REFRI GERATOR AND FROZEN FOOD PRESERVATI ON METHOD
Technical Field [0001] The present invention relates
to a freeze preservation technol ogy using
supercooling and to a refrigerator (also referred to
as freezing refrigerator) and a frozen food
preservation nethod nmaki ng use of the technol ogy.
Background Art [0002] It is known that when frozen
food is defrosted, the quality of the food is
deteriorated as conpared with fresh food which is not
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food, are enlarged while deriving the
preservation method making use of the techneclogy.
Background Art

[0002]

It is known that when frozen food is defrosted, the
quality of the food is deteriorated as compared with fresh
food which is not frozen. In ordinary freezing, when food
at a room temperature is placed in a space set to -18°C, the
temperature of the food is cooled to the same temperature as
the space after a predetermined time passes. When, the
temperature is equal to ¢or less than the freezing point of
the food, the food is frozen. When the food is placed in a
low temperature environment, it is gradually cooled from the
surface therecf and finally the central portion thereof
reaches to a peripheral temperature. At the time, since the
temperature of the surface of the food is lowered first, a
phenomencn arises in that the surface is frozen first.

Accordingly, since the ice crystals, which are formed on the



unfrozen water in the food, |arge needle-like crystals
are created toward the central portion of the food.
Since the large needle-like crystals break the
intrinsic structure of food such as neat, fish, and
the like, it is very difficult to restore the shape
of the food to the state before the tinme when it is
frozen. [0003] It can be said how small ice crystals
are made in freezing and how the intrinsic structure
of f ood is prevented from being broken by ice
stal ans for rovin a f zi ng
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and, Since ere Is a severe request for food
(ggakity, various inprovenments are devised to increase
t he quallty of frozen foods. [0004] 2 There is known
a quittk-dr eezsagdasoa 4$myqilcalce eclypobhdgyare made in

freezing and how the intrinsic structure of food is
prevented from being broken by ice crystals are means for
improving gquality of freezing in almost all the foods.
Further, recent needs for home refrigerators are
concentrated on "freezing" or "freeze preservation" by the
change of a dietary life and a life style. This is also the
same as to business-use refrigerators and the like. It is
required to increase the capacity of a freezing chamber due
to a tendency in that the freezing chamber is used more
often because various types of frozen foods are made
available and used in an large amount, foods are made ahead
and preserved therein, foods are stocked therein, and the
like. On the other hand, since there is a severe request
for food quality, various improvements are devised to
increase the gquality of frozen foods.

[0004]



for realizing high quality freezing by solving the
above problens. That is, a high quality freezing
technology is typically the quick freezing. The
quality of quick freezing is often evaluated by a
nmet hod of conparing the anounts of drips flow ng out
fromneat and the |i ke when they are defrosted. The
fl ow ng-out anount of the drips greatly depends on
the positions where ice crystals are created, the

si ze of the ice crystals, and the like mhen food is
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- 3 Accordingly, the quick freezing is a neans for
weapptiesssimp of the ice crystals is large, cells are broken
thereby, and the flowing-out amount of the drips is
increased in defrosting, thereby food quality is
deteriorated. 1In contrast, when the ice crystals are small
in size, the shape of cells are kept and the flowing-out
amount of the drips is reduced in defrosting, thereby
"flavor" of food is preserved.
{00051

A reason why the amount of drips flowing out from quick
frozen food is small, that is, why small ice crystals are
created in food resides in that the food is caused to
quickly pass through a temperature zone of -1°C to 5°C which
is a maximum ice crystal making zone. Creation of large ice
crystals can be suppressed by reducing the period of time

during which the food exist in the temperature zone, in

which ice crystals are grown, as far as possible.



creation of large ice crystals in food. [0006] There
is a conventional technol ogy for perform ng quick
freezing in a refrigerator by providing it with a
qui ck freezing vessel, which has a netal plate on a
bottom and a cold air duct, which is disposed above
t he opening of the upper surface of the quick
freezing vessel to eject cold air for cooling food in
the quick freezing vessel, and installing the quick
freezing vessel in a quick freezing chanber (refer
to or _.exanpl e at ent docunment .1). 0 gﬁmﬁy :
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crystals are actually <created up to the centra
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Ice crystals or needle-like ice crystals are created.
fhlextoomiarged i4 tagogoichffenerigy ivessedui aed to
blow ultra cold tenperature

installing the gquick freezing vessel in a quick freezing
chamber (refer to, for example, patent document 1}.

[0007]

However, the quick freezing is disadvantageous in
several points. First, although it is said that the size of
ice crystals tends to be reduced by the quick freezing, it
can not be always said that small ice crystals are actually
created up to the central portion of foed. It is
contemplated that when a food to be frozen has a certain
degree of size, the surface of the food to which cold air is
directly applied is rapidly cooled and small ice crystals
are created. However, it is also contemplated that the
temperature of the central portion of the food is not
sufficiently reduced and the central portion remains in a

maximum ice crystal making zone, thereby large ice crystals

or needle-like ice crystals are created. Next, a large



air in the quick freezing, which goes agai nst energy
saving. Further, it is necessary to install a |large
conpressor with high performance to make the ultra
cold tenmperature air, which is disadvantageous in

cost. [00081 A supercooled freezing technology is
exenplified as a novel freezing technol ogy of high
quality for avoiding the problens of the quick
freezing. The supercooled freezing neans that when
food is cool ed under a specific cooling condition, it
s not frozen even at a_t er.at ur al
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3 npared with the conventional quick freezing
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super cool e state, and thus the quality of the food
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condition, it is not frozen even at a temperature equal to
or less than the temperature of the freezing point of the
food. Preserving the food in the supercocled state is
advantageous in that cooling faults such as denatured
protein, damage of a cell structure, and the like due to
freezing can be avoided. Further, it is reported that when
supercooled food is removed from a supercocled state by
being forcibly applied with stimulation, the food is quickly
frozen, and a resulting frozen state less damages a cell
structure as compared with the conventional quick freezing
technolegy in which food passes through the supercooled
state, and thus the quality of the food is much less
deteriorated (refer to, for example, patent document 2). In

the food which is frozen through the supercooled state,

since fine granular ice crystals are created to the food in



cell structure is | ess damaged. [0009] In the
conventi onal supercooled freezing, there is
supercool ed freezing for creating a supercool ed state
by a method of performng a rapid cooling processing
for cooling foods and the like (vegetable, fruits,
meat, fish, and the I|ike) froma roomtenperature up
to the vicinity of the ice- freezing point (freezing
point) thereof relatively rapidly and subsequently
performng a slow cooling processing for cooling the
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and subsequently performing a slow cooling processing for
cooling the foods at a gentle cooling speed of 0.01°C/h to
0.5°C/h up to the ice-freezing point or less (refer to, for
example, patent document 3). Further, there 1is disclosed a
method of making a freezing temperature equal to or iess
than an ordinary temperature by generating a static magnetic
field in the space of a freezing champer, continuously or
intermittently irradiating an electromagnetic wave having a
predetermined frequency, which is determined according to
the field intensity of the static magnetic fieid, to a
substance located in the static magnetic field, and lowering
the freezing temperature of water by generating nuclear
magnetic resonance to hydrogen atomic nucleus which
constitute the water molecules contained in the substance

(refer to, for example, patent document 4).
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Application Publication No. 2005-83687 (pages 16-17,
Figs. 2 and 3) Patent Docunent 2: Japanese Unexam ned
Patent Application Publication No. 2003-180314
(paragraph [00121) Patent Docunent 3: Japanese

Unexam ned Patent Application Publication No.

H8- 252082 (claim 1, paragraph [0015]) Patent Docunent
4: Japanese Unexam ned Patent Application Publication
No. 2000-325062 (claim1, paragraph [0014])

Di scl osure of the Invention Problens to be Solved by
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upercool ed state continues too long, there is a
apassibility that the quality of food is deteriorated
by oxidation, breeding of bacteria, and the liKke.
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Patent Document 4: Japanese Unexamined Patent
Application Publication No. 2000-325062 (claim 1, paragraph

[00147])

Disclosure of the Invention
Problems to be Sclved by the Invention
(0011}

In the conventional technologies, since a cooling speed
is slow to establish a supercooled state. Therefore, when
the supercooled state continues too long, there is a
pessibility that the quality of food is deteriorated by
oxidation, breeding of bacteria, and the like. Further,
since the supercooled state is unstable, there is a problem
in that supercooling is liable to be stopped before a lowest
reach point temperature reaches to a deep {(low) point in the
supercooled state and that when the lowest reach point

temperature is shallow (high), ice nucleuses made during



[0012] Further, when an excessively long tine is
taken from supercooling to freezing at the tine when
supercooled freezing is performed in a hone
refrigerator and the like, in which several types of
foods are m xedly stored at the sane tinme, the food,
whi ch was already frozen, is left in an environnent,
in which gentle freezing is perforned, that is, in
whi ch a high tenperature is kept, as it is for a |long
time. Thus, a problemarises in that the quality of
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ing to a’gentle cooling
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ice-freezing point is disadvantageous in a freezing
(cbapher, in which foods having different ice-freezing
points mxedly exist, in that it is very difficult to
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SERAEEPOLlRg ktcpr%?cztlélg afr 5%e‘ﬂfil€'e§jh% S&Pe§EB8F%o| ed

state after t are .subj ected t cess f.0
REEETRE, Lha T s donBeraree b Fr R ankO he Like,
thﬁgchtg%@%f§¥“%?ﬂ@éu500?883g épeq{14é3¥§'%Q%9eEh§t the

reezing point C I'ng speed from-0.5Ch
saRe0€ihRe i Netdier st entiRat was8al by aﬁ@z@&COH@daEEdln an

in a vessel in a sealed state w thout | eavi ng a dead
eppaceninber chiat weerh Meenlthiseaethodi s paudedmed, that 1is,
in which a high temperature is kept, as it is for a long
time. Thus, a problem arises in that the quality of the
frozen food is adversely affected.

{0013]

Further, the method of shifting to a gentle cooling
after quick freezing up to the vicinity of the ice-freezing
point is disadvantageous in a freezing chamber, in which
foods having different ice-freezing points mixedly exist, in
that it is very difficult to set an optimum shift point.
(00141

Further, Patent Document 2 discloses a method of
placing foods (water, milk products, strawberries] in a
supercooled state after they are subjected to a process for
cooling them from a temperature higher than a freezing point

to a temperature equal to or less than the freezing point at

a cooling speed from -0.5°C/h to -5.0°C/h in the state that



although it is possible to create the supercool ed
state at a cooling speed faster than a conventiona
speed, a troublesone job is required to seal the
foods. Further, there is also a problemin that it is
difficult to seal all the foods that nmay be preserved
in a freezing chanber. [0015] Further, a conpl ex and
| arge apparatus is required to create the supercool ed
state by the nmethod of continuously or intermttently
irradiating a substance located in a static magnetic

field with an el ectromagneti ¢ .wave _havi a :
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or intermittently irradiating a substance located in a
static magnetic field with an electromagnetic wave having a
predetermined frequency, which 1is determined according to
the intensity of the magnetic field in the static magnetic
field, to lower the freezing temperature of the water in the
substance by generating a nuclear magnetic resonance to the
nucleuses of the hydrogen atoms constituting the water
molecules contained in the substance, and set the freezing
temperature to a temperature egual to or less an ordinary
freezing temperature, and thus the method is not practical
to foods. Even if the method is applied to a business-use
refrigerated warehouse, the apparatus is excessively large
in size and becomes too expensive, from which it is
contemplated that it is practically more difficult to

provide a home refrigerator with the apparatus. Further,



a sufficient caution nust be paid to the influence of
the electromagnetic wave to human bodi es when the
apparatus is applied to hone, business-use and
distribution refrigerators because the doors of them
can be opened and closed sinply. [0016] An object of
the present invention, which was made to solve the
above problens, is to obtain a refrigerator and a

frozen food preservation nmethod which can freeze foods
by a smaller amobunt of energy w thout damagi ng the
agggfk%gncgstgg%eﬁgquébnggg{ éé%d\@y %hhggﬁtﬁe%%hgﬁérﬁdgwto
qual Ity freezing by a S|np¥e arrangenent. [0017
aEUélQEExoﬁH%dH%i%ChaQE,tE@o@r&ﬁﬁﬁﬂ d el ANak$séH in that
obtain a refrigerator and a frozen food preservation
ametibodciavit cleudrnr eaktzbe hbghd qualtHey ihfeéezhog Y e
sinple arrangenent for performing cooling at a
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cooling tenperature without instantly freezing foods
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[0018] - 10 A refrigerator of the present invention

has @ faeedtng s eRanpessait aGeelting, ChRIbervashisle it

di sposed in a

solve the above problems, is to obtain a refrigerator and a
frozen food preservation method which can freeze foods by a
smaller amount of energy without damaging the guality of the
foods, that is, which can realize high quality freezing by a
simple arrangement.

[0017])

Further, an object of the present invention is to
obtain a refrigerator and a frozen food preservation method
which can realize high quality freezing by a simple
arrangement for performing cooling at a cooling temperature
higher than a conventional cooling temperature without
instantly freezing foods by ultra cold temperature air,
which is commonly employed in a conventional freezing method,
and can exhibit the merit of both energy saving and high
quality freezing.

Means for Solving the Problems

[0018]
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refrigerator main body to acconmodates therein foods
such as fishes, neats, vegetables, fruits, and the
like and is provided with tenperature setting neans
capabl e of adjusting a tenperature of cold air froma
cooler to OCto a tenperature of a freezing
tenperature zone continuously or stepwise, a cold air
adj ust ment nmeans for circulating the cold air, which
is blown off into the freezing chanber or the cooling
chanber and sucked into the cooler in the freezing

chanber_.or. the cool chanber t Ier
keeg?ﬁﬁffﬁgef?582|ng C Hﬁﬁ%&? ge§%g$ I&Q%haégeegang
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he freezing chanber or the cooling chanber are

r@@ilgﬁéﬂaﬁﬁﬂ’ ewan batiyatd edpesmidd ik rtOnofod®SSSsuch as
than a freezing point, by the tenperature set by the

f{ enper atentss setgengbireanst antt ¢ henddithectiba ard ishe
anmount of the cold air adjusted by the <cold air
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are e supercool ed state.

sLOPPde, I d"blfdr @4@%&99%@&@@@@@@ aiyrmet hedl aecoy ditng
to the present invention of a refrigerator, which

cobtipsisesstaich ik bilbeezbhf chaniere dme&zcoglcn@mber or
chanber for keeping an accommobdated food in a
tsgpereboledises, angd anrked thetd do¢ cooler, in the

freezing chamber or the cooling chamber, and a controller
for keeping the freezing chamber or the cooling chamber in a
supercooled state, in which the food accommodated in the
freezing chamber or the cocling chamber are not frozen even
at a temperature equal to or less than a freezing point, by
the temperature set by the temperature setting means and the
direction and the amount of the cold air adjusted by the
cold alir adjustment means, wherein the controller performs
an adjustment while lowering the temperature of the cold air
within the temperature range from the freezing point to
about -15°C by the temperature setting means so that the
food are kept in the supercooled state.
[0019]

In a frozen food preservaticon method according to the

present invention of a refrigerator, which comprises a
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Is not frozen at a tenperature set froma freezing
point to -15C by cold air froma cooler, and cold air
adj ustment neans for changing the tenperature of the
cold air blowm off into the freezing chanber or the
cooling chanber and circulating in the freezing
chanber or the cooling chanber, the frozen food
preservation nethod includes a step of acconmodati ng
the food in the freezing chanber or the cooling
chanber set to -15C or nore, a step of perform ng
QLI PNl 2 o Do B SL TR Ho T3S KRR L AB L ad 1
f ture 1h the freezin er or he cool i ng
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the freezing chanber or in the cooling chanber is set
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supercooled state of the food, which is accomobdat ed
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pl aced in the supercool ed state, dire
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freezing, it has an advantage in that - 12 high
aguahinbyafieeziing foaa be rbal freskz by tdhemdwount the
energy smaller than the conventional anmount thereof,
cpRaingt chamber set to -15°C or more, a step of performing
adjustment by cold air adjustment means so that the
temperature in the freezing chamber or in the cooling
chamber is set from -5°C to -10°C or the air welocity 1in the
freezing chamber or in the cooling chamber is set to 0.5 m/s
or less, and a step of stopping the supercooled state of the
food, which is accommodated in the freezing chamber or the
cooling chamber and placed in the supercooled state, by
directly supplying cold air whose temperature is lower than
the set temperature to the food.
Advantages of the Invention
[0020]

Since the refrigerator of the present invention employs,
as a high quality freezing function, the superccoled

freezing function with a simple structure in place of the

conventional quick freezing, it has an advantage in that

- 1z -



energy-saved freezing can be realized as a

count erneasure for inproving the gl obal environnent.
Further, since the refrigerator of the present

i nvention enploys the cooling structure, in which
cold air is introduced into the space for creating a
supercool ed state and the cooling tenperature can be
changed to a plurality of tenperatures, it has an
advantage in that foods such as neat and the |i ke can
be supercool-frozen by the structure and the contro

refrigeratar whi h tly d
hE BB E bve A BT Sonas. PEOBRAT: “Hhet (Sseh P aag bt
erégéggggéiférrnﬂ%yxiﬂg JNSRLeSEN a&éﬁﬁﬁnﬂﬂy}éa%n that it,

€ various business systens such as a systen1for

eq%EFy%w&df FRZeN foeds Bt 9690i haldd v oudtermeasure
ination by storing themin a refrigerator nounted
foR ampYehikd ecrhidiebkeephngroteent n &untbeen siate by
a small anount of energy consunption while they are
refangpoated ¢brth31ﬁn§ﬁgnpeﬁhﬁﬁn%ﬁoﬂ|9ﬁ?l°BF|éPe COOllng
Description of the Draw ngs lis

s¢hofi-Hgea theH detirdd éﬁr fs f%ﬁb‘%‘? ér\meﬁg ?% be
;} fﬁggggwn%hsgut perfar SQ%B? 1§1’1;d SMPegfc%%Ci'l'nag tbfpe Aure

Upercsol Vi ew

c%ploWenghgngeétt% &5 pﬁfur%lq%?}t oSt EMRhAF S urdls t he hkBean
when neat frozen by ordinary quick free2|ng
advantage in that foods such as meat and the like can be
supercool-frozen by the structure and the control of a
refrigerator which are not greatly different from
conventional ones.

{0021}

The frozen food preservation method of the present
invention can realize various business systems such as a
system for delivering frozen foods of good gquality to a
destination by storing them in a refrigerator mounted on a
vehicle while keeping them in a frozen state by a small

amount of energy consumption while they are transported for

a long period of time.

Brief Description of the Drawings
[0022]
Fig. 1 is a graph showing a the fluctuation of

temperature when water is frozen without performing

- 13 -



and supercool ed freezing and the state of a neat
structure at the tinme when neat that is frozen once
is defrosted. Fig. 3 is a side sectional view of a
refrigerator in the enbodi nrent of the present
invention. Fig. 4 is a side sectional view show ng an
air duct arrangenent of a refrigerator in the
enbodi mrent of the present invention. Fig. 5 is a side
sectional view of the periphery of a swtching
chanber of the refrigerator in an enbodinent 1 of the
present_invention. Fig. 6_is a structure viemqéy a
SUBBETAv0 g tagddi RY PREf &G MeRE1°8F 1t e Present
invention. .EFig._7.1is tr uctur ' r
supggé%opiﬁa %a%ée”i%@?ﬁﬁ“ﬁﬁﬁ%a?ﬁéﬁggﬁggfQ?ﬁ%hﬁféégﬁFure

atNVeati ofe JHG: nBakSia st&Met Uhe oddewael anothefreezing
supercool ing case in the enbodinent 1 of the present

ah@venbé Ofvold).fr@ekzSna &hd fige chaite sifowi mgatns exanple
of a supercool control of the refrigerator in the
aenbodi pEm when Fiegt tdatsia fiaagrclvace $Rodfhgeared -
exawﬁgf of the supercool contral of the rgfri erat or,
in tHe erbddi AeRtde. sertiprath WEvaofi et SR OO vitEw
f the peripher f the swtchi chanmber of the
tRgs PRGRTAIGIT (47 (HE BABOGIMERt o 1471, Fig. 1215 a
si d ﬁgre.cta' qual, LIS of ot hey PeriiRhethoRingt e S1 thicng
chanber of the refrigerator in the enbodi nent
arrangement of a refrigerator in the embodiment of the
present invention.

Fig. 5 is a side sectional view of the periphery of a
switching chamber of the refrigerator in an embodiment 1 of
the present invention.

Fig. 6 is a structure view of a supercooling case in
the embodiment 1 of the present invention.

Fig. 7 is a structure view of another supercooling case
in the embodiment 1 of the present invention.

Fig. 8 is a structure view of another supercooling case
in the embodiment 1 of the present invention.

Fig. 9 is a timing chart showing an example of a
supercool control of the refrigerator in the embodiment 1.
Fig. 10 is a flow chart showing an example of the
supercocl control of the refrigerator in the embodiment 1.

Fig. 11 is a side sectional view of the periphery of

the switching chamber of the refrigerator in the embodiment



1. Fig. 13 is a side sectional view of the periphery
of the swtching chanber of the refrigerator in the
enbodiment 1. Fig. 14 is an upper surface view of a
duct of the <ceiling surface of the sw tching chanber
in the enbodinent 1. Fig. 15 is a structure view of
the supercooling case in the enbodinent 1. Fig. 16 is
side sectional view of the periphery of the switching
chanber of the refrigerator in the enbodinent 1. Fig.
17 is a side sectional view of the periphery of the
swi tching chanber of the refrigerator in the
enbodiment 1. Fig. 18 is a structure view of the
S“peﬁricqpll'zngscgsﬁiaé‘ sénﬂﬁo MBOd ERNL £ Lend Ger ikhely a1
sche I ¢ view showing the flow of cold air to the

< RUPSS £a9li g Sas@eiNokhenerhodinpntatbr Fhgrh@Oeilsodiment
timng chart showi ng an exanple of a supercool
icontrol of the refrigerator in the enbodinent 1. Fig.
21 is a flow chart showi ng an exanple of the supercoal
contFigl. df tikear eff¢ geealiiomain ERE @hbbiuP NP PReTYRRY.
22 is a sectional view where %se aratel.¥l %g mbodiment
thAstwl P& thsdamPeR 811 FBS | 5o 1 SHTd i 1ot hBS st Shi™g
chanber of the refrigerator of Fig. 3. Fig. 23 is a

vi ew showi ng how t he supercooling case is

Fig. 14 is an upper surface view of a duct of the

1

ceiling surface of the switching chamber in the embodiment 1.

Fig. 15 is a structure view of the supercooling case in
the embodiment 1.

Fig. 16 is side sectional view of the periphery of the
switching chamber of the refrigerator in the embodiment 1.

Fig. 17 is a side sectional view of the periphery of
the switching chamber of the refrigerator in the embodiment
1.

Fig. 18 is a structure view of the supercooling case in
the embodiment 1.

Fig. 19 is a schematic view showing the flow of cold
air to the supercooling case in the embodiment 1.

Fig. 20 is a timing chart showing an exampie of a
supercool control of the refrigerator in the embodiment 1.

Fig. 21 is a flow chart showing an example of the
supercool control of the refrigerator in the embodiment 1.

Fig. 22 is a sectional view where a separately-



installed in the switching case. Fig. 24 is a view
showi ng the rel ation between a cooling speed and the
size of ice crystals created in food. Fig. 25 is a
vi ew showi ng a display panel of the refrigerator in

t he enbodi nent 1. Reference Nunerals [0023) 1
refrigerator, 2 fan, 3 cooler, 4 air duct, 5 1liquid
crystal operation panel, 6 refrigerating chanber
feedback path, 7 vegetabl e chanber feedback path, 10
conpressor, 16 <controller, 41 sw tching chanber air

1§y 11é§i%é¥gwﬂi&522bﬁfﬁ!is é%%ﬁ%@éﬁzgknghghﬁﬂP€éh k

sUrface upper Si owing p sw t chi ng chanber

cE8hbi PG sUace il gwi-RgoPOsE , FAA sW tching chanber
back surface | ower "side blow ng port, 45 swtching

chamiey. ot temesucéw oshdairtg Kb dappenpebfookimd chiskgis
chanber ceiling surface duct, 51 switching chanber
igetélhed sur ftdee sgdcchhobeca®®d. swit chi ng chanber i d,

70 fan, 80 swtching case, 81 supercooling case, 82
swi tiching4cdse?® BoEY oPhOBIEBWNECRPA§tEaReP en a
supercool i hg ca 85..swi tching case, 86 _supercoolin
CBAENT TPl (0 S BLBT ALK SO T ALE LEuPBaE e Tobh-
sw tef ngscaseal Lonh SUEARE Sllibp18Y pSHES a0€ the
tenperature neasuring device, 96 Ceiling surface, - 16
rd00i gefdtgeriaf ivhg chapheren”00. swi tchi ng chamber, 201

switching case, 202 supercooling case, 300 freezing
Rehanbece N B@&raflrseezi ng case, 400 veget abl e chanber,

401 veget abl e case,

[0023]

1 refrigerator, 2 fan, 3 cooler, 4 air duct, 5 liquid
crystal operation panel, 6 refrigerating chamber feedback
path, 7 vegetable chamber feedback path, 10 compressor, 16
controller, 41 switching chamber air duct, 4la partition
wall, 42 switching chamber back surface upper side blowing
port, 43 switching chamber ceiling surface blowing port, 44
switching chamber back surface lower side blowing port, 45
switching chamber bottom suction port, 46 damper, 50
switching chamber ceiling surface duct, 51 switching chamber
ceiling surface duct hole, 60 switching chamber 1lid, 70 fan,
80 switching case, 81 superccooling case, 82 switching case
bottom, 83 switching case, 84 supercooling case, 85
switching case, 86 supercooling case, 90 switching case back

surface cutout, 91 switching case front surface slit, 95

surface temperature measuring device, 96 ceiling surface,

- 16 -



500 i ce maki ng chanber. Best Mdde for Carrying Qut the
I nvention [00241 Enbodinent 1 First, supercooling
will be explained in detail. Fig. 1 is a graph
showing a the fluctuation of tenperature at the tine
when water is frozen wi thout performng supercooling
(a) and by perform ng supercooling (b). A |ongitudina
axis of the graph shows a tenperature which increases
in an upper direction of the graph. A lateral axis of
the graph shows a tine mhich shows a passed tine in
ar t ow directio cool e t S ein
1aﬂi5 RN R %F?éﬁg ro%%% éhféﬁiaﬁgbgﬁgatﬁgi
SEEEESE ué&%é*“5ﬂ2 @@k ch88snd hadse t ey df re@2kRgg Pehdtiber,
t hereo The freezing point iS a tenperature at which
3bmef§55§1@@C@E§E¥N4UDtv%g%&aaze.cEBﬁberlSéOIfMEgetable case,
supercool ed state nmeans that although a tenperature,
580 whe chalaisybstzanbee -begins to be frozen, is reached,
it is not frozen at all. The freezing point of water
is for exanple, 0C The freezing point differs
eendlng on _subst ances, ﬁnd t he ree2|ng poi nt tends
bHEDFet POVt = ¥ O9€ FR°f b3S 5T the | i ke havi ng
[% Q h salt - 17 concentration and a hi gh sugar
cont nt. The supercooled state and a freezing point
abbasmeassi ng through the supercooled state will be
explained in nore detail as to water as an exanple.
The supetcoaledcsbhategi silhebstatmpladined in detail. Fig.

1 is a graph showing a the fluctuation of temperature at the
time when water is frozen without performing supercooling
{a} and by performing supercocling (b). A longitudinal axis
of the graph shows a temperature which increases in an upper
direction of the graph. A lateral axis of the graph shows a
time which shows a passed time in an arrow direction. A
supercocled state is a state in which a substance is not
frozen at all even at a temperature equal to or less than
the freezing point thereof. The freezing point is a
temperature at which the substance begins to freeze. That
is, the supercooled state means that although a temperature,
at which a substance begins to be frozen, is reached, it 1is
not frozen at all. The freezing point of water is, for
example, 0°C. The freezing point differs depending on
substances, and the freezing point tends to become lower

than 0°C in foods and the like having a high salt



water in which when water is cooled to a tenperature
less than OC which is the freezing point thereof, the
water is conpletely in the state of water. [0025]

Al t hough the water, which enters the supercool ed
state, is frozen in a time and can be nmade to ice, a
certain type of stinulation is required at the tine.
The necessary stimulation nmay be a tenperature
stinmulation or a physical stimnulation. As described
above, although freezing can be started by

stinul ation, the tine _necessary to.shi fro
celipRT oot & S48 %6gPh%u%?%r%éaﬁenﬁfee&%ﬁgs?ggéég%led

e i ch, a .SEC However ,

s%ﬁgéa%gfﬁ%q%%é%éggr3&;?5h§f%9¥§%?%ﬁ§ﬁy9??§g%n at the
shﬁgﬁc%l_ecstﬁatteoﬁ«iflﬁe%l 8goisionl YirseveealiepeiTead wf
the entire water, and an additional cooling time is
wBEEeSSAran taxdnpaeze ThO0Ypé rd¢diel avhtsemte] 0028%he Hertes of
how ordinary freezing is different from supercool ed
whteezingiividt Whendestribid ®edebhycEnpEFPRGATEFRMESS
W th each other. First, the nobst outstandi

. . . n .
CHPEPT Brentet YethiesR et RECHF Ui Y T rﬁﬁ%angh?hﬁater S
supercopled - .18  freezing_js_whether or not they
“8h E?E%P%UHéﬁggbﬁggtgt8Fega£$%'the ordi nary freezing,
wheg,a freezing point is passed, freezing starts
[(V025] :
wi thout entering the supercooled state. Another |arge

di f ferensgbeheeqntthe ok timamt driseenenguaadcooled state,
is frozen in a time and can be made to ice, a certain type
of stimulation is required at the time. The necessary
stimulation may be a temperature stimulation or a physical
stimulation. As described above, although freezing can be
started by stimulation, the time necessary to shift from the
supercooled state to the start of freezing is an
instantaneous time such as several seconds. However, the
ratio of water which is instantly frozen at the time of
start of freezing is only several percent of the entire
water, and an additional cooling time is necessary to free:ze
100% of the water.

[0026]

Here, how ordinary freezing is different from
supercooled freezing will be described here by comparing
them with each other. First, the most outstanding

difference between the ordinary freezing and the supercocled

_...18_



t he supercool ed freezing resides in the state at the
time when freezing starts. What phenonenon occurs at
the start of freezing will be explai ned using water
contained in a PET bottle as an exanple. In the

ordi nary freezing, when freezing starts, the water in
the vicinity of the surface of the PET bottle begins
to freeze first, thinice is formed on the surface
portion of the PET bottle, and thereafter ice expands
toward the inside of the bottle, and finally the

efOLLre, Al e dg Lrozen. . [0027%., lce 5, groun, Alound an

Wwat er ecul es rms a cluster

Igayl:lggoa}lr!a?%?%gem%ﬁg?t%éﬁ n:ﬁdfr_e%iz%_%g Bﬂgnﬁ hes ip?efssed,

nucl eus 1s en the freezing starts.

AcERT £l N At s ritheuer éhpar ynd rerzisige rebocat Heatsai d
that alnost all the ice nucleuses are forned on the
asuthacel afge hie tPETebott betweeh itde iogdgnewn fhesafirpmnd
toward the portion in the water state. In contrast,
the sheerypdiecbdired zing e LS vilerfher 8621 Rgakt g L£1me

i ce nucl euses are even| orned in the entire PET

f
BBt t FESC e & tiPce Sirs BP%FA@P%“%W%“O% RE“BoPt Fons™of* THe
oE’E}rré’é’%qu J4iG! ggpﬁ.Q?n%&]Sﬁglﬁ'lga%tte €cofULIACE in a PET
, 1t gr owmn 19

fhereo. IS not ~toward ‘a predetermned -
paditection, J:0028L Thendifil esancg Retrweenihbe wrélh nary

freezing and the supercooled freezing after the
reeapiey i ouofs,f r@eziwvager in the vicinity of the surface of
the PET bottle begins to freeze first, thin ice is formed on
the surface portion of the PET bottle, and thereafter ice
expands toward the inside of the bottle, and finally the
entire water is frozen.

