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(54) REFRIGERATOR

(57) A refrigerator includes at least a compressor
(19), an evaporator (20), and a refrigerating cycle having
a condenser in a housing, the condenser includes a
forced air cooled main condenser (21), a flow path switch-
ing valve (3) connected to a downstream side of the main
condenser (21), and a sub-condenser connected to the
downstream side of the flow path switching valve (3), and
the sub-condenser has a plurality of moisture-condensa-
tion-proof pipes (1, 2) connected in parallel, and a cooling
medium is caused to flow into the plurality of moisture-
condensation-proof pipes (1, 2) in parallel when the re-
frigerating cycle is operated under a high-load condition.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a refrigerator
having a condenser pipe (called a "moisture-condensa-
tion-proof pipe") that prevents dew condensation on a
wall surface to suppress a pressure loss caused by the
moisture-condensation-proof pipe.
[0002] The present invention relates to a refrigerator
that has dampers for shielding cold air in a freezing room
and a refrigerating room, respectively, and independently
cools the freezing room and the refrigerating room by
using one evaporator to improve the efficiency of a re-
frigerating cycle.
[0003] The present invention relates to a refrigerator
and, in particular, control to suppress an inside rising
temperature in a defrosting state by a heater in a refrig-
erator in which a storage room is cooled by latent heat
and sensible heat of frost adhering to a cooler.

BACKGROUND ART

[0004] In terms of energy saving, in a household re-
frigerator, in addition to a condenser that performs cool-
ing with a fan, a moisture-condensation-proof pipe that
is attached to the inside of a casing outer shell to prevent
dew condensation on a wall surface is used. In this case,
a combustible cooling medium is used in a household
refrigerator in terms of prevention of global warming, and
a moisture-condensation-proof pipe having a small pipe
internal diameter is used to reduce an amount of en-
closed cooling medium.
[0005] Thus, a refrigerator in which the configuration
of a moisture-condensation-proof pipe is changed as
needed to suppress a pressure loss caused by the mois-
ture-condensation-proof pipe is proposed (for example,
see Patent Literature 1).
[0006] A conventional refrigerator will be described be-
low with reference to the accompanying drawings.
[0007] Fig. 21 is a refrigerating cycle block diagram of
a conventional refrigerator.
[0008] As shown in Fig. 21, the refrigerating cycle in-
cludes compressor 60, main condenser 61, freezing
room moisture-condensation-proof pipe 62, refrigerating
room moisture-condensation-proof pipe 63, and flow
path switching valve 64. Furthermore, the refrigerating
cycle includes refrigerating aperture diaphragm 65, re-
frigerating room evaporator 66, refrigerating room fan 67,
freezing aperture diaphragm 68, freezing room evapora-
tor 69, and freezing room fan 70.
[0009] In this case, in a conventional refrigerator, a re-
frigerating room (not shown) is cooled by using refriger-
ating room evaporator 66, and a freezing room (not
shown) is cooled by using freezing room evaporator 69.
Refrigerating room moisture-condensation-proof pipe 63
is installed on an opening of a refrigerating room (not
shown) to prevent dew condensation on a wall surface,

and freezing room moisture-condensation-proof pipe 62
is installed on an opening of a freezing room (not shown)
to prevent dew condensation on the wall surface.
[0010] An operation of the conventional refrigerator
configured as described above will be described below.
[0011] After a cooling medium discharged from com-
pressor 60 radiates heat by main condenser 61 and freez-
ing room moisture-condensation-proof pipe 62 and is liq-
uefied, the cooling medium is supplied to flow path
switching valve 64. When the refrigerating room (not
shown) needs to be cooled, after flow path switching
valve 64 is switched to radiate heat by refrigerating room
moisture-condensation-proof pipe 63, decompression is
performed by refrigerating aperture diaphragm 65 to sup-
ply the cooling medium to refrigerating room evaporator
66 and to evaporate the cooling medium. At this time,
refrigerating room fan 67 is driven to cool the refrigerating
room (not shown).
[0012] On the other hand, the freezing room (not
shown) needs to be cooled, flow path switching valve 64
is switched, and decompression is performed by freezing
aperture diaphragm 68 to supply the cooling medium to
freezing room evaporator 69 and to evaporate the cooling
medium. At this time, freezing room fan 70 is driven to
cool the freezing room (not shown).
[0013] As a result, when the freezing room (not shown)
is cooled, the operation can be performed without caus-
ing the cooling medium to flow into refrigerating room
moisture-condensation-proof pipe 63, and a pressure
loss caused by refrigerating room moisture-condensa-
tion-proof pipe 63 can be suppressed. Some heat radi-
ated by causing the cooling medium to flow into refriger-
ating room moisture-condensation-proof pipe 63 can be
suppressed from entering the refrigerating room (not
shown) and acting as a heat load.
[0014] However, in the configuration of a conventional
refrigerator, when a refrigerating room is cooled, a cool-
ing medium must be caused to flow in series with freezing
room moisture-condensation-proof pipe 62 and refriger-
ating room moisture-condensation-proof pipe 63, and
pressure losses of the moisture-condensation-proof
pipes increase a power consumption.
[0015] In the configuration of a conventional refrigera-
tor, regardless of an installation environment or an oper-
ation state of the refrigerator, a pressure loss and a heat
load caused by freezing room moisture-condensation-
proof pipe 62 cannot be suppressed.
[0016] Thus, is it a problem to suppress the pressure
loss or the heat load caused by the moisture-condensa-
tion-proof pipes depending on the installation environ-
ment or the operation state of the refrigerator.
[0017] The present invention is to solve the conven-
tional problem and has as its object to adjust and sup-
press a pressure loss or a heat load caused by moisture-
condensation-proof pipes depending on an installation
environment or an operation state of a refrigerator by
connecting a plurality of moisture-condensation-proof
pipes in parallel to a downstream side of a main condens-
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er through a flow path switching valve.
[0018] In a conventional household refrigerator, in
terms of energy saving, a freezing room and a refriger-
ating room are independently cooled by using one evap-
orator to improve the efficiency of a refrigerating cycle.
This is because the refrigerating room having a relatively
high outside-air temperature is cooled at an evaporating
temperature higher than that in the freezing room to im-
prove the efficiency of the refrigerating cycle.
[0019] Furthermore, it is proposed that, by using damp-
ers for shielding cold air arranged on the refrigerating
room and the freezing room, an evaporator is defrosted
by using an amount of heat of food in the refrigerating
room during stoppage of the compressor (for example,
see Patent Literature 2). This is to achieve energy saving
by reducing the capability of a refrigerating cycle required
to cool the refrigerating room while reducing electric pow-
er of a warming heater in removal of frost adhering to the
evaporator.
[0020] A conventional refrigerator will be described be-
low with reference to the accompanying drawings.
[0021] Fig. 22 is a vertical sectional view of a conven-
tional refrigerator, Fig. 23 is a refrigerating cycle block
diagram of the conventional refrigerator, Fig. 23 is a
waveform chart of temperature behaviors of a tempera-
ture sensor of the conventional refrigerator and an upper
part of the refrigerating room, and Fig. 24 is a flow chart
showing control on a defrosting state of the conventional
refrigerator.
[0022] In Fig. 22 and Fig. 23, refrigerator 11 includes
casing 12, door 13, legs 14 supporting casing 12, lower
machine chamber 15 arranged in a lower part of casing
12, refrigerating room 17 arranged in an upper part of
casing 12, and freezing room 18 arranged in the lower
part of casing 12. As components constituting the refrig-
erating cycle, refrigerator 11 includes compressor 56
stored in lower machine chamber 15, evaporator 20
stored on a rear side of freezing room 18, and main con-
denser 21 stored in lower machine chamber 15. Refrig-
erator 11 includes partition wall 22 partitioning lower ma-
chine chamber 15, condenser fan 23 that air-cools main
condenser 21 attached to partition wall 22, evaporating
dish 57 arranged on the upper part of compressor 56,
and bottom plate 25 of lower machine chamber 15. Re-
frigerator 11 also includes plurality of intakes 26 formed
in bottom plate 25, outlet 27 formed on the rear side of
lower machine chamber 15, and communicating air trunk
28 that connects outlet 27 of lower machine chamber 15
and the upper part of casing 12. In this case, lower ma-
chine chamber 15 is divided into two chambers by parti-
tion wall 22 to store main condenser 21 on the windward
side of condenser fan 23 and compressor 56 and evap-
orating dish 57 on the leeward side.
[0023] Refrigerator 11 includes, as components con-
stituting the refrigerating cycle, moisture-condensation-
proof pipe 37 located on the downstream side of main
condenser 21 and thermally coupled to the outer surface
of casing 12 around the opening of freezing room 18,

dryer 38 located on the downstream side of moisture-
condensation-proof pipe 37 to dry a circulated cooling
medium, and aperture diaphragm 39 that couples dryer
38 and evaporator 20 to reduce the pressure of the cir-
culated cooling medium. Refrigerator 11 also includes
evaporator fan 50 that supplies cold air generated by
evaporator 20 to refrigerating room 17 and freezing room
18, freezing room damper 51 that shields the cold air
supplied to freezing room 18, refrigerating room damper
52 that shields the cold air supplied to refrigerating room
17, duct 53 that supplies the cold air to refrigerating room
17, FCC temperature sensor 54 that detects a tempera-
ture of freezing room 18, and PCC temperature sensor
55 that detects a temperature of refrigerating room 17.
[0024] An operation of the conventional refrigerator
configured as described above will be described below.
[0025] When a temperature detected by PCC temper-
ature sensor 55 increases to an ON temperature serving
as a predetermined value, freezing room damper 51 is
closed in a stop state of compressor 56, and refrigerating
room damper 52 is opened to drive evaporator fan 50.
In this manner, evaporator 20 and low-temperature sen-
sible heat of frost adhering thereto, and latent heat of
melting of the frost are used to cool refrigerating room
17 (the operation is referred to as "off cycle cooling" here-
inafter).
[0026] After a predetermined period of time has
elapsed after the start of the off cycle cooling, freezing
room damper 51 is closed, and refrigerating room damp-
er 52 is opened to drive compressor 56, condenser fan
23, and evaporator fan 50. By the drive of condenser fan
23, a negative pressure is set on main condenser 21 side
of lower machine chamber 15 partitioned by partition wall
22 to suck outside air from plurality of intakes 26, and a
positive pressure is set on compressor 56 side and evap-
orating dish 57 side to discharge air in lower machine
chamber 15 from plurality of outlets 27 to the outside.
[0027] On the other hand, most parts of the cooling
medium discharged from compressor 56 are condensed
while exchanging heat with outside air in main condenser
21 and then supplied to moisture-condensation-proof
pipe 37. The cooling medium passing through moisture-
condensation-proof pipe 37 radiates heat to the outside
through casing 12 while warming the opening of freezing
room 18 and is condensed. Liquid cooling medium pass-
ing through moisture-condensation-proof pipe 37 is de-
hydrated by dryer 38, reduced in pressure by aperture
diaphragm 39, exchanges heat with in-room air in refrig-
erating room 17 while being evaporated by evaporator
20, and backflows to compressor 56 as a gaseous cooling
medium while cooling refrigerating room 17 (the opera-
tion is referred to as "PC cooling" hereinafter"). At this
time, since the in-room air in refrigerating room 17 has a
temperature higher than that of freezing room 18 and
evaporator 20 is increased in temperature by the off cycle
cooling, a high evaporating temperature can be rapidly
achieved in the PC cooling.
[0028] When a temperature detected by PCC temper-
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ature sensor 55 decreases to an OFF temperature serv-
ing as a predetermined value, or when a temperature
detected by FCC temperature sensor 54 increases to an
ON temperature serving as a predetermined value, freez-
ing room damper 51 is opened, and refrigerating room
damper 52 is closed to drive compressor 56, condenser
fan 23, and evaporator fan 50. When refrigerating cycle
is operated like the PC cooling, heat exchange between
the in-room air in freezing room 18 and evaporator 20 is
performed to cool freezing room 18 (the operation is re-
ferred to "FC cooling" hereinafter).
[0029] In Fig. 24, section e corresponds to an off cycle
cooling operation, section f corresponds to a PC cooling
operation, section g corresponds to an FC cooling oper-
ation, and section h corresponds to a cooling stop oper-
ation. Compressor 56 is driven in section f and section g
and stops in section h and section e. Freezing room 18
is cooled in section g, and refrigerating room 17 is cooled
in section e and section f. In this case, a temperature
change of the upper part of refrigerating room 17 is large
because, since the upper part is adjacent to high-tem-
perature outside air and the lower part is adjacent to
freezing room 18 having a low temperature, a tempera-
ture difference between the upper and lower parts in-
creases in a non-cooling period, and a flow rate of the
upper part is increased in a cooling state to rapidly cool
the high-temperature upper part.
[0030] When the temperature detected by FCC tem-
perature sensor 54 decreases to the OFF temperature
serving as a predetermined value, freezing room damper
51 and refrigerating room damper 52 are closed to stop
compressor 56, condenser fan 23, and evaporator fan
50 (this operation is referred to as "cooling stop" herein-
after). During a normal operation, a series of operations
including an off cycle cooling operation, a PC cooling
operation, an FC cooling operation, and a cooling stop
operation are sequentially repeated. After the normal op-
eration is continued for a predetermined period of time,
in order to remove frost adhering to evaporator 20, off
cycle cooling for a relatively long period of time is per-
formed (this operation is referred to as "off cycle defrost"
hereinafter).
[0031] Fig. 25 is a flow chart in which "start of defrost"
to "determination of end of defrost" shows control of off
cycle defrost. As shown in Fig. 25, immediately before
the PC cooling is started, when the normal operation per-
formed for a predetermined period of time or longer, "start
of defrost", i.e., the start of off cycle defrost is determined.
This is because, since frost adhering to evaporator 20 is
melted and removed by using an amount of heat in re-
frigerating room 17, a timing at which a temperature in
refrigerating room 17 is relatively high and the amount
of heat is large is targeted. Freezing room damper 51 is
closed during stoppage of compressor 56, refrigerating
room damper 52 is opened to drive evaporator fan 50.
In this manner, the same series of operations as those
in the off cycle cooling are performed to defrost evapo-
rator 20.

[0032] When a DEF temperature sensor (not shown)
that detects a temperature of evaporator 20 detects a
temperature higher than 0°C, "determination of end of
defrost" is determined, more specifically, it is determined
that frost adhering to evaporator 20 can be completely
removed, and the operation of off cycle defrost is ended
to return to the normal operation.
[0033] By the off cycle defrost, electric power of a
warming heater normally used in defrost of evaporator
20 can be reduced, and, at the same time, the capability
of a refrigerating cycle required to cool refrigerating room
17 is reduced to make it possible to achieve energy sav-
ing.
[0034] The series of operations can improve the effi-
ciency of the refrigerating cycle by keeping the temper-
ature of evaporator 20 in PC cooling higher than that in
FC cooling, and also can achieve energy saving by re-
cycling latent heat of melting of frost adhering to evapo-
rator 20 by off cycle cooling to reduce the capability of
the refrigerating cycle required to cool refrigerating room
17 while reducing heater electric power (not shown) in a
defrosting state.
[0035] However, in the configuration of a conventional
refrigerator, depending on an amount of stored food in
refrigerating room 17, a period of time required for off
cycle defrost disadvantageously largely changes. This is
because an amount of heat melting frost adhering to
evaporator 20 depends on an amount of heat of the food
stored in refrigerating room 17. When an amount of
stored food is very few, the frost adhering to evaporator
20 is not completely melted, and there is fear that the off
cycle defrost does not end.
[0036] In the configuration of the conventional refrig-
erator, a warming heater is added to serve as an auxiliary
heat source to reliably melt the frost adhering to evapo-
rator 20. However, an output from the warming heater to
be accessorily used is difficult to be properly adjusted.
This is because an amount of heat of off cycle defrost
supplied to evaporator 20 is not known based on an
amount of stored food in refrigerating room 17, evapora-
tor 20 on which adhering frost is being melted does not
change in temperature, and a rate of progress of defrost
is difficult to be accurately determined. As a result, even
though the warming heater is added to serve as an aux-
iliary heat source, the warming heat is used in emergency
when a period of time required for off cycle defrost is
abnormally long, or an excessive output is probably sup-
plied from the beginning.
[0037] The present invention has been made to solve
the conventional problems and an object thereof is to
determine an amount of heat of off cycle defrost supplied
to evaporator 20 in advance and properly adjust an output
from the warming heater to be accessorily used to ap-
propriately control a period of time required for off cycle
defrost.
[0038] In the configuration of the conventional refrig-
erator, a period of time for PC cooling is reduced by the
off cycle cooling. As a result, the problem that an efficient
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refrigerating cycle cannot be obtained in the PC cooling
is posed. This is because a circulated cooling medium is
in a transition state at the initial stage of activation of the
refrigerating cycle and cannot sufficiently exert refriger-
ation capacity appropriate to an evaporating tempera-
ture.
[0039] When the off cycle cooling and the PC cooling
are continuously performed to increase the temperature
of evaporator 20, a time for the off cycle cooling is difficult
to be appropriately controlled to secure a time for the PC
cooling. This is because, since a cooling rate of the off
cycle cooling largely changes depending on a frost form-
ing state or a temperature of evaporator 20 and is differ-
ent from a cooling rate of the PC cooling, by using PCC
temperature sensor 55 having a time lag with reference
to a change in temperature of air in refrigerating room
17, a ratio of the off cycle cooling to the PC cooling cannot
be accurately controlled.
[0040] In the configuration of the conventional refrig-
erator, a change in temperature of refrigerating room 17,
in particular, a change in temperature of the upper part
disadvantageously increases. This is because, when re-
frigerating room 17 is independently cooled, an air tem-
perature near an outlet port of refrigerating room 17
changes sharply more than that obtained when refriger-
ating room 17 and freezing room 18 are simultaneously
cooled, and a non-cooling time in which refrigerating
room 17 is not cooled becomes long. In order to solve
the above problem, times for the off cycle cooling and
the PC cooling are further shortened, and cooling and
non-cooling of refrigerating room 17 must be frequently
repeated. As a result, the problem that an efficient refrig-
erating cycle cannot be obtained in the PC cooling is
posed.
[0041] The present invention has been made to solve
the conventional problems and has as its object to prop-
erly secure an operation time for PC cooling and sup-
press a change in temperature in the refrigerating room.
[0042] An operation of the conventional refrigerator
disclosed in Figs. 22 and 23 will be described below.
[0043] In Fig. 26, arrow M1 to arrow M11 represent
mode switching in cooling control of a conventional re-
frigerator.
[0044] In a cooling stop state (the operation is referred
to as an "OFF mode" hereinafter) in which all condenser
fan 23, compressor 56, and evaporator fan 50 are
stopped, when a temperature detected by FCC temper-
ature sensor 54 increases to an FCC_ON temperature
serving as a predetermined value, or when a temperature
detected by PCC temperature sensor 55 increases to a
PCC_ON temperature serving as a predetermined value
(more specifically, a condition of arrow M1 is satisfied),
freezing room damper 51 is closed, and refrigerating
room damper 52 is opened to drive compressor 56, con-
denser fan 23, and evaporator fan 50 (the operation is
referred to as a "PC cooling mode" hereinafter).
[0045] In a PC cooling mode, by the drive of condenser
fan 23, a negative pressure is set on main condenser 21

