spaces 211 on four upper, lower, left, and right sides of a surface
of heat insulation box 201 of each of the storage compartment doors. Gaskets 212 can be attracted to front surface
opening 201a and broughtinto close contactwith frontsurface opening 201a by magnetic forces of gaskets 212. Therefore,
it is possible to substantially hermetically seal the storage compartments.

[0098] Heatinsulation box 201 includes a refrigeration cycle which cools refrigerator body 200 at the time of operation.
The refrigeration cycle includes compressor 220, a condenser (not shown), a decompressor (not shown), and evaporator
221 in this order. The refrigeration cycle further includes a series of refrigerant flow paths.

[0099] As the refrigerant of the refrigeration cycle, it is possible to use a combustible hydrocarbon-based refrigerant,
e.g., isobutane. A density of isobutane is higher than that of air.

[0100] Upper concave portion 201b and lower concave portion 201c¢ are respectively formed in upper and lower ends
of heat insulation box 201 on the back surface side.

[0101] Upper concave portion 201b is formed by notching portions of an upper surface portion and a back surface
portion of heat insulation box 201 such that upper concave portion 201b is opposed to refrigerating compartment 206
with heat insulation material 204 interposed therebetween. Machine compartment 230 is disposed in upper concave
portion 201b. Compressor 220 and controller 240 are disposed in machine compartment 230.

[0102] A back surface of machine compartment 230 is covered by machine compartment cover 250 which is made of
a material having excellent thermal conductivity such as a steel plate. An upper surface of heat insulation box 201 and
an upper surface of machine compartment 230 are integrally covered by upper surface plate 260 made of resin having
a heatproof temperature of 100°C or higher. Accordingly, it is possible to prevent reduction in an area of the upper
surface of heat insulation box 201 caused by disposing machine compartment 230 on an upper portion of the back
surface of heat insulation box 201.

[0103] In particular, in a small refrigerator having a small height, its upper surface portion is often used as a space for
installing a microwave oven or the like. In this embodiment, since upper surface plate 260 is placed on the upper surface
portion, it is not necessary to make a depth of heat insulation box 201 large for securing the space for installing the
microwave oven or the like.

[0104] Since the upper surface of machine compartment 230 is covered by upper surface plate 260, it is possible to
suppress the operation sound of compressor 220 from leaking toward an upper portion of refrigerator body 200. Further,
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it is possible to suppress exhaust heat of compressor 220 from affecting the microwave oven or the like placed on the
upper surface portion. An aesthetic design of outer appearance of refrigerator 400 as viewed from above is also enhanced.
Therefore, quality of refrigerator 400 can be enhanced.

[0105] Compressor220includes discharge pipe 220a from which a high-temperature and high-pressure gas refrigerant
is discharged and suction pipe 220b into which a low-temperature and low-pressure gas refrigerant flows. Discharge
pipe 220a and suction pipe 220b are respectively provided to left and right ends as viewed from front of compressor
220, and are connected to other parts which form the refrigeration cycle.

[0106] Pressure of the refrigerant at the time of operation is several atmospheres in discharge pipe 220a, and 1
atmosphere or lower in suction pipe 220b.

[0107] Compressor 220 is a reciprocating-type compressor in which a piston reciprocates in a cylinder to compress
the refrigerant. Compressor 220 is inverter-controlled using AC power which is obtained by electrically converting DC
power.

[0108] By the inverter control, drive frequency of compressor 220 can be stepwisely switched between a plurality of
predetermined values, and thus, it is possible to efficiently cool the storage compartments.

[0109] Controller 240 controls operations of electric components of refrigerator body 200 such as compressor 220.
Controller 240 is connected to the electric components through cables (not shown), and disposed on the side of suction
pipe 220b of compressor 220.

[0110] In this embodiment, controller 240, suction pipe 220b, compressor 220, and discharge pipe 220a are disposed
in this order from the left when refrigerator body 200 is viewed from the back surface.

[0111] Machine compartment cover 250 is provided with ventilation ports 250a which communicate inside and outside
of machine compartment 230. In the vicinity of suction pipe 220b of compressor 220 and controller 240, ventilation ports
250a are formed by opening a lower portion of machine compartment cover 250. In the vicinity of discharge pipe 220a,
ventilation ports 250a are formed by opening an upper portion of machine compartment cover 250. Thus, ventilation
ports 250a are formed roughly in two groups in the vicinity of both left and right ends on the back surface side of machine
compartment 230. Accordingly, even if a combustible refrigerant having greater specific gravity than that of air leaks,
the refrigerant can be prevented from staying in the vicinity of controller 240, and it is possible to secure safety of
refrigerator 400. In this embodiment, a ventilation opening is not formed in upper surface plate 260.