{0027]

Ice is grown around an ice nucleus in which water
molecules forms a cluster having at least a predetermined
size, and the ice nucleus is formed when the freezing starts.
Accordingly, in the ordinary freezing, it can be said that
almost all the ice nucleuses are formed on the surface of
the PET bottle and ice is grown therefrom toward the portion
in the water state. 1In contrast, in the supercooled
freezing, when freezing starts, ice nucleuses are evenly
formed in the entire PET bottle. Since ice is grown to all

the portions of the PET bottle including the inside and the

surface thereof, it is not grown toward a predetermined
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resides in that, in the ordinary freezing, |arge

needl e-like ice crystals are created fromthe surface

toward the inside whereas, in the supercool ed

freezing, small granular ice crystals are uniformy

created on the surface and the inside thereof,due to

the difference of the cooling process. Further, the

states at the tinme when freezing starts and after the

freezing is finished in the quick freezing are the

same as those in the ordinary freezing in that

freezing is quickly performed by applying cold air

ddrestife- surface. First, since the tenperature of the

[§H?F ce is |lowered abruptly, freezing starts fromthe
ce. However, the quick freezing is different

”Ofﬁhﬁ Q:ff%'ﬂ%%)é BEERZLNG A o AR Rege 2 Speat athe
cool ing is performed up to the inside is

sb?@ﬁ:@@@ﬁ@d £ AilG eyses ahe tombleritcm e creatidy

so in the inside as conpared with the ordinary

rbsédebngn tland tihushecerdiystal Sresz irargdagget ﬁ@%@ler nike

the ordinary freezing are not created. [0029]

ifcee 67V A2 b eraa@cpn@t@;éarﬁrﬁ@dth% heR RS (W C 68% ”é%lde

the time when it is defr ed S reatl aff
“Fﬁéea§rzénaﬁRFt?ﬂ?%ﬁﬁfﬁé %Z%?gstéT Frér ?ﬁg P

a?glgpeoénlf&%§%g d%%ék@g o§'9§§ §ﬂﬂ?¥gé %hh EHS inside

s are conpose I's, protein, carbohydrate,
t%QQeB@edhék€® Nﬁ@”ﬁﬂﬂ?@r@h&@cbﬂr@h@fcodﬂﬁhd(mmwﬁess

broken once by ice crystals, it cannot be restored at
Rilrthiel, TBRY sosess Acadredichgbyyvhét Ceogedegsaitdrts and
after the freezing is finished in the gquick freezing are the
same as those in the ordinary freezing in that freezing is
quickly performed by applying cold air onto the surface.
First, since the temperature of the surface is lowered
abruptly, freezing starts from the surface. However, the
quick freezing is different from the ordinary freezing in
that since a speed at which cooling is performed up to the
inside is increased, ice nucleuses are liable to be created
also in the inside as compared with the ordinary freezing,
and thus ice crystals as large as those in the ordinary
freezing are not created.
(0029]

When freezing of food is examined, the quality of food

at the time when it is defrosted is greatly affected by the

size and the shape of ice crystals after the completion of
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that when ice crystals created in freezing have a size
and a shape which do not break the intrinsic
structure of food, good quality freezing can be
performed. [0030] When the state of crystals obtained
by freezing agarose gel in a cooling chanber by ultra
| ow tenperature freezing set to -60C and the state of
crystals obtained by freezing agarose gel in a
cool i ng chanber by freezing passed through a
supercool ed state set to -18C are conpared, the fornmer

crystals are greatly, gr i n need| e- ywher
ffﬁ%ZlT%Ité?”E%&@?ﬁPgtsﬁfﬁgﬁu%n(FFEI?rgn?$%$§?§ in géﬁls'

ranul ar_and. fine_st : s ddhe akevendi ffpience of
928 Urd art %?%ﬁrﬁge'mgéﬁ ?%%Sﬁ?ébfrozen, t he intrinsf%

+BET HEL 44 € Of e nf eadei By .D&@Kﬁnjskt)éltshe itoea®riot be
crystals whereas the food is not alnost affected by

rbBeckadter 4e ier yehal sasand tdwsddiomén, f dbbdcamare righid
good quality can be obtained when the food is frozen 4
thhtoughn t hee superteds| egestad eln [DEPAININERYE & #EfF 207 2

and a novelty obtai ned by freezjng food t he

ssaper ebofedid Mz PG aki FlXe bé“H’éJsrtﬁ%iGoeS .rufﬁérﬁa?df R
merit resulting f.romfreezi y the supercool ed
gpo?lqufﬁé%%i%@ F@@ﬁdggniﬁetﬁ%fﬁéﬁﬁ% quality freezing
{%%QOQe performed. As descri bed above, in the freezing

through the supercool ed state, since the inside of
f o0dyhSn al1§0 stSukl bei epys€oHDd athtiain@dpbgc ésse MAAEYose

the food is placed _
gel in a cooling chamber by ultra low temperature freezing
set to -60°C and the state of crystals obtained by freezing
agarose gel in a cooling chamber by freezing passed through
a supercooled state set to -18°C are compared, the former
crystals are greatly grown in a needle-shape, whereas the
latter crystals spread entirely uniformly in a granular and
fine state. When the above difference occurs at the time
when food is frozen, the intrinsic structure of the food is
broken by the former crystals whereas the food is not almost
affected by the latter ice crystals, and thus frozen food
having good quality can be obtained when the food is frozen
through the supercooled state.
[0031]

Next, a merit and a novelty obtained by freezing food

by the supercooled freezing will be described. The maximum

merit resulting from freezing food by the supercooled
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in the supercool ed state, ice nucleuses are uniformy
formed in the food inits entirety, and thus the ice
nucl euses grow to small granular ice crystals.
Further, when the difference between the | owest
tenperature, which is reached in the supercooled
state, and the freezing point (the difference between
a point A and a point B of Fig. 1(b)) is larger, a
| arger nunber of ice nucleuses are formed at the tine
when freezing starts, thereby finer ice crystals can
b aJAccar di ngl e [
S a = When TR Sy ar ire ar Cuh o thee
péﬂpgﬁﬁgﬂle@@SHQE%riﬁedrﬁﬁghﬁdjkﬁt@% lfewetid§ through the
possible), it is possible to keep a state nearer to
stper i@t bafarce breezi tige evenidaf todr fbhe ifrabwi ng and
defrosting are perfornmed. [0032) Wen cooling of food
sahfithentsiczeland inhe Bhapesofin edichr yheafgodris placed
_exam ned, a period of time, during which fogg asses .
iphEbtigHRe EReratifbe z ohe® SBtC Y SLPCaEE U8 %?‘%ay orme
_maxi mum i ce crystal makjing zo IS n t]
ok oo 6 Caist Berarrbhe 4R Snd £y hipRges, aron
tbhatawhen o figad gccaused. 19, Pass dHagughef hengaxi mum
Ice crystal nmaking zone in a short tinme, ice crystals
daF ee ABEE: H@BlWednN the220wStZ etenlpe dat@irsypenhtobl € reached
freezing, food stays in the nearby tenperature zone
ifi hhé heuped miauilteyl eftadboutnd 1e C k@9 PAchudiwee t he
maxi mumice crystal making zone for a |on time, in_ .
di e 5RipRe QUGS Papein f@%,atﬂ%}r@u&epgo&%d 1(b)) is

larger, a larger number cf ice nucleuses are formed at the
time when freezing starts, thereby finer ice crystals can be
created. Accordingly, when supercooling occurs sufficiently
(when the temperature at which the supercooled state is
reached is as lower as possible), it is possible to keep a
state nearer to the state before freezing even after the
freezing and defrosting are performed.

[0032]

When cooling of food and the size and the shape of ice
crystals are examined, a period of time, during which food
passes through a temperature zone set to -1°C to -5°C as a
maximum ice crystal making zone, is conventionally taken
into consideration. This is a way of thinking that when
food is caused to pass through the maximum ice crystal

making zone in a short time, ice crystals are made small 1in
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state is a state in which no freezing occurs.
Accordingly, fine ice crystals can be created in the
supercool ed state w thout increasing the size of ice
crystals after freezing even if a tinme necessary to
pass through the tenperature zone is long. This is a

t horoughly novel freezing nethod in that small ice
crystals are forned by the freezing perforned in the
near by tenperature zone including the maxi numice
crystal tenperature zone and that good quality

freezi S erformed., (0033 Fur t her, en_t
SéﬁﬁercgglEﬂfss%ﬁ%%ﬁog§§go%6%%?ln??é%%%ﬁstﬁ gigg,pg%dnearby
<£0Bd, L 3. FOMPLAL €l Q260 L AL Al Aupphiase ~ehangerocc)
state rn which a tenperature does not change.

iHewWBMehg the i GoMd nEedcthata wheik e Joeed rpassesong
through the supercooled state, even if it stays in
ttihe fAXihemnupecerlyest aktamaki ngoworer ,f dthea shgagetdhed
in the freezing process perfornmed thereafter, ice,
s¢ayst afsadotaieot ivecdrmshenPaf §e8Z InARSIHiSngl $CCPEIERHLY
be said that this is_a novel freezin net hod.al,so_ i

S0RPS 1661 FEYS Weh 900 pa<atetnFBUgit LREFeger ingt™ e

w@é%gui:f iremlcjfsefE es::l?ri’:gnt R %g%%soksiggréfgig%dlsf Qly @y kglggzj__ng

ti'ne therea e state of "I1ce ystal 1s har

Zan akf gct efe therahyJHoweygts wWhesudiheHoe@mbsrature

rapidly frozen at thé tine when it 1s put into a
FdoheezkNyops OCERSs ds POSSblbliyhyy thatet Hrcece ngr pstiadd in
becone enlarged is nore reduced and further a factor
thkt| emet i ngcé ooy hedlsi eye Gpohwed by the freezing performed

in the nearby temperature zone including the maximum ice
crystal temperature zone and that good quality freezing is
performed.

[0033]

Further, when the superccooled state 1s stopped,
freezing begins, and food is completely frozen through a
phase change state in which a temperature does not change.
However, it is confirmed that when the food passes through
the supercooled state, even if it stays in the maximum ice
crystal making zone for a long time in the freezing process
performed thereafter, ice crystals do not become enlarged.
Accordingly, it can be said that this is a novel freezing
method also in this point. When food passes through
supercooling, even if a freezing process is performed for a

long time thereafter, the state of ice crystal is hardly
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than ice crystals, can be also avoided. Thus, it can

be said that better quality freezing can be

performed. [0034] Further, although only the nerit
obtained in the case when the food subjected to the
supercool ed state is released therefromand frozen is
descri bed above, it is not always necessary to freeze
the food subjected to the supercooled state. A nerit
for keeping the supercool ed state resides in that the
structure of food is not changed at all by ice

rystals, although the food i ved ;at -
F bR R IR e PR Re e R PR T rlp e
3t 1kl c[ggandless tihabukt 1hsoPs essdath@bracess, a
tenperature at which it were ordinarily frozen, that
possibecabgeri£e eyStal 8rakeahdtbecimeateed aayedl s more

[ 0035] though it is ordinarily known that
reresenvang fwoocthat a dalcowner of ehpes mitng €dcsl appéétyyeother
to keep freshness in that various chem cal changes_ of
theod 16anchEs slgpr sge®e PLSEaRvOHESa Ftat 1EhFER e
preservation net hod .can _achi eve both the i_t,s of
oBrieseho T oo S Nid CRPeras U i KrATERE g
%%%q]fron1being frozen. Further, it is not necessary
&o - 24 defrost food. However, it is also a denerit

t hat pfi pogk 4 5 5 1k8RLGhN 0By UPAE OZE StaftainSbnes the case
water in food is not frozen, the water can be used to
weeedhng robd baeh prdtedcaned thar sopsrecheldcaltagkangesseleased
Accordingly, it is necessary to

therefrom and frozen is described above, it is not always
necessary to freeze the food subjected to the supercooled
state. A merit for keeping the supercooled state resides in
that the structure of food is not changed at all by ice
crystals although the food is preserved at a low temperature.
This is because the food is not frozen at all regardless
that it is preserved at a temperature at which it were
ordinarily frozen, that is, because ice crystals are not
created at all.
(0035}

Although it is ordinarily known that preserving food at

a lower temperature is effective to keep freshness in that

various chemical changes of food can be suppressed, it can
be said that this preservation method can achieve both the
merits of preserving food at low temperature and preventing

food from being frozen. Further, it is not necessary to
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pay nore attention to unfrozen food than to frozen
food. [0036) Next, the present invention will be

expl ained in detail based on an enbodi nent thereof. A
refrigerator according to the enbodi nent of the
present invention includes a control nechanismfor
keepi ng a stable tenperature environnment which is
necessary to stably realize supercooling, and for
adjusting the tenperature, the velocity, the anmount,
the timng, and the like of cold air directly bl own

d%%rgggdfogd St%%ﬁ%f@&? gg ngfs@ng &éM%Jltk%thrfood is

accommodat i ng evice or a control nechani sm

KkQr det &f N NG SOOI ONsOfi ce SURENEAQH N WRLEhi & Snot
necessary to securely stop the supercooled state, and

faocdey cenorwareoaobemaebantsiardimpplfybagteria and

stinmul ati on necessary to stop the supercool ed state.

vEgdher chemecaefatiagaest or Aaksbdimeluded- dscoeFeagarandto
preserving function for keeping good quality freezing

PEf't BPTe s opPi g™t He §@6§P686I€ﬂ°§t%H%¥ ﬂ?o§§?FenFF?%?

[é upercooled freezing is divided into five states
ep dlng on the tenperature of food: (1) unfrozen

st at I@ex@ Stad %r‘e@e%' Qﬁvémlgﬁmquatblér %xBﬁ_alneg%n fd@?%

is equal to or nore than the freezing point thereof;

padkdSupes € oghesh istdfte tnarsbatl € Ancaviiifedater according to
tenperature of food is equal to or |ess than the

theeembngdipeannto Dfthieh@reteood asvewtiocrasirtdiedteod tenhnotl
frozen, that is, the
mechanism for keeping a stable temperature environment which
is necessary to stably realize superccooling, and for
adjusting the temperature, the velocity, the amount, the
timing, and the like of c¢old air directly blown to food, a
structure of cases and the like for accommodating fcod, a
device or a control mechanism for determining completion of
supercooling which is necessary to securely stop the
supercooled state, and a device or a control mechanism for
applying stimulation necessary to stop the supercooled state.
Further, the refrigerator alsc includes a cooling and
preserving function for keeping good quality freezing after
stopping the supercooled state.
[CC37

First, the supercooled freezing is divided into five

states depending on the temperature of food:

(1) unfrozen state: a state in which the temperature of
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supercool ed state can be discrimnated by that the
tenperature of the food is continuously reduced. (3)
supercool i ng stopped state: a state in which the
tenperature of food is returned to the freezing point
froma tenperature equal to or less than the freezing
point; (4) state fromstart of freezing to freezing
conpletion: a state in which food reaches the freezing
poi nt, changes its phase (in a case of water, it
changes fromliquid water to solid ice), and keeps a

f ant t te.of f i
f%%ﬁ%%‘?wla%%e%?eﬁléﬁva fhgn Gl 428 :0k DHEEZ Obrcor;
a st Bepibsh &Oﬁéaﬁé fr %Zt%@eaflke&hleﬁ 15 Suhirpetedre

to t e pr cess 0 e item(4). The freezing

oBOERLs 0f dpading EQOQ§S§A{EaﬂNtH§QﬂﬁﬂeﬁQﬁg pefer of the
Beef/ pork has a freezing point of -1.7C, tuna has a

fboeeas nge lpoiayd tofe £bo3Cis podatir dwen,athereezEngtipopi nt
of - 1.7C, stramberré has a freezing point of -1.2C
sapdrappled s ea chnebei Agspoiminated PyoEheteFRf ence

document : Sougou Shokuhi n Kog 922 75)). The
tergeE3LSHOWRL i %I@?Odlfénﬁo?ﬁ Xﬁ%?%i% ﬁﬁpécsghdltlons

o oR TR R o hOPkd % raidd SUPREEDO i he

whi ¢ tenpera |s brought to a

tLRPREL Ak HE & e Rly 1] %th%édt{@rtﬁ&efrfe%@@agngop@t Ntrom a
t hereof al though the food is kept in an unfrozen

tshptedtand eduoond bironeksr thakitg: theesuper podhi ng
deeper (for | owering

(4) state from start of freezing to freezing
completion: a state in which food reaches the freezing point,
changes its phase (in a case of water, it changes from
ligquid water to solid ice}, and keeps a constant
temperature; and

(5) state of freezing completion and preservation of
food in frozen state: a state in which food is frozen after
it is subjected to the process of the item (4).

[(0038]

The freezing points of leading foods will be explained
here. Beef/pork has a freezing point of -1.7°C, tuna has a
freezing point of -1.3°C, potato has a freezing point of -
1.7°C, strawberry has a freezing peint of -1.2°C, and apple
has a freezing point of -2.0°C (reference document: Sougou

Shokuhin Kogyo, p.922 (1975)). The states shown in the

items (1) to (2) are conditions necessary to subject food to
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the tenperature which is reached in the supercool ed
state), the state shown in the item(3) is a
condition for stopping the supercooled state and
starting freezing, and the states shown in the itens
(4) and (5) are conditions for keeping the goodness
of the food subjected to the supercooled freezing.
[0039] When a sufficiently deep degree of supercool ed
state (a tenperature difference between the freezing
point of food and a tenperature reached during

Sgﬂgﬁgg% I%%ghf{ Ob% ed b erqﬂhkpu I%%o&h S%ﬁ&%ﬁm Lo

fect

asgglﬁég%%;dfkgcﬁ%ﬁokol 8§t lgé/stﬂ%nsttq{eesfr%gg\ﬂﬂg byithe

However, when the supercool ed

tskateri S1EAQRPEA HRY f@@@nhﬁgk@ptﬂoﬂ{ drorun@rbesg ttaeet aand
charge or to take out food in a supercooled state, or
abyohfCt easi fgr nakdely tegpeupéxnﬁplanadaewperafgreloweriﬂg
equal to or nore than the freezing point tenperature
the smperatkes twireobenrﬁelraﬁeh%duw %@ﬁ@@é@@ggﬁd state)

chanber becones, for exanp 0C or th

thi Phat? ethFverdl 6ic ét?@st(g BT T ISR O0t 405 f%ppmg
th th 3 b es

DL ppbOEe L SRS Tt UELLPIE (oot Tpe Lhe Do

sﬁéﬁﬁlgﬂttQ@ Wdds Q@ d%%@rH@?dagéséghdﬂtﬁ%d%aiérlHe@@iﬁ@

that beef having a thlckness of 15 mm and wei ght of
th20ggotifc €hasgatheas dododubThet adipes cdad isngpercooled
freezing.

[0039]

When a sufficiently deep degree of supercooled state (a
temperature difference between the freezing point of food
and & temperature reached during supercooling) is obtained
by controlling the states shown by the items (1) to (3}, the
effect of the supercooling is not lost by the states shown
by the items (4) and (53). However, when the supercocled
state is stopped by opening a door for a long time to charge
or to take out food in a supercooled state, or by increasing
a set temperature to a temperature equal to or more than the
freezing point temperature so as to make the temperature in
a supercooled champer becomes, for example, 0°C or more, the
state in the refrigerator is restarted from the state (1).

Next, the processes of the items (1) to (3) will be

described.
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condition of the supercool ed chanber (the sane as a
supercool i ng space) of the refrigerator of the present
invention will be explained. A point to which an
attention nust be paid at the tinme of setting the
supercooling condition is a cooling speed, the
di fference between the |owest reach point
(tenperature reached in the supercooled state) of the
core tenperature of food to be cooled and the
freezing point, and the |ike. Wen the cooling speed
(b§agpo fast, the food is cooled in the state that the
overall tenperature thereof is uneven (the difference
bet weianstt,he rsuhfacer temermitibe afi1lhee f@oskandtd Based
core tenperature thereof is large), a frozen portion
ocand amsanfrr edgrhpohtt onee Aireafiorgred thiackhesfoodl.15 mm and
[0041] Since ice crystals are grown around ice
walghleusleslStevend s chaagpdras ofodpod Tihe Frpgercct HYW i ce
crystals are grown while taking the water of the
cﬁﬂ%?%%ﬁh‘ﬁ%r %bﬁuPFSHP?h%d PHESF 1-62efi®Porefdh. As a

ské%%éeqz[j%%%ﬁagg%‘g%?% Qp}?éj%};f erag:rc%?to%' ey ra%eex% ed.

rystal's an rge i Cé Crys

iaveat £sh hetiweer eebhginnd the ddike act wASchR afadsEritdlon
flowing out of water in the cells and breaking - 28

maet |1se @nd fdtowheg cone 6f @ewlriny divel Bgpdetoosingg
food is caused. As a result, "flavor"” intrinsic to
cohelfbod is a ceddded, spetdi erte cbrftferescsubhteser ridee
amno acid and the |ike are reduced, and the texture
lpeedlet 830 Atd @t |(femperature reached in the supercooled

state) of the core temperature of food to be cooled and the
freezing peint, and the like. When the cooling speed is too
fast, the food is cooled in the state that the overall
temperature thereof is uneven (the difference between the
surface temperature of the food and the core temperature
thereof is large), a frozen portion and an unfrozen portion
are formed in the food.

[(0041]

Since ice crystals are grown around ice nucleuses, even
if a part of food is frozen, the ice crystals are grown
while taking the water of the unfrozen portion from the
partly frozen portion. As a result, large needle-shaped ice
crystals are created. Needle-like ice crystals and large
ice crystals created between cells and the like act as a

cause for flowing out of water in the cells and breaking

_28_



contrast, in the case when the cooling speed is too
slow, since an unfrozen state continues for a |ong
time, a problem arises in that food quality is
deteriorated by breeding bacteria, accelerating
oxi dation, and the |like, although no problemis
arisen to keep the supercool ed state. [0042] That is,
the unfrozen state is prevented from being prol onged
by st opping the supercool ed state by performng
cooling so that the difference between the surface
cEETRET AN A AN gf'a%tcgke t&ﬁﬂ? Ay I er-educed malls
t freezing p IS reac |ncrea3|ng t he
c8Qoking Meaed:es%tltt,hefﬁhﬂ@rmﬂﬂt@ﬂﬁ@Qbaﬁ:HéefGQ@ais to
or less than the freezing point is reached (when the
redpeedpohed sirat ecnsenaehseveds sirdehaminheatowestd the
reach point of the core tenperature is reached
lq&'fackrgl redngtabceindednabboetuthel s desgaéorgged. In

nperature controls and the respective cold air
Caafa%%ﬁenlt% Hi%e Fert UPﬁﬁdt]E%n‘E??ﬂddl?sliPe&d dBepip sBlov
until _the food r hes the free 0|nt
S¢{ipér dooredt €Et & e%uafon %n%?sless haﬁgt é%Pfe%z?rOblem
aR9LBL and icomilRielyiahhegens poldY; ek %?08943@@1&?9
supercool ed state, respectively. To solve the above
bREOBEenp, adhere-H4tS nal sQidatebhptaf the 29kepr avtEbwnHh no
t he supercooling space with an anti-bacteria
pitohteinons & instrhdad dkepsihg shpeaddlest stays.or ozone
is exenplified as the anti-bacteria function.

Ver, provision of the anti-bacterial function is

dlsaﬂyqpt%ge%%e unfrozen state is prevented from being
prolenged by stopping the supercooled state by performing
cooling so that the difference between the surface
temperature and the core temperature is reduced until the
freezing point is reached, and increasing the cooling speed
at the time when a temperature equal to or less than the
freezing point is reached (when the supercooled state is
achieved) so that the lowest reach point of the core
temperature is reached guickly. As described above, the
respective temperature controls and the respective cold air
adiustments are performed continuously or stepwise until the
food reaches the freezing point, the superccoled state egual
to or less than the freezing point and completely frozen
peint after stopping the supercoocled state, respectively.

To sclve the above problems, there is also a method of
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in that a cost is increased. [0043] First, the
cooling speed will be explained with respect to a
condition for entering the supercooling. Food is
cooled fromthe surface thereof, and the centra
portion thereof is cooled by heat conduction
dependi ng on the type and the thickness of the food.
This is because the cooling speed of the centra
portion of the food is determi ned after the cooling
speed of the surface thereof is determ ned. Further,
p¥henqthe fdctyati-en1 ofiqt spper aliuie s0f 2feedohsteria
actually controlled in a hone refrigerator, since the
faHef age. t enpeitabdr e rofisihe dnothvivlerdiragsi by ozone is
detected. Therefore, the surface tenperature is
epesstifbed H9 tde. anWhehat her tenperdtignes BPweher
surface and the central portion of food change wth
PEPHES HED tHe HhienenthePrebo 13! ST C6dl &d, 41 PR tageous
.tenperatures tend to be | owered approximtely
l§iﬁ$?5r?ﬁ?“¥h1§ ¢455°8F°he beef having the thi ckness
[954§? nm and the wei ght of 150 g, the tenperature of
alr around the periphery of the beef reaches a set
t enper il @hef @bl EX@MPb&ad +8G1 HéCexaNHind@Grith akegbct
30 mnutes, the timng at which the surface
tbeapesad 1t ioroff drhenfteodnyg etlchesiper3@olantit eeZdood poi nt
Is nore del ayed by about 120 m nutes, about 80
caphetebror thessurdageabbareed mltds eenfeas, portion

respectively as the set tenperature becones higher.
tpgégaf 1s cggled by heat cogguction dependqgg ong@he type

and the thickness of the fococd. This is because the cocling
speed of the central portion of the food is determined after
the cooling speed of the surface thereof is determined.
Further, when the fluctuation of temperature of food is
actually controlied in a home refrigerator, since the
surface temperature of the food is ordinarily detected.
Therefore, the surface temperature is prescribed first.

When the temperatures of the surface and the central portion
of food change with time at the time the food is supercoocled,
these temperatures tend to be lowered approximately
similarly. In a case of the beef having the thickness of 15
mm and the weight of 150 g, the temperature of air around
the periphery of the beef reaches a set temperature, for
example, -5°C, -7°C, and -10°C in about 30 minutes, the

timing at which the surface temperature of the food reaches
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T

The difference between the tenperature of the centra
portion of the food and the tenperature of the surface
thereof is small and about 0.5C to 3.0C, respectively.
However, a higher tenperature is set to air, the
di fference between the tenperature of the surface and
the tenperature of the central portion is nore
reduced, and a lower tenperature is set to air, a
degree of supercool ed state, that is, energy required
in freezing is nore reduced. The cooling speed is

. e t KLha ut
B R D IR PRSI I T R G e 2o
seoehhﬁge§p§§dlég},,t hedt eBBeF atUrei AORs ios ackepperature
zone relating to whether entering to cooling is
rp@psibl ey Wtthe \Aken tbhpetetper dadmnesehigberhe
peri phery of the food is - 5C, the cooling speed on
[Pké43urface of the food is about 3.5C h, when the

tenperature set to the periphery of food 1is
cool TH epfefeedfeeﬁetﬁetgeg HEF drengzerded Py t%%o?ﬁntfal

h
por t g oEnd hER.d Bl SURCLBLULE, Pl F e RELERDETY

hé Supércooling is s

t5QeLLRY; SP&R i Sarép%%tou%ogj Bec[0045]0° s I%S%@%Hhtrelifi

I's shown that when the surface of food 31 is apart
Howemekheacenjhad wRefddreruirher eofet the agl ithe speedrence
of the surface of the food is 10C h or |ess and
hetetenabhy t&@draonrdeess aset her Latrliandrrhfeot eBRe &2 T HES
t he supercooling. Further, at the tinme, there is also
of F@ﬁpé?ﬂfﬂ@b Eﬁ#?%ﬂﬂEﬁ@emore reduced, and a lower

temperature 1is set to air, a degree of supercooled state,
that is, energy reguired in freezing is more reduced. The
cooling speed is calculated in the range in which the
surface temperature of the food falls to 3°C to 0°C. The
cooling speed in the temperature zone is a temperature zone
relating to whether entering to cooling is possible or not.
When the temperature set to the periphery of the food is -
5°C, the cooling speed on the surface of the food is about
3.5°C/h, when the temperature set to the periphery of food
is -7°C, the cooling speed on the surface of the food is
about 5.5°C/h, and when the temperature set to the periphery
of food is -10°C and the supercooling is shallow, the
cooling speed is about 10°C/h.

(0C45]

As a result, it is shown that when the surface of food
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bet ween the surface of the food and the centra
portion thereof. Wien the set tenperature is -5C the
tenperature difference between the surface of the
food and the central portion thereof is about 1C (K)
(the cooling speed is about 3.5C/h at the centra
portion of the food), and when the set tenperature is
-7C, the tenperature difference between the surface
of the food and the central portion thereof is about
2C (K) (the cooling speed is about 5C/ h at the

entra orti.on of f n NLEEBing speed
TGhBRehe S8 Tomper St ol r ot LI At AT ok ot homnd P

%UEEECQQ£f£Eh'd%'%%%|k%ﬂ@ 981©Hﬂn€&ﬁiukﬁsdaﬁ&epe@féxably
bet ween the surface of the food and the centra

sperti ep 1tbereoftis @halittid3c Ky éhhertowl fing sqn§a$opéing-
about 10C/ h at the central portion of the food).

Flug tshownat riome tthiene ,alsbeeer ésupise hattame rtaéﬁﬁér %%ﬁ?%rence
di fference between the surface of food and.th

be&rEREl t%‘?—.)rw]b?\act%é)rfe&ﬁ‘el §03¢ #K§ ths G 3N aortlon

pr ef er abl K) or less as the condiddon,fo
BREEPENg %% "ol 5CRG ST AneR” t he g%staﬁge %S?R%E%ture

% eré#géaﬁgt&%?ﬁtghg(g%ifggg thecgentdd RQ theNcentral

ereof s sna i's, when the heat capacity of

ddie ibaodnk sespBld .adit 32c exanpties d¢dvltimg casedofis about
thin nmeat and the like, the degree of supercool ed

RisAghi & tnohe naetet ishialdcowieventi fhe h@O@C@t: anelmpeeat the
is below -10C, for exanple, -15C. Then, good ng%SQen
sﬁﬂode@@ﬁrbéug@t;ﬁrnﬂfc the temperature dlfference

the surface of the food and the central portion thereof is
about 2°C (K) {(the cooling speed is about 5°C/h at the
central portion of the food).

[004¢]

In contrast, when the set temperature is ~10°C at which
the supercooling is shallow, the temperature difference
between the surface of the food and the central portion
thereof is about 3°C (K) (the cooling speed is about 10°C/h
at the central portion of the food). It is shown from the
above result that the temperature difference between the
surface of food and the central porticn thereof 1is 3°C (K)
or less and preferably 2°C (K) or less as the condition for
entering the supercooling. When the distance between the

surface of the food and the central portion thereof is small,

that is, when the heat capacity of the food is small, for

_32_




[0047] It can be contenpl ated from what has been
descri bed above that the cooling speed of the surface
of food is the <cooling speed at which the tenperature
di fference between the surface of food and the
central portion thereof becomes 3K or less as a
condition. It is contenplated that the follow ng
phenonena can be avoi ded: a) when a tenperature
difference is increased between the surface of food
and the «central portion thereof, the density of the
wat er contained__in the f el he e
eéﬁlﬁ?/%%‘t ilonnatcg]fe {h&“wa e?hllggﬁ ag'{]ﬂdg]giei%r?et Egk%bo%lh? geare
ofalussd by, e difitergngs: beiveemaldensicheasi of cidiaset
wat er. Accordingly, since the association rate of
tWRbeFa iRt G esliow FNOFeasesk taxstdlryl atlé®Cor nEldon a
of ice nucl euses enough to grow into crystales, the
gsupef condn nipdds deinabkecbbabeedt opped: b) when the
surface of the food is frozen first, a stable
(8Ad7tonment is formed to the food in its entirety in

the state that the surface_of h ood, is s

constlarft’¥ rb(?efioﬁéeﬁﬁj?ﬂfec?e%oé? é"tthl?‘r%egasAE%%? |%1Sg'{r3‘,b%tdhe
[s_stably a egzd jdat or @pdgal s

a% ggcgg??ngg%éggﬁgkgnéﬁ%??egff?%%??ﬁgggﬁr?éce o? thethe

£80dnksspsed as Jratentnbeatnpé hetehy dirfefeziengei Between

proceeded. 33 Therefore, when the surface of the food
the bnozese dhefdw@bdind shaoteenta ) ebor sigpetbesked. becomes
[0048] In contrast, as to the air tenperature around
3Kher less as a condition. It is contemplated that the
following phenomena can be avoided: a) when a temperature
difference is increased between the surface of food and the
central portion thereof, the density of the water contained
in the food changes, and the convection of the water
contained in the food is caused by the difference between
densities of the water. Accordingly, since the association
rate of water molecules is increased to stimulate formation
of ice nucleuses enough to grow into crystales, the
supercooling is liable to be stopped: b) when the surface of
the food is frozen first, a stable environment is formed to
the food in its entirety in the state that the surface of
the food is set to a constant freezing point temperature.
Accordingly, the food is stably kept at the freezing point,

and all the cocoling heat transmitted from the surface of the

food is used as latent heat, thereby freezing is proceeded.
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peri phery of food, it is ordinarily preferable to set
the air tenperature around the periphery of the food
to -10C or nore to bring the tenperature of the food
to the freezing point thereof or |ess while keeping

it in an unfrozen state, although the tenperature is
di fferent depending on the type and the thickness of
the food. It is apparent that the upper limt of the
air tenperature around the periphery of food is equa
to or less than the freezing point of the food which

Tbgrg%%l eq. 48 ??2?8%%888'39 %eefool’cljocpls fr(rozén, thy. food

eratfure o exa and

1Ee§§t eé%E&éﬂ93§%%@%Eoblght temperature is set to -2C
to al nost all e foods. The cooling speed for

iguppressing the tenperature difference to 3C (K) or
| ess is about 3.5C/h to about 10C/ h and particularly
pr ef br abincralbout a5CLh ohre dxssme@GAQPIekbn@wmd'Uumen

a food has a thickness of 10 mmor less as in
PEFLERE e THRd t Bé Ile@rd%’h‘%sz]u\bé’rr@é@IréEPl@t E?esﬁ‘-% the

t db tti I 3Q0C/ h
B Bt P, e e BB S gt e 858 5 e or
meﬁge§§a5f/l rthae t@:#%%lffl%?é baving A thieknesseple ., ing

about I's sufficient in any

pbogad t@eﬁéwﬂorcﬁcsaetslaewh@mek@éwrﬁ; i fiherancerbetaveeitate,
the surface of the food and the central portion

aflhbreglf tloe alkoyte r3aCurtol s atyf footht Aepkadghgaon the type
honogeneous food material such as yoghurt, which is in
agdgkhe thickness of the food. Tt is apparent that the
upper limit of the air temperature around the periphery of
food is egual to or less than the freezing point of the food
which is desired to be supercooled. The upper limit
temperature of, for example, beef and pork is -1.7°C or less,
and the upper limit temperature is set to -2°C to almost all
the foods. The cooling speed for suppressing the
temperature difference to 3°C (K} or less is about 3.5°C/h
to about 10°C/h and particularly preferably about 5°C/h or
less.
[0049]

However, when a food has a thickness of 10 mm or less
as in a sliced meat and the like, the supercooled state is
entered by setting the cooling speed to 300°C/h or less, and

the cooling speed of about 2°C to -3°C/h is necessary for a

block meat having a thickness of about 40 mm to 50 mm. It
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state, and in which water is |liable to be held at a
predeterm ned position, and which is liable to be
supercool ed, is supercooled at the cooling speed of
about 3.5C/ h to about 10C/ h, it is also supercool ed
at the tenperature set to -18C and in the tenperature
difference of 5C to 10C. [0050] To cope with the

t enperature unevenness around the periphery of food
as one disurbing factor at the tinme when the
supercooled state is entered and the supercool ed state
.S suff|C|§nEOto s%ggre%%ean even oollng

lgp%“éggléjteha% InS antyofoo uce %lhpé.? [eF0]0) tem%%rar%ru%d

d&E?eP@ﬁééﬂﬁgﬁ@é% thgesﬁ99gceEyftJH37fooE Qﬁangﬁet%%ntral
avoi ded that the air tenperature in the periphery of

pbheibpoghd:Sdd wet uabed byc, ther iy yenree ohltheugh a
operation of various equipnent such as turning on and
hofbgeficaucoimprdesaorriblr sucy on eyhueftf, ehieh faninm gel

the refrigerator, opening and closing of a danper,

shplet h@nqi |3Rfé whgiche #aSPRgT & hblaleke @e%@t 8eleo2Eoht r ol

an air erature to a cert red ern1ned
herbne

PFE%E‘FQHH RRfe i oPhe@ B r R s Pl B¢t uat ed,
kg g LEIPE atluaf %upe'rgéwé‘& op i té‘b 1\?\% Féea”é} e &Pc
te ood

cordi ngly convectli on O Int

31.§° @s«:ﬁe&@réﬁtcﬁ& 1hRalni, sit 8i NCRsd hRRSR6LAkI 9P f1d e
of water nolecules is increased, the supercool ed

teihpéeatsrd il ect e1bécsuopped. tH&)ﬁHmmaiatbee difference
convection to enter into the supercooled state, the
Oﬁaﬁg@ pf 1L0°C.