side of lower machine chamber 15 partitioned by partition
wall 22 to suck outside air from plurality of intakes 26,
and a positive pressure is set on compressor 56 side and
evaporating dish 57 side to discharge air in lower ma-
chine chamber 15 from plurality of outlets 27 to the out-
side.
[0046] On the other hand, most parts of the cooling
medium discharged from compressor 56 are condensed
while exchanging heat with outside air in main condenser
21 and then supplied to moisture-condensation-proof
pipe 37. The cooling medium passing through moisture-
condensation-proof pipe 37 radiates heat to the outside
through casing 12 while warming the opening of freezing
room 18 and is condensed. Liquid cooling medium pass-
ing through moisture-condensation-proof pipe 37 is de-
hydrated by dryer 38, reduced in pressure by aperture
diaphragm 39, exchanges heat with in-room air in refrig-
erating room 17 while being evaporated by evaporator
20, and backflows to compressor 56 as a gaseous cooling
medium while cooling refrigerating room 17.
[0047] In the PC cooling mode, when a temperature
detected by FCC temperature sensor 54 decreases/in-
creases to the FCC_OFF temperature serving as a pre-
determined value, and when a temperature detected by
PCC temperature sensor 55 decreases the PCC_OFF
temperature serving as a predetermined value (more
specifically, a condition of arrow M2 is satisfied), the
mode shifts to an OFF mode.
[0048] In the PC cooling mode, when the temperature
detected by FCC temperature sensor 54 exhibits a tem-
perature higher than the FCC_OFF temperature serving
as a predetermined value, and when the temperature
detected by PCC temperature sensor 55 decreases to
the PCC_OFF temperature serving as a predetermined
value (more specifically, a condition of arrow M5 is sat-
isfied), freezing room damper 51 is opened, and refrig-
erating room damper 52 is closed to drive compressor
56, condenser fan 23, and evaporator fan 50. When re-
frigerating cycle is operated like the PC cooling, heat ex-
change between the in-room air in freezing room 18 and
evaporator 20 is performed to cool freezing room 18 (the
operation is referred to an "FC cooling mode" hereinaf-
ter).
[0049] In the FC cooling mode, when a temperature
detected by FCC temperature sensor 54 decreases to
the FCC_OFF temperature serving as a predetermined
value, and when a temperature detected by PCC tem-
perature sensor 55 exhibits the PCC_ON temperature or
higher serving as a predetermined value (more specifi-
cally, a condition of arrow M6 is satisfied), the mode shifts
to a PC cooling mode.
[0050] In the FC cooling mode, when the temperature
detected by FCC temperature sensor 54 decreases to
the FCC_OFF temperature serving as a predetermined
value, and when a temperature detected by PCC tem-
perature sensor 55 exhibits a temperature lower than the
PCC_ON temperature serving as a predetermined value
(more specifically, a condition of arrow M4 is satisfied),
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the mode shifts to an OFF mode.
[0051] A cooling operation using a frost adhering to
evaporator 20 will be described below.
[0052] A defrosting heater (not shown) installed near
evaporator 20 is energized, compressor 56 is stopped,
freezing room damper 51 is closed, and refrigerating
room damper 52 is opened to drive evaporator fan 50
(the operation is referred to as a "defrost mode" herein-
after). In this manner, frost adhering to evaporator 20 is
melted and removed, and refrigerating room 17 is cooled
by using heat of sublimation or heat of melting of the frost
that is approximately removed.
[0053] The defrosting heater (not shown) installed near
evaporator 20 is not energized, compressor 56 is
stopped, freezing room damper 51 is closed, and refrig-
erating room damper 52 is opened to drive evaporator
fan 50 (the operation is referred to as a "off cycle cooling
mode" hereinafter). In this manner, frost adhering to
evaporator 20 is melted and removed, and refrigerating
room 17 is cooled by using evaporator 20 and low-tem-
perature sensible heat and heat of sublimation or heat
of melting of the frost adhering to evaporator 20. At this
time, although the frost adhering to evaporator 20 is not
completely melted and removed, the frost adhering to
evaporator 20 is recycled to make it possible to cool re-
frigerating room 17 while reducing electric power of a
heater (not shown) in the defrost mode.
[0054] During the FC cooling mode, when predeter-
mined period of time Tx2 has elapsed after the power
supply is turned on or the previous defrost is ended (more
specifically, a condition of arrow M7 is satisfied), FC cool-
ing is continued for a predetermined period of time to
cool freezing room 18 to a temperature lower than a nor-
mal temperature (the operation is referred to as a "pre-
cool mode" hereinafter). When predetermined period of
time Tx3 has elapsed after the pre-cool is started (more
specifically, a condition of arrow M8 is satisfied), a defrost
operation is started. During the defrost, a temperature
detected by a DEF temperature sensor (not shown) at-
tached to evaporator 20 exhibits a temperature higher
than a DEF_OFF temperature serving as a predeter-
mined value, or when predetermined period of time Tx4
has elapsed after the defrost is started (more specifically,
a condition of arrow M9 is satisfied), the mode shifts to
an off cycle cooling mode.
[0055] In the OFF mode, when predetermined period
of time Tm has elapsed after the OFF mode is started
(more specifically, a condition of arrow M10 is satisfied),
the mode shifts to the off cycle cooling mode.
[0056] In the off cycle cooling mode, when predeter-
mined period of time Td has elapsed after the off cycle
cooling mode is started (more specifically, a condition of
arrow M11 is satisfied), the mode shifts to the OFF mode.
[0057] In this case, a cooling operation under an over-
loading condition will be described below.
[0058] In a conventional refrigerator, since cooling
control is performed such that PC cooling that independ-
ently cools refrigerating room 17 and FC cooling that in-

dependently cools freezing room 18 are switched, when
an excessive load caused by putting high-temperature
foodstuff or the like in refrigerating room 17 or freezing
room 18 occurs, there is fear that any one of refrigerating
room 17 and freezing room 18 may not be cooled for a
long period of time.
[0059] Thus, as additionally described as the condition
of arrow M5, when a temperature detected by FCC tem-
perature sensor 54 exceeds an FCC_ON temperature
serving as a predetermined temperature during PC cool-
ing, or as additionally described as the condition of arrow
M6, when a temperature detected by PCC temperature
sensor 55 exceeds a PCC_ON temperature serving as
a predetermined value during FC cooling, until the tem-
perature detected by PCC temperature sensor 55 reach-
es the PCC_OFF temperature serving as a predeter-
mined value, or until the temperature detected by FCC
temperature sensor 54 reaches the FCC_OFF temper-
ature serving as a predetermined value, PC cooling for
predetermined period of time Txr and FC cooling for pre-
determined period of time Txf are alternatively repeated
(the operation is referred to as "alternative cooling" here-
inafter). In this manner, any one of refrigerating room 17
and freezing room 18 can be avoided from being not
cooled for a long period of time.
[0060] By the operation as described above, the tem-
perature of evaporator 20 in the PC cooling mode is kept
higher than that in the FC cooling mode to make it pos-
sible to improve the efficiency of a refrigerating cycle,
and, by recycling latent heat of melting of frost adhering
to evaporator 20 by the off cycle cooling mode, the ca-
pability of the refrigerating cycle required to cool refrig-
erating room 17 is reduced while reducing heater electric
power (not shown) in a defrosting state to make it possible
to achieve energy saving.
[0061] However, in the configuration of the convention-
al refrigerator, when the alternative cooling is performed
under some overload condition, any one of refrigerating
room 17 and freezing room 18 is disadvantageously dully
cooled. This is because, in cooling times Txr and Txf set
in advance under the specific overload condition, for the
various overload conditions in which a power supply is
turned on and a door is frequently opened or closed in
summer, control is difficult to be properly performed. As
a result, this is because, under some overload conditions,
a load balance between refrigerating room 17 and freez-
ing room 18 is not matched with a ratio of cooling times
Txr and Txf, any one of refrigerating room 17 and freezing
room 18 is insufficiently cooled. In the alternative cooling,
unless cooling time Txr in the PC cooling mode in which
freezing room 18 is not cooled is properly adjusted, a
problem that articles of frozen food such as ice cream
may be melted under some overload condition is also
concerned.
[0062] The present invention has been made to solve
the above problems, and has as its object to properly
adjust an amount of cooling depending on a load balance
between a refrigerating room and a freezing room under
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an overload condition while maintaining an efficient PC
cooling mode as much as possible to suppress an in-
crease in temperature.
[0063] Fig. 27 is a vertical sectional view of a conven-
tional refrigerator, and Figs. 28 to 31 are flow charts
showing control of the conventional refrigerator.
[0064] In Fig. 27, refrigerator 101 having freezing room
102 and refrigerating room 103 configures a refrigerating
cycle together with compressor 104, a condenser (not
shown), and a depressurizer (not shown) that are ar-
ranged inside the refrigerator and has cooler 105 that
generates cold air. Refrigerator 101 has cooling fan 106
that sucks air in freezing room 102 and refrigerating room
103 to cooler 105 and resends the air to freezing room
102 and refrigerating room 103.
[0065] Refrigerator 101 has freezing room damper 107
that adjusts communication of cold air forcibly sent into
freezing room 102 by cooling fan 106 to independently
cool freezing room 102 and a refrigerating room damper
108 that adjusts communication of cold air forcibly sent
into refrigerating room 103 by cooling fan 106 to inde-
pendently cool refrigerating room 103. Furthermore, re-
frigerator 101 has freezing room sensor 109 that detects
a temperature in freezing room 102 and refrigerating
room sensor 110 that detects a temperature in refriger-
ating room 103.
[0066] Defrosting heater 111 to melt frost adhering to
cooler 105 is arranged under cooler 105, and cooler 105
includes cooler sensor 112 that detects the temperature
of cooler 105.
[0067] An operation of the refrigerator will be described
below with reference to Figs. 28 to 31.
[0068] In a normal cooling state of a refrigerator, in a
freezing room cooling mode, when detected temperature
Tfc of freezing room sensor 109 is higher than reference
temperature Tfcon in step S01, compressor 104 is started
if compressor 104 does not operate in step S02 (step
S03), freezing room damper 107 is opened, refrigerating
room damper 108 is closed, and cooling fan 106 is op-
erated to cool freezing room 102 (step S04).
[0069] In step S05, when detected temperature Tfc of
freezing room sensor 109 is certain reference tempera-
ture Tfcoff or less, the control flow shifts to step S06 to
start the refrigerating room cooling mode.
[0070] When detected temperature Tpc of refrigerating
room sensor 110 is higher than certain reference tem-
perature Tpcon in step S06, compressor 104 is started
if compressor 104 does not operate in step S07 (sep
S08), freezing room damper 107 is closed, refrigerating
room damper 108 is opened, and cooling fan 106 is op-
erated to cool refrigerating room 103 (step S09).
[0071] In step S10, when detected temperature Tpc of
refrigerating room sensor 110 is certain reference tem-
perature Tpcoff or less, it is determined in step S11
whether a cooling operation is continued. In step S11,
when detected temperature Tfc of freezing room sensor
109 is higher than certain predetermined reference value
Tfcon, the control flow returns to step S02 to start a freez-

ing room cooling mode. When detected temperature Tfc
is Tfcon or less, the control flow shifts to step S12 to start
an off cycle cooling mode.
[0072] Compressor 104 is stopped in step S12. When
operation time tcomp of compressor 104 is shorter than
certain predetermined reference value tdefrost, the con-
trol flow shits to step S14. When detected temperature
Tpc of refrigerating room sensor 110 is higher than cer-
tain predetermined reference value Tpcoff2, freezing
room damper 107 is closed, refrigerating room damper
108 is opened, and cooling fan 106 is operated to perform
an off cycle cooling operation to cool refrigerating room
103. When detected temperature Tpc of refrigerating
room sensor 110 is certain predetermined reference val-
ue Tpcoff2 or less, freezing room damper 107 is closed,
refrigerating room damper 108 is closed, cooling fan 106
is stopped to stop the off cycle cooling operation, and the
control flow returns to step S1 to perform normal cooling.
[0073] When operation time tcomp of compressor 104
is certain predetermined reference value tdefrost or more
in step S13, the control flow shifts to step S18 to start a
defrosting mode.
[0074] In the defrosting mode, freezing room damper
107 is closed in step S18, refrigerating room damper 108
is closed, cooling fan 106 is stopped, defrosting heater
111 is energized to melt frost adhering to cooler 105.
When detected temperature Tdf of cooler sensor 112 is
certain predetermined reference value Tdfoff or less in
step S19, a power supply to the defrosting heater is cut
off to end the defrosting mode, and normal cooling is
started from step S1 again.
[0075] With the above control, a refrigerator in which
refrigerating room 103 can be cooled by using latent heat
or sensible heat of frost adhering to cooler 105, energy
consumed to melt frost in a defrosting state can be re-
duced, and a defrosting time is shortened to make it pos-
sible to reduce a power consumption can be proposed
(for example, see Patent Literature 3).
[0076] However, in the conventional configuration, for
example, even though a time for the off cycle cooling
mode from the end of the full-bore defrosting mode is
short, the next defrosting mode is started at the same
time interval. However, in fact, when a time for the off
cycle cooling mode is long, an amount of frost adhering
to cooler 105 decreases.
[0077] As a result, although a time for one defrosting
mode becomes short, since the number of times of de-
frosting mode per unit time is same because a defrosting
operation is performed when an amount of adhering frost
is small, a temperature in the storage room disadvanta-
geously increases in vain.
[0078] An object of the present invention is to provide
a refrigerator that includes freezing room damper 107
and predicts an amount of frost adhering to cooler 105
from operating state and controls an interval between
defrosting modes so as to suppress a storage room from
being increased in temperature in vain.
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[0079]

PTL 1: Unexamined Japanese Patent Publication
No. 2009-264629
PTL 2: Unexamined Japanese Patent Publication
No. 9-236369
PTL 3: Japanese Patent No. 2774486

SUMMARY OF THE INVENTION

[0080] A refrigerator according to the present invention
is characterized in that a plurality of moisture-condensa-
tion-proof pipes are connected in parallel to a down-
stream side of a main condenser through a flow path
switching valve.
[0081] In this manner, in particular, in a high-load state
in which an amount of circulated cooling medium is large,
the plurality of moisture-condensation-proof pipes are si-
multaneously used in parallel to make it possible to sup-
press a pressure loss caused by the moisture-conden-
sation-proof pipes. In this case, as the high-load state, a
case in which a door is frequently opened or closed in
summer in which an outside-air temperature or an out-
side-air humidity are relatively high and a case in which
a high-temperature food is stored are supposed. In this
case, a running rate of a refrigerating cycle increases to
increase an amount of circulated cooling medium, and
the periphery of the refrigerator casing on which the mois-
ture-condensation-proof pipes are arranged needs to be
prevented from dew condensation. At this time, the mois-
ture-condensation-proof pipes are simultaneously used
in parallel to reduce an amount of circulated cooling me-
dium per pipe, so that a pressure loss caused by the
moisture-condensation-proof pipes can be suppressed.
[0082] The refrigerator according to the present inven-
tion is characterized in that an amount of stored food in
a refrigerating room is detected before off cycle defrost
is performed, and the off cycle defrost is performed after
an output from a warming heater to be accessorily used
is selected. In this manner, a time required for off cycle
defrost can be appropriately controlled while suppressing
an output from the warming heater, a refrigerating room
and a freezing room can be suppressed from being in-
creased in temperature while the off cycle defrost is per-
formed, and electric power of the warming heater re-
quired for defrosting is reduced to make it possible to
achieve energy saving of refrigerator.
[0083] The refrigerator according to the present inven-
tion includes an FCC temperature sensor that detects
the temperature of the freezing room, a PCC temperature
sensor that detects the temperature of the refrigerating
room, and a DFP temperature sensor that is arranged at
a position higher than the PCC temperature sensor and
detects the temperature of an upper part of the refriger-

ating room. The refrigerator according to the present in-
vention includes an FC cooling mode that opens a freez-
ing room damper, closes a refrigerating room damper
and cools the freezing room while operating a refrigerat-
ing cycle, a PC cooling mode that closes the freezing
room damper, opens the refrigerating room damper, and
cools the refrigerating room while operating the refriger-
ating cycle, and an off cycle cooling mode that closes the
freezing room damper, opens the refrigerating room
damper, and operates an evaporator fan while stopping
the refrigerating cycle. In this manner, the refrigerator is
characterized to have the off cycle cooling mode that
performs heat exchange between the evaporator and air
in the refrigerating room, determines ON/OFF states of
the FC cooling mode and the PC cooling mode based on
a detected temperature of the FCC temperature sensor
or the PCC temperature sensor, and determine an
ON/OFF state of the off cycle cooling mode based on a
detected temperature of the DFP temperature sensor.
[0084] In this manner, a time for the off cycle cooling
is properly adjusted to make it possible to sufficiently se-
cure a time for the PC cooling, a change in temperature
of the upper part of the refrigerating room can be sup-
pressed, and an efficient refrigerating cycle is obtained
in the PC cooling state to make it possible to achieve
energy saving of refrigerator.
[0085] The refrigerator according to the present inven-
tion is characterized in that, under the normal condition,
cooling is performed by combining the FC cooling mode,
the PC cooling mode, and the off cycle cooling mode to
each other, and, under an overload condition, cooling is
performed by combining a simultaneous cooling mode
and the FC cooling mode to each other. In this manner,
an efficient PC cooling mode is maintained as long as
possible under the normal condition, and, under the high-
load condition, while continuing cooling in the freezing
room, amounts of cooling of the freezing room and the
refrigerating room are properly adjusted to make it pos-
sible to suppress the freezing room and the refrigerating
room from being increased in temperature.
[0086] The refrigerator according to the present inven-
tion includes a first storage room having an opening on
a front surface thereof, a second storage room having
an opening on a front surface thereof, a refrigerating cycle
having a cooler that generates cold air, a cooling fan that
circulates the cold air generated by the cooler to the first
storage room and the second storage room, a first damp-
er that allows the cold air flow caused by the cooling fan
to flow selectively into the first storage room, a second
damper that allows the cold air flow caused by the cooling
fan to flow selectively into the second storage room, and
a defrosting heater that melts frost adhering to the cooler
with heat. The refrigerator according to the present in-
vention includes an off cycle cooling mode that starts the
cooling fan when the refrigerating cycle is stopped, opens
the first damper or the second damper to cool the first
storage room or the second storage room, and a defrost-
ing mode that melts frost adhering to the cooler by the
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defrosting heater, and wherein the interval from the end
of a defrosting mode to the next defrosting mode can be
controlled.
[0087] With the configuration, in the refrigerator includ-
ing the freezing room damper, a defrosting interval can
be adjusted by predicting an amount of frost adhering to
the cooler, and the storage rooms can be prevented from
being increased in temperature in vain, so that an energy-
saving refrigerator can be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0088]

