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DESCRIPTION 

Title of Invention 

REFRIGERATOR 

Technical Field 

5 [0001] 

The present invention relates to a refrigerator having an anti-condensation pipe 

for preventing dew condensation.  

Background Art 

[0002] 

0 A refrigerator typically includes a cabinet that is an open-front heat-insulating 

box, a divider for dividing an inner space of the cabinet into a plurality of storage 

rooms, and heat-insulating doors that cover the front openings of the respective 

storage rooms in such a manner that they can be freely opened and closed. In the 

refrigerator of this type, cold air flows between the cabinet and the divider and the 

5 heat-insulating doors, reducing the surface temperature of the edge of the front 

opening of the cabinet. When the surface temperature drops below the outside air 

temperature and then to the dew point temperature or lower, dew condensation 

occurs. To address this problem, an anti-condensation pipe, through which high

pressure refrigerant flows, is provided at the front edges of the cabinet and the 

?0 divider, which are the openings of the storage rooms of the refrigerator, to reduce the 

occurrence of the dew condensation by heating the front sides of the cabinet and the 

divider with condensation heat of the refrigerant flowing through the anti-condensation 

pipe.  

[0003] 

25 Meanwhile, if the anti-condensation pipe is heated excessively, a part of the 

condensation heat enters the storage rooms from the anti-condensation pipe, 

increasing the cooling load of the refrigerator. Hence, a refrigerator in which the flow 

rate of the refrigerant flowing through the anti-condensation pipe or the temperature 

of the refrigerant is adjusted to prevent excessive heating of the anti-condensation 
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pipe while preventing the dew condensation has been proposed (for example, see 

Patent Literatures 1 and 2).  

[0004] 

Patent Literature 1 discloses a refrigerator in which a refrigerant-flow-rate 

5 distributing device is disposed between a heat-rejecting condenser and an anti

condensation condenser. The refrigerant-flow-rate distributing device distributes the 

refrigerant to the anti-condensation condenser and the bypass tube depending on the 

difference in temperature between the ambient temperature and the anti

condensation condenser. Patent Literature 2 discloses a refrigerator in which a 

3 condenser pipe is provided on each of the upstream and downstream sides of a 

condenser, and an adjustable expansion valve is provided between the condenser 

and an anti-condensation pipe on the downstream side. By adjusting the expansion 

valve, the temperature of the refrigerant flowing to the anti-condensation pipe on the 

downstream side is adjusted to the optimum temperature.  

5 Citation List 

Patent Literature 

[0005] 

Patent Literature 1: Japanese Unexamined Patent Application Publication No.  

8-285426 (Fig. 1) 

.0 Patent Literature 2: Japanese Unexamined Patent Application Publication No.  

54-21660 (Fig. 5) 

[0005a] 

Reference to any prior art in the specification is not, and should not be taken as, 

an acknowledgment or any form of suggestion that this prior art forms part of the 

5 common general knowledge in any jurisdiction or that this prior art could reasonably 

be expected to be understood, regarded as relevant and/or combined with other 

pieces of prior art by a person skilled in the art.  

Summary of Invention 

[0005b]



As used herein, except where the context requires otherwise, the term 

"comprise" and variations of the term, such as "comprising", "comprises" and 

"comprised", are not intended to exclude further additives, components, integers or 

steps.  

5 Technical Problem 

[0006] 

However, in the refrigerator in Patent Literature 1, because the flow rate of the 

refrigerant flowing to the anti-condensation pipe changes, to adjust the temperature of 

the refrigerant flowing into the anti-condensation pipe to a target temperature, a flow

) rate adjusting device and a pressure detecting device for precisely detecting the flow 

rate and the pressure of the refrigerant flowing into the anti-condensation pipe are 

provided. Thus, the cost increases, and extra compressor input is needed, leading 

to an increase in power consumption. Furthermore, because the refrigerator in 

Patent 
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Literature 2 requires the anti-condensation pipe to be disposed at positions 

depending on the temperatures of the opening edges of the storage rooms having 

different temperature settings, the arrangement and disposition structure of the anti

condensation pipe become complex.  

5 [0007] 

The present invention has been made in view of the above-described 

problems, and an object thereof is to provide a refrigerator having a reasonable and 

simple structure capable of reducing an increase in cooling load of the refrigerator 

due to the heat of the anti-condensation pipe. It is an alternative or additional object of 

10 the present invention to provide the public with a useful choice.  

Solution to Problem 

[0008] 

A refrigerator according to an aspect of the present invention includes a cabinet 

having an inner space, a divider for dividing the inner space of the cabinet into a 

15 plurality of storage rooms, a refrigeration cycle accommodated in the cabinet, the 

refrigeration cycle connecting in series in an order of a compressor, a condenser pipe, 

a pressure reducing device, an anti-condensation pipe, and a capillary tube, an 

outside-air-temperature sensor provided outside the cabinet and configured to detect 

an outside air temperature, and a controller configured to control operation of the 

20 refrigeration cycle. The controller includes a setting table storing a flow resistance of 

the pressure reducing device associated with each one of outside air temperatures, 

the flow resistances being different from each other, an operating-condition setting 

unit configured to select one from the flow resistances in the setting table based on 

the outside air temperature detected by the outside-air-temperature sensor and 

25 configured to set an operating time for the selected flow resistance, and a 

refrigeration-cycle control unit configured to control the refrigeration cycle to allow 

operation to be performed with the flow resistance and the operating time set by the 

operating-condition setting unit.  