[0112] Since compressor 220 generates heat when it is operated, it is desirable that ventilation ports 250a are widely
open, but in this case, a problem of noise may occur by the operating sound of compressor 220. However, by forming
ventilation ports 250a in the lower portion in the vicinity of controller 240 and in the upper portion in the vicinity of
compressor 220, air whose specific gravity becomes small by waste heat of compressor 220 is discharged from ventilation
ports 250a in the vicinity of compressor 220. Accordingly, outside air is naturally sucked from ventilation ports 250a in
the vicinity of controller 240, and it is possible to ventilate entire machine compartment 230 by natural convection without
newly adding ventilating means such as a machine compartment fan.

[0113] Asshownin FIG. 4, lower concave portion 201c is formed by notching portions of a bottom surface portion and
aback surface portion of heatinsulation box 201 such that lower concave portion 201cis opposed to freezing compartment
207 with heatinsulation material 204 interposed therebetween. In lower concave portion 201c, there is disposed defrosting
water processor 270 which forcibly evaporates defrosting water generated at the time of defrosting operation of evaporator
221 by using a heat source and by blowing air.

[0114] A height of the notched portion of the back surface portion of lower concave portion 201c is smaller than a
height of the notched portion of upper concave portion 201b.

[0115] Vacuum heat insulation panel 280 is disposed in heat insulation material 204 between upper concave portion
201b and lower concave portion 201c in a back surface portion of outer box 203.

[0116] Vacuum heat insulation panel 280 integrally covers, by a predetermined thickness, a substantially entire flat
surface portion of the back surface portion of outer box 203 between both the concave portions. Vacuum heat insulation
panel 280 is disposed on the side of evaporator 221 and back surfaces of the storage compartments with heat insulation
material 204 interposed therebetween. Vacuum heat insulation panel 280 is opposed to substantially entire duct 290
through which a low-temperature air is circulated into the storage compartments.

[0117] Operation and effect of refrigerator 400 having the above-described configuration will be described below.
[0118] First, when the refrigeration cycle is operated, a high-temperature and high-pressure refrigerant discharged by
compressing action of compressor 220 exchanges heat with surrounding air in the condenser and dissipates heat. The
refrigerant which is condensed and liquefied by the heat radiation reaches the decompressor and is decompressed
therein, and the refrigerant exchanges heat with the air in the storage compartment in evaporator 221 and evaporates.
[0119] At this time, a temperature of air around evaporator 221 becomes low by the evaporation. This air is made to
circulate into the storage compartment through duct 290, thereby cooling and holding the storage compartment to its
set temperature zone.

[0120] When vacuum heat insulation panel 280 is used, an amount of heat entering from a back surface portion of
heatinsulation box 201 becomes smaller than a case where only heat insulation material 204 is used on the back surface
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portion.

[0121] Further, since it is possible to reduce the amount of heat entering into duct 290 and evaporator 221 having the
lowest temperature in refrigerator body 200, it is possible to greatly enhance the heat insulation performance particularly
when refrigerator body 200 is operated. It is possible to reduce the heat-receiving loss caused when the low-temperature
air ventilates duct 290.

[0122] In this embodiment, refrigerating compartment 206 and machine compartment 230 are opposed to each other.
Accordingly, as compared with a case where machine compartment 230 and the storage compartment in the freezing
temperature zone are opposed to each other, a temperature difference between air in the storage compartment and
warm air generated when compressor 220 in machine compartment 230 is operated becomes small. Accordingly, it is
possible to reduce the amount of heat entering the storage compartment.

[0123] Since compressor 220 and controller 240 are disposed close to each other, electromagnetic interference can
be suppressed. In particular, when inverter control is carried out, household AC power is converted into high voltage
DC power, and the DC power is again electrically converted into AC power. At this time, since voltage and the like of
compressor 220 are controlled at intervals of a few thousandths of a second, there is a possibility that even very small
electromagnetic interference may cause malfunction or an operation loss.

[0124] Hence, when inverter control is carried out, it is absolutely necessary to take countermeasures against elec-
tromagnetic interference. In this embodiment, by disposing compressor 220 and controller 240 close to each other, a
range where the countermeasures should be taken also becomes narrow, and a simple configuration can be realized.
[0125] Since it is possible to change the number of rotations of compressor 220 in accordance with a cooled state of
the storage compartment by the inverter control, it is possible to greatly reduce the amount of consumed power of
refrigerator body 200.

[0126] Asdescribed above, refrigerator 400 of this embodiment is a small refrigerator. Therefore, the above-described
reducing effect of the heat-receiving loss, the reducing effect of the amount of consumed power and the influence on
electromagnetic interference become smaller than those of refrigerator 300 described in the first embodiment.

