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REFRGERATOR 

Technical Field 

0001) The present invention relates to refrigerators having 
a liquid spray device employing an electrostatic atomization 
method. 

Background Art 

0002. In recent years, there has been an increase in home 
appliances that electrostatically atomize liquid and spray the 
resulting electrically-charged fine liquid particles to a wide 
spread area in order to enhance deodorization effects, anti 
bacterial effects, and the like. 
0003 FIG. 32 is a schematic diagram of a conventional 
liquid spray device disclosed in Patent Reference 1. The 
liquid spray device includes: a nozzle 501 that sprays liquid; 
a charging unit 502 that generates a high-voltage electric field 
to charge static electricity to the liquid to be sprayed so that 
the liquid is atomized; and a high voltage power source 506 
that causes the charging unit 502 to perform charging. The 
charging unit 502 performs electrostatic atomization on a 
liquid water column 503 to be sprayed from the nozzle 501, 
by using a charging electrode 504 according to a dielectric 
charging method, in other words, by passing the liquid water 
column 503 through the high-voltage electric field. Thereby, 
the charging unit 502 reduces a size of particles, and sprays 
the resulting charged fine particle moisture 505. 
0004 FIG.33 is a schematic diagram of the charging unit 
502. A portion of the nozzle 501 is inserted in the cylindrical 
charging electrode 504. The high voltage power source 506 
supplies a high voltage to the nozzle 501 as a positive terminal 
and the charging electrode 504 as a negative terminal, thereby 
charging the liquid fine particle moisture 505 to be sprayed 
from the nozzle 501, to have negative charge for the electro 
Static atomization. If the moisture is negatively charged, 
negative ion effect is also achieved. 
0005. It is also possible that liquid is mixed with antioxi 
dant Such as Vitamin C and fungicide and then performs 
electrostatic atomization on them to be sprayed. Thereby, 
active oxygen accumulated in air can be eliminated by the 
antioxidant or sterilized by the fungicide. It is also possible to 
provide a grounded electrostatic adsorption unit at the end of 
the charging electrode 504. Thereby, static electricity can 
adsorb suspended fine particulates and the like in air together 
with the liquid moisture 505. FIG. 34 is a schematic diagram 
of the nozzle 501. A high voltage directly applied to the 
nozzle 501 enables the nozzle 501 itself to serve as the charg 
ing unit. Thereby, the nozzle 501 can directly charge deodor 
ant at the same time as spaying. 
0006. As described above, the devices performing electro 
Static atomization generally charge liquid to have a high 
potential and spray the liquid to an opposite electrode having 
a difference of electrical potential (hereinafter, referred to as 
a “potential difference”). 
0007 Since to-be-sprayed liquid is applied with a high 
Voltage to have a large amount of electric charge, the conven 
tional liquid spray devices would have the following troubles. 
0008 For example, when liquid with a large amount of 
electric charge is sprayed to structural parts and stored items 
in a crisper, the structural parts and stored items attached with 
the sprayed liquid are electrically charged. The charged state 
is not only the situation of electrostatic induction for conduc 
tive objects and charge polarization for nonconductive 
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objects, but also the situation of sheer unbalance between a 
positive charge amount and a negative charge amount of an 
object. An object has a larger amount of electric charge, as the 
object has a greater capacitance, and as a positive charge 
amount is much greater than a negative charge amount in a 
charged capacitor. 
0009 For example, an object such as a stored item is a 
nonconductive material such as resin, electric charge is hardly 
transferred. If such an object is charged once, the object is 
kept at a high potential for a long time. On the other hand, if 
the object is a conductive material such as a metal, electric 
charge is actively transferred. If the surrounding of the object 
has a high humidity, the electric charge is easily discharged in 
a short time, as seen in charging phenomenon due to static 
electricity. 
10010. However, in the environment with a low tempera 
ture and a low humidity in a refrigerator, for example, if inside 
of the refrigerator is cooled enough and no action occurs to 
increase the humidity, for example if storing of vegetables 
containing a great amount of water or the like or opening and 
closing of a door is not performed in a long time, electric 
charge is not discharged from a charged stored item or the like 
even if the item is a conductive object, and its charge potential 
is increased to be equal to a potential applied by an electrode. 
For example, ifa Voltage is applied to liquid to have a poten 
tial of -6 kV, the charge potential of the stored item is 
increased to approximately -6 kV. Here, as an object such as 
a charged stored item has a more electrostatic capacity, the 
object has more electric charge accumulated. Thereby, when 
a human body touches the charged stored item, the item 
discharges electric charge. Especially, a conductive object 
discharges electric charge to a human body in a moment. 
Therefore, a peak value of the electricity energy is large. A 
user of a refrigerator neverexpects to receive an electric shock 
from items stored in the refrigerator. 
0011. Other objects except such stored items cause the 
same problem. For example, if a crisper case in a crisper is 
charged, the crisper case generates an electric field and 
objects in the case have a high potential. For instance, while 
liquid is applied with a voltage to have a potential of -6 kV. 
the crisper case, stored items located in the electric field 
generated by the crisper case, and the electrostatic atomiza 
tion device itselfare at a potential of approximately -6 kV. As 
a result, all of the sprayed liquidata potential of-6kV and the 
objects in the crisper have the same potential, which reduces 
energy for atomizing the liquid into fine particles and thereby 
fails spraying. Therefore, an amount of water attached to the 
stored items in the crisper is significantly reduced, which 
reduces sterilization effects and the like. In addition, if wiring 
or other functional parts are located in the electric field, they 
are charged to have a high potential, thereby causing errone 
ous operations or damages of devices. 
I0012. As in the conventional cases, electric charge of a 
charged object is easily discharged in an open space at room 
temperature and room humidity. This tendency is seen espe 
cially in conductive objects. However, in the environment 
having a possibility of low temperature and low humidity like 
in a refrigerator, spraying of charged liquid would cause the 
above-described troubles. 
(0013 Meanwhile, refrigerant used in a refrigeration cycle 
in refrigerators is recently changed from conventional 
hydrofluorocarbon (HFC) medium to hydrocarbon (HC) sys 
temmedium such as isobutene (R600a), in view of preventing 
oZone depletion and global warming. 
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0014. However, as HC refrigerants are flammable, leakage 
of the refrigerants has a risk of flame caused by spark or heat 
of connection points of electrical parts and arc due to high 
Voltage application. Therefore, various flame arresting tech 
niques are examined. 
0015 FIG. 35 is a perspective view of a conventional 
deodorization device disclosed in Patent Reference 2. FIG.36 
is an exploded perspective view of the conventional deodor 
ization device. 

0016. As shown in FIGS. 35 and 36, the deodorization 
device 617 includes a container-shaped case body 621; a 
cover 622 covering a top opening of the case body 621; a 
step-up transformer 624 arranged in the case body 621; a 
photocatalytic unit 625; and an ozonolysis catalyst 626. The 
case body 621 and the cover 622 form a unit case 623. 
0017. In the case body 621, there are formed a transformer 
chamber 627 and a cool airflow path 628 which are separated 
by a divider wall. The step-up transformer 624 is arranged in 
the transformer chamber 627. The photocatalytic unit 625 is 
arranged in the cool air flow path 628, and the ozonolysis 
catalyst 626 is arranged in the most downstream of the cool 
air flow path 628. 
0018. The photocatalytic unit 625 includes a first case 639 
and a second case 645 that is capable of attaching to the first 
case 639. The first case 639 contains a first electrode 640, a 
second electrode 641, spacers 642 and 643, and a photocata 
lytic module 644. 
0019. In the first case 639, a storage recess part 646 is 
formed. In the storage recess part 646, there are sequentially 
stored a mesh electrode part 640A of the first electrode 640, 
the spacer 642, the photocatalytic module 644, the spacer 
643, and a mesh electrode part 641A of the second electrode 
641. The first case 639 also has terminal arrangement parts 
646A and 646B connected to the storage recess part 646. In 
the terminal arrangement parts 646A and 646B, a terminal 
part 640B of the electrode 640 and a terminal electrode 641B 
of the electrode 641 are arranged, respectively. The first case 
639 also has a window part 639A. An anti-inflammation 
metal mesh 647 is adhered to the first case 639 so that the 
window part 639A is closed from the outside. If the mesh 
electrode part 640A of the first electrode 640 is stored in the 
storage recess part 646, the mesh electrode part 640A faces, 
via the window part 639A, the anti-inflammation metal mesh 
647 that is adhered to the window part 639A. 
0020. The second case 645 is capable of be engaged to the 

first case 639 to be mounted on the first case 639. The second 
case 645 is mounted on the first case 639 in which the first 
electrode 640, the spacer 642, the photocatalytic module 644, 
the spacer 643, and the second electrode 641 are sequentially 
stored. As a result, the photocatalytic unit 625 is assembled. 
The second case 645 also has a window part 645A. An anti 
inflammation metal mesh 650 is adhered to the second case 
645 so that the window part 645A is closed from the outside. 
The mesh electrode part 641A of the second electrode 641 
faces the anti-inflammation metal mesh 650 via the window 
part 645A, when the photocatalytic unit 625 is assembled. 
0021. In the deodorization device 617, a space surrounded 
by the first case 639, the second case 645, and the anti 
inflammation metal meshes 647 and 650 serves as a combus 
tion chamber. In a situation where isobutene leaked from the 
refrigeration cycle device flames in the combustion chamber 
due to electrical discharge between the first and second elec 
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trodes 640 and 641, the above-described structure can prevent 
the flame from spreading to the outside of the combustion 
chamber. 
0022. The conventional deodorization device 617 is cov 
ered by the anti-inflammation metal meshes, which makes the 
structure of the conventional deodorization device 617 com 
plicated and large. 
0023 Patent Reference 1 Japanese Unexamined Patent 
Application Publication No. 2005-270669 

0024 Patent Reference 2 Japanese Unexamined Patent 
Application Publication No. 2003-106753 

DISCLOSURE OF INVENTION 

Problems that Invention is to Solve 

0025 A refrigerator according to the present invention, 
which includes: a storage compartment that is separated and 
heat-insulated from another area; an atomization device hav 
ing an electrode unit which sprays mist into the storage com 
partment; and a protection unit that improves safety of a user. 

BRIEF DESCRIPTION OF DRAWINGS 

0026 FIG. 1 is a cross-sectional side view of a refrigerator 
according to a first embodiment of the present invention. 
0027 FIG. 2 is a cross-sectional side view of a crisper in 
the refrigerator according to the first embodiment. 
0028 FIG.3 shows characteristics of a charge potential of 
the refrigerator according to the first embodiment. 
0029 FIG. 4 shows other characteristics of a charge poten 

tial of the refrigerator according to the first embodiment. 
0030 FIG. 5 is a cross-sectional side view of a crisper in a 
refrigerator according to a second embodiment of the present 
invention. 
0031 FIG. 6 is a cross-sectional side view of a refrigerator 
according to a third embodiment of the present invention. 
0032 FIG. 7 is a cross-sectional side view of a crisper in 
the refrigerator according to the third embodiment. 
0033 FIG. 8 is a front view of anatomization device in the 
refrigerator according to the third embodiment. 
0034 FIG.9 is a detailed view of the atomization device in 
the refrigerator according to the third embodiment. 
0035 FIG. 10 is a front view of an atomization device in a 
refrigerator according to a fourth embodiment. 
0036 FIG. 11 is a cross-sectional side view of the atomi 
Zation device in the refrigerator according to the fourth 
embodiment. 
0037 FIG. 12A is a front view of an opening of the atomi 
Zation device in the refrigerator according to the fourth 
embodiment of the present invention. 
0038 FIG. 12B is a front view of another opening of the 
atomization device in the refrigerator according to the fourth 
embodiment. 
0039 FIG. 12C is a front view of still another opening of 
the atomization device in the refrigerator according to the 
fourth embodiment. 
0040 FIG. 12D is a front view of still another opening of 
the atomization device in the refrigerator according to the 
fourth embodiment. 
0041 FIG. 13 shows a relationship among dimensions of 
an opening of the atomization device and an amount of 
sprayed liquid, according to the fourth embodiment. 
0042 FIG. 14 is a cross-sectional side view of another 
variation of a protection cover in the refrigerator according to 
the fourth embodiment. 
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0043 FIG. 15A is a cross-sectional side view of a crisper 
in a refrigerator according to a fifth embodiment of the 
present invention. 
0044 FIG. 15B shows characteristics of an atomization 
device in the refrigerator according to the fifth embodiment. 
0045 FIG. 16 is a cross-sectional side view of a crisper in 
a refrigerator according to a sixth embodiment of the present 
invention. 
0046 FIG. 17 is a block diagram of a high voltage stop unit 
of an atomization device in the refrigerator according to the 
sixth embodiment. 
0047 FIG. 18 is a cross-sectional side view of an atomi 
Zation device in a refrigerator according to a seventh embodi 
ment of the present invention. 
0048 FIG. 19 is a vertical cross-sectional view of a refrig 
erator according to an eighth embodiment of the present 
invention. 
0049 FIG. 20 is a front view of the refrigerator according 

to the eighth embodiment. 
0050 FIG. 21 is a cross-sectional view of the refrigerator 
taken along line 21-21 of FIG. 20. 
0051 FIG. 22 is a cross-sectional view of the refrigerator 
taken along line 22-22 of FIG. 20. 
0052 FIG. 23 is a detailed view of the refrigerator accord 
ing to the eighth embodiment. 
0053 FIG. 24 shows a temperature and discharge current 
of an atomization electrode in the refrigerator according to 
the eighth embodiment. 
0054 FIG. 25 shows a temperature of an electrode of an 
atomization device according to the eighth embodiment. 
0055 FIG. 26 shows discharge energy of the atomization 
device according to the eighth embodiment. 
0056 FIG. 27 shows discharge energy of the atomization 
device according to the eighth embodiment. 
0057 FIG. 28 is a cross-sectional view of a refrigerator 
according to a ninth embodiment of the present invention. 
0058 FIG. 29 is a cross-sectional view of a refrigerator 
according to a tenth embodiment of the present invention. 
0059 FIG. 30 is a cross-sectional view of the refrigerator 
taken along line 30-30 of FIG. 29. 
0060 FIG. 31 is a cross-sectional view of the refrigerator 
taken along line 31-31 of FIG. 30. 
0061 FIG. 32 is a schematic block diagram of a conven 
tional liquid spray device. 
0062 FIG. 33 is a schematic block diagram of another 
conventional liquid spray device. 
0063 FIG.34 is a schematic block diagram of still another 
conventional liquid spray device. 
0064 FIG. 35 is a perspective view of a conventional 
deodorization device. 
0065 FIG. 36 is an exploded perspective view of the con 
ventional deodorization device. 

NUMERICAL REFERENCES 

0066 101 refrigerator 
0067. 102 main body 
0068. 103A divider 
0069 103B divider 
0070 103C divider 
(0071 104 door 
0072 105 refrigerator compartment 
0073 106 switch compartment 
0074 107 crisper 
0075 108 freezer compartment 
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(0076) 111 compressor 
(0077 112 evaporator 
0078 113 ventilation flue 
0079 114 divider 
0080 115 electrostatic atomization device (atomization 
device) 

I0081) 116 crisper case 
I0082) 121 high voltage circuit unit 
0083) 122 atomization electrode 
I0084 123 opposite electrode 
I0085 124 cooling pin 
0086 125A case 
0087. 125B case 
I0088 126 opening 
0089 127 error determination unit 
(0090 128 humidity detection unit 
(0091 129 high voltage stop unit 
0092. 131 wiring 
(0093 132 reference potential unit 
(0094) 133 switching power IC 
(0095. 134 power circuit unit 
(0096) 135 discharge resistor 
(0097. 136 reference potential unit 
(0098 201 refrigerator 
(0099. 204C crisper door 
0100 207 crisper 
01.01 215 atomization device 
0102 221 high voltage generation unit 
(0103). 222 atomization electrode 
0104 223 opposite electrode 
0105 225 case 
0106 225A opening 
0107 225B primary opening 
0.108 225C auxiliary opening 
0109 225D lattice opening 
0110 226 opening 
(0.111) 228 protection cover 
0112 231 current-limit circuit 
0113 241 high voltage stop unit 
0114 242 magnet 
0115 243 power unit 
0116 244 control unit 
0117 251 water flowout path 
0118 300 refrigerator 
0119 301 heat-insulating main body 
I0120 307 crisper (storage compartment) 
I0121 331 electrostatic atomization device (atomization 

device) 
I0122) 332 spray port 
(0123. 334 metal pin 
0.124 335 atomization electrode 
(0.125 336 opposite electrode 
0126) 337 case 
(O127 338 opening 
0128 339 atomization unit 
I0129. 346 refrigerator control circuit 
0.130 360 high voltage generation circuit 
I0131) 361 step-up transformer 
0.132. 362 discharge voltage detection circuit 
0.133 363 discharge current detection circuit 
0.134 364 high voltage output control circuit 
0.135 365 discharge current value determination circuit 
0.136 366 current fuse 
I0137 367 high voltage ON/OFF circuit 
0.138 370 electricity connection unit (connection unit) 
0.139 371 resin 
O140 372 divider 
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BEST MODE FOR CARRYING OUT THE 
INVENTION 

First Embodiment 

0141 FIG. 1 is a cross-sectional side view of a refrigerator 
101 according to a first embodiment of the present invention. 
FIG. 2 is a cross-sectional side view of a crisper 107 in the 
refrigerator 101. The refrigerator 101 includes: a main body 
102; dividers 103A, 103B, and 103C which separate inside of 
the main body 102 into a plurality of areas; and doors 104 that 
close the areas. The areas are heat-insulated from one another. 
The areas serve as a refrigerator compartment 105, a switch 
compartment 106, a crisper 107, and a freezer compartment 
108, each of which is a storage compartment having a differ 
ent temperature. The crisper 107 is cooled to have a tempera 
ture of around 5° C. 
0142. The refrigerator 101 has a refrigeration cycle for 
cooling these storage compartments. The refrigeration cycle 
includes: a compressor 111; a condenser; a decompressor 
Such as an expansion valve or a capillary tube; an evaporator 
112, tubes connecting these devices; and refrigerants circu 
lating in these devices. 
0143 Low-temperature air generated by the evaporator 
112 is transported through a ventilation flue 113 to each of the 
storage compartments in which the air is heat-exchanged and 
then collected through the ventilation flue 113 to the evapo 
rator 112. The ventilation flue 113 is heat-insulted from the 
storage compartments by a divider 114. 
0144. In the crisper 107, an electrostatic atomization 
device 115 is provided to atomize liquid into fine particles to 
be sprayed. The electrostatic atomization device 115 sprays 
the resulting fine mist into the crisper case 116 in a direction 
151A. 
0145 The electrostatic atomization device 115 serving as 
an atomization device includes: a case 125A, a high Voltage 
circuit unit 121 having a reference potential unit; an atomi 
zation electrode 122 connected to the reference potential unit 
of the high voltage circuit unit 121; an opposite electrode 123 
to which the high Voltage circuit unit 121 applies a high 
Voltage; and a cooling pin 124 into which the atomization 
electrode 122 is inserted to be connected. The case 125A 
Surrounds the high Voltage circuit unit 121, the atomization 
electrode 122, the opposite electrode 123, and the cooling pin 
124. The case 125A has an opening 126 through which 
sprayed liquid passes. The reference potential unit is at a 
reference potential such as a ground potential of 0 V, for 
example. The opposite electrode 123 is arranged in the direc 
tion 151A from the atomization electrode 122. The atomiza 
tion unit has at least the atomization electrode 122 that is a tip 
of the atomization unit which is hereinafter referred to as an 
atomization tip. If the atomization unit further has the oppo 
site electrode 123 in addition to the atomization electrode 
122, it is easy to set a direction of spraying mist and adjust a 
Voltage of the high Voltage circuit unit 121 for the mist spray. 
014.6 An electrode unit refers to the atomization electrode 
122 provided in the atomization device. In the first embodi 
ment, the electrode unit further includes the opposite elec 
trode 123. The high voltage circuit unit 121 and the electrode 
unit form the atomization device that sprays mist to the Stor 
age compartment. 
0147 The coolingpin 124 is berried in the divider 114 and 
cooled to have a temperature of approximately -5°C. by cool 
air provided from the ventilation flue 113. The atomization 
electrode 112 is also cooled via the cooling pin 124 to have a 
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temperature of approximately -5°C. by heat transfer from the 
cool air. The crisper 107 has a temperature of around 5°C., 
having a difference of approximately 10° C. from the tem 
perature of the cooling pin 124 and the atomization electrode 
122. Therefore, when water evaporated from vegetables 
stored in the crisper 107 or the like keeps a humidity to be 
equal to or more than a predetermined humidity, the atomi 
Zation electrode 122 causes dew condensation. A potential of 
water of the dew condensation is equal to a reference potential 
of the atomization electrode 122. 
0.148. The opposite electrode 123 is applied with a voltage 
to have a high potential of +6 kV, having a potential difference 
of 6 kV from the reference potential of the water of the dew 
condensation of the atomization electrode 122. Rayleigh fis 
sion caused by the electrostatic energy atomizes the dew 
condensation water into fine particles of several nanometers, 
which are sprayed into the crisper 107. 
014.9 The fine sprayed liquid sprayed by the above-men 
tioned electrostatic atomization contains a large number of 
OH radicals, which causes a very small amount of ozone. The 
OH radicals and the small amount of ozone produce effects 
Such as bacterial killing, sterilization, and antibacterial effect. 
The effects cause oxidation decomposition to eliminate agri 
cultural chemicals from vegetables in the crisper 107, and 
increase nutritive Substances such as vitamin C of the Veg 
etables. 