Fig. 1 is a vertical sectional view of a refrigerator
according to a first embodiment of the present inven-
tion.
Fig. 2 is a cycle block diagram of the refrigerator
according to the first embodiment of the present in-
vention.
Fig. 3 is a block diagram of the front surface of the
refrigerator according to the first embodiment of the
present invention.
Fig. 4 is a block diagram of the rear surface of the
refrigerator according to the first embodiment of the
present invention.
Fig. 5 is a schematic diagram of a control pattern of
the refrigerator according to the first embodiment of
the present invention.
Fig. 6 is a vertical sectional view of a refrigerator
according to a second embodiment of the present
invention.
Fig. 7 is a cycle block diagram of the refrigerator
according to the second embodiment of the present
invention.
Fig. 8 is a waveform chart of a temperature sensor
behavior of the refrigerator according to the second
embodiment of the present invention.
Fig. 9 is a flow chart showing control in a defrosting
state of the refrigerator according to the second em-
bodiment of the present invention.
Fig. 10 is a vertical sectional view of a refrigerator
according to a third embodiment of the present in-
vention.
Fig. 11 is a cycle block diagram of the refrigerator
according to the third embodiment of the present in-
vention.
Fig. 12 is a waveform chart of a temperature sensor
behavior of the refrigerator according to the third em-
bodiment of the present invention.
Fig. 13 is a vertical sectional view of a refrigerator
according to a fourth embodiment of the present in-
vention.
Fig. 14 is a cycle block diagram of the refrigerator
according to the fourth embodiment of the present
invention.
Fig. 15 is a diagram showing state transition and
switching conditions thereof in a cooling control of

the refrigerator according to the fourth embodiment
of the present invention.
Fig. 16 is a vertical sectional view of a refrigerator
according to a fifth embodiment of the present inven-
tion.
Fig. 17 is a graph showing a relationship between
an interval between defrosting modes and an inte-
grated time of an off cycle cooling mode in the re-
frigerator according to the fifth embodiment of the
present invention.
Fig. 18 is a graph showing a relationship between
an interval between defrosting modes and an inte-
grated door-open time in the refrigerator according
to the fifth embodiment of the present invention.
Fig. 19 is a graph showing a relationship between
an interval between defrosting modes and an out-
side-air humidity in the refrigerator according to the
fifth embodiment of the present invention.
Fig. 20 is a graph showing a relationship between
an interval between defrosting modes and an in-
room temperature setting in the fifth embodiment of
the present invention.
Fig. 21 is a cycle block diagram of a conventional
refrigerator.
Fig. 22 is a vertical sectional view of the conventional
refrigerator.
Fig. 23 is a cycle block diagram of the conventional
refrigerator.
Fig. 24 is a waveform chart of temperature behaviors
of a temperature sensor and an upper part of a re-
frigerating room in the conventional refrigerator.
Fig. 25 is a flow chart showing control in a defrosting
state of the conventional refrigerator.
Fig. 26 is a diagram showing state transition and
switching conditions thereof in a cooling control of
the conventional refrigerator.
Fig. 27 is a vertical sectional view of the conventional
refrigerator.
Fig. 28 is a flow chart showing control of the conven-
tional refrigerator.
Fig. 29 is a flow chart showing control of the conven-
tional refrigerator.
Fig. 30 is a flow chart showing control of the conven-
tional refrigerator.
Fig. 31 is a flow chart showing control of the conven-
tional refrigerator.

DESCRIPTION OF EMBODIMENTS

[0089] Embodiments of the present invention will be
described below with reference to the accompanying
drawings. However, the same reference numerals as in
the conventional technique denote the same parts in the
embodiments, and a description thereof will be omitted.
The present invention is not limited to the following em-
bodiments.
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FIRST EMBODIMENT

[0090] Fig. 1 is a vertical sectional view of a refrigerator
according to a first embodiment of the present invention,
Fig. 2 is a cycle block diagram of the refrigerator accord-
ing to the first embodiment of the present invention, Fig.
3 is a block diagram of the front surface of the refrigerator
according to the first embodiment of the present inven-
tion, Fig. 4 is a block diagram of the rear surface of the
refrigerator according to the first embodiment of the
present invention, and Fig. 5 is a schematic diagram of
a control pattern of the refrigerator according to the first
embodiment of the present invention.
[0091] In Fig. 1, refrigerator 11 includes casing 12, door
13, legs 14 supporting casing 12, and lower machine
chamber 15 arranged in a lower part of casing 12, upper
machine chamber 16 arranged on an upper part on the
rear surface of casing 12, refrigerating room 17 serving
as a storage room arranged in an upper part of casing
12, and freezing room 18 arranged in a lower part of
casing 12.
[0092] A refrigerating cycle includes compressor 19
stored in upper machine chamber 16, evaporator 20
stored on a rear surface side of freezing room 18, and
main condenser 21 having a large amount of radiated
heat in condensers stored in lower machine chamber 15.
[0093] The refrigerating cycle also includes partition
wall 22 partitioning lower machine chamber 15, condens-
er fan 23 that is attached to partition wall 22 to air-cool
main condenser 21, evaporating dish 24 stored on the
rear surface side of lower machine chamber 15, and bot-
tom plate 25 of lower machine chamber 15. In this case,
main condenser 21 is configured by a spiral fin tube ob-
tained by winding a strip-shaped fin on a cooling medium
pipe having an internal diameter of about 4.5 mm.
[0094] Lower machine chamber 15 includes plurality
of intakes 26 formed in bottom plate 25, outlet 27 formed
on the rear side of lower machine chamber 15, and com-
municating air trunk 28 that connects outlet 27 of lower
machine chamber 15 and upper machine chamber 16.
In this case, lower machine chamber 15 is divided into
two chambers by partition wall 22 to store main condens-
er 21 on the windward side of condenser fan 23 and evap-
orating dish 24 on the leeward side.
[0095] As shown in Fig. 2 to Fig. 4, as condensers, in
addition to main condenser 21, serving as sub-condens-
ers that radiate high-temperature heat of the refrigerating
cycle, first moisture-condensation-proof pipe 1 arranged
on an opening of freezing room 18 and second moisture-
condensation-proof pipe 2 arranged on the rear surface
side of casing 12 are installed.
[0096] Flow path switching valve 3 that connects first
moisture-condensation-proof pipe 1 and second mois-
ture-condensation-proof pipe 2 serving as the sub-con-
densers to the downstream side of main condenser 21,
meeting point 4 that connects the downstream side of
first moisture-condensation-proof pipe 1 and the down-
stream side of second moisture-condensation-proof pipe

2, dryer 5 arranged on the downstream side of meeting
point 4, and aperture diaphragm 6 arranged on the down-
stream side of dryer 5 are installed. In this case, first
moisture-condensation-proof pipe 1 and second mois-
ture-condensation-proof pipe 2 are configured by cooling
medium pipes each having an internal diameter of about
3.2 mm, and are thermally coupled to the outer surface
of casing 12.
[0097] An operation of the refrigerator according to the
first embodiment of the present invention configured as
described above will be described below.
[0098] Under a high-load condition, flow path switching
valve 3 is switched, a connection to first moisture-con-
densation-proof pipe 1 is opened, a connection to second
moisture-condensation-proof pipe 2 is opened, and con-
denser fan 23 is driven in conjunction with the operation
of compressor 19. By the drive of condenser fan 23, a
negative pressure is set on main condenser 21 side of
lower machine chamber 15 partitioned by partition wall
22 to suck outside air from plurality of intakes 26, and a
positive pressure is set on evaporating dish 24 side to
discharge air in lower machine chamber 15 from plurality
of outlets 27 to the outside.
[0099] On the other hand, most parts of the cooling
medium discharged from compressor 19 are condensed
while exchanging heat with outside air in main condenser
21 and then supplied to first moisture-condensation-
proof pipe 1 and second moisture-condensation-proof
pipe 2 through flow path switching valve 3. At this time,
an initial stage in which a cooling medium is condensed
is set in the pipe of main condenser 21, an amount of
gaseous cooling medium in main condenser 21 is larger
than that in first moisture-condensation-proof pipe 1 and
second moisture-condensation-proof pipe 2, and a flow
rate is relatively high in main condenser 21. For this rea-
son, a pipe having an internal diameter larger than that
of first moisture-condensation-proof pipe 1 or second
moisture-condensation-proof pipe 2, desirably, a pipe
having an internal diameter of 4 mm or more is preferably
used.
[0100] The cooling medium passing through first mois-
ture-condensation-proof pipe 1 radiates heat to the out-
side through casing 12 and is condensed while warming
the opening of freezing room 18, and the cooling medium
passing through second moisture-condensation-proof
pipe 2 radiates heat to the outside through casing 12 and
is condensed while warming the rear surface of casing
12. Liquid cooling medium passing through first moisture-
condensation-proof pipe 1 and second moisture-conden-
sation-proof pipe 2 is dehydrated by dryer 5, reduced in
pressure by aperture diaphragm 6, exchanges heat with
in-room air in refrigerating room 17 or freezing room 18
while being evaporated by evaporator 20, and backflows
to compressor 19 as a gaseous cooling medium.
[0101] As described above, under the high-load con-
dition, the cooling medium is caused to flow to first mois-
ture-condensation-proof pipe 1 and second moisture-
condensation-proof pipe 2 in parallel to reduce an
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amount of circulated cooling medium for each pipe, so
that a pressure loss caused by the moisture-condensa-
tion-proof pipes can be suppressed.
[0102] Under the normal condition, flow path switching
valve 3 is switched, a connection to first moisture-con-
densation-proof pipe 1 is closed, and a connection to
second moisture-condensation-proof pipe 2 is opened.
At this time, most parts of the cooling medium discharged
from compressor 19 are condensed while exchanging
heat with outside air in main condenser 21 and then sup-
plied to second moisture-condensation-proof pipe 2 serv-
ing as a sub-condenser through flow path switching valve
3. The cooling medium passing through second mois-
ture-condensation-proof pipe 2 radiates heat to the out-
side through casing 12 while warming the rear surface
of casing 12 and is condensed.
[0103] On the other hand, first moisture-condensation-
proof pipe 1 into which the cooling medium does not flow
from flow path switching valve 3 does not radiate heat
and has a temperature equal to a temperature therea-
round. At this time, a high-pressure cooling medium flows
from meeting point 4 into first moisture-condensation-
proof pipe 1 to almost fill first moisture-condensation-
proof pipe 1 with liquid cooling medium. In this manner,
the liquid cooling medium is kept accumulated and does
not move in the pipe of first moisture-condensation-proof
pipe 1 that is unused on the high-pressure side of the
refrigerating cycle, a total amount of cooling medium cir-
culated in the refrigerating cycle decreases. Thus, when
first moisture-condensation-proof pipe 1 or second mois-
ture-condensation-proof pipe 2 is switched to be unused,
in order to suppress the decrease in the amount of cooling
medium circulated in the refrigerating cycle, a pipe having
an internal diameter smaller than that of main condenser
21 is used, desirably, a pipe having an internal diameter
of less than 4 mm is preferably used.
[0104] Liquid cooling medium passing through second
moisture-condensation-proof pipe 2 is dehydrated by
dryer 5, reduced in pressure by aperture diaphragm 6,
exchanges heat with in-room air in refrigerating room 17
or freezing room 18 while being evaporated by evapora-
tor 20, and backflows to compressor 19 as a gaseous
cooling medium.
[0105] As described above, under the normal load con-
dition, first moisture-condensation-proof pipe 1 is un-
used, and the cooling medium is caused to flow in second
moisture-condensation-proof pipe 2, so that a heat load
caused by first moisture-condensation-proof pipe 1 can
be reduced. In the embodiment, first moisture-conden-
sation-proof pipe 1 is unused on the assumption that an
outside-air humidity is so low that dew condensation
around the opening of freezing room 18 need not be pre-
vented. However, when dew condensation need not be
prevented because the rear surface side of refrigerator
11 is in an open space, when an outside-air humidity is
relatively high, second moisture-condensation-proof
pipe 2 may be selected to be unused to cause the cooling
medium to flow in first moisture-condensation-proof pipe

1.
[0106] Depending on dew-condensation states around
casing 12, a user selectively uses first moisture-conden-
sation-proof pipe 1 and second moisture-condensation-
proof pipe 2 to make it possible to perform selection more
suitable for an installation environment, and a heat load
can be more efficiently reduced while avoiding the prob-
lem of occurrence of dew condensation.
[0107] Under a low-air-temperature condition, con-
denser fan 23 is stopped, and flow path switching valve
3 is switched, a connection to first moisture-condensa-
tion-proof pipe 1 is opened, and a connection to second
moisture-condensation-proof pipe 2 is opened. At this
time, the cooling medium discharged from compressor
19 passes through main condenser 21 while slightly ex-
changing heat with outside air and then is supplied to
first moisture-condensation-proof pipe 1 and second
moisture-condensation-proof pipe 2 through flow path
switching valve 3.
[0108] In this case, condenser fan 23 is stopped to
avoid a dull cooling state. When condenser fan 23 is driv-
en under the low-air-temperature condition, all the cool-
ing medium is condensed by main condenser 21, and an
amount of cooling medium supplied to evaporator 20 is
short to easily cause a dull cooling state in which freezing
room 18 is dully cooled. In particular, in terms of suppres-
sion of a pressure loss under the high-load condition or
the normal load condition, as main condenser 21, a pipe
having an internal diameter larger than that of first mois-
ture-condensation-proof pipe 1 or second moisture-con-
densation-proof pipe 2 serving as the sub-condenser.
For this reason, when liquid cooling medium is accumu-
lated, an amount of cooling medium is easily short.
[0109] Thus, condenser fan 23 is stopped, and the
cooling medium is caused to flow into first moisture-con-
densation-proof pipe 1 and second moisture-condensa-
tion-proof pipe 2 in parallel, so that a condensation ca-
pacity of the refrigerating cycle is secured while sup-
pressing a pressure loss.
[0110] The cooling medium passing through first mois-
ture-condensation-proof pipe 1 radiates heat to the out-
side through casing 12 and is condensed while warming
the opening of freezing room 18, and the cooling medium
passing through second moisture-condensation-proof
pipe 2 radiates heat to the outside through casing 12 and
is condensed while warming the rear surface of casing
12. Liquid cooling medium passing through first moisture-
condensation-proof pipe 1 and second moisture-conden-
sation-proof pipe 2 is dehydrated by dryer 5, reduced in
pressure by aperture diaphragm 6, exchanges heat with
in-room air in refrigerating room 17 or freezing room 18
while being evaporated by evaporator 20, and backflows
to compressor 19 as a gaseous cooling medium.
[0111] As described above, under the low-air-temper-
ature condition, condenser fan 23 is stopped, the cooling
medium is caused to flow into first moisture-condensa-
tion-proof pipe 1 and second moisture-condensation-
proof pipe 2, so that a pressure loss caused by the mois-
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ture-condensation-proof pipes can be suppressed while
avoiding a dull cooling state caused by shortage of the
amount of cooling medium.
[0112] The ranges of the high-load condition, the nor-
mal condition, and the low-air-temperature condition
serving as operation conditions of the refrigerating cycle
will be described below.
[0113] In Fig. 5, the abscissa indicates an outside-air
temperature around a position at which refrigerator 11 is
installed, the ordinate indicates an amount of circulated
cooling medium in the refrigerating cycle, and a range
surrounded by a frame typically shows an operation
range of the refrigerating cycle. Operation ranges indi-
cated by P, Q, and R show the high-load condition, the
normal condition, and the low-air-temperature condition,
respectively.
[0114] In general, since an outside-air temperature at
which a dull cooling state caused by shortage of an
amount of cooling medium easily occurs is 10°C or less,
operation range R including a range in which at least an
outside-air temperature is 10°C or less is desirably set
as the range of the low-air-temperature condition. Oper-
ation range P in which an outside-air temperature higher
than that in operation range R is set and an amount of
circulated cooling medium is a predetermined value or
more is set as a range of the high-load condition, and
operation range Q in which an outside-air temperature
higher than that in operation range R is set and an amount
of circulated cooling medium is less than a predetermined
value is set as a range of the normal condition.
[0115] When R600a is used as the cooling medium,
since pressure losses of first moisture-condensation-
proof pipe 1 and second moisture-condensation-proof
pipe 2 become large at, in particular, an amount of cir-
culated cooling medium of 1.5 kg/h or more, a range in
which at least an amount of cooling medium is 1.5 kg/h
or more is desirably included in operation range P.
[0116] In a household refrigerator including a variable-
speed compressor, under a normal use condition, an
amount of circulated cooling medium exceeds 1.5 kg/h
when a rotating speed of the compressor is 42 r/s or
more. For this reason, when operation range P is provid-
ed when the rotating speed is provided at least 42 r/s or
more, the same effect as described above can be ex-
pected. Similarly, in a household refrigerator including a
variable-speed compressor, under a normal use condi-
tion, an amount of circulated cooling medium is less than
1.5 kg/h when a rotating speed of the compressor is 30
r/s or more. For this reason, when operation range Q is
set when the rotating speed is set at least 30 r/s or less,
the same effect as described above can be expected.
[0117] Based on temperatures of an outside-air tem-
perature, the components of the refrigerating cycle, and
the like, of operation ranges P, Q, and R, a specific op-
eration range in which an operation state of the refriger-
ating cycle is set is estimated. Controls under the high-
load condition, the normal condition, and the low-air-tem-
perature condition are performed, so that a pressure loss