[0050]

To cope with the temperature unevenness around the
periphery of food as one disurbing factor at the time when
the supercoocoled state is entered and the supercooled state
is kept, it is sufficient to suppress an even cooling speed,
that is, to reduce the cooling speed around the periphery of
the food. Further, it cannot be avoided that the air
temperature in the periphery of the food is fluctuated by
the influence of the operation of wvarious equipment such as
turning on and off of a compressor, turning on and off of a
fan in the refrigerator, opening and clesing of a damper,
and the like for causing the refrigerator to control an air
temperature to a certain predetermined temperature. When
the alr temperature is fluctuated, the temperature

fluctuation in the food is increased. Accordingly, the
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tenperature fluctuation to exceed the freezing point
(for exanple, -1.7C) of food, that is, the range of
tenperature fluctuation until entering into the
supercool ed state was w thin about 6C(K) or less in
an experinent. [0051] Stinulation for stopping the
supercool ed state nust not be applied to the surface
of food regardl ess of the size and the type of food.
Accordingly, it is preferable that the fluctuation of
the air tenperature around the periphery of food be

C n%gé 16K ég%%%rhgegPabg ﬁ?ﬂﬁ%%ﬁeFaE fﬁ§§|$ge
PO Crea € supercoo ed S ate even ﬁe degree

S§HQ@rQQQ|éggégfgﬁaohsrg@geo§h@ﬁﬁé¥Mﬂbﬂ@buﬁQ§ @50£ﬁ@&éd§éﬁ
whi ch the supercooled state is realized is reduced

tﬁ@mm@@fcoom super ceol edr5¢ at® A thepedt ered &weni the
in the environnent, in which the tenperature
cbhuetuata ore i tear getot haa Skpefaroleakanpke, 16ke i yandye of

vicinity of a blowing port, and the supercool ed state
temRe bet ierlel et ievenof ¥Ceed dote GrecaiPdl PRRPEh(F%F

B0 o omlr SRS SRSt LS M0l RGBSR Vel Sorarpre
£ SLPeaal el Shate:andih0o MBLE ddpddeBRtLy L0052]...

ood I'S Ccoo predet erm ned

Wi @RREr gbdhe€, 69d (k)i $rceekedinthe sipdacrnienperature of
the food is Iomered and the tenperature difference

[(betneen the surface tenperature of the food and the
air tenperature around the

Stimulation for stopping the supercooled state must not
be applied to the surface of food regardless of the size and
the type of food. Accordingly, it is preferable that the
fluctuation of the air temperature around the periphery of
food be within 6K as described above. However, it is
possible to create the supercooled state even if the degree
of supercocled state is made shallower or the probability at
which the supercooled state is realized is reduced somewhat.
The supercooled state can be entered even in the environment,
in which the temperature fluctuation is larger than 6K, for
example 15K in the vicinity of a blowing port, and the
supercooled state can be made deeper even for a food
material which is liable to be supercooled. It is not
necessary to perform cooling at the same temperature to

enter into the supercocled state and to make it deeper.

[0052]
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peri phery of the food is reduce, thereby the surface
tenperature of the food is approximately stabilized at
the air tenperature around the periphery of the food.
Accordingly, to make the supercool ed state deeper, it
is preferable to performcooling (deepening) while
keeping the tenperature difference between the air
tenperature on the surface of the food and that
around the periphery of the food. For this purpose,

it is preferable to lower the air tenperature around
the periphery . of the food according to .the .
t enpetEt i€ %f 5t ﬁ8°§%?f%fcea S RESFBORSE SR Tatures It
1eUBEt 8k U & Plc 18 BePLRBL PALIL QfF LR 88ba 10 fovered,

process ' for ing the supercooled state In a

ah8f Ehgefahiratdgepes rrarsete SIPRIAL Whe BBYrbhee | overed
by 1C at each predetermned tine (this is a tine

tphp¥rotsty @Xafengdodnaad tieXpert nempeattwhiechrdlrel the
tenperature of the food is lowered by 1C, for
pexamptey Of Fhrouopdafiteredupr eddtaaravnétieperk ddce of
tinme passeﬁhéthis is a period of time prevLousIg
CEXRATHEY S | dﬁméfﬁéﬁihén?pﬂiﬁﬁ%ﬂfﬁﬁﬁﬁbﬁtﬁﬁéllze at the

temperature of the central rti on of .the fqod
o SRRl Ao Tpe r B RA b sne Bold2l . 5

AQQHEéinéggpak)hw§% twgtguﬁg£§oéwgﬁzgéd%%'d%EB@?,tD@ is
food can be cool ed while " keeping the tenperature

peefleseneer bejiavernnt Beocdihg {@MLlnd) e walf 1EhRespifpcte
of the food and that around the periphery thereof,
tehpesapere obl Ek rsinaee bedne be Medeaidegpaperature on the

surface of the food and that around the periphery of the
food. For this purpose, it is preferable to lower the air
temperature arcund the periphery of the foed according to
the temperature of the surface of the food or the
temperature of the central portion therecof. In a process
for making the supercooled state in a home refrigerator
deeper, a set temperature may be lowered by 1°C at each
predetermined time (this is a time previously examined in an
experiment at which the temperature of the food is lowered
by 1°C; for example, 0.5 hour) after a predetermined period
of time passes (this is a period of time previously examined
in an experiment during which the temperature of the central
portion of the food reaches to -1°C after it is charged; for
example, 2 hours.

f0053]
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Conversely, when the air tenperature has a | arge
anount of unevenness or when the air tenperature is
greatly fluctuated, since the tenperature of the
surface of the food is distributed in a | arge range
or the surface of the food has a | arge heat

transm ssion rate. Thus, crystallization begins from
the portion of the surface which is liable to be

cool ed and thus the supercooled state is stopped.
[0054] Fig. 2 is a viewshow ng the states of neat

structure at the tine when a neat. i§ frozen b
or ity iFcRPSFFECaT ng: - it ‘4 SUGBRcGdl e 1768z ng1®

and.when a neat frozen,. ' e shown in
KRGS (e pRRenas PREFe S, dRHTRRE ety shouh | )

t%ﬁﬁe?é@@f@dmﬁQjﬁp%bmfgb§h®fa€ﬁgtfﬁhd|dn@etﬁétlﬁgound the
reezing them has a |large size, cells are broken and
pai i ARt i ralid p the snpeeaseledfdiertd ey heemade deeper.
defrosted. Wen the amounts of drip of beef round and
Coumarsahy chvlare thebjaect sdmpers Hers e codpsgef pBeFthgt

and to ordinary freezing are conpared with eac
upeNePneEheP® YRED figitdid (HEA@EHEY T Rat S t HESH (L usiEvaced.

dri t he beef d_t bji eGt .
36681 £b51 BTy s “B0pBr bosed Tt o el F ot amount
d@%tngatgél%b9§ehﬁﬂﬂJ %58@ Lo the 5ur3BiceOh@ RBEYfood has

reezing. is assuned that root and tuber crops
aSllcél%g@Sh@QE at ea it dhenl rkeear eThod, stivtsahlieikerion

conveéntional freezing. Wien curry and the like are
peades ifromi she gsertied iof anérezehast athecind seatahle to be
after it is heated
cooled and thus the supercooled state is stopped.
100541

Fig. 2 is a view showing the states of meat structure
at the time when a meat is frozen by an ordinary quick
freezing, and a supercooled freezing, and when a meat frozen
once is defrosted. As shown in the figure, it is known that
when ice crystals, which are created in meat, fish, and the
like during freezing them, has a large size, cells are
broken and an amount of drip is increased after they are
defrosted. When the amounts of drip of beef round and tuna
which are subjected to the supercooled freezing and to
ordinary freezing are compared with each other, there is
found a tendency that the amount of drip of the beef round

and tuna subjected to the supercooled freezing is suppressed

to half the amount of drip of those subjected to the
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again in the next day or later ordinarily in hone. At
the tinme, it is a comobn sense to freeze the curry
after only the potatoes are renoved or crushed in
order to freeze the curry tastefully. This is because
when the potatoes are defrosted after they are

frozen, they are nade coarse and the texture thereof
is deteriorated. [0055] However, when the curry is
frozen by the supercooled freezing, the texture of

the potatoes is not alnost different fromthat before
freezing.them_ and.the_c r t u
o581 boer e B ol 7t 8 sq S d it gtey’ SR LGS dfs
sGeaPonent . of, RAlALA. § 5 gONRES etk ©fsarpuase rard

anyl opectin. The three- dinmensional structure of them
c@dhQ@enbli 6ken eddiecgr owhbnotutee arysthal Sika bhe made, it
conventional freezing nethods, and since the

ist restured birokerf ozee stahet and exttored fdean iff igheeated
potato is defrosted, thereby the potato is nade
aggarsen Fhe cmith 491, ot 1p&eEopt S Htled 1PhBP™Er nckt the
the ice crystals nade b he_.supercqol ed freezin

8Py 1 h S (Lo RoPLal Robtoaet ai gty aeced Aify
chiar ﬁg%gkg@]g% A8l e (AU %%u[:@ugl_fleétﬁ{ Ly By sheeszi ng
and thus the original three-dinensional structure can
Re rkephscerdiy [ 0666]s 1ACeREELHg!Wher ttHes poeatespl aied
that the texture of the potatoes, which are defrosted
dafftresttheyfase Sy ecteedrboent hehsypere oelded chreezi agd
is not deteriorated. This

the texture thereof is detericrated.
(0055]

However, when the curry is frozen by the supercocled
freezing, the texture of the potatoes is not almost
different from that before freezing them, and the coarse or
mushy texture of the potatoes can be eliminated. Starch as
a main component of potato is composed of amylose and
amylopectin. The three- dimensional structure cof them are
broken by the growth of ice crystals in the conventional
freezing methods, and since the structure broken once is not
restored even if the potato is defrosted, thereby the potato
is made coarse. In contrast, it is contemplated that since
the ice crystals made by the supercooled freezing are very
fine, they do not almost deform the three-dimensional
structure of starch during freezing and thus the original

three-dimensional structure can be kept.
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principle may be applied to the other foods which are
assuned to be not suitable for freezing, and thus it
is suggested that the foods which are conventionally
assuned to be not suitable for freezing can be frozen
when the supercooled freezing is used. As descri bed
above, it is found that when food and the |like are
frozen through the cooled state, fine ice crystals
are created, so that the intrinsic food structure of
cells, protein, and the |like can be kept w thout
gﬁégg changed. [0057] Accordingly, even if freezing
efrosting are repeated such as when food, which
Isf gfgj def posted,, QNG atdey khazepnagadand dihehe
A@ fg@qg aggozglg??lty E?hat the quality of the

pEQQGoé§ net i @xtareeley rdet eqi ofrad ek hedi ffrer enbliycfedmo
the conventi onal freezing. Although the nerits

tabt aipedcdylasingetziagsuper cobl dekdriegziteg - i nThis
ordinary hone, is described above, it can be said that
prheciplpereodedrrldesdi g Ehn DNl fféaqsxxéfwct}tﬂ?zed

when foods are processed. There is obtaln uIt
aﬁﬁafnefihEOfl?%éﬁé%s‘-‘ul&Pﬁsef8Fy ta7E Wedl %E o

sfulgggrgggl % reezi % ggﬁéeﬁ %k@fcargzé&%%aq%aagggm@a to

€zi ng per or me and thus it can

peaidit Bat Lhee stperGeal.edqf F8ZbOI Eabbemenubski t ut ed
for a business-use freezing chanber in that high

sQakicbyl £a eezéagiean shesedal | 2edde Simideed biogenott is
necessary to create ultra cold tenperature u3|ng

floangle thabuwtemf food and the like are frozen through the
cooled state, fine ice crystals are created, so that the
intrinsic food structure of cells, protein, and the like can
be kept without being changed.

[0057]

Accordingly, even if freezing and defrosting are
repeated such as when food, which is frozen and defrosted
once, is frozen again and the like, there is a possibility
that the quality of the food is not extremely deteriorated
differently from the conventional freezing. Although the
merits obtained by using the supercooled freezing in
ordinary heme, is described above, it can be said that the
supercocled freezing can be effectively utilized when foods
are processed. There is obtained a result that the fineness

of ice crystals created by the supercooled freezing is

superior to those obtained by freezing performed at -60°C,
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energy as in the business-use freezing chanber, there

is a nmerit of great energy saving. [0058] It is
assurmed in the above exam nation that the velocity of
the cold air flow ng around the periphery of food is
0.5m's. The cooling speed of food is determ ned by

the tenperature difference between the air tenperature
of the surface of the food and that around the

peri phery thereof and a convection heat transm ssion
rate. This is because that a smaller convection heat
transm ssion rate ca e .red
B T o erite DA GEof ot Het 1t enpes At b oF  Fhe cort ace o >
shPe: [0oc ANt Nelenetalube cale Ay corkbak PAriian nigh
thereof and that it 1s desired to nake a supercool ed
g8k at ey el &K Vg Nahebkhatal Deegoolginge dpeed hst necessary
prescri bed by the variation per hour of the surface
tbenpesas Wikt of ddiel freogerandra thigrmwpilllggpsamount of
exenplified as a neans for detecting the surface
enenper at ure tgie foed NeRsanse ab R LS GAGEPerThEReTe 18 @
thernopil e detects the surface tenperature of food in
TErABNOEont At STarhYer SBy ' Fécei ving the radiation heat
[gﬁgsiated by infrared rays emtted fromthe surface

o] e food. Wth this operation, the control tine 41

in each; Process can bgeextondead Hiirshaohenrdt ackor di ng
to a charged food by presum ng the tenperature and
viehecateaoof thd he fbed f rapwthe 4empet ather @edeprbet gdo by
thernopile at the tinme when the food is,char%ed into
faoswiischi g/ charitier cared ing speed of food is determined by

the temperature difference between the air temperature of
the surface of the food and that around the periphery
thereof and a convection heat transmission rate. This is
because that a smaller convection heat transmission rate can
more reduce the temperature difference between the
temperature of the surface of the food and the temperature
of the central portion thereof and that it is desired to
make a supercooled state quickly. WNote that the cooling
speed is prescribed by the variation per hour of the surface
temperature of the food, and a thermopile is exemplified as
a means for detecting the surface temperature of food in an
actual product. The thermopile detects the surface
temperature of food in a non-contact manner by receiving the
radiation heat generated by infrared rays emitted from the

surface of the food. With this operation, the control time
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the like of the refrigerator and further presum ng the
heat capacity of the charged food fromthe variation
per hour of the tenperature detected by thernopile
thereafter. [0059] Since the supercooled state is
originally an unstable state, it is stopped at the
time when a certain type of stinulation is applied
thereto. In general, it is said that the supercool ed
state is stopped by vibration. However, when, for
exanpl e, a seal ed vessel is filled wwth water w thout
ce,_and the I he . supe I a '

l“t%%gééiéVﬁﬁﬁ-Fa fOr 8§éen?%§l % q%ﬁ%%e Eié8§%§%{%§ to &
cHLPLEA Yo kgﬁqnfe%mﬁa tﬁel&mra%tuq@pquem@ éfeat her
watér is charged into a pull-out type chanber of a
thef Fbeer atof ,tHeo conamptere @ tsoddechioyg tbbanbetlandt the
the door thereof is conpletely opened and cl osed
t$ewevlatn tens fod ilweshaHoa@verto whenwisehyngoneahedf agfd
the sealed vessel is filled with water, the
t§9péﬂé%o‘l’%otl“§{ aﬁeérulgeﬁéaﬁe@n%tf% PrEfAIRhRI f‘&%ﬁ‘t heat

ti oned t ted that
RRPEhCR < i GPes refiié"%’% FTB0, 1% Yhdcedeay ots iy o

(hRe.SHBELFSl PO stale by VALALioN. (0A0L B2 1 the

as meats, I'ts, and the |iKke,
EDLELE the respective ceIIs t hereof and the portions
between the cells thereof are filled with water
Wi t hmicea thepaceertheyed ortraaspand oroganséay edh wesselble
filled with water
state, it is stopped at the time when a certain type of
stimulation is applied thereto. 1In general, it is said that
the supercooled state is stopped by vibration. However,
when, for example, a sealed vessel is filled with water
without a space, and the like, the supercooled state is not
stopped even if, for example, the vessel is shaken violently,
and further it is not stopped even if the water is charged
into a pull-out type chamber of a refrigerator, for example,
a switching chamber and the door thereof is completely
opened and closed several tens of times. However, when only
one half of the sealed vessel is filled with water, the
supercooled state is stopped at once. From the fact
mentioned above, it is contemplated that a space, in which a
ligquid is free to flow, is necessary to stop the supercooled

state by vibration,.

(0060]
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wi t hout a space. Actually, the supercooled state is
not stopped in the switching chanber in which a
supercool ed neat is charged even if the door thereof
is conpletely open and closed repeatedly. Further,

t he percentage of the entire food in which ice

nucl euses are forned at the tine of stopping the
supercool ed state is determ ned by the degree of the
supercool ed state. Wen, for exanple, the degree of
supercool ed state is 4C (K), it is apparent fromthe

fol l.owing expression g{%yg?afn%seezjéi@%e@at -0t hat 'r&ghtge

nucl euses  “areformed _ five pefcentage 0
1 %?rsgggéaﬁﬁgﬂkééﬁec heceptiig f00dof rR@ZikRE pattOons
% = (Cp*rv*AT)/L*rv*1 00 Cp; specific heat (kJ/kgK)

veirwdBASthY &K MBher¥orvakynei (18] witH atertr héabout a
(kJ/'kg) AT; tenperature difference (K) [0061] Wen
spheedeghee ofrsupenrcodied setatedivwex@l ifcdledr ysthl gater
are fornmed in a fine granul ar shape. Food reaches to
WifBopEedzfPRCDoI MCtieddyes THE phiaker ©fdfge SEARSt he L3se
of 43  water, i%ﬁgggﬁgﬁs fromwater of a liquid c
SEoPPEd| E8) Hamd v s REPPehL A onst ant®™ 3%581?3 8=
14uring %H%P&g'@ﬁ t@{e dolo® LE QDL E e 1dJfRy 1@k M 6Pk NEna
tenperg ure of the food is returned to the freezing
AQisBY LEPBL Bed BpPErAl R requAk pOrcentage of the entire
food in which ice nucleuses are formed at the time of
stopping the supercooled state is determined by the degree
of the supercooled state. When, for example, the degree of
superccoled state is 4°C (X), it is apparent from the
following expression of a freezing ratio that ice nucleuses
are formed by the five percentage of the water contained in
the entire food.
freezing ratio (%) = (Cp*rv*AT)/L*rv*100
Cp; specific heat (kJ/kgK)
r; density (kg/m?)
V; volume (m3)
L; latent heat (kJ/kg)
AT; temperature difference (K)
{00611

When the degree of supercooled state is 4°C, ice

crystals are formed in a fine granular shape. Food reaches

to the freezing point, causes a phase change (in the case of
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or less than the freezing point after stopping the
supercool ed state (the tenperature difference at the
time is the degree of the supercooled state) to the
time at which the food begins to be frozen and is
placed in a conpletely frozen state in a next
process. Thereafter, the freezing is conpleted, and
the food is placed in a frozen preservation state at
the set tenperature. Wien only the supercooled state
i s caused, a subsequent freezing speed does not affect

an ice crystal shape, fine ice nucleuses are forned in
weREE, Shpereriioc HOR B3 t8Rdof i § IO yot & SobPe Fee] Tnd

entire food .are nmade _fin rovi ded t | C€ri0d of
bﬁﬁgwgﬁs%%p%rif %ﬂ%ﬁﬂ??ﬁﬁfege?%F%%ﬁggg%f%{g?hpoggé ?06%%] ©
Anedessri bed ahave. Lhikl PRSStdhS 1o det ermine thed is
percentage of the water contained in the entire food,
rehergeat be iwe muel-augepoane fosied wuidengtatroppingl to
the supercooled state, on the basis of freezing

araflees Atgoridindg te@ziing pdanh aftan sHgrriingesfe when

t he degree of supercooled state is 0.8C, the freezjing .
super6opPsedbdiatel Goenderpararyst al st fersd ofhedhfntHe +3
| ar ge needl e-shape. Wen.the degree of . s rcool ed.

t&ea EgFgeiﬂgréﬁ%éﬁ“ﬁﬁc981§.GE?a?%h'%?j§¥%#§%§rgg-$gﬁgh

tlﬁ%d%oggngécgjgﬁgbécy J% gﬁ“gz?ﬂ\é\gﬁgris V@ﬂhécﬁ%rlf rae%é.fnﬁgetely

ratio I's  about 39 egree of supercool ed
S1Ake ksatbcigasedxt @ hcdCs. i Cenerystials ane wadezsng is

fine that they cannot be discrimnated by naked eyes,
b 1Ehedf r @edi tige rfatddo iat pttheed in a frozen preservation
state at the set temperature. When only the supercooled
state is caused, a subsequent freezing speed does not affect
an ice crystal shape, fine ice nucleuses are formed in the
supercooled state, and the ice crystals of the entire food
are made fine, provided that the ice nucleuses are
distributed to the entire food.

[0062]

As described above, it is possible to determine the
percentage of the water contained in the entire food, where
the ice nucleuses are formed during stopping the supercooled
state, on the basis of freezing ratio. According to the
data of an experiment, when the degree of supercooled state
is 0.8°C, the freezing ratio is about 1 % and ice crystals
are formed in a large needle-shape. When the degree of

supercooled state 1s increased up to 2.6°C, ice crystals are
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time is about 5 s. [0063] As described above, ice

nucl euses are uniformy created to the entire food
regardl ess that the ice nucleuses which are created
during stopping the supercool ed state occupy only
several percentages of the water contained in the
entire food, on which the state of the ice crystals
depend during the freeze preservation perforned
thereafter. Further, the energy accunulated in the
supercool ed state is used as energy when ice

nucl euses,are .created. Accordj ngl Bt - s
m@%ﬁt%ﬁ%fﬁ%%ESFﬁ%?%gehigﬁ%?e%%@ng%% t&%p%?%%éf%% e’
aPBgta?al argel amout ot aecHpl Ated LnergyeCkgal fefeased

arger anmount of i'ce nucl euses during stopping the
ctpuperecopl gk statre1andreheadd aseteimeofthiate taeystahsotd Soe
reduced thereby and that food is | ess damaged by the
dicertmyssadd.by 0064 epssdesnd itfed fasevéngi rakge at the
necessar% to cool food accommpdated in the
tiaer fgereor by*-a certain range of cooling capability
in order to place the food in the supercooled state.
(PRieS means that the supercool ed state cannot be

hi t ' 7 ate
e R e SHBREC OR g R AR s e SRR L By, g ated

th0@heWeAKi P 1O Stdganrdie¥bepihecoaldangucapabeti dityich
is weak, although the accomopdated food is liable to
ahe prageddisutine ssuperiegobkd stpds;odikel soekiengccupy
capability around the
only several percentages of the water contained in the
entire food, on which the state of the ice crystals depend
during the freeze preservation performed thereafter.
Further, the energy accumulated in the supercoocled state is
used as energy when ice nucleuses are created. Accordingly,
it is contemplated that a higher degree of supercooled state
and a larger amount of accumulated energy create a larger
amount of ice nucleuses during stopping the supercooled
. state and the diameter of ice crystals is reduced thereby
and that food is less damaged by the ice crystals.
[0064]

As described above, it is necessary to coel food
accommodated in the refrigerator by a certain range of
cooling capability in order to place the food in the

supercooled state. This means that the supercooled state

cannot be achieved or the supercooled state is stopped at
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peri phery of the food is weak, that is, a tenperature
becones high, and thus the reach tenperature point of
the food in the supercooled state is also increased
with a result that the supercooled state is not nade
deeper (a tenperature is nore | owered) and stopped.
In general, since a |arger anmnount of energy is
generated by a deeper supercooled state, fine
crystals are created in the food and high quality
freezing is perfornmed, and thus a deeper supercool ed

osntcaet ewhlceanggt [Bg%gisrgc?%lsap{sa%el %ydeo?y a?i/\j‘tar}acrjg fo%%lo'iisngoo

capabi |ty 0 't he
V%Hﬁ? QOQangtr$Q n %ﬂﬁng%mkhcoe§gggeéaﬁgblf¥¥y:1§Kweak

when, for exanple, the tenperature of foodreaches

410 rcAG mhbhac§m%m&¢o%atlg 12861 & heh Hhelaced in the
tenperature is instantly increased to -1C by stopping
dure r cawpercoohed, stiat ejgoldankargeadif f ey engerrics tbaused

in the amunt of drip flow during defrosting neat.
Pﬁﬁ%ﬂ@ﬁéﬁeOflFheléo%%c@%gﬁﬁ%itéhﬁéré?bl@ ?ﬁ%ﬁﬁ%@?&re

deepe rcoole state. On.the contrar

e B acane rohet W remrang enoer Shar patis o "Bue

J;OQ)J hat \A@egué e.Lemmerat.yrn l%f aEQSd nd £2CNeS wtl(%zxt Qe.
reezing tenper fure thereof I's frozen as -

tesAnd thiat cgy eE‘uﬂ)é récngew@,e;@%eohgdn §t atfid Rpler QQ
it is stopped at once by being stinulated by the

sinpeng taeel iagmocapbhidddd). a8 atopsedt, In deeprdegreence
of supercool ed state cannot be obtained, and thus it
4 slayuegcensuny ebmiieidin itso generated by a deeper

supercooled state, fine crystals are created in the food and
high quality freezing is performed, and thus a deeper
supercooled state cannot be established only by a weak
cooling capability.
(00651

As to the depth of the supercooling, when the depth
becomes at least 3K (when, for examplie, the temperature of
food reaches to -4°C in the supercooled state, and then the
temperature is instantly increased to -1°C by stopping the
supercooled state), a large difference is caused in the
amount of drip flow during defrosting meat. Therefore, it
is necessary to forcibly create a deeper supercooled state.
On the contrary, when the cooling capability is too strong,
a phenomenon arises in that when the temperature of food

reaches to the freezing temperature therecf, it is frozen as
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cool food by a cooling capability within a certain
range. [0066] As descri bed above, when food is
charged into the refrigerator at the tine when the
cooling capability is weak (that is, when a chanber
tenperature is high), the chanber tenperature transit
at about -3C to about -4C. Accordingly, even if the
food is cooled at the tenperature, the tenperature of
the food cannot be naturally made | ower than the
chanber tenperature which is set to -3C to -4C.

Aosorduoly,. sLoce & dsep BuPEL5ool 60 ALl €.CAN00LRS i

Obt al ne room errpera reils ovvere

o Gl e K% abw
et e i s selin.,

Apathaesceiybedraboviessuw)ea tHbepcasl &g d:ﬁmaﬁ:lelrlcb)élés state
weak (that is, when the chanber tenperature is high),
cairinhaugh theaswper conl ediust ateisi s menersd,y icondahmnot to
be entered deeply, so that a user less feel a
QﬁQ&nﬁﬁ@ﬂuPYd@f$%9kﬂﬂﬁaQ%?aﬁlﬁééﬁ withithet Capténnt Range-
coaling capability is strong (that is, when t he

(OeMer tenperature is low), the supercooled state is

not SQt é§gr1§ggjabd%52|Qgehsgég?'%§%?l %dtqﬁtgrfﬁging

tenperature s reached 4 wever, In a
16899 gbRat ok Ngr al e LEAMERAYr @nbScsslid® o450k LHDE 8, weak

although the chanber tenperature can be [|owered only
tehatthe sl ewbbn 0d @bottie ~ FE€nb@ra8Crei tsitsigh), the chamber
temperature transit at about -3°C to about -4°C,
Accordingly, even if the food is cooled at the temperature,
the temperature of the food cannot be naturally made lower
than the chamber temperature which is set to -3°C to -4°C.
Accordingly, since a deep supercooled state cannot be
obtained, the room temperature is lowered little by little.
However, the supercooled state is eventually stopped when
the food temperature becomes about -3°C. As described above,
when the cooling capability is weak (that is, when the
chamber temperature is high), although the supercooled state
is entered, it cannot be entered deeply, so that a user less
feel a meaningful difference as a food. Further, when the
cooling capability is strong (that is, when the chamber
temperature is low), the supercooled state is not entered

and freezing is started when the freezing temperature is

reached.
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sufficiently possible to obtain at |east 3K as the
depth of the supercooled state. Further, when the set
tenperature is |owered, a deeper supercooled state
can be achieved by Ilowering the tenperature fromthe
vicinity of the freezing tenperature of food (about
-1C). Further, when the tenperature is reduced, it is
preferable to lower the tenperature gradually so that
a strong stinulation is not applied to the food. Even
if the supercooled state is stopped by |owering the
ﬁﬁ%7tenperature by, for exanple, 2C, the supercool ed
staté is not stopped the set tenperature is |owered
by 1 se; sty my.ati c ed: by, tuge _
o o N ot Che 4 T ST e o b e et -0
s’ deschbbed al fieadyn dHeBaimbethemslh 841U RUIHAON e
(unevenness) of an air tenperature in the vicinity of
licherfedodni e be shbjleotedd otfoabhet supét covl-a&f C,stiat e@sas
anot her necessary condition of the supercooled state.
SHHits Glenpér abi’es Sukh @ phéadrenbnleastallsed ithet Hapth of
t%pless food. i |l aced within a certain range of the
.%ﬁPPSﬁFPBh‘@-% UV EnedYYy FBE Ty nBRSR r e riSdr dETPErat REe 1S
oolLe €. t t or_is stopped at
o R R E s S T i
IRl 08 Ohef 0Ofbe NAMINY 13 ohOWHEEPEI W &4 R1kh®reczing
uneven tenperatures of the food or the supercool ed
stk aitarst oppeebd heefurorm et b aruresit t whrat thbe

freezing is perforned or the supercool ed
temperature is reduced, it is preferable to lower the

temperature gradually so that a strong stimulation is not
applied to the food. Even if the supercoocled state is
stopped by lowering the set temperature by, for example, 2°C,
the supercooled state is not stopped the set temperature is
lowered by 1°C because stimulation caused by a temperature
gradient at the time is relaxed.