Advantageous Effects of Invention 

30 [0009] 
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According to the refrigerator of the present invention, by automatically setting 

the flow resistance of the pressure reducing device and the operating time therefor 

depending on the outside air temperature, it is possible to prevent the dew 

condensation while reducing an increase in power consumption due to the heat of the 

3 anti-condensation pipe with a reasonable and simple structure, without providing a 

pressure detecting device or a bypass pipe as needed in the conventional 

configuration. Additional and alternative effects of the invention will be apparent from 

the present disclosure.  

Brief Description of Drawings 

D [0010] 

[Fig. 1A] Fig. 1A is a front view showing preferred Embodiment of a refrigerator 

of the present invention.  

[Fig. 1 B] Fig. 1 B is a side sectional view showing preferred Embodiment of the 

refrigerator of the present invention.  

5 [Fig. 1C] Fig. 1C is a front view of the refrigerator of the present invention 

according to preferred Embodiment, in a state without doors.  

[Fig. 2] Fig. 2 is a refrigerant circuit diagram showing an example of a 

refrigeration cycle of the refrigerator in Fig. 1.  

[Fig. 3] Fig. 3 is a plan view showing an example of an anti-condensation pipe 

0 accommodated in a cabinet in Fig. 1.  

[Fig. 4] Fig. 4 is a function block diagram showing an example of a controller of 

the refrigerator in Fig. 1.  

[Fig. 5] Fig. 5 is a table showing an example of a setting table in the controller 

in Fig. 4.  

5 [Fig. 6] Fig. 6 is a graph showing control of the opening degree of a pressure 

reducing device when the refrigeration cycle in Fig. 2 is operated.  

[Fig. 7] Fig. 7 is a flowchart showing an operation example of the refrigerator in 

Fig. 1.  

Description of Embodiments 

0 [0011]



Embodiment of a refrigerator according to the present invention will be 

described below with reference to the drawings. Note that the present invention is 

not limited by Embodiment described below. Furthermore, in the drawings below 

including Fig. 1, the dimensional relationships among components may be different 

5 from those in reality. Fig. 1A is a front view showing preferred Embodiment of the 

refrigerator of the present invention. Fig. 1 B is a side sectional view showing 

preferred Embodiment of the refrigerator of the present invention. Fig. 1C is a front 

view of the refrigerator of the present invention according to preferred Embodiment, in 

a state without doors. A refrigerator 100 in Figs. 1A to 1C includes a cabinet 1, 

0 which constitutes the main body of the refrigerator, and dividers (partition walls) 2.  

[0012] 

The cabinet 1 is an open-front box-like member and includes an outer box 11 

that forms an outer shell and an inner box 12 that forms an inner wall. A heat

insulating material, such as urethane, is provided between the outer box 11 and the 

5 inner box 12. The dividers 2 divide the inner space of the cabinet 1 into a plurality of 

storage rooms, such as a refrigerator compartment 3, an ice box 4, a switchable 

compartment 5, a freezer compartment 6, and a vegetable compartment 7.  

[0013] 

The refrigerator compartment 3 is provided at the top of the refrigerator 100, 

?0 and the front side thereof is covered with double-swing doors 31 having heat

insulating structures in such a manner that it can be freely opened and closed. The 

ice box 4 and the switchable compartment 5 are provided side-by-side on the left and 

right, below the refrigerator compartment 3, and the front sides thereof are covered 

with drawer-type doors 41 and 51 having heat-insulating structures, in such a manner 

?5 that they can be freely opened and closed. The freezer compartment 6 is provided 

below the ice box 4 and the switchable compartment 5, and the front thereof is 

covered with a drawer-type door 61 having a heat-insulating structure in such a 

manner that it can be freely opened and closed. The vegetable compartment 7 is 

provided below the freezer compartment 6, at the bottom of the refrigerator 100, and 

30 the front side thereof is covered with a drawer-type door 71 having a heat-insulating



structure in such a manner that it can be freely opened and closed. Note that the 

doors of the respective storage rooms 3 to 7 are provided with a door opening/closing 

sensor (not shown) that detects the opening/closing state.  

[0014] 

5 The storage rooms 3 to 7 are distinguished by the temperature range that can 

be set (preset temperature range). For example, the refrigerator compartment 3 can 

be set to approximately from 0 degrees C to 4 degrees C, the vegetable compartment 

7 can be set to approximately from 3 degrees C to 10 degrees C, the ice box 4 can be 

set to approximately -18 degrees C, and the freezer compartment 6 can be set to 

0 approximately from -16 degrees C to -22 degrees C. Furthermore, the temperature 

range for the switchable compartment 5 can be switched among the temperature 

ranges for a chilled mode (approximately 0 degrees C), a soft freezing mode 

(approximately -7 degrees C), or the like. In this way, the preset temperature ranges 

for the refrigerator compartment 3 and the vegetable compartment 7 are set higher 

5 than those of the ice box 4, the switchable compartment 5, and the freezer 

compartment 6. Note that the preset temperatures of the storage rooms 3 to 7 are 

not limited to the aforementioned values, but may be appropriately changed 

depending on the installation location and the content. Furthermore, the storage 

rooms 3 to 7 are each provided with an inside temperature sensor (not shown) for 

?0 detecting the temperature of the corresponding storage room. Furthermore, air 

outlets 32, 42, 52, 62, and 72 are each provided with a damper (not shown) on an air 

passage 14 side.  