0150. If the ozone has a low concentration, the above 
mentioned effects can be achieved. On the other hand, if the 
concentration of the ozone exceeds 0.03 ppm, smell of the 
oZone discomforts a user and the oZone deteriorates resin 
used in the storage compartment. In the first embodiment, 
although a Voltage applied to the opposite electrode 123 is 
significantly high as +6 kV, a discharge current value is con 
trolled to be 1 LA to 2 LA, which does not cause oZone having 
a concentration that would cause the above harmful effects. 

0151. Moreover, in the first embodiment, the atomization 
electrode 122 is at a reference potential of 0 V. Thereby, a 
positive charge amount is equal to a negative charge amount 
in the sprayed liquid, which allows so-called dielectric polar 
ization to generate OH radicals and the like. A balance 
between the positive and negative charge amounts in an object 
Such as a stored item attached with the sprayed liquid is 
therefore not easily lost, and the sprayed mist has the refer 
ence potential and thereby does not take charge immediately. 
As a result, it is possible to keep the vegetables fresh as 
described above. 
0152 Thereby, the first embodiment has a protection unit 
that causes the opposite electrode 123 to be applied with a 
high Voltage and the atomization electrode 122 to be at a 
reference potential. Thereby, sprayed mist has the reference 
potential. Therefore, the mist is sprayed, so that items stored 
in the crisper 107 such as vegetables and the crisper case 116 
in the crisper 107, to which the sprayed mist is attached, have 
the reference potential without being charged. 
0153. In short, the protection unit in the first embodiment 

is used for an atomization method of spraying mist having a 
reference potential. 
0154) In other words, the refrigerator 101 according to the 

first embodiment includes the protection unit to prevent por 
tions attached to sprayed mist from being charged. With the 
structure, when the user touches stored items, the user does 
not feel electric current. As a result, it is possible to prevent 
the problem of the conventional techniques that, when a user 
touches a charged item stored in a refrigerator, the stored item 
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discharges to a body of the user in a moment thereby produc 
ing a large peak value of electrical energy so that the user 
receives electric shock from the stored item. 

O155 As described above, in the first embodiment, the 
atomization electrode 112 is at a potential of 0 V and the 
opposite electrode is at a potential of 6 kV. However, even if 
the atomization electrode 122 is applies with a voltage to have 
a potential of-6 kV and the opposite electrode 123 is set to be 
at the reference potential, a potential difference between the 
two electrodes is the same 6 kV. However, in sprayed liquid 
that is attached to the atomization tip before atomization, a 
negative charge amount significantly exceeds a positive 
charge amount. As a result, a balance between the negative 
and positive charge amounts in objects such as stored items 
attached with the sprayed liquid is biased to be negative. More 
specifically, since sprayed mist is at a negative potential, the 
stored items with the sprayed mist also have a negative poten 
tial. This causes troubles Such as erroneous operations due to 
generation of an electric field and discharges to human body. 
However, the first embodiment prevents the troubles, by set 
ting the atomization electrode 122 to be at a reference poten 
tial. 

0156 The electrostatic atomization device 115 also has a 
possibility of charging stored items and the like. For example, 
when liquid is attached to the opposite electrode 123 and a 
conductive stored item such as an aluminum can is placed 
near the opposite electrode 123 in the crisper 107, the follow 
ing phenomenon occurs. 
(O157. When the opposite electrode 123 is applied with a 
high voltage to have a potential of +6 kV, a potential of the 
aluminum canis Substantially equal to the reference potential. 
As a result, discharge phenomenon between the opposite 
electrode 123 and the aluminum can allows liquid to be 
sprayed as fine particles. The sprayed liquid has a large 
amount of electric charge. When the sprayed liquid is 
attached to the aluminum can, the aluminum can is charged. 
Here, if the crisper 197 has certain humidity, the electric 
charge of the aluminum can is immediately discharged. How 
ever, if the refrigerator does not store vegetables and the like 
containing a large amount of water, or if a door is not opened 
and closed during a log time, in other words, in the environ 
ment with a low humidity, the electric charge accumulated in 
the aluminum can is hold in a loge time. 
0158. In order to address the above situation, in the refrig 
erator 101 according to the first embodiment, first, a high 
Voltage having a positive potential is applied to the opposite 
electrode 123. Thereby, in a situation where a stored item is 
applied with a high Voltage having a positive potential, it is 
possible to reduce a potential difference between a human 
body that is easily charged positively and the electric charge 
accumulated in the stored item. As a result, it is possible to 
reduce electric charge flowing to the human body touching 
the stored item. 

0159. The refrigerator 101 according to the first embodi 
ment has a structure allowing no conductive stored item to be 
placed near the opposite electrode 123. With the structure, 
stored items do not attract, by gravitation, liquid attached to 
the opposite electrode 123. As a result, the liquid is not 
sprayed to the outside of the case 125A. Therefore, in the first 
embodiment, a distance D between the opposite electrode 123 
and the case 125A is set to be a certain length, so that a 
distance between stored items and the opposite electrode 123 
is definitely equal to or longer than the distance D. In addition, 
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the opening 126 has a slit shape so that a part of a stored item 
does not enter the case 125A from the opening 126. 
0160 FIG.3 shows a relationship between(a) a distance D 
between the opposite electrode 123 and the case 125A and (b) 
a charge potential of the stored item, in the refrigerator 101 
according to the first embodiment. As shown in FIG.3, if the 
distance D is equal to or longer than 15 mm, a conductive 
stored item has a charge potential of nearly 0V, which means 
that the atomization electrode 122 does not spray charged 
liquid. Based on the relationship shown in FIG. 3, when the 
refrigerator 101 of the first embodiment has the opposite 
electrode 123 that is applied with a high voltage of +6 kV, the 
distance D between the opposite electrode 123 and the case is 
set to be 15 mm. Here, a temperature and a relative humidity 
in the crisper 107 are 5° C. and 30%, respectively. The dis 
tance D is determined depending on a Voltage applied to the 
opposite electrode 123. As shown in FIG. 3, when a voltage 
applied to the opposite electrode 123 is 4 kV, the distance Dis 
set to be approximately 10 mm, and when the applied Voltage 
is 2 kV, the distance D is set to be approximately 5 mm, so that 
a potential of stored items is decreased. 
0.161 It is also possible that a nonconductive material 151 
such as epoxy resin is provided to the entire surface of the 
opposite electrode 123 or a surface 123A that faces in the 
direction 151A of spraying liquid. Thereby, the liquid is 
attached not to the opposite electrode 123 but to the noncon 
ductive material 151. Since electric charge is hardly trans 
ferred in insulating materials, the above structure can signifi 
cantly reduce electric charge transferred to the liquid. 
Therefore, the sprayed liquid does not have a large amount of 
electric charge. Moreover, the nonconductive material 151 is 
not necessarily provided to an opposite side of the opposite 
electrode 123 in the direction 151A, in other words, to a 
surface 123B of the opposite electrode 123 closer to the 
atomization electrode 122. In this situation, the surface 123B 
of the opposite electrode 123 is exposed and therefore does 
not decrease efficiency of discharge between the opposite 
electrode 123 and the atomization electrode 122. Further 
more, the nonconductive material 151 does not need to con 
tact the opposite electrode 123. The nonconductive material 
151 may be arranged between the surface 123A of the oppo 
site electrode 123 and the opening 126, and near the surface 
123A. This means that the nonconductive material 151 is 
closer to the opposite electrode 123 than to the opening 126. 
In this situation, however, it is necessary to locate the non 
conductive material 151 in order not to block spray from the 
opposite electrode 122 in normal operations. 
0162 Moreover, by monitoring a discharge current flow 
ing in the opposite electrode 123, it is possible to distinguish 
(a) a normal state where water attached to the atomization 
electrode 122 is sprayed from (b) an abnormal state where 
liquid attached to the opposite electrode 123 is sprayed. In the 
normal state where water attached to the atomization elec 
trode 122 due to dew condensation is sprayed, a discharge 
current flowing in the opposite electrode 123 has a value of 
approximately 1 LA to 2 LA. In the abnormal state where 
liquid attached to the opposite electrode 123 is sprayed, a 
discharge current flowing in the opposite electrode 123 has a 
value of approximately 0.3 LA to 0.8 LA. Furthermore, in a 
state where water is attached to the atomization electrode 122 
due to dew condensation and liquid is attached to the opposite 
electrode 123 at the same time, a discharge current flowing in 
the opposite electrode 123 has a value equal to or more than 2 
LA. As described above, the sprayed State can be examined by 
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detecting the discharge current flowing in the opposite elec 
trode 123. A current value of the opposite electrode 123 is 
detected by an error determination unit 127 including a cur 
rent detection circuit, a microcomputer, and the like. When 
the error determination unit 127 detects a current value that is 
caused by unexpected attachment of liquid to the opposite 
electrode 123, application of a high Voltage to the opposite 
electrode 123 is stopped. However, a current value of the 
opposite electrode 123 varies depending on the structure of 
the electrostatic atomization device 115. Therefore, the cur 
rent value is not limited to the above. A range of a current 
value of the opposite electrode 123 attached with liquid is 
measured for each of different cases where liquid is attached 
to various structures of the electrostatic atomization device 
115. Based on the measurement, a reference value used by the 
error determination unit 127 is determined. 
0163 The refrigerator 101 may include a humidity detec 
tion unit 128 that detects a humidity in the crisper 107. Only 
when the humidity in the crisper 107 is equal to or less than a 
predetermined humidity, the opposite electrode 123 is 
applied with a high voltage. When the humidity in the crisper 
107 is higher than the predetermined humidity, application of 
a high voltage to the opposite electrode 123 is stopped. Even 
if conductive stored items are charged, a humidity equal to or 
higher than a certain humidity allows electric charge accu 
mulated in the conductive stored items to be discharged in a 
moment. This discharge phenomenon is significantly influ 
enced by a humidity of the conductive stored items, the 
crisper case 116, and the like. Therefore, the humidity detec 
tion unit 128 in the refrigerator 101 according to the first 
embodiment detects an absolute humidity in the crisper 107. 
0164 FIG. 4 shows a relationship between an absolute 
humidity and a charge potential of a stored item in the refrig 
erator 101. FIG. 4 shows a charge potential of a conductive 
stored item after charged sprayed liquid is sprayed to the 
conductive stored item for 30 minutes in environments of 
various absolute humidity. During spraying, sprayed liquid 
accumulates electric charge to the conductive stored item, and 
at the same time, the conductive stored item itself discharges. 
When an absolute humidity reaches equal to or more than a 
predetermined humidity, an amount of the discharges to the 
outside exceeds an amount of the accumulated charge. As a 
result, a charge potential of the conductive stored item is 
nearly 0 V, which means the conductive stored item is not 
actually charged. As shown in FIG. 4, when the absolute 
humidity is equal to or more than 0.003 kg/kg, a charge 
potential is nearly 0 V. 
0.165 Based on the above observation, the humidity 
detected by the humidity detection unit 128 is notified to the 
high voltage stop unit 129 via a microcomputer or the like. 
When the detected humidity is equal to or less than an abso 
lute humidity of the predetermined humidity of 0.003 kg/kg, 
the high Voltage stop unit 129 stops applying a high Voltage to 
the opposite electrode 123. Here, the predetermined humidity 
is not necessary to have a value that results in a charge poten 
tial of approximately 0V. The value may be more than 0.003 
kg/kg as far as the value does not cause various troubles. 
0166 In the first embodiment, liquid is attached to the 
atomization electrode 122 to have a reference potential, and a 
high voltage of +6 kV is applied to the opposite electrode 123 
to produce a potential difference of 6 kV between the atomi 
zation electrode 122 and the opposite electrode 123. As far as 
spraying is possible, the potential difference is not necessarily 
6 kV and may be any desired value. 
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(0167. It should be noted that it has been described in the 
first embodiment that the opposite electrode 123 is provided 
and a high Voltage is applied to the opposite electrode 123 to 
be positive, thereby spraying mist. However, even if there is 
no opposite electrode 123, it is possible to spray mist at a 
reference potential of 0 V in the following situation. When a 
portion, which is able to be applied with a voltage to have a 
more positive potential than a potential of the atomization 
electrode, exists closer to the crisper 107 in a direction of 
spraying, the portion is applied with a Voltage of +6 kV in 
order to spray the above mist. 
0.168. It is also possible, for example, to set a potential of 
the atomization electrode 122., namely, a potential of liquid, to 
-2 kV, and set a potential of the opposite electrode 123 to +4 
kV, thereby producing a potential difference of 6 kV. In this 
situation, a balance between positive charge amount and 
negative charge amount in sprayed liquid is biased to be 
negative. Therefore, a balance between positive charge 
amount and negative charge amount in objects such as stored 
items attached with the sprayed liquid is also biased to be 
negative and the objects are charged. However, since the 
potential of -2 kV is relatively small, the objects such as 
stored items do not cause various troubles. In the above case, 
an amount of OH radicals in the sprayed liquid is more than 
that in the situation where a potential of liquid, namely, a 
potential of the atomization electrode 122 is set to be a refer 
ence potential. 
0169. The refrigerator 101 according to the first embodi 
ment includes an electrostatic atomization device 115 that 
atomizes liquid into fine particles and sprays the fine par 
ticles. The electrostatic atomization device 115 has the pro 
tection unit that causes a potential of liquid attached to the 
atomization electrode 122 to have a reference potential. When 
a high voltage is applied to the opposite electrode 123 that is 
arranged in the direction 151A of spraying liquid, the high 
voltage is not applied directly to the liquid. Therefore, it is 
possible to minimum an amount of electric charge in the 
sprayed liquid and to prevent the sprayed mist from charging 
structural parts and stored items contacting the atomized mist. 
Thereby, a structural part of the refrigerator 101, such as the 
crisper 107, does not generate an electric field due to the 
electric charge. As a result, erroneous operations of the elec 
trostatic atomization device 115 and other control devices can 
be prevented. In addition, since stored items are not charged, 
the stored items do not discharge electric charge to a user 
touching the stored items, so that the user can use the refrig 
erator 101 feeling safely. 
0170 As described above, a high voltage having a positive 
potential is applied to the opposite electrode 123. Thereby, in 
a situation where sprayed liquid is charged, the charge is 
positive. Therefore, it is possible to reduce a potential differ 
ence between the sprayed liquid and a user's human body that 
is easily charged positively. In other words, even if sprayed 
mist is charged, the mist is positively charged. Thereby, it is 
possible to reduce a possibility that the user touching a stored 
item attached with the sprayed mist feels discharge from the 
stored item. 

(0171 As described above, the electrostatic atomization 
device 115 is stored in the case 125A having an opening at a 
region through which sprayed liquid passes. The protection 
unit is provided between the opening 126 of the case 125A 
and the opposite electrode 123, with a predetermined dis 
tance. This arrangement can prevent that conductive stored 
items having a potential almost equal to the reference poten 



US 2010/0243767 A1 

tial is stored in vicinity of the opposite electrode 123. As a 
result, when the opposite electrode 123 is attached with liquid 
unexpectedly, it is possible to prevent the sprayed liquid from 
emitting to the conductive stored items and charging the 
items. 
0172. It should be noted that it has been described that the 
protection unit in the first embodiment causes sprayed mist 
itself to have a reference potential to prevent the case 125 in 
the crisper from being charged. However, it is also possible, 
for example, that the case 125A is a conductive material 
member or a part of the case 125A is a conductive material 
member, and that such conductive material member is con 
nected to the reference potential unit 132. In the above case, 
regardless of electric charge of sprayed mist, it is possible to 
prevent the case 125A and stored items such as vegetables 
stored in the case 125A from being charged. Moreover, even 
if the electric field generated by the opposite electrode 123 
applied with a high voltage causes the case 125A to be 
charged to have a potential equal to a potential of the opposite 
electrode 123, the electric field does not extend from the 
inside of the case 125A. As a result, the first embodiment can 
prevent both of charging caused by sprayed liquid and charg 
ing caused by an electric field. 
0173 As described above, the nonconductive material 151 
contacts or is located near a predetermined part of the oppo 
site electrode 123. With the structure, in a situation where 
liquid is attached to the opposite electrode 123 unexpectedly, 
transfer of electric charge from the opposite electrode 123 to 
the liquid is reduced and emission of charged sprayed liquid 
is blocked. As a result, in a situation where liquid is sprayed 
from the opposite electrode 123 to the crisper 107, an amount 
of electric charge in structural parts and stored items is Small. 
0174 As described above, the error determination unit 
127 detects a current value of current flowing in the opposite 
electrode 123, and if the current value is within a predeter 
mined range, determines that a current state is the abnormal 
state where liquid is sprayed from the opposite electrode 123. 
Thereby, it is possible to distinguish the normal state where 
liquid is sprayed from the atomization electrode 122, from the 
abnormal state where liquid is sprayed form the opposite 
electrode 123 to conductive stored items. If the abnormal state 
is determined, spraying of the liquid is stopped to prevent the 
liquid from charging structural parts and stored items. 
0.175. As described above, the humidity detection unit 
128, which is provided in the atomization device 107 that is a 
space where the electrostatic atomization device 115 is 
arranged, detects a humidity of the space. If the humidity 
detected by the humidity detection unit 128 is equal to or less 
than a predetermined value, the high voltage stop unit 129 
stops applying a high Voltage to the electrostatic atomization 
device 115. Thereby, the electrostatic atomization device 115 
is driven only at a high humidity by which charged objects 
easily discharge electric charge. In a situation where charged 
sprayed liquid is generate, charging to structural parts and 
stored items can be suppressed to be occur in a moment. 

Second Embodiment 

0176 FIG. 5 is a cross-sectional side view of the crisper 
107 in a refrigerator according to a second embodiment of the 
present invention. 
0177. The common parts in the structure and techniques 
between the first embodiment and the second embodiment are 
not described in detail again in the second embodiment. In 
addition, if any of the techniques described in the first 
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embodiment can be applied in the second embodiment, any 
combination of (a) the techniques and the structure described 
in the first embodiment and (b) those of the second embodi 
ment is possible. 
0178. In a refrigerator shown in FIG. 5, it is possible that 
the atomization electrode 122 and the opposite electrode 123 
are applied with the same Voltages as those applied in the first 
embodiment. 

0179. In the first embodiment, it has been described that 
the protection unit prevents sprayed liquid from charging 
stored items and the like. In the second embodiment, how 
ever, a protection unit prevents an electric field from charging 
stored items and the like, because a strong electric field would 
be generated even outside the electrostatic atomization device 
115 when a very high voltage exceeding 10 kV, for example, 
is applied to the opposite electrode 123. 
0180 Electric charge generated by an electric field causes 
electrostatic induction in conducive objects, and dielectric 
polarization in nonconductive objects. Electric charge in a 
conductive object caused by electrostatic induction immedi 
ately disappears, by stopping application of a high Voltage to 
the opposite electrode 123. However, electric charge in resin 
caused by dielectric polarization is kept for a ling time even if 
the application of a high Voltage is stopped. The case 125A 
provided in the general crisper 107 and stored materials 
stored in the crisper 107 are made of resin that is a noncon 
ductive material. Therefore, if they are charged by influence 
of an electric field, the electric charge is kept for a long time. 
For example, various resin structural parts such as the divider 
103B serving as a ceiling of the crisper 107, the divider 114 at 
a rear side, which Surround the electrostatic atomization 
device 115 and are made of resin, and the ventilation flue113, 
would be charged by an electric field generated by the elec 
trostatic atomization device 115. 
0181. If these structural parts are charged, they generate 
secondary electric fields in which objects have a high poten 
tial. Here, it is assumed that liquid is applied with a Voltage to 
have a potential of +6 kV, and that the crisper case 125A, 
stored items such as Vegetables in an electric field generated 
by the crisper, the electrostatic atomization device serving as 
an atomization device are at a potential of approximately +6 
kV. Under the above assumption, all of the sprayed liquid at a 
potential of +6 kV and the objects in the crisper have the same 
potential. This reduces energy for atomizing liquid into fine 
particles, and thereby the liquid would not be sprayed. There 
fore, an amount of water attached to the stored items in the 
crisper is significantly reduced, which reduces sterilization 
effects and the like. In addition, if wiring or other functional 
parts are located in the electric field, they are charged to have 
a high potential, thereby causing erroneous operations or 
damages of devices. 
0182. If all structural parts having a possibility of being 
charged are made of conductive materials at a reference 
potential, troubles due to electric charge are prevented. How 
ever, if various structural parts are made of conductive mate 
rials, the manufacturing is costly. 
0183 Therefore, in order to prevent generation of an elec 

tric field, the case 125B is made of a conductive material and 
connected to the reference potential unit 132. Various struc 
tural parts such as the divider 103B serving as a ceiling of the 
crisper 107, the divider 114 at a rear side, and the ventilation 
flue 113, which surround the electrostatic atomization device 
115, are made of insulating materials such as resin. Here, at 
least a part of the case 125B is made of a conductive member 
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that is a conductive material. The conductive member is con 
nected to the reference potential unit 132, in other words, is 
grounded to have a potential of OV, which forms a restriction 
unit that prevents the structural parts from being charged. 
0184. In other words, even if a portion facing a side to 
which mist is sprayed is charged, the protection unit accord 
ing to the second embodiment can reduce the electric charge. 
0185. In FIG. 5, the case 125B is made of conductive resin 
having resistance of approximately 10'S2 at least on the 
inside surface. The case 125B is connected to the reference 
potential unit 132 via wiring 131. The reference potential unit 
132 is at a potential equal to a potential of a secondary ground 
ofa Switching power circuit unit 134 that includes a Switching 
power integral circuit (IC) 133. A discharge resistor 135 is 
connected between a primary side and a secondary side of the 
Switching power circuit unit 134, and leaked current from a 
high-potential side is discharged to the reference potential 
unit 136 at the primary side along a discharge path 134A 
shown in FIG. 5. 
0186. With the above structure, an electric field generated 
by the electrostatic atomization device 115 is shielded by the 
case 125B not to be leaked to the outside of the case 125B. 
0187. It should be noted that it has been described in the 
second embodiment that the crisper case 116 is made of 
conductive resin having a resistance of approximately 10'2 
on the surface. However, the surface resistance value is not 
limited to the above as far as the crisper case 116 is electro 
statically conductive. The case 116 may be made of a metal. 
0188 As described above, the case 125B connected to the 
reference potential unit 132 allows an electric field to be 
generated only in the case 125B. As a result, it is possible to 
present an electric field from extending to the outside of the 
electrostatic atomization device 115, and suppress troubles 
caused by the electric field. 