[0068]

Subsequently, as described already, there is the
distribution {unevenness) of an air temperature in the
vicinity of the food to be subjected to the supercooled
state as another necessary condition of the supercooled
state. This is because such a phenomenon is caused in that
unless food is placed within a certain range of the
distribution {unevenness) of the air temperature, the

supercooled state is not entered or is stopped at once.
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state is stopped so that the influence thereof reaches
to the portion of the food having a high tenperature.
[0069] Accordingly, it is the necessary condition to
perform cooling within the certain range of the
tenperature distribution (unevenness). Specifically,
it is preferable that the uneven air tenperature be
as small as possible. However, since refrigerators
are differently nade and accomodat ed foods have

vari ous sizes and shapes, it is preferable to set the

B L L AR R E Rl o R e PP an 8 afee

uneven tenperature an

Hakengt at i i1 Cahlor 8%a'd ngd. hy @He@g&peaang;%%thgggr gkess.

of a roomtenperature, it is found that "when

foneven thenpesatdicaeds ssatet 05 2kt Mpd ESherb®om with a
probability of realizing the supercooled state can be

repgl éaskdt the iSrequossi bkeptofseted her phebahikirtyoled
ratio of realizing the supercooled state can be nade
Sre8fr§ heafteRPabe Uit #hkt ipflvenra Hdeneodssapghes to
tonditjcon Qy the set tgngerature, descri bed above.
F@O?ﬁf TRt dMfer&Car 82V R ept M Bh SSHRE B UERr ni ng on
(38de9ff - 49 the conpressor nounted in the
refrigerator to adjust a cooling intensity and using

a danpesrAdjgust ed:byst enpefatdy r,Sensas 81 gh sposed ddn

t he respective chanbers. Accordingly, there

cbpévny abl yh gxitsies carthim dangs o Mhiteh teabdrattird s
distribution {unevenness). Specifically, it is preferable
that the uneven air temperature be as small as possible.
However, since refrigerators are differentiy made and
accommodated foods have various sizes and shapes, it is
preferable to set the uneven temperature to about 2K or less.
When an uneven temperature and the depth of supercoocled
state are statistically examined by an experiment regardless
of a room temperature, it is found that when the uneven
temperature is set to 2k or less, the probability of
realizing the supercooled state can be increased. It is
possible to set the probability ratio of realizing the
supercocled state can be made very near to 100 % by
multiplying the necessary condition by the set temperature
described above.

[0070]

The temperature is kept constant by turning on and off
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supplied and a tinme during which no cold air is
supplied (cold air is turned on and off) in the
respective chanbers of the refrigerator. Therefore,
in order to adjust the tenperature set to a chanber,
cold air whose tenperature is |ower than the
tenperature of the chanber nust be supplied. However,
in order to realize the supercooled state, food nust
be placed in the supercooled state at the tenperature
descri bed above. [0071] In this case, it is desired
%p contlnuousg%jperforn1 ﬁool ergture of

TS@P%Pr?&ﬁ?f FEf éPabl'y &Y ﬁﬁ%&grg ure o?tiﬁoc

l%at uré&é&ﬂj a%eugﬁﬁg gagy p&p%jus%dogyt her@d farure

€ nedrer to t However, since i i s

sé%gagl yighdddLuld the Keapbéeidd cratmmespher acwbthougly,
tenperature hunting in a home refrigerator, the

thefper at uf ealolfy colidtai & suppl dedido Wieh ¢odinkty o
the food to be supercooled is controlled. Means for
sppalieiingnd e tawey dlugdnor shifh nargeldy adiradsi FPEEl%%d
two nmeans. A first nmeans is a nmeans for naking 5 g

‘cenperat u%% ttbtfn%émcspa aff! fHp ‘i}b%mer?@elcﬁévsh
%fglnar| §lg DLILMUM - 4D r%ggllngnt 261 qty %%Pust the

en d@ cha ose terrpera ure can

GpSehcWEL Nidy the frc%%beg L ehPer Al Ml AN embBrhbgre is
Frlgerator is cooled, thé temperature of the cold

1@|wrerf @haf 0Ok n@adﬂﬁa&a&:ﬂ&&bef tRrachiesnti«r thetl eeebuphlied.
about - 25C at the supply port (blowi ng port) of the
Hookedeal r in order to realize the supercooled state, food
must be placed in the supercooled state at the temperature
described above.

[0071]

Tn this case, it is desired to continuously perform
cooling at a temperature of -15°C or more and preferably at
a temperature of -10°C or more which is the necessary
condition of the air temperature nearer to the food.
However, since it is actually difficult to realize an
atmosphere without temperature hunting in a home
refrigerator, the temperature of cold air supplied to the
vicinity of the food to be supercooled is controlled. Means
for realizing the above control is largely classified to two
means. A first means is a means for making the temperature

of the cold air for cooling the chamber near to an optimum

supercooling temperature. Ordinarily, when a chamber whose
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Since the tenperature has a value which is
considerably apart fromthe optinmum supercooling
tenperature, it is an effective neans to control the
tenperature of the source fromwhich the necessary
cold air is supplied. [0072] Exenplified as a first
nmeans is a nmeans for increasing the tenperature of
the cold air by reducing the freezing capability of
t he conpressor. However, since the intrinsic cooling
capability exceedi ng the supercool ed state nust be
secured turgyof t.he oId air to be

t
B%F?%%F?éx”12%$§§ ed by Fe u0|n§%Fﬁggnﬁ era ure zone
1he¥9£u£éf¥Hcﬁg éb e1sCggpigﬁsoghénkéﬁﬁggaghkéngfa@he cold

I nverter an like 1n place uci ng the

acapabi | édn 0fg tt'lh% coapressptadiseldo thActuakl yoridbsian -
estimated that a bl owi ng-out tenperature is increased

2550uht3ﬁhéOmﬁﬁﬂwh@brthebhumb@gInﬁﬁnewﬁ1mhbonsl@faiﬁhe

conpressor is reduced to the level of 10 rps. 0073

SF:OIEFh*él'Fe fqmperadluge passt brel i oy ois t:ﬁ@Slderably
erature of the cold air to be supplied

aBﬁé gf hg™ t e a0 Fup?E%‘P{&ri‘%r‘Fsem@rerﬁ‘ﬁErBr oWFnJgs dh
eig?uafYéq{él G%%%%n&grl §H$pt td%e 8 dtﬁéro?uﬁﬁs

e nunper revol uti ons

k-8R hl%l&l?dwq‘pec%'s@%@yt hg1gpeed losf dbg1ieqld air is
reduced, transm ssion of convection heat is

isupp[essed and thus the tenperature of the cold air is

al so | owered. Accordingly, when the nunber of
revlagndrigie ehea first means is a means for increasing
the temperature of the cold air by reducing the freezing
capability of the compressor. However, since the intrinsic
cooling capability exceeding the supercooled state must be
secured, the temperature cf the cold air to be supplied is
increased by reducing the number of revolutions of the
compressor by controlling an inverter and the like in place
of reducing the capability of the compressor itself.
Actually, it can estimated that a blowing-out temperature is
increased about 3K to 5K when the number of revolutions of
the compressor is reduced to the level of 10 rps.

[0073]

Further, it is also possible to control the temperature

of the cold air to be supplied by changing the number of

revolutions of the blowing fan in the refrigerator for

supplying the ceold air. Actually, when the number of
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fan is increased inversely, heat exchange is
accelerated and a cold air supply tenperature is

i ncreased. Actually, it can be estimted that when

t he nunber of revolutions of the fan in the
refrigerator is increased by 300 rpmto 400 rpm the
tenperature of the cold air is increased by about 2K
to about 3K In addition to the above- nentioned, it
can be contenplated to increase the tenperature of
the cold air by di sposing a heat insulation heater

r@@glFD§OA§ e CO g%alrngF%%%if §3&yé3 @gngéé.éprthe

supplying t A’'second neans is a

cheansgi fofs i NEhieas, Ng rhhsmi s 1Perat W wektibe sebd adr
before it is |np|nged against the food in place of

shppreasedaideHenmeratanpe odt lihe «oltthe abildt @ibeis also
supplied so that the cold air having a | ow
lpeaped at recdrsiimotl vdi wben| yhe ipimigad odgaenstuthens of the

vicinity of the food as far as possible. Increasin
£aB| 45 at PorARES 1@1V§tr§ﬁ8¥ f Rt a%f&}adlg& llsséﬁﬁﬂﬁb%tretd nd

f ood ied to reallze the aFOVfl

anﬁgigeaﬁﬁémﬁgé em‘ Egguf%af T Zed by a Utrhetufetyn 1t

M 6D as Lol A Terla %C%EM' PBe OMLAS - I0x Fe9BRSEdoRE WA he
the periphery of the cold air supply port, or an

rabstactee i S tiisRased rbesWerdrédedlonzng pefit tandod heom,
- 52 position at which the food is disposed. Wth

thhi sempe ramgenerft theheotiénper atarievaofeatsikd byl doait 2K to
reaching to the periphery of the food can be

aPREEedSed By adid tHieat texthanyeovperidriedern thecan be

congemglated to increase the temperature of the cold air by
disposing a heat insulation heater and the like to the
vicinity of a blowing port for supplying the cold air.
[0074]

A second means is a means for increasing the
temperature of the cold air before it is impinged against
the food in place of increasing the temperature of the cold
alr to be supplied sco that the cold air having a low
temperature is not directly impinged against the vicinity of
the food as far as possible. Increasing a cold air reach
distance from a cold air supply port to the food is
exemplified to realize the above means. The means can be
realized by a structure in which a cold air rectifying guide
is disposed around the periphery of the cold air supply port,

or an obstacle is disposed between the blowing port and the
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[0075] Further, since the blow ng speed of the cold
air blown against the food can be al so reduced, the
food can be gradually cooled wthout giving a strong
stinmulation. As an exanple of disposing the obstacle
bet ween the bl owi ng port and the position at which

the food is disposed, it is possible to provide a lid
shape above a food acconmodati on case. The distance
fromthe cold air blowing port on the back surface
side of the refrigerator to the opening of the case

: r e n . Longer

P han Tl T Che Tengen”of 't he age Tyt he i1id: ihent he
adkEhgoment, HeS ceaperhbusbabyzats ddlid $iROssEBhEnd Cto the
increase the tenperature of the cold air in the
perctphety of tthee fooddcaanidef imdwersddo byedueehaat agxchange
velocity by adding the Iid shape. (0076] Further, a
peafpered orn ddit rékWRKg the cold air to be supplied is
Iggg%ed between the blowng fan for circulating the
(@8falair in the refrigerator and the blow ng port, and

the fﬂﬂ!ﬁ%& a%ti%cé‘sﬁﬁ‘e %‘Pévsjt%lrgo%%%gﬁggg! ¥fa%3c<gf‘] a?! %1 own

air by reducing the anoun usting

abhenanglie -3 dhebeokisdhg.gamner 1gan radhushniks
opening angle to any angle, in addition to a totally
gebosell gtadd candritabak!| ¥ivopene daddigsettihatathen ai ras an
velocity of the cold air to be blown to the food can
epeng bppr estiebdpingedbei ags thel arpunteen the blowing port

and the position at which the food is disposed, it is
possible to provide a lid shape above a food accommodation
case. The distance from the cold air blowing port on the
back surface side of the refrigerator to the opening of the
case disposed to the door side thereof can be made longer
than half the length of the case by the lid. When the
airflow in this case is analyzed, it is possible to increase
the temperature of the cold air in the wvicinity of the food
and further to reduce an air wvelocity by adding the 1id
shape.

[0076]

Further, a damper for controlling the cold air to be
supplied is located between the blowing fan for circulating
the cold air in the refrigerator and the blowing port, and
the damper acts as a shutter for supplying the cold air by

reducing the amount of cold air by adjusting the angle
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of cold air. The air velocity at the cold air bl ow ng
port is set to 1.0 ms to 1.2 m's by adjusting the
degree of opening of the danper, a lid is disposed to
the case so that the cold air is supplied fromthe
door side into the case, and the air velocity in the
case is set to 0.1 nmfs to 0.5 nis to keep the
supercool ed state. Al though the first neans and the
second neans may be perforned individually, it is
also possible to set the tenperature in the vicinity
tg g food ar rgture fgyve%!%%t tg E to an
tp&rcool %ﬂ bf p&F# 87 i hy® (HE Fifsf dna §&cBhd
Kﬁ%@s L0 &&&@dﬂﬁi Lo, L‘,QQZZ]_ gfggél?r’tattléeaﬂﬁagétgﬁy
roving an uneven tenperature I's a means for
oSUAPEESSE NG tihertuneveniteppesal iy s Anthe YNk BYrbyo be
reduci ng the nunber of tinmes in which cold air supply
hilswhutnethontand cefnf beAsudpsessdbdabedecing thesamount
means, the nunber of revolutions of the conpressor is
Orfeeieé@dably t Hehec gritr gellecity aupplsy C@léioiaeiraioiﬁhhw mpPrt

a higher_tenperature, Pd t he nunber of | s
Sanreh thel - SOV & 1sap5‘ 5 PE tUPHd6h tRdBPFS &

%gllijg d Pyth«:l ncFam% 1&' :[LT? (ﬁllscedc’se%{ X:ot %h%eégge séeghat
a ehét R

enpe ure, € uneven t1enperature and

thdntbng &£ 1M®mqed%rom56hewlﬁ%@ aheyecnsi fese,
a cooling capability can be reduced by the above

afElansef of r redusting tihe tAenbese of s tdd® g0 N1 Wikchothes
cold air supply is turned on and off, this neans is
melssooekéert tve dudeawiosd ethetseeluctilorhayfght hbeafpunt rfans

and the second means may be performed individually, it is
also possible to set the temperature in the vicinity of the
food to a temperature convenient to the supercooled state by
performing the first and second means in combination.

10077]

Further, the means for improving an uneven temperature
is a means for suppressing the uneven temperature and
hunting by reducing the number of times in which cold air
supply is turned on and off. As described above, in this
means, the number of revolutions of the compressor is
reduced by the controller to supply a cold air having a
higher temperature, and the number of times in which the
cold air supply is turned on and off, is reduced by
increasing a time necessary to reach a set temperature, 50

that the uneven temperature and hunting are improved. As
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cold air performed by adjusting the angle of the
danper described above. [0078] Next, a structure of
a supercooling space for realizing the supercooled
state, a nmethod of determning the timng at which
the supercool ed state is stopped, and a nethod of
st oppi ng the supercooled state wll be explai ned
referring to the drawings. Note that it is assumed in
the followng draw ngs that the sanme reference
nuneral s denote the same conponents or correspondi ng
AEQIPONENt S0 refrigeralon {n, e erhodi pentpd offhe
présent” i nventionn WhiCh & T réeze preservation 1s
pRethor e d MLugh shhe supelcpalied stake Weltinde in
explained in detail. Fig. 3 1s a sectional view of the
whedhi ges atard kiirhstibplenbodiwmidd brokntiherpy esieid means
invention. [0079] A food storage chanber of the
irehisgerfafartive dikewapose: ofeduatefoni gér ahe ngnairanisdr
100, which is disposed in an uppernost portion
cph@rebf Rfrf HESaRYopeArHgIRg ddih@nddsor! & 2viaeRfiThg
dchanber 200, which is disposed to a lower portion of
?ﬁ%r}%ﬁ?i%hgﬁﬁﬁng chanber 100 and has a pul | - out
[gggg] capabl e of being switched froma freezing
tenperature - 55 zone (-18C) to tenperature zones
suchvag ,aar gkrlhgenat i §9 a ZaRrdciedet aphe: zohe redlizing
child zone, a soft freezing zone (-7C), and the I|ike,
tha seeemedo gl chamber a508thadich deserdiispogethe timing at
parallel with the switching chanber 200 and has
which the supercooled state 1s stopped, and a method of

stopping the supercooled state will ke explained referring
to the drawings. Note that it is assumed in the following
drawings that the same reference numerals denote the same
components or corresponding components. A refrigerator in
the embodiment 1 of the present invention in which a free:ze
preservation is performed through the supercooled state will
be explained in detail. Fig. 3 is a sectional view of the
refrigerator 1 in the embodiment 1 of the present invention.
[(0079]

A fcod storage chamber of the refrigerator 1 is
composed of a refrigerating chamber 100, which is disposed
in an uppermost portion thereof and has an opening/closing
door, a switching chamber 200, which is dispecsed to a lower
portion of the refrigerating chamber 100 and has a pull-out

door, capable of being switched from a freezing temperature
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a pull-out door, a freezing chanber 300, which is

di sposed to a |l owernost portion of the refrigerator
and has a pull- out door, a vegetabl e chanber 400,
which is | ocated between the freezing chanber 300,
and the sw tching chanber 200 and the ice making
chanber 500 and has a pull-out door, and the |ike. An
operation panel 5 is disposed on the front surface of
the door of the refrigerating chanber 100. The
operation panel 5 is conposed of operation swtches
for adjusting the tenperatures set to the re

g spective
Z@hanbe %f:ﬂiﬂﬁuFBmBF§§F%$e P §W§hf8F aiE%F%&é%ﬁfﬁﬁﬂg
tenperatures.of the respective chanbers. a 1
A Thel ok EORer of Lot b 18 arageLkat B LH Bare
(S¥rEpce, 5 decof jkhe Lrfrigerating cnaheebesgd 00,nHhe is
controller 16 is controlled by tthe operation pane
d a&o £aNtOls% ra 168 PH €85 Of ha N 1 idRe AhAgoe ANTDO Tl 081 MG s
of a danper to adjust the tenperatures detected by
at enperatturecdet ectforsz thg pusatbao 30fe wespects valsposed
chanbers to set tenperatures. [00801 The conpressaor
ta e ahe e sdl @er3ionhd Ehtlkdonstitigeaagorf prdzZitthy Ty,
ar e di sposed on e back surface si.de of the
oPErTer dt GPOELaAE PAPERGT 4 b Bng” ahoat v ReE e
Ccie@fin fi . 34pe i8S nbNEnSALYr B0 and
t@%o %ﬁgﬁvmfﬁgﬁgégg!g§53 %%Qfﬁg§re ngepgt?ng c ranberan
£400i @ dhdi81 5 WnbeBERTS 0 6 e 6la 2Q0 puandotibeq@d F, it the
i ntroduces the cold air cooled by the cooler 3 into
like. r i igeyratriing phaabed lOGiisposed on the front surface

of the door of the refrigerating chamber 100. The operation
panel 5 is composed of operation switches for adjusting the
temperatures set to the respective chambers, liquid crystal
displays for displaying the temperatures of the respective
chambers at the time, and the like. A controller 16 is
disposed on the back surface side of the refrigerating
chamber 100. The controller 16 is controlled by the
operation panel and controls a compressor and the opening
and closing of a damper to adjust the temperatures detected
by temperature detectors disposed to the respective chambers
to set temperatures.
[0080]

The compressor 10 and a cooler 3, which constitute a
freezing cycle, are disposed on the back surface side of the

refrigerator 1, and further a fan 2 and an air duct 4 are
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Further, the conpressor 10, the fan 2, and the like
are controlled by the software stored in a

m croconputer attached to a control substrate of the
controller 16 disposed in the exterior of the
refrigerator 1 in the upper portion of the back
surface thereof, based on the signals detected by the
tenperature sensors disposed in the chanbers together
with the control operation, the display, and the Iike
of the operation switches and the operatlon pane

Not e t hat gmodat i 2 d '
i S e e U SR 0o
disposed o in L he dn S%b@gn&h@ﬁ9ﬁ513Q90 @Rd the switching

acconmodat i on case 401 1s di sposed in the vegetable
c6hanber2dd0, s I Hpechl velyct andi nfaellse@anhbecold air
accommodated in these cases. [0081] Fig. 4 is a
csehefmby ccisd devcdlent Bonakovikw of ftipe ratehgi ghrmber 100.
showi ng the air duct arrangenent of the refrl erator
Fumthhe, et diamimesEost 10hethe es¥ht? i iPentEnl A par g
of the cold air cooled by the cooler 3 is sug |ed to
In

CPHEIPF%%Ql?b‘%H%ﬁﬁﬁngﬁﬁ SEitthet” %iﬂ%ﬁﬁ? g col d

th ou alr part t he co darr

d@%ﬁ%%@g i@rﬁﬂgﬂb§5§%ﬁyrrof5zhedﬂ@frfbéﬁhﬂ5&rﬁh&h the upper
supplied to the refrigerating chanber 100 on an upper

pelragenand €oolisadi subifeceegetadbe, chamdierondB0e pEgnals
cooled by the cold air returned fromthe refrlgeratlng
deftanber BOOtmndwiraraltaredspysars et rinyerest ilhg LeRafp@ROSTS

together with the control operation, the display, and the
like of the operation switches and the operation panel 5.
Note that an accommodation case 201 is disposed in the
switching chamber 200, an accommodation case 301 1is disposed
in the freezing chamber 300, an accommodation case 401 is
disposed in the vegetable chamber 400, respectively, and
foods can be accommodated in these cases.

[0081]

Fig. 4 is a schematic side sectional view of the
refrigerator showing the air duct arrangement of the
refrigerator in the embodiment 1 of the present invention.

A part of the cold air cooled by the cooler 3 is supplied to
the freezing chamber 300. Further, the remaining cold air
is supplied to the switching chamber 200 passing through the

air duct 4. A part of the cold air passing through the air
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feedback path 6, and the air passing through the

vegetabl e chanber 400 is returned to the cooler 3

t hrough a vegetabl e chanber feedback path 7. [0082]

Fig. 5is a side sectional view of the sw tching

chanber 200 in the enbodi nent 1 of the present

i nvention. The swi tching chanber 200, which is

| ocat ed between the refrigerating chanber 100 and the

veget abl e chanber 400, is provided with a sw tching

chanber air duct 41 for introducing the cold air from
alfe 2o Qekpdt 0uLhe, svd Ahing chagber 200 LLaUan 8,

SVVItC

oz‘%h@ﬁ'h?ﬁ eqa%a%@r gﬁaec&&p@rlél derhebbegleegbp&réhaﬂr@oéxs 400
dlsposed to a’left upper portion of th back surface

iof cddieada efyr itger aboa shen-anemed ffir-om the fébMigerating
surface thereof and a switching chanber ceiling
chambace Obleowi ngrpoietdd s dirsgedgdredithechangmtr end
side of a ceiling surface. They act as cold air
0

feeRAHY BFGTE &/ 2pEoBY Wtﬂ?é’rs_lnﬁ $HF PERR ngh Heaseble

back sugf t t d t ht
u%@%%su%r?fi%n?%%u'rsﬁ%ﬂp@%ﬁ Segie® RoChRrveh festtante

rfégy% 1, SW t chi ng chanber bottom - 58
suctlon porPC%S |g d?gposed to the bottomthereof. The

(sws42chi ng chanber 200 can be switched to six types of
tenperature zones, that is, to a refrigerating zone

(abaitg. 3Cis a ehid |ad-tzZenel( @aboeut cOQ) he asvsiafdhing
freezing zone
chamber 200 in the embodiment 1 of the present invention.
The switching chamber 200, which is located between the
refrigerating chamber 100 and the vegetable chamber 400, is
provided with a switching chamber air duct 41 for
introducing the celd air from the air duct 4 to the
switching chamber 200 through a damper (switching chamber
damper) 46. A switching chamber back surface upper side
plowing port 42 is disposed to a left upper portion of the
back surface of the refrigerator when viewed from the front
surface thereof and a switching chamber ceiling surface
blowing port 43 is disposed to the front end side of a
ceiling surface. They act as cold air flowing ports.
{0083]

Further, a switching chamber back surface suction port

44 is disposed to a right under portion of back surface of

the switching chamber 200, and a switching chamber bottom
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(about -5C, -7C, -9C), a freezing zone (about -170C),
and the like. The tenperatures can be switched by a
liquid crystal panel 5 disposed to the door of the
refrigerating chanber 100. The tenperature of the

swi tching chanber 200 is controlled by the
tenperature set to a not shown therm stor and the

val ue detected by therm stor. [0084] Next, a
structure for installing a supercool ed chanber in the
swi tching chanber 200 will be explained. Fig. 6 is a

oA r e purencon g eaey obers e

skt o chaen poacsRMPRdal i h&Rse 20% sheuw 4
Fig. 51s arranged as a two- stage type slide case

t8inpt dethtntanipperhandi b owes € asex.igAratpper zease(Bbut
is used as an ordinary switching case, and a |ower
3¢@se 8ichislgsedoas dabopereodl i my sodde faseaing zone
supercoo] i ng space acting as a cool i ng chanber f$g
(BPaeFng® Good in asper?obf RF Starz@ e WigRothe 17 €}, and
wi t chi ng chanber 20 is pull.ed out, . the switchin
BHLTBY S NeTeapareseri Y Cact BT BUr S
c?&s%gf ﬁﬁHEité'H%sﬁwééa Egeth§QQﬁﬁpQ&|Eﬂg Q@%?ié@rééﬁng
used, accommodat ed goods can be taken out fromthe
cBHRBEE0DY (1 NY GRS @ cBPebYtsté db NG Hh&withB ingWehahibérg 200

case 80 toward the rear side. [0085] A gap of about
i$5comtisl ¥at red thet weepetheutppert case n80 ahdwihe
| ower case 81 around the periphery thereof. Wen
thermistor and the value detected by thermistor.
[(0084]

Next, a structure for installing a supercoocled chamber
in the switching chamber 200 will be explained. Fig. & is a
structure view of a supercooling case in the embodiment 1 of
the present invention. In Fig. 6, the switching chamber
accommodation case 201 shown in Fig. 5 is arranged as a two-
stage type slide case divided into upper and lower cases.
An upper case 80 is used as an ordinary switching case, and
a lower case 81 is used as a supercooling case as a
supercooling space acting as a cooling chamber for placing
food in a supercooled state. When the switching chamber 200
is pulled out, the switching case 80 and the supercooling
case 81 are pulled out at the same time. When the

supercooling case 81 is used, accommodated gocds can be

taken out from the supercooling case 81 by sliding the
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a freezing tenperature is set, cold air of about -20C
is blown out fromthe cold air blow ng ports 42, 43,
and the Ilike to the switching chanber. According to
t he above structure, the airflow blown into the
chanber cools the inside and the periphery of the
upper switching case 80 and flows into the |ower case
fromthe gap between the upper case and the | ower
supercool i ng case 81. However, since the gap is
formed in a direction orthogonal to the airflow, the
SfLELLANG | SRS E8Redal LOM Ad kit 11 oWl ng Tnto the
ower ase so 0 Suppress an increase of the air
(bepperature and the air velocity in the supercooling
case 81. Further, in an ordinary cooling, the upper
por tAd @apobft BBouSUPBIEOald MPpré@sieb8twesn covwenghen thse
the switching case 80 so that the cold air can hardly
8P| awd t Her diover icasehdl stowot whe Peeriebfrdi teetdqf . afmdien
thus it is possible to performgentle cooling
anBERITHY tte&‘P@rréétléealéui%‘i‘fcdﬁ aigt Stfeabf”@b%?]o C is

th t h | heat it
ohgT et el ant e Bottbri B2 o tRe ew'Penray THbe b0
liﬁ@rtoegﬁgngd%tcﬂlﬁstéhaﬁ%éqfe K%éﬁ%ﬁ%nﬁa¥bngh@'above

doubl e-wal | ed - structure 1n which a heat storage

sOBdEtimd S tHY %qtredowasﬂowﬂi hendd kel s@akbat thershange
of an air tenperature can be suppressed thereby. Wth

iphide arndangenget ipsengeot hehdofdpem s82 tibidy sposed lornd
t he supercooling case 81, there can be
flows into the lower case from the gap between the upper
case and the lower supercoocling case 8L. However, since the
gap is formed in a direction orthogonal to the airflow, the
airflew is suppressed from directly flowing intoc the lower
case s8¢ as to suppress an increase of the air temperature
and the air velocity in the supercocling case 81. Further,
in an ordinary cooling, the upper portion of the
supercooling case 8l is covered with the switching case 80
80 that the cold air can hardly flow thereinto in the
structure thereof directly, and thus it is possible to
perform gentle cooling necessary to create a supercooled
state.
(008¢&]

Further, & substance having a large heat capacity may

be installed on the bottom 82 of the switching case 80 (for

example, a metal plate, a case having a double-walled
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obtai ned an effect of suppressing the fluctuation of

the air tenperature in the supercooling case 81

during ordinary use including the opening and cl osing
operation of the door thereof. [0087] A space of

about 1 mmto 30 mMm may be forned between the

swi tching case 80 and the supercooling case 81. In

this case, there can be obtained an effect in that

when the cooling chanber is supercooled, it can be
cooled wel | because the cold air flows into the

ol ng,champey 8 and an effect Ln, t hat, t he

S§ﬁ€§§%§o|ed y¥E$eacgﬁa% St cFlvéF? % %dﬁbégause
chber ol d @ rpflowsevellnad ctﬂﬂ'ean a'1rfet9fnp§£9t9@féﬂ'g:an be
supercool ed state. However, when the gap is too

sS4t s s@anaitekbgpenivngh nuslts ke foxardnt 9 & hecd Ry bottom
case to perform quick cooling and direct cooling at

8¢ hes tdmepossiternt hbeseapee cool ddigstcatse BS, enbered-ar be
stopped. Thus, it is preferable to formthe gap in
O?Eel%ﬂ?%arbfeféﬁeﬁt OEOSH?M%SSJa&&eesélHﬁFumef the air

+E th wh t th | e
SRR T4 Grmade BPDary] Hibd L *he. I et 1S SR

r I n
38783 B 0 ot o el i
ctpeeblem Even if cold air is directly blown into the
supercool i ng chanber 81, the sanme effect can be
[obtal ned by reducing the velocity thereof or

use

A space of about 1 mm to 30 mm may be formed between
the switching case 80 and the supercooling case 81. In this
case, there can be obtained an effect in that when the
cooling chamber is supercooled, it can be cooled well
because the cold air flows intoc the supercooling chamber 81
and an effect in that the supercocled state can be
effectively stopped because the cold air flows well at the
time of stopping supercooled state. However, when the gap
is too small, another opening must be formed to the lower
case to perform guick cooling and direct cooling at the time
when the supercoocled state is entered or stopped. Thus, it
is preferable to form the gap in the size of about 10 mm to
about 30 mm.

[0088]
Further, when an opening for stopping the supercooled

state is formed, cold air need not be directly blown into
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i ncreasing the tenperature thereof as descri bed
already. As to the operation of the switching case 80
and the supercooling case 81 when the gap is forned

t herebetween, it is considered to slide the swtching
case 80 on guides attached to the supercooling case
81 through wheels nounted on the bottom of the
switching case 80 or to slide the swtching case 80
on the supercooling case 81 by inserting support

col ums di sposed on the upper portion of the

| f d th t
B PSRR At U FEATD 57
%g‘%{dl %n@ec\g%h ﬁyﬁﬁé\&ﬁ aS%rto%qtemonl yvyael 1svaectl<ahla@g

can sli ong themforward and rearward

1§k@f&éJﬁﬂy eMeln inhe gaP sipedf@redgbehweesr tdte, the same
switching case 80 and supercooling case 81, an

eapptoprdrate eoahingdpey fordnosy car belobtay netkredthem
no gap is forned, the fluctuation of an air
irenpetidtwrtde d@mpﬁgaéﬁﬁﬁrﬁﬁ%FQRﬁﬂﬂsnéeéﬁﬁl%%dsﬁbﬁ?@%@edAs
to a small range. LOO8Q¥ Furt her, since % ehcase
tﬁaEh%go%?%rltoé?l RThENGHE %Chm@\uC&é& PHt 8¢ heh's

h Fi d
ee??%gjtansﬁ%}ls\%a::aﬁ!t Hi‘lgn @f\ r%_sc% Iplgg é‘lllépekg@ctu?ele%e it

e goo S comodated 1 n e case

19aaorb§l@gfe%m%d Mehl and {husiibe case ganohegused -
62 conveniently. Further, using the |ower side of the

atWlch&d age tch@saugsrbhelsm@ecfacmlalnghspagh wise@l sonounted
effective in that the cooling property of the
osupler Cosltiarg ofpabe eamtbeind nprsovéd dueteosthee the
characteristics that cool air stays on a
switching case 80 on the supercooling case 81 by inserting
support columns disposed on the upper portion of the
supercooling case 81 into grooves formed on the bottom of
the switching case 80. Further, rails may be attached on a
wall surface so that only the switching case B0 can slide
aleng them forward and rearward. Note that even if no gap
is formed between the switching case 80 and supercooling
case 81, an appropriate cooling performance can be obtained.
When no gap is formed, the fluctuation of an air temperature
during ordinary cooling can be suppressed to a small range.
[008B9]
Further, since the case having a certain height is
divided into the two stages as shown in Fig. 6, there can be

also obtained an effect in that the goods accommodated in

the case can be arranged well and thus the case can be used
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| ower side and that when the upper case achieves a

role for suppressing the airflow, which is bl own out
to the lower case, fromdirectly flowing into the

| ower case, the fluctuation of the air tenperature is
suppressed. Note that the supercooling space may have
a depth of about 70 mm or nay have a depth of at

| east about 140 mm for exanple, a depth of about 300
mmto 600 mm supposing to store a frozen bread and a
chilled | arge-size yoghurt cup. [0090] It is
considered to set the depth qof the upper,_case so .. that
PRV RRSBpRF X AT BEY” { Ko RAr % ARETLy 148 Chat of " The

r or_.ha g c [ the in

N R R e Tria ooty o le
tBhEUELAr & d10mg YsbREgrthect ovey Kifgle Rbithe tpacstage be
case as the supercooling space, a step may be forned
ifnprihed bnid am ahe therapperictases ahashownli aiFigtays o a
that the front side and the rear side of the upper
lemse hbde ardl fhetenbedepht WRET 14969 RBLSFaSe? | 'Plse for
di sposed in correspondence to the stepped space of
SHRBT BHPERY ddie 21 1OHe EGCR 743 twwﬁpﬁg LRa5Re i s
a_sw tching case 83, and th a
Foer oot g paed 2do™Tha DR M SSBRERESE e s
£2vant fOSOUSE ivhdt Bat tahbefoods can HpprecopnDdat etk tthat
the back surface side of the switching case 83, and
t888kL1pgpOSIS] i kAR hecasagMBpdat £tdprt e doontsidem, or
thereof. The supercooling case has a gap between it
magdhthe appmrticageat least about 140 mm, for example, a

depth of about 300 mm to 600 mm supposing tc store a frozen
bread and a chilled large-size yoghurt cup.
{00901

It is considered to set the depth of the upper case s0
that it has approximately the same capacity as that of the
lower case or has several times the capacity of the lower
case as shown in the drawing. Further, as a structure for
using the lower side of the two-stage case as the
supercooling space, a step may be formed to the bottom of
the upper case as shown in Fig. 7 so that the front side and
the rear side of the upper case has a different depth and
the lower case is be disposed in correspondence to the
stepped space of the upper case. In the Fig. 7, the upper
case acts as a switching case 83, and the lower case acts as

a supercooling case 84. The structure of Fig. 7 1s
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[0091] Further, a structure for using the | ower side
of the two-stage case as the supercooling space nay
be arranged as shown in Fig. 8. In the Fig. 8, an
upper case acts as a switching case 85, and a | ower
case acts as a supercooling case 86. The sw tching
case 85 and the supercooling case 86 need not always
have the sane depth and nmay have a partly open gap.
Further, the switching case 85 may be arranged as an
insertion type. OQtherwi se, the switching case 85 may
e _arranged as.a_ _sli so that _a food.in e
SRt i Lpo e SRk che RO Sl A RO
bSARE L MAI o 5L LRehSTLNCLU & PleRled 838, 28k NGRa 1 NG 00ds
supercool 1 ng space can be provided only by adding the

cHRPBE £ASRimdd3e St EHCEHE edhRS A deMBihletreb. t Melic a cost
is |l ess expensive when a nodification is perforned.

s(PO82}oliAgy expleannedaataeadytwddn iis medeskbarypper case.
somewhat restrict the cooling speed. In the foods,
[(P8PLlexanpl e, pudding, yoghurt, and the like, the

supercool ed state is created by setting the coolin
S POS NiPERn 3t AETPRHEE® of°F 306EPNTHG 0o Hdme® Te

t?g—egt?é(i%lé/as%e%rst ‘ﬁgefgggésl_r‘c' ) {6 B ShayOhe LDE SH& as

enperat ure of” ( I's tooling speed is or
shbgn Pef i By unti | thhenti pegWhen dhegprie cheapeeed W d s

made within the range froma freezing point to the
stenpelad Wa20C, | anar at hawe t hea fa eezisngspei atpantoling
case 86. The switching case 85 and the supercooling case 86
need not always have the same depth and may have a partly
open gap. Further, the switching case 85 may be arranged as
an insertiocn type. Otherwise, the switching case 85 may be
arranged as a slide type so that a food in the supercooling
case 86 can be taken out by pushing the case inward. In the
structure of Fig. 8, since the supercooling space can be
provided only by adding the upper case, the structure has a
merit in that a cost is less expensive when a modification
is performed.