[0015] 

The cabinet 1 has a back wall 13 on the back side of the respective storage 

?5 rooms 3 to 7. The air passage 14 and a cooling unit chamber 15 are formed 

between the inner box 12 and the rear surface of the back wall 13. The air passage 

14 is a cold-air supply passage for supplying cold air to the respective storage rooms 

and is provided in, for example, an area facing the back surfaces of the respective 

storage rooms 3 to 7. The cooling unit chamber 15 is provided in, for example, an 

30 area facing the back surface of the freezer compartment 6 and accommodates a



cooling unit 28 of a refrigeration cycle 20. Then, cold air resulting from heat 

exchange by the cooling unit 28 is supplied from the cooling unit chamber 15 to the 

air passage 14.  

[0016] 

5 The back surfaces of the respective storage rooms 3 to 7 in the cabinet 1 are 

provided with the air outlets, through which cold air flowing through the air passage 

14 is blown into the respective storage rooms 3 to 7. More specifically, the 

refrigerator compartment 3 is provided with the air outlet 32, the ice box 4 is provided 

with the air outlet 42, the switchable compartment 5 is provided with the air outlet 52, 

0 the freezer compartment 6 is provided with the air outlet 62, and the vegetable 

compartment 7 is provided with the air outlet 72. Note that the air outlets 32, 42, 52, 

62, and 72 are provided with the dampers (not shown), and the temperatures in the 

respective storage rooms 3 to 7 are controlled by opening or closing the dampers.  

[0017] 

5 The refrigeration cycle 20 is disposed on the back side of the cabinet 1, and 

produces cold air for cooling the inside of the refrigerator 100 by using the 

refrigeration cycle 20 of a vapor-compression type. Fig. 2 is a refrigerant circuit 

diagram showing an example of the refrigeration cycle of the refrigerator in Figs. lAto 

1C. In the refrigeration cycle 20 of the refrigerator 100 in Fig. 2, a compressor 21, a 

?0 condenser pipe 22, a strainer 23, a pressure reducing device 24, an anti

condensation pipe 25, a drier 26, a capillary tube 27, and a cooling unit 28 are 

connected in series by a pipe.  

[0018] 

The compressor 21 is disposed in, for example, a machine room provided at 

?5 the lower part, on the back side, of the refrigerator 100. The compressor 21 

compresses refrigerant to produce high-temperature, high-pressure refrigerant and is 

driven by an inverter circuit. The operating capacity of the compressor 21 is 

controlled depending on the situation. The condenser pipe 22 exchanges heat 

between the refrigerant discharged from the compressor 21 and the outside air, and is 

30 formed of, for example, a hot pipe for drain evaporation, an air-cooled condenser 
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disposed in the installation space for the compressor 21, and a pipe embedded in the 

side surface and back surface of the refrigerator 100 with a heat-insulating material 

therebetween. The strainer 23 is formed of a filter for removing dust, metal powder, 

or the like from the refrigerant flowing out of the condenser pipe 22.  

5 [0019] 

The pressure reducing device 24 expands the refrigerant by reducing the 

pressure of the refrigerant flowing therein from the condenser pipe 22 via the strainer 

23 and is configured so that, for example, the opening degree of an electronic 

expansion valve can be variably controlled. Furthermore, the anti-condensation pipe 

0 25 is connected in series to the pressure reducing device 24, and the refrigerant 

flowing into the pressure reducing device 24 via the condenser pipe 22 and the 

strainer 23 flows into the anti-condensation pipe 25 without being separated.  

[0020] 

The anti-condensation pipe 25 is connected in series to the condenser pipe 22 

5 via the pressure reducing device 24. The anti-condensation pipe 25 functions as the 

condenser, together with the condenser pipe 22, and also has a function of preventing 

the dew condensation on the cabinet 1 and the dividers 2. Fig. 3 is a plan view 

showing an example of the anti-condensation pipe 25 accommodated in the cabinet 1 

in Fig. 1. The anti-condensation pipe 25 is bent and accommodated in the 

?0 peripheral portion of the front opening in the cabinet 1 and in the front edges of the 

dividers 2. The anti-condensation pipe 25 is mounted in the cabinet 1 and the 

dividers 2 with an elastic member having a large thermal capacity, such as butyl 

rubber, therebetween. The dew condensation at the front portion of the main body of 

the refrigerator 100 is prevented because the refrigerant flows through the anti

?5 condensation pipe 25.  