Third Embodiment 

0189 FIG. 6 is a cross-sectional side view of a refrigerator 
201 according to a third embodiment of the present invention. 
FIG. 7 is a cross-sectional side view of a crisper 207 in the 
refrigerator 201. 
0190. The common parts in the structure and techniques 
between the already-described first and other embodiments 
and the third embodiment are not described in detail again in 
the third embodiment. In addition, if any of the techniques 
already described in the first and second embodiments can be 
applied in the third embodiment, any combination of (a) the 
techniques and the structure already described in the above 
embodiments and (b) those of the third embodiment is pos 
sible. 
(0191). The refrigerator 201 includes: a main body 202: 
dividers 203A, 203B, and 203C which divide the inside of the 
main body 202 into four storage compartments; and four 
doors 204A, 204B, 204C, and 204D that close the respective 
four storage compartments. The four storage compartments 
are separated and heat-insulated from one another. The com 
partments are called, from top, a refrigerator compartment 
205, a switch compartment 206, a crisper 207, and a freezer 
compartment 208. The compartments have different tempera 
tures. The crisper 207 is cooled to have a temperature of 
around 5° C. 
0.192 The refrigerator 201 further includes a refrigeration 
cycle in order to cool the storage compartments. The refrig 
eration cycle includes: a compressor 211; a condenser, a 
decompressor Such as an expansion valve or a capillary tube; 
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an evaporator 212, tubes connecting these devices; and refrig 
erants connecting these devices. 
0193 Low-temperature air generated by the evaporator 
212 is transported through a ventilation flue213 to each of the 
storage compartments in which the air is heat-exchanged and 
then collected through the ventilation flue 213 to the evapo 
rator 212. The ventilation flue 213 is heat-insulted from the 
storage compartments by a divider 214. 
0194 In the crisper 207, an electrostatic atomization 
device 215 is provided to atomize liquid into fine particles to 
be sprayed. The electrostatic atomization device 215 sprays 
the resulting fine mist into the crisper case 216 in a direction 
215A. 

0.195 The atomization device 215 serving as an electro 
static atomization device includes: a high Voltage generation 
unit 221; an atomization electrode 222 connected to a refer 
ence potential unit of the high Voltage generation unit 221; an 
opposite electrode 223 to which the high Voltage generation 
unit 221 applies a high Voltage; a cooling pin 224 into which 
the atomization electrode 222 is inserted to be connected; and 
a case 225 serving as a protection unit that Surrounds the 
above elements. The case 225 has an opening 225A through 
which sprayed liquid passes. The opposite electrode 223 is 
arranged in the direction 215A from the atomization elec 
trode 222. The reference potential unit is at a reference poten 
tial Such as a ground potential of 0 V, for example. 
0196. The cooling pin 224 is berried in the divider 214 and 
cooled to have a temperature of approximately -5°C. by cool 
air provided from the ventilation flue 213. The atomization 
electrode 222 is also cooled via the cooling pin 224 to have a 
temperature of approximately -5°C. by heat transfer from the 
cool air. The crisper 207 has a temperature of around 5°C., 
having a difference of approximately 10° C. from the tem 
perature of the cooling pin 224 and the atomization electrode 
222. Therefore, when water evaporated from vegetables 
stored in the crisper 207 or the like keeps a humidity to be 
equal to or more than a predetermined humidity, the atomi 
Zation electrode 222 causes dew condensation. A potential of 
water of the dew condensation is equal to a reference potential 
of the atomization electrode 222. 
0197) The opposite electrode 223 is applied with a voltage 
to have a high potential of +7 kV, having a potential difference 
of 7 kV from the reference potential of the water of the dew 
condensation of the atomization electrode 222. Rayleigh fis 
sion caused by the electrostatic energy atomizes the dew 
condensation water into fine particles of several nanometers, 
which are sprayed into the crisper 207. The atomization elec 
trode 222 and the opposite electrode 223 form an electrode 
unit. The high voltage circuit unit 221 and the electrode unit 
form an atomization device that sprays mist to the storage 
compartment. 
0198 The opposite electrode 223 is made of a ring-shaped 
metal plate Surrounding a center axis of the atomization elec 
trode 222. This shape allows liquid forming dew condensa 
tion on the atomization electrode 222 to receive electrostatic 
energy homogeneously. In addition, liquid sprayed from the 
atomization electrode 222 is emitted to the opposite electrode 
223 in the direction 215A. The atomized liquid is homoge 
neously sprayed into the crisper 207 mainly through the 
inside of the ring. By changing the shape of the opposite 
electrode 223, it is possible to adjust a direction of spraying 
the liquid. 
0199. It should be noted that the shape of the opposite 
electrode 223 is not limited to the circular ring, but may be 
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any other shape such as an elliptical ring, a rectangular ring, 
and other polygonal ring. In the third embodiment, although 
the opposite electrode 223 has been described to have a ring 
shape so that sprayed liquid is spread in the crisper 207 as 
homogenously as possible, the opposite electrode 223 may 
have any various shape by which a direction of spraying 
liquid can be adjusted. 
0200. The fine liquid sprayed by the above-mentioned 
electrostatic atomization contains a large number of OH radi 
cals, which causes a very small amount of ozone. The OH 
radicals and the Small amount of oZone produce effects Such 
as bacterial killing, sterilization, and antibacterial effect. The 
effects causes oxidation decomposition to eliminate agricul 
tural chemicals from vegetables in the crisper 207, and 
increase nutritive Substances such as vitamin C of the Veg 
etables 
0201 If the ozone has a low concentration, the above 
mentioned effects can be achieved. On the other hand, if the 
concentration of the ozone exceeds 0.03 ppm, Smell of the 
oZone discomforts a user and the oZone deteriorates resin 
used in the storage compartment. In the third embodiment, 
although a Voltage applied to the opposite electrode 223 is 
significantly high as +7 kV, a discharge current value is con 
trolled to be 1 LA to 2 LA, which does not cause oZone having 
a concentration that would cause the above harmful effects. 
0202 Moreover, in the third embodiment, the atomization 
electrode 222 is at a reference potential of 0 V. Thereby, a 
positive charge amount is equal to a negative charge amount 
in the sprayed liquid, which allows so-called dielectric polar 
ization to generate OH radicals and the like. A balance 
between the positive and negative charge amounts in an object 
Such as a stored item attached with the sprayed liquid is 
therefore not easily lost, and the sprayed mist does not take 
charge immediately. As a result, it is possible to keep the 
vegetables fresh as described above. 
0203 Thereby, after spayed liquid is attached to a stored 
item or the like, a positive charge amount is equal to a negative 
charge amount in the stored item, which prevents the stored 
item from being charged. 
0204 Even if the atomization electrode 222 is applies with 
a voltage to have a potential of -7 kV and the opposite 
electrode 223 is set to be at the reference potential, a potential 
difference between the two electrodes is the same 7 kV. How 
ever, in sprayed liquid, a negative charge amount significantly 
exceeds a positive charge amount. As a result, a balance 
between the negative and positive charge amounts in objects 
Such as stored items attached with the sprayed liquid is biased 
to be negative. More specifically, the stored items have a 
negative potential, which causes troubles such as erroneous 
operations due to generation of an electric field and dis 
charges to human body. However, by setting the atomization 
electrode 222 to be at a reference potential, the above troubles 
can be prevented. 
0205 The crisper 207 in the refrigerator 201 has the 
atomization device 215. The opposite electrode 223 is applied 
with a high voltage. The case 225 has an opening 225A 
through which liquid is sprayed from the atomization elec 
trode 222 to the crisper 207. This means that the atomization 
electrode 222, the opposite electrode 223, and the crisper 207 
are actually communicated with one another though the open 
ing 225A. 
0206. A user can touch the atomization electrode 222 or 
the opposite electrode 223 from the crisper 207. The refrig 
erator 201 in the third embodiment has a protection unit that 
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allows the case 225 and the opening 225A to have shapes not 
allowing a finger of the user to pass and that prevents the 
finger from physically touching the electrodes. 
0207. In other words, the protection unit in the third 
embodiment has a protection function of preventing that cur 
rent flowing in the electrode unit flows to the user through the 
atomization electrode 222 that is the atomization tip. 
0208. It should be noted that the case 225 may be made of 
a conductive material, like the case 125 in the second embodi 
ment, thereby producing the same effects as that of the case 
125. 

0209 FIG. 8 is a front view of the atomization device 215 
in the refrigerator 201. FIG.9 is a detailed view of the opening 
225A of the atomization device 215. The opening 225A of the 
case 225 includes a primary opening 225B and auxiliary 
openings 225C. The primary opening 225B is a circular open 
ing with a diameter R1 of around 5 mm, not allowing a finger 
of the user to pass. In addition, a distance D1 between the 
opening 225A and the opposite electrode 223 stored in the 
case 225 is around 10 mm. This structure prevents a finger of 
the user from reaching the opposite electrode 223 though the 
opening 225A. The diameter R1 of approximately 5 mm is 
determined in consideration of a diameter of a finger of com 
mon children. Therefore, a finger of adults having a diameter 
of approximately 10 mm has a less possibility of entering the 
atomization device 215. 

0210 Four protruding parts 227 are provided at the inner 
edge of the primary opening 225B, protruding to the inside of 
the primary opening 225B. The protruding parts 227 allows 
the protection unit to have a structure which a finger of the 
user is more difficult to pass through. The four protruding 
parts 227 are arranged at intervals of equal angles, in other 
words, at intervals of 90 degrees, from a center 225D of the 
primary opening 225B. A circle C1 formed by tips of the 
protruding parts 227 has a diameter R2 of around 4 mm that 
is shorter than the diameter R1. Thereby, the primary opening 
225B does not allow a finger of the user to pass, while having 
an area as wide as possible. 
0211. The four auxiliary openings 225C surrounding the 
primary opening 225B, forming a circle. The four auxiliary 
openings 225C are arranged at intervals of equal angles, in 
other words, at intervals of 90 degrees, from the primary 
opening 225B. A dimension D2 of each auxiliary opening 
225C in a radiation direction from the center 225D is around 
3 mm, and a dimension D3 of each auxiliary opening 225C 
that is measured circumferentially from the center 225D is 
around 10 mm. Liquid sprayed through the auxiliary open 
ings 225C is spread into the crisper 207 as much as possible, 
and a finger of the user cannot enter the atomization device 
215. Thereby, the protection function is further enhanced. 
Although the diameters R1 and R2, the distance D1, and the 
dimensions D2 and D3 have values as described above, they 
may have appropriate values so that the primary opening 
225B and the auxiliary openings 225C can prevent a finger of 
the user from touching the opposite electrode 223. 
0212. The atomization electrode 222 extends along a cen 
ter axis 229A. In the opening 225A, the center axis 229A of 
the atomization electrode 222 passes the primary opening 
225B. Combination of the primary opening 225B and the 
auxiliary openings 225C does not allow a finger of the user to 
pass, without increasing a size of the primary opening 225B. 
and allows mist to be sprayed through both the primary open 
ing 225B and the auxiliary openings 225C. 
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0213. As shown in FIG. 9, the center axis 229A of the 
atomization electrode 222 passes the center 225D of the pri 
mary opening 225B. It is also possible that the same axis 
passes a center 223D of the opposite electrode 223 as well as 
the center 225D of the primary opening 225. This structure 
causes sprayed liquid to spread from the atomization elec 
trode 222 into the crisper 207 homogeneously, without being 
blocked by the opposite electrode 223. Here, as far as an 
adequate amount of liquid can be sprayed into the crisper 207. 
the center axis 229A is not necessary to pass all of the center 
225D of the primary opening 225B and the center 223D of the 
opposite electrode 223. 
0214. The opposite electrode 223 to which a high voltage 

is applied is located behind a part 225E between the primary 
opening 225B and the auxiliary openings 225C of the case 
225. The opposite electrode 223 is not exposed from the case 
225 through the primary opening 225B. This structure pro 
vides a protection function of preventing the user from touch 
ing the opposite electrode 223 by a stick-shaped conductive 
tool. 

0215. It should be noted that the shapes and dimensions of 
the above-described structures are not limited to the above, as 
far as an adequate amount of liquid can be sprayed into the 
crisper 207 and the user cannot touch directly the opposite 
electrode 223. Especially, if a small amount of liquid is to be 
sprayed, the openings of the case 225 are designed to be 
Small, while if a large amount of liquid is to be sprayed, the 
openings of the case 225 are designed to be large. 
0216. In the third embodiment, liquid is attached to the 
atomization electrode 222 and thereby the liquid has a refer 
ence potential, and the opposite electrode 223 is applied with 
a high Voltage of +7 kV. As far as liquid can be atomized, a 
potential difference between the liquid and the opposite elec 
trode 223 is not limited to 7 kV. If the potential difference is 
equal to or more than 4 kV. liquid can be atomized. 
0217. It is also possible, for example, to set a potential of 
the atomization electrode 222, namely, a potential of liquid, to 
-2 kV, and set a potential of the opposite electrode 223 to +5 
kV, thereby producing a potential difference of 6 kV. In this 
situation, a balance between positive charge amount and 
negative charge amount in sprayed liquid is biased to be 
negative. Therefore, a balance between positive charge 
amount and negative charge amount in objects Such as stored 
items attached with the sprayed liquid is also biased to be 
negative and the objects are charged. However, since the 
potential of -2 kV is relatively small, the objects such as 
stored items do not cause various troubles. Moreover, in the 
above case, an amount of OH radicals in the sprayed liquid is 
more than that in the situation where a potential of liquid, 
namely, a potential of the atomization electrode 222 is set to 
be a reference potential. 
0218. As described above, in the third embodiment, the 
atomization electrode 222 and the opposite electrode 223 to 
which a high voltage is applied are covered by the case 225 
that has the opening 225A at a portion through which sprayed 
liquid passes. The opening 225A communicating the crisper 
207 to the atomization electrode 222 and the opposite elec 
trode 223 forms a protection unit through which sprayed 
liquid is supplied to the crisper 207 and which has a size not 
allowing a finger of the user to pass. Thereby, the opening 
225A produces a protection effect of preventing the finger 
from physically touching the atomization electrode 222. As a 
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result, the refrigerator 201 can prevent the user from touching 
the atomization electrode 222 and the opposite electrode 223 
in normal use situations. 

0219. As described above, the opening 225A is provided 
on the center axis 229A of the atomization electrode 222. 
Thereby, the opening 225A exists in the direction 215A of 
spraying liquid from the atomization electrode 222. This 
structure does not block liquid sprayed to outside of the case 
225 even if the case 225 has the protection unit. As a result, a 
large amount of liquid can be sprayed and spread into the 
crisper 207. 
0220. As described above, the opening 222A of the oppo 
site electrode 223 is provided on the center axis 229A of the 
atomization electrode 222. Thereby, the opening 225A exists 
in the direction 215A of spraying liquid from the atomization 
electrode 222. This structure does not block liquid sprayed to 
outside of the case 225. As a result, a large amount of liquid 
can be sprayed and spread into the crisper 207. 
0221) The atomization device 215 in the refrigerator 201 
according to the third embodiment is an electrostatic atomi 
zation device that includes the atomization electrode and the 
opposite electrode 223 which are electrode units. Here, an 
atomization tip of the atomization device 215 from which 
liquid is sprayed serves as the atomization electrode 222. 
However, the refrigerator 201 may have a different atomiza 
tion device such as an ultrasonic atomization device. The 
ultrasonic atomization device includes an atomization tip and 
an oscillator that oscillates the atomization tip. The atomiza 
tion tip and the oscillator serve as an electrode unit made of a 
metal. The same protection unit as that of the atomization 
device 215 can prevent a user from touching the electrode 
unit 

0222 Here, in the first and second embodiments, the pro 
tection unit causes sprayed mist to have a reference potential 
and thereby prevents the case 125 in the crisper from being 
electrically charged. In the third embodiment, the protection 
unit is a cover or the like that produces a protection function 
of preventing the user from physically touching the atomiza 
tion electrode 222. If the above protection units are combined, 
for example, stored items are not charged, because sprayed 
mist itself has the reference potential. In addition, since the 
cover is to charge the mist itself positively, the cover is 
charged positively more than the mist. Thereby, the mist 
attached to the cover is influenced by charge of the cover and 
is therefore charged positively more than mist sprayed into 
the compartment. 
0223 Since a human body of the user has characteristics 
of being positively charged, it is possible to prevent physical 
current leakage when the user touches the protection unit 
Such as the cover. In addition, as a synergistic effect, since 
mist attached to the cover is charged more positively, a poten 
tial difference between the mist and the user is small and 
thereby current is unlikely to flow between the mist and the 
user. More specifically, the third embodiment for physically 
blocking current flowing from the atomization device is com 
bined with a structure, as described in the first or second 
embodiment, for causing mist itself to have a reference poten 
tial and applying a Voltage to the opposite electrode to be 
positive. Therefore, even if surroundings of the cover is likely 
to cause current leakage due to attached mist, the protection 
unit obtained from the above combination makes it possible 
to charge the attached mist positively and thereby reduce 
current flowing to a human body. The combination can pro 
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vide a protection function having synergetic effects, and can 
form a significantly effective protection unit. 