[0092]

As explained already, it is necessary to somewhat

restrict the cooling speed. 1In the foods, for example,
pudding, yoghurt, and the like, the supercooled state is

created by setting the cooling speed within the range of

300°C/h to 0.35°C/h and preferably near to 3.5°C/h in terms



preferably within the range fromthe freezing point to
-10C. [0093] Further, the supercool ed state nust be
kept for a predetermned time and nust be kept for,

for exanple, at |east five seconds. This is to nmake a
supercooling tenperature deeper. That is, this is to

| ower the tenperature to which a food reaches in the
supercool ed state. As explained al ready, the reason
why a deep supercooled tenperature is preferable
resides in that when the supercooled tenperature is

e dee the amount o ens; bl heat. .e :

Ogggk&?ru(f%\ ed 5w etr%te%ugﬁp{é% c%%? e%Poscfsdt e%?LtéLs Pﬁ%?g%%es R
tBrl 884! Lo r SIPGE hiNC L BBOHNe Ofh &NEIHEY Rfre temperature is

I nst antaneously changing | atent heat, which iIs used
mEHEI AGth Bt ORI NGnhe fsupes cooded ref atdnti soi nice eased,

a lot of ice nucleuses are uniformy formed in food
tampeatdtone 2 (Mekiloyeyseheh the Bresgnadweing aedppi ng

the supercool ed state, and_ ice crystals are grown .
pusfagebhe v ifudineusesdss frae thecleiredd fo -10°¢C.
Thus, since a lot of small ice particles are

[BHP?$rn1y formed in the food, the ice crystals in

cel | e a ﬂgg:s e f Hale)

out %fréah%f’i %%%a?u%ﬁgmtg?inéeé en et h&hge;togg %%S%e]%%gnsa?ed,
pbBEEEBYnifigs GelleS andBRusar Bel BSS: Afdectred averseby dy
the ice crystals. [0094] Further, since no cold air
liessdi Feet | yedoaian t ahfieods tamals aelwgeircpoling
suppressed, or a tenperature fluctuation

temperature deeper. That is, this is toc lower the
temperature to which a food reaches in the supercooled state.
As explained already, the reason why a deep supercooled
temperature is preferable resides in that when the
supercooled temperature is made deep, the amount of sensible
heat energy accumulated in the supercooled state is
increased. As a result, since the amount of energy of
instantaneously changing latent heat, which is used during
stopping the supercooled state, is increased, a lot of ice
nucleuses are uniformly formed in food all at once making
use of the energy during stopping the supercooled state, and
ice crystals are grown using the ice nucleuses as the
nucleuses thereof. Thus, since a lot of small ice particles
are uniformly formed in the food, the ice crystals in cells
less break the cells and suppress the flowing out of a drip

at the time when the food is defrosted, thereby the cells



IS suppressed, the food can be prevented from bei ng
dried and frosted. Further, there is a possibility
that when food is placed in the supercooled state for
a longer tine, the tenperature at which the food
reaches to the supercooled state is lowered. As a
result, since the degree of supercooled state is
i ncreased, the supercooled state nust be kept for a
certain tinme. Further, when a core tenperature
reaches to a supercool ed state stop possible
2L EMPEL ALY Bucildy LS RLELET APl 4.4 hale Lhe ghiLerence
etween the core tenperature and a surface
(beoperature be within the range of 0Cto 10C and
preferably 5C or less. In the beef round having a
t hi ckunesergf sihcemandobd welights ofirés01g, breire to food,
di fference between the surface tenperature and the
agorér vehpektt ure suppabeatd 1T 13 teapepe tyard t RakuadHen
.range of the tenperature difference as to the coolin
igoAEPPT B YeddYd FEAahBTePT PTHE Hhre ™t 81?%0%519
such_as at fishe veget abl es,_.fr.yi.ts,
P ErBF055) TURE T oLtakt L oh O et S iR £ood
icdbifecgnce e dpmpecatunesyhtd 4dM) tAgkhRetime, the
supercool i ng space is also inportant to keep the
tshpergoetediistatien The rapger®dcheHb o frlhuckuationobdd
air tenperature is preferably within the range of 5C
sortkess bbwdmadyh iAts dependst onsithes tliéperatraerecfand
the air velocity around the food. However, when the
spafgecsfed | tictifatiisod n6rear et e ratRFEoP efli ERphS tHest

b%anSt for a certain time. Further, when a cocre
temperature reaches to a supercooled state stop possible
temperature, it is preferable that the difference between
the core temperature and a surface temperature be within the
range of 0°C to 10°C and preferably 5°C or less. 1In the
beef round having a thickness of 15 mm and a weight of 150 g,
the difference between the surface temperature and the core
temperature is about 1°C. It can be said that the range of
the temperature difference as to the cooling condition
described above is the same in the foods such as meats,
fishes, vegetables, fruits, and the like.
[0085]

The fluctuation of air temperature (difference of
temperature with time) in the supercooling space is also

important to keep the supercooled state. The range of
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of 10C or less, the supercooled state can be created
al though the quality thereof may be sonewhat
deteriorated. A reason why food quality is
deteriorated at the tinme when the air tenperature
fluctuates greatly resides in that ice crystals are
grown sonewhat |argely by repeating freezing and
defrosting. Note that as another neans for reducing
the range of fluctuation of air tenperature, the
range of fluctuation of the predeterm ned val ue
reviously set to_a microconputer .and.the |ike t
f@éﬁ?‘f?ﬁl‘%‘%éﬁe&‘d?pﬁﬁﬂ?e’b%%%%e on Hfe“va %E Getse etgqeby
ermstor ( S Lo, t j ) sucedure
r%ﬂégréﬁg%cg rf?%%?u%??%%ﬁQg g%fﬂ#%ﬁE% ?ﬁcgg%rﬁ l'ess
a ARG HDT & prefieably at GuidK {HOf@d .| esswel 0096 hen the
Further, although tenperature difference caused by the
rhagats bnE mhenatinavel air tenpersature ioceltsinnthderange
supercool ed space is acceptable at the tine when it is
ofi 167 B ehe sdegr sbeobupaperebyl ed-adcacen pe fgeated
greferably within the range of the degreedog . g
as bper @ dii BrdtdYofNaReUt "HC 5% SEEEr At o BhE e HS
AtggaggQQ£Coq%ﬁp Sh% ?t A&Qr&%%é¥gof§%ﬁaegtb¥héntime when
excessivéﬁ@ |§hquneve alr tenperature resides 1iIn
thgagiYW%%hﬁéréf%rbnEQUQQQaEé%(§¥Eqéiﬁ Fegegskzenf ook ide
Is - 67 partially frozen. That is, when an uneven
chepper atane anbgm haecdapt hl ofgal superepebedngt atee airey
determ ned by an experinent regardl ess of the
ahdnpef atsrinnf tloeestipekcasl dmythechavegey, fPR rhdueke the

when the uneven tenperature is nade to
range of fluctuation of air temperature, the range of

fluctuation of the predetermined value previously set to a
microcomputer and the like to control the equipment based on
the value detected by a thermistor (not shown in the figure},
may reduced. The range of fluctuation is set to 4K (4°C) or
less and more preferably to 1K {1°C) or less.

[0096]

Further, although temperature difference caused by the
location where uneven air temperature occurs in the
supercooled space is acceptable at the time when it is
within the degree of supercooled state, it is preferably
within the range of the degree of supercooled state of about
2°C in order to enter into the supercooled state. A problem
caused by an excessively high uneven air temperature resides

in that when it is intended to cool a large size food, it is
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2K or less, the probability ratio of realizing the
supercool ed state approaches to 100 % Accordingly, it
is inportant to suppress the tenperature in the
vicinity of food and reduce an air velocity. Further,
the position and the size of the opening of the
supercool i ng chanber are selected by determ ning the
distribution of air flow and the distribution of
tenperature by sinulation so that a tenperature is
not locally |lowered by supplying the cold air to the
entire supercooli hanber 0097 j
p@Ef%?%&ﬁ %ﬁ?WpeEg? re°fo h?%] §h§gﬁ§og?e§éééégégri;d
]?tgﬁl ::Prkg S%%g)gr@ ges{ét@ AL detdthsht&Ub@ASan
escr ed alrea the tenperature zone, in which
ekpsrﬁw&% C&K@Ja&@l@s@t @foﬁﬁ@rﬁerﬁier&lﬂﬁ]ﬂr@h ofir ehabéhpdygodising
set to, for exanple, -3Cto -10C. Since the freezing
cpeipés, ofn almwsiasal khef the doods) oempehagpee is made to
considered to be frozen, are included in this
2Kenpet s oir e-lromaobeké L1 5pd52 t BarP e seldBRIf FB‘%en
after entering the supercooled%§§q%e Fur t.her

"HRE” FRODr é‘PPéﬁaﬁa?Foao Aéitgar artive Zonk
L t K .
RaERe Lo e, BHE e kol D80S, crehlghs et ot

f%ggpgﬁaeL&d&&Q%Hﬁ%Qrb%e§o€B§Pge 0fr segdihe @Bdlth@n and
ke, they can be preserved at ease until the next

weeglz&OQBSﬂheFagadﬂmg ofhenef gk i soqriesecnedbaft @re
being frozen in
selected by determining the distribution of air flow and the
distribution of temperature by simulation so that &
temperature is not locally lowered by supplying the cold air
to the entire supercooling chamber.
{00971

As a basis for setting the temperature for the
supercocled freezing, the cooling speed and the like are
satisfied as described already, and the temperature zone, in
which the supercooled state occurs at a high probability, is
set to, for example, -3°C to -10°C. Since the freezing
points of almost all of the foods, which are considered to
be frozen, are included in this temperature zone, the foods
can be stably frozen after entering the supercooled state.
Further, since the food preservation period in this

temperature zone is about two weeks, even if the foods,

which were bought in bulk weekends, for example, are not
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the tenperature zone, it can be divided by being cut
with a kitchen knife. Therefore, the food can be
cooked conveni ently. \Wen desserts such as yoghurt,
puddi ng, and the like are supercool frozen, very fine
ice crystals are created, so that a novel texture,
which is different from that obtained fromordinarily
frozen or refrigerated food, can be obtained.

Further, when mlk, juice, and the |like are supercoo
frozen, sherbet having the texture different from
that obtained fromordinaril d n i ke,
CBBP AR hedY %ngg]b%/ h&r %g?%g% %{o%g: ?{)éldlfulqt:g yais::1 a%pfl Hew

au ifls L9k . {als LR xhewaare.

tﬁgégﬁTgpﬁék@%éﬁﬁﬁgégu%gr%%%?C%%%iroI of the

(9ypgf cool i ng chanber (supercooling space) acting as
the cooling chanber will be explained. It is assuned
her ert hiate # hevhienmitngcof s spoppimpd elieesubetedol gpen 1n
state is determ ned based on the cunulated, tine froq{
thie tehae rapire Wonsupditc 68P1 Ag, Tarthehe s b5erdobred™ ™ @

state i s stopped by changi he te ratur round
Kifehepekiphery ?ﬁegéﬂﬂEefotgglg%??éﬁ%gﬁé E%g%e ig. 9is
é% tlghggt char hé”“ﬁ@s%%r%gesﬁeﬂtéglyé&hdﬂ%@ pudding, and
r@ﬁFlgera%%f I'Ch 1's” 'supercool ing control stored in
tth%e 16eat LoLl erpdboMhenokba, - v68y fnad iaecemysdaledare
the supercooling space is supercool ed, the conpressor
AQatkhe EantRat thendanperx46randwhheh |ikelififerent from
operated to set the tenperature in the chanber in

akhitc bbtthéned upeere ootd ing rddge frz ¢ car ekF (hisieg 2 teAe 00

swi t chi ng chanber .
can be ob%ained. Further, when milk, juice, and the like

are supercocl frozen, sherbet nhaving the texture different
from that obtained from ordinarily frozen food can be
obtained, and thus there is a possibility that a new menu
specific to fine ice crystals can be made.

[0099]

Next, the supercool control of the supercooling chamber
(supercooling space) acting as the cooling chamber will be
explained. 1t is assumed here that the timing of stopping
the supercooled state is determined based on the cumulated
time from the start of the supercooling, and the superceooled
state is stopped by changing the temperature around the
periphery of food to a low temperature. Fig. 9 is a timing
chart showing the control of the refrigerator which is

supercooling control stored in the controller 16. When the
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200) to the air tenperature which is selected within
the range of, for exanple, -2Cto -20C until the core
tenperature or surface tenperature in a case when the
di fference between the surface tenperature and the
core tenperature of the food is small of the food in
the supercooling case reaches to the supercool ed
state exceeding a freezing point (stage 1). Note that
the conpressor 10 and the fan 2 may be controlled by
the tenperature of another chanber, and the
cLEAPEL AL TR NG €QBt Lobd £d Nl RyacePeli Bgrdndicied,
closing the danper 46. [0100] 1In the stage 1, the set
thenpefat el £5,011 (L henal $her2 ( Ntle Ehean) 4b0ansetid ngiddheare
tenperature of the switching chanber 200 is set to
opheasadret ¢ enperdtutemasranuor dimarhe tchapeeat un ewl{ stiowme
by "set" in Fig. 9). After a supercooled state stop
sSPBS5FPPEiNg masCati swAPehptehe ido itdhesgpérepdredchaPato

| east 3C Iomg{,than freezin

P eh okt 651 STERLABALT APLET (o “BUErEdor Ca B e
refiokeBE A HlarpB30 52 80RONOR  AAS, Bhoa0Grd N

supeér cool e i's stopped, the set tenperature of

tbRBEPLBE AL s g aset thRpethes Al dinar vaset wheapesat ure
(Test) until the food is - 70 conpletely frozen in

dir $e eat ¢ ederwWesinag®e3yur Hove viefmpd daa urkeeapar ahelr eoof

the sw tching chanber 200 may be shifted down by
troperehigre het gére tfenpet at smel{ shoviepyf ooTset - den" in
sﬁggfcog ing case reaches to the supercooled state exceeding
a freezing point (stage 1). Note that the compressor 10 and
the fan 2 may be controlled by the temperature of another
chamber, and the temperature may be controlled only by
opening and closing the damper 46.

(0100}

In the stage 1, the set temperature of thermistor {(not
shown) for setting the temperature of the switching chamber
200 is set to the same temperature as an ordinary
temperature (shown by "set" in Fig. 9). After a supercooled
state stop possible time (at which the food is supercooled
up to a temperature at least 3°C lower than the freezing
temperature) is reached (after the supercooled state is kept
for at least 5 seconds) (stage 2) and the supercooled state

is stopped, the set temperature of thermistor may be set to

the ordinary set temperature (Test) until the food is
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[0101] In this case, the certainty for stopping the
supercool ed state is increased, thereby the quality of
frozen food is also inproved because the cooling speed
is fast after stopping the supercool ed state.
Further, when the food is frozen instantly by
perform ng quick cooling so that the tenperature in
the supercooling case is lowered to -20C or |less as
in an ordinary quick freezing, the quality of frozen
food can be nore inproved. As to the setting of a
ervatl n_tenmperaLur f £, od,is el
c$ %gen fozengg m%eng% ﬁs;er%?&%g gbch %gﬂ?%%% g%e
té%&zﬁ{]ﬁé hg thikew9PcR: Y %atnme'?@buﬁﬁysbéiesﬂﬁfﬁ&l down
an energy saving property can be increased and even
pif 1bheripdies fresempedatbye besingnf rozersatc-db@nt oin Fig.
-10C, it can be conveniently cut wth the kitchen
gknife after it is taken out fromthe refrigerator,
thereby the food can be easily used. Further, when
(Phelpreservation tenperature is set to a Iow
tenperature such as -15C o [ eser Vi |on

pr oper ty'*Sc&A°6e Fﬂ%r%ﬁﬁﬁﬂf“ﬁ?O%%E]St DRTAT i 2 2|ng t he
sﬁgglt:&gélé)cpegtaat 01 50 anpgagé@t rtf—ﬂér%rbylﬁhe ngrll dhe

rigerator 1 résults in a flowhart shown in Fig.

£10z e MNESL A SURAISCOGhbRGvEYT E&ih Hes pOREd obihlesbeetliit
crystal panel 5 shown in Fig. 3 is depressed, the

fabBt egfad i it afpimgsttper sopt i ogp tadres tag-est aFtetdh¢ st ephien
t%é fl?g is frozen instantly by performing gquick cocoling so
that the temperature in the supercooling case is lowered to
-20°C or less as in an ordinary quick freezing, the quality
of frozen food can be more improved. As to the setting of a
preservation temperature after the food is completely frozen
{stage 4), when a temperature such as -15°C or more and the
like on a high temperature side is set, an energy saving
property can be increased and even if the food is preserved
by being frozen at -5°C to -10°C, it can be conveniently cut
with the kitchen knife after it is taken out from the
refrigerator, thereby the food can be easily used. Further,
when the preservation temperature is set to a low
temperature such as ~15°C or less, a preservation property
can be increased.

{c102]

Summarizing the control operation of the controller 16
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time during which a supercooling tenperature is
reached from a roomtenperature is previously set to
the range of 5 mnutes to 72 hours and preferably to
the range of 1 hour to 24 hour, and after the tine
has passed (step 2), the tenperature in the inside of
the supercooling case is controlled to automatically
change to a |low tenperature side (step 3). Note that
when an increase of tenperature, which is caused by
openi ng and cl osing a door in practical use, is
etected_by the not. sho therm stor nl.y ti :
4%ntgﬁhf%ﬁr¥§ﬁfﬁﬁﬁ%b§réfﬁpgtfsl%q%aﬁfﬁﬂfﬁéptlSégg?hgﬂﬁgﬁg'
red 1 N SReratu LS aen; btiks
lgéteﬁhgﬁgé %ﬁéﬁ thgj?ﬁfggﬁg?éda?%ﬁgﬁﬁ%%?%e staggs 2
ARdt31 shewn 4 nsHdugh 19 eachesis epysadet ethkned tine
(step 4), the set tenperature of the therm stor and
ihegspeeds of 4 hmpecumpilésgotid® mdstawredaris2enre) - The
returned to ordinary values (step 5). [0103] The
tgwiet EHERYY ciahdera Z0We rRRPe AnE steRe Lol iend ScHEABRFY from
capabl e of placing the food acconnodat ed thereinfig
& REOTs BBPE 6T R s’tsatpé,evégﬁsgé S0 tfc%etg“et JARE ©

nﬁ%#&%gi%g 9£ hé@ﬂ?%%%%gﬁ%fég§$§%syg 1S Jgﬁ%e of 1 hour to

rigerating zone . 2 the chil'led zone
2(43%;5%,09@ L e Saftle fi6RZhAg BRBS=4 ahnlp 295Cthe7C,

, the freezing zone (about -17C), and the Iike,
whthetrheseat enpeiatinesican haeswipehethb tiogsetse is
tenperatures in such a nmanner that the controller 16
gagtrolled to automatically change to a low temperature side
{(step 3). ©Note that when an increase of temperature, which
is caused by opening and closing a door in practical use, 1s
detected by the not shown thermistor, only the time, in
which the temperature is equal tc or less than a
predetermined temperature, is integrated. When it is
determined that the integrated time of the stages 2 and 3
shown in Fig. 9 reaches to a predetermined time (step 4),
the set temperature of the thermistor and the speeds of the
compressor 10 and the fan 2 are returned to ordinary values
{step 5).
f0103]

The switching chamber 200, which is the cooling chamber
capable of placing the food accommodated therein in the

supercooled state, can be switched to the plurality of

temperature zones such as the refrigerating zone (about 3°cy,
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conposed of the m croconputer and the |ike disposed to
an upper portion of the back surface of the
refrigerator main body, controls the danper, the
conpressor, the fan, and the |I|ike. An exanple of the
di spl ay panel 5 disposed on the front surface of the
door is shown in Fig. 25. [01041 Fig. 25 is a view
showing the liquid crystal display panel show ng an
enbodi ment of the present invention. In the figure,
reference nuneral 5 denotes the display pane

provided with a chanber°s§lec£ion

i tch 5a,
epen A 6F e2050) (RTBn Gur R Eo0? T ng CALH BB (20U

Super cqobed_breezing, (Jsiagt breerid) shleh, Sand the

an i ¢é maki ng changeovér~ switch 5d. The chanber

Seleectians fukt chemat 581 AELS cARYLOT swithendefud gerat i ng
chanber, the vegetable chanber, the freezing chanber

e usust ehi igeichankemne rt heat emperatrurmller 16 is
adj ust ment/ qui ck cooling switch 5b selects the
temperdt ofethadpistorempusert Redgbhekl Hrecdisngssh 5o an
sel ected chanber (storage chanber), the uperc%oled .
YaResz 09 L PRSP AnEhe frasdy iSHg) 2SR PERTER %eeﬁsrel@te§a or main

led freezing (instant freezing), he i ger.
I R e o A

ordi nary,
Jgig?en.Sp%Ee@& LCcks (Ofc $1i0p10008SALY ?rhlii%é_y&ikioﬁg the
node. FE@%S] fﬁg di splay panel 5 may display the
seint epenatupesti® dde chanbens (heftggermting
chanber, freezing chanber
[0104]

Fig. 25 is a view showing the liquid crystal display
panel showing an embodiment of the present invention. In
the figure, reference numeral 5 denotes the display panel
provided with a chamber selection switch 5a, a temperature
adjustment/quick cooling switch 5b, a supercooled freezing
{instant freezing) switch 5c, and an ice making changeover
switch 5d. The chamber selection switch 5a selects any of
the refrigerating chamber, the vegetable chamber, the
freezing chamber, and the switching chamber, the temperature
adjustment/quick cooling switch 5b selects the temperature
adjustment or the quick freezing of a selected chamber
{storage chamber), the supercooled freezing (instant
freezing) switch 5c selects supercooled freezing (instant

freezing), and the ice making changeover switch 5d selects

ordinary, transparent, quick, or stop modes in an ice making
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swi tchi ng chanber, vegetabl e chanber, supercooling
chanber, and the like) of the respective tenperature
zones and the present tenperatures thereof. Further,
when the surface tenperature of food is neasured by a
non-contact type infrared ray sensor and a thernopile
and the neasured surface tenperature of the food (for
exanple, food tenperature as shown in Fig. 9) is

di spl ayed on the liquid crystal display panel 5, a
supercool ed state and the surface tenperature of the
food can be found at a glance. This is convenient to
mefGser of the refrigerator because it is not

[%g%%jsary for himor her to find a passed tinme as wel |
as t confirm degree food is cool ed by opening the
door thf 0d06)1 2 Ve ellt 5i fagesi §8Th aersker fehperatinks to
freezing, a quick freezing node is entered by
teenichaubesky ( depr egsiatg not kbatmbaper tegxing chamber,

adj ust nment/ qui ck cooling swtch 5b for a ,
yigdatispnihanbe | ey 4B tedden 8P e Fer BHF 1900 Mqagc khamber,
freezing is perfornmed. Further, when it is desirgdt 0
¥t Gt G iERE U OO 8ot PAES (T et Freg2inG) e
pq:e%ue%%r %orct)ll !Engtlr}]pedse T Ie%e%r}t.er %g @Meg,e% It@l% tstl?face
Siper coof &8 FreeZ|ng instant FreeZ|ng sw tch 5c,
dNEIERY 23 SHPEESQP! £ reorliRa 8y hhgor4-ormuper egpked
freezing is performed. Further, the refrigerator
aaendicngat 0stheo endrotlianenic rabpthe prnesend mdazpwertli on
is provided with an ice-naking pan cl eani ng node, and
duhef sicee trmkengt pad @f edrd fgododéorsesamekrod inpd

temperature as shown in Fig. 9) is displayed on the liquid
crystal display panel 5, a supercooled state and the surface
temperature of the food can be found at a glance. This is
convenient to a user of the refrigerator because it is not
necessary for him or her to find a passed time as well as to
confirm degree food is cooled by opening the door.

[01086]

When it is desired to perform the quick freezing, a
gquick freezing mode is entered by continuously depressing
the temperature adjustment/quick cooling switch 5b for a
predetermined time (3 seconds), thereby the quick freezing
is performed. Further, when it is desired to enter to the
supercooled freezing (instant freezing), a supercooling mode
is entered by depressing the supercooled freezing (instant

freezing) switch 5¢, thereby a supercooled cooling or the
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depressing the ice maki ng changeover switch 5d for a
predeterm ned tine (about 5 seconds), thereby an
ice-making pan is cleaned. [0107] The tenperature of
a sel ected chanber (storage chanber) is adjusted by
the tenperature adjustnment/quick cooling switch 5b

and, in the enbodinent, the tenperature is displayed
in three | evels of strong, nedium and weak. In the
tenperature display, a set tenperature nay be directly
di spl ayed on the display panel 5. Further, the
tenperature_ set.to the cqoling ch S
%ﬂ?&&&ﬁ?ﬁﬁ?l§r%?%ip se Fr%ggﬁ?%huous y %ﬁﬁ tched, when
Ikg%iégggkgg ch &%n%SxpkﬂgegmbadiﬁgﬁtSHPQ&@D@E%Qent
state, to the value 1o stop the supercooled state,

BRE G chhesVal se: adensittd $hopcthea Blpers00lceastiatenode,
and performthe frozen reservation. The set

drenmerat ge eng Ring hgarautlermtingahbsie sk t @hert ado Pvhe
previously set tenperatures based on the tjine
danrerseang pheviewdiakiger dppngepvier SWitELod f98wéver,

t hese set tenperatures can be als nual.| SWi t.c .
BEEFTdrRg thee | R ?’rffﬁafldsgne %?e%%iaé’h NS Rfing
%gse%§cg %ge&he door of the refrigerating chanber 100,
Bt h> 75°"3"switch and the like. The t enper at ure of
tdywgool ing chanber 200 fromthe tinme when the
supercool ed state of thereof is stopped to the tine
whenTtht tembeirdhere plfagedeilactadf clozdrer esdrvageonhamber)

state is controlled by a cold air . .
is adjusted by the temperature adjustment/quick cooling

switch 5b, and, in the embodiment, the temperature is
displayed in three levels of strong, medium, and weak. In
the temperature display, a set temperature may be directly
displayed on the display panel 5. Further, the temperature
set to the cooling chamber is sequentially stepwise or
continuously switched, when the cooling chamber is placed in
the supercooled state, to the value to stop the supercooled
state, and to the value when to stop the supercooled state
and perform the frozen reservation. The set temperature can
be automatically switched to the previously set temperatures
based on the time intervals previously set by a timer.
[0108)

However, these set temperatures can be also manually
switched by providing the liquid crystal panel 5, which is

disposed to the door of the refrigerating chamber 100, with
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adj ust rent nmeans such as the danper and the like so

that the tenperature of the cooling chanber 200 is
nmade to a set tenperature by detecting the

tenperature set to the not shown therm stor and the
tenperature of the chanber or by detecting the

surface tenperature of food. Note that it is natter

of course that the conpressor, the danper, and the

i ke may be controlled using an infrared ray sensor

for measuring a food tenperature in place of

ther.m stor .for Basuri cha e ture.

7 G00F" A8S B8 BT aBode P HE T SrEe Iy avE SPOHARS
dH882:Ng oo Chagher, &nd i @re A0t hBYs GhaRS1 dcB staket Bra
first set tenperature with respect to the supercool ed
3eater apdsfepeed it plrRcednenwhbe Supes cholwee rspabeeByin
the cold air i1ntroduced into the cooling chanber.
ANebttozea tespevative siditfef esencrtisl pe@viousioplst eied,
and the supercooled state of the food is stopped by a
adMSERERtr BSART cHIGR dDwee PRBRST t fReC fihstlidgy so that the

t t the ten di . Wh it
SFERBIATHED PRAERT e SUper COArEa sedl e T Sitopod By |
gae %e létc ?‘ggké%eg@@é@gﬂ{ge tq)lfe ?:?glngngrg%éjt Ad b2 not

Juste ording to ath tenperature set by the

ShARYRALEeH; {60 Sihd CihOft dpe rdeake 0b £ t hige refaniger atk-oby
to preserve the food in a frozen state. As described

Bheyve,ingi nhe shefddd tHengefrati:enperfafocd, alsecandtset is
tenperature, and the third set tenperature are
equenifakbbyrehanied Hie o reatervatike glanper, and the
like may be contrclled using an infrared ray sensor for
measuring a food temperature in place of thermistor for
measuring a chamber temperature.

{0109]

As described above, the temperature of the freezing
chamber and the cooling chamber is set to a first set
temperature with respect to the supercooled state, and food
is placed in the supercocled state by the cold air
intreduced into the cooling chamber. Next, a temperature
difference is previously stored, and the supercooled state
of the food is stopped by a temperature which is lower than
the first set temperature by the temperature difference.
When it is determined that the supercooled state is stopped

by the surface temperature of the food, cold air is adjusted

according to a third temperature set by the changeover
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measuring the tenperature of the food, the cold air
can be adjusted by a sinple structure of software
stored in the mcroconputer. As a result, the frozen
reservation, by which food can be frozen in good
quality, can be realized wth a smaller anount of
energy W thout perform ng quick freezing or wthout
setting a ultra | ow tenperature of -60C. Wen the
time intervals are set, they may be previously stored
time intervals, or a tinme may be set by the liquid

sqﬂri@halo fp@Hgl déopno ih:%es lfreffﬁﬁﬁeggtgpg%&l gg{efse\g\kg tthgi %ood

arrangenent, a quil ck processing can orne

BLCOrdioRgnt 9rar£ 000y s RIdNehedt BBoHEIr €8 @f the first set
supercool ed state can be nmade deeper by determ ning

tdigerianiumg, Ok stoppd NGett hempeupencop| @i sttat etiyd set
measuring the tenperature of food. [0110] To pace the
wormmatdatedr ¢ oveldwenttivd lyugbrooetl edt st e, intieygals or by

supercool ed state is entered by adjusting the anount
RFASWHESC6PE BPFPEIA Yoducdd TRt 6°PRe BHbIGHY éndntér, °e

the tenperature of the cqld air bej set_.by the first
A DRI Bt hirle | L5 R Ransl, BBEPE I i Spnd e

M EReamdter, of 1hedyeezing ¢hanber.and Jhe £00king

chanber "in which the food is accormmodated, and the -

whfi crS UpeHC eghele St abfor Sirc@Rbinyadl i NexXteart e realized
supercool ed state is continued, and after the tineg,

wittilche isgagétrasmeilmet tofrenengyess ahyut cpeoinbimiug gheck
supercool ed state, has passed, the supercooled state
ofeazi@of e6d vitshewbppellt Bye suppltyiend owoltgmperature of -60°C.