[0021] 

Note that, although Fig. 3 shows an example case where the anti-condensation 

pipe 25 is located at a part of the front edges of the cabinet 1 and the dividers 2, the 

position of the anti-condensation pipe 25 is not limited thereto, and the anti

30 condensation pipe 25 may be located at any position at which it can reduce dew 

n



formation caused by low-temperature cold air leaking out side. For example, the 

anti-condensation pipe 25 may be disposed in the overall front edges of the cabinet 1 

and the dividers 2. Alternatively, the anti-condensation pipe 25 may be disposed 

only in the front edges of the cabinet 1 and the dividers 2 adjoining the ice box 4, the 

5 switchable compartment 5, and the freezer compartment 6 (i.e., in the area where the 

cold air in the refrigeration temperature range can leak out). In this case, it is 

possible to prevent the arrangement and disposition of the anti-condensation pipe 25 

from becoming complex.  

[0022] 

0 The drier 26 in Fig. 2 is formed of a filter for preventing dust, metal powder, or 

the like, contained in the refrigerant flowing from the anti-condensation pipe 25 from 

entering the compressor 21, an adsorbing member for adsorbing moisture in the 

refrigeration cycle, and the like. The capillary tube 27 is made of, for example, a 

copper capillary tube, and serves as a pressure reducing device that reduces the 

5 pressure of the refrigerant flowing through the drier 26 and allows the refrigerant to 

flow to the cooling unit 28 side.  

[0023] 

The cooling unit 28 is connected between the capillary tube 27 and a suction 

pipe side of a refrigerant-to-refrigerant heat exchanger 29. The cooling unit 28 is 

?0 provided in the cooling unit chamber 15 and cools the inside of the cooling unit 

chamber 15 to produce cold air. A circulating fan 16 is provided above the cooling 

unit 28. The circulating fan 16 supplies air to the cooling unit 28 and sends the cold 

air cooled in the vicinity of the cooling unit 28 to the respective storage rooms 3 to 7.  

[0024] 

25 The refrigeration cycle 20 further includes the refrigerant-to-refrigerant heat 

exchanger 29 that exchanges heat between the refrigerant flowing through the 

capillary tube 27 and the refrigerant flowing through a pipe (suction pipe) between the 

cooling unit 28 and the compressor 21. The refrigerant-to-refrigerant heat 

exchanger 29 exchanges heat between the refrigerant flowing through the capillary 

30 tube 27 and the refrigerant to be taken into the compressor 21.



[0025] 

As has been described above, in the refrigeration cycle 20, the anti

condensation pipe 25 is connected in series to the condenser pipe 22 via the 

pressure reducing device 24 and has a function as a condenser and a function of 

5 preventing the dew condensation. For example, when the required cooling capability 

is large, the amount of heat rejected by the condenser pipe 22 and the anti

condensation pipe 25 also need to be increased. When the inside load is small, and 

the required cooling capability is small, the amount of heat rejected by the condenser 

pipe 22 and the anti-condensation pipe 25 may be small. If the cabinet 1 and the 

0 dividers 2 are heated excessively by the refrigerant flowing through the anti

condensation pipe 25, the heat from the anti-condensation pipe 25 propagates to the 

respective storage rooms 3 to 7, increasing the power consumption for cooling the 

respective storage rooms 3 to 7. Hence, it is preferable that, when the inside load is 

small, the opening degree of the pressure reducing device 24 be controlled so that 

5 the temperature of the refrigerant flowing through the anti-condensation pipe 25 is 

low.  

[0026] 

Meanwhile, from the standpoint of anti-condensation, dew condensation may 

occur when the surface temperatures of the cabinet 1 and the dividers 2 drop below 

?0 the dew point temperature. Hence, by increasing the refrigerant temperature 

through a reduction in refrigerant pressure in the anti-condensation pipe 25, the 

surface temperatures of the cabinet 1 and the dividers 2 need to be maintained to the 

dew point temperature of the outside air or higher by utilizing the condensation heat 

of the refrigerant obtained.  

?5 [0027] 

Thus, the refrigerator 100 has a function of performing an expansion mode 

(energy saving mode) for reducing the power consumption according to the input by a 

user or the like and a function of switching between a plurality of expansion modes to 

be performed depending on the outside air temperature in the installation 

30 environment of the refrigerator 100.  
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[0028] 

Fig. 4 is a function block diagram showing an example of the controller 10 in 

Figs. 1A to 1C. The refrigerator 100 in Figs. 1A to 1C and Fig. 4 includes an 

operating device 8, an outside-air-temperature sensor 9a, a humidity sensor 9b, and 

5 the controller 10. The operating device 8 receives various types of input from the 

user, and is provided on the surface of the door 31 of the refrigerator compartment 3, 

for example. The operating device 8 includes an operating switch that allows 

adjustment of the temperature settings or other settings of the respective storage 

rooms 3 to 7, a liquid crystal panel that displays the temperatures of the respective 

0 storage rooms 3 to 7, and the like. The operating device 8 also includes an 

operating switch that allows, for example, selection of the expansion mode. The 

user can select any one from the plurality of expansion modes by operating the 

operating device 8.  

[0029] 

5 The outside-air-temperature sensor 9a detects an outside air temperature TA in 

the installation environment where the refrigerator 100 is installed. Furthermore, the 

humidity sensor 9b detects humidity HA of the outside air in the installation 

environment where the refrigerator 100 is installed. The outside-air-temperature 

sensor 9a and the humidity sensor 9b are disposed at, for example, the position of 

?0 the operating device 8. Note that the outside-air-temperature sensor 9a and the 

humidity sensor 9b may be disposed at a position other than the position of the 

operating device 8 (for example, a position in the vicinity of a connecting part between 

the door 31 of the refrigerator compartment 3 and the cabinet 1).  