or a heat load caused by the moisture-condensation-
proof pipes can be controlled.
[0118] As described above, in the refrigerator accord-
ing to the embodiment, first moisture-condensation-proof
pipe 1 and second moisture-condensation-proof pipe 2
are connected to the downstream side of main condenser
21 in parallel through flow path switching valve 3, so that
a pressure loss and a heat load caused by first moisture-
condensation-proof pipe 1 and second moisture-conden-
sation-proof pipe 2 are adjusted and controlled depend-
ing on an installation environment and an operation state
of the refrigerator.
[0119] In this manner, first moisture-condensation-
proof pipe 1 and second moisture-condensation-proof
pipe 2 are simultaneously used in parallel in a high-load
state in which an amount of circulated cooling medium
is large to make it possible to reduce the amount of cir-
culated cooling medium and to suppress a pressure loss,
and first moisture-condensation-proof pipe 1 is unused
in a normal-load state in which an amount of circulated
cooling medium is small to make it possible to suppress
a heat load caused by first moisture-condensation-proof
pipe 1.

SECOND EMBODIMENT

[0120] Fig. 6 is a vertical sectional view of a refrigerator
according to a second embodiment of the present inven-
tion, Fig. 7 is a cycle block diagram of the refrigerator
according to the second embodiment of the present in-
vention, Fig. 8 is a waveform chart of a temperature sen-
sor behavior of the refrigerator according to the second
embodiment of the present invention, and Fig. 9 is a flow
chart showing control in a defrosting state of the refrig-
erator according to the second embodiment of the
present invention.
[0121] In Fig. 6 and Fig. 7, refrigerator 11 includes cas-
ing 12, door 13, legs 14 supporting casing 12, lower ma-
chine chamber 15 arranged in a lower part of casing 12,
upper machine chamber 16 arranged in the upper part
of casing 12, refrigerating room 17 arranged in an upper
part of casing 12, and freezing room 18 arranged in the
lower part of casing 12. As components constituting the
refrigerating cycle, refrigerator 11 includes compressor
19 stored in upper machine chamber 16, evaporator 20
stored on a rear side of freezing room 18, and main con-
denser 21 stored in lower machine chamber 15.
[0122] Refrigerator 11 includes partition wall 22 parti-
tioning lower machine chamber 15, condenser fan 23
that air-cools main condenser 21 attached to partition
wall 22, evaporating dish 24 arranged on a leeward side
of partition wall 22, and bottom plate 25 of lower machine
chamber 15.
[0123] Refrigerator 11 also includes plurality of intakes
26 formed in bottom plate 25, outlet 27 formed on the
rear side of lower machine chamber 15, and communi-
cating air trunk 28 that connects outlet 27 of lower ma-
chine chamber 15 and upper machine chamber 16. In
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this case, lower machine chamber 15 is divided into two
chambers by partition wall 22 to store main condenser
21 on the windward side of condenser fan 23 and evap-
orating dish 24 on the leeward side.
[0124] As components constituting the refrigerating cy-
cle, refrigerator 11 includes moisture-condensation-
proof pipe 41 located on the downstream side of main
condenser 21 and thermally coupled to the outer surface
of casing 12 around the opening of freezing room 18,
dryer 42 located on the downstream side of moisture-
condensation-proof pipe 41 to dry a circulated cooling
medium, and aperture diaphragm 43 that couples dryer
42 and evaporator 20 to reduce the pressure of the cir-
culated cooling medium.
[0125] The components also include evaporator fan 30
that supplies cold air generated by evaporator 20 to re-
frigerating room 17 and freezing room 18, freezing room
damper 31 that shields cold air supplied to freezing room
18, refrigerating room damper 32 that shields cold air
supplied to refrigerating room 17, duct 33 that supplies
cold air to refrigerating room 17, FCC temperature sensor
34 that detects the temperature of freezing room 18, PCC
temperature sensor 35 that detects the temperature of
refrigerating room 17, DFP temperature sensor 36 that
is located in the upper part of refrigerating room 17 and
detects the temperature of refrigerating room 17 at a po-
sition higher than that of PCC temperature sensor 35,
and warming heater 44 installed in a lower part of evap-
orator 20 and serving as an auxiliary heat source.
[0126] In this case, duct 33 is formed along a wall sur-
face to which refrigerating room 17 and upper machine
chamber 16 are adjacent, a part of cold air passing
through duct 33 is discharged from a position near the
center of the refrigerating room, and most of the cold air
passes through the wall surface to which upper machine
chamber 16 is adjacent while cooling the wall surface
and then is discharged from the upper part of refrigerating
room 17.
[0127] An operation of the refrigerator according to the
second embodiment of the present invention configured
as described above will be described below.
[0128] When a temperature detected by DFP temper-
ature sensor 36 increases to an ON temperature serving
as a predetermined value, freezing room damper 31 is
closed in a stop state of compressor 19, and refrigerating
room damper 32 is opened to drive evaporator fan 30.
[0129] In this manner, evaporator 20 and low-temper-
ature sensible heat of frost adhering thereto, and latent
heat of melting of the frost are used to cool refrigerating
room 17 (the operation is referred to as "off cycle cooling"
hereinafter). When the temperature detected by DFP
temperature sensor 36 decreases to an OFF temperature
serving as a predetermined value, freezing room damper
31 is closed, and refrigerating room damper 32 are closed
to stop evaporator fan 30 (this operation is referred to as
"cooling stop" hereinafter).
[0130] When a temperature detected by PCC temper-
ature sensor 35 increases to an ON temperature serving

as a predetermined value during off cycle cooling or stop-
page of cooling, freezing room damper 31 is closed, and
refrigerating room damper 32 is opened to drive com-
pressor 19, condenser fan 23, and evaporator fan 30.
[0131] By the drive of condenser fan 23, a negative
pressure is set on main condenser 21 side of lower ma-
chine chamber 15 partitioned by partition wall 22 to suck
outside air from plurality of intakes 26, and a positive
pressure is set on evaporating dish 24 side to discharge
air in lower machine chamber 15 from plurality of outlets
27 to the outside. Air discharged from lower machine
chamber 15 is sent to upper machine chamber 16 through
communicating air trunk 28 to cool compressor 19.
[0132] On the other hand, most parts of the cooling
medium discharged from compressor 19 are condensed
while exchanging heat with outside air in main condenser
21 and then supplied to moisture-condensation-proof
pipe 41. The cooling medium passing through moisture-
condensation-proof pipe 41 radiates heat to the outside
through casing 12 while warming the opening of freezing
room 18 and is condensed.
[0133] Liquid cooling medium passing through mois-
ture-condensation-proof pipe 41 is dehydrated by dryer
42, reduced in pressure by aperture diaphragm 43, ex-
changes heat with in-room air in refrigerating room 17
while being evaporated by evaporator 20, and backflows
to compressor 19 as a gaseous cooling medium while
cooling refrigerating room 17 (the operation is referred
to as "PC cooling" hereinafter").
[0134] When a temperature detected by PCC temper-
ature sensor 35 decreases to an OFF temperature serv-
ing as a predetermined value, or when a temperature
detected by FCC temperature sensor 34 increases to an
ON temperature serving as a predetermined value, freez-
ing room damper 31 is opened, and refrigerating room
damper 32 is closed to drive compressor 19, condenser
fan 23, and evaporator fan 30.
[0135] When refrigerating cycle is operated like the PC
cooling, heat exchange between the in-room air in freez-
ing room 18 and evaporator 20 is performed to cool freez-
ing room 18 (the operation is referred to "FC cooling"
hereinafter). When a temperature detected by FCC tem-
perature sensor 34 decreases to an OFF temperature
serving as a predetermined value, a cooling stop opera-
tion is performed.
[0136] The off cycle cooling operates in preference to
the cooling stop during stoppage of cooling, and does
not operate during the PC cooling and the FC cooling.
The PC cooling and the FC cooling are operated in pref-
erence to the off cycle cooling.
[0137] The OFF temperature at which the off cycle
cooling is stopped is set to be higher than the ON tem-
perature at which the PC cooling is started. As a result,
in a normal operation, a series of operations including
the PC cooling, the FC cooling, and the cooling stop are
sequentially repeated as a basic operation. While the PC
cooling operation and the FC cooling operation are not
performed, the cooling stop and the off cycle cooling are
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repeatedly performed several times.
[0138] In Fig. 8, section a corresponds to the PC cool-
ing operation, section b corresponds to the FC cooling
operation, section c corresponds to the off cycle cooling
operation, and section d corresponds to the cooling stop
operation. The series of operations keep the temperature
of evaporator 20 in PC cooling higher than that in FC
cooling to make it possible to improve the efficiency of
the refrigerating cycle, and by recycling latent heat of
melting of frost adhering to evaporator 20 by off cycle
cooling, the capability of the refrigerating cycle required
to cool refrigerating room 17 is reduced while reducing
heater electric power (not shown) in a defrosting state to
make it possible to achieve energy saving.
[0139] Based on DFP temperature sensor 36 arranged
in the upper part of refrigerating room 17 having a rela-
tively large change in temperature, while the PC cooling
and FC cooling operations are not performed, off cycle
cooling is performed several times to make it possible to
accurately adjust a ratio of the off cycle cooling that cools
refrigerating room 17 to the PC cooling. For this reason,
an operation time for the PC cooling can be properly se-
cured.
[0140] With an increase in detected temperature of
PCC temperature sensor 35 or FCC temperature sensor
34, even the off cycle cooling is stopped, and the oper-
ation is preferentially switched to the PC cooling or the
FC cooling to make it possible to properly secure oper-
ation times for the PC cooling and the FC cooling, so that
changes in temperature of refrigerating room 17 and
freezing room 18 can be suppressed.
[0141] The OFF temperature at which the off cycle
cooling is stopped is set to be higher than the ON tem-
perature at which the PC cooling is started, and the off
cycle cooling is controlled while keeping the temperature
of DFP temperature sensor 36 arranged in the upper part
of refrigerating room 17 having a relatively high temper-
ature relatively higher than the temperature of the PCC
temperature sensor to make it possible to suppress a
change in temperature of the upper part of refrigerating
room 17. In the embodiment, the OFF temperature at
which the off cycle cooling is stopped is set to be higher
than the ON temperature at which the PC cooling is start-
ed. However, even though the OFF temperature at which
the off cycle cooling is stopped is set to be higher than
the OFF temperature at which the PC cooling is stopped,
the same effect as described above can be obtained.
[0142] Duct 33 is formed on the wall surface of refrig-
erating room 17 adjacent to upper machine chamber 16
having a temperature higher than that of outside air to
increase the temperature of cold air cooling refrigerating
room 17 in off cycle cooling and PC cooling, in particular,
the temperature of cold air cooling the upper part of re-
frigerating room 17 so as to avoid the upper part of re-
frigerating room 17 from being over-cooled and to make
it possible to further suppress a variation in temperature
of the upper part of refrigerating room 17. Furthermore,
since the upper part of refrigerating room 17 can be avoid-

ed from being over-cooled, a flow rate of cold air cooling
refrigerating room 17 in PC cooling can be increased,
the heat exchange efficiency of evaporator 20 is im-
proved to make it possible to obtain higher efficiency of
the refrigerating cycle in PC cooling.
[0143] After the normal operation configured by one
series of operations including the PC cooling, FC cooling,
off cycle cooling, and cooling stop operations is continued
for a predetermined period of time, in order to remove
frost adhering to evaporator 20, off cycle cooling for a
relatively long period of time is performed while using
warming heater 44 as required (this operation is referred
to as "off cycle defrost" hereinafter). In Fig. 9, the oper-
ations from "freezing room damper is closed" to "deter-
mination of end of defrost" configure a control flow of off
cycle defrost.
[0144] Immediately before the PC cooling is started,
when the normal operation is performed for a predeter-
mined period of time or longer, "start of defrost" is deter-
mined. This is because, since frost adhering to evapora-
tor 20 is melted and removed by using an amount of heat
in refrigerating room 17, a timing at which a temperature
in refrigerating room 17 is relatively high and the amount
of heat is large is targeted.
[0145] An amount of food stored in refrigerating room
17 is determined. Warming heater 44 is not energized
when the amount of food is large, and warming heater
44 is energized when the amount of food is small. There-
after, as one series of operations of off cycle defrost,
freezing room damper 31 is closed in a state in which
compressor 19 is stopped, refrigerating room damper 32
is opened to drive evaporator fan 30, thereby defrosting
evaporator 20.
[0146] A method of estimating an amount of food
stored in refrigerating room 17 is described here. Since
the PC cooling that mainly cools refrigerating room 17 is
controlled based on PCC temperature sensor 35, an av-
erage value of temperatures detected by PCC tempera-
ture sensor 35 has a good correlation with a temperature
of food stored in refrigerating room 17.
[0147] On the other hand, as shown in Fig. 8, DFP
temperature sensor 36 that detects a temperature of the
upper part of refrigerating room 17 exhibits a temperature
relatively higher than that of PCC temperature sensor 35
in the modes (b, c, and d) except for the PC cooling and
tends to be close to the temperature of PCC temperature
sensor 35 in the PC cooling (a). This is because cold air
is mainly supplied from the upper part of refrigerating
room 17 through duct 33.
[0148] As a result, when an amount of food stored in
refrigerating room 17 is relatively large, and when a heat
capacity in refrigerating room 17 is large, a total amount
of cold air supplied from the upper part of refrigerating
room 17 becomes large, the temperature detected by
DFP temperature sensor 36 decreases to a temperature
that is almost equal to that of PCC temperature sensor
35 or lower than that of PCC temperature sensor 35. On
the other hand, when an amount of food stored in refrig-
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erating room 17 is relatively small, and when a heat ca-
pacity in refrigerating room 17 is small, a temperature
detected by DFP temperature sensor 36 decreases to
up to a temperature relatively higher than that of PCC
temperature sensor 35.
[0149] Thus, for example, the lowest value of the de-
tected temperature of DFP temperature sensor 36 is low-
er than the detected temperature of PCC temperature
sensor 35 at the same time by a predetermined value or
more, it can be determined that an amount of food stored
in refrigerating room 17 is large. Similarly, depending on
a difference between temperature behaviors in off cycle
cooling, an amount of food stored in refrigerating room
17 can also be determined. However, since a change in
temperature in PC cooling is larger than that in off cycle
cooling, excellent detection accuracy can be obtained.
[0150] The refrigerator in the embodiment, based on
a difference between temperature behaviors of DFP tem-
perature sensor 36 and PCC temperature sensor 35 in
PC cooling, estimates an amount of food stored in refrig-
erating room 17. For this reason, an amount of heat held
by the food stored in refrigerating room 17 can be directly
estimated, an output from warming heater 44 can be ac-
curately adjusted.
[0151] When a DEF temperature sensor (not shown)
that detects a temperature of evaporator 20 detects a
temperature higher than 0°C, "determination of end of
defrost" is determined, more specifically, it is determined
that frost adhering to evaporator 20 can be completely
removed, the operation of off cycle defrost is ended to
return to the normal operation after energization of warm-
ing heater 44 is stopped.
[0152] By the off cycle defrost, in particular, when an
amount of food stored in refrigerating room 17 is large,
warming heater 44 is not used, and, at the same time,
the capability of a refrigerating cycle required to cool re-
frigerating room 17 is reduced to make it possible to
achieve energy saving. At this time, since an amount of
food stored in refrigerating room 17 is large, an amount
of heat required to defrost evaporator 20 can be secured.
For this reason, the off cycle deaf can be ended within
an appropriate time.
[0153] In the off cycle defrost, when an amount of food
stored in refrigerating room 17 is small, by using warming
heater 44, both an amount of food stored in refrigerating
room 17 and electric power output from warming heater
44 are used as heat sources to reduce the electric power
of warming heater 44. Furthermore, the capability of a
refrigerating cycle required to cool refrigerating room 17
is reduced to make it possible to achieve energy saving.
At this time, the amount of heat of the food stored in
refrigerating room 17 is compensated for the electric
power output from warming heater 44 to make it possible
to secure an amount of heat required to defrost evapo-
rator 20. For this reason, the off cycle defrost can be
ended within an appropriate time.
[0154] In the refrigerator according to the embodiment,
warming heater 44 is turned on/off to adjust the heat

source in off cycle defrost. However, when an output from
warming heater 44 is selected such that the output is set
to be high when an amount of food stored in refrigerating
room 17 is large and set to be low when the amount of
food is small, the same effect as described above is ex-
pected.
[0155] As described above, in the refrigerator accord-
ing to the embodiment having an off cycle defrost mode
in which evaporator 20 is defrosted while cooling refrig-
erating room 17 during stoppage of the refrigerating cy-
cle, an amount of food stored in the refrigerating room is
detected before the off cycle defrost, and, after an output
from the warming heater to be accessorily used is se-
lected, the off cycle defrost is performed to make it pos-
sible to appropriately control a time required for the off
cycle defrost. The refrigerator according to the embodi-
ment suppresses an increase in temperature of the re-
frigerating room or the freezing room during the off cycle
defrost and reduces electric power of the warming heater
required for defrost to make it possible to achieve energy
saving of refrigerator.