Fourth Embodiment 

0224. The common parts in the structure and techniques 
between the already-described first to third embodiments and 
the fourth embodiment are not described in detail again in the 
fourth embodiment. In addition, if any of the techniques 
already described in the first to third embodiments can be 
applied in the fourth embodiment, any combination of (a) the 
techniques and the structure already described in the first to 
third embodiments and (b) those of the fourth embodiment is 
possible. 
0225. The refrigerator according to the fourth embodi 
ment of the present invention has a protection unit that Sup 
presses current flowing in an electrode unit from flowing to a 
user via an atomization unit. The protection unit in the fourth 
embodiment has a structure different from that of the protec 
tion unit in the refrigerator 201 in the third embodiment. The 
same reference numerals regarding the refrigerator 201 
according to the third embodiment are assigned to the iden 
tical parts of a refrigerator according to the fourth embodi 
ment, so that the identical parts are not explained again below. 
0226 FIGS. 10 and 11 are a front view and a cross-sec 
tional side view, respectively, of the atomization device 215 in 
the refrigerator according to the fourth embodiment. An 
opening 226 of the case 225 has a circular shape with a 
maximum diameter. In order to prevent a finger of a user from 
entering the case 225, the opening 226 is covered by a pro 
tection cover 228 that is a protection unit having lattice open 
ings. Thereby, the fourth embodiment provides a protection 
unit to produce a protection function of preventing a user 
from physically touching the atomization electrode 222. 
0227 FIGS. 12A, 12B, 12C, and 12D are front views of 
variations of the atomization device 215. FIG. 12A shows a 
plurality of rectangular openings 225F provided in the pro 
tection cover 228. The protection cover 228 is provided with 
a lattice having the plurality of openings 225F. Mist that is 
sprayed liquid is sprayed from the openings. Moreover, the 
protection cover 228 protrudes in the direction 215A as 
shown in FIG. 7. A dimension DM5 from the opposite elec 
trode 223 to the surface of the protection cover 228 is equal to 
or more than 40 mm. The above structure can more surely 
prevent a user from touching the opposite electrode 223 and 
also completely insulate the user from a voltage of +7 kV 
applied to the opposite electrode 223. 
0228. In order to completely insulate the user, the dimen 
sion DM5 has any value that is equal to or more than 30 mm 
as far as an absolute value of the applied Voltage is more than 
3 kV and no more than 7 kV. If the applied voltage exceeds 12 
kV, the dimension DM5 should be equal to or more than 50 
mm. An optimum value of the dimension DM5 is determined 
depending on the applied Voltage. 
0229 FIG. 13 shows a relationship among a dimension 
(length) D4 of a long side of each of the plurality of rectan 
gular openings 225F, a length D5 of a short side of each of the 
openings 225F, and an amount of sprayed liquid. In FIG. 13, 
the amount of liquid is expressed by a ratio of (a) an amount 
of liquid sprayed from the atomization device 215 having the 
protection cover 228 to (b) an amount of liquid sprayed from 
the atomization device 215 without the protection cover 228. 
Based on FIG. 13, the long side length D4 is around 12 mm 
and the short side length D5 is around 5 mm, so that an 
amount of liquid sprayed into the crisper 207 is not reduced. 
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The dimensions having the above values can hold 85% or 
more of an amount of sprayed liquid in comparison with the 
situation without the protection cover. Therefore, it is pos 
sible to supply the crisper 207 with mist having a necessary 
amount, without especially reducing an amount of sprayed 
liquid. 
0230. The center axis 229A of the atomization electrode 
222 passes the center of an opening 226E provided in the case 
215. Thereby, sprayed liquid emitted from the atomization 
electrode 222 is homogeneously spread into the crisper 207. 
0231. The same axis passes the center 223D of the oppo 
site electrode 223 as well as the center of the opening 226E. 
Thereby, sprayed liquid emitted from the atomization elec 
trode 222 is spread into the crisper 207 without being blocked 
by the opposite electrode 223. In other words, the center axis 
229A of the atomization electrode 222 passes the center of the 
opposite electrode 223 and the center of the opening 226E. 
Here, as far as an adequate amount of sprayed liquid is Sup 
plied to the crisper 207, all of the center axis 229A, the center 
of the opposite electrode 223, and the center of the opening 
226E do not need match. 

0232 FIG. 12B shows another variation of the protection 
cover 228 that has the opening 225B and a plurality of rect 
angular openings 225F as the auxiliary openings 225C. FIG. 
12C shows still another variation of the protection cover 228 
that has the opening 225B having a circular shape and a 
plurality of circular openings 225G as the auxiliary openings 
225C. FIG. 12D shows still another variation of the protection 
cover that serves as a protection unit having the opening 225B 
having a circular shape and a plurality of openings 225H as 
the auxiliary openings 225C each having a round arch shape. 
The above-described openings may have circles or any other 
polygonal shapes, as far the openings do not allow a finger of 
a user to pass. 
0233 FIG. 14 is a cross-sectional side view of a variation 
of the protection cover 228 provided to the atomization device 
215. This protection cover 228 is arranged in front of the 
opening 226E, in other words, a front side of the atomization 
device 215. The protection cover 228 completely screens the 
opening 226E in order to prevent a finger of the user from 
entering the opening 226E. The protection cover 228 has side 
openings 230 at top and bottom Surfaces and left and right 
Surfaces. Sprayed liquid is spread from the side openings 230 
into the crisper 207. However, some of the sprayed liquid is 
blocked by the protection cover 228 and thereby reduced. 
Therefore, it is desirable that the above protection cover 228 
is used when a large amount of sprayed liquid is not especially 
necessary, or when the sprayed liquid can be spread by using 
a fun producing a flow of air. 
0234. The refrigerator according to the fourth embodi 
ment has the protection cover 228 in front of at least the 
opening 226E for the opposite electrode 223 that is an atomi 
zation tip which is stored in the case 225 and located opposite 
to the atomization electrode 222. Thereby, a protection unit 
having a double structure is achieved. The protection unit 
prevents a finger of the user from reaching the opposite elec 
trode 223. 

0235. In the protection unit having the double structure, a 
predetermined distance is provided between the protection 
cover 228 and the opening 226E, in order to increase an area 
of the opening 226E, thereby enhancing an ability of spread 
ing sprayed liquid. This structure also prevents a finger of the 
user from reaching the opposite electrode 223. 
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0236. It should be noted that the protection cover 228 has 
been described to have various shapes as shown in FIGS. 
12A, 12B, 12C, and 12D not allowing a finger of the user to 
pass. However, it is also possible to form the same various 
shapes of openings in the case 225, to serve as protection 
covers. The openings also prevent a finger of the user from 
reaching the opposite electrode 223. 
0237 Here, in the first and second embodiments, the pro 
tection unit causes sprayed mist to have a reference potential 
and thereby prevents the case 125 in the crisper from being 
electrically charged. In the fourth embodiment, the protection 
unit is a cover or the like that produces a protection function 
of preventing the user from physically touching the atomiza 
tion electrode 222. If the above protection units are combined, 
for example, stored items are not charged, because sprayed 
mist itself has the reference potential. In addition, since the 
cover is to charge the mist itself positively, the cover is 
charged positively more than the mist. Thereby, the mist 
attached to the cover is influenced by charge of the cover and 
is therefore charged positively more than mist sprayed into 
the compartment. 
0238 Since a human body of the user has characteristics 
of being positively charged, it is possible to prevent physical 
current leakage when the user touches the protection unit 
Such as the cover. In addition, as a synergistic effect, since 
mist attached to the cover is charged more positively, a poten 
tial difference between the mist and the user is small and 
thereby current is unlikely to flow between the mist and the 
user. More specifically, the fourth embodiment for physically 
blocking current flowing from the atomization device is com 
bined with a structure, as described in the first or second 
embodiment, for causing mist itself to have a reference poten 
tial and applying a Voltage to the opposite electrode to be 
positive. Therefore, even if surroundings of the cover is likely 
to cause current leakage due to attached mist, the protection 
unit obtained from the above combination makes it possible 
to charge the attached mist positively and thereby reduce 
current flowing to a human body. The combination can pro 
vide a protection function having synergetic effects, and can 
form a significantly effective protection unit. 

Fifth Embodiment 

0239. The common parts in the structure and techniques 
between the already-described first to fourth embodiments 
and the fifth embodiment are not described in detail again in 
the fifth embodiment. In addition, if any of the techniques 
already described in the first to fourth embodiments can be 
applied in the fifth embodiment, any combination of (a) the 
techniques and the structure already described in the first to 
fourth embodiments and (b) those of the fifth embodiment is 
possible. 
0240. The refrigerator according to the fifth embodiment 
of the present invention has a protection unit. The protection 
unit differs from the protection unit in the refrigerator accord 
ing to the third or fourth embodiment in preventing a user 
from touching the opposite electrode 223 by using a stick 
shaped conductive tool. The same reference numerals regard 
ing the refrigerator according to the third and fourth embodi 
ments are assigned to the identical parts of the refrigerator 
according to the fifth embodiment, so that the identical parts 
are not explained again below. 
0241 FIG. 15A is a cross-sectional side view of a crisper 
in the refrigerator according to the fifth embodiment of the 
present invention. Between the high Voltage generation unit 
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221 and the opposite electrode 223, there is provided a cur 
rent-limit circuit 231 serving as a protection unit for limiting 
Current. 

0242. In a situation where a user touches the opposite 
electrode 223 directly or by using a stick-shaped conductive 
tool, current of approximately 60 LA flows from the opposite 
electrode 223 to the user in a moment. The current-limit 
circuit 231 has a current-limit resistance to limit the current. 
Current with a current value of approximately 60LA does not 
harm the user, but sometimes gives painful electric shock to 
the user and thereby makes the user anxious. 
0243 How the user feels electric shock depends mainly on 
a size of a current value, rather than a size of a Voltage value. 
In the fifth embodiment, even if current flows from the elec 
trode to the user directly or via water or, a current value of the 
current is decreased in order not to make the user feel irrita 
tion. 
0244 FIG.15B shows a current value of current caused by 
discharge to a user (discharge current value) versus a resis 
tance value of the current-limit circuit 231. If the current 
value is equal to or less than 20 LA, the user does not feel 
electric shock. In the fifth embodiment, as shown in FIG.15B, 
the current-limit circuit 231 is set to have a resistance value of 
approximately 500 MS2 in order to limit a current value of the 
current flowing in a moment to be equal to or less than 20LA. 
In the fifth embodiment, in order to give a further allowance 
for preventing electric shock from the user directly touching 
the opposite electrode 223, the resistance value of the current 
limit circuit 231 is determined as being 1000 MS2. 
0245. In the fifth embodiment, the current-limit circuit 
231 serves as a protection unit that limits current discharged 
to a human body. The protection unit may, for example, detect 
opening of the door 204C and thereby limitan applied voltage 
or flowing current. It is also possible that the protection unit 
detects that a part of the user's body enters the crisper 207 and 
thereby limits an applied Voltage or flowing current. 
0246. As described above, the refrigerator according to the 
fifth embodiment has the current-limit circuit 231 that limits 
current flowing to the opposite electrode 223. The current 
limit circuit 231 decreases a current value of a current flowing 
to the opposite electrode 223 so that the current is enough to 
atomize liquid but does not harm the user. Thereby, in a 
situation where the user touches directly the opposite elec 
trode 223, current discharged from the opposite electrode 223 
to the user is quite little. As a result, a risk of electric shock can 
be significantly reduced. 

Sixth Embodiment 

0247 The common parts in the structure and techniques 
between the already-described first to fifth embodiments and 
the sixth embodiment are not described in detail again in the 
sixth embodiment. In addition, if any of the techniques 
already described in the first to fifth embodiments can be 
applied in the sixth embodiment, any combination of (a) the 
techniques and the structure already described in the first to 
fifth embodiments and (b) those of the sixth embodiment is 
possible. 
0248. In the refrigerators according to the third to fifth 
embodiments, the opposite electrode 223 is applied with a 
high Voltage even while a user puts his/her hand into the 
crisper 207. 
0249. The refrigerator according to the sixth embodiment 
has the same structure as that of any one of the refrigerators 
according to the third to fifth embodiments, but also has a 
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control unit 244 that stops applying a high Voltage to the 
opposite electrode 223 when the user opens the door 204C of 
the crisper 207. 
0250. The same reference numerals regarding the refrig 
erators according to the third to fifth embodiments are 
assigned to the identical parts of the refrigerator according to 
the sixth embodiment, so that the identical parts are not 
explained again below. 
0251 FIG. 16 is a cross-sectional side view of a crisper of 
the refrigerator according to the sixth embodiment of the 
present invention. FIG.17 is a block diagram of a high voltage 
stop unit 241 of an atomization device in the refrigerator 
according to the sixth embodiment. 
0252. The high voltage stop unit 241 is a reed switch 
operated by a magnet 242 provided at the door 204C of the 
crisper. The high Voltage stop unit 241 detects opening and 
closing of the door and thereby stops applying a high Voltage 
to the opposite electrode 223. While the door 204C of the 
crisper is closed, a contact point of the reed Switch of the high 
Voltage stop unit 241 is closed, in other words, the contact 
point is switched on. On the other hand, while the door 204C 
of the crisper is opened, the contact point is opened, in other 
words, the contact point is switched off. 
0253) The high voltage stop unit 241 is arranged between 
(a) the high Voltage generation unit 221 applying a high 
voltage to the opposite electrode 223 and (b) a power unit 243 
Supplying power to the high Voltage generation unit 221. 
0254 The high voltage generation unit 221 boosts a volt 
age of approximately 22V supplied from the power unit 243. 
The power supply from the power unit 243 is controlled by the 
control unit 244 that determines necessity of atomization. 
0255. When the door 204C of the crisper is opened and the 
reed Switch as the high Voltage stop unit 241 is opened, the 
power Supply to the high Voltage generation unit 221 is Surely 
blocked off regardless of the determination of the control unit 
244 and eventually a high Voltage is not applied to the oppo 
site electrode 223. 
0256 The above structure can surely prevent a high volt 
age from being applying to the user. As described above, the 
high Voltage stop unit 241 serves as a protection unit provid 
ing a protection function of preventing that the user is applied 
with a high Voltage. 
0257. In the refrigerator according to the sixth embodi 
ment, while the door 204C of the crisper 207 is closed, the 
contact point of the reed Switch of the high Voltage stop unit 
241 is closed (switched on) due to a magnetic field of the 
magnet 242 provided at the door 204C. If the control unit 244 
determines that atomization is necessary, a high Voltage is 
Supplied from the power unit 243 to the high Voltage genera 
tion unit 221 and the high Voltage generation unit 221 applies 
a high voltage to the opposite electrode 223. Thereby, liquid 
is atomized to be sprayed into the crisper. As a result, the 
crisper 207 is immediately humidified. 
0258 While the door 204C of the crisper 207 is opened, 
the contact point of the reed switch of the high voltage stop 
unit 241 is opened (switched off) and thereby power supply 
from the power unit 243 is blocked off regardless of the 
determination for atomization necessity made by the control 
unit 244. As a result, application of a high Voltage to the 
opposite electrode 223 is blocked off. 
0259. The high voltage stop unit 241 may have a hall 
element instead of the reed Switch. According to signals pro 
vided from the hall element, the control unit 244 can control 
the power unit 243 to stop the power supply. 
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0260. It is also possible that the control unit 244 controls 
stop of applying a high Voltage, not only by detecting opening 
and closing of the door, but also by detecting that the user 
approaches the refrigerator or by detecting that the user puts 
his/her hand into the crisper 207. 
0261 The above cases, however, are not perfect means for 
Surely blocking application of a high Voltage when the user 
opens the door, if the control unit 244 operates erroneously 
due to noise or the like in the circuit. 
0262 Therefore, it is desirable to have a door opening/ 
closing detection unit, Such as the reed Switch described in the 
sixth embodiment, that enables the contact point to be 
mechanically opened and closed by completely blocking an 
output of the power unit 243 regardless of the determination 
for the atomization necessity made by the control unit 244. 
0263. It should be noted that the high voltage stop unit 241 
may be a push contact point opening/closing device that is 
designed so that the device cannot be easily operated from the 
outside. This push contact point opening/closing device pre 
vents erroneous operations caused by external factors such as 
noise in electricity, a magnetic field, or the like. As a result, 
blocking of a high Voltage is Surely executed. 
0264. Furthermore, if a semiconductor switch without a 
contact point such as a hall element is also provided together 
with the high Voltage stop unit with a contact point as 
described in the sixth embodiment, it is possible to block a 
high Voltage more Surely. 
0265. As described above, the refrigerator according to the 
sixth embodiment has the high voltage stop unit 241 that 
detects opening of the door 204C of the crisper 207. The high 
voltage stop unit 241 detects opening of the door 204C, and 
based on the detection, power Supply to the high Voltage 
generation unit 222 is stopped. As a result, when the user puts 
his/her hand into the crisper 207, a high voltage is not applied 
to the opposite electrode 223 and thereby current does not 
flow from the opposite electrode 223 to the user. 
0266 Furthermore, the high voltage stop unit has a contact 
point that mechanically blocks power Supply to the high 
voltage generation unit 221 when the door 204C of the crisper 
207 is opened. Thereby, the high voltage stop unit can open 
and close the contact point mechanically independently from 
the control unit 244 including a microcomputer and the like. 
Therefore, even if a trouble occur in the control unit 244 due 
to noise or the like, a high Voltage is not applied to the 
opposite electrode 223 when the user puts his/her hand into 
the crisper 207. 

Seventh Embodiment 

0267. The common parts in the structure and techniques 
between the already-described first to sixth embodiments and 
the seventh embodiment are not described in detail again in 
the seventh embodiment. In addition, if any of the techniques 
already described in the first to sixth embodiments can be 
applied in the seventh embodiment, any combination of (a) 
the techniques and the structure already described in the first 
to sixth embodiments and (b) those of the seventh embodi 
ment is possible. 
0268 A refrigerator according to the seventh embodiment 
differs from the refrigerators according to the third to sixth 
embodiments in further having a protection unit that prevents 
current from flowing to a user via liquid. The same reference 
numerals regarding the refrigerators according to the third to 
sixth embodiments are assigned to the identical parts of the 
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refrigerator according to the seventh embodiment, so that the 
identical parts are not explained again below. 
0269 FIG. 18 is a cross-sectional side view of an atomi 
Zation device used in the refrigerator according to the seventh 
embodiment of the present invention. A water flowout path 
251 serving as a protection unit is provided at a bottom 
surface of the case 225. All liquid stored in the case 225 flows 
out along the water flowout path 251. 
0270. The coolingpin 224 causes dew condensation on the 
atomization electrode 222. If liquid of excessive dew conden 
sation on the atomization electrode 222 is accumulated in the 
case 225, or if a part of sprayed liquid contacts the inside of 
the case 225 and is therefore accumulated in the case 225, 
there is a possibility that the opposite electrode 223 is sub 
merged in the accumulated liquid. If the high Voltage genera 
tion unit 221 is provided in the case 225, the high voltage 
generation unit 221 would be submerged in the accumulated 
liquid. 
0271 In the above situation, the high voltage generation 
unit 221 operates erroneously and is damaged. Furthermore, 
if the liquid accumulated in the case 225 is leaked from the 
openings, the user can easily touch the liquid. The liquid is 
probably conducted to a part applied with a high Voltage. If 
the user touches the liquid, there is a risk that current flows 
into the user. The water flowout path 251 provided at the 
bottom surface of the case 225 allows liquid to flow out from 
the case 225 in order not to be accumulated in the case 225, 
thereby producing a protection function of preventing current 
leakage. 
0272. The water flowout path 251 prevents liquid except 
liquid sprayed into the crisper 207 from remaining in loca 
tions near the atomization electrode 222, the opposite elec 
trode 223, and the high voltage generation unit 221. Even if 
liquid remains in the case 225, the liquid flows out from the 
water flowout path 251 and evaporated while flowing along a 
wall Surface at a rear side of the storage compartment There 
fore, it is possible to prevent electric shock, short of a circuit, 
and the like caused by accumulated liquid. 
0273. In order to facilitate the evaporation, the water 
flowout path 251 is generally arranged so that the liquid flows 
out to vicinity of a crisper heater provided at the wall surface 
of the back of the crisper 207. The above structure can surely 
prevent liquid from storing in a storage compartment, and 
thereby prevent troubles due to dew condensation in the stor 
age compartment. 
0274. It should be noted that the protection unit according 

to the seventh embodiment is a water discharge path, but the 
water flowout path can be combined with the protection unit 
according to any of the first to seventh embodiments in order 
to more Surely prevent current from flowing to the user. 
0275. In the first and second embodiments the protection 
unit causes sprayed mist to have a reference potential and 
thereby prevents the case 125 in the crisper from being elec 
trically charged. In the seventh embodiment, the protection 
unit is a waterflowout path for preventing liquid from storing 
in a cover in order to produce a protection function. Espe 
cially when the above protection units are combined, the 
following occurs, for example. Since sprayed mist itselfhas a 
reference potential, the liquid which is accumulated in the 
cover and then flows out is firstly at the reference potential. 
However, since the cover is to charge the mist itselfpositively, 
the cover is charged positively more than the mist. Thereby, 
the liquid accumulated in the cover is influenced by charge of 

Sep. 30, 2010 

the cover and is therefore charged positively more than mist 
sprayed into the compartment. 
0276 Since a human body of the user has characteristics 
of being positively charged, it is possible to prevent physical 
current leakage when the user touches water flew out from the 
cover. In addition, as a synergistic effect, since the water flew 
out from the cover is charged more positively, a potential 
difference between the water and the user is small and thereby 
current is unlikely to flow between the water and the user. 
More specifically, the present embodiment for physically 
blocking current flowing from the atomization device is com 
bined with a structure for causing mist itself to have a refer 
ence potential and applying a Voltage to the opposite elec 
trode to be positive. Therefore, even if surroundings of the 
cover is likely to cause current leakage due to the water flew 
out from the cover, the protection unit obtained from the 
above combination makes it possible to charge the water flew 
out from the cover positively and thereby reduce current 
flowing to a human body. The combination can provide a 
protection function having synergetic effects, and can form a 
significantly effective protection unit. 