When the time intervals are set, they may be previously
stored time intervals, or a time may be set by the liguid
crystal panel 5 on the surface of the door. With this
arrangement, a quick processing can be performed according
to a food. Further, the degree of supercooled state can be
made deeper by determining the timing of stopping the
supercooled state by measuring the temperature of food.
[(0110]

To pace the accommodated food in the supercooled state,
the supercooled state is entered by adjusting the amount of
the cold air introduced into the cooling chamber, the
temperature of the cold air being set by the first
temperature, which is the temperature stored in the
microcomputer, of the freezing chamber and the cooling

chamber in which the food is accommodated, and the
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air whose tenperature is |lower than the first
tenperature, and the food, which is released fromthe
supercool ed state is preserved in a frozen state at a
third tenperature set by a tenperature setting unit

di sposed on the surface of the door. [0111] Wen it
is assuned that the first set tenperature is
previously stored, since the third tenperature to be
set can be sinply switched manual ly, so that
tenperatures can be set wth no relation with each

ot her. However, when the first _tenperature is set,
PNl o WP S el B EEP R s S T festate

issl"rc,fcﬁﬁgnggdt hgn&ioépftéqu tt%:ﬁ%g];etlsgﬁ% atojrsf %L‘et?iars:ié:gg time

surface of the cooling ¢

deenpekaute eaft hensSWHLhedeae601 8l NG 41Q:,a8 Ha¥PBa8ked, the
food. It is also possible to display the tenperature

sgtersioafledantdat¢ hef deteedbed tienpesabpent eoyofsudpe ysagf ased
of the food on the Iliquid crystal panel 5, and it is
H|'s FheE8sFples ¥ ot witanige 1oveE §BaR| Hee tleimsdr acoperanife

obser vi the dj splayed state of it. The third
%“éﬁ%@ﬁaggf’@ nﬁﬁ@lﬂg Js%treéﬁatgﬁgt EF e cHiif BRPesicPeRédS tote
% g)%% cLGaRerat rf"rcfz%%e Sthem égog 19; _cp(%cé‘ml rature set by
consi deration of a lTongtine preservdflon of "8eVErT af

aﬁQ@h@ératZ§e é@tﬂﬂﬂﬂ@ﬁﬂiﬁ@i@p@@@g éﬁe@ﬁégglkgggegﬁtyﬁg
zone in which a person can cut food maki ng use of a

ddictrchen knife and the 1like due to the ice crystals
from-5Cto -15C created therein, or to an
i%tlédmedi ate freezing tenperature zone

When it is assumed that the first set temperature is
previously stored, since the third temperature to be set can
be simply switched manually, so that temperatures can be set
with no relation with each other. However, when the first
temperature is set, the temperature setting unit may be
disposed on the surface of the door of the refrigerator or a
side surface of the cocling chamber so that the first
temperature can be switched according to a type of food. It
is also possible to display the temperature set state and
the detected temperature of the surface of the food on the
liquid crystal panel 5, and it is also possible to change
the setting temperature while observing the displayed state
of it. The third temperature may be set so that it can be
switched to a deep temperature zone from -30°C to -60°C in

consideration of a long time preservation of several months
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bet ween the above tenperature zones. [0112] Wen a
tenperature is set, the controller controls the

nunber of revolution of the conpressor and openi ng or
cl osing of the danper so that the tenperature detected
by the sensor is set to the tenperature set by being
switched. As described above, since the first and
third set tenperatures can be set with no relation
with each other, respectively, the set tenperature
can be changed according to a preservation period and

ate of _use, acco eriod of tine durin
SR RS L ere&gﬁﬂge&e@?%fat%e i PR ich o
di-ng egtaféscsﬂsfm Lype, Og E@ﬁ tk%k%% and the
e f :%

accomuodat or accor ng to the

SiuReleeokadtnhst ate, o8 dat flexibbe {63@@30 created
preservation can be obtained. [0113] Further, when

ﬁHEIdmﬁﬁpeEatdr&nOfnﬁdﬁmddﬂMtéeﬁkbyzE@@|Eﬁhpdﬂﬂﬁdr@gzone
chanber is set, it can be determ ned whet her or not
heterefeiny $het ahpes atamee rathireh zoseset to pl ace food in
the ~_supercool ed state, is set by neasuring the
¥Eﬂﬁ%rature of the cabinet by a sensor disposed in

LrC Rk DO NIRRT, O ¢ aP ke £7 LIBLIAG (150 BBREE L e

of t cha €ra e of

RRIAG %@o&@dom{lm PO E}QeéEQ? éﬂ? @@%089' ed

state by lowering the tenperature o surface
diy sliewebiEnghé h@adgiperatrtuce ehet bemgotsh dld de@bcted by

indirectly cooling to a tenperature | ower than the

thier sfensor is set to the temperature set by being switched.
As described above, since the first and third set
temperatures can be set with no relation with each other,
respectively, the set temperature can be changed acccrding
to a preservation period and a state of use, according to a
period of time during which a necessary supercooled state is
continued depending on a season and a type of food to be
accommodated, or according to the depth of the supercooled
state, so that flexible freeze preservation can be obtained.
[0113]

Further, when the temperature of the indirectly cooled
cooling chamber is set, it can be determined whether or not
the first temperature, which is set to place food in the
supercooled state, is set by measuring the temperature of

the cabinet by a sensor disposed in the cooling chamber or

by estimating the elapsed time of the chamber temperature of
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tenperature for placing the food acconmmodated in the
cooling chanber in the supercooled state. O herw se,
the supercooled state may be stopped by increasing
the heat transmission ratio of the surface of the
food by increasing the air velocity around the

peri phery of the food by increasing the nunber of
revolutions of the blowing fan in the seal ed cooling
chanber. A nore uneven tenperature distribution of
the surface of the food can nore easily stop the
supercool ed state. A cald air is directly introducegle

3 Med 1t RBLEBBRI YL Rhasd i nIhni 8 PR Rifpec §6PBd*

t at i t b h I t
R R S S
D% ARENLDY 1 Lher ReNI Y QfnpelrBeusQ0bE NehLhambera rt @or

preserve the food in a frozen state. Oherw se, the
frendccR1t/hecehafdpero My dapephesee Veshén ttharf nozedirst
state by nore |owering or keeping the tenperature of
tehpewalthrsufdace: avhide the ifsoberngommeligtent 1y ¢bel edoling
As described above, the freeze preservation, which
Fordgies "athg nal PRt CHNR S tef CeneP By T @& b Ser f or ned

by the sinple  structure. [0114 Next, an enbodi nent,
TP EER “HnBEE o RA gt CHEBPFE R Mot it RS QRS bt
l.ained. _Fi g. ' i ctional  ViewW; 10k eds;
e e R i S AT
tHeSAnt veN¥ent i onrodiie SaMpirebaEePCe: MR rRlcs &y

those of Fig. 5 show the sane arrangenents. A

pardeatsiiay wakl ndilse £ S©f revolutions of the blowing fan in
the sealed cooling chamber. A more uneven temperature
distribution of the surface of the food can more easily stop
the supercooled state. A cold air is directly introduced
into the cooling chamber, in which the supercooled state is
stopped by such a supercooled state stop means for stopping
the supercoocled state of the food, by opening the opening of
the cooling chamber, to preserve the food in a frozen state.
Otherwise, the food in the chamber may be preserved in a
frozen state by more lowering or keeping the temperature of
the wall surface while it is being indirectly cooled. As
described above, the freeze preservation, which consumes a
smaller amount of energy, can be performed by the simple
structure.

[(0114]

Next, an embodiment, in which the two-stage case is not
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di sposed in a switching chanber air duct 41 to adj ust
the distribution of cold air to swi tching chanber
back surface upper side blow ng port 42 and a

swi tching chanber ceiling surface blow ng port 43 on
the front side of a ceiling surface, and the cold air
is distributed by the opening/closing angle of a
danper 46. Reference nuneral 95 denote a device, for
exanple, an infrared ray sensor for nmeasuring the
surface tenperature of food to be frozen by

0115 dj d th
P ate” beb0r=UNE sk ARy Chanbet D05 AGHCCRR"L e
o‘%e*ae%ﬁwﬁ;rﬁ&rér%&etxe%%r i‘LUEﬁ‘e &Hbé&l‘?ﬂe“n@q ohOLge t hat

when t ow ng port 43 is located on the front side

pksthe cribingsur face s9fe theeSedaGRindranRerat thése of
nmeasuri ng device 95 is disposed, for exanple,

Fiear wWasdoof thdesaoei ldamgngamtace. 96 gmrtiposint wehlatla is
which it is not affected by the cold air froma
deiPbisag sur$ avel tdliow shapber 4B qurtedit tasedigphckne
the cold air fromthe back surface

Hadrabet i onger €idnaidt |t8nsf“6tc}€’rfég f%lt?gﬂl%%aﬁaﬁ%aﬁ%ﬁce
4? %rcglge bfowfé”ntg¥% bo pQ&Et%ﬁ&?%) %m%%&fégﬁllng

rrpera ure rreas eVI ce 5 IS on -

$he el bwgﬁ(yrg@o@ 4%6 dnnchBerUpRers R tJon okiaihgck
surface so that the state of the food affected by the

st@lfdceail Endir oia thEl blaow g postrdduican de easily
detected. [0116]

opening/closing angle of a damper 46. Reference numeral 95
denote a device, for example, an infrared ray sensor for
measuring the surface temperature of food to be frozen by
supercooling.

[0115]

It is disposed on the ceiling surface 96 of the
switching chamber 200 and can detect the surface temperature
of the food. Note that when the blowing port 43 is located
on the front side of the ceiling surface 96, the surface
temperature measuring device 95 is disposed, for example,
rearward of the ceiling surface 96 as a position at which it
is not affected by the cold air from a ceiling surface
blowing port 43. In contrast, since the cold air from the
back surface blowing port 44 has a stronger stimulation to

the food than that of the cold air from the blowing peort 43,

the surface temperature measuring device 95 is disposed on
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Next, a supercooling control of a cooling chanber for
pl acing a food accomopdated therein to a supercool ed
state, that is, a supercooling chanmber (supercooling
case) will be explained. To supercool the food
accommodat ed in the supercooling case, the difference
between the core tenperature and the surface
tenperature of the food is reduced while detecting
the surface tenperature of the food wth the surface
tenperature neasuring device 95, so as to prevent

hat the food begqi to eeze before .the core
DEET ALY ST AThe oot FREL PSSP Eadt RG. GaBe"
sﬁ??gggss$ h@ha{ rt%%z 'sl%gteob@t tﬁ’gcﬁﬁlﬁ:ﬁ aofffetcrE%dSHE/f e cold
tenperature of the ood excessively lowered. The air

M@l ecbhyrif B iGRf Goitr 44 whah Che fd38 v @ etbed.
supercool i ng case, is reduced by increasing the

[@aooent of cold air distributed to the blowng port 43
by, for exanple, half-opening the opening/closing
angl Repf, theupamserlisgt eontreobodi @ 6ROSEnghehamber for

partition wall 4la as shown in Fig. 12. %0117
PEGFEREr 2§97t @ T MOERbEFatifES Y thé SoFGraPPipd state.

t%%%r§gse%h$d$§%%ﬁg gibn%hgﬁgekeg%@§5{€$gfyﬁgakgsgycéég% be

roug d arr pas ere’iI's an ef

P12i1824. thad dhe sWhacgeokobhead Q@thdficret iabenptly
cool ed because 'the tenperature of the cold air from

suberbbewifng gHd, £hd sifmadenbé ghetwddianticheoeeal d air
flowng in fromthe blowing port 42 near to the
teappertdbe and the surface temperature of the food is
reduced while detecting the surface temperature of the focd
with the surface temperature measuring device 95, so as to
prevent that the food begins to freeze before the core
temperature of the food in the supercooling case reaches the
freezing point because of the surface temperature of the
food excessively lowered. The air velocity of the cold air,
which flows into the supercooling case, 1is reduced by
increasing the amount of cold air distributed to the blowing
port 43 by, for example, half-opening the opening/closing
angle of the damper 46 to the position of the partition wall
4la as shown in Fig. 12.
[0117]

Further, since the temperature of the cold air is

increased by increasing the length of the air duct 41

through which the cold air passes, there is an effect in
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The tenperature set to the switching chanber at the
time is made higher than the tenperature ordinarily
set to a freezing chanber. The food is cool ed as
descri bed above wuntil the core tenperature thereof
reaches to the freezing point, and when it is
determ ned that the surface tenperature is made to
such a tenperature that the freezing point is
reached, the food is rapidly cooled to | ower the

| onest reach point of the tenperature of the food.

.S .| because .si.nce .a tenperatu
t}EEntbﬁe8u¥$%§§fﬁgt€§igpoﬁsg?nﬂg%E%ﬁ%&%%&écégégé,bgﬁg%Fe
$ASEeMPEPat N Jemper abuhe 0t £Pod dre lwened show ¥3 is
there 1s a possibility that the supercool ed state is
mgtieppedhyhi tiesrt e rceadhatienpesainy ein rErohe the blowing
supercool ed state is kept high. [0118] Accordingly,
paimen 4€ heed enpertdtcudenpkrt Ké.surface tenperature
measuring device 95 is reached to a tenperature at
whi chn§ ttewPegeterfi A6l Fhathe e fhPdronghpaPRE dasthe

b . hed, t t | i f or med
385 5% BRT I GUBE: CPEaLR BBTH T R APLr aTbgee O
£ RELeAS! B0 hfie amaynt £ 0h ¢0l do3idqy felso"éﬂe%%r'iBfEQ Lhgve

supercool i ng case by increasing the nunber o

uh@Y el Uhe O0Fo & @@ aQN rBY thBcE 8ASHEHAE tv 8Be FREakeng
anmount of cold air by totally opening the danper 46

pltihe, stad ewlodn tihe idampeerd4bnen gt ) suffece
tenperature set to the switching chanber at the tine
tegpsesttupe t he wive tot eplr at bperase tuke ttédpetaeufeeezing

cqooled up to the freezin
pognt 95 Peached, the foodgis rapidly cooled to lower the

lowest reach peint of the temperature of the food. This is
because since a temperature equal to or less than the
freezing point is in an unstable state, in a case when the
temperature of food is lowered slowly, there is a
possibility that the supercooled state is stopped while the
reach temperature in the supercooled state is kept high.
{0118]

Accordingly, when the temperature of the surface
temperature measuring device 95 is reached to a temperature
at which it is determined that the freezing point has been
reached, a temperature contrel is performed so as to lower
the lowest reach point temperature by increasing the amount
of cold air flowing into the supercoocling case by increasing

the number of revolution of a fan or by increasing the




point or is |[owered. Next, when the food is rel eased
from the supercooled state, the tenperature of the
surface tenperature neasuring device 95 is increased.
This is caused by the phenonenon that when the food
is released from the supercooled state, the
tenperature of the food is increased to the freezing
poi nt, and thus ice nucleuses are created by the heat
energy corresponding to the difference between the
freezing point and the supercool ed state reach

t t heat . di I [

ST o RBEPRE UTE) “ GLIUE PYhECLanper MY e A PGoREPBRT od°
Et%ec%ﬁfﬁlcgt EEVLLL egas. 4G g fi?logiﬁy pb{ pwi ng, caly P@kgture
into the supercoolirg chanber i response to the

Rhove detesm fatian. cHeRid -abk BAYI Afndl id QMRS to the same
tenperature is caused to flow into the supercooling

telrgrbetuby botahd ytaperiatgrehecdasperp 46> am@d freezing

i ncreasing the nunbers of revolutions of the fan and
ri@tcowpiessoverad. tNexthi whent heet Epgrericgt ed egeedt from
t he switching chanber is nade |lower than an ordi nary
qnﬁwﬁépﬁFﬁPé;eiss%ﬁ£ﬁﬂiq§§dt§BB9é?tU§%t?frﬁYQ:éﬁFFBFeis

changed conti nuousl r .stepwi se through ,th ) .
ERERIET G kL DR RrBoBY 98 LILOUALG L Nnis 45

BthsJURGT €01 Side SLRIR] QNBST wAEHT ENE BT I €ARERALHT Erom
fromthé freezing point, stop of the supercool ed

Slcals@perand160NPl £, dhee@z2inpg raFofe exanplee,tololdeis
supercool ed state is securely achieved by controlling

irheekerpet at tihe, ftdrr iagppotintandnt hehus ice nucleuses are

created by the heat energy corresponding to the difference
between the freezing point and the supercooled state reach
temperature (heat energy corresponding to an increase of
temperature) .

{0119]

The temperature is controlled to completely freeze the
food by blowing cold air into the supercooling chamber in
response to the above determination. Cold air having a
lower temperature is caused to flow into the supercooling
chamber by totally opening the damper 46 and increasing the
numbers of revcoclutions of the fan and the compressor. At
the time, the temperature set to the switching chamber is
made lower than an ordinary temperature. As described above,
setting control is changed continuously or stepwise through

the respective steps of a freezing point of the food, a
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velocity of the cold air to the supercooling case, the
supercool ed state | owest achieve point tenperature is
| onered, the supercooled state is stopped, and a
freezing speed is increased after stopping the
supercool ed state, so that good quality freezing can
be realized. [0120] In contrast, when the tenperature
of the surface tenperature measuring device 95 does
not lower fromthe freezing point even after a
predeterm ned period of tinme, it is determ ned that
no supercqoled state is caysed in the food (failure
S&F%&ﬁ@ﬂ@ﬂoﬂ"f‘ﬂgﬁ Ly etadent§VENBALRY FFHRT Ry e from the
ree2|ng and frozen state ntered.
cor&gngg Onﬁg}éiﬁrgug }e$§§berfﬁr
ﬂﬂé%kl%ﬁ'CKFEEe@%éﬁghe,C%%ebéuFQEégéfﬁﬂi4&&%@M£%esgbﬁrely
tenperature control after oppi ng t he supercool ed
Sfirat@edabd thatrdceif tokaksmpanabere f i@ Grbiunel, yand the
even if freezing is performed w thout through the
wipericgobédtke at@ld rrigr der the keppridel umldasy . ofhe
frozen food as far as possible. As a tenperature
LHRICOP 1Rt AbwES al OfedY @F@leﬁﬁepPéﬂ%e?%ﬂHﬁﬁﬁﬁﬁﬁe f-&r
IS tr ich
ey BE heb TG Fere Ehe trvREDs M ha ACorEind
gaehed apd, LOc.qealcd.s MBLLOLA ¥nboghet codiRa URLEL,

core tenperature there cooled to the free2|ng

ﬂﬂ@tn@ogﬁ q&gﬁlﬁglﬁﬁéezﬂﬂ%xbantbg super£aol ed state
reach ten’perat ure 1's

[0120]

8 complete

In contrast, when the temperature of the surface
temperature measuring device 95 does not lower from the
freezing point even after a predetermined period of time, it
is determined that no supercooled state is caused in the
food {(failure of supercooling), a phase is changed from the
freezing point, and a frozen state is entered. Accordingly,
a temperature control is performed so that quick freezing
can be performed likewise the temperature control after
stopping the supercooled state, and that ice crystals can be
formed finely even if freezing is performed without through
the supercooled state in order to keep the quality of frozen
food as far as possible. As a temperature control without a
failure, the temperature of, for example, meat is controlled
at -1°C which is the freezing point thereof until the

freezing point is reached and the meat is uniformly cocled
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| onered while controlling a set tenperature to be

about -4C to -7C. Since the supercool ed state | owest
reach point tenperature cannot be |owered to a
tenperature equal to or Iless than a cooling

tenperature, when it is desired to set a tenperature
-3C lower than the freezing point, it is necessary to
performcooling at a tenperature equal to or |ess

than -4C. However, when an excessively | ow

tenperature is set, the supercooled state is stopped
regardl ess that the | owest reach tenperature cgn ?ot .
W1l Gher 8BTS THRITRF G et hBSFBRpet At RE§%S el "ot L9211
Wien %hg sepercooling | onest reach point reaches to a
RoMSePat ufe"" -3C or I ess |ower than the freezing point
(dihq jsame effect as that when the supercool ed state

is kept for 5 seconds or nore), a control for

St OpRERY, the: iprRrceoied state icachpardpreradute is

t hereby stop the supercool ed state. After stopping

ttche redpehd del echstaltlenga aqueketktenpd Fagnooritr sl hout -4°C
performed to quickly freeze the food. Wen a food is

tsr egefvedSEBCE highe | TURSAITORE ©di AbRYe ctRWSA Tt HSaCki PERBR
knife reserved at -5C to -10Q), it is refera?lg to.
SEPFOAITES ERAPET RUCCVESHEY 5P Aot TR T D gt O ©

t ure lL.ow - J h
S o B B BB A% 1 AL Sz
tleip® rlas uRet —-neeessay drart haef Feezing; g&imer atune

zone, the food is quickly cooled at a | ower

Heenperature. pPA2A} cooling at a temperature equal to or

less than -4°C. However, when an excessively low
temperature is set, the supercocled state is stopped
regardless that the lowest reach temperature can not be
lowered. Therefore, the temperature is set to -7°C. When
the supercooling lowest reach point reaches to a temperature
-3°C or less lower than the freezing point (the same effect
as that when the supercooled state is kept for 5 seconds or
more), a control for stopping the supercooled state is
performed to thereby stop the supercooled state. After
stopping the supercooled state, a quick cooling control is
performed to quickly freeze the food. When a food is
preserved so that it can be simply cut with a kitchen knife
(preserved at -5°C to -10°C), it is preferable to perform a
temperature control not to lower the temperature of the food

below -10°C to prevent the already preserved food from being
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Not e that al though the supercool ed state and the
supercool ed state | owest reach point tenperature can
be realized by a stepwi se tenperature control even in
an environnment in which an air velocity is slow due
to natural convection and the |ike, the sane effect
can be also obtained by controlling the air velocity
and the tenperature of the cold air. Further, when a
qui ck cooling control is perfornmed to perform quick
cooling and to use the swtching chanber wi th

freezing settin a quick coolin peed . can not
nG6t &Pfed %}/HTEF]e F‘O&oﬁ%%?? REY N fﬁﬁéhn?he
LS | owed t irec
%ﬁgélnen zgﬁﬁﬁc 03%1?%99| %%Eg Vﬁddl gﬁrthermgmﬁ

gég?e§gggggooled state is kept or stopped at tinme
ervals, a supercooled freezing tine can be
maduaged, and the quality of frozen food can be
improved. As a result, this systemcan be w dely used
i n tHNatettets pdddovioh Whe chupeoos lece stabpeanddtt® t he
supercool ed freezing, can be effectively used and t hat
w&goclm EheR el TS s dFerEoBr &Rl %%?Pecfétmrﬁeaﬁg) be

d th | hanb Al th |
ﬁﬁ? rgﬁgggér%eﬁﬁ%%%ﬁggg'gg%r?guf%ec%%§%|ng ?n {ﬁe Upper

e%l%rlEIOBHEBE %Hewhﬁl:i'pei(:%ql ' 0818§§§y|{]s tshl%vﬁrg%%dltgeﬂgtural

e sanme effect can al so” obt ai ned by

RRek bhngnd henanount, em@ bBRe Vel o8it Yef becalldoai r
by the lid and the |like additionally. At the tine,

deheibied heedomotolonpl ethel yicovetothey gpehithg itampheature
upper portion and may cover it in the range in which

Gft thgncold air. Further, when a guick cocling control is
performed to perform quick cooling and to use the switching
chamber with freezing setting, a gquick cooling speed can not
be obtained by the natural convection. Whereas when the

cold air is allowed to directly flow in as in the embodiment,
gquick cooling is possible. Further, when the supercooled
state is kept or stopped at time intervals, a supercooled
freezing time can be reduced, and the quality of frozen food
can be improved. As a result, this system can be widely

used in that the space, in which foods are subjected to the
supercooled freezing, can be effectively used and that foods,
which are not supercooled, can be mixedly stored in the
cooling chamber. Although, a 1id and the like are not

disposed to the opening in the upper portion of the

supercooling case in the embodiment, the same effect can be
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control the anmpbunt and the velocity of cold air.
[0123] Next, an exanple in which an upper stage case
of a switching case 201 conposed of upper and | ower
stage cases is used as the supercooling case will be
explained. Fig. 13 is a side sectional view of a
swi tchi ng chanber 200 corresponding to Fig. 5 in the
enbodi mrent 1 of the present invention. As shown in
Fig. 13, the upper stage case of the swtching case
201 conposed of the upper and Iomer two stages is

d er coal.i gase, S I i,n
3 PR S R R Y T S P R e R oot
suif age Q!(Oﬂ\?l@glﬂ:prénddf?th%nq h@saé&m&hasltlryuct ﬁ‘:etﬁ@att_lme,
it can be slidingly pulled out. According to the
t3iler UG HURGed Shdi€ econtgle teQlyd caive r f t10en dgea: iswi tiehiRg upper
chanber ceiling surface blowi ng port 43 is not
mimeen| yrappry exbiay titte innshderafige hian whﬂm@ré@obhng
case 40 and the food accommopdated therein,
Ctoé‘ﬁ?ﬁéilattﬁ? BN hE ke pie HeAOSE BBl of Atk al[f0124]

[ % 14 is an upper surface view of a duct 50
@& ﬁécted to the switching chanber ceiling surface

bl owhDg: POt Adme1 EOLES uREC Ry, R dOr TRdoLncLbe 5t dyey

of the duct 50 td6 cause - he "cold air flowng in
duhe cidel 88sé o mmatddrdsidf akl upgownwed d due rodelet 8ases

nore cool the supercooling case 40. [0125] Wen the
isuperdoeki nige case ofocliigg t3seswiubkedye tdwplained. Fig. 13
is a side sectional view of a switching chamber 200
corresponding to Fig. 5 in the embodiment 1 of the present
invention. As shown in Fig. 13, the upper stage case of the
switching case 201 composed of the upper and lower two
stages is used as a superccooling case 40. The supercooling
case 40 is disposed rearward of a switching chamber ceiling
surface blowing port 43 and has such a structure that it can
be slidingly pulled out. According to the structure, since
the cold air from the switching chamber ceiling surface
blowing port 43 is not directly applied to the inside of the
superceoling case 40 and the food accommodated therein, a
temperature can be kept in a stable state.
[0124]

Fig. 14 is an upper surface view of a duct 50 connected

to the switching chamber ceiling surface blowing port 43.

Holes 51 may be formed in the midway of the duct 50 to cause
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i ndependent type supercooling case 40 is pulled out by
drawi ng out the switching case 201. Since the
supercooling case 40 is pulled out only when it is
used, there is a nmerit in that the tenperature of the
supercooling case 40 is wunlikely to increase when the
swi tching chanber 200 is used. Further, disposing the
supercool i ng case 40 on the switching chanmber 200 is
advant ageous in that a new case can be added wi thout
changi ng the size of the conventional swi tching case.
thplzéhdh§§£ fgﬁiﬁtrUCt¥fe oL the eﬁﬁ&%hHQQfgﬁﬁe
alneogJTEl I's a's Hﬂﬁure view of the
M%%O hnerdéﬁst?o 'ﬂbﬁeh%o%ﬁbg%n@@ﬁeécw‘hn@e ckesent
Invention. Here, the switching case 201 di sposed to
tohesgw t chi ng chanber 200 is arranged as the
supercooling case inits entirety by covering the
upperhpor thermrsudwrceofl ingt haae| o0 BQ . FilgislEsedhowse an
exanpl e showi ng that the supercooling case is forned
inderisadenf t ENPRgS Base Z0L nentiEFel §0 cbveteld af Rttt RE

4;(160 hbte that t e,SMAtchlag case, 201 q? have s h
S, EPhr B¢ hafL SETHAR (8N 24 di SHOSed 1on SCRE 00T ing

a%se' 48 Ege{DSQIed'&h@ éﬁapw%' 9@' 19'&%9&&' M 85 a merit

ateral ection a part of the partitioned

ROMHRN ths cOMEL £l Wd Iy A h}.elel kdp6PcooBohg sadehab ik is
used as the supercooling case. [0127] Since no cold

wl Iri ke ydicbeth b yedd @OWhdmtthiet Beispateg arararged0ds ithesed.
supercool ing case provided with the lid 60,

Further, disposing the supercocling case 40 on the switching
chamber 200 is advantageous in that a new case can be added
without changing the size of the conventional switching case.
[0126]

Next, the structure of the supercoocling case will be
explained. Fig. 15 is a structure view of the supercooling
case in the embodiment 1 of the present invention. Here,
the switching case 201 disposed to the switching chamber 200
is arranged as the supercooling case in its entirety by
covering the upper portion thereof with a lid 60. Fig. 15
shows an example showing that the supercooling case is
formed by the switching case 201 entirely covered with the
lid 60. Note that the switching case 201 may have such a
structure that a partition is disposed in the inside thereof

in & longitudinal direction or a lateral direction, and only

a part of the partitioned portion is covered with the lid 60
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the inside of the case is indirectly cool ed
conpletely. Further, the tenperature in the
supercool i ng case forned as described above is hardly
fluctuated and further the case can be realized at
the | owest cost. Note that it is also possible to use
a case without the |lid 60 as the supercooling case,
whi ch can be cool ed without being supplied with air,
by, for exanple, meking use of radiant cooling
performed by cooling awall with cold air or a

re&&g erant C|r atl |ns%de o the wall. [0128]
Next | a’stric ure R HE® SMA%Gﬁlng chanber is
E@ﬁQWIded wWth a fan mnll be explained. Fig. 16 is a
side sectional view of a swi t chi ng chanber 200
correspeadhdig:diel afirgisSdk Rebhey eshngi MBRb 6het Bace
present invention. As shown in Fig. 16, in the
sgnkodedent, théestmr (diinghicage chaobeted fvarth ZOei $id €0,
dlsposed to the upper portion of the switchin
Qﬂﬁaﬁﬁéﬁ 209f e gttieng 5t 6 "ERESEF HAngRITt ,COFTP @éeﬂﬁe

e swi tching chanber 200 can bpe sl ow
Seirrda bt HEP GRS o ¢ ot RBPPERC O G 2ary Formed as

cfe%@}ei'[%%ﬁuéﬁo&é‘”l@zrté&ﬁi Jgrf'ﬂu}étugﬁ‘% gﬁﬂlth' '%C%%SEQQe

cool'i ng speed ["ar ge be charged

dait ®et heasupes coolimg 1GASE t40os8l ncleoﬁ@echa@gt figodiso
can be prevented from bei ng unevenly cooled inits

peitsiibaky tbnusdea séadectuin@ousothbat i superacoalbieng can be
stably caused. The supercooling case 40 nay be
sirspeseding cass, pdtican dan bRecsw €€ hw rigrasaieeng200,
5%3%1&2% with air, by, for example, making use of radiant
cooling performed by cooling a wall with cold air or a
refrigerant circulating inside of the wall.