THIRD EMBODIMENT

[0156] Fig. 10 is a vertical sectional view of a refriger-
ator according to a third embodiment of the present in-
vention, Fig. 11 is a cycle block diagram of the refrigerator
according to the third embodiment of the present inven-
tion, and Fig. 12 is a waveform chart of a temperature
sensor behavior of the refrigerator according to the third
embodiment of the present invention.
[0157] In Fig. 10 and Fig. 11, refrigerator 11 includes
casing 12, door 13, legs 14 supporting casing 12, lower
machine chamber 15 arranged in a lower part of casing
12, upper machine chamber 16 arranged in the upper
part of casing 12, refrigerating room 17 arranged in an
upper part of casing 12, and freezing room 18 arranged
in the lower part of casing 12. As components constituting
the refrigerating cycle, refrigerator 11 includes compres-
sor 19 stored in upper machine chamber 16, evaporator
20 stored on a rear side of freezing room 18, and main
condenser 21 stored in lower machine chamber 15. Re-
frigerator 11 includes partition wall 22 partitioning lower
machine chamber 15, condenser fan 23 that air-cools
main condenser 21 attached to partition wall 22, evapo-
rating dish 24 arranged on a leeward side of partition wall
22, and bottom plate 25 of lower machine chamber 15.
[0158] Refrigerator 11 also includes plurality of intakes
26 formed in bottom plate 25, outlet 27 formed on the
rear side of lower machine chamber 15, and communi-
cating air trunk 28 that connects outlet 27 of lower ma-
chine chamber 15 and upper machine chamber 16. In
this case, lower machine chamber 15 is divided into two
chambers by partition wall 22 to store main condenser
21 on the windward side of condenser fan 23 and evap-
orating dish 24 on the leeward side.
[0159] As components constituting the refrigerating cy-
cle, refrigerator 11 includes moisture-condensation-
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proof pipe 37 located on the downstream side of main
condenser 21 and thermally coupled to the outer surface
of casing 12 around the opening of freezing room 18,
dryer 38 located on the downstream side of moisture-
condensation-proof pipe 37 to dry a circulated cooling
medium, and aperture diaphragm 39 that couples dryer
38 and evaporator 20 to reduce the pressure of the cir-
culated cooling medium.
[0160] The components also include evaporator fan 30
that supplies cold air generated by evaporator 20 to re-
frigerating room 17 and freezing room 18, freezing room
damper 31 that shields cold air supplied to freezing room
18, refrigerating room damper 32 that shields cold air
supplied to refrigerating room 17, duct 33 that supplies
cold air to refrigerating room 17, FCC temperature sensor
34 that detects the temperature of freezing room 18, PCC
temperature sensor 35 that detects the temperature of
refrigerating room 17, and DFP temperature sensor 36
that is located in the upper part of refrigerating room 17
and detects the temperature of refrigerating room 17 at
a position higher than that of PCC temperature sensor 35.
[0161] In this case, duct 33 is formed along a wall sur-
face to which refrigerating room 17 and upper machine
chamber 16 are adjacent, a part of cold air passing
through duct 33 is discharged from a position near the
center of the refrigerating room, and most of the cold air
passes through the wall surface to which upper machine
chamber 16 is adjacent while cooling the wall surface
and then is discharged from the upper part of refrigerating
room 17.
[0162] An operation of the refrigerator according to the
third embodiment of the present invention configured as
described above will be described below.
[0163] When a temperature detected by DFP temper-
ature sensor 36 increases to an ON temperature serving
as a predetermined value, freezing room damper 31 is
closed in a stop state of compressor 19, and refrigerating
room damper 32 is opened to drive evaporator fan 30.
[0164] In this manner, evaporator 20 and low-temper-
ature sensible heat of frost adhering thereto, and latent
heat of melting of the frost are used to cool refrigerating
room 17 (the operation is referred to as "off cycle cooling"
hereinafter). When the temperature detected by DFP
temperature sensor 36 decreases to an OFF temperature
serving as a predetermined value, freezing room damper
31 is closed, and refrigerating room damper 32 are closed
to stop evaporator fan 30 (this operation is referred to as
"cooling stop" hereinafter).
[0165] When a temperature detected by PCC temper-
ature sensor 35 increases to an ON temperature serving
as a predetermined value during off cycle cooling or stop-
page of cooling, freezing room damper 31 is closed, and
refrigerating room damper 32 is opened to drive com-
pressor 19 and condenser fan 23. By the drive of con-
denser fan 23, a negative pressure is set on main con-
denser 21 side of lower machine chamber 15 partitioned
by partition wall 22 to suck outside air from plurality of
intakes 26, and a positive pressure is set on evaporating

dish 24 side to discharge air in lower machine chamber
15 from plurality of outlets 27 to the outside. Air dis-
charged from lower machine chamber 15 is sent to upper
machine chamber 16 through communicating air trunk
28 to cool compressor 19.
[0166] On the other hand, most parts of the cooling
medium discharged from compressor 19 are condensed
while exchanging heat with outside air in main condenser
21 and then supplied to moisture-condensation-proof
pipe 37. The cooling medium passing through moisture-
condensation-proof pipe 37 radiates heat to the outside
through casing 12 while warming the opening of freezing
room 18 and is condensed. Liquid cooling medium pass-
ing through moisture-condensation-proof pipe 37 is de-
hydrated by dryer 38, reduced in pressure by aperture
diaphragm 39, exchanges heat with in-room air in refrig-
erating room 17 while being evaporated by evaporator
20, and backflows to compressor 19 as a gaseous cooling
medium while cooling refrigerating room 17 (the opera-
tion is referred to as "PC cooling" hereinafter").
[0167] When a temperature detected by PCC temper-
ature sensor 35 decreases to an OFF temperature serv-
ing as a predetermined value, or when a temperature
detected by FCC temperature sensor 34 increases to an
ON temperature serving as a predetermined value, freez-
ing room damper 31 is opened, and refrigerating room
damper 32 is closed to drive compressor 19, condenser
fan 23, and evaporator fan 30. When refrigerating cycle
is operated like the PC cooling, heat exchange between
the in-room air in freezing room 18 and evaporator 20 is
performed to cool freezing room 18 (the operation is re-
ferred to "FC cooling" hereinafter). When a temperature
detected by FCC temperature sensor 34 decreases to
an OFF temperature serving as a predetermined value,
a cooling stop operation is performed.
[0168] The off cycle cooling operates in preference to
the cooling stop during stoppage of cooling, and does
not operate during the PC cooling and the FC cooling.
The PC cooling and the FC cooling are operated in pref-
erence to the off cycle cooling. The OFF temperature at
which the off cycle cooling is stopped is set to be higher
than the ON temperature at which the PC cooling is start-
ed. As a result, in a normal operation, a series of opera-
tions including the PC cooling, the FC cooling, and the
cooling stop are sequentially repeated as a basic oper-
ation. While the PC cooling operation and the FC cooling
operation are not performed, the cooling stop and the off
cycle cooling are repeatedly performed several times.
[0169] In Fig. 12, section a corresponds to the PC cool-
ing operation, section b corresponds to the FC cooling
operation, section c corresponds to the off cycle cooling
operation, and section d corresponds to the cooling stop
operation. The series of operations keep the temperature
of evaporator 20 in PC cooling higher than that in FC
cooling to make it possible to improve the efficiency of
the refrigerating cycle, and by recycling latent heat of
melting of frost adhering to evaporator 20 by off cycle
cooling, the capability of the refrigerating cycle required
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to cool refrigerating room 17 is reduced while reducing
heater electric power (not shown) in a defrosting state to
make it possible to achieve energy saving.
[0170] Based on DFP temperature sensor 36 arranged
in the upper part of refrigerating room 17 having a rela-
tively large change in temperature, while the PC cooling
and FC cooling operations are not performed, off cycle
cooling is performed several times to make it possible to
accurately adjust a ratio of the off cycle cooling that cools
refrigerating room 17 to the PC cooling. For this reason,
an operation time for the PC cooling can be properly se-
cured.
[0171] With an increase in detected temperature of
PCC temperature sensor 35 or FCC temperature sensor
34, even the off cycle cooling is stopped, and the oper-
ation is preferentially switched to the PC cooling or the
FC cooling to make it possible to properly secure oper-
ation times for the PC cooling and the FC cooling, so that
changes in temperature of refrigerating room 17 and
freezing room 18 can be suppressed.
[0172] The OFF temperature at which the off cycle
cooling is stopped is set to be higher than the ON tem-
perature at which the PC cooling is started, and the off
cycle cooling is controlled while keeping the temperature
of DFP temperature sensor 36 arranged in the upper part
of refrigerating room 17 having a relatively high temper-
ature relatively higher than the temperature of the PCC
temperature sensor to make it possible to suppress a
change in temperature of the upper part of refrigerating
room 17.
[0173] In the embodiment, the OFF temperature at
which the off cycle cooling is stopped is set to be higher
than the ON temperature at which the PC cooling is start-
ed. However, even though the OFF temperature at which
the off cycle cooling is stopped is set to be higher than
the OFF temperature at which the PC cooling is stopped,
the same effect as described above can be obtained.
[0174] Duct 33 is formed on the wall surface of refrig-
erating room 17 adjacent to upper machine chamber 16
having a temperature higher than that of outside air to
increase the temperature of cold air cooling refrigerating
room 17 in off cycle cooling and PC cooling, in particular,
a temperature of the cold air cooling the upper part of
refrigerating room 17, so that the upper part of refriger-
ating room 17 is avoided from being overcooled to make
it possible to further suppress a variation in temperature
of the upper part of refrigerating room 17. Furthermore,
since the upper part of refrigerating room 17 can be avoid-
ed from being overcooled, a flow rate of cold air cooling
refrigerating room 17 in the PC cooling state can be in-
creased, and the heat exchange efficiency of evaporator
20 is improved to make it possible to obtain higher refrig-
erating cycle efficiency in the PC cooling state.
[0175] As described above, in the refrigerator accord-
ing to the embodiment having, in addition to an FC cooling
mode (b) and a PC cooling mode (a), an off cycle cooling
mode (c) that cools refrigerating room 17 during stoppage
of a refrigerating cycle, independently of control of the

FC cooling mode (b) and the PC cooling mode (a), the
off cycle cooling mode (c) is controlled based on a de-
tected temperature of DFP temperature sensor 36 in-
stalled at a position higher than that of PCC temperature
sensor 35 that controls the PC cooling and having a
change in temperature larger than that of PCC temper-
ature sensor 35 to properly adjust a time for the off cycle
cooling. As a result, a time for the PC cooling can be
sufficiently secured, and a change in temperature of re-
frigerating room 17 can be suppressed.

FOURTH EMBODIMENT

[0176] Fig. 13 is a vertical sectional view of a refriger-
ator according to a fourth embodiment of the present in-
vention, Fig. 14 is a cycle block diagram of the refrigerator
according to the fourth embodiment of the present inven-
tion, and Fig. 15 is a diagram showing state transition
and switching conditions thereof in a cooling control of
the refrigerator according to the fourth embodiment of
the present invention.
[0177] In Fig. 13 and Fig. 14, refrigerator 11 includes
casing 12, door 13, legs 14 supporting casing 12, lower
machine chamber 15 arranged in a lower part of casing
12, upper machine chamber 16 arranged in the upper
part of casing 12, refrigerating room 17 arranged in an
upper part of casing 12, and freezing room 18 arranged
in the lower part of casing 12.
[0178] As components constituting the refrigerating cy-
cle, refrigerator 11 includes compressor 19 stored in up-
per machine chamber 16, evaporator 20 stored on a rear
side of freezing room 18, and main condenser 21 stored
in lower machine chamber 15. Refrigerator 11 includes
partition wall 22 partitioning lower machine chamber 15,
condenser fan 23 that air-cools main condenser 21 at-
tached to partition wall 22, evaporating dish 24 arranged
on a leeward side of partition wall 22, and bottom plate
25 of lower machine chamber 15.
[0179] In this case, compressor 19 is a variable-speed
compressor and uses 6-step rotating speeds selected
from 20 to 80 r/s. This is because freezing capability is
adjusted by switching the rotating speed of compressor
19 in the six steps of low to high speeds while avoiding
the pipes or the like from being resonant. Compressor
19 operates at a low speed at the start, and the speed
of compressor 19 increases when an operation time for
cooling refrigerating room 17 or freezing room 18 be-
comes long.
[0180] This is because the low speed that is most ef-
ficient is mainly used, and a proper relative high rotating
speed is used for an increase in load of refrigerating room
17 or freezing room 18 caused by a high outside-air tem-
perature or opening/closing the door.
[0181] At this time, although the rotating speed of com-
pressor 19 is controlled independently of a cooling oper-
ation mode of refrigerator 11, a rotating speed at the start
of the PC cooling mode having a high evaporating tem-
perature and relatively high freezing capability may be
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set to be lower than that in the FC cooling mode. With a
decrease in temperature of refrigerating room 17 or freez-
ing room 18, the freezing capability may be adjusted while
reducing the speed of compressor 19.
[0182] Refrigerator 11 also includes plurality of intakes
26 formed in bottom plate 25, outlet 27 formed on the
rear side of lower machine chamber 15, and communi-
cating air trunk 28 that connects outlet 27 of lower ma-
chine chamber 15 and upper machine chamber 16. In
this case, lower machine chamber 15 is divided into two
chambers by partition wall 22 to store main condenser
21 on the windward side of condenser fan 23 and evap-
orating dish 24 on the leeward side.
[0183] As components constituting the refrigerating cy-
cle, refrigerator 11 includes moisture-condensation-
proof pipe 37 located on the downstream side of main
condenser 21 and thermally coupled to the outer surface
of casing 12 around the opening of freezing room 18,
dryer 38 located on the downstream side of moisture-
condensation-proof pipe 37 to dry a circulated cooling
medium, and aperture diaphragm 39 that couples dryer
38 and evaporator 20 to reduce the pressure of the cir-
culated cooling medium.
[0184] The components also include evaporator fan 30
that supplies cold air generated by evaporator 20 to re-
frigerating room 17 and freezing room 18, freezing room
damper 31 that shields cold air supplied to freezing room
18, refrigerating room damper 32 that shields cold air
supplied to refrigerating room 17, duct 33 that supplies
cold air to refrigerating room 17, FCC temperature sensor
34 that detects the temperature of freezing room 18, PCC
temperature sensor 35 that detects the temperature of
refrigerating room 17, and DFP temperature sensor 36
that is located in the upper part of refrigerating room 17
and detects the temperature of refrigerating room 17 at
a position higher than that of PCC temperature sensor 35.
[0185] In this case, duct 33 is formed along a wall sur-
face to which refrigerating room 17 and upper machine
chamber 16 are adjacent, a part of cold air passing
through duct 33 is discharged from a position near the
center of the refrigerating room, and most of the cold air
passes through the wall surface to which upper machine
chamber 16 is adjacent while cooling the wall surface
and then is discharged from the upper part of refrigerating
room 17.
[0186] An operation of the refrigerator according to the
fourth embodiment of the present invention configured
as described above will be described below.
[0187] In Fig. 15, arrows L1 to L15 indicate mode
switchings in cooling control of the refrigerator according
to the fourth embodiment of the present invention. A de-
tailed description of the same cooling operation mode
and the same mode switching condition as those in the
conventional refrigerator shown in Fig. 26 is omitted.
[0188] An off cycle cooling mode will be described be-
low.
[0189] In the OFF mode, when a condition of arrow L1
(more specifically, a condition of arrow M1) is satisfied,