Eighth Embodiment 
0277. The common parts in the structure and techniques 
between the already-described first to seventh embodiments 
and the eighth embodiment are not described in detail again in 
the eighth embodiment. In addition, if any of the techniques 
already described in the first to seventh embodiments can be 
applied in the eighth embodiment, any combination of (a) the 
techniques and the structure already described in the first to 
seventh embodiments and (b) those of the eighth embodiment 
is possible. 
0278 FIG. 19 is a vertical cross-sectional view of a refrig 
erator 300 according to the eighth embodiment of the present 
invention. FIG.20 is a front view of vicinity of the crisper 307 
in the refrigerator 300. FIG.21 is a cross-sectional view of the 
refrigerator 300 taken along line 21-21 of FIG. 20. FIG.22 is 
a cross-sectional view of the refrigerator 300 taken along line 
22-22 of FIG. 20. FIG. 23 is a detailed view of the refrigerator 
3OO of FIG. 22. 
0279. The refrigerator 300 includes aheat-insulating main 
body 301. The heat-insulating main body 301 includes: an 
external body 302 made mainly of a steel plate; an internal 
body 303 molded of resin such as Acrylonitrile Butadiene 
Styrene (ABS); a heat insulator filled between the external 
body 302 and the internal body 303. The heat insulator is 
foam insulation Such as rigid urethane foam or vacuum insu 
lation. The heat insulator provides heat insulation among a 
plurality of storage compartments formed in the heat-insulat 
ing main body 301. At a top portion of the heat-insulating 
main body 301, there is a refrigerator compartment 304 as the 
first storage compartment. Under the refrigerator compart 
ment 304, a switch compartment 305 as the fourth storage 
compartment and an ice compartment 306 as the fifth storage 
compartment are arranged side-by-side. Under the Switch 
compartment 305 and the ice compartment 306, a crisper 307 
as the second storage compartment is provided. At a bottom 
portion of the heat-insulating main body 301, there is a 
freezer compartment 308 as the third storage compartment. 
The crisper 307 has a temperature higher than that of any 
other storage compartments. 
0280 A temperature of the refrigerator compartment 304 

is generally set to be within a refrigerating temperature Zone 
from 1° C. to 5°C., having a lower limit to prevent refriger 
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ated items from being frozen. The temperature of the crisper 
307 is set to be within a vegetable temperature Zone from 2 
C. to 7°C., which is equal to or slightly higher than that of the 
refrigerator compartment 304. A temperature of the freezer 
compartment 308 is generally set to be within a freezing 
temperature Zone from -22°C. to -15° C. to freeze stored 
items. In order to improve freezing state, the temperature of 
the freezer compartment 308 is sometimes set to be within a 
lower freezing temperature Zone, for example, from -30°C. 
to —25°C. A temperature of the switch compartment 305 can 
be switched by the user among: the refrigerating temperature 
Zone from 1° C. to 5°C.; the vegetable temperature Zone from 
2 C. to 7°C.; the freezing temperature Zone generally from 
-22°C. to -15°C.; a desired temperature Zone that is prede 
termined from a range from the refrigerating temperature 
Zone to the freezing temperature Zone. The Switch compart 
ment 305 is a storage compartment arranged next to the ice 
compartment 306 and has an independent door that is often a 
drawer-type door. 
0281. In the eighth embodiment, the temperature of the 
switch compartment 305 can be selected in a range from the 
refrigerating temperature Zone to the freezing temperature 
Zone. It is also possible that the temperature of the switch 
compartment 305 is selected only in a temperature Zone in the 
middle between the refrigerating temperature Zone and the 
freezing temperature Zone. The temperature of the switch 
compartment 305 may be fixed to be within a certain tem 
perature Zone. The ice compartment 306 includes an auto 
matic ice maker and an ice storage container. The automatic 
ice maker makes ice from water provided from a water Stor 
age tank in the refrigerator compartment 304. The ice storage 
container is arranged immediately under the automatic ice 
maker and stores the ice. 

0282. At a top surface of the heat-insulating main body 
301, there is a step-shaped recess part providing an area at the 
back of the refrigerator 300. The recess part serves as a 
mechanical room, and accommodates a compressor 309 and 
structural parts applying a high pressure to refrigerant in the 
refrigeration cycle. The structural parts are included in the 
refrigeration cycle Such as a drier for eliminating water. In 
other words, the mechanical room storing the compressor 309 
is located at a top and rear portion of the refrigerator com 
partment 304 and protrudes towards the inside of the refrig 
erator compartment 304. 
0283. A user cannot easily reach a rear region of the top 
storage compartment in the heat-insulating main body 301. 
Therefore, the rear region is a dead space. In conventional 
general refrigerators, a mechanical room storing a compres 
sor is located in a rear region of a bottom storage compart 
ment in a heat-insulating main body. If a mechanical room is 
provided at the rear region of the top storage compartment in 
the heat-insulating main body 301 and stores the compressor 
309, it is possible to efficiently use a bottom space of the 
heat-insulating main body in the conventional refrigerator. As 
described above, the refrigerator 300 according to the eighth 
embodiment is convenient and can store more items. 

0284. In the refrigerator 300 according to the eighth 
embodiment, isobutene (R600a) is used as refrigerant circu 
lating in the refrigeration cycle in view of global environmen 
tal protection. Isobutene is flammable refrigerant having a 
Small coefficient of global warming. Isobutene has a specific 
capacity approximately double (2.04 times) of that of air at 
room temperature (300 K) and atmospheric pressure. 
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(0285. At the back of the crisper 307 and the freezer com 
partment 308, there is a cooling room 310 generating cool air. 
A transport ventilation flue for transporting the cool air to 
each storage compartment and a rear-side divider wall 311 are 
provided between the cooling room 310 and the crisper 307 
and between the cooling room 310 and the freezer compart 
ment 308. The transport ventilation flue has heat insulation 
properties. The divider wall 311 includes a heat insulator to 
separate and heat-insulate each storage compartment from 
the cooling room 310. In the cooling room 310, a cooler 312 
is provided. In a space above the cooler 312 in the cooling 
room 310, there is a cooling fan 313. By forced circulation, 
the cooling fan 313 transports the cool air generated by the 
cooler 312 to the storage compartments such as the refrigera 
tor compartment 304, the switch compartment 305, the ice 
compartment 306, the crisper 307, and the freezer compart 
ment 308. The air provided from the cooling room 310 cools 
the respective storage compartments. In the eighth embodi 
ment, cool air generated from the cooling room 310 is not 
provided directly to the crisper 307. The cool air generated 
from the cooling room passes along the ventilation flue and 
enters the refrigerator compartment 304 to cool the refrigera 
tor compartment 304. Then, the cool air passing the refrig 
erator compartment 304 enters the crisper 307 to cool the 
crisper 307. 
0286 A radiant heater 314 made of a glass tube is provided 
in a space under the cooler 312. The radiant heater 314 
removes frost and ice attached to the cooler 312 and its 
periphery when cooling. Under the radiantheater 314, there is 
a drain pan 315 that receives water generated in the defrost 
ing. A drain tube 316 passes from the deepest part of the drain 
pan 315 to the outside of the heat-insulating main body 301. 
An evaporation dish 317 is located downstream of the drain 
tube 316. 

(0287. In the crisper 307, a lower storage container 319 and 
an upper storage container 320 are arranged. The lower Stor 
age container 319 is placed in a frame equipped to a drawer 
type door 318 of the crisper 307. The upper storage container 
320 is placed in the lower storage container 319. 
(0288. A lid 322 is held by (a) a divider wall 323 above the 
crisper 307 and (b) the internal body 303. The lid 322 seals 
mainly the upper storage container in the situation where the 
drawer-type door 318 is closed. While the drawer-type door 
318 is closed, the lid 322 contacts top left, top right, and top 
rear edges of the upper storage container 320, and Substan 
tially contacts a top front edge of the upper storage container 
320. Furthermore, in order to prevent humidity from escaping 
from the compartment in which food is stored, there is a 
minimum clearance between (a) left, right, and bottom edges 
of a rear side of the upper storage container 320 and (b) the 
lower storage container 319, as far as the upper storage con 
tainer 320 can be moved without contacting the lower storage 
container 319. 

0289 Between the lid 322 and the divider wall 323, there 
is a ventilation flue for cool air to be provided to crisper 
outlets 324 provided at a rear-side divider wall 311. In addi 
tion, between the lower storage container 319 and the divider 
wall 325, there is a space serving as a ventilation flue for cool 
air. Crisper inlets 326 are provided at a lower portion of the 
rear-side divider wall 311 that is located at the back side of the 
crisper 307. Cool air cools the inside of the crisper 307 and is 
heat-exchanged, and then returns to the cooler 312 via these 
crisper inlets 326. 
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0290 Cool air is provided to the refrigerator compartment 
304 from the cooling room via the ventilation flue, and cools 
the inside of the refrigerator compartment 304. After that, the 
cool air enters the crisper 307 from the crisper outlets 324 to 
cool the inside of the crisper 307. Then, the cool air in the 
crisper 307 exits the crisper 307 from the crisper inlets 326 
and returns to the cooling room 310. Therefore, the crisper 
307 is located the most downstream of the ventilation flue for 
cool air. 

0291. It should be noted that the below-described matters 
regarding main parts of the eighth embodiment of the present 
invention can be applied to any conventional general refrig 
erator that is opened and closed by using a frame equipped to 
a door and a rail provided to an internal body. The lid 322, the 
crisper outlets 324, the inlets 326, and the ventilation flue are 
optimized depending on a configuration of the storage con 
tainers. 

0292. The rear-side divider wall 311 includes: a rear-side 
divider wall surface 351 made mainly of resin such as ABS: a 
ventilation flue made of foam polystyrene or the like for 
circulating cool air in the respective storage compartments; 
and a heat insulator 352 that separates the cooling room 310 
from the crisper 307, providing heat insulation between them. 
At a part of a wall surface of the rear-side divider wall 311, 
which is an internal wall Surface of the storage compartment 
(crisper), there is a recess part 311A having a temperature 
lower than that of any other parts of the rear-side divider wall 
311. In the recess part 311A, an atomization device 331 
serving as an electrostatic atomization device is provided. 
0293. The atomization device 331 includes an atomization 
unit 339, a high voltage generation circuit 360, and a case 337. 
In parts of the case 337, there are a spray port 332 and an 
opening 338. 
0294 The atomization unit 339 includes an atomization 
electrode 335 that is an atomization tip. The atomization 
electrode 335 is electrically connected via a connection unit 
370 to wiring extending from the high Voltage generation 
circuit 360, and connected to a metal pin 334. The atomiza 
tion electrode 335 is fixed to the almost center of one end of 
the metal pin 334. The metal pin 334 is made of a good heat 
conductive material Such as aluminum and stainless steel, and 
has a circular cylinder shape. The metal pin 334 is an atomi 
zation electrode cooler member that cools the atomization 
electrode 335. Furthermore, the periphery of the connection 
unit 370 is molded of resin 371 such as epoxy resin as sealer 
in order to cover the connection unit 370. The resin 371 keeps 
heat conduction for a long time and thereby prevents water 
from entering the connection unit 370. The resin 371 reduces 
thermal resistance between the atomization electrode 335 and 
the metal pin 334, thereby fixing the atomization electrode 
335 to the metal pin 334. 
0295. It is also possible to insert the atomization electrode 
335 to the metal pin 334 so as to reduce the thermal resistance. 
0296. The metal pin 334 has, for example, a circular cyl 
inder shape with a diameter of approximately 10 mm and a 
length of approximately 15 mm. The metal pin 334 is made of 
a high heat conductive material Such as aluminum or copper 
which has a heat capacity of 50 times or more, preferably 100 
times or more as much as a heat capacity of the atomization 
electrode 335 with a diameter of approximately 1 mm and a 
length of approximately 5 mm. In order to conduct coldness/ 
heat from one end to the other end of the metal pin 334 by 
using heat conduction, it is desirable that the metal pin 334 is 
covered by a heat insulator. 
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0297 Moreover, the metal pin 334 needs to conduct a cool 
temperature in the heat insulator that is used to provide heat 
insulation between the storage compartment and the cooler 
312 or the ventilation flue. Therefore, it is desirable that the 
metal pin 334 has a length that is 5 mm or more, and prefer 
ably 10 mm or more. However, if the length of the metal pin 
334 is 30 mm or more, the heat conduction effect is reduced. 
0298 Meanwhile, since the atomization device 331 pro 
vided in the storage compartment (namely, the crisper) is in 
an environment of high humidity, the humidity would influ 
ence the metal pin 334. Therefore, it is preferable that the 
metal pin 334 is made of a metal material having corrosion 
resistance properties and rust resistance properties, or a mate 
rial applied with Surface processing Such as alumite treatment 
or coating. 
0299 Furthermore, in the eighth embodiment, since the 
metal pin 334 has a circular cylinder shape, the metal pin 334 
can be inserted to the recess part 311A of the heat insulator 
352, by rotating the atomization device 331. As a result, the 
cooling pin 334 can be equipped with a smaller clearance. 
0300. It should be noted that the cooling pin 334 may be a 
square pillar or a regular polygon cylinder in shape. If the 
cooling pin 334 is one of these polygon cylinders, positioning 
is easier than that of a circular cylinder, so that the atomization 
device 331 can be arranged at a correct position. 
0301 In addition, when the atomization electrode 335 is 
arranged on a center axis of the cooling pin 334, it is possible 
to keep a distance constant between an opposite electrode 336 
and the atomization electrode 335 even if the atomization 
electrode 335 is rotated to be inserted. As a result, a stable 
electric-discharge distance can be obtained. 
0302) The metal pin 334 serving as the atomization elec 
trode cooler is fixed to the case 337, and protrudes through the 
case 337. In addition, the opposite electrode 336 having an 
annular disk shape is arranged closer to the storage compart 
ment, facing the atomization electrode 335. The opposite 
electrode 336 keeps a constant distance from a tip of the 
atomization electrode 335. The spray port 332 is located on 
extension of the axis of the atomization electrode 335. 
0303. In vicinity of the atomization electrode 335, spray 
ing of mist causes electric discharge due to application of a 
high voltage. Therefore, there is a possibility that a tip of the 
atomization electrode 335 is worn. The refrigerator 300 is 
generally often operated for a long time of 10 years or more. 
The surface of the atomization electrode 335 needs strong 
Surface processing for providing antiwear properties. The 
atomization electrode 335 is desirably plated with nickel, 
gold, or platinum, for example. 
0304. The electricity connection unit 370 coupling the 
atomization electrode 335 to the high voltage generation cir 
cuit 360 is connected to the atomization electrode 335 and the 
high Voltage generation circuit 360 by using a Swage, press 
fitting, or the like. The periphery of the connection unit 370 is 
molded of the resin 371 such as epoxy resin as sealer, to be 
covered by the resin 371. The above structure can prevent 
leakage, abnormal heating, and the like caused by, for 
example, defects in equipping the atomization electrode 335 
and the connection unit 370. Therefore, even if flammable 
refrigerant is filled and accumulated in the atomization device 
331, it is possible to produce a protection function of elimi 
nating a risk of igniting the refrigerant. As a result, further 
safety can be achieved. In addition, the above structure can 
prevent material deterioration and the like due to entry of 
humidity. As a result, reliability of parts of the refrigerator is 
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increased. As described above, the resin 371 forms a protec 
tion unit that prevents flammable refrigerant from being 
ignited. 
0305 As described above, the high voltage generation 
circuit 360 is arranged in vicinity of the atomization unit 339. 
The high Voltage generation circuit 360 that generates a high 
Voltage has a negative potential side that is electrically con 
nected to the atomization electrode 335 and a positive poten 
tial side that is electrically connected to the opposite electrode 
336. 
0306 The opposite electrode 336 is made of a stainless 
steel, for example. In order to obtain its reliability for a long 
time, it is desirable that the opposite electrode 336 is applied 
with Surface processing Such as platinum plating especially 
for preventing foreign Substance attachment and contamina 
tion. 
0307 The high voltage generation circuit 360 includes: a 
step-up transformer 361 that generates a high Voltage; a 
detection circuit 363 that detects discharged current between 
the atomization electrode 335 and the opposite electrode 336: 
and a high voltage output control circuit 364. The high volt 
age generation circuit 360 communicates with and is con 
trolled by the refrigerator control circuit 346 of the refrigera 
tor 300. Thereby, the high voltage generation circuit 360 
Supplies and stops a high Voltage based on input signals S5 
and S15 provided from the refrigerator 300 or the electrostatic 
atomization device 331 (namely, the atomization device 311). 
0308 The high voltage generation circuit 360 is integrated 
with the electrostatic atomization device 331 that is an atomi 
Zation device. In order to cope with a low-temperature and 
high-humidity atmosphere in the storage compartment, a Sur 
face of a substrate of the high voltage generation circuit 360 
is applied with a mold material or a coating material for 
preventing moisture. The step-up transformer 361 includes a 
primary coil, a secondary coil, a magnetic core, and the like. 
The step-up transformer 361 is molded of resin such as epoxy 
resin as sealer. The step-up transformer 361 boosts a voltage 
supplied from the control circuit of the refrigerator 300 to a 
predetermined voltage to be provided. 
0309 Here, if the structure for voltage application (here 
inafter, referred to as a “voltage applying unit”) is arranged in 
a high-temperature environment outside the storage compart 
ment, the coating material is not necessary. 
0310 Moreover, divider wall heaters 354 are provided 
between(a) the rear-side divider wall surface 351 to which the 
electrostatic atomization device 331 as the atomization 
device is fixed and (b) the heat insulator 352. The divider wall 
heaters 354 are used to adjust a temperature or prevent dew 
condensation in the storage compartment. In addition, metal 
pinheaters 358 are arranged in vicinity of the atomization unit 
339. The metal pin heaters 358 are used to adjust a tempera 
ture of the metal pin 334, and prevents excess dew conden 
sation in the periphery of the metal pin 334 including the 
atomization electrode 335 as the atomization tip. 
0311. The metal pin 334 is fixed to the case 337. The metal 
pin 334 itself has a convex part 334A that protrudes through 
the case 337. The metal pin 334 has a shape by which the 
convex part 334A extends in an opposite direction from the 
atomization electrode 335. The convex part 334 is engaged 
with a deepest recess part 311B of the rear-side divider wall 
311. The deepest recess part 311B is deeper than the recess 
part 311A. 
0312. At the back side of the metal pin 334, there is the 
deepest recess part 311B at the bottom of the recess part 
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311A. Therefore, a part of the heat insulator 352 at the cooling 
room 310 side is thinner than any other portions of the rear 
side divider wall 311 that is the rear side of the crisper 307. 
The thin heat insulator 352 serves as a thermal relaxation 
member. From the back of the metal pin 334, cool air or warm 
air from the cooling room 310 cools and heats the metal pin 
334, via the heat insulator 352 serving as the thermal relax 
ation member. 
0313 The metal pin 334, which serves as the atomization 
electrode cooler for cooling the atomization electrode 335, is 
cooled by cool air generated by the cooling room 310. Since 
the metal pin 334 is made of a metal piece having good heat 
conduction properties, the metal pin can be cooled enough 
only by heat conduction from the ventilation flue along which 
the cool air generated by the cooler 312 passes. 
0314. As described above, the structure for temperature 
adjustment (hereinafter, referred to also as an “adjustment 
unit') is simple. Thereby, it is possible to provide the atomi 
Zation unit having less failures and high reliability. In addi 
tion, cooling sources of the refrigeration cycle can be used to 
cool the metal pin 334 and the atomization electrode 335. As 
a result, atomization can be performed with less energy. 
0315. It should be noted that the heat insulator 352 as a 
heat relaxation member covers at least a part of the metal pin 
334 which is closer to the cooling unit, but the heat insulator 
352 desirably covers the entire surface of the convex part 
334A of the metal pin. If the heat insulator 352 covers the 
entire surface of the convex part 334A of the metal pin, heat 
hardly enters from a lateral direction perpendicular to a lon 
gitudinal direction of the metal pin 334 that is the atomization 
electrode cooler, and heat conduction occurs from an end part 
334B of the convex part 334A to the longitudinal direction. 
As a result, the adjustment unit cools or heats the metal pin 
334, firstly from the end part 334B that is the farthest from the 
atomization electrode 335. 
0316 Furthermore, in order to heat the metal pin 334, the 
metal pin heaters 358 are arranged in vicinity of the metal pin 
334. Thereby, a temperature of the metal pin 334 can be 
changed, for example, by changing an applied Voltage or a 
current-carrying rate. 
0317. The following describes operations of the refrigera 
tor 300. 
0318 Firstly, an operation of the refrigeration cycle is 
described. The refrigeration cycle is operated, based on sig 
nals from the control unit, depending on temperatures set in 
the refrigerator, in order to perform a cooling operation. 
High-temperature and high-pressure refrigerant discharged 
by an operation of the compressor 309 is concentrated to be 
liquid at Some degrees in the condenser. The generated liquid 
refrigerant passes along the sides and back of the body of the 
refrigerator 300 and a refrigerant tube arranged in a front 
entrance of the body of the refrigerator 300, thereby prevent 
ing dew condensation of the body of the refrigerator 300. 
Passing as described above, the liquid refrigerant is further 
concentrated to be liquid and reaches a capillary. After that, in 
the capillary, the liquid refrigerant is heat-exchanged with air 
in an inlet tube of the compressor 309 and also depressurized 
to be low-temperature and low-pressure liquid refrigerant that 
reaches the cooler 312. Here, the low-temperature and low 
pressure liquid refrigerant is heat-exchanged with air in each 
of the storage compartments by an operation of the cooling 
fan 313. Thereby, the refrigerant in the cooler 312 is evapo 
rated to be gas. At this time, the cooling room 310 generates 
cool air for cooling the storage compartments. The low-tem 
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perature cool air is distributed by the cooling fan 313 to the 
refrigerator compartment 304, the switch compartment 305, 
the ice compartment 306, the crisper 307, and the freezer 
compartment 308, by using the ventilation flue and dampers. 
Thereby, each of the storage compartments is cooled to have 
a temperature within a desired temperature Zone. The cool air 
that has cooled the refrigerator compartment 304 is dis 
charged to the crisper 307 via the crisper outlet 324. The 
crisper outlet 324 is provided on the way of the ventilation 
flue along which the cool air from the refrigerator compart 
ment is circulated and returns to the cooler 312. The dis 
charged cool air flows in the outer periphery of the upper 
storage container 320 and the lower storage container 319 to 
indirectly cool these containers. Then, the cool air returns to 
the cooler 312 via the crisper inlet 326. A temperature of the 
crisper 307 is controlled to be within a range from 2°C. to 7° 
C., by allocating the cool air, or by turning ON/OFF the 
divider wall heaters354 provided at the divider wall. It should 
be noted that the crisper 307 generally does not have a unit for 
detecting a temperature in the crisper. 
0319. The recess part is provided in the rear-side divider 
wall 311 at the rear side of the crisper 307. The electrostatic 
atomization device 331 is arranged in the recess part. Here, 
the deepest recess part 311B is provided at the back of the 
metal pin 334 in the atomization unit 339. The portion is 
thinner than any other portions of the heat insulator, having a 
thickness of approximately 2 mm to 10 mm, for example. 
Thereby, the thin portion of the heat insulator has a tempera 
ture lower than that of any other portions. In the refrigerator 
300 according to the eighth embodiment, the above-described 
thickness is suitable for the heat relaxation member located 
between the metal pin and the adjustment unit. More specifi 
cally, the rear-side divider wall 311 has the recess part 311A, 
and at the bottom of the recess part 311A, there is the deepest 
recess part 311B. The convex part 33A of the metal pin 334 is 
engaged with the deepest recess part 311B, so that the atomi 
Zation device 311 is engaged with and equipped to the recess 
part 311A. 
0320 Cool air is generated in the cooler 312 by the opera 
tion of the refrigeration cycle. By the cooling fan333, the cool 
air having a temperature of approximately -15°C. to -25°C. 
flows to a freezer compartment outlet ventilation flue 341 at 
the back of the metal pin 334. The cool air cools the metal pin 
334, which is the atomization electrode cooler, to have a 
temperature of approximately 0°C. to -10°C. by using heat 
conduction from the surface of the ventilation flue. Since the 
metal pin 334 is made of a good heat conductive material, the 
metal pin 334 conducts coldness and heat very easily. 
Thereby, the metal pin 334 cools the atomization electrode 
335 fixed to the metal pin 334, to have a temperature of 
approximately 0°C. to -10°C. 
0321) Here, the crisper 307 has a temperature within a 
range from 2°C. to 7°C., and has a relatively high humidity 
due to evaporation from vegetables and the like. The atomi 
zation electrode 335 as the atomization tip has a temperature 
of 0° C. or less. Water is generated on the atomization elec 
trode 335 including the tip, and water drops are attached to 
them. 