[0128]

Next, a structure, in which the switching chamber 1is
provided with a fan, will be explained. Fig. 16 is a side
sectional view of a switching chamber 200 corresponding to
Fig. 5 in the embodiment of the present invention. As shown
in Fig. 16, in the embodiment, the fan (switching chamber
fan) 70 is disposed to the upper portion of the switching
chamber 200. According to the arrangement, since the air in
the switching chamber 200 can be slowly stirred by the
operation of the fan 70, an air temperature can be uniformly

kept without increasing a cooling speed. Although a large

fooed may be charged into the supercooling case 40, since the
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supercool i ng case 40 nmay be arranged as an i ndependent
case to the switching case 201 or the entire
switching case 201 may be arranged as the
supercool i ng case 40. [0129] Next, an arrangenent, in
whi ch a supercooling case for formng a supercooling
space i s disposed under the switching case in the
switching chanber, will be explained. Fig. 17 is a

si de sectional view of a sw tching chanber 200
corresponding to Fig. 5 in the enbodinent 1 of the

t Ll .18 .1 t
it %S%Eeepe%e(”;égf?margt”%daée%@&#% PRB ERBoar s 4o
ef%f%é%goﬁan%ﬁ8mﬁg¥hééﬁﬁq QY QB EOEQ?Qiéoéf&JJ“%an be

superc g casé in enbodi men shown in Fig.

khbityhe g4per cophd NG, a5 Alng €088t 1y WA &hd BB sposed in
supercool i ng space, is disposed under the switching

£85@®o2Qbni iint bee sy itohiing chamber 200, dnd swdet ching
chanber air duct 41 is disposed around the swtching
TirEryer 1200, cand 4Umawerbe karangreé pe ovi detianangent case
bl owi ng ports, that is, a sw tching chanper back

U & HpReRS T4 b Whnidig SH6r ENASTS oS Suh TLingase 201

chanber back aurfaq$ Iomer shq% bggg%ngjport 44, and

}gﬁfﬁgﬁfangg afber el percoosur ace bl ow ng port 43

which the cold air fron1the - 91 cooler 3 is
'own out. [0130] Further, a danmper 46 is disposed to
the weket &f ihengaMdnghi ng chashes figeduwetl i4d tase for

adj ust the anount of cold

forming a supercooling space is disposed under the switching
case in the switching chamber, will be explained. Fig. 17
is a side secticnal view of a switching chamber 200
corresponding to Fig. 3 in the embodiment 1 of the present
invention. Fig. 18 is a perspective view of the
supercooling case used in the embodiment. Fig. 19 is a view
showing the flow of cold air to the supercooling case in the
embodiment. As shown in Fig. 17, the supercooling case 81,
constituting the supercooling space, is disposed under the
switching case 201 in the switching chamber 200. A
switching chamber air duct 41 is disposed around the
switching chamber 200, and further there are provided three
blowing ports, that is, a switching chamber back surface
upper side blowing port 42, a switching chamber back surface
lower side blowing port 44, and a switching chamber ceiling

surface blowing port 43 from which the cold air from the
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air flowng toward the sw tching chanber 200. As shown
in Fig. 18, a cutout 90, into which the cold air from
the sw tching chanber back surface | ower side bl ow ng
port 44 flows, is formed to the back surface of the
supercooling case 81 used here, and slits 91, from
which the cold air flowing thereinto fromthe cutout
is discharged, is formed to the front surface of the
case. Since the cold air from the cooler 3 flows in

t he supercooling case 81 as shown by an arrow of Fig.
19, it is preferable to adjust the flow anount
cPRéPEof by B F1bW dnount adj ustnent unit such as the

gﬁ ﬁr 46 when supercooling is perforned and when the
! g@ cool ed state is stopped. Note that the

arr aﬁgﬁ{%}{ ' aOfdalmggnzmél@giQ S UL ARG, @ROPRNEAGDE the

t hr oug ‘ch co air flows to the back surface of
4@ 6288 ANEEOF Ning dsickt 81and a@pei N famount of cold
di scharging the cold air flowing into the front .
adur ffaceing tdesohsdhe cantbbiappthagodn 2Py As shown in
supercool ing case of the enbodiment 1. [0131] Next,
ise d8percootoeorittolinge whéchethe gert Grin FreRelne
enbodi ment 1 making use qof the supercool.i.ng.cas
YHEWIIPA CRfEPeR PGy Slgir%.acfS?W?? %%C?eexbpﬁogﬁl%gd.gogggg
0 is a.tim 9 ar, hawi.pg.-an, exanpl 8, Lf--HBe;
éiﬂ%?(céglkg%ﬁ%?c§% éﬂ% %?S%egg%ogcth% f ood aé%gﬁﬁndg?%d
dakct Re sWRArgoel | nthLasar8lol, t ReokoMpI@sIWe L 1dt ber

fan 2, the danper 46, and the |like operate to set the
dinsiicg ohetbenswi fedi nechanber 200dtscharged, is formed
to the front surface of the case. Since the cold air from
the cooler 3 flows in the supercooling case 81 as shown by
an arrow of Fig. 19, it is preferable to adjust the flow
amount thereof by a flow amount adjustment unit such as the
damper 46 when supercooling is performed and when the
supercooled state is stopped. Note that the arrangement, of
forming a cutout and an opening through which cold air flows
to the back surface of the case and forming slits and
openings for discharging the cold air flowing into the front
surface of the case, can be applied to any supercooling case
of the embodiment 1.
[0131])

Next, the supercool control of the refrigerator in the

embodiment 1 making use of the supercooling case 81 shown in

Fig. 17 and Fig. 18 will be explained. Fig. 20 is a timing
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air tenperature selected in the range of, for exanple,
-2C to -20C until the core tenperature of the food
accommodated in the supercooling case 81 exceeds a
freezing point and reaches to a supercooled state
(stage 1). Note that the tenperature may be
controlled only by opening and closing the danper 46
by controlling the conpressor 10 and the fan 2 based
on the tenperature of other chanbers. [0132) Here,
the danper 46 repeats full opening/closing as usua

th t t he food d
e GRBE AP e SETHRR a%sreﬁef?%%o%icno%???opéid
s( ta}:%%olz):hecg&gd aétrs o?%tlf%gd LO H@' Qﬁﬁ/erféo%‘ﬂl gt eaEQeSl,

er cool i case - openi ng the danper

c%r@@EBEOP@ne@he af!ag]I e Ofthbhaaﬂplérbe!rﬁ AGraBy hbe 1aRy
angle as long as a lateral vector Is applied to an

@dfdtewroThetr atigé einsidy effercabl ywi 1OCi i BSGELEFhE00 to an
period of tinme during which the danper 46 is .
diat freopenedurs setetied Ha poei sdnef of mefumtaxample, -2°C
freezing is conpleted after stopping the supercooled

5t v dd é‘flé@éstl?e C@je RS A HES cBRptRR | igif b coommodated
ft f ood t
P%ngntgggfeaog ?g%ase 81preS% g IOP ég%# Aéﬁﬁ%ggné)

ur ni ng e he state

féhéMH Qo'g E§p£9é$dléﬁx§3§%e $Qtaggsl)0|(N%¥¥ that the

repeatedly as usual . he Sunmary of the
€O Rlt Lepemati pa @Enﬁﬁualemebhugebgt@peﬁlm§eﬁﬁS@ﬂbbédg

above is as shown in a flowhart

the damper 46 by controlling the compressor 10 and the fan 2
based on the temperature of other chambers.

[0132]

Here, the damper 46 repeats full opening/closing as
usual. When the core temperature of the food is reached to
the temperature at which supercooling can be stopped, (stage
2), cold air is caused to mainly flow into the supercooling
case 81 side by half-opening the damper 46. The half-opened
angle of the dumber 46 may be any angle as long as a lateral
vector is applied to an airflow. The angle is preferably
10°C to 60°C. The period of time during which the damper 46
is half-opened is set to the period of time until freezing
is completed after stopping the supercooled stated {stages 2,
3}. After the completion of freezing of the food, a
preservation period (stage 4) is controlled by returning the

damper 46 to the state in which it is fully opened and
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of Fig. 21. Wen the supercooling control is started,
the period of tinme of the stage 1 starts to be
curmul ated (step 51). Next, whether or not a
predeterm ned tinme has passed in the stage 1 is
determ ned (step 52), and when it is determ ned that
the predeterm ned ti ne has been reached, the danper
46 is hal f-opened and the period of tinme of the stage
2 starts to be cunulated (step 53). Then, it is
determ ned whether or not a predeterm ned tine has
geen passed ié&the stage 2 (step 54), and when it is
CHECEF T AR tHALY (e USpPéddet ermined time has been
[@gggﬁed,_the damper 46 is fully opened, and the
process is returned to an ordinary control (step 55).
[0134]c i albFosheNBosOrEh alde fdtQws bRt @hthe
supercooling case 81 in the control for obtaining the
refpeyeootet Btad eesdrieesupbbeool ethsststoencan beflowchart
created stably. And freezing can be securely caused
ogf Fép - st bppi Heprs ufer copesgosi dte caiticd disngseraet. t Hee
cold air is caused to flow.into only the sup: rcogline
Totd t h&FeP

Pe&<edg et qiiTh P st ispistGoene SEpET R 8RS
h ' I it hat ' J . i
SFéEL:Fé%Ba é@ i rﬁ of %o& g nggeﬁgékﬁﬁgg%g%%oggg ?é%%?d

fe' o e switching case

iel irinat gge wheny s{oRRiNgbhessupes £00 £ sthahest! s
addition "to the above, the fluctuation of the air
de@rpatatdr ehamy:- e pradppeessadd byimd) st ibegnt heaamedntthe
of cooling by changing the degree of opening of the
deapper 4461 ank lat arstriedg ahde the period of time of the stage

2 starts to be cumulated (step 53). Then, it is determined
whether or neot a predetermined time has been passed in the
stage 2 (step 54), and when it is determined that the
predetermined time has been reached, the damper 46 is fully
opened, and the process is returned to an ordinary control
{step 55).

(0134]

Since almost no cold air flows into the supercocling
case 81 in the control for obtaining the supercooled state,
the supercooled state can be created stably. And freezing
can be securely caused after stopping supercooled state
since almost all the cold air is caused to flow into only
the supercooling case 81 during stopping the supercold state.
Further, there is also merit in that the influence to the

air temperature of the switching case 201 is almost
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anmount of air in the switching chanber 200. [0135]

Fig. 22 is a sectional view where a supercooling case
202 for supercooling, which is provided with a lid and
install ed separately, is disposed in the swtching
chanber of the refrigerator of Fig. 3. Here, the
supercool ing case 202 is disposed at such a position
that the cold air froma blow ng port 203 fl ows on

t he upper surface of the supercooling case 202. Fig.
23 shows how t he supercooling case 202 is disposed in

t.h t d b

e&ﬁ%@&“&& N i A et R A
h

e ?ﬁg?ﬁgftc’@%enq?%ﬂtﬁood oENERE S8 RpOUR:8CHaF pe

§d§H¥%EQEHVEySééﬁé%ﬂﬁh%ﬂﬂﬁéﬁﬁﬁéahedofnc@bbﬂd§ mytbhahbeng
food in the supercooling case 202 is unlikely to be
tafd elelgedebyfi dpen{yl3G] ther theperad bieaid iarSulsatinggthe
material may be inserted into the Iid portion of the
anqyerccodl phy tasEheoMitapinki shavhse, 2@here is a nerit
i n that supercooling can be stably caused because the
erlcool ing case 202 is unlikely to be affected by

the cold r.fromthe blowing part 203. Further, -
S|ncg 9he§%nev§hSeéﬁﬁ&???uregcdﬁéeéebyfﬁ%)rcfﬁﬁing ggge

2 ORI sﬁBLQco@an MRy, 3G 18S pRolaGlerw {1 Sthapphag
supercool i ng, the may be partly or entirely

iGRased etparsanvd By a_s haviprgegoo theadwicanduet chiahper
or the nunber and the position of blow ng
of the refrigerator of Fig. 3. Here, the supercooling case
202 is disposed at such a position that the cold air from a
blowing port 203 flows on the upper surface of the
supercooling case 202. Fig. 23 shows how the supercooling
case 202 is disposed in the switching case 201. As
described above, when the supercooling case 202 is composed
of the case with the 1lid disposed separately, there can be
obtained a merit in that even if a food having a different
temperature state is accommodated in a vicinity, the food in
the supercooling case 202 is unlikely to be affected by it.
[0136]

Further, a heat insulating material may be inserted
into the lid portion of the supercooling case 202. In this
case, there is a merit in that supercooling can be stably

caused because the supercooling case 202 is unlikely to be

affected by the cold air from the blowing port 203. Further,
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ports, the shape of the blow ng ports, and the
positional relation between the blow ng ports and the
lid may be designed so that they are within the range
of predeterm ned tenperature unevenness. The range of
the predeterm ned tenperature unevenness is within
10K, preferably within 5K, and nore preferably within
2K. [0137] Note that in all the enbodi ments expl ai ned
heretof ore, when the switching case and the
supercooling case are partially or entirely conposed
of a material having %POd heat gondu tivit gqonetal

T&Ee T6F, UROY SR XY 2SS APREEY RY dutehdnPAgm ™Y cold

HIPELY ég%' Lhe 'f'akcec)dfhtf%% g@gpg;g ug@péﬁgotﬂﬁggagﬁgdlem

car made uni form e tenp e can be al so

k) %%r%b?¥lg°HPQ§A€Ekéﬂy3d6ﬁ§%§e8fo§ o a-iwal having good
structure. Further, when the cases are provided with a
theat coacauaul aty ngr agentiuadpabkedot habseridiing tliebheaing
capacity of food, a supercooled freezing tine can be
morte ,soet ehede of 0UB8b1PWé ngePhols of akdritheo FdsA§iPRaL
timng of stopping supercooled state, based on the

197 e PREHSRY Flok gt ided "o POERE AREr tRONpt 8PYaRd t he

i ke is explained above. Another,- 96 et f -
%ﬁﬁ%ﬂdﬁl Fﬁgt?%g %%?Hr%}%ﬂ“ 5366p%ﬁ§ f%%g%dﬁggggbeggrmlned
%%ﬁ?é%gydrg Qﬁe@éﬁ$ Q?dﬂﬁéﬁr%%BEab@egh@Jéfgggbefﬁﬁﬁad

tenperature of the cooling chanmber is
Cold Ul Ynkoveneds 10 wimkent hexsupes boolad stiahen 5K,

deeper for exanple, when the
and more preferably within 2K.
[(0137]

Note that in all the embodiments explained heretofore,
when the switching case and the supercooling case are
partially or entirely composed of a material having good
heat conductivity (a metal plate of, for example, stainless
steel, aluminum, copper, and the like), the temperature in
the cases can be made uniform. The temperature can be also
made uniform by composing the cases of a double-wall
structure. Further, when the cases are provided with a heat
accumulating agent capable of absorbing the heat capacity of
food, a supercooled freezing time can be more shortened.
[0138]

The method of controlling the timing of stopping

supercooled state, based on the time previously recorded to

the microcomputer and the like is explained above. Another
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tenperature is lowered to a tenperature |ower than
-10C a probability for causing the supercooling to be
automatically stopped is increased. Cccurrence of the
automati c stopping can be discrimnated because the
tenperature of food is increased. Wen the automatic
stopping or a forcible stopping occurs, it is
preferable to confirmthe timng of the stopping by
measuring it with a sensor. The timng of stopping
the supercool ed state can be determ ned by
determning the state of a supercool ed foo sing an
su %rcooled

medfrdr 84 FAYeEeHSOY tas GHEFR o%chW&RH%HQégQ%r,
| ectri, field ) , d.the |ike.
%%ﬁ%%a%églr%%e%x §¥H%%: %Q ?x??alﬁeé?aﬂé%%égloﬁM@?E%ﬂQe

nsor i's used “1's”di spos _
ol r8uiacss ofnd h&,3RAGE chBmbE chs tcﬁﬁ‘xt&%%ﬁ%@?' i B@ered

case 1is disposed so that the sensor can novably
Phsanrve thiesupyetd led Rde 0fepbe t@Sexamplehewhen the
infrared ray sensor is conposed of an array sensor so
tielge riatucaniobsewareed He sovemattatwst deowsfr tthencase.C a
The infrared ray sensor is disposed on, for exangle,
rued Ak tEuEPRCE WTinch & hewSHBRT RGP Bianitfe 268 T8t hat 1Y

it can be observe the supercoolin ase _entirely. fr
THEEEHI P GueTEpRETet A8 THOFEDrS Mhetiss rytorgs 1o ¥eobBlhg

SYPRILCY 'skpg?gggl@%& St gredyot hepbnfrarned Jay.sansor

can defec change of the surtace tenperature of a
fRad sk .t hghSHPEKE ARltdAE tas e byp 06f estt ingFdreble

surface tenperature thereof. The stopping can be
eagidivigf eundrby theichargerable to confirm the timing of
the stopping by measuring it with a sensor. The timing of
stopping the supercooled state can be determined by
determining the state of a supercooled food using an
infrared ray sensor, an ultrasonic wave sensor, an electric
field sensor, and the like.

[0139]

When the infrared ray sensor is used, it is disposed on
the wall surface of the space in which the supercooling case
is disposed so that the sensor can movably observe the
overall inside of the case, or the infrared ray sensor is
composed of an array sensor so that it can observe the
overall inside of the case. The infrared ray sensor is
disposed on, for example, the back surface of the switching

chamber 200 so that it can be observe the supercooling case

entirely from the oblique upper side thereof. When the
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the surface tenperature. [0140] Further, the core
tenperature of the food is calculated fromthe
detected surface tenperature. Then, stinulation can
be applied to stop the supercooled state when it is
determi ned that the cal cul ated core tenperature of the
food reaches to the tenperature, which is shown by

t he above supercooling condition and stored in the

m croconputer and the |ike after being previously
set. Wth this operation, the period of the tinme of

t he supercool ed state can be shortened, There

HREGFAPLYE HEOTastE (HAE Erle HNFT 67 BIOES BECWEER Phe"™"
BT TRUGTTEC 4 b “pocarhl ETE R T Re Gograd o

=]
I'S al'so "possi make t he degree of

&%p%ﬁgg%sglgx;}@t %%ﬁhewp@ﬁ?ym@eﬂm@ ¢QebbRgrure

tenperature placing a priori on the determ nation
e r@orsmarhet eopss aigirandivkl enente svem aly tthe thaege of
when the time interval set to the control reaches to
tdet isme fhoe penperatiuig: . st oppi ng. As descri bed above, a
conpl ex determ nation can be sinplified maki ng use of
tHetCdur f ace tenperature neasurenent. [0141] 98 \hen

the ul trasoni ¢ wave sensor iggused theﬁk%ﬁgﬁgcggiégggted

caseFP§tE%ﬁséa“f6x’ SPREH2EBRT it 5&% .
ulty AQLE - LBV EY SENSOL e %5‘8%%%?9' CryBye Sensekeksn

conposed of "an oscillator r oscillating an

Mt rASORLE i WBVE, stop the supercooled state when it is
determined that the calculated core temperature of the food
reaches to the temperature, which is shown by the above
supercooling condition and stcred in the microcomputer and
the like after being previously set. With this operation,
the period of the time of the supercocled state can be
shortened. There is naturally the case that the difference
between the surface temperature and the core temperature is
small. Thus, it is alsoc possible to make the degree of
supercocled state deeper by more lowering a cooling
temperature by placing a priority on the determination of a
small temperature difference even at the time when the time
interval set to the control reaches to a time for performing
stopping. As described above, a complex determination can
be simplified making use of the surface temperature

measurement.

(0141]
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and a receiver for receiving the reflected wave of the
ul trasoni c wave. The ultrasoni c wave sensor may be
di sposed in any location as long as it cones into
contact with the supercooling case when the door
thereof is closed. Wien the wultrasonic wave sensor is
di sposed on, for exanple, the back surface of the
swi t chi ng chanmber 200 through a spring disposed on a
sensor rest, the cost thereof can be reduced by
nininizing a mﬁring Iength as well as the sensor can
causec ecurel, % cone into cantact MAEFﬁthe case
a

V\,henmﬁ‘ﬁ% ?/\N]C |ar?ém& HBEF T ¥ 0sed . “\hen
st §rL6e9k 1,99 a&@%ﬁeEgd ohbe; W rasnics Wa¥E the

nsor osc? ates ul trasonic wave toward the food

dlft rta@%n%p%@@oéér&goxc as@he [J@M&lor&@%deh% etlsbragseni ¢
wave is transmtted in the substance in contact.

chhgroekar ef whedsd el sensdorcoresliating contiddtraspnhe wave
the case, the ultrasonic wave is also transmtted to
arife asyssearee Beromasdatied ithet kel tageednttveprdughe

into contact with case. At the tine, when the

Wiigeredoreti e at e SHIFFEE Enti2 V&> It A1 RPedisposed
G 23l 21080, el LIASONLE, BV E, EAN B SR 6 1€ASLAY
T &hdmiTOFR t i T he

COfT'p case ere

édbé?&o%@&n&f95§@ ﬁﬁéﬂ‘%he %%orthéBeéfsigmﬂﬂaﬁgded ghahethe
which water in the food exists as a liquid, so

dﬂﬁﬂagbhecoaavbl@éﬁﬁbﬁnﬁg%m&e@b@emaue r éac hesamtle, t hee back
receiver at a faster speed. Since it can be found
fumiacehe fdihé esencen et weembehe 200 nesr @rStbet viden "the

disposed on a sensor rest, the cost thereof can be reduced
by minimizing a wiring length as well as the sensor can be
caused to securely come into contact with the case when the
switching chamber is closed. When the supercooling mode is
entered, the ultrasonic wave sensor oscillates the
ultrasonic wave toward the food in the superccoling case.
[0142]

Since the ultrasonic wave is transmitted in the
substance in contact. Therefore, when the sensor comes into
contact with the case, the ultrascnic wave is also
transmitted to the substance accommodated in the case and
brought into contact with case. At the time, when the
supercooled state is stopped and ice crystals are created,
since the ultrasonic wave can be more easily transmitted as

compared with the case where food is in an not-frozen state
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transm ssion speeds that the supercooled state is

stopped and the water in the food begins to freeze,

thereby the process can go to the control to be
performed after stopping the supercool ed state.

[0143] Wien the electric field sensor is used, it is

di sposed in the supercooling space. An el ectrode of

the electric field sensor may be forned in any shape

as long as it is conposed of netal. Wen the

el ectrode is conposed of, for exanple, a foil so that
it .can be _conveni ently bonded.on the _inner bax and. .

hd® Pe BF LT BT afor ™ ERe" T oTT ot Mo LoBangsk®S
| ong ; ir rti.on | nnear e

Phe gﬁgg??bd%‘?%ﬁ B o196 cb %l shé’é?%;(ﬁg\gg WhEghes

doS thhirekefvéhadk therfalely, sphene camdbe iabtanned apund

el ectrode wth no possibility of breakage at the tine

foforatthachi Age redayr thearueesi nbe theeel@ctraocdeens tofk a
non-contact type, it can be disposed to any portion

tgRmsHe saPh seeddccheft tthe speerfgeled ditatendsi stenped
perform nmeasurenent even if another substance, for

BXaripFel 5ol Ja%t‘}ftebsﬁ?@& oRgiPEC5? otF TRV TERE The
p@o%%ts{soggnf‘ﬁg &, sybstance degir£d é%%%‘l%ﬁéﬂﬁ%ggfgﬁéping

outpu e electric field sens

thelQQpedigbeci riwaidn food. Wen a supercool ed state is
stopped and ice crystals are created, the dielectric

jcgagneatly reduced as conpared with the case that the
food is in a not-frozen or supercooled state in which
wat efhexihs edsecarliicqdidld sensor is used, it is disposed

in the superccoling space. An electrode of the electric
field sensor may be formed in any shape as long as it is
composed of metal. When the electrode is composed of, for
example, a foil so that it can be conveniently bonded on the
inner box and the like of the refrigerator, the foil can be
bonded along the irregular portion of the inner box. When
the electrode portion is formed to a sheet shape which is
thicker than the foil, there can be obtained an electrode
with no possibility of breakage at the time of attaching.
Further, since the electrode is of a non-contact type, it
can be disposed to any portion on the wall surface of the
refrigerator, and it can perform measurement even 1if another
substance, for example, a plastic sheet is located between
the electrode and a substance desired to be measured. The

output of the electric field sensor is changed by the
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Thus, the timng, of stopping the supercool ed state,

can be determ ned naking use of the |arge reduction

of the dielectric, and the process can go to the
control to be perforned after stopping supercool ed
state. [0144] Further, stimulation nmay be applied to
stop the supercooled state by determning the timng

of stopping the supercooled state by directly

nmeasuring the tenperature of food by a thernoneter,

in addition to using the above sensors. The

hermpneter i s connected to the refrigerator.
T PRRG e hatfa HEER & SkBa EkTs ansend WghE] and
jfc%o@r?%tglfﬁrgfg d UL e 1 3UPaE EPOLE PO CASGreAtY§Cleduced
inserts thernonmeter into the food whose tenperature
dsS cdephied hiothecndmas etatWhh thds Dpematd apL-Skaeen
the tenperature in the food can be neasured, the user
cxarughereot | yd r ecogni ize whilegt Rereorenitts e teedparatiur e
has sufficiently reached to a predeterm ned
Thyser €66 FAgLrenpelr AuARPinghéhet ARPF RS He D tatRe FBBIPS
has been reached to a suffiﬁient super cool i

FFEr aFAr BI<tHE HroHs S Eart2EAPT TR HHE COntPEl for
dsﬁ_teq%@t@ ct P :%cg u%)k%eg ;?roolc%%sStct%hego[ 93‘415r]1e e Q:]rolN%)(St be

anot her “nme oppi ng e-supercool ed state,

M ehnks diefferentofimmdhe -vetbhed ofasd opping the
supercool ed state by reducing a tenperature or
jortaaqduci ng  col d air as expl ai ned above, will be
expl ai ned. The anot her

Further, stimulation may be applied to stop the
supercooled state by determining the timing of stopping the
supercooled state by directly measuring the temperature of
food by a thermometer, in addition to using the above
sensors. The thermometer is connected to the refrigerator
through a wiring and has a needle-shaped extreme end. When
a food is charged into the supercooling case, a user inserts
thermometer into the food whose temperature is desired to be
measured. With this operation, since the temperature in the
food can be measured, the user can directly recognize
whether or not the temperature has sufficiently reached to a
predetermined supercooling temperature. When the inside of
the food has been reached to a sufficient supercooling
temperature, the process can shift to the contrel for

stopping the supercocled state.

[0:45]
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nmet hod of stopping the supercool ed state includes, for
exanpl e, a nethod of applying vibration or a sound
wave to the supercooling case, and the like. The

met hod of applying vibration includes a nmethod of
using a machine, a nethod of nmaking use of the

vi bration of equi pnent operating in the refrigerator,
and the like. Another nethod of cooling only
supercool i ng case and not |owering the tenperature of
the swtching case during stopping the supercool ed

statg | nCﬁ(g&sem%lfrq%fth%éagg' gﬁ%@% gﬁpen%fu @iréee%ags@ate,

heat er” oh aroun ase an

ek N9 aRkYothg: SWin AHene€88E SEde:dpidie theat er
during stopping the supercooled state. Further, there

dupealcsaladmet hod 1©f ,rddrcingxanpkrpe dasposiag iathedtieing
on the wall around the supercooling case, turning on
adiel heat e erphedted povsuperddobengxpbsenatur i Age another
supercooling, and turning off the heater during

matdysi f§ EREPRUPEI DI BPLcard cdanba thel 15 KL e S/ NGPE

that .th | ed st.at. t b I t d
Ty o BB B STt Hy Be REBE ARR Pot o7t RS b0
-&QQ%%%er}BSé§B%U8$éEFaﬂ&i%%%_§HR@(00@ﬁéﬂ&ﬂ§R§P%ﬁ EBSlying
net hod o etérmning the timng of stopping the

SHENGee! ed-stiat e, a mdilda WFe urBhhod Rbcsieppiangetthed of
supercool ed state, and the |ike have been expl ai ned

nabove iuser efathenvilrdtieremiodiomptrent opdreatpmgsent the

i nvention. Next, a nethod of preserving food after
rafopsieng tohe suPerledolided -st Anetier| mpehesk maidned ing only
Jggé¥gooling case and not lowering the temperature of the
switching case during stopping the supercooled state
includes, for example, a method of disposing a heater on the
wall around the switching case and heating only the
switching case side by the heater during stopping the
supercooled state. Further, there is also a method of, for
example, disposing a heater on the wall around the
supercooling case, turning on the heater to heat the
supercooling case during supercooling, and turning off the
heater during stopping the supercooled state, and the like.
Note that the supercooled state need not be always stopped.
The supercooled state may be kept and left as it is.

[(0146]

The structure of the supercooling space, the method of

determining the timing of stopping the supercooled state,
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[0147] When food is preserved in a frozen state within
the tenperature range of -10C or nore after stopping
the supercooled state, the food can be kept in a
state in which it can be cut well wth a kitchen

kni fe even after being frozen. Since the food is
frozen through the supercooled state, the ice
crystals in the food are nade fine, from which an
advant age can be al so obtained in that the food can

be cut nore easily than that in ordinarily freezing.

éﬂg Gq'%%bds' o2 St b rrﬁcinrhve:a]t‘sb.longcﬁg?g(ﬁaét%g 2 R it%esﬂke

to or ol n

Iﬁﬁ%ﬁ%k%%deﬁgialﬁeéQﬂﬁ%ﬂﬂ&nﬁQ@9§E18§rt9dtﬁ€ éﬂ%@@&m@nt of
weeks 014 In a case where food is preserved

e I@zirraastehe itesperat ur evgxange akthddGf @rddGvahyetood

stopping the supercooled state, since fine ice
afrtyest @ltopaiegcrbat edpé ncodlivel fsdedel withebsystpha ufed Heelow.
resent invention, so that there is an advantage in
lthe food can be cut with the kitchen knife, in

t ; di
Con Sk bt 40 Rienaaret Phvn Fioudhatate. knsbe “lus,
EJM%ér%Q%r%OQQBg@”of“ﬂld“% %%tmﬁkéha§t5£t§ﬁﬁﬂbﬂﬂg'&%e
after - 3 Ing frozen. Further, as to
PIRSRIHVALHO0BL PEE | Ofhe tHRG fc@adb@aﬁep@ M%Seeft\é&:@ fiar which

| ong period of about 2 weeks or nore to about 1

irontam bp0&d9])well with a kitchen knife even after being
frozen. Since the food is frozen through the supercooled
state, the ice crystals in the food are made fine, from
which an advantage can be also obtained in that the food can
be cut more easily than that in ordinarily freezing.
Further, since a preservation temperature zcone is set equal
to or less than a freezing point, food can be preserved for
a somewhat longer periecd of about 2 weeks.

[0148]

In a case where food is preserved within the
temperature range of -10°C to -15°C after stopping the
supercooled state, since fine ice crystals are created in
the food in the system of the present invention, so that
there is an advantage in that the food can be cut with the
kitchen knife, in contrast with an ordinary greezing method
in which ice crystals are largely grown in a needle-shape,

so that the food can not be cut with a kitchen knife after
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When food is preserved in the tenperature zone of -15C
or less after stopping the supercooled state, it can
be preserved for about 1 nonth like ordinarily frozen
food. Further, ice crystals are nmade fine and
unlikely to break the cells of the food, it is
possible to get a better taste, the better texture,
and the like as conpared with ordinarily frozen food.
[0150] As a neans for changing the preservation
tenperature, there is a nmethod of switching a
tenperature i n oq§10hangero tﬁurtgggéré%é¥g% réog the

AP 2 %lgher reeZ|ng tenpera ure ~ zone
fto%dSléQhegé 59@9&‘%%@ go%se b £EZh NG abfam tzhﬁeéregdor

be noved to a chanb In a sonewhat |ower zone
mMy%ntbtabguprBSﬁﬁﬂﬁﬂi The sonewhat hi gher freezing
tenperature zone is a tenperature zone higher than
F018G] and the sonewhat | ower freezing tenperature
zone is a tenperature zone equal to or |ess than .
-15cwhw1@qqd IFursee I VRHe R f feguergEas et RPBRght the ©

ercooled state, ic stals n.the food are de
o 2SS Fo g SHtsind dp e U ACE R R = St FRmaES

4%8%%%%@8 EQE gb%ﬁ%'ﬁ.%ﬂmt%hﬁake &Qéinéfﬁlﬁaﬁ?%zé% Eood.

rozen preservation tenperature I s I ower

YRRt i opal coperatdhe doadaeaniRe sl weldxanyt Roapreak
kitchen knife. Mre specifically, since the

Preesenvat boncperiosy, idurisngowhibhe the Jooc tantbe taste,
preserved in the state that it

the better texture, and the like as compared with ordinarily
frozen food.

[(0150]

As a means for changing the preservation temperature,
there is a method of switching a temperature in one chamber.
Further, a chamber in a somewhat higher freezing temperature
zone may be used to subject food to supercooled freezing,
and the food may be moved to a chamber in a somewhat lower
zone when it is preserved. The somewhat higher freezing
temperature zone is a temperature zone higher than -15°C,
and the somewhat lower freezing temperature zone is a
temperature zone equal to or less than -15°C.

(0151}
Further, when food is frozen through the supercooled

state, ice crystals in the food are made to a small granular

shape. As a result, even if a freezing ratio is high, that
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can be cut with the kitchen knife, is extended, there

is a nmerit in that a novel, functional and high

qual ity freezing tenperature zone can be purpued.

[0152] Note that although the case in which the
supercool ing space as the cooling chanber is disposed
in the switching chanber 200 has been expl ai ned, the
supercool i ng space may be disposed in any of the
refrigerating chanber 100, the freezing chanber 300,

t he vegetabl e chanber 400, the ice making chanber
Jépoev%%dlkhg k£§%49f Jéy%f%ﬁggbge£é$$ réghﬂé qﬁ l%wer t%an

Further, these C ers m y or entirely use

A%:drhe nS YBRK E0ghd NOcHPaRd Elht B@ramt. heelaumrt%ogl kR8chen
space may be forned as an i ndependent seal ed space in

Krhig «f . r e®piragspé enperAllyr, e s2ane. thoweveses ridt lich period,
preferable to enploy a structure for preventing

Bryigg wbokH ahe feomdsel g direectvyd appilicedtedet hbat it
supercool i ng space or to the food acconmmpdated

‘Fﬁb#@lﬁuBrwahp%W?nﬁlﬁqﬂ§“aﬁ8&ﬁF'o%sc%%?FQﬂqd fR&RENgS 2@
I&% thetﬁquég§°|'nngr§ﬁE 9, be adj ust ?5%%¥1t5r¥ree%lng

e cases e re rlgerator o esen

NMaltQRe LEnd Scan kD uﬂﬂﬁ%@[b!e to obtain a
re rigerator capable of performng the supercooled

foieezi ng by partly nodifying the specification of an
ordinary refrigerator. Further, the structure of the
honmeNpeérilyer st larhdwgs beencast nly vexiplhaithed sabevecoling
However,

space as the cocling chamber is disposed in the switching
chamber 200 has been explained, the supercoocling space may
be disposed in any of the refrigerating chamber 100, the
freezing chamber 300, the vegetable chamber 400, the ice
making chamber 500, and the like of the refrigerator in Fig.
3. Further, these chambers may be partly or entirely used
as the supercooling space. Further, the supercocling space
may be formed as an independent sealed space in the freezing
temperature zone. However, it is preferable to employ a
structure for preventing strong cold air from being directly
applied to the supercooling space or to the food
accommodated therein or to permit the amount of cold air
flowing into the superccoling space to be adjusted in any of
the cases.