or when a temperature detected by DFP temperature
sensor 36 increases a DFP_ON temperature serving as
a predetermined value (more specifically, a condition of
arrow L10 is satisfied), the mode shifts to the off cycle
cooling mode.
[0190] In the off cycle cooling mode, a temperature de-
tected by FCC temperature sensor 34 does not exceed
the FCC_ON temperature serving as a predetermined
value, a temperature detected by PCC temperature sen-
sor 35 does not exceed a PCC_ON temperature serving
as a predetermined value, and a temperature detected
by DFP temperature sensor 36 decreases to a DFP_OFF
temperature serving as a predetermined value (more
specifically, a condition of arrow L11 is satisfied). In this
case, the mode shifts to the OFF mode. In the off cycle
cooling mode, when the condition of arrow L1 (more spe-
cifically, a condition of arrow M1) is satisfied, the mode
shifts to the PC cooling mode.
[0191] In this manner, by using DFP temperature sen-
sor 36 arranged in an upper part of refrigerating room
17, a time for the off cycle cooling mode can be properly
adjusted. In a conventional refrigerator, since off cycle
cooling for predetermined time td is always performed,
the temperature of refrigerating room 17 may excessively
decrease.
[0192] A cooling operation under an overloading con-
dition will be described below.
[0193] In the PC cooling mode, when a temperature
detected by FCC temperature sensor 34 exhibits a tem-
perature higher than the FCC_OFF temperature serving
as a predetermined value, and when a temperature de-
tected by PCC temperature sensor 35 decreases the
PCC_OFF temperature serving as a predetermined val-
ue (more specifically, a condition of arrow L5 is satisfied),
the mode shifts to the FC cooling mode. In addition, as
additionally described in the condition of arrow L5, in the
PC cooling mode, after predetermined time Tx1 has
elapsed, when a difference between the temperature de-
tected by FCC temperature sensor 34 and the FCC_OFF
temperature serving as a predetermined value is equal
to or larger than a difference between the temperature
detected by PCC temperature sensor 35 and the PCC_
OFF temperature serving as a predetermined value, the
mode shifts to the FC cooling mode.
[0194] In the FC cooling mode, when a temperature
detected by FCC temperature sensor 34 decreases to
the FCC_OFF temperature serving as a predetermined
value, and when a temperature detected by PCC tem-
perature sensor 35 exhibits the PCC_ON temperature or
higher serving as a predetermined value (more specifi-
cally, a condition of arrow L6 is satisfied), the mode shifts
to a PC cooling mode. In addition, as additionally de-
scribed in the condition of arrow L6, in the FC cooling
mode, after predetermined time Tx1 has elapsed, when
a difference between the temperature detected by FCC
temperature sensor 34 and the FCC_OFF temperature
serving as a predetermined value is equal to or smaller
than a difference between the temperature detected by
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PCC temperature sensor 35 and the PCC_OFF temper-
ature serving as a predetermined value, the mode shifts
to the PC cooling mode.
[0195] In this manner, under an overload condition
such as in a power-on state in which refrigerating room
17 and freezing room 18 have high temperatures, the PC
cooling mode and the FC cooling mode are alternatively
switched every predetermined time Tx1, and one of the
modes the temperature of which is larger different from
the OFF temperature serving as a measure to end cooling
can be preferentially cooled. As a result, cooling opera-
tion times can be more flexibly distributed in comparison
with alternative cooling that is performed with fixed cool-
ing times in a conventional refrigerator.
[0196] However, even though alternative cooling with
flexible cooling operation times is performed, since freez-
ing room 18 is intermittently cooled, the temperature
thereof may probably exceed the upper limit of a storage
temperature of frozen food such as ice cream. Thus, only
under the overload condition, an operation of simultane-
ously cooling refrigerating room 17 and freezing room 18
(the operation will be referred to as "simultaneous cooling
mode" hereinafter) is added.
[0197] The simultaneous cooling mode opens freezing
room damper 31 and opens refrigerating room damper
32 to drive compressor 19, condenser fan 23, and evap-
orator fan 30. In the simultaneous cooling mode, by the
drive of condenser fan 23, a negative pressure is set on
main condenser 21 side of lower machine chamber 15
partitioned by partition wall 22 to suck outside air from
plurality of intakes 26, and a positive pressure is set on
compressor 19 side and evaporating dish 57 side to dis-
charge air in lower machine chamber 15 from plurality of
outlets 27 to the outside.
[0198] On the other hand, most parts of the cooling
medium discharged from compressor 19 are condensed
while exchanging heat with outside air in main condenser
21 and then supplied to moisture-condensation-proof
pipe 37. The cooling medium passing through moisture-
condensation-proof pipe 37 radiates heat to the outside
through casing 12 while warming the opening of freezing
room 18 and is condensed. Liquid cooling medium pass-
ing through moisture-condensation-proof pipe 37 is de-
hydrated by dryer 38, reduced in pressure by aperture
diaphragm 39, exchanges heat with in-room air in refrig-
erating room 17 and freezing room 18 while being evap-
orated by evaporator 20, and backflows to compressor
19 as a gaseous cooling medium while cooling refriger-
ating room 17 and freezing room 18.
[0199] At this time, evaporator fan 30 is rotated at a
high speed to secure a flow rate required to cool refrig-
erating room 17 and freezing room 18 in parallel. As a
result, since air having a temperature and a wind speed
higher than those in the FC cooling mode to cause a
temperature of air blown out of evaporator 20 to tend to
increase, compressor 19 is desirably operated at a rela-
tively high rotating speed to secure appropriate freezing
capability. When compressor 19 is operated at a low

speed in the simultaneous cooling mode, there is fear
that the temperature of air blown out of evaporator 20
increases to make it impossible to cool freezing room 18
to a low temperature.
[0200] Thus, in the PC cooling mode, when the rotating
speed of compressor 19 is a predetermined rotating
speed or more (more specifically, a condition of arrow
L12 is satisfied), the mode shifts to the simultaneous cool-
ing mode. In the simultaneous cooling mode, when the
rotating speed of compressor 19 is lower than a prede-
termined rotating speed (more specifically, a condition
of arrow L13 is satisfied), the mode shifts to the PC cool-
ing mode.
[0201] Mode switching between arrow L12 and arrow
L13 is performed in preference to other state transitions.
This is because the overload condition is detected by
refrigerator 11 when the rotating speed of compressor
19 increases to a predetermined rotating speed or more
to cause the mode to shift to the simultaneous cooling
mode, and, when the rotating speed of compressor 19
is lower than the predetermined rotating speed, the tem-
perature of air blown out of evaporator 20 is prevented
from increasing to avoid freezing room 18 from being
impossible to be cooled to a low temperature.
[0202] In the simultaneous cooling mode, when a tem-
perature detected by PCC temperature sensor 35 de-
creases to the PCC_OFF temperature or lower serving
as a predetermined value, and when a temperature de-
tected by FCC temperature sensor 34 exhibits the FCC_
LIM temperature or higher serving as a predetermined
value higher than the FCC_ON temperature (more spe-
cifically, a condition of arrow L14 is satisfied) after the
predetermined time Tx5 elapsed, the mode shifts to an
FC cooling mode. This is because, in order to suppress
an increase in temperature of refrigerating room 17 that
is not cooled in the FC cooling mode, the simultaneous
cooling mode is continued until the temperature of freez-
ing room 18 increases to the upper limit of an allowable
temperature.
[0203] Thus, the FCC_LIM temperature that is detect-
ed by FCC temperature sensor 34 is desirably set to be
a predetermined value that is higher than the FCC_ON
temperature serving as the upper-limit temperature in the
normal cooling by 2°C to 5°C and corresponds to weak
cooling.
[0204] In the embodiment, the condition of arrow L12
to cause the mode to shift to the simultaneous cooling
mode corresponding to the overload condition is regulat-
ed by the rotating speed of compressor 19. However, a
power-on state at a high outside-air temperature, fre-
quent door opening/closing, or the like may be detected
to cause the mode to shift to the simultaneous cooling
mode.
[0205] Even though compressor 19 does not increase
in speed, when refrigerator 11 is definitely set in an over-
load condition, the mode can be more quickly caused to
shift to the simultaneous cooling mode.
[0206] In this case, the condition of arrow L13 may be
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changed such that the simultaneous cooling mode is can-
celed by detecting that refrigerating room 17 or freezing
room 18 decreases in temperature to some extent. In this
manner, as in the embodiment, the most efficient PC
cooling mode can be used for a long time.
[0207] Defrost performed when evaporator 20 is frost-
ed in the simultaneous cooling mode will be described
below.
[0208] In the simultaneous cooling mode, when a tem-
perature detected by FCC temperature sensor 34 exhib-
its a temperature lower than the FCC_LIM temperature
serving as a predetermined value, and when a temper-
ature detected by PCC temperature sensor 35 exhibits
a temperature higher than the PCC_OFF temperature
serving as a predetermined value, and, after predeter-
mined time Tx6 has elapsed from the start of the simul-
taneous cooling mode, a difference between the temper-
ature detected by PCC temperature sensor 35 and a tem-
perature detected by DFP temperature sensor 36 is a
predetermined value αor less (more specifically, a con-
dition of arrow L15 is satisfied), the mode shifts to a de-
frost mode.
[0209] In this mode, when evaporator 20 is frosted in
the simultaneous cooling mode to cause refrigerating
room 17 to be tend to be dully cooled, normal defrost
performed every predetermined time Tx2 is performed
ahead of time. A defrosting interval of evaporator 20 is
shortened to make it possible to early recover the cooling
capacity of refrigerating room 17.
[0210] In the simultaneous cooling mode, evaporator
fan 30 is rotated at a high speed to secure flow rates of
airs that are sent to both refrigerating room 17 and freez-
ing room 18 in parallel. However, when evaporator 20 is
strongly frosted, sufficient flow rates cannot be secured.
At this time, a flow rate in refrigerating room 17 having a
relatively long path for air sent from evaporator 20 is con-
siderably lower than that in freezing room 18 formed right
in front of evaporator 20, a temperature difference be-
tween DFP temperature sensor 36 relatively close to a
blow-out position of cold air located in the upper part of
refrigerating room 17 and PCC temperature sensor 35
located near the center of refrigerating room 17 becomes
smaller than predetermined value α.
[0211] Thus, by using a difference between the tem-
perature detected by PCC temperature sensor 35 and
the temperature detected by DFP temperature sensor
36, it can be detected whether a cooling state of refrig-
erating room 17 in the simultaneous cooling mode is nor-
mal or whether refrigerating room 17 tends to be dully
cooled due to frost adhering to evaporator 20. When re-
frigerating room 17 tends to be dully cooled, the defrost-
ing interval of evaporator 20 is shortened to make it pos-
sible to early recover the cooling capacity.
[0212] As described above, in the refrigerator accord-
ing to the embodiment having, in addition to an FC cooling
mode and a PC cooling mode, an off cycle cooling mode
that cools a refrigerating room during stoppage of a re-
frigerating cycle, while a simultaneous cooling mode is

realized only under an overload condition to maintain an
efficient PC cooling mode as long as possible, amounts
of cooling of the refrigerating room and the freezing room
under the overload condition are automatically appropri-
ately adjusted to make it possible to suppress the tem-
peratures of refrigerating room and the freezing room
from increasing.

FIFTH EMBODIMENT

[0213] Fig. 16 is a vertical sectional view of a refriger-
ator according to a fifth embodiment of the present in-
vention. Fig. 17 is a graph showing a relationship be-
tween an interval between defrosting modes and an in-
tegrated time of an off cycle cooling mode in the refrig-
erator according to the fifth embodiment of the present
invention. Fig. 18 is a graph showing a relationship be-
tween an interval between defrosting modes and an in-
tegrated door-open time in the refrigerator according to
the fifth embodiment of the present invention. Fig. 19 is
a graph showing a relationship between an interval be-
tween defrosting modes and an outside-air humidity in
the refrigerator according to the fifth embodiment of the
present invention. Fig. 20 is a graph showing a relation-
ship between an interval between defrosting modes and
an in-room temperature setting in the fifth embodiment
of the present invention.
[0214] As shown in Fig. 16, the refrigerator according
to the embodiment includes freezing room door 113 that
can airtightly closes an opening of freezing room 102 and
refrigerating room door 114 that can airtightly closes an
opening of refrigerating room 103.
[0215] At openings 102a and 103a of freezing room
102 and refrigerating room 103, freezing room door sen-
sor 115 and refrigerating room door sensor 116 that de-
tect open/close of freezing room door 113 and refriger-
ating room door 114 and are configured by, for example,
hall ICs and magnets are arranged.
[0216] Furthermore, humidity sensor 117 that detects
an outside-air humidity is arranged on an outer wall side
of refrigerator 101. In refrigerator 101, controller 118 that
controls an operation of the refrigerating cycle and con-
trols the operation of the refrigerating cycle based on a
control state of the refrigerating cycle and outputs from
freezing room door sensor 115, refrigerating room door
sensor 116, and humidity sensor 117 is arranged.
[0217] An operation of the refrigerator configured as
described above will be described below with reference
to Figs. 17 to 20.
[0218] In a normal cooling state, when compressor 104
is stopped in step S12 shown in Fig. 30, when operation
time tcomp of compressor 104 is tdefrost or more in step
S13, the control flow shifts to step S18 shown in Fig. 31
to start a defrosting mode.
[0219] Time tdefrost has predetermined initial value
tdefrostb, and varies depending on an off cycle cooling
time, a door opening/closing time, an outside-air humid-
ity, and an in-room temperature setting.
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[0220] A relationship between the off cycle cooling time
and time tdefrost will be described below with reference
to Fig. 17. In the off cycle cooling, freezing room damper
107 is closed, refrigerating room damper 108 is opened,
and cooling fan 106 is operated to cool refrigerating room
103 by using latent heat or sensible heat of frost adhering
to cooler 105 and to draw heat from the frost adhering to
cooler 105. For this reason, an amount of heat required
to melt the frost adhering to cooler 105 decreases when
the off cycle cooling time is long.
[0221] On the other hand, an integrated time of the off
cycle cooling is counted by controller 118, and controller
118 performs control such that time tdefrost becomes
long when the integrated time is long. In this manner,
time tdefrost can be changed in accordance with a degree
of frosting to cooler 105 depending on the integrated time
of the off cycle cooling, the number of times of an oper-
ation in a defrosting mode can be optimized, and an in-
crease in temperature in the rooms can be appropriately
prevented.
[0222] A relationship between a door open/close time
and time tdefrost will be described below with reference
to Fig. 18. During the operation of the refrigerator, in order
to pick up food or the like in a storage room, freezing
room door 113 or refrigerating room door 114 is opened/
closed. At this time, outside air having a temperature and
a humidity that are higher than those of air in the storage
room humidified and circulated by cooler 105 flows in the
storage room. The high-temperature and high-humidity
air flowing in the refrigerator passes through cooler 105
by the operation of cooling fan 106 to form frost on cooler
105. Thus, when the door open/close time is long, an
amount of frost adhering to cooler 105 increases. In con-
trast to this, when the door open/close time is short, the
amount of frost decreases.
[0223] On the other hand, an integrated door open/
close time is counted by freezing room door sensor 115
and refrigerating room door sensor 116 and output to
controller 118. Controller 118 performs control such that
time tdefrost becomes short when the integrated door
open/close time is long. In this manner, time tdefrost can
be changed in accordance with a degree of frosting to
cooler 105 depending on the integrated door open/close
time, the number of times of an operation in a defrosting
mode can be optimized, and an increase in temperature
in the rooms can be appropriately prevented.
[0224] A relationship between an outside-air humidity
and time tdefrost will be described below with reference
to Fig. 19. Freezing room 102 and refrigerating room 103
are airtightly closed by freezing room door 113 and re-
frigerating room door 114 but not completely airtightly
closed, and have small clearances. Through the small
clearances, the rooms communicate with the outside to
cause outside-air humidity to flow into the rooms.
[0225] As described above, when the door is opened/
closed, outside-air humidity flows in the rooms. For this
reason, when an outside-air humidity is high, an amount
of humidity flowing in the rooms increases, and an

amount of frost adhering to cooler 105 increases. When
the outside-air humidity is low, the amount of frost de-
creases. On the other hand, the outside-air humidity is
measured by humidity sensor 117, an average humidity
from a full-bore defrosting mode is calculated and output
to controller 118. Controller 118 controls such that time
tdefrost is short when the outside-air humidity is high. In
this manner, time tdefrost can be changed in accordance
with a degree of frosting to cooler 105 depending on the
outside-air humidity, the number of times of an operation
in a defrosting mode can be optimized, and an increase
in temperature in the rooms can be appropriately pre-
vented.
[0226] A relationship between an in-room temperature
setting and time tdefrost will be described below with ref-
erence to Fig. 20. When the temperature settings of freez-
ing room 102 and refrigerating room 103 decreases, in-
room air temperatures decrease. Accordingly, the tem-
perature of cooler 105 also decreases. When the tem-
perature of cooler 105 decreases, an amount of dehu-
midification from passing in-room air also increases, and
an amount of frost adhering to cooler 105 also increases.
In contrast to this, since the temperature of cooler 105
increases when the temperature setting becomes high,
an amount of dehumidification also decreases, and an
amount of frost adhering to cooler 105 decreases.
[0227] On the other hand, the in-room temperature set-
ting is detected by controller 118, and controller 118 con-
trols such that time tdefrost becomes long when the in-
room temperature setting is high. In this manner, time
tdefrost can be changed in accordance with a degree of
frosting to cooler 105 depending on the in-room temper-
ature setting, the number of times of an operation in a
defrosting mode can be optimized, and an increase in
temperature in the rooms can be appropriately prevent-
ed.
[0228] As described above, in the refrigerator accord-
ing to the embodiment, since an increase in temperature
in the rooms can be prevented, a refrigerator having a
large cooling capacity can be obtained.
[0229] In the embodiment, time tdefrost is described
with reference to a control method that controls time tde-
frost in relation to an increase/decrease of control factors.
However, even though time tdefrost is controlled in phase
such that increasing/decreasing widths of time tdefrost
are determined in units of ranges of the control factors,
the same effect as described above can be obtained, and
the control can be advantageously easily performed.
[0230] In the embodiment, the off cycle cooling is con-
trolled to be ended by a detected temperature of refrig-
erating room sensor 110. However, for example, the
same effect as described above can also be obtained by
a method that performs control by determining, for ex-
ample, an off cycle cooling time or a method that performs
control by another control factor.
[0231] In the embodiment, as a refrigerator, a refriger-
ator having two rooms, i.e., freezing room 102 and re-
frigerating room 103 is described. However, when a re-
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frigerator having three rooms including, for example, a
vegetable room is controlled regardless of the number
of storage rooms, the same effect as described above
can be obtained.
[0232] In the embodiment, control that detects an out-
side-air humidity is described. However, an outside-air
humidity and an outside-air temperature are measured,
and time tdefrost is controlled to be changed with refer-
ence to the outside-air temperature, so that optimum con-
trol can be performed.
[0233] The refrigerator according to the embodiment
is described with reference to specifications in which cold
air is generated by a cooling medium compression type
refrigerating cycle using compressor 104. However, even
though any freezing system that generates cold air by
cooler 105 is used, the same effect as described above
can be obtained.
[0234] As described above, the present invention is a
refrigerator that includes a forced air draft main condens-
er, and a flow path switching valve connected to the
downstream side of the main condenser and a plurality
of moisture-condensation-proof pipes that are connected
to the downstream side of the flow path switching valve
in parallel, a cooling medium being caused to flow into
the plurality of moisture-condensation-proof pipes in par-
allel in a high-load state.
[0235] In this manner, in particular, in a high-load state
in which an amount of circulated cooling medium is large,
the plurality of moisture-condensation-proof pipes are si-
multaneously used in parallel to make it possible to sup-
press a pressure loss caused by the moisture-conden-
sation-proof pipes. In this case, as the high-load state, a
case in which a door is frequently opened or closed in
summer in which an outside-air temperature or an out-
side-air humidity are relatively high and a case in which
a high-temperature food is stored is supposed. In this
case, a running rate of a refrigerating cycle increases to
increase an amount of circulated cooling medium, and
the periphery of the refrigerator casing on which the mois-
ture-condensation-proof pipes are arranged need to be
prevented from dew condensation. At this time, the mois-
ture-condensation-proof pipes are simultaneously used
in parallel to reduce an amount of circulated cooling me-
dium per pipe, so that a pressure loss caused by the
moisture-condensation-proof pipes can be suppressed.
[0236] The present invention is a refrigerator charac-
terized in that, when a refrigerating cycle is operated un-
der a normal condition, the number of moisture-conden-
sation-proof pipes to be used is smaller than that in a
high-load state.
[0237] In this manner, the number of moisture-conden-
sation-proof pipes used in the normal load state in which
an amount of circulated cooling medium is small is re-
duced to make it possible to suppress a heat load caused
by the moisture-condensation-proof pipes. In this case,
the normal load state is determined on the assumption
that a door is opened/closed for a long time in autumn to
spring in which a temperature and a humidity are rela-