0322. If a unit for detecting a temperature and/or a unit for 
detecting a humidity are provided in the crisper 307, it is 
possible to exactly calculate a dew point according to a 
change in the environment of the refrigerator. 
0323. The high voltage generation circuit 360 applies a 
high voltage of 4 kV to 10 kV, for example, between the 
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electrodes 335 and 336, so that the atomization electrode 335 
attached with the water drops has a potential lower than that 
of the opposite electrode 336. Here, corona discharge occurs 
between the electrodes 335 and 336, thereby attracting the 
water drops on the tip of the atomization electrode 335 to the 
center of the tip. The attracted water drops are atomized into 
fine particles by electrostatic energy, thereby producing elec 
trically-charged fine mist together with ozone and OH radi 
cal. The fine mist is generated by Rayleigh fission and has a 
size of several nm, measured by units of nanometer, which 
human eyes cannot see. Here, the Voltage applied between the 
electrodes is very high, ranging from 4 kV to 10 kV. However, 
a discharged current value of the above case is several LA, and 
as an input, 0.5 W to 1.5 W. Therefore, this very low input 
hardly influences a temperature of the compartment. 
0324 More specifically, when the atomization electrode 
335 is at a reference potential (OV) and the opposite electrode 
336 is applied with a high voltage to have a potential (+7 kV), 
dew condensation water attached to the tip of the atomization 
electrode 335 is attracted to the center of the tip, thereby 
forming a Substantial cone shape called a Taylor cone. 
Thereby, the dew condensation water approaches the oppo 
site electrode 336, and thereby an air insulation layer is 
destroyed. As a result, electric discharge starts between the 
atomization electrode 335 and the opposite electrode 336. 
Here, the dew condensation water is electrically charged, and 
electrostatic force generated on Surfaces of the water drops 
exceeds Surface tension, thereby generating fine particles of 
the water. Since the opposite electrode 336 has a positive 
potential, the charged fine mist is attracted to the opposite 
electrode 336, and the fine particles are more refined by 
Rayleigh fission. As a result, the charged fine mist including 
radical is attracted to the opposite electrode 336. The charged 
fine mist has a size of several nm, measured by units of 
nanometer, which human eyes cannot see. The attracted fine 
mist is sprayed to the storage compartment by fictitious force. 
0325 The fine mist sprayed from the atomization device 
331 is negatively charged. In the meanwhile, the crisper 307 
stores greengroceries such as Vegetables and fruits, including 
green leafy vegetables and fruits. The stored greengroceries 
are often rather wilted due to evaporation during transporta 
tion after shopping or evaporation during storing. The green 
groceries are usually charged positively, and sprayed fine mist 
charged negatively is likely to be attracted to the Surfaces of 
the vegetables. Therefore, the sprayed fine mist causes the 
crisper 307 to have high humidity again and is attached to the 
Surfaces of the greengroceries. This Suppresses evaporation 
of the greengroceries and increases their freshness. More 
over, the sprayed fine mist enters tissues of the vegetables and 
fruits from interspaces between cells, so as to re-supply water 
to the cells wilted due to evaporation. As a result, turgor 
pressure allows the wilted cells to be recovered to be fresh. 
0326. The generated fine mist includes ozone, OH radical, 
and the like, which have strong oxidizing power. Therefore, 
the generated fine mist can provide deodorization effect for 
the crisper, sterilization and bacterial killing effects for sur 
faces of the vegetables. At the same time, the generated fine 
mist provides oxidation decomposition effect for harmful 
Substances such as agricultural chemicals, wax, and the like 
attached to the vegetable surfaces, and thereby removes the 
harmful Substances. 

0327. When the atomization electrode 335 is not attached 
with any water, an electric-discharge distance is increased to 
fail to destroy air insulation. Thereby, electric discharge does 
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not occur. On the other hand, when the atomization electrode 
335 is attached with excessive water from too much dew 
condensation, the electrostatic energy for atomizing the water 
drops into fine particles is weaker than Surface tension. 
Thereby, discharge phenomenon does not occur. As a result, 
current does not flow between the atomization electrode 335 
and the opposite electrode 336, which makes it possible to 
Suppress discharge energy. Therefore, it is safe even if flam 
mable refrigerant is leaked. 
0328 FIG. 24 shows a temperature and a voltage value 
obtained by monitoring discharge current, regarding the 
atomization electrode 335. The voltage value represents a 
state of atomization. FIG. 25 shows a temperature of the 
atomization electrode 335 and a humidity of vicinity of the 
atomization electrode 335, and also shows an appropriate 
range of the temperature and the humidity. 
0329. In FIG. 24, a horizontal axis represents a time, and a 
right vertical axis represents a Voltage value converted from a 
discharged current value of discharge current flowing 
between the electrodes 335 and 336 when electric discharge 
occurs. The Voltage value is set to be decreased, only when 
current flows between the electrodes, in other words, only 
when discharge phenomenon occurs to generate fine mist. 
0330. In the refrigerator 300, the crisper 307 starts being 
cooled, when a temperature of the cooler 312 starts lowering, 
in other words, when the refrigeration cycle starts operating. 
Here, since cool air flows also to the crisper 307, the crisper 
307 is dried and the atomization electrode 335 is also dried. 
0331 Next, when a damper for the refrigerator compart 
ment (refrigerator compartment damper) is closed, a tem 
perature of air discharged to the refrigerator compartment 
rises, and thereby temperature and humidity of the refrigera 
tor compartment 304 and the crisper 307 also rise. In this 
situation, since a temperature of the cool air discharged to the 
freezer compartment is gradually lowered, the metal pin 334 
is further cooled. Therefore, the atomization electrode 335 of 
the atomization unit 339 located in the crisper 307 in the 
environment that is changed to have high humidity is likely to 
have dew condensation. Then, water drops grow at the tip of 
the atomization electrode 335. If a distance between a tip of 
the water drops and the opposite electrode 336 reaches a 
certain distance, the air insulation layer is destroyed and 
discharge phenomenon occurs. As a result, fine mist is 
sprayed from the tip of the atomization electrode 335. Here, 
minute current flows between the electrodes, and thereby the 
voltage value is decreased as shown in FIG. 24. Then, 
although the compressor 309 and the cooling fan 313 stop and 
the temperature of the metal pin 334 rises, an atmosphere of 
the atomization unit 339 is still high humidity. Furthermore, 
since the metal pin 334 has a large heat capacity, the tempera 
ture of the metal pin 334 is not changed dramatically and 
dynamically. Therefore, the atomization continues. 
0332 Then, when the compressor 309 starts operating 
again, the refrigerator compartment damper is opened, and 
cool air starts being transported by the cooling fan to each of 
the storage compartments. As a result, the inside of each 
storage compartments is changed to have a low humidity. 
Thereby, the atomization unit also has low humidity, the 
atomization electrode 335 is dried, and water drops at the 
atomization electrode 335 are reduced or disappear. 
0333. In the normal cooling state of the refrigerator, the 
above-described cycle of the operation is repeated to adjust, 
within a certain range, water drops at the tip of the atomiza 
tion electrode 335. 
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0334. However, when frost and ice attached to the cooler 
312 are defrosted to be melted away and removed, the tem 
perature of the cooler 312 exceeds 0°C. Here, a temperature 
of the ventilation flue outlet ventilation flue at the back of the 
electrostatic atomization device 331 also rises. With the tem 
perature rise, the temperature of the metal pin 334 rises, the 
temperature of the atomization electrode 335 also rises, the 
dew condensation water attached to the tip is evaporated, and 
the atomization electrode is dried. 

0335 A defrosting heater is generally turned OFF when 
the temperature of the cooler rises at certain degrees. There 
fore, the temperatures of the electrode 335 and the metal pin 
334 do not rise too high. Since the temperatures of the elec 
trode 335 and the metal pin 334 can be surely increased within 
respective appropriate ranges, it is possible to provide a pro 
tection function of Surely preventing that flammable refriger 
ant reaches a temperature allowing the flammable refrigerant 
to be ignited. 
0336. The refrigerator 300 according to the eighth 
embodiment, a structure for heating includes the metal pin 
heaters 358 as well as the defrosting heater. The structure for 
heating in the adjustment unit may have only the defrosting 
heater, not including the metal pin heaters 358. Even if exces 
sive dew condensation occurs, the atomization electrode 335 
as the atomization tip is heated via the metal pin 334 in 
defrosting the cooler. As a result, it is possible to easily 
remove excessive water drops without having a special struc 
ture. As described, the adjustment unit does not have any 
special heater but uses the defrosting heater provided in the 
refrigeration cycle. Since any special device or power are not 
necessary, mist spraying can be achieved with less material 
and less energy. In addition, the above structure can be used to 
defrost the cooler, which further increases reliability. 
0337. In consideration of the actual use state of the refrig 
erator 300, a humidity state and a humidification amount of 
the crisper 307 vary depending on the use environment, open 
ing/closing operation, and food storage state. Therefore, an 
amount of dew condensation water attached to the atomiza 
tion electrode as the atomization tip is sometimes too large. If 
an amount of the dew condensation water is large to cover the 
entire surface of the atomization electrode 335, the electro 
static energy caused by electric discharge is not greater than 
surface tension, which fails atomization. Therefore, when the 
refrigerator compartment damper is opened, humidity is 
removed by cool air, and at the same time, the metal pin 
heaters 358 as heating units are conducted to heat the atomi 
zation electrode 335. As a result, evaporation of the attached 
water drops is facilitated. Surface tension is reduced by reduc 
ing an amount of water drops by evaporating the water drops, 
thereby facilitating mist spraying and also preventing exces 
sive dew condensation. Thereby, atomization can be per 
formed continuously and steadily. It is also possible to pre 
vent quality deterioration caused when water drops grow due 
to excessive dew condensation and fall along the rear-side 
divider wall 311. 

0338. In the eighth embodiment, the metal pin 334 is 
cooled only by heat conduction from the ventilation flue 
along which the cool air generated by the cooler 312 flows. If 
the flammable refrigerant is leaked, the most of the refrigerant 
is accumulated near the cooler 312 in the refrigerator 300. The 
cooler 312 is separated as a different area from the crisper 307 
that is a storage compartment in which the high Voltage gen 
eration circuit 360 and the atomization electrode 335 are 
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placed. Therefore, in the refrigerator 300, refrigerant near the 
cooler 312 is not leaked to the area around the atomization 
device 331. 

0339. As described above, the atomization electrode 335 
repeats dew condensation and drying by using the refrigera 
tion cycle of the refrigerator 300, in order to perform spraying 
intermittently. This makes it possible to adjust an amount of 
water at the tip of the atomization electrode 335, prevent 
excessive dew condensation, and achieve continuous atomi 
Zation with an appropriate sprayed amount. 
0340. It is also possible that, when atomization is achieved 
with the appropriate sprayed amount, a discharge control unit 
varies a discharge Voltage so as to set a predetermined dis 
charged current value. Thereby, the discharged current value 
increasing discharge energy is Suppressed low to adjust the 
discharge energy to be reduced and the discharge Voltage to 
be increased. By this feedback control, water can be atomized 
using stable discharge energy of a predetermined amount. As 
described above, by Suppressing discharged current to be 
equal to or less than a certain value, discharge energy can be 
Suppressed, which provides safety. The protection unit 
according to the eighth embodiment produces a protection 
function of reducing an amount of discharge energy in the 
manner as described above. 

0341 The above is described in more detail below. As 
shown in FIG. 21, the atomization device 331 is operated 
when a voltage supplied from the control circuit 346 of the 
refrigerator 300 is boosted by the step-up transformer 361 to 
be a predetermined voltage to be outputted. Here, the dis 
charge Voltage detection circuit 362 detects a discharge Volt 
age value S1, and the discharged current detection circuit 363 
detects a discharged current value S2. A discharge current 
value determination circuit 365 makes determination on the 
values S1 and S2 detected by the detection circuits 362 and 
363, respectively. The high voltage output control circuit 364 
sends a signal S3 to the step-up transformer 361 to adjust a 
discharge Voltage, thereby controlling the discharged current 
value S2 to be a predetermined value. 
0342. Here, as a discharge current monitor voltage value 
which is obtained by converting the discharged current value 
S2 to a voltage, a signal S4 is sent to the control circuit 346 of 
the refrigerator 300. Then, the discharge current value deter 
mination circuit 365 determines a state of atomization. The 
control circuit 346 of the refrigerator 300 determines whether 
or not the received signal S4 is within a predetermined range. 
If the received signal S4 is within the predetermined range, 
then the signal S5 instructing to apply a high Voltage (high 
Voltage output ON) is sent to the high Voltage generation 
circuit 360 and thereby the atomization continues. On the 
other hand, if the determination is made that the received 
signal S4 is not within the predetermined range, in other 
words, if the atomization electrode 335 is attached with no 
water or excessive water to fail discharge as described previ 
ously or if abnormal electric discharge occurs, the signal S15 
instructing not to apply a high Voltage (high Voltage output 
OFF) is sent to the high voltage generation circuit 360 to stop 
the atomization. 

0343 If atomization is stopped when the atomization elec 
trode 335 is attached with no water or excessive water to fail 
discharge, energy can be saved. If abnormal electric discharge 
occurs, the above-described control can serve for explosion 
protection. In this situation, when the discharged current 
value is not within a predetermined range, the structure for 
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discharge Suppression stops application of a high Voltage to 
stop the atomization device 331. 
0344. In the meanwhile, since the refrigeration cycle is 
made of a plurality of parts which are jointed to one another. 
This structure has a risk of leakage of refrigerant sealed in the 
refrigeration cycle from joints caused by a certain factor. In a 
situation where flammable refrigerant isobutene (R600a) is 
leaked, a concentration of the refrigerant around the atomi 
zation device 331 is increased. In the eighth embodiment, 
however, the atomization device 331 generates corona dis 
charge with a discharge Voltage of approximately 7 kV and 
discharge current having a small value of approximately 2 LA 
between the electrodes 335 and 336 in normal operations. 
Therefore, it is possible to generate electric discharge having 
quite little discharge energy. As a result, refrigerant is not 
ignited. In the above-described manner, by reducing an 
amount of discharge energy, the atomization device 331 that 
generates little corona discharge can provide a protection unit 
for preventing refrigerant from being ignited. 
(0345. If flammable refrigerant isobutene (R600a) is 
leaked from the refrigeration cycle when the compressor is 
stopped, the refrigerant is accumulated downwards, because 
the refrigeration is heavier than air. In this situation, there is a 
possibility that the refrigerant is leaked from the rear-side 
divider wall 311 into a compartment. Especially when refrig 
erant is leaked from the cooler 312 having a large amount of 
accumulated refrigerant, an amount of leakage would be 
large. However, the crisper 307 provided with the electro 
static atomization device 331 as the atomization device is 
located above the cooler 312. Therefore, if refrigerant is 
leaked, the refrigerant does not reach the crisper 307. 
0346 Even if refrigerant is leaked into the crisper 307, the 
refrigerant is accumulated in a lower portion of the crisper 
307 because the refrigerant is heavier than air. Therefore, the 
refrigerant immediately flows out from the crisper via the 
crisper inlet 326 provided below the atomization device 331. 
Thereby, there is an extremely low possibility that concentra 
tion of the refrigerant near the electrostatic atomization 
device 331 as the atomization device reaches a degree allow 
ing the refrigerant to be flammable. 
0347 In the eighth embodiment, the crisper inlet 326 is 
provided in a lower portion of the rear-side divider wall 311 
located at the rear side of the crisper which is a wall surface 
provided with the atomization device 331. The structure 
allows flammable refrigerant leaked to the crisper 307 to 
immediately flow out from the crisper via the crisper inlet 
326. Therefore, the flammable refrigerant is most unlikely to 
be accumulated near the atomization device 331. Further 
more, there is an extremely low possibility that concentration 
of the refrigerant near the atomization device 331 reaches a 
degree allowing the refrigerant to be flammable. 
0348. As described above, since the atomization device 
331 is located in an upperportion of the rear side of the crisper 
307, there is an extremely low possibility that concentration 
of refrigerant near the atomization device 331 reaches a 
degree allowing the refrigerant to be flammable. For flam 
mable refrigerant such as isobutene which is likely to be 
accumulated downwards, it is effective that the atomization 
device 331 is located below a half of a height of the storage 
compartment (the crisper) in which the atomization device 
331 is provided. 
0349. As described above, cool air is provided to the 
refrigerator compartment 304 from the cooling room via the 
ventilation flue, and cools the inside of the refrigerator com 
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partment 304. After that, the cool air enters the crisper 307 via 
the crisper outlets 324 to cool the inside of the crisper 307. 
Then, the cool air in the crisper 307 exits the crisper 307 from 
the crisper inlets 326 and returns to the cooling room 310. The 
crisper 307 is located the most downstream of the ventilation 
flue for cool air. In the situation where flammable refrigerant 
is leaked, there is a possibility that concentration of refriger 
ant is increased because the cooling room 310 has a large 
amount of accumulated refrigerant. In the eighth embodi 
ment, however, even if refrigerant leakage occurs in the cool 
ing room 310, the refrigerant does not enter directly the 
crisper 307 from the cooling room 310. The refrigerant is 
firstly diffused to flow to the refrigerator compartment 304 
located upstream of the ventilation flue more than the crisper 
307. Therefore, refrigerant having low concentration enters 
the crisper 307. As a result, there is an extremely low possi 
bility that concentration of the refrigerant near the atomiza 
tion device 331 provided in the crisper 307 reaches a degree 
allowing the refrigerant to be flammable. 
0350 Error of the high voltage generation circuit 360, an 
extremely short distance between the electrodes 335 and 336 
resulting from foreign Substances attached to the electrodes, 
or the like would cause abnormal electric discharge called arc 
discharge. In this situation, insulation of air layer is damaged 
to flow excessive current, thereby increasing discharge 
energy. 
0351 FIG. 26 shows discharge energy assuming that the 
atomization device 331 has error. FIG. 27 shows a relation 
ship between a high Voltage and discharge energy of the 
atomization device 331. 
0352. It is assumed that the high voltage generation circuit 
360 cannot control application of a high voltage thereby 
increasing current and at the same time a foreign Substance is 
attached to the electrodes 335 and 336 to shorten a distance 
between the electrodes. A wire as the foreign substance is 
placed between the electrodes 335 and 336, so as to generate 
arc discharge on purpose under an atmosphere of isobutene 
concentration of 3.1 vol% +0.2 vol%. In the above situation, 
discharge energy is measured. 
0353. It is said that minimum ignition energy required to 
ignite isobutene gas is 0.3 m.J when concentration of 
isobutenegas in air is 3.1 vol% +0.2 vol%. As shown in FIG. 
26, even in an abnormal state where arc discharge occurs 
between the electrodes 335 and 336, discharge energy is very 
small 0.0009 mJ that is approximately /300 of the minimum 
ignition energy. Therefore, in the refrigerator 300 having the 
atomization device 331 according to the eighth embodiment, 
isobutenegas is not ignited even in Such an abnormal state. 
0354 As described above, even under the severest 
assumption of error, the atomization device 331 can Suppress 
discharge energy to be approximately /300 of the minimum 
ignition energy for isobutene as flammable refrigerant. 
Therefore, even if the refrigeration cycle is provided to a real 
machine of the refrigerator using flammable refrigerant, 
adequate safety design is possible. As a result, it is possible to 
ensure high reliability of general-purpose refrigerators. 
0355 As described above, the opening 338 is provided at 
the bottom of the case 337 covering the atomization unit. 
Even if isobutene enters the case 337, the isobutene immedi 
ately flows out from the opening 338. In addition, all of liquid 
accumulated in the case 337 flows out from the opening 338. 
0356. In the atomization device 331, the cooling pin 334 
causes dew condensation on the atomization electrode 335. If 
water of excessive dew condensation on the atomization elec 
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trode 335 is accumulated in the case 337, or if a part of 
sprayed mist contacts the inside of the case 337 and is there 
fore accumulated in the case 337, there is a possibility that the 
opposite electrode 335 and the opposite electrode 336 are 
Submerged in the accumulated water, and that the high Volt 
age generation unit 360 is Submerged in the accumulated 
Water. 