[0030] 

25 The controller 10 in Figs. 1A to 1C controls the overall operation of the 

refrigeration cycle 20 and the refrigerator 100, and is formed of a microcomputer or 

the like and is mounted to the upper part of the back surface of the refrigerator 100.  

The controller 10 controls the operation of the refrigeration cycle 20, as well as 

opening and closing movement of the damper, so that values of the inside 

30 temperatures detected by the inside temperature sensors disposed in, for example, 
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the respective storage rooms 3 to 7 equals the preset temperatures. Furthermore, 

the controller 10 detects the opening and closing states of the doors based on the 

output from respective door opening-and-closing sensors, and when, for example, a 

door is kept open for a long time, it controls so that the operating device 8 or a voice 

5 output device informs the user of that state.  

[0031] 

In particular, the controller 10 has a function of adjusting the refrigerant 

pressure inside the anti-condensation pipe 25 by controlling the opening degree (flow 

resistance) of the pressure reducing device 24 according to the input via the 

0 operating device 8. More specifically, the controller 10 includes a setting table 10A, 

an operating-condition setting unit 1GB, and a refrigeration-cycle control unit 10C.  

[0032] 

Fig. 5 is a table showing an example of the setting table 10A in Fig. 4. As 

shown in Figs. 4 and 5, the setting table 1 GA stores different flow resistances RfG to 

5 Rf3 associated with the respective outside air temperatures TA (expansion modes 1 

to 3). Furthermore, the operating-condition setting unit 1 GB selects any of the 

expansion modes 1 to 3 from the setting table 1 GA based on the outside air 

temperature TA detected by the outside-air-temperature sensor 9a. Note that Fig. 5 

shows an example case where three expansion modes, 1 to 3, are stored, and the 

?0 flow resistances RfG to Rf3 are stored in association with the respective outside air 

temperatures TA, corresponding to the expansion modes 1 to 3. More specifically, 

the classification is made into a case where the outside air temperature TA is higher 

than or equal to a first temperature threshold TAref1 (expansion mode 1), a case 

where the outside air temperature TA is smaller than the first temperature threshold 

?5 TAref1 and is larger than a second temperature threshold TAref2 (expansion mode 2), 

and a case where the outside air temperature TA is lower than or equal to the second 

temperature threshold TAref2 (expansion mode 3).  

[0033] 

Then, the operating-condition setting unit 10B selects the flow resistance Rf of 

30 the pressure reducing device 24 from the setting table 1 GA, based on the outside air 
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temperature TA and the temperature thresholds TAref1 and TAref2. In Fig. 5, the 

first flow resistance Rfl is greater than the minimum flow resistance (fully open state) 

Rf0 (Rf1 > Rf0), the second flow resistance Rf2 is greater than the first flow 

resistance Rfl (Rf1 > Rf2), and the third flow resistance Rf3 is greater than the 

5 second flow resistance Rf2 (Rf3 > Rf2). Note that, as the opening degree of the 

pressure reducing device 24 increases, the flow resistance Rf decreases, and, as the 

flow resistance Rf decreases, the temperature of the refrigerant flowing through the 

anti-condensation pipe 25 increases.  

[0034] 

0 In particular, in the setting table 1 0A, a plurality of different flow resistances Rf0 

to Rf3 are associated with the respective outside air temperatures TA (expansion 

modes 1 to 3). For example, a combination of the minimum flow resistance Rf0 and 

the first flow resistance Rfl is associated with the expansion mode 1, a combination 

of the minimum flow resistance Rf0 and the second flow resistance Rf2 is associated 

5 with the expansion mode 2, and a combination of the minimum flow resistance Rf0 

and the third flow resistance Rf3 is associated with the expansion mode 3.  

[0035] 

Furthermore, the operating-condition setting unit 1OB sets an operating time t 

for each of the different flow resistances Rf, after selecting the flow resistance Rf.  

?0 More specifically, the setting table 1 GA previously stores temperatures of the 

refrigerant Tmp0 to Tmp3 flowing through the anti-condensation pipe 25 

corresponding to the respective flow resistances Rf0 to Rf3. Then, the operating

condition setting unit 1OB calculates the operating time tO and t1 so that the 

temperature of the refrigerant flowing through the anti-condensation pipe 25 is higher 

?5 than or equal to dew point temperature Td and is lower than or equal to the outside 

air temperature TA, as shown by Expression (1) below. Note that Expression (1) 

below shows an example case where the expansion mode 1, i.e., the combination of 

the minimum flow resistance RfO and the first flow resistance Rfl, is selected.  

[0036] 

30 [Math. 1] 

411



OUTSIDEAIR TA > TmpO x to + Tmpl x t1 DEW POINT Td -.- (1) 
TEMPERATURE Tt + t1- TEMPERATURE 

[0037] 

The dew point temperature Td in Expression (1) is calculated by the operating

condition setting unit 1OB, based on the outside air temperature TA detected by the 

5 outside-air-temperature sensor 9a and the humidity HA detected by the humidity 

sensor 9b, and various known calculation methods may be used.  