tively low. In this case, a running rate of a refrigerating
cycle decreases to reduce an amount of circulated cool-
ing medium, and dew condensation on the periphery of
the refrigerator casing on which moisture-condensation-
proof pipes are arranged rarely need to be prevented.
[0238] At this time, some of the moisture-condensa-
tion-proof pipes is selectively used to make it possible to
suppress a heat load caused by the moisture-condensa-
tion-proof pipes. In particular, when dew condensation
on the periphery of the opening of the refrigerator need
not be prevented because an outside-air humidity is low,
a moisture-condensation-proof pipe arranged on a posi-
tion such as the rear surface of the refrigerator where
dew condensation easily occurs on a clearance between
the rear surface of the refrigerator and a wall therearound
and where heat insulativity is relatively good and a heat
load in rooms is not easily generated is selected so as
to make it possible to efficiently suppress the heat load.
[0239] The present invention is the refrigerator char-
acterized in that the internal diameter of the pipe of the
main condenser is set to 4 mm or more, and the internal
diameter of the moisture-condensation-proof pipe is less
than 4 mm. For this reason, the internal diameter of the
pipe of the main condenser in which a ratio of a gaseous
cooling medium is high and a flow rate is relatively high
is set to be large, i.e., 4 mm or more to reduce a pressure
loss, and the internal diameter of the moisture-conden-
sation-proof pipe in which a ratio of liquid cooling medium
is high is set to be less than 4 mm to reduce an internal
volume to make it possible to suppress an amount of
cooling medium.
[0240] In particular, the internal volume in the moisture-
condensation-proof pipes is reduced to reduce an
amount of cooling medium accumulated in an unused
moisture-condensation-proof pipe when a plurality of
moisture-condensation-proof pipes are switched to un-
used states, so that a problem of shortage of an amount
of circulated cooling medium of the refrigerating cycle
can be avoided.
[0241] Since the present invention is the refrigerator
characterized in that a moisture-condensation-proof pipe
used when the refrigerator is operated under the normal
condition is manually selected, depending on installation
environments of the refrigerator, for example, only some
moisture-condensation-proof pipe that causes dew con-
densation as a problem in terms of appearance is used
to make it possible to more efficiently arbitrarily adjust
and suppress a heat load caused by the moisture-con-
densation-proof pipe.
[0242] The present invention is the refrigerator in
which, when the refrigerator is operated under a low-
outside-air temperature condition, an air-cooling fan of
the main condenser is stopped, and a plurality of mois-
ture-condensation-proof pipes are used. For this reason,
a problem of shortage of an amount of circulated cooling
medium of the refrigerating cycle caused by an excessive
amount of cooling medium accumulated in the main con-
denser can be avoided.
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[0243] As described above, according to the present
invention, a refrigerator includes a refrigerating room, a
freezing room, a refrigerating cycle, an evaporator serv-
ing as a constituent element of the refrigerating cycle, an
evaporator fan that supplies cold air generated by the
evaporator to the refrigerating room and the freezing
room, a warming heater to defrost the evaporator, a re-
frigerating room damper that shields the cold air supplied
from the evaporator to the refrigerating room, and a freez-
ing room damper that shields the cold air supplied from
the evaporator to the freezing room, wherein the refrig-
erator includes an FC cooling mode in which the freezing
room damper is opened, the refrigerating room damper
is closed, and the cold air generated by the evaporator
is supplied while the refrigerating cycle is operated to
cool the freezing room, a PC cooling mode in which the
freezing room damper is closed, the refrigerating room
damper is opened, and the cold air generated by the
evaporator is supplied while the refrigerating cycle is op-
erated to cool the refrigerating room, an off cycle cooling
mode in which the freezing room damper is closed, the
refrigerating room damper is opened, and the evaporator
fan is operated while the refrigerating cycle is stopped to
exchange heat between the evaporator and air in the
refrigerating room, and an off cycle defrost mode in
which, while the warming heater is energized, the freez-
ing room damper is closed, the refrigerating room damper
is opened, and the evaporator fan is operated while the
refrigerating cycle is stopped to melt and remove frost
adhering to the evaporator, and after an output of the
warming heater is selected based on an amount of food
stored in the refrigerating room, the off cycle defrost mode
is performed. Thus, a time required for the off cycle de-
frost can be appropriately controlled, the refrigerating
room and the freezing room can be suppressed from in-
creasing in temperature in execution of the off cycle de-
frost, and electric power of the warming heater required
for defrosting is reduced to make it possible to achieve
energy saving of refrigerator.
[0244] The present invention is the refrigerator char-
acterized in that, whether the off cycle defrost mode can
be performed is determined immediately before the PC
cooling mode is started, the off cycle defrost mode can
be performed at a timing at which a relatively high tem-
perature is set immediately before the refrigerating room
is cooled, an amount of heat of off cycle defrost supplied
to the evaporator is increased to make it possible to fur-
ther reduce electric power of the warming heater required
for defrosting.
[0245] The refrigerator according to the present inven-
tion includes a PCC temperature sensor that detects a
temperature of the refrigerating room, and a DFP tem-
perature sensor that is arranged at a position higher than
that of the PCC temperature sensor and detects a tem-
perature of the upper part of the refrigerating room,
wherein, based on a difference between a change in tem-
perature of the PCC temperature sensor and a change
in temperature of the DFP temperature sensor in the PC

cooling mode or the off cycle cooling mode, an amount
of food stored in the refrigerating room is detected. For
this reason, an amount of heat held by the food stored
in the refrigerating room can be directly estimated, and
an output of the warming heater is accurately adjusted
to make it possible to further reduce electric power of the
warming heater required for defrosting.
[0246] As described above, according to the present
invention, a refrigerator includes a refrigerating room, a
freezing room, a refrigerating cycle, an evaporator serv-
ing as a structural element of the refrigerating cycle, an
evaporator fan that supplies cold air generated by the
evaporator to the refrigerating room and the freezing
room, a refrigerating room damper that shields the cold
air supplied from the evaporator to the refrigerating room,
a freezing room damper that shields the cold air supplied
from the evaporator to the freezing room, an FCC tem-
perature sensor that detects a temperature of the freez-
ing room, a PCC temperature sensor that detects a tem-
perature of the refrigerating room, and a DFP tempera-
ture sensor that is arranged at a position higher than the
PCC temperature sensor and detects a temperature of
an upper part of the refrigerating room, wherein the re-
frigerator includes an FC cooling mode in which the freez-
ing room damper is opened, the refrigerating room damp-
er is closed, and the cold air generated by the evaporator
is supplied while the refrigerating cycle is operated to
cool the freezing room, a PC cooling mode in which the
freezing room damper is closed, the refrigerating room
damper is opened, and the cold air generated by the
evaporator is supplied while the refrigerating cycle is op-
erated to cool the refrigerating room, and an off cycle
cooling mode in which the freezing room damper is
closed, the refrigerating room damper is opened, and the
evaporator fan is operated while the refrigerating cycle
is stopped to exchange heat between the evaporator and
air in the refrigerating room, and whether the FC cooling
mode and the PC cooling mode are turned off/on is de-
termined based on a detected temperature of the FCC
temperature sensor or the PCC temperature sensor, and
whether the off cycle cooling mode is turned on/off is
determined based on a detected temperature of the DFP
temperature sensor. Thus, an operation time for PC cool-
ing can be appropriately secured.
[0247] According to this, an operation time for the off
cycle cooling is controlled based on the DFP temperature
sensor arranged in the upper part of the refrigerating
room having a relatively large change in temperature to
make it possible to accurately adjust a rate of the off cycle
cooling and the PC cooling for cooling the refrigerating
room. For this reason, the operation time for the PC cool-
ing can be appropriately secured.
[0248] The present invention is the refrigerator char-
acterized in that, when a detected temperature of the
FCC temperature sensor or the PCC temperature sensor
increases, the FC cooling mode and the PC cooling mode
are performed in preference to the off cycle cooling mode.
For this reason, reduction of operation times for the PC
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cooling and the FC cooling caused by the off cycle cooling
can be suppressed, and changes in temperature of the
refrigerating room and the freezing room can be sup-
pressed. According to this, with an increase in detected
temperature of the PCC temperature sensor or the FCC
temperature sensor, even the off cycle cooling is
stopped, and the operation is preferentially switched to
the PC cooling or the FC cooling to make it possible to
properly secure operation times for the PC cooling and
the FC cooling, so that changes in temperature of the
refrigerating room and the freezing room can be sup-
pressed.
[0249] Since the present invention is the refrigerator
characterized in that an OFF temperature of the DFP
temperature sensor that detects the end of the off cycle
cooling mode is set to be higher than an ON temperature
of the PCC temperature sensor that detects the start of
the PC cooling mode. The upper part of the refrigerating
room can be suppressed from being over-cooled by the
off cycle cooling, and the upper part of the refrigerating
room can be suppressed from changing in temperature.
According to this, the off cycle cooling is controlled while
keeping the temperature of the DFP temperature sensor
arranged in the upper part of the refrigerating room hav-
ing a relatively high temperature at a temperature rela-
tively higher than that of the PCC temperature sensor to
make it possible to suppress the upper part of the refrig-
erating room from increasing in temperature.
[0250] The refrigerator according to the present inven-
tion includes a compressor serving as a structural ele-
ment of a refrigerating cycle, an upper machine chamber
accommodating the compressor disposed in the upper
part of the refrigerating room, and a duct that is adjacent
to the upper machine chamber and in which cold air cool-
ing the refrigerating room is circulated. For this reason,
a temperature of the cold air cooling the refrigerating
room can be increased, and a variation in temperature
of the upper part of the refrigerating room can be further
suppressed. According to this, the duct is formed on the
wall surface of the refrigerating room adjacent to the up-
per machine chamber having a temperature higher than
that of outside air to increase the temperature of cold air
cooling the refrigerating room in off cycle cooling and PC
cooling, in particular, a temperature of the cold air cooling
the upper part of the refrigerating room, so that the upper
part of the refrigerating room is avoided from being over-
cooled to make it possible to further suppress a variation
in temperature of the upper part of refrigerating room.
Furthermore, since the upper part of the refrigerating
room can be avoided from being overcooled, a flow rate
of cold air cooling the refrigerating room in the PC cooling
state can be increased, and the heat exchange efficiency
of the evaporator is improved to make it possible to obtain
higher refrigerating cycle efficiency in the PC cooling
state.
[0251] As described above, according to the present
invention, a refrigerator includes a refrigerating room, a
freezing room, a refrigerating cycle, an evaporator serv-

ing as a structural element of the refrigerating cycle, an
evaporator fan that supplies cold air generated by the
evaporator to the refrigerating room and the freezing
room, a refrigerating room damper that shields the cold
air supplied from the evaporator to the refrigerating room,
a freezing room damper that shields the cold air supplied
from the evaporator to the freezing room, an FCC tem-
perature sensor that detects a temperature of the freez-
ing room, a PCC temperature sensor that detects a tem-
perature of the refrigerating room, and a DFP tempera-
ture sensor that is arranged at a position higher than the
PCC temperature sensor and detects a temperature of
an upper part of the refrigerating room, wherein the re-
frigerator includes an FC cooling mode in which the freez-
ing room damper is opened, the refrigerating room damp-
er is closed, and the cold air generated by the evaporator
is supplied while the refrigerating cycle is operated to
cool the freezing room, a PC cooling mode in which the
freezing room damper is closed, the refrigerating room
damper is opened, and the cold air generated by the
evaporator is supplied while the refrigerating cycle is op-
erated to cool the refrigerating room, a simultaneous
cooling mode in which the freezing room damper is
opened, the refrigerating room damper is opened, the
cold air generated by the evaporator is supplied while
the refrigerating cycle is operated to simultaneously cool
the freezing room and the refrigerating room, an off cycle
cooling mode in which the freezing room damper is
closed, the refrigerating room damper is opened, and the
evaporator fan is operated while the refrigerating cycle
is stopped to exchange heat between the evaporator and
air in the refrigerating room, and performs cooling by
combining the FC cooling mode, the PC cooling mode,
and the off cycle cooling mode under a normal condition,
and performs cooling by combining the simultaneous
cooling mode and the FC cooling mode under an over-
load condition. The PC cooling mode having high effi-
ciency is maintained as long as possible under the normal
condition, and under the overload condition, amounts of
cooling of the freezing room and the refrigerating room
can be automatically appropriately adjusted while con-
tinuously cooling the freezing room, and the refrigerating
room and the freezing room can be suppressed from in-
creasing in temperature.
[0252] According to the present invention, a variable-
speed compressor is included, cooling is performed by
combining the FC cooling mode, the PC cooling mode,
and the off cycle cooling mode when the compressor
rotates at a speed lower than a predetermined rotating
speed, cooling is performed by combining the simulta-
neous cooling mode and the FC cooling mode when the
compressor rotates at the predetermined rotating speed
or more, and an increase in temperature of the evaporator
in the simultaneous cooling mode is suppressed to make
it possible to suppress the shortage of cooling capacity
of the freezing room.
[0253] According to the present invention, a reference
temperature of the FCC temperature sensor when the
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simultaneous cooling mode is switched to the FC cooling
mode is set to be higher than a reference temperature
of the FCC temperature sensor when the cooling oper-
ation is started, and the simultaneous cooling mode is
maintained as long as possible until the temperature of
the freezing room reaches the upper limit of an allowable
temperature to make it possible to suppress the shortage
of cooling capacity of the refrigerating room.
[0254] According to the present invention, slowdown
of a cooling rate of the refrigerating room is detected
based on temperature behaviors of the PCC temperature
sensor and the DFP temperature sensor to shorten a
defrosting interval of the evaporator. A decrease in flow
rate of the refrigerating room in the simultaneous cooling
mode caused by frost adhering to the evaporator can be
early recovered, and the shortage of cooling capacity of
the refrigerating room can be suppressed.
[0255] As described above, the refrigerator according
to the present invention includes a first storage room hav-
ing an opening on a front surface thereof, a second stor-
age room having an opening on a front surface thereof,
a refrigerating cycle having a cooler that generates cold
air, a cooling fan that circulates the cold air generated by
the cooler to the first storage room and a second storage
room, a first damper that causes the cold air flowing by
the cooling fan to selectively flow into the first storage
room, a second damper that causes the cold air flowing
by the cooling fan to selectively flow into the second stor-
age room, and a defrosting heater that melts frost adher-
ing to the cooler with heat, wherein the refrigerator in-
cludes an off cycle cooling mode in which a cooling fan
is operated when the refrigerating cycle is stopped and
the first or second damper is opened to cool the first stor-
age room or the second storage room, and a defrosting
mode in which frost adhering to the cooler is melted by
the defrosting heater, and an interval from the end of the
defrosting mode to the next defrosting mode is controlled.
[0256] With this configuration, in the refrigerator having
the freezing room damper, an amount of frost adhering
to the cooler can be predicted to make it possible to adjust
a defrosting interval. In this manner, the storage rooms
can be prevented from being increased in temperature
in vain.
[0257] The refrigerator according to the present inven-
tion is characterized in that an interval between the end
of the defrosting mode and the next defrosting mode is
controlled based on the number of times of the off cycle
cooling mode from the end of the defrosting mode.
[0258] With the above configuration, an amount of ad-
hering frost is predicted by the number of times of the off
cycle cooling mode to make it possible to adjust a de-
frosting interval. In this manner, the storage rooms can
be prevented from being increased in temperature in
vain.
[0259] The refrigerator according to the present inven-
tion is characterized in that an interval between the end
of the defrosting mode and the next defrosting mode is
controlled based on an integrated time of the off cycle

cooling mode from the end of the defrosting mode.
[0260] With the above configuration, an amount of ad-
hering frost is predicted by the integrated time of the off
cycle cooling mode to make it possible to adjust a de-
frosting interval. In this manner, the storage rooms can
be prevented from being increased in temperature in
vain.
[0261] The refrigerator according to the present inven-
tion is characterized in that a first door and a second door
that can airtightly close a first storage room and a second
storage room, respectively and a door opening/closing
detector that detects opening/closing of the first door and
the second door are arranged, and an interval between
the end of a defrosting mode and the next defrosting
mode is controlled depending on the numbers of times
of opening of the first door and the second door from the
end of the defrosting mode.
[0262] With the above configuration, an amount of ad-
hering frost is predicted by combinations between the
numbers of times of opening/closing of the doors and the
number of times of the off cycle cooling mode or a time
for the off cycle cooling mode to make it possible to adjust
a defrosting interval. In this manner, frost can be prevent-
ed from being left on the cooler, and the storage rooms
can be prevented from being increased in temperature
in vain.
[0263] The refrigerator according to the present inven-
tion is characterized in that a first door and a second door
that can airtightly close a first storage room and a second
storage room, respectively and a door opening/closing
detector that detects opening/closing of the first door and
the second door are arranged, and an interval between
the end of a defrosting mode and the next defrosting
mode is controlled depending on an integrated opening
time of the first door and the second door from the end
of the defrosting mode.
[0264] With the above configuration, an amount of ad-
hering frost is predicted by combinations between the
integrated door-open time and the number of time of the
off cycle cooling mode or a time for the off cycle cooling
mode to make it possible to adjust a defrosting interval.
In this manner, frost can be prevented from being left on
the cooler, and the storage rooms can be prevented from
being increased in temperature in vain.
[0265] The refrigerator according to the present inven-
tion is characterized in that a humidity detector that de-
tects a humidity around the refrigerator is arranged, and
an interval between the end of the defrosting mode and
the next defrosting mode is controlled by a humidity de-
tected by the humidity detector.
[0266] With the above configuration, an amount of ad-
hering frost is predicted by combinations between the
humidity around the refrigerator, the number of times of
the off cycle cooling mode or a time for the off cycle cool-
ing mode, the number of times of opening/closing of the
doors, or the integrated opening time to make it possible
to adjust a defrosting interval. In this manner, frost can
be prevented from being left on the cooler, and the stor-
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age rooms can be prevented from being increased in
temperature in vain.
[0267] The refrigerator according to the present inven-
tion is characterized in that a first temperature adjuster
and a second temperature adjuster that set temperatures
of the first storage room and the second storage room
are arranged, and an interval between the end of the
defrosting mode and the next defrosting mode is control-
led by set temperatures of the first temperature adjuster
and the second temperature adjuster.
[0268] With the above configuration, an amount of ad-
hering frost is predicted by combinations between a tem-
perature setting of the refrigerator, the humidity around
the refrigerator, the number of times of the off cycle cool-
ing mode or a time for the off cycle cooling mode, the
number of times of opening/closing of the doors, or the
integrated opening time to make it possible to adjust a
defrosting interval. In this manner, frost can be prevented
from being left on the cooler, and the storage rooms can
be prevented from being increased in temperature in
vain.