0357. In the above situation, if needless to say, the high 
voltage generation circuit 360 or the like operates erroneously 
or is damaged, or if the water accumulated in the case 337 is 
leaked from the opening 338, the water causes short circuit 
between the electrodes 335 and 336. The water flows out from 
the opening 338 at the bottom of the case 337, and does not 
stay in the case 337. 
0358 Since the storage compartment does not have any 
Surface directly contacting the refrigerant tube and the like, 
the refrigerant is not leaked to the storage compartment. 
Therefore, flammable refrigerant is not ignited. 
0359 The high voltage generation circuit further includes 
an current fuse 366 serving as a structure for Suppressing 
electric discharge (discharge Suppression unit). For example, 
if excessive current flows when an foreign Substance is 
attached between the electrodes to cause short circuit, power 
Supply to the atomization device is stopped to Suppress dis 
charge energy caused by the excessive current, thereby pre 
venting errors caused by heating or the like. 
0360. As described above, the step-up transformer pro 
vided in the high Voltage generation circuit is molded of resin 
such as epoxy resin. Therefore, even if refrigerant is leaked 
and then filled and accumulated in the atomization device, a 
part of the step-up transformer that would be an ignition 
Source is not exposed. As a result, further safety is ensured. 
0361. The high voltage generation circuit is electrically 
connected to the atomization electrode included in the atomi 
Zation unit, and the connection unit is molded of resin Such as 
epoxy resin as sealer to be covered by the resin. The above 
structure can prevent abnormal heating and the like caused by, 
for example, defects in equipping the atomization electrode 
and the connection unit. Therefore, even if refrigerant is 
leaked and then filled and accumulated in the atomization 
device, a part that would be an ignition source is not exposed. 
As a result, further safety is ensured. 
0362. The high voltage generation circuit is partitioned 
from the atomization unit in the case. The Voltage generation 
circuit and the atomization unit are covered separately. There 
fore, even if refrigerant is filled and accumulated in the atomi 
Zation device, a part of the case that would be an ignition 
Source is insulated independently from other parts, in other 
words, separated from other parts by the divider 372. As a 
result, still further safety is ensured. 
0363. The case is made of a flame resistance material. 
Therefore, in a situation where fire occurs, it is possible to 
prevent the fire from spreading. As a result, further safety is 
ensured. 
0364. As described previously, in the eighth embodiment, 
as a discharge current monitor Voltage value which is 
obtained by converting a discharged current value to a Volt 
age, a signal is sent to the control circuit of the refrigerator. 
According to the signal, the control circuit determines a state 
of atomization. Based on the determination of the control 
circuit, application of a high Voltage is controlled to be turned 
ON or OFF. However, it is also possible to control supply of 
a voltage to the high voltage generation circuit 360 to be 
turned ON or OFF. 
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0365. The atomization unit according to the eighth 
embodiment generates mist by electrostatic atomization. The 
atomization unit polarizes water drops into fine particles by 
using electric energy Such as a high Voltage, thereby gener 
ating fine mist. The generated mist is electrically charged. 
Therefore, the mist is generated to have a potential opposite to 
that of items such as vegetables and fruits to which the mist is 
to be attached. For example, mist charged negatively is 
sprayed to vegetables charged positively. Thereby, force of 
attachment to the vegetables and fruits is increased. As a 
result, it is possible to attach the mist to the surfaces of the 
Vegetables and the like more homogeneously, and to increase 
the attachment force more than that of mist that is not elec 
trically charged. Moreover, the sprayed fine mist can be 
sprayed directly to food in the crisper. Thereby, the fine mist 
can be attached to the Surfaces of the vegetables by using 
potentials of the fine mist and the vegetables. As a result, it is 
possible to efficiently increase freshness of the stored items. 
0366. In the eighth embodiment, since mist includes radi 
cal, it is possible to decompose and remove agricultural 
chemicals, wax, and the like attached to the vegetable Sur 
faces, by using an extremely little water. As a result, water can 
be saved and input can be reduced. 
0367. In the eighth embodiment, the refrigerator includes 
the cooler for cooling the storage compartments and the 
divider wall for separating and heat-insulating the cooler 
from the storage compartments. The electrostatic atomization 
device as the atomization device is provided at the divider 
wall so that the electrostatic atomization device is located in 
a space in Such a storage compartment. Thereby, a storage 
space is not reduced and a human hand does not easily reach 
the atomization device provided at the rear side of the com 
partment. As a result, safety is improved. 
0368. In the eighth embodiment, the metal pin made of a 
metal piece having good heat conduction properties serves as 
the adjustment unit that cools and heats the atomization elec 
trode in the electrostatic atomization device as the atomiza 
tion device to adjust an amount of dew condensation at the tip 
of the atomization electrode. (a) Heat conduction from the 
ventilation flue along which cool air generated by the cooler 
flows and (b) a heater as a heating unit serve as a structure for 
cooling and heating the metal piece. Therefore, by adjusting 
a thickness of the heat insulator and an input value of the 
heater, the temperatures of the metal pin and the atomization 
electrode can be easily set. In addition, the refrigerator has (a) 
the heat insulator between the atomization device and the 
heating unit to prevent cool air from escaping and (b) the 
heating unit such as the heater. Thereby, it is possible to 
prevent that reliability is decreased due to frost or dew con 
densation attached to the outer Surface of the case. 

0369. In the eighth embodiment, the rear-side divider wall 
provided with the electrostatic atomization device as the 
atomization device has the recess part at the side facing the 
storage compartment. 
0370. A metal piece, which serves as a structure for adjust 
ing a water amount (a water amount adjustment unit) of the 
electrostatic atomization device as the atomization device, is 
inserted into the recess part. Thereby, the above structure does 
not influence a storage capacity of storing greengroceries and 
food. A portion except the portion to which the electrostatic 
atomization device as the atomization device is equipped has 
a thickness enough for providing heat insulation properties. 
Therefore, it is possible to prevent dew condensation in the 
case. As a result, reliability is increased. 
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0371. It should be noted that it has been described in the 
eighth embodiment that a high-voltage potential difference 
occurs between the atomization electrode having a reference 
potential (OV) and the opposite electrode having a potential 
(+7 kV). However, it is also possible that a high-voltage 
potential difference occurs between the opposite electrode 
having a reference potential (OV) and the atomization elec 
trode having a potential (-7 kV). In the above situation, the 
opposite electrode, which is closer to the storage compart 
ment than the atomization electrode is, has the reference 
potential. Therefore, even if a human approaches the opposite 
electrode, electric shock does not occur. Moreover, if the 
atomization electrode has a potential of-7 kV and the storage 
compartment has the reference potential, the opposite elec 
trode is sometimes not necessary. 
0372. It should also be noted that it has been described in 
the eighth embodiment that the ventilation flue for cooling the 
metal pin is the freezer compartment outlet ventilation flue. 
However, the ventilation flue for cooling the metal pin may be 
a low-temperature ventilation flue such as a ventilation flue 
along which cool air flows out to the ice compartment, or a 
ventilation flue along which cool air from the freezer com 
partment returns to the cooling room. Thereby, it is possible to 
enlarge an area where the electrostatic atomization device as 
the atomization device can be located. 
0373. It should also be noted that it has been described in 
the eighth embodiment that air, which is cooled by a cooling 
Source generated by the refrigeration cycle of the refrigerator, 
cools the metal pin. However, it is also possible that the metal 
pin is cooled by heat conduction from the cooling tube by 
using cool air or a cool temperature generated from the cool 
ing source of the refrigerator. Thereby, by adjusting a tem 
perature of the cooling tube, it is possible to cool the atomi 
Zation electrode cooler to have a desired temperature. As a 
result, temperature can be easily managed when the atomiza 
tion electrode is cooled. 
0374. It should also be noted that in the eighth embodi 
ment there is no water holder around the atomization elec 
trode in the electrostatic atomization device as the atomiza 
tion device. However, such a water holder may be provided. 
The water holder can hold, near the atomization electrode, 
dew condensation water generated around the atomization 
electrode. Thereby, it is possible to supply water to the atomi 
Zation electrode at appropriate timing. 
0375. It should also be noted that it has been described in 
the eighth embodiment that the crisper represents a storage 
compartment in the refrigerator, the storage compartment 
may be the refrigerator compartment, the Switch compart 
ment, or any other compartment having a different tempera 
ture Zone. In the situation, development with various usages 
can be achieved. 
0376. It should also be noted that it has been described in 
the eighth embodiment that the pin made of a metal is used, 
but anything can be used as far as it is made of a good heat 
conductive material. For example, a polymeric material hav 
ing high heat conduction properties can be used. In this situ 
ation, weight saving and workability are enhanced, and the 
structure can be manufactured at a low cost. 

Ninth Embodiment 

0377 The common parts in the structure and techniques 
between the already-described first to eighth embodiments 
and the ninth embodiment are not described in detail again in 
the ninth embodiment. In addition, if any of the techniques 
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already described in the first to eighth embodiments can be 
applied in the ninth embodiment, any combination of (a) the 
techniques and the structure already described in the first to 
eighth embodiments and (b) those of the ninth embodiment is 
possible. 
0378 FIG. 28 is a cross-sectional view of the atomization 
device 331 according to the ninth embodiment of the present 
invention. The same reference numerals regarding the refrig 
erator according to the eighth embodiment are assigned to the 
identical parts regarding the refrigerator shown in FIG. 28, so 
that the identical parts are not explained again below. 
0379. As shown in FIG. 28, the atomization device 331 is 
embedded in the heat-insulating divider wall 323 that sepa 
rates the crisper 307 from the ice compartment 306. The 
divider wall 323 has a recess part. The metal pin 334, which 
is an atomization electrode cooler for cooling the atomization 
electrode 335 in the atomization unit 339, is provided to the 
recess part of the divider wall where the heat insulator has the 
recess shape. The metal pin heaters 358 are located in vicinity 
of the recess part. 
0380. The refrigerator according to the ninth embodiment 

is described below. 
0381. A thickness of the recess part 323A of the divider 
wall 323 provided with the electrostatic atomization device 
331 is thinner than any other portions of the rear-side divider 
wall 331. A thickness of the deepest recess part 323B to which 
the metal pin 334 is equipped is thinner than the thickness of 
the recess part 323A. Therefore, the metal pin 334 is cooled 
by heat conduction from the ice compartment having a rela 
tively low temperature, thereby cooling the atomization elec 
trode 335. Here, if a temperature of the tip of the atomization 
electrode 335 is set to be a dew point or lower, moisture 
around the atomization electrode 335 is changed to dew con 
densation on the atomization electrode 335. As a result, water 
drops can be Surely generated. 
0382. There is a situation where a temperature of the ice 
compartment 306 varies due to variation of an outside air 
temperature, seedy ice-making, or the like, which cools the 
atomization electrode 335 too much. In order to address the 
situation, the metal pin heaters 358 near the atomization 
electrode 335 adjust the temperature of the atomization elec 
trode 335 in order to optimize an amount of water at the tip of 
the atomization electrode 335. 
0383. If a unit for detecting a temperature and/or a unit for 
detecting a humidity are provided in the refrigerator, it is 
possible to exactly calculate a dew point according to a 
change in the environment of the refrigerator. 
0384. In the above situation, the atomization electrode 335 

is set to have a negative voltage and the opposite electrode 336 
is set to have a positive Voltage, and the high Voltage genera 
tion circuit 360 applies a high voltage (for example, 7.5 kV) 
between the electrodes. Thereby, an air insulation layer is 
destroyed between the electrodes and eventually corona dis 
charge occurs, which atomizes water at the tip of the atomi 
zation electrode 335. As a result, electrically-charged fine 
mist is generated together with ozone and OH radical. The 
fine mist has a size of less than 1 Jum, measured by units of 
nanometer, which human eyes cannot see. 
0385. The generated fine mist is sprayed into the crisper 
307. The fine mist sprayed from the atomization device 331 is 
negatively charged. In the meanwhile, the crisper stores 
greengroceries such as Vegetables and fruits, including green 
leafy vegetables and fruits. The stored greengroceries are 
often rather wilted due to evaporation during transportation 
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after shopping or evaporation during storing. The greengro 
ceries are usually charged positively, and sprayed fine mist 
charged negatively is likely to be attracted to the Surfaces of 
the vegetables. Therefore, the sprayed fine mist causes the 
crisper to have high humidity again and is attached to the 
Surfaces of the greengroceries. This Suppresses evaporation 
of the greengroceries and increases their freshness. More 
over, the sprayed fine mist enters tissues of the vegetables and 
fruits from interspaces between cells, so as to re-supply water 
to the cells wilted due to evaporation. As a result, turgor 
pressure allows the wilted cells to be recovered to be fresh. 
0386 The generated fine mist includes ozone, OH radical, 
and the like, which have strong oxidizing power. Therefore, 
the generated fine mist can provide deodorization effect for 
the crisper, sterilization and bacterial killing effects for sur 
faces of the vegetables. At the same time, the generated fine 
mist provides oxidation decomposition effect for harmful 
Substances such as agricultural chemicals, wax, and the like 
attached to the vegetable surfaces, and thereby removes the 
harmful Substances. 

0387 If flammable refrigerant isobutene is leaked from 
the refrigeration cycle when the compressor is stopped, the 
refrigerant is accumulated downwards, because the refrigera 
tion is heavier than air. In this situation, there is a possibility 
that the refrigerant is leaked from the rear-side divider wall 
311 into a compartment. Especially when refrigerant is 
leaked from the cooler 312 having a large amount of accu 
mulated refrigerant, an amount of leakage would be large. 
However, the crisper 307 provided with the electrostatic 
atomization device 331 is located above the cooler 312. 
Therefore, if refrigerant is leaked, the refrigerant does not 
reach the crisper 307. As described above, in the ninth 
embodiment, the crisper 307 provided with the atomization 
device 331 is located above the cooler 312. This structure also 
serves as a protection unit. 
(0388. Even if refrigerant is leaked into the crisper 307, the 
refrigerant is accumulated in a lower portion of the crisper 
307 because the refrigerant is heavier than air. Since the 
atomization device 331 is provided at the ceiling of the crisper 
307, there is an extremely low possibility that concentration 
of the refrigerant near the electrostatic atomization device 
331 as the atomization device reaches a degree allowing the 
refrigerant to be flammable. 
0389. As described above, the refrigerator according to the 
ninth embodiment includes the divider wall separating the 
storage compartment (crisper) from another area, and a low 
temperature storage compartment is located at a ceiling side 
of the storage compartment. The atomization device is pro 
vided at the divider wall at the ceiling side. If a storage 
compartment having a freezing temperature Zone, Such as the 
freezer compartment or the ice compartment, is located above 
the crisper, the atomization device is provided at the divider 
wall of the ceiling separating the crisper from the storage 
compartment having the freezing temperature Zone. Thereby, 
the atomization device can cool the atomization electrode to 
generate dew condensation. In the ninth embodiment, a spe 
cial cooling device is not necessary and water can be sprayed 
from the ceiling. Thereby, it is easy to spread the sprayed 
water into the entire crisper 307, and it is difficult for a human 
hand to touch the atomization device. 

0390 The atomization device is located above an evapo 
rator included in the refrigeration cycle. Thereby, even if 
flammable refrigerant such as isobutene or propane is leaked 
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from the evaporator, the refrigerant is not filled in the crisper 
because the refrigerant is heavier than air. 
0391 The atomization device is located in an upper por 
tion of the crisper 307. Thereby, if refrigerant is leaked, the 
refrigerant is accumulated in a lower portion of the crisper 
307 as the storage compartment. As a result, the refrigerant is 
not ignited. As described above, the atomization device pro 
vided at the ceiling serves as a protection unit that prevents 
flammable refrigerant from being ignited. 
0392. Since the storage compartment does not have any 
Surface directly contacting a refrigerant tube and the like, the 
refrigerant is not leaked to the storage compartment. There 
fore, flammable refrigerant is not ignited. 
0393. The atomization unit according to the ninth embodi 
ment generates mist by electrostatic atomization. The atomi 
Zation unit polarizes water drops into fine particles by using 
electric energy Such as a high Voltage, thereby generating fine 
mist. The generated mist is electrically charged. Therefore, 
the mist is generated to have a potential opposite to that of 
items such as vegetables and fruits to which the mist is to be 
attached. For example, mist charged negatively is sprayed to 
vegetables charged positively. Thereby, force of attachment 
to the vegetables and fruits is increased. As a result, it is 
possible to attach the mist to the surfaces of the vegetables and 
the like more homogeneously, and to increase the attachment 
force more than that of mist that is not electrically charged. 
Moreover, the sprayed fine mist can be sprayed directly to 
food in the crisper. Thereby, the fine mist can be attached to 
the surfaces of the vegetables by using potentials of the fine 
mistand the vegetables. As a result, it is possible to efficiently 
increase freshness of the stored items. 

0394. In the ninth embodiment, since mist includes radi 
cal, it is possible to decompose and remove agricultural 
chemicals, wax, and the like attached to the vegetable Sur 
faces, by using an extremely little water. As a result, water can 
be saved and input can be reduced. 