[0038] 

That is, Expression (1) means that, by changing the ratio between the 

operating time tO with the minimum flow resistance RfO and the operating time t1 with 

0 the first flow resistance Rfl, the flow resistance Rf of the pressure reducing device 24 

is adjusted so that the average value per unit time of the temperature of the 

refrigerant flowing through the anti-condensation pipe 25 is higher than or equal to the 

dew point temperature Td and is lower than or equal to the outside air temperature 

TA. The ratio of the operating times tO or t1 changes depending on the installation 

5 environment, which varies in temperature and humidity, and, for example, as the dew 

point temperature Td increases, the operating time tO with the minimum flow 

resistance RfO becomes shorter than the operating time t1 with the first flow 

resistance Rfl.  

[0039] 

20 Although an example case where the operating-condition setting unit 10B 

calculates the dew point temperature Td and calculates the operating time t using the 

above-described Expression (1) has been shown, the operating-condition setting unit 

10B is not limited to this example as long as it performs control so that the 

temperature of the refrigerant is higher than the dew point temperature Td. For 

?5 example, the operating-condition setting unit 10B may calculate the operating times tO 

and t1 so that the average temperature of the refrigerant flowing through the anti

condensation pipe 25 equals the outside air temperature TA or a value lower than the 

outside air temperature TA by a predetermined temperature (e.g., 5 degrees C). By 

doing so, the humidity sensor 9b for calculating the dew point temperature Td 
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becomes unnecessary, and the power consumption in the refrigerator 100 due to the 

heat of the anti-condensation pipe 25 can be reduced with a reasonable 

configuration, while the dew condensation is reliably prevented.  

[0040] 

5 Furthermore, although an example case where the operating times tO and t1 

are calculated using Expression (1) has been shown, it is also possible that the 

operating times tO to t3 corresponding to the respective flow resistances RfG to Rf3 

are also stored in the setting table 1 GA in advance, and then the flow resistance Rf 

and the operating time t stored in the setting table 1 GA are set depending on the 

0 outside air temperature TA.  

[0041] 

Furthermore, the operating-condition setting unit 1 GB has a function of 

selecting, from the setting table 1 GA, the flow resistance Rf that matches the 

expansion mode 1, 2, or 3 selected by a user when the user selects one from the 

5 three expansion modes 1 to 3 via the operating device 8. In this way, anti

condensation operation may be performed not only when transition to the expansion 

mode is automatically performed, but also manually upon a request from the user. In 

this case, the operating time t may be one that is calculated according to Expression 

(1) or one that is stored in the setting table 1 GA in advance.  

?0 [0042] 

The refrigeration-cycle control unit 10C controls the refrigeration cycle 20 so 

that the expansion mode (energy-saving operation) according to the expansion mode 

1, 2, or 3 (flow resistance Rf and operating time t) set by the operating-condition 

setting unit 10B is performed. More specifically, the refrigeration-cycle control unit 

?5 10C starts to drive the compressor 21 and controls the refrigeration cycle 20 so that 

the flow resistances RfG and Rfl of the pressure reducing device 24 and the 

operating times tO and t1 therefor are achieved.  

[0043] 

Fig. 6 is a graph showing control of the opening degree of the pressure 

30 reducing device 24 when the refrigeration cycle 20 in Fig. 2 is operated. As shown



in Fig. 6, the refrigeration-cycle control unit 10C controls the pressure reducing device 

24 so that the operating time tO with the minimum flow resistance Rf0 and the 

operating time t1 with the first flow resistance Rf1 are alternately switched. As a 

result, during the period of the operating time tO with the minimum flow resistance 

5 Rf0, the temperature of the refrigerant flowing through the anti-condensation pipe 25 

is TmpO, and during the period of the operating time t1 with the first flow resistance 

Rf1, the temperature of the refrigerant is Tmp1 (< TmpO). Thus, the average value 

per unit time of the temperature of the refrigerant flowing through the anti

condensation pipe 25 during the period (tO + t1) is obtained as Expression (1) above.  

10 [0044] 

Furthermore, the refrigeration-cycle control unit 10C may be configured to 

forcibly quit the expansion modes I to 3, depending on the inside load. For 

example, when the inside load has reached or exceeded a predetermined threshold, 

the refrigeration-cycle control unit 10C may perform control so that the performance 

15 of the expansion mode is quitted or so that setting to the expansion mode is 

prohibited to prevent insufficient cooling.  

[0045] 

Fig. 7 is a flowchart showing an operation example of the refrigerator in Figs.  

1A to 1C. Referring to Figs. 1A to 1C to Fig. 7, an operation example of the 

20 refrigerator 100 will be described. Note that, in an initial state, the refrigerator 100 is 

not set to any of the expansion modes, and the pressure reducing device 24 is set to 

a fully open state in which it does not adjust the refrigerant pressure, that is, a state in 

which the refrigerant pressure loss in the pressure reducing device 24 is minimized.  

[0046] 

25 First, information on whether or not the transition to the expansion modes 1 to 

3 is allowed is input to the operating device 8 by a user's operation (step STI).  