INDUSTRIAL APPLICABILITY

[0269] As described above, in the refrigerator accord-
ing to the present invention, the plurality of moisture-con-
densation-proof pipes are connected in parallel to the
downstream side of the main condenser through the flow
path switching valve to make it possible to arbitrarily ad-
just and suppress a pressure loss or a heat load caused
by the moisture-condensation-proof pipes depending on
installation environments and operation states of the re-
frigerator. For this reason, the present invention can also
be applied to other freezing/refrigerating applied prod-
ucts such as commercial refrigerators.
[0270] In the refrigerator according to the present in-
vention that includes, in addition to the FC cooling mode
and the PC cooling mode, the off cycle cooling mode that
cools the refrigerating room during stoppage of the re-
frigerating cycle and the off cycle defrost mode, an output
of the warming heater is adjusted based on an amount
of food stored in the refrigerating room to make it possible
to appropriately adjust a time for off cycle defrost. For
this reason, the refrigerator can also be applied to other
freezing/refrigerating applied products such as commer-
cial refrigerators.
[0271] In the refrigerator according to the present in-
vention that includes, in addition to the FC cooling mode
and the PC cooling mode, the off cycle cooling mode that
cools the refrigerating room during stoppage of the re-
frigerating cycle, an operation time for the PC cooling is
appropriately secured, and the refrigerating room can be
suppressed from being increased in temperature. For this
reason, the refrigerator can also be applied to other freez-
ing/refrigerating applied products such as commercial re-
frigerators.
[0272] The refrigerator according to the present inven-
tion includes, in addition to the FC cooling mode and the

PC cooling mode, the off cycle cooling mode that cools
the refrigerating room during stoppage of the refrigerating
cycle, while a simultaneous cooling mode is realized only
under an overload condition to maintain an efficient PC
cooling mode as long as possible, and the refrigerating
room and the freezing room under the overload condition
can be suppressed from increasing in temperature. For
this reason, the refrigerator can also be applied to other
freezing/refrigerating applied products such as commer-
cial refrigerators.
[0273] The present invention can provide a refrigerator
in which the interior of the refrigerator is cooled during
stoppage of a compressor, and storage rooms can be
efficiently cooled by changing an interval of defrosting
operations. Thus, the present invention is useful as
household and commercial refrigerators or the like hav-
ing various types and sizes.

REFERENCE MARKS IN THE DRAWINGS

[0274]

1 first moisture-condensation-proof pipe

2 second moisture-condensation-proof pipe

3 flow path switching valve

4 meeting point

5 dryer

6 aperture diaphragm

11 refrigerator

12 casing

13 door

14 leg

15 lower machine chamber

16 upper machine chamber

17 refrigerating room

18 freezing room

19 compressor

20 evaporator

21 main condenser

22 partition wall
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23 condenser fan

24 evaporating dish

25 bottom plate

26 intake

27 outlet

28 communicating air trunk

30 evaporator fan

31 freezing room damper

32 refrigerating room damper

33 duct

34 FCC temperature sensor

35 PCC temperature sensor

36 DFP temperature sensor

37 moisture-condensation-proof pipe

38 dryer

39 aperture diaphragm

41 moisture-condensation-proof pipe

42 dryer

43 aperture diaphragm

44 warming heater

50 evaporator fan

51 freezing room damper

52 refrigerating room damper

53 duct

54 FCC temperature sensor

55 PCC temperature sensor

56 compressor

57 evaporating dish

60 compressor

61 main condenser

62 freezing room moisture-condensation-proof
pipe

63 refrigerating room moisture-condensation-proof
pipe

64 flow path switching valve

65 refrigerating aperture diaphragm

66 refrigerating room evaporator

67 refrigerating room fan

68 freezing aperture diaphragm

69 freezing room evaporator

70 freezing room fan

101 refrigerator

102 freezing room

102a opening

103 refrigerating room

103a opening

104 compressor

105 cooler

106 cooling fan

107 freezing room damper

108 refrigerating room damper

109 freezing room sensor

110 refrigerating room sensor

111 defrosting heater

112 cooler sensor

113 freezing room door

114 refrigerating room door

115 freezing room door sensor

116 refrigerating room door sensor
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117 humidity sensor

118 controller

Claims

1. A refrigerator comprising:

a housing including a refrigerating cycle having
at least a compressor, an evaporator, and a con-
denser, wherein
the condenser includes a forced air cooled main
condenser, a flow path switching valve connect-
ed to a downstream side of the main condenser,
and a sub-condenser connected to a down-
stream side of the flow path switching valve,
the sub-condenser includes a plurality of mois-
ture-condensation-proof pipes connected in
parallel, and
a cooling medium flowing into the plurality of
moisture-condensation-proof pipes in parallel
when the refrigerating cycle is operated under
a high-load condition.

2. The refrigerator according to claim 1, wherein when
the refrigerating cycle is operated under a normal
condition, a number of moisture-condensation-proof
pipes to be used is smaller than that used in a high-
load condition.

3. The refrigerator according to any one of claims 1 to
2, wherein the pipe of the main condenser has an
internal diameter of 4 mm or more, and the moisture-
condensation-proof pipe has an internal diameter of
less than 4 mm.

4. The refrigerator according to any one of claims 1 and
2, wherein a moisture-condensation-proof pipe used
when the operation is performed under the normal
condition is manually selected by a user.

5. The refrigerator according to any one of claims 1 and
2, wherein when the refrigerating cycle is operated
under a low-outside-air temperature condition, an
air-cooling fan of the main condenser is stopped, and
the plurality of moisture-condensation-proof pipes
are used.

6. A refrigerator comprising:

a refrigerating room;
a freezing room;
a refrigerating cycle;
an evaporator serving as a structural element of
the refrigerating cycle;
an evaporator fan that supplies cold air gener-
ated by the evaporator to the refrigerating room

and the freezing room;
a warming heater to defrost the evaporator;
a refrigerating room damper that shields the cold
air supplied from the evaporator to the refriger-
ating room; and
a freezing room damper that shields the cold air
supplied from the evaporator to the freezing
room, wherein
the refrigerator includes
an FC cooling mode in which the freezing room
damper is opened, the refrigerating room damp-
er is closed, and the cold air generated by the
evaporator is supplied while the refrigerating cy-
cle is operated to cool the freezing room,
a PC cooling mode in which the freezing room
damper is closed, the refrigerating room damper
is opened, and the cold air generated by the
evaporator is supplied while the refrigerating cy-
cle is operated to cool the refrigerating room,
an off cycle cooling mode in which the freezing
room damper is closed, the refrigerating room
damper is opened, and the evaporator fan is op-
erated while the refrigerating cycle is stopped to
exchange heat between the evaporator and air
in the refrigerating room, and
an off cycle defrost mode in which, while the
warming heater is energized, the freezing room
damper is closed, the refrigerating room damper
is opened, and the evaporator fan is operated
while the refrigerating cycle is stopped to melt
and remove frost adhering to the evaporator, the
off cycle defrost mode being performed after an
output of the warming heater is selected based
on an amount of food stored in the refrigerating
room.

7. The refrigerator according to claim 6, wherein wheth-
er or not the off cycle defrost mode can be performed
is determined immediately before the PC cooling
mode is started.

8. The refrigerator according to any one of claims 6 and
7, further comprising:

a PCC temperature sensor that detects a tem-
perature of the refrigerating room; and
a DFP temperature sensor that is disposed at a
position higher than that of the PCC temperature
sensor and detects a temperature of an upper
part of the refrigerating room,
wherein based on a difference between a
change in temperature of the PCC temperature
sensor and a change in temperature of the DFP
temperature sensor in the PC cooling mode or
the off cycle cooling mode, an amount of food
stored in the refrigerating room is detected.

9. A refrigerator comprising:
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a refrigerating room;
a freezing room;
a refrigerating cycle;
an evaporator serving as a structural element of
the refrigerating cycle;
an evaporator fan that supplies cold air gener-
ated by the evaporator to the refrigerating room
and the freezing room;
a refrigerating room damper that shields the cold
air supplied from the evaporator to the refriger-
ating room;
a freezing room damper that shields the cold air
supplied from the evaporator to the freezing
room;
an FCC temperature sensor that detects a tem-
perature of the freezing room;
a PCC temperature sensor that detects a tem-
perature of the refrigerating room; and
a DFP temperature sensor that is disposed at a
position higher than the PCC temperature sen-
sor and that detects a temperature of an upper
part of the refrigerating room,
wherein the refrigerator includes
an FC cooling mode in which the freezing room
damper is opened, the refrigerating room damp-
er is closed, and the cold air generated by the
evaporator is supplied while the refrigerating cy-
cle is operated to cool the freezing room,
a PC cooling mode in which the freezing room
damper is closed, the refrigerating room damper
is opened, and the cold air generated by the
evaporator is supplied while the refrigerating cy-
cle is operated to cool the refrigerating room,
and
an off cycle cooling mode in which the freezing
room damper is closed, the refrigerating room
damper is opened, and the evaporator fan is op-
erated while the refrigerating cycle is stopped to
exchange heat between the evaporator and air
in the refrigerating room, and
whether the FC cooling mode and the PC cool-
ing mode are turned off/on is determined based
on a detected temperature of the FCC temper-
ature sensor or the PCC temperature sensor,
and whether the off cycle cooling mode is turned
on/off is determined based on a detected tem-
perature of the DFP temperature sensor.

10. The refrigerator according to claim 9, wherein when
a detected temperature of the FCC temperature sen-
sor or the PCC temperature sensor increases, the
FC cooling mode and the PC cooling mode are per-
formed in preference to the off cycle cooling mode.

11. The refrigerator according to any one of claims 9 and
10, wherein an OFF temperature of the DFP tem-
perature sensor that detects an end of the off cycle
cooling mode is set to be higher than an ON temper-

ature of the PCC temperature sensor that detects a
start of the PC cooling mode.

12. The refrigerator according to any one of claims 9 and
10, further comprising:

a compressor serving as a structural element of
the refrigerating cycle, an upper machine cham-
ber accommodating the compressor disposed
in an upper part of the refrigerating room; and
a duct adjacent to the upper machine chamber,
and cold air for cooling the refrigerating room
flowing therethrough.

13. A refrigerator comprising:

a refrigerating room;
a freezing room;
a refrigerating cycle;
an evaporator serving as a structural element of
the refrigerating cycle;
an evaporator fan that supplies cold air gener-
ated by the evaporator to the refrigerating room
and the freezing room;
a refrigerating room damper that shields the cold
air supplied from the evaporator to the refriger-
ating room;
a freezing room damper that shields the cold air
supplied from the evaporator to the freezing
room;
an FCC temperature sensor that detects a tem-
perature of the freezing room;
a PCC temperature sensor that detects a tem-
perature of the refrigerating room; and
a DFP temperature sensor that is disposed at a
position higher than the PCC temperature sen-
sor and detects a temperature of an upper part
of the refrigerating room,
wherein the refrigerator includes
an FC cooling mode in which the freezing room
damper is opened, the refrigerating room damp-
er is closed, and the cold air generated by the
evaporator is supplied while the refrigerating cy-
cle is operated to cool the freezing room,
a PC cooling mode in which the freezing room
damper is closed, the refrigerating room damper
is opened, and the cold air generated by the
evaporator is supplied while the refrigerating cy-
cle is operated to cool the refrigerating room,
a simultaneous cooling mode in which the freez-
ing room damper is opened, the refrigerating
room damper is opened, the cold air generated
by the evaporator is supplied while the refriger-
ating cycle is operated to simultaneously cool
the freezing room and the refrigerating room,
an off cycle cooling mode in which the freezing
room damper is closed, the refrigerating room
damper is opened, and the evaporator fan is op-
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erated while the refrigerating cycle is stopped to
exchange heat between the evaporator and air
in the refrigerating room, and
the refrigerator performs cooling by combining
the FC cooling mode, the PC cooling mode, and
the off cycle cooling mode under a normal con-
dition, and performs cooling by combining the
simultaneous cooling mode and the FC cooling
mode under an overload condition.

14. The refrigerator according to claim 13, further com-
prising a variable-speed compressor, wherein
cooling is performed by combining the FC cooling
mode, the PC cooling mode, and the off cycle cooling
mode when the compressor rotates at a speed lower
than a predetermined rotating speed, and
cooling is performed by combining the simultaneous
cooling mode and the FC cooling mode when the
compressor rotates at the predetermined rotating
speed or more.

15. The refrigerator according to any one of claims 13
and 14, wherein a reference temperature of the FCC
temperature sensor when the simultaneous cooling
mode is switched to the FC cooling mode is set to
be higher than a reference temperature of the FCC
temperature sensor when the cooling operation is
started.

16. The refrigerator according to any one of claims 13
and 14, wherein slowdown of a cooling rate of the
refrigerating room is detected based on temperature
behaviors of the PCC temperature sensor and the
DFP temperature sensor to shorten a defrosting in-
terval of the evaporator.

17. A refrigerator comprising:

a first storage room having an opening on a front
surface thereof;
a second storage room;
a refrigerating cycle having a cooler that gener-
ates cold air;
a cooling fan that circulates the cold air gener-
ated by the cooler to the first storage room and
the second storage room;
a first damper that allows the cold air flow caused
by the cooling fan to flow selectively into the first
storage room;
a second damper that allows the cold air flow
caused by the cooling fan to flow selectively into
the second storage room; and
a defrosting heater that melts frost adhering to
the cooler with heat, wherein
the refrigerator includes
an off cycle cooling mode in which the cooling
fan is operated while the refrigerating cycle is
stopped and the first or second damper is

opened to cool the first storage room or the sec-
ond storage room, and
a defrosting mode in which frost adhering to the
cooler is melted by the defrosting heater, and
wherein the interval from the end of the defrost-
ing mode to the next defrosting mode can be
controlled.

18. The refrigerator according to claim 17, wherein the
interval between the end of the defrosting mode and
the next defrosting mode is controlled based on a
number of the off cycle cooling modes done from the
end of the defrosting mode.

19. The refrigerator according to claim 17, wherein the
interval between the end of the defrosting mode and
the next defrosting mode is controlled based on an
integrated time of the off cycle cooling modes done
from the end of the defrosting mode.

20. The refrigerator according to any one of claims 17
to 19, further comprising:

a first door and a second door that can airtightly
close the first storage room and the second stor-
age room, respectively; and
a door opening/closing detector that detects
opening/closing of the first door and the second
door, wherein
the interval between the end of a defrosting
mode and the next defrosting mode is controlled
depending on a number of times of opening of
the first door and the second door from the end
of the defrosting mode.

21. The refrigerator according to any one of claims 17
to 19, further comprising:

a first door and a second door that can airtightly
close the first storage room and the second stor-
age room, respectively; and
a door opening/closing detector that detects
opening/closing of the first door and the second
door, wherein
the interval between the end of a defrosting
mode and the next defrosting mode is controlled
depending on an integrated opening time of the
first door and the second door from the end of
the defrosting mode.

22. The refrigerator according to any one of claims 17
to 19, further comprising a humidity detector that de-
tects a humidity around the refrigerator, wherein
the interval between the end of the defrosting mode
and the next defrosting mode is controlled by a hu-
midity detected by the humidity detector.

23. The refrigerator according to any one of claims 17
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to 19, further comprising a first temperature adjuster
and a second temperature adjuster that set temper-
atures of the first storage room and the second stor-
age room, wherein
the interval between the end of the defrosting mode
and the next defrosting mode is controlled by set
temperatures of the first temperature adjuster and
the second temperature adjuster.
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