[0127] However, concerning the reducing effect of the heat-receiving loss and the reducing effect of the amount of
consumed power, it is possible to enhance the heat insulation performance most efficiently by disposing vacuum heat
insulation panel 280 on the back surface portion of heat insulation box 201 as in the first embodiment. If vacuum heat
insulation panel 280 is disposed on the back surface portion of heat insulation box 201, a barycenter of refrigerator body
200 moves toward the back surface. Therefore, even if heavy compressor 220 is disposed on an upper portion of heat
insulation box 201, it is possible to prevent refrigerator body 200 from overturning and to enhance the safety.

[0128] In this embodiment, refrigerating compartment door 206a and freezing compartment door 207a are pivoted
doors. As compared with the drawer door, forward movement of a barycenter of refrigerator body 200 when the door is
opened can be reduced in the pivoted door. Accordingly, it is possible to further enhance safety against overturning.
[0129] Inthe case of compressor 220 of this embodiment which is inverter-controlled, as compared with a compressor
which is driven by AC power, the same freezing performance can be obtained even if efficiency at the time of operation
is slightly deteriorated. Hence, the compressor can be made lighter in weight by simplifying a driving part of compressor
220, and it is possible to further enhance the safety against overturning.

[0130] Since machine compartment cover 250 is provided with ventilation ports 2503, it is possible to discharge, to
outside air, heat in machine compartment 230 and a refrigerant if the refrigerant leaks in machine compartment 230
without allowing the heat and the refrigerant to stay in machine compartment 230 as in the first embodiment.

[0131] In this embodiment, the description has been made of the example in which upper surface plate 260 is not
provided with ventilation openings. However, the present invention is not limited to this example, and upper surface plate
260 may be provided with the ventilation openings. However, in the case of a small refrigerator, an electric device such
as a microwave oven or food products not to be cooled may be placed on an upper surface of the refrigerator. In such
a case, if liquid such as beverage or small crumbs on the upper surface enter machine compartment 230, there is a
possibility that compressor 220 and controller 240 are adversely affected. Hence, it is desirable that upper surface plate
260 is not provided with ventilation openings as much as possible.

[0132] Further, in the case of the small refrigerator, a height position of upper surface plate 260 is close to ears of a
user as compared with a large refrigerator. Hence, if ventilation openings are provided, the user may hear the operation
sound of compressor 220 more loudly. From this aspect also, it is desirable that upper surface plate 260 is not provided
with ventilation openings.

[0133] If it is necessary to provide upper surface plate 260 with ventilation openings by any means, the ventilation
openings should be formed behind heat insulation box 201 as much as possible. An installation surface in which a space
for installing the electronic device is secured is set lower than the ventilation openings. Thus, the liquid and the crumbs
are less likely to enter, and usability is not deteriorated.

[0134] To solve these problems, itis also possible to cover a front portion of heat insulation box 201 with upper surface
plate 260, and to form machine compartment cover 250 on the upper surface portion of machine compartment 230. In
this configuration, it should be noted that dust or the like is likely to be accumulated at a connected portion between
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upper surface plate 260 and machine compartment cover 250. Further, in order to secure the installation surface on
which the electronic device is placed at a front portion, heat insulation box 201 may need to be increased in size.
[0135] Asdescribedabove, vacuum heatinsulation panel 280 is disposed on the back surface portion of heat insulation
box 201 in this embodiment. Accordingly, the heat insulation performance of heat insulation box 201 is greatly enhanced,
and it is possible to reduce the amount of consumed power of refrigerator body 200.

[0136] Compressor 220 is disposed opposed to refrigerating compartment 206 which is set to the cooling temperature
zone. Accordingly, a temperature difference between compressor 220 and refrigerating compartment 206 becomes
smaller than a temperature difference between compressor 220 and freezing compartment 207. Therefore, the amount
of heat entering refrigerating compartment 206 is reduced. Hence, it is possible to reduce the amount of consumed
power of refrigerator body 200.

[0137] In this embodiment, compressor 220 and controller 240 are disposed in machine compartment 230. Hence,
even if an inverter compressor which requires DC power is used as compressor 220, electromagnetic interference is
not received and a loss at the time of energization is not increased. Accordingly, the inverter compressor can be used
without newly taking countermeasures against the electromagnetic problem, and it is possible to reduce the amount of
consumed power of refrigerator body 200.

[0138] Conventionally, controller 240 is provided at a position of the back surface portion of heat insulation box 201
which is different from machine compartment 230. In this embodiment, however, controller 240 is disposed in machine
compartment 230. Accordingly, an area of the back surface portion of refrigerator 400 is increased. Hence, when vacuum
heat insulation panel 280 is disposed on the back surface portion, it is possible to integrally widely dispose the area of
vacuum heat insulation panel 280. Accordingly, it is possible to greatly enhance the heat insulation performance of heat
insulation box 201, and to reduce the amount of consumed power of refrigerator 400.