When information that the transition to the expansion modes 1 to 3 is prohibited is 

input to the operating device 8, the refrigeration-cycle control unit 10C sets the 

pressure reducing device 24 to a fully open state (minimum flow resistance RfO) (step



ST2). As a result, operation is performed with the cooling capability of the 

refrigerator 100 being maximized (step ST8).  

[0047] 

Meanwhile, when information that the transition to the expansion modes 1 to 3 

5 is allowed is input via the operating device 8, the operating-condition setting unit 10B 

additionally determines whether or not information that selection of the expansion 

modes 1 to 3 is automatically performed is input via the operating device 8 (step 

ST3). When the information that the expansion modes 1 to 3 are automatically 

performed is input via the operating device 8, the operating-condition setting unit 1 GB 

0 obtains the outside air temperature TA detected by the outside-air-temperature sensor 

9a (step ST4). Thereafter, the operating-condition setting unit 10B selects the 

expansion mode 1, 2, or 3 (flow resistance Rf) from the setting table 1 GA, based on 

the outside air temperature TA (step ST5). Furthermore, the operating time t 

corresponding to the flow resistance Rf is set based on Expression (1) or the like 

5 (step ST6). Thereafter, operation of the compressor 21 is started (step ST8), and 

driving of the pressure reducing device 24 with the set flow resistance Rf and 

operating time is controlled. In this way, the refrigerant temperature (refrigerant 

pressure) of the anti-condensation pipe 25 is controlled so that it is higher than or 

equal to the dew point temperature Td and lower than or equal to the outside air 

?0 temperature (see Fig. 6).  

[0048] 

On the other hand, when selection of any of the expansion modes is not 

automatically performed, but is directly input to the operating device 8 by the user, the 

operating-condition setting unit 1 GB sets the flow resistance Rf associated with the 

?5 expansion mode 1, 2, or 3 input to the operating device 8 (step ST7) and sets the 

operating time t. At this time, as described above, the setting of the operating time t 

may be calculated using Expression (1), or the operating time t previously stored in 

association with the flow resistance Rf may be used. Thereafter, operation of the 

compressor 21 is started (step ST8).  

30 [0049] 
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As has been described above, according to this embodiment, when energy

saving operation of the refrigerator 100 is performed, by setting the flow resistance Rf 

using the setting table 1 0A and by setting the operating time t with the set flow 

resistance Rf, the temperature of the refrigerant flowing through the anti-condensation 

5 pipe 25 can be maintained at the dew point temperature Td or higher. Hence, at any 

outside air temperature TA, such as when the humidity of the outside air is high (e.g., 

an RH of 90% or more), when the humidity of the outside air is low (e.g., an RH of 

50% or more), when the temperature of the outside air is high (e.g., 30 degrees C), 

and when the temperature of the outside air is low (e.g., 15 degrees C), it is possible 

0 to reliably prevent the dew condensation under any outside air environment, while 

power consumption is minimized.  

[0050] 

In particular, because the temperature of the refrigerant flowing through the 

anti-condensation pipe 25 is controlled by using the setting table 10A, there is no 

5 need to perform the control as needed in the conventional configuration, such as 

monitoring the state of the refrigerant flowing through the refrigeration cycle 20 and 

subsequently changing the opening degree of the pressure reducing device 24. In 

this way, it is possible to control the refrigerant temperature so that it equals a 

predetermined refrigerant temperature by utilizing that the temperature of the 

?0 refrigerant flowing through the anti-condensation pipe 25 changes depending on the 

flow resistances Rf0 to Rf3. Thus, it is possible to prevent the dew condensation at 

low cost and in a manner suitable for the installation environment, without providing a 

refrigerant temperature sensor, a refrigerant pressure sensor, or the like and 

monitoring the state of the refrigerant.  

?5 [0051] 

Furthermore, when the controller 10 is to perform the expansion mode 1, 2, or 

3 upon receipt of the input information that performance of the expansion mode is 

allowed via the operating device 8, but is unable to start the expansion mode due to, 

for example, high inside load, it can fully open the pressure reducing device 24 to use 

30 the anti-condensation pipe 25 as the condenser, making the anti-condensation pipe 
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25, in addition to the condenser pipe 22, condense the refrigerant. Thus, it is 

possible to keep cooling while necessary amount of condensation heat is ensured.  

[0052] 

Furthermore, when the operating times tO to t3 are set for the respective flow 

5 resistances RfO to Rf3 corresponding to the selected expansion modes 1 to 3, precise 

refrigerant temperature control becomes possible, and the dew condensation can be 

reliably prevented in any installation environment.  

[0053] 

The embodiment of the present invention is not limited to the above-described 

0 embodiment. For example, although Fig. 5 shows an example case where the 

outside air temperature TA is classified into three ranges, it is only needed to be 

defined by two or more temperature thresholds, TAref1 and Tref2, and classified into 

a plurality of categories. Furthermore, although the setting table 1OA in Fig. 5 shows 

an example case where the combinations of the minimum flow resistance Rf0 and the 

5 flow resistances Rf1, Rfl, or Rf3 are stored, the combinations are not limited to these 

combinations, and any combination of the flow resistances RfO to Rf3 may be stored.  