Tenth Embodiment 

0395. The common parts in the structure and techniques 
between the already-described first to ninth embodiments and 
the tenth embodiment are not described in detail again in the 
tenth embodiment. In addition, if any of the techniques 
already described in the first to ninth embodiments can be 
applied in the tenth embodiment, any combination of (a) the 
techniques and the structure already described in the first to 
ninth embodiments and (b) those of the tenth embodiment is 
possible. 
0396 FIG. 29 is a cross-sectional view of a refrigerator 
according to the tenth embodiment of the present invention. 
FIG. 30 is a cross-sectional view of the refrigerator taken 
along line 30-30 of FIG. 29. FIG.31 is a cross-sectional view 
of the refrigerator taken along line 31-31 of FIG. 30. 
0397. The same reference numerals regarding the refrig 
erators according to the eighth embodiment are assigned to 
the identical parts of the refrigerator shown in FIGS. 29 to 31, 
so that the identical parts are not explained again below. 
0398. In the refrigerator according to the tenth embodi 
ment, the crisper 307 is the lowest compartment. Above the 
crisper 307, there is the freezer compartment 308 or the ice 
compartment having a temperature set within the freezing 
temperature Zone. A divider wall partitions the crisper 307 
from the freezer compartment 308 to separate them from each 
other as different storage compartments. 
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0399. The cooling room 310 is provided at the back of the 
freezer compartment 308 and generates cool air. Between the 
freezer compartment 308 and the cooling room 310, there are 
a transportation ventilation flue and the rear-side divider wall 
311. The transportation ventilation flue has heat insulation 
properties and transports cool air to the respective compart 
ments. The rear-side divider wall 311 separates and heat 
insulates the compartments from one another. 
0400. The cool air generated by the cooler 312 in the 
cooling room 310 is transported to each of the compartments 
by using the cooling fan 313. The cool air generated by the 
cooler 312 above the crisper 307 flows into the crisper 307 
from a crisper outlet ventilation flue 422, directly or via a 
ventilation flue along which the cool air is heat-exchanged in 
another compartment and then returns to the cooler 312. 
Then, the cool air returns to the cooler 312 from the crisper 
307 via a crisper inlet ventilation flue 421. 
04.01. A divider wall 414 is provided at an upper surface of 
the crisper 307, in order to separate the crisper 307 from the 
freezer compartment 308. 
(0402. The divider wall 414 includes: a divider plate 413 
facing the crisper 307; a divider plate 412 facing the freezer 
compartment 308; a heat insulator 411 provided between the 
divider plates 412 and 413. The heat insulator 411 is made of 
a heat-insulating material Such as foam polystyrene or ure 
thane for providing heat insulation between the crisper 307 
and the freezer compartment 308. The divider plates 412 and 
413 are made of resin such as ABS resin. The divider plate 
413, which is located an upper side of the crisper 307, has a 
recess part. The recess part has a temperature lower than a 
temperature of any other portions of the dividerplate 413. The 
atomization device 331 and a mist ventilation flue 415 are 
provided in the recess part. 
0403. The atomization device 331 mainly includes the 
atomization unit 339 and the high voltage generation circuit 
360. The atomization unit 339 has the atomization electrode 
335. The atomization electrode 335 is fixed to the metal pin 
334. The metal pin 334 is made of a good heat conductive 
material Such as aluminum, stainless steel, or brass, and 
serves as an atomization electrode cooler for cooling the 
atomization electrode 335. The atomization electrode 335 is 
connected to a Voltage applying unit via the metal pin 334. 
04.04 The atomization device 331 is arranged in an upper 
portion of the crisper 307. Thereby, even if flammable refrig 
erant such as isobutene or propane is leaked from the refrig 
eration cycle, the refrigerant is accumulated in a lower portion 
of the crisper 307 and not filled in vicinity of the atomization 
device 331 because the refrigerant is heavier than air. 
Thereby, ignition of the flammable refrigerant is prevented. 
As a result, the atomization device 331 provided in an upper 
portion of the crisper 307 serves as a protection unit that 
prevents flammable refrigerant from being ignited. 
04.05 Since the area provided with the atomization device 
does not have any Surface directly contacting a refrigerant 
tube and the like, refrigerant is not leaked directly to the area. 
Therefore, flammable refrigerant is not leaked directly to the 
area to ignite the atomization device. 
0406. The metal pin 334 serving as the atomization elec 
trode cooler has a large heat capacity of 50 times or more, 
preferably 100 times or more as much as a heat capacity of the 
atomization electrode 335. The metal pin 334 is preferably 
made of a high heat conductive material Such as aluminum or 
copper. In order to conduct coldness/heat from one end to the 
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other end of the metal pin 334 by using heat conduction, it is 
desirable that the metal pin 334 is covered by a heat insulator. 
0407. It is necessary to keep heat conduction between the 
atomization electrode 335 and the metal pin 334 for a long 
time. Therefore, epoxy material or the like is filled into the 
connection unit between the atomization electrode 335 and 
the metal pin 334 in order to prevent entry of water or the like. 
The epoxy resin Suppresses thermal resistance and fixes the 
atomization electrode 335 to the metal pin 334. It is also 
possible to insert the atomization electrode 335 to the metal 
pin 334 so as to reduce the thermal resistance. 
0408 Moreover, the metal pin 334 as the atomization elec 
trode cooler needs to conduct a cool temperature in the heat 
insulator that is used to provide heat insulation between the 
storage compartment and the cooler 312 or the ventilation 
flue. Therefore, it is desirable that the metal pin 334 has a 
length that is 5 mm or more, and preferably 10 mm or more. 
However, if the length of the metal pin 334 is 30 mm or more, 
the heat conduction effect is reduced and, at the same time, 
the divider wall needs to be thick which reduces a storage area 
in the refrigerator. 
04.09 Meanwhile, since the atomization device 331 pro 
vided in the storage compartment is in an environment of high 
humidity, the humidity would influence the metal pin 334. 
Therefore, it is preferable that the metal pin 334 is made of a 
metal material having corrosion resistance properties and rust 
resistance properties, or a material applied with Surface pro 
cessing Such as alumite treatment or coating. 
0410. The metal pin 334 is engaged with the recess part at 
a part of the heat insulator 411 in order to be fixed to the heat 
insulator 411. The atomization electrode 335 is fixed to the 
metal pin 334 as the atomization electrode cooler in order to 
forman L-shape protruding from the metal pin 334. Thereby, 
a thickness of the divider wall is decreased to enlarge the 
storage area in the refrigerator. 
0411. An edge of the metal pin 334 at an opposite side of 
the atomization electrode 335 is pressed by a pressure to the 
divider plate that is molded of resin such as ABS or polypro 
pylene (PP) and that is closer to the freezer compartment. 
Cool air in the freezer compartment cools the atomization 
electrode 335 via the divider plate by heat conduction, causes 
dew condensation on the tip of the atomization electrode 335, 
and eventually generates water. 
0412. As described above, the cooling unit has a simple 
structure. Thereby, it is possible to achieve the atomization 
unit with less failures and high reliability. In addition, cooling 
Source of the refrigeration cycle is used to cool the metal pin 
334 and the atomization electrode. As a result, atomization 
can be performed with less energy. 
0413. In addition, the opposite electrode 336 having an 
annular disk shape is arranged closer to the storage compart 
ment than the atomization electrode is, facing the atomization 
electrode 335. The opposite electrode 336 keeps a predeter 
mined distance from the tip of the atomization electrode 335. 
A mist ventilation flue 417 is located on extension of the axis 
of the atomization electrode 335. 

0414. The mist ventilation flue 417 is provided in the 
recess part of the divider wall 414 separating the crisper 307 
from the freezer compartment 308. 
0415. The divider wall 414 generally has a thickness of 25 
mm to 45 mm to keep heat insulation properties and the 
storage area in the refrigerator. The mist ventilation flue 417 
is arranged in the recess part. 
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0416) The mist ventilation flue 417 has inlets 423 and an 
inlet ventilation flue 421 by which humidity is supplied from 
the crisper to the atomization unit. High-humid air flows to 
the atomization unit along the ventilation flue. Here, the 
atomization electrode 335 in the atomization unit 339 is 
cooled via the metal pin 334 by heat conduction from the 
freezer compartment 308. Thereby, the tip of the atomization 
electrode has dew condensation. 
0417 Mist is generated by applying a high voltage 
between the tip of the atomization electrode and the opposite 
electrode. The generated mist is sprayed into the crisper via a 
mist outlet 416 through the mist ventilation flue 417. 
0418. The high voltage generation circuit 360 is electri 
cally connected to the atomization unit 339. The high voltage 
generation circuit 360 that generates a high Voltage has a 
negative potential side that is electrically wired and con 
nected to the atomization electrode 335 and a positive poten 
tial side that is electrically wired and connected to the oppo 
site electrode 336. 

0419. In vicinity of the atomization electrode 335, electric 
discharge always occurs due to mist spraying. Therefore, 
there is a possibility that the tip of the atomization electrode 
335 is worn. Therefrigerator 300 is to be operated for 10 years 
or more. Therefore, the surface of the atomization electrode 
335 needs strong Surface processing. The atomization elec 
trode 335 is desirably plated with nickel, gold, or platinum, 
for example. 
0420. The opposite electrode 336 is made of a stainless 
steel, for example. In order to obtain its reliability for a long 
time, it is desirable that the opposite electrode 336 is applied 
with Surface processing Such as platinum plating especially 
for preventing foreign Substance attachment and contamina 
tion. 

0421. The high voltage generation circuit 360 communi 
cates with and is controlled by the refrigerator control circuit 
346 of the refrigerator. Thereby, the high voltage generation 
circuit 360 turns ON or OFF of application of a high voltage, 
based on input signals provided from the refrigerator 300 or 
the electrostatic atomization device 331 as the atomization 
device. 

0422. At the divider wall 414 to which the electrostatic 
atomization device 331 as the atomization device is fixed, 
heating units 418 such as heaters are provided in order to 
prevent dew condensation in the ventilation flue. 
0423. At the divider wall 414 to which the electrostatic 
atomization device 331 as the atomization device is fixed, 
metal pinheaters 403 are also provided in vicinity of the metal 
pin in order to adjust a temperature of the atomization elec 
trode 335. 

0424 The following describes operations of the refrigera 
tor according to the tenth embodiment. 
0425. A thickness of the divider wall 331 at which the 
electrostatic atomization device 331 as the atomization 
device is provided is thinner than any other portions of the 
divider wall 331. The structure can cool the metal pin 334 as 
the atomization electrode cooler by heat conduction from the 
freezer compartment having a relatively low temperature. As 
a result, the atomization electrode 335 is cooled. Here, if a 
temperature of the tip of the atomization electrode 335 is set 
to be a dew point or lower, moisture around the atomization 
electrode 335 is changed to dew condensation on the atomi 
zation electrode 335. As a result, water drops can be surely 
generated. 
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0426 If a unit for detecting a temperature and/or a unit for 
detecting a humidity are provided in the refrigerator, it is 
possible to exactly calculate a dew point according to a 
change in the environment of the refrigerator. 
0427. In the above situation, the atomization electrode 335 

is set to have a negative voltage and the opposite electrode 336 
is set to have a positive Voltage, and the high Voltage genera 
tion circuit 360 applies a high voltage (for example, 7.5 kV) 
between the electrodes. Thereby, an air insulation layer is 
destroyed between the electrodes and eventually corona dis 
charge occurs, which atomizes water at the tip of the atomi 
zation electrode 335. As a result, electrically-charged fine 
mist is generated together with ozone and OH radical. The 
fine mist has a size of less than 1 Jum, measured by units of 
nanometer, which human eyes cannot see. 
0428 The generated fine mist is sprayed into the crisper. 
The fine mist sprayed from the atomization device 331 is 
negatively charged. In the meanwhile, the crisper stores 
greengroceries such as Vegetables and fruits, including green 
leafy vegetables and fruits. The stored greengroceries are 
often rather wilted due to evaporation during transportation 
after shopping or evaporation during storing. The greengro 
ceries are usually charged positively, and sprayed fine mist 
charged negatively is likely to be attracted to the Surfaces of 
the vegetables. Therefore, the sprayed fine mist causes the 
crisper to have high humidity again and is attached to the 
Surfaces of the greengroceries. This suppresses evaporation 
of the greengroceries and increases their freshness. More 
over, the sprayed fine mist enters tissues of the vegetables and 
fruits from interspaces between cells, so as to re-supply water 
to the cells wilted due to evaporation. As a result, turgor 
pressure allows the wilted cells to be recovered to be fresh. 
0429. The generated fine mist includes ozone, OH radical, 
and the like, which have strong oxidizing power. Therefore, 
the generated fine mist can provide deodorization effect for 
the crisper, sterilization and bacterial killing effects for sur 
faces of the vegetables. At the same time, the generated fine 
mist provides oxidation decomposition effect for harmful 
Substances such as agricultural chemicals, wax, and the like 
attached to the vegetable surfaces, and thereby removes the 
harmful Substances. 
0430. As described above, the refrigerator according to the 
tenth embodiment includes a plurality of storage compart 
ments, and the freezer compartment that is a low-temperature 
storage compartment keeping a temperature lower than a 
temperature of the crisper is provided at ceiling side of the 
crisper that is a storage compartment having the atomization 
unit. The atomization device is provided at the divider wall at 
the ceiling side of the crisper. 
0431. Thereby, cool air from the storage compartment 
above the crisper cools the metal pin of the atomization unit, 
thereby cooling the atomization electrode 335 and eventually 
generating dew condensation. Therefore, a special cooling 
device is not necessary and the atomization unit has a simple 
structure. As a result, it is possible to provide the atomization 
unit having less failures and high reliability. 
0432. The refrigerator has the divider wall separating the 
storage compartment (crisper) from another area. A low 
temperature storage compartment is provided at the ceiling 
side of the storage compartment. The electrostatic atomiza 
tion device as the atomization device is equipped to the 
divider wall at the ceiling. If a storage compartment having a 
freezing temperature Zone, such as the freezer compartment 
or the ice compartment, is located above the crisper, the 
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atomization device is provided at the divider wall of the 
ceiling separating the crisper from the storage compartment 
having the freezing temperature Zone. Thereby, the storage 
compartment having the freezing temperature Zone can cool 
the atomization electrode in the atomization device to gener 
ate dew condensation. Therefore, a special cooling device is 
not necessary. In addition, since mist can be sprayed from the 
ceiling, the mist is easily spread to the entire compartment. 
0433. The atomization unit 339 is not in the storage area of 
the crisper 307, but located in the divider plate 373 at the rear 
side of the crisper. 
0434. The atomization unit according to the tenth embodi 
ment generates mist by electrostatic atomization. The atomi 
Zation unit polarizes water drops into fine particles by using 
electric energy Such as a high Voltage, thereby generating fine 
mist. The generated mist is electrically charged. Therefore, 
the mist is generated to have a potential opposite to that of 
items such as vegetables and fruits to which the mist is to be 
attached. For example, mist charged negatively is sprayed to 
vegetables charged positively. Thereby, force of attachment 
to the vegetables and fruits is increased. As a result, it is 
possible to attach the mist to the surfaces of the vegetables and 
the like more homogeneously, and to increase the attachment 
force more than that of mist that is not electrically charged. 
Moreover, the sprayed fine mist can be sprayed directly to 
food in the crisper. Thereby, the fine mist can be attached to 
the surfaces of the vegetables by using potentials of the fine 
mistand the vegetables. As a result, it is possible to efficiently 
increase freshness of the stored items. 
0435 Supply water used in the tenth embodiment is not 
tap water supplied from the outside, but water caused by dew 
condensation. Therefore, the water does not include minerals 
and impurities, which can prevent deterioration of water 
retention caused by deterioration or clogging of the tip of the 
atomization electrode. 
0436. In the ninth embodiment, since mist includes radi 
cal, it is possible to decompose and remove agricultural 
chemicals, wax, and the like attached to the vegetable Sur 
faces, by using an extremely little water. As a result, water can 
be saved and input can be reduced. 
0437. It should be noted that in the tenth embodiment there 
is no unit for transporting air to the mist ventilation flue. 
However, if there is such an air transportation unit, high 
humid air can be transported to the ventilation flue more 
effectively, thereby increasing atomization efficiency. Here, it 
is desirable that the air transportation unit Such as a fan is 
located between the atomization electrode and the inlets. 
Thereby, generated mist is not blocked by fins or the like of 
the fan. As a result, it is possible to spray the mist into the 
storage compartment more efficiently. 
0438. It should be noted that the above-described matters 
regarding main parts of the tenth embodiment of the present 
invention can be applied to any conventional general refrig 
erator that has the compressor 309 in a mechanical room 
below a bottom storage compartment in the heat-insulating 
main body 301. 
0439. It should be noted that the present invention is not 
limited to the above-described embodiments. 

INDUSTRIAL APPLICABILITY 

0440 The refrigerator according to the present invention 
can improve safety of a user even if a liquid spray device 
spraying liquid is provided in a storage compartment. The 
present invention can be also applied to devices using an 
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electrostatic atomization device in a low-humid environment, 
Such as home appliances including air conditioners, washing 
and drying machines, and air cleaning devices, also vehicles, 
and equipment devices. 

1. A refrigerator comprising: 
a storage compartment that is separated and heat-insulated 

from another area; 
an atomization device including an electrode unit, said 

atomization device spraying mist into said storage com 
partment; and 

any one of protection units which are 
(1) a protection unit configured to Suppress current flowing 

from said electrode unit to a user, 
(2) a protection unit configured to suppress electrically 

charging an object attached with the mist sprayed by said 
atomization device; and 

(3) a protection unit configured to prevent flammable 
refrigerant from being ignited. 

2. The refrigerator according to claim 1, 
wherein said any one of protection units includes a case 

accommodating said electrode unit, 
said case has an opening through which the mist sprayed by 

said atomization unit passes, and 
said opening has a size not allowing a finger of the user to 

pass. 
3. The refrigerator according to claim 2, 
wherein said any one of protection units further includes a 

protection cover covering said opening of said case. 
4. The refrigerator according to claim 2, 
wherein said electrode unit includes: 
an atomization electrode; and 
an opposite electrode facing said atomization electrode, 

and 
said electrode unit is far from said any one of protection 

units by a predetermined distance. 
5. The refrigerator according to claim 4. 
wherein said opening of said case is located on extension of 

a center axis of said atomization electrode. 
6. The refrigerator according to claim 2, 
wherein said any one of protection units further includes a 

current-limit circuit limiting current discharged to the 
user if the current flows from said electrode unit to the 
user via said atomization unit. 

7. The refrigerator according to claim 2, 
wherein said any one of protection units further includes a 

water flowout path preventing water drops attached to 
periphery of said atomization unit from remaining near 
said electrode unit. 

8. The refrigerator according to claim 2, 
wherein said atomization unit is configured to perform 

electrostatic atomization, and includes a high Voltage 
generation unit which is connected to said electrode unit 
and is configured to generate a potential difference in 
said electrode unit. 

9. The refrigerator according to claim 2, further comprising 
a door opening and closing said storage compartment, 
wherein said any one of protection units further includes a 

Voltage stop unit configured to stop application of a 
Voltage when said door opens. 

10. The refrigerator according to claim 9. 
wherein said Voltage stop unit includes a contact point 

mechanically blocking power Supply to said high Volt 
age generation unit when said door opens. 
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11. The refrigerator according to claim 1, further compris 
ing 

an electrostatic atomization device that atomizes liquid 
into fine particles and sprays the fine particles into said 
Storage compartment, 

wherein said any one of protection units is configured to 
cause application of a Voltage so as to cause the liquid 
sprayed by said electrostatic atomization device to have 
a reference potential. 

12. The refrigerator according to claim 11, 
wherein said electrode unit includes: 
an atomization electrode; and 
an opposite electrode which faces said atomization elec 

trode and is located in a direction of spraying the fine 
particles from said atomization electrode, 

wherein the Voltage is positive and applied to said opposite 
electrode. 

13. The refrigerator according to claim 12, further com 
prising 

a case having an opening through which the fine particles 
are sprayed, said case accommodating said electrostatic 
atomization device, 

wherein said opening of said case is far from said opposite 
electrode by a predetermined distance. 

14. The refrigerator according to claim 11, further com 
prising 

a reference potential unit having the reference potential, 
wherein said case is made of a conductive material and 

connected to said reference potential unit. 
15. The refrigerator according to claim 12, further com 

prising 
a nonconductive material contacting or located near a pre 

determined part of said opposite electrode. 
16. The refrigerator according to claim 12, further com 

prising 
an error determination unit configured to detect a value of 

current flowing in said opposite electrode, and deter 
mine that said electrostatic atomization device sprays 
the fine particles erroneously when the value of the 
current is within a predetermined range. 

17. The refrigerator according to claim 1, further compris 
ing: 

a humidity detection unit configured to detect humidity in 
a space where said atomization device is located; and 

a high Voltage stop unit configured to stop application of a 
Voltage to said atomization device when the humidity 
detected by said humidity detection unit is equal to or 
less than a predetermined value. 

18. The refrigerator according to claim 1, further compris 
ing 

a high Voltage generation circuit configured to generate a 
high Voltage, 

wherein said atomization unit is electrically connected to 
said high Voltage generation circuit, and 

said any one of protection units includes a discharge Sup 
pression unit configured to Suppress discharge energy 
generated in said atomization unit. 

19. The refrigerator according to claim 18, 
wherein said atomization unit includes an atomization 

electrode having an atomization tip, 
said high Voltage generation circuit includes a current 

detection circuit detecting current flowing in said atomi 
Zation electrode, and 
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said discharge Suppression unit is said any one of protec 
tion units, said discharge Suppression unit Suppressing 
the discharge energy by controlling the high Voltage 
generated by said high Voltage generation circuit so as to 
set the value of the current detected by said current 
detection circuit to be equal to or less than a predeter 
mined value. 

20. The refrigerator according to claim 19, 
wherein said discharge Suppression unit is said any one of 

protection units, said discharge Suppression unit further 
including a current value determination circuit causing 
said high Voltage generation circuit to stop the genera 
tion of the high voltage when the value of the current 
detected by said current detection circuit is more than 
the predetermined value. 

21. The refrigerator according to claim 18, 
wherein said discharge Suppression unit is said any one of 

protection units, said discharge Suppression unit further 
including a current fuse interrupting conduction to said 
high Voltage generation circuit. 
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22. The refrigerator according to claim 18, 
wherein said high Voltage generation circuit is said any one 

of protection units, said high Voltage generation circuit 
including: 

a step-up transformer, and 
a sealer covering said step-up transformer. 
23. The refrigerator according to claim 18, 
wherein said atomization device is said any one of protec 

tion units, said atomization device further including: 
a connection unit in said high Voltage generation circuit; 
an atomization electrode connected to said connection 

unit; and 
a sealer covering said connection unit. 
24. The refrigerator according to claim 18, further com 

prising 
a case covering said high Voltage generation circuit and 

said atomization unit separately. 
25. The refrigerator according to claim 24, 
wherein said case is said any one of protection units, said 

case having an opening below said atomization unit. 
26. The refrigerator according to claim 24, 
wherein said case is said any one of protection units, said 

case being made of a flame resistance material. 
c c c c c 