[0139] Further, in accordance with the required amount of consumed power, vacuum heat insulation panel 280 may
be added or omitted, or compressor 220 may be changed to the specification which is driven by AC power. Hence, it is
not necessary to newly develop heat insulation box 201 by investing in a mold. Accordingly, the present invention can
also be applied to refrigerators having a plurality of functions and different capacities. As described above, it is possible
to greatly change the heat insulation performance of heat insulation box 201 and the amount of consumed power of
refrigerator body 200 withoutinvesting in a mold or adding anew member for taking countermeasures against the problem.
[0140] Inthis embodiment, the upper surface of heat insulation box 201 and the upper surface of machine compartment
230 are integrally covered by upper surface plate 260. Hence, even when machine compartment 230 is disposed on
the upper portion of the back surface of heat insulation box 201, user’s usability is not deteriorated and it is not necessary
to increase the depth of heat insulation box 201.

[0141] Suction pipe 220b into which refrigerant flows is disposed close to controller 240 than discharge pipe 220a
from which the combustible refrigerant circulating through the refrigeration cycle is discharged. Accordingly, even if the
combustible refrigerant leaks in machine compartment 230, a risk that the combustible refrigerant leaks in the vicinity
of controller 240 is reduced. Accordingly, it is possible to secure the safety of refrigerator body 200. Even if the refrigerant
leaks on the side of suction pipe 220b, a large amount of refrigerant does not leak in a short time since pressure of the
refrigerant is weak.

[0142] Machine compartmentcover 250 is provided on at least a back surface of machine compartment 230, ventilation
ports 250a are provided in the lower portion of machine compartment cover 250 at least in the vicinity of controller 240,
and ventilation ports 250a are provided in the upper portion of machine compartment cover 250 in the vicinity of com-
pressor 220. Accordingly, the combustible refrigerant can be prevented from staying in the vicinity of controller 240 even
if the combustible refrigerant leaks, and it is possible to secure the safety of refrigerator body 200.

INDUSTRIAL APPLICABILITY

[0143] As described above, the refrigerator of the present invention can exert a special effect that an amount of
consumed power can be reduced at low cost without investing in a mold or adding a new member. Hence, the present
invention can be applied not only to the refrigerator but also to devices having other storages, e.g., a freezer and a heat
insulating device.

REFERENCE MARKS IN THE DRAWINGS

[0144]

20, 200 refrigerator body

21, 201 heat insulation box
21a, 201a front surface opening
21b, 201b upper concave portion
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lower concave portion

inner box

outer box

heat insulation material
partition wall

refrigerating compartment
refrigerating compartment door
ice-making compartment
ice-making compartment door
first freezing compartment
first freezing compartment door
second freezing compartment
second freezing compartment door
vegetable compartment
vegetable compartment door
upper hinge

lower hinge

rail member

space

gasket

compressor

discharge pipe

suction pipe

evaporator

machine compartment
controller

machine compartment cover
ventilation port

defrosting water processor
vacuum heat insulation panel
duct

freezing compartment
freezing compartment door
middle hinge

upper surface plate
refrigerator

1. Arefrigerator comprising:

a heat insulation box having a heat insulation wall;

a machine compartment disposed on a back surface side of the heat insulation box;

a refrigeration cycle including at least a compressor; and
a controller which controls operation of the compressor,

wherein the compressor and the controller are disposed in the machine compartment, and
the machine compartment is disposed opposed to a storage compartment with the heat insulation wall interposed
therebetween, the storage compartment being set to a cooling temperature zone.

2. The refrigerator according to claim 1, further comprising a plurality of the storage compartments,
wherein the storage compartment disposed at an uppermost portion of a refrigerator body is set to the cooling

temperature zone, and

the machine compartment is disposed on an upper portion of a back surface of the storage compartment disposed

at the uppermost portion.

3. The refrigerator according to claim 1 or 2, wherein
the compressor is inverter-controlled by the controller.
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The refrigerator according to claim 1 or 2, wherein

a combustible refrigerant is used as a refrigerant that circulates through the refrigeration cycle,

the compressor includes a discharge pipe from which a high-temperature and high-pressure refrigerant is discharged
and a suction pipe into which the refrigerant flows, and

the suction pipe is disposed closer to the controller than the discharge pipe in the machine compartment.

The refrigerator according to claim 1 or 2, wherein

a machine compartment cover is provided on at least a back surface of the machine compartment,

the machine compartment cover has ventilation openings which communicate inside and outside of the machine
compartment, and

the ventilation openings are provided at least in a lower portion of the machine compartment cover on a back surface
side of the controller and in an upper portion of the machine compartment cover on a back surface side of the
compressor.

The refrigerator according to claim 2, further comprising an upper surface plate disposed on an upper surface portion
of the heat insulation box,

wherein the upper surface plate covers the upper surface portion of the heat insulation box and an upper surface
portion of the machine compartment.

13
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FIG. 4
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