Furthermore, not the combinations of two flow resistances, but a single flow 

resistance may be stored, or the combinations of three or more different flow 

resistances may be stored.  

.0 Reference Signs List 

[0054] 

1 cabinet 2 divider 3 refrigerator compartment 4 ice box 5 

switchable compartment 6 freezer compartment 7 vegetable compartment 8 

operating device 9a outside-air-temperature sensor 9b humidity sensor 10 

25 controller 1OA setting table 1OB operating-condition setting unit 1OC 

refrigeration-cycle control unit 11 outer box 12 inner box 13 back wall 

14 air passage 15 cooling unit chamber 16 circulating fan 20 

refrigeration cycle 21 compressor 22 condenser pipe 23 strainer 24 

pressure reducing device 25 anti-condensation pipe 26 drier 27 capillary 

30 tube 28 cooling unit 29 refrigerant-to-refrigerant heat exchanger 31, 41, 
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51, 61, 71 door 32, 42, 52, 62, 72 air outlet 100 refrigerator HA humidity 

Rf flow resistance RfO minimum flow resistance Rf1 first flow 

resistance Rf2 second flow resistance Rf3 third flow resistance t, to, ti, 

t2, t3 operating time TA outside air temperature TAref1 first temperature 

5 threshold TAref2 second temperature threshold Td dew point temperature 

TmpO, Tmp1, Tmp2, Tmp3 temperature of the refrigerant



CLAIMS 

[Claim 1] 

A refrigerator comprising: 

a cabinet having an inner space; 

5 a divider for dividing the inner space of the cabinet into a plurality of storage 

rooms; 

a refrigeration cycle accommodated in the cabinet, the refrigeration cycle 

connecting in series in an order of a compressor, a condenser pipe, a pressure 

reducing device, an anti-condensation pipe, and a capillary tube; 

0 an outside-air-temperature sensor provided outside the cabinet and configured 

to detect an outside air temperature; and 

a controller configured to control operation of the refrigeration cycle, 

the controller including 

a setting table storing a flow resistance of the pressure reducing device 

5 associated with each one of outside air temperatures, the flow resistances being 

different from each other, 

an operating-condition setting unit configured to select one from the flow 

resistances in the setting table based on the outside air temperature detected by the 

outside-air-temperature sensor and configured to set an operating time for the 

?0 selected flow resistance, and 

a refrigeration-cycle control unit configured to control the refrigeration cycle to 

allow operation to be performed with the flow resistance and the operating time set by 

the operating-condition setting unit.  

[Claim 2] 

25 The refrigerator of Claim 1, further comprising an operating device configured 

to receive information on whether or not adjustment of the flow resistance is allowed, 

wherein, when the operating device receives input information that selection of 

the flow resistance is allowed, the controller selects the flow resistance of the 

refrigeration cycle and sets the operating time of the refrigeration cycle.  

30 [Claim 3] 
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The refrigerator of Claim 2, 

wherein the operating device includes an operating switch used to directly input 

the flow resistance selected from the setting table, and 

wherein the operating-condition setting unit has a function of selecting the flow 

5 resistance input from the operating device.  

[Claim 4] 

The refrigerator of any one of Claims 1 to 3, 

wherein the flow resistance associated with each one of outside air 

temperatures stored in the setting table includes a plurality of the flow resistances, the 

) plurality of the flow resistances being different from each other, and 

wherein the operating-condition setting unit sets the operating time for each 

one of the plurality of flow resistances.  

[Claim 5] 

The refrigerator of Claim 4, 

5 wherein the setting table previously stores temperatures of refrigerant flowing 

through the anti-condensation pipe corresponding to the respective flow resistances, 

and 

wherein the operating-condition setting unit sets the operating time for each 

one of the plurality of flow resistances so that an average temperature of the 

0 refrigerant flowing through the anti-condensation pipe is higher than a dew point 

temperature.  

[Claim 6] 

The refrigerator of Claim 5, 

wherein the operating-condition setting unit sets the operating time for each 

.5 one of the plurality of flow resistances so that the average temperature of the 

refrigerant flowing through the anti-condensation pipe equals the outside air 

temperature.  

[Claim 7] 

The refrigerator of Claim 5, 
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wherein the operating-condition setting unit sets the operating time for each 

one of the plurality of flow resistances so that the average temperature of the 

refrigerant flowing through the anti-condensation pipe is lower than the outside air 

temperature by a predetermined temperature.  

5 [Claim 8] 

The refrigerator of Claim 5, further comprising a humidity sensor configured to 

detect humidity of the outside air, 

wherein the operating-condition setting unit calculates the dew point 

temperature based on the humidity detected by the humidity sensor and based on the 

0 outside air temperature and sets the operating time for each one of the plurality of 

flow resistances so that a temperature of the refrigerant flowing through the anti

condensation pipe is higher than the dew point temperature.  

[Claim 9] 

The refrigerator of any one of Claims 1 to 8, 

5 wherein the outside air temperatures are classified into three categories in the 

setting table.  

[Claim 10] 

The refrigerator of any one of Claims 1 to 9, 

wherein the anti-condensation pipe is accommodated in at least a part of front 

_0 edges of the cabinet and the divider.  
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