[0153]

In the refrigerator of the present invention, it is
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it is also possible to apply the structure of the
present invention to a business-use ultra |ow
tenperature refrigerated warehouse based on the
concept of the invention. Mre specifically, it is
possible to control the business- use refrigerated

war ehouse in, for exanple, such a manner that after
food is accommopdated, the tenperature is lowered to a
freezing point at a predeterm ned cool i ng speed, then,
the food is cooled so as to be kept in a supercool ed

p%ﬁ%&%lfe\/\@!al Sbgéa.arg%aueyfg lt??owgﬁ kBPéTH)efr %telnl:rf rming the

ereot maki ng use alr aving a goo

§\§J§Q%b%ﬁlé&efgééifﬂ§3%y‘ %r‘t‘iy' hsai 8Plhd alne afpeikkghtion
freezing tenperature, the food is quickly rozen by

dfeiang odtt e&t{ yrof :oMre naitidy .anFarthéow ttayvinguathewept the
tenperature after a predeternmined tinme to stop a
superedoliedratar diaadgarheréafveexpheifegbgboye. However,
preserved at a  tenperature |ower than the tenperature
lftorlSoﬁtlaPnPﬂaS%Wee QpErddo B8 §F5‘E‘étujf%r°fe>§§ﬁppéesﬁ?t

I eez g erature of ﬁg u w Aésra urr%sult
%ﬁﬁﬁn v Can®bd GYredtiy saved by %% Ve ‘operation.
Jé%%%%kra%@&t9§£ehéﬁg%z%QQ%ﬁi$£Jl€%ku%%n8§8tb§f”9ﬁ@ invention.
effectively applied when food is caused to enter to

Md1e swpeeh¢oehety, 06 s Halepwhi te tdénitSobahrgbaatheed-
by a |l ow tenperature carrier acting as a

usef regergtosted epirehpusee iswpépcoekap bt ateich reeased
fromthe supercool ed state by being directly supplied
Sigth adékd APed hbvidrramosweedy efper BeRe 2@ 1s lowered

to a freezing point at a predetermined cooling speed, then,
the food is cooled so as to be kept in a supercooled state
while graduzlly lowering the temperature thereof making use
of an airflow having a good temperature distribution in its
entirely at a high freezing temperature, the food is guickly
frozen by being directly blown with an airflow having a
lower temperature after a predetermined time to stop a
supercooled state, and thereafter the food is preserved at a
temperature lower than the temperature for cbtaining the
supercooled state, for example, at a freezing temperature of
about -18°C. As a result, energy can be greatly saved by
the above operation.
{0154

Further, the above structure can be more effectively

applied when food is caused to enter to the supercooled
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preserved in a frozen state. Mre specifically, in
neats, fishes, and the |ike, since the respective
cells thereof and the portions between the cells
thereof are filled with water w thout intervals, they
correspond to a vessel filled with water w thout
intervals. As a result, they are not released from
the supercool ed state by the vibration while they are
bei ng transported. Further, when food at a room
tenperature is accomodated, it is sufficient to coo

d
?:nallg'%gt gquk&ﬁkg ?@ee 53 &Qt ﬂé@”x@ngarrler

reeze | |ng terrpe ature of

aa;Q%tg a%OQ ab et heet ouest Wittheyt -hHSERg A e erBly,
| ow tenperature such as - 8C and the Tlike as in a
RUSaRess fuse theexipg ehardestafechy dbergig/ ,dirtelely
enbodi ment is useful to save energy consumed by the
ssapliied bétbreOchbiﬁthaVHﬂqeaf@oﬁekstQmRﬁﬁqﬁNﬂﬁedand
because the food is subjected to the supercoo
FeSELVRE Frﬁkﬁnﬁf‘ﬂ%%“ tHe i n¥odr Fﬂacm%ﬂﬂﬁf |1§1 8@?5@

t ed t f f
f[th Sty 28¢n tss e LbrT veruire 578 RSSEFRat b s F8RTeos ana
9:% oﬁg Serh Sy €@2hed ahe2.koW£00l1i NG $Re8dwater

Jected to the supercooled freezing in

vllh:elol)q}j mr:eﬂrhggr atidy Hortra@pphasent ai vyeidl Gi11Ag aith
result, since ice crystals begin to be created

v trau Mameouslynﬂét@alaluaAstenpesaluretm¢ytdn£'h@&drééeased

uniformy lowered up to the inside thereof, partially
foemttdg sepctrysied sstate Mot tgeowmbration while they are

being transported. Further, when food at a rocom temperature
is accommodated, it is sufficient to cool the food at a
temperature which is not too low and finally to freeze it at
a freezing temperature of about ~20°C at the lowest without
using an extremely low temperature such as -60°C and the
like as in a business-use freezing chamber. Accordingly,
the embodiment is useful to save energy consumed by the
carrier before and after the food is transported because the
food is subjected to the supercooled freezing making use the
time during which it is being transported. As a result, the
frozen food of good quality can be delivered to a
destination.
{0155]

A supercocled state is created at a slow cooling speed

in the food subjected to the supercooled freezing in the
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unevenly, and the size of the ice crystals created in
the food is snmall, thereby the quality of the food
can be kept. Fig. 24 shows the relation between a
cooling speed and the size of ice crystals in the
inside of food. It can be found fromFig. 24 that
there is a tendency that a higher cooling speed nore
i ncreases the size of ice crystals created in the

i nside of food. [0156] The refrigerator of the
present invention can realize high quality freezing

%’{EJ%&%‘E %'}r%eplb s\fﬁ%‘{s%n\f@%m&ﬁf rigerat sulQC' udgse

reezi n can ~continuous

ﬁeemy%%a@@ Hé%uﬁ heo th%m%re%tt\éaes%uwsnémy after the
accomodat ed therein fromOC to the tenperature of the

fdreezian@ rbeppet RE Uf &od One Uy fblhel gol dwatdd cig al akheng
from the cooler, the cooling chanber, which is
disiposetiernothepaftwelZing reharber cf or rkeepimg rehectogygown
in the supercooled state in which it is not frozen at
%P%%ﬁﬂ&éhaﬁﬂﬁetbau%&zﬁ(Pﬁnthelé§§ FREA2hE 9?%ﬁ£ﬁdn@n the

B s ima . DPBt e Jis BPLiRE PF oBbf er e hafobe KRRt
L@ck% AL st BﬁeCPQiﬁrorﬁ %%tmgenesawsflégetgﬁe%@ 2MBaPfe

for setting the tenperature of the freezing chanber to

A& o2Cckocrstasd ihathd hasfiaedost peed. | nd ken be found
cool i ng chanber gets the supercooled state, and the

tohd Faigr. ad) usénenterareians ftendadpusthag 4 el ghelrd cabpiing
blown into the freezing chanber and taken into the
PoEd g rehanberases tiHm tive Pdodce crystals created in the

inside c¢f food.
[0156]

The refrigerator of the present invention can realize
high gquality freezing while saving energy because the
refrigerator includes the freezing chamber, which can
continuously or stepwise adjust the temperature of the food
accommodated therein from 0°C to the temperature of the
freezing temperature zone by the cold air circulating from
the cooler, the cooling chamber, which is disposed in the
freezing chamber for keeping the food in the supercocled
state in which it is not frozen at a temperature egual to or
less than the freezing point by taking thereinto the ccld
air kblown cut from the cold air blowing port of the freezing
chamber and sucked into the cooler, the temperature setting

means for setting the temperature of the freezing chamber to
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stored in the cooling chanber is kept in the
supercool ed state by suppressing the air velocity
around the periphery of the food acconmodated in the
cool i ng chanmber. [0157] The refrigerator of the
present invention can realize high quality freezing
whil e saving energy by the sinple structure because
the refrigerator includes the freezing chanber for
freezing the food acconmodated therein by the cold
air fromthe cooler, the cooling chanber disposed in
the freezipg chanber, for keepin he stored food in
VhE Couper oot ed Baiwe TROANE LR he GO (8oRgrS Chamber
fraoz even_at e ratur f r. |

dhie” FRech g patted STerabhl el 4l EgRg A

l0wn £QUt - 5 0m 1:01e GRl doalir ai bl GWNY RAd 0k tReezing
freezing chanber and sucked into the cooler, wherein
drhebeeokhag: ghambieitd $heorposedg ofhdrtee 4 amethacaske food
covered with the upper case disposed in the freezing
sthvaedern ahd eoghipnd eoheetebet aekert e Upers upasecahed
the lower case to take cold air therein, and wherein

stReegRY PYPPERS DiEhithE Padi HELachi Y RXWif diber BpERPETY
f the flow direction of the cold air. flqow ng in
ShdTFr easing CHE e ha kas o8 Sraltsi 18 to
@g%qﬁ 30 nm 109 [0158] The refrigerator of the
present invention includes the supercooling chanber,

whi chhkegpsr ihe-frepd cacepanpdai &t irheieiidn Bahheealize
supercool ed state, in which it is not frozen

high quality freezing while saving energy by the simple
structure because the refrigerator includes the freezing
chamber for freezing the food accommodated therein by the
cold air from the cooler, the cooling chamber disposed in
the freezing chamber, for keeping the stored food in the
supercooled state, in which the food is not frozen even at a
temperature equal to or less than the freezing pecint, by
taking therein the cold air blown out from the cold air
blowing port of the freezing chamber and sucked into the
cooler, wherein the cooling chamber is composed of the lower
case covered with the upper case disposed in the freezing
chamber, and a gap formed between the upper case and the
lower case to take cold air therein, and wherein the gap is
an opening facing a direction different from the flow

direction of the cold air flowing in the freezing chamber

and has a size of about 10 mm to about 30 mm.
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at a tenperature set to the freezing point to -15C, by
the cold air fromthe cooler, the cold air adjustnent
nmeans, Wwhich changes the tenperature of the cold air
bl own out into the supercooling chanber and
circulating therein, and the supercooled state

st oppi ng neans, which stops the supercool ed state of
the food accommodated in the supercooling chanber and
pl aced in the supercooled state by supplying cold air
havi ng a tenperature about 2C to about 5C |ower than
a set tenperature by the cold air adjustnent neans,
dd 5Blat frozen food of good quality can be easily

obt aj ned 159] When the food at a room.tenperature
accoﬁﬂ%dﬁéé&PQ4Fﬁ99§ Oéo&ﬁ?nﬁr%%%. eﬁnﬁ%§t688|e8??¥ e the
sgug@:%%%g%g Seih 09, TRALS e E[‘E%@rﬁé@&‘tadd&\‘r%BbQQd

rsettin enperature o freezi ng chanber

e NS €QOLHLDTs Gharha1 et akBe eROokhneh iSpeedrot fbezen
food within the range of -3.5C hr to -10C hr during

dthe pembedawnhea ide surtfrace reeapeyapoirt ofo t4ié “Cooldy the
is lowered from3C to 0C, thereby the supercool ed

stlat eircdmobetbecurelsr erither €gld] 8165039 1UT e "€SPE -
ai r adjustnment nmeans for adjusting co air is .
HHSPoSEGTEE 7 at 1 BT RSO Pﬁeteglﬂoggr?%ﬁ(RﬁQWﬁ F8Ft 1o
o SRR P L R Lo areer o
§§Bé¥é§oﬁeﬁagkggé stopping means, which stops the
supercooled state of the food accommodated in the
supercooling chamber and placed in the supercooled state by
supplying cold air having a temperature about 2°C to about
5°C lower than a set temperature by the cold air adjustment
means, so that frozen feood of good guality can be easily
obtained

[0159]

When the food at a room temperature accommodated in the
cooling chamber is cooled, the temperature setting means of
the present invention for setting the temperature of the
freezing chamber or the cooling chamber sets the cooling
speed of the food within the range of -3.5°C/hr to -10°C/hr
during the period when the surface temperature of the food
is lowered from 3°C to 0°C, thereby the supercooled state

can be securely entered.

[0160]
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in port for taking cold air into the cooling chanber,
and the air duct between the cold air bl ow ng port
and the cold air taking-in port so that the air

vel ocity around the periphery of food to be placed in
the supercool ed state, is suppressed to about 0.1 m's
to 0.5 ms, by adjusting the <cold air by the cold air
adj ust mrent neans, thereby the supercooled state can
be kept. [0161] The cold air adjustnent neans of the
present invention fornms a plurality of bent portions

to the air. duct between the cold a 0 %
e D6 G d Sin PG e ERE (e davigeuShing POl A, e
SQE I(‘J%%BOQQI (L feoa ttheanq(e%tfhtgf (t:gfd §ﬁ0|ﬂll?>qu91§p €L for

erw se, 51d AT adjustnent means esses

Hl%%lﬁbr0§9986h&ﬁafﬁuid%%|Qh@|Er@éQ¥Wb(EHadU@&Oo&h§nto the
freezing chanber or into the cooling chanber to about

cboQ infl 8himbdr 2 Mthaatprickeneol dvéantidil,owi rgidutipotéking-
by the danper, thereby the supercool ed state can be
ikeprro[ 6¢62tak Wierrdlide atlenpekat the @fofiowd chepbats and
equal to or less than the tenperature preV|ousIX set

t@@ BRE fHeRZPHGL rFtheoFOlfihélFo%Jdo‘ﬁnWt and the cold

pre e erm ned_tinme ?1 fter foof cf%y 111 gsStpLed

3 +RETBEot T P Tha theet%ﬁﬁeY% U s &R Weans

p%]tr %ﬁgrgﬂ g8eplod %erﬂé M LQh SEEANG tNE doTREr aLHEE, is

freezi ng chanbér or the cooling chanber |owers
dupe rberpar ab usisoof ¢ he /seezi ngs chaspbesy ofd ke isgothag

colzn2§;’by the cold air adjustment means, thereby the
supercooled state can be kept.
f0l61]

The cold air adjustment means of the present invention
forms a plurality of bent portions to the air duct between
the cold air blowing port and the cold air taking=-in port or
provides a duct length corresponding to the depth of the
cooling chamber. Otherwise, the cold air adjustment means
suppresses the air speed of the cold air blown out into the
freezing chamber or into the cooling chamber to about 1.0
m/s to 1.2 m/s at the cold air blowing-out port by the
damper, thereby the supercooled state can be kept.

[0162]
When the temperature of food becomes equal to or less

than the temperature previously set as the freezing point of

the food or when a predetermined time passes after food is
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which is set to the freezing tenperature zone fromthe

freezing point to -17C, by about 1C to about 2C, so

that the supercooled state of the food is nmade

deeper. Thereby the frozen quality of the food can be

i mproved. [0163] When stored food is placed in the

supercool ed state, the cold air adjustnment neans of

the present invention adjusts the fluctuation range

of the air tenperature around the periphery of the

food, which is fluctuated by the change of cool ed

stat%,.mﬁﬁgin 10C or Iesg or %ﬁ%ugts th Mnevenness o

P T&Y HelPer gt dd FREeE oo Rgt CHaHET i thin " 2C"
l.es e . super.c t G t

‘?%fgﬁji%ﬁéﬁﬁg g%g%g?éﬁhﬁﬁgdg?%ﬁgn%agggs siﬁ%%tFEE ?Soéhe

OfeN@g PHERBEE &PV iR 1isgacEenpddal 8oy taen the
abrupt change of the food tenperature is detected,

mpeeatheef o6dcha ez ifngeehingecehanbere arodlhiegcobbimhgr,
chanber stops the supercool ed state by applying a

Whydi éal sshokR s hfreezdnot spperaftines ZPnA Bt 6AS an
ultrasoni c_wave, and the like thereto

dis.,
f5rEserPedabta- previ SusiyY $8PUfr deZi by @ ncé‘ﬁlpér fruf8 Ghat
o %ﬁ%%{%%%%gg’s Q&g%gyt%gefg$ﬁgﬁgymgéet %ﬁkr%lzThereby

roze can be i nproved. sSuper cool i ng ‘can be

HORRRY e5i BRLY: BY i el 196 dinthAdYEl Do el air into
the cooling chanber. [01651
f0163]

When stored food is placed in the supercooled state,
the cold air adjustment means of the present invention
adjusts the fluctuation range of the air temperature around
the periphery of the food, which is fluctuated by the change
of cooled state, within 10°C or less or adjusts the
unevenness of air temperature in the cooling chamber within
2°C or less, thereby the supercooled state can be kept.
[0164]

When a predetermined time passes since the food of the
present invention is accommodated or when the abrupt change
of the food temperature is detected, since the food in the
freezing chamber or the cooling chamber stops the
supercooled state by applying a physical shock such as a
temperature, a vibration, an ultrasonic wave, and the like

thereto and is preserved at a previously set freezing

temperature or quickly frozen, thereby the quality of the
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In a refrigerator including a cooling chanber for
keepi ng an accommobdated food in a supercool ed state,
in which the food is not frozen at a tenperature set
froma freezing point to -15C and cold air adjustnent
means for changing the tenperature of the cold air
blown into the <cooling chanber and circulating in a
supercool i ng chanber, the frozen food preservation
met hod of the present invention has a step of
accommodating the food the cooling chanber at a
erature set ta -15C_ .a stk n
e A
hat ihRe-LEODES aldi £ Alif tlh@o the
S?%P?E?%aﬂ%%b%ggés@- 5Cto -10C or the air
Aeelleaqt ¥yhhmbdhe cool i ng chanber becones 0.5 nis or
| ess, and a step of stopping the supercool ed state of
[ttheé5flood by directly supplying cold air at a
tenperature. 2C to 5C |l ower than the set tenperature
to the $cﬁﬁﬁWWHQﬂ@toﬂslaéééﬁhﬁﬁa%éHxFHQQCSBPgﬁﬁrcﬁ%ﬁber

d pl d th | ed stat
Ko P?égr%{:g?mﬁ%ﬁﬁeéﬁefr‘%? CiSant e lRt TR ib
w%%*&'hctcﬁg hfcgo Slyor?o%e zte% adeliver drozen aRd from

réserve s of good quality to a destination by

ﬂﬂé%%éh@g Lhem v th e sl camauat r ofd pRednght imeahbBefor
m dway o? transportation which takes a long tinme or

chk3ginhenhaecessaratuane it hie cblposst bhlevwro iagpl ghehe
refrigerator of the present invention to a w de
quﬁL@gycbﬁmbggs¢m@ggx§puqq31@g]1n a supercooling chamber,

the frozen food preservation method of the present invention
has a step of accommedating the food the cooling chamber at
a temperature set to -15°C, a step of performing adjustment
for a predetermined time by cold air adjustment means so
that the temperature in the cooling champer becomes -5°C to
-10°C or the air velocity in the cooling chamber becomes 0.5
m/s or less, and a step of stopping the supercooled state of
the food by directly supplying cold air at a temperature
2°C to 5°C lower than the set temperature to the food which
is accommodated the cooling chamber and placed in the
supercocled state. As a result, in a refrigerator mounted
on a vehicle such as a freezer vehicle, it is possible to
deliver frozen and reserved foods of good guality to a
destination by freezing them with a small amount of energy

in the midway of transportation which takes a long time or
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Since indirect cooling is perforned to create the
supercool ed state in the refrigerator according to the
enbodi ment, it can be reduced that food is dried by
being directly blown with cold air, and the damage of
food due to freezing can be al so suppressed. Since
the cooling speed, which is an inportant condition to
create the supercooled state, is slower than
conventional quick freezing, the fluctuation of
tenperature i s reduced, and thus food can be

uni formy cooled in its.entiretﬁ% [016%% Sﬂﬂfe t he
Y NGEPAEBFY actlt dity tid PRESERDBAFRePP1% “"Equi pped

N NG BYPeEcopl |G ca8e ;L0ehudbad. LNe ulstANGey of
%aV|ﬁb a Parge eat” capacity to Suppress the

gl UuGldatizon of tenperature or including a structure
for preventing a blown out airflow fromdirectly
fdi®ng thereinto, the refrigerator is not affected by
the fluctuation of tenperature caused by openi ng and
cl osBagct hendoorgt facehinghiiehpeheo rreamparatareetentbhe
supercoal i ng case can be stably kept. [0168] Since
FHRE TErlEgePREBE HR COi GRS ST RECENDPOETFEMY tPL4he

SHROASR gL oTRETEL U2 B LU L OB LATRET LA 81
AFdHANC R Q0! . CX 1 TG SRAGE LAUCHaASed MO SWdaC BB co
case and the Itke can be mnimzed. As a result, it
#5053 khe te HEe-tHheSRAGRd. Since the cooling speed,
which is an important condition to create the supercooled
state, is slower than conventional quick freezing, the
fluctuation of temperature is reduced, and thus food can be
uniformly cooled in its entirety.

[0167]

Since the refrigerator according to the embodiment is
equipped with the supercooling case including the substance
having a large heat capacity to suppress the fluctuation of
temperature or including a structure for preventing a blown
out airflow from directly flowing thereinto, the
refrigerator is not affected by the fluctuation of
temperature caused by opening and cleosing the door, from
which the temperature in the supercooling case can be stably
kept.

[0168]

Since the refrigerator according to the embodiment
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or the case set to other tenperature zone at the sane
time. [0169) Further, in the refrigerator according
to the enbodinent, since the supercool ed state can be
stopped at a tenperature of -2C or less (for exanple,
-5C or less), energy is |less consuned than quick
freezing which is a supercool ed state stopping net hod
of a conventional enbodinent, and thus the
refrigerator is excellent in an energy saving
property. [0170] |In addition to the above-nentioned,

e S SRy

va ?Ir(t)% errpera ure

cglfr&%r §E8 g{e“é%%gfcge%sdsté{@t et'hhé o rALLWREEon the

ree |ng, reezing, and 1 ke

e@ﬁ%@ﬁﬁbngpégetﬁﬁc@@éiaﬂﬂeysUieahﬁﬁ@t@s&f drle the like can
refrigerator, the refrigerator has a nerit in that it

eamibemieedvement |pesised. 1017 1pos dhiela efa iuger ahor spdce
the present invention includes the first tenperature
ogetttenganeanst flov dted ngrpREatenpereurat O FREe time.
cool i ng chanber and placing food in the supercool ed -
%Istate by the cold air introduced into the cooling

chanper ?%ge sqﬁpnqe%engg ? ? %él oggagﬁefor

topplng super cool & by a

éﬁﬂagg%ﬁhgresLQ&@rtﬁé“%hperﬁ%o&@ﬂD@f@%@ré%ﬂﬁbé:@%o@ﬁ@ﬁ'QQ a
chanber set by the first

temperature of -2°C or less (for example, -5°C or less),
energy is less consumed than quick freezing which is a
supercooled state stopping method of a conventional
embodiment, and thus the refrigerator 1s excellent in an
energy saving property.

[0170]

In addition to the above-menticned, since the
refrigerator according to the embodiment can selectively set
the preservation temperature after stopping the supercocled
state, to software freezing, long period freezing, and the
like according to the actually used state of the
refrigerator, the refrigerator has a merit in that it can be
conveniently used.
i0171]

The refrigerator of the present invention includes the
first temperature setting means for setting the temperature

of the cooling chamber and placing food in the supercooled
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tenperature setting neans, and the third tenperature
setting neans for preserving the food in the frozen
state after stopping the supercooled state, and the
tenperatures set by the first tenperature setting
nmeans, the second tenperature setting nmeans, and the
third tenperature setting neans are sequentially
changed at time intervals or by neasuring the
tenperature of the food. As a result, it is possible
to performfreeze preservation that consunes a snall
nt..o e y. by .a.sinple . st ture. (2]
AR S hrsr iSO AERReER TS I e ligte! epdfBer,
fHd Slecb@APELRLAF £-.568 tdNG iMBaRsah 9 rSLtdd P il the
tenperature of the cooling chanber to place food in
duie rsupecaost et @it alre Bpddheycal tdembérdniveoduced iRt
the cooling chanber, the supercool ed state stop means
tfher tstpppingre het Swuperccdongdchtmber ofett Hy fibed thyst
cold air whose tenperature is |ower than the .
{eESERALGR eSBF t e RGBIS/ngrehahBefnEE tRPPANFE UFPr §BTTING
tenperature settin ans, and e third tenperature
SRR g mBERES T b1 e Rhoand pPEsE ATy THEE Po5H-
928 -SURRECOOLEL A AL Jrs 8L oppad- by {dieuneieaoLed by
state stop neans, and the tenperature of ‘the cooling

anhese teddbratiiLhidts 198t mBYnt Nechdli dbdrRMRemabyubure
setting neans, can be set with no relation with the

feenperatinees of atdiecicoalhing tehaobetusetsdit itrlye mkanst are
tenperature setting neans. As a result, freeze
groesatvat Loncoargdst 4 ddmsl ynpervakfree by measuring the

temperature of the food. As a result, it is possible to
perform freeze preservation that consumes a small amount of
energy by & simple structure.

[0172]

The refrigerator of the present invention includes the
first temperature setting means for setting the temperature
of the cooling chamber to place food in the superccooled
state by the celd air introduced into the cooling chamber,
the supercooled state stop means for stopping the
supercoocled state of the food by cold air whose temperature
is lower than the temperature of the cooling chamber set by
the first temperature setting means, and the third
temperature setting means for freezing and preserving the
food whose supercooled state is stopped by the supercooled

state stop means, and the temperature of the cooling chamber,
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[0173] The refrigerator of the present invention
includes the first tenperature setting neans for
setting the tenperature of the cooling chanber to

pl ace food in the supercooled state by the cool ed
wal | surface of cooling chanber, the supercool ed
state stop neans for stopping the supercooled state
of the food by introducing cold air at a tenperature

| ower than the tenperature of the cold air introduced
into the cooling chanber for placing the food in the
supercool ed state or introducing cold air with an air
whdlcde iy seasberthe Har nché eBPRT9ERBR | 3§¢ WrSufGahRe can be

eri phery of the food, an the third te rature. .
6t G 8aRs T 00T MBI G °ahB oBrSEiY ity e OBy
h I atls. | q i ;.

TR Gel) Byol i EHAT Dhp508 e POt i GIBIRSY ap -

ahe SR BaPSe s ASvaft ilfS Whh, bbt £iSx ROSSiI & orted.
performfreeze preservation that consunmes a snal

@Mt of energy by a sinple structure. [0174] Since
the refrigerator of the present invention includes

t he Thapeehtigergetn iofgtheansefort chusgddlhy ingégdengthe
t he tenmperature of the cooling _chanber set by the 117
Tiistd CAREERARER St I JeREENS O6f SEhEl | ddéntremperature

SYE B0 ek a0 B 908 DSt OANILY o
HASERNALLANCLETRET A U & H8ReRALRIC9E1 1 Ay toERY:, T erd.
supercooled state stop means for stopping the supercooled
state of the food by introducing cold air at a temperature
lower than the temperature of the cold air introduced into
the cooling chamber for placing the food in the supercooled
state or introducing cold air with an air velocity faster
than the air velocity around the periphery of the food, and
the third temperature setting means for freezing and
preserving the food by the cold air introduced into the
cooling chamber whose supercocled state is stopped by the
supercooled state stop means. As a result, it is possible
to perform freeze preservation that consumes a small amount
of energy by a simple structure.
[0174]

Since the refrigerator of the present invention
includes the temperature setting means for changeably

setting the temperature of the cooling chamber set by the
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[0175] As described above, the present invention

i ncl udes the supercooling chanber, which is di sposed
to the refrigerator nmin body for storing foods, in
whi ch food such as fishes, neats, vegetables, fruits,
and the |like are accommpdated, and which is cooled to
t he supercool ed state by being set to the tenperature
equal to or less than OC by the cold air fromthe
cooler, and the controller for slowy cooling the
supercool i ng chanber at a first tenperature, which is

l.owe t han_0C and hi gher than the set tenper.ature.

URE ERBSTPRET SWker THo TG PEMDRT a1 LS of e Ton,
dipads c_t;%ceeeabtgppé@xeﬂ@atc%'r%emsnfcige&§9@14 SIS ALULES,
(freezing points, 1ce-freezing points) and then

o1 egokhREgLRE a SHRYGAQILBE €BAPPLst Wi tRdeh@ing of
supercool ed state | owest reach tenperature so that

d heyrgupdr cooded state, in which the foods are not
frozen at a tenperature equal to or less than the
FGleeZdi ng tenperature, can be kept at a second
tenperature | ower than the first tenperature.

0176
Fur t Rér SeaRetPtheofe tefipBF &ttt s BITHE Y d8 368 the
Ascomudaned hi.L0e SUPeLeQ 1g,chanbes Ale JaRLedaro:
ow ~ 1 ciy the FF ge,

appr oxi mat'e €ezi ng tenperatu

3 tb'&%?eQEEeEtoi:Mcf eaRfis, 0 iAPRLOXHh ML &4 Vst die I €82hAY,
tenperature and the supercooled state is stopped, the

s, 0lvkegetab1ébe present anknvast L 0Re petd ecddypnioaezas
the foods quickly at the second

and which is cooled to the supercooled state by being set to
the temperature equal to or less than 0°C by the cold air
from the cooler, and the controller for slowly cooling the
supercooling chamber at a first temperature, which is lower
than 0°C and higher than the set temperature, until the time
when the core temperatures of the foods becomes
approximately the freezing temperatures (freezing points,
ice-freezing points) and then slowly cooling the
supercooling chamber up to the supercooled state lowest
reach temperature so that the supercooled state, in which
the focds are not frozen at a temperature equal to or less
than the freezing temperature, can be kept at a second
temperature lower than the first temperature,

[(0178]

Further, when the core temperatures of the foods

accommodated in the supercocling chamber are lowered below
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tenperature or at a tenperature |ower than the second
tenperature by increasing the anount or the velocity
of cooling air. [0177] As described above, the
present invention changes the tenperature set contro
conti nuous or stepwise in the respective steps to the
freezing point of foods, fromthe freezing point the
supercool ed state | owest reach point tenperature, to
stoppi ng of the supercooled state and to the perfect
freezing. For exanple, the supercooled state is

Seounely achi exedc by sont rohLLog Lhe t EIPEAULE . Lhe

unt, e vel oci C ait sup to the

SUPRRGROL LN 88 Ena td18, SuRercaal edy st atse  AuRSt aheache
tenperature ?ﬁereof is lowered, the supercooled state

dupesicopped, saatke aid reeiigeg, speedohsronideasedhaf peesent
st oppi ng the supercooled state to thereby realize
frreatilng perjeodl yubtedaes [the78podAcaerdihglat, tdiensecond
the refrigerator of the present invention enploys the
SRS ESHIrRdOF r @ zR NtETIRAGT SR ASVa” Rigyh Tfifalsacpnd

freezing function in place of the conventional . quick
SFRETPRYSL RE FOF TTGRSE OGP nALCHR adlh arkage 147 'CHal I ¢
Gochkfg g@F_realize high quality freezing, that is,

ecol ogi ca freezing with the anount of energy smaller
tcharyithat in the conventional refrigerator. [0179]

As described above, the present invention changes the
temperature set control continuocus or stepwise in the
respective steps to the freezing point of foods, from the
freezing point the supercooled state lowest reach point
temperature, to stopping of the supercooled state and to the
perfect freezing. For example, the supercooled state is
securely achieved by contreolliing the temperature, the amount,
and the velocity of cold air supplied to the supercooling
case, the supercooled state lowest reach temperature thereof
is lowered, the supercooled state is stopped, and a freezing
speed 1s increased after stopping the supercooled state to
thereby realize freezing of good quality.

[0178]

Accordingly, since the refrigerator of the present
invention employs the supercocled freezing function as a
high quality freezing function in place of the conventional

quick freezing, the refrigerator has an advantage in that it
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Further, the refrigerator of the present invention
enpl oys the novel supercooling chanber structure or
the novel supercooling chanber case structure which
can inhibit cold air frombeing directly brown into
the space for <creating the supercooled state, create
a uniformtenperature, and change a cooling
tenperature stepwise in a plurality of steps. As a
result, the refrigerator of the present invention has
an effect in that it can realize supercooled freezing

of foog. ¥ th str%d:ur% and.the control of EP 1
P& FEgEt At ort GE°4HB%t | YUY Fi%r & PPSRTP
#AQse, fmhpetr‘?eona‘f%ﬂnto% | eﬁsﬁﬂr%ﬁﬁﬂr £ Q18QL . NRL 8¢y

that the refrigerator an eeze preservation

d@h&aael@ﬁaihﬁéfgfggygtdrnvent|on can not only realize
high quality freezing that consunes a small anount of

@ig1egy in a hone refrigerator but al so can preserve
foods in a frozen state for a long period w thout
br eakit ol Ithepyedrépapheor se¥ udtaurgegadtconvention
Accordingly, it . can be estimated that the
PV@ng £ OFOHId TR P82 89 pFRIBY ¥at I GRrRod T of e

present invention can be_ us fuII appl.ied to a
nov%é ﬁ? f%%0ﬁ3p1§ha o Fﬁaelarﬁ%cé%% oﬁgcﬁn fppipic

c%ﬁ%sgﬁ¥a§£5%16§1n %%QECQQQtﬁern 1@M§H§ﬁ§% %%% for
refrigerated war ehouse and the like and the freeze

Jreesenyathonsobe fdSdes) calight, icRedeepasenirbishedpdtuture,
a vessel but also in the transportation of interna
apdgghsnign a aediical dergledatnedi sedpwtadyirequicpoeal ity of
steps. As a result, the refrigerator of the present
invention has an effect in that it can realize supercooled
freezing of food by the structure and the contrel of the
refrigerator which are not greatly different from those of
the conventiocnal refrigerator.

[0180]

Note that the refrigerator and the freeze preservation
method of the present invention can not only realize high
quality freezing that consumes a small amount of energy in a
home refrigerator but also can preserve foods in a frozen
state for a long period without breaking cells by a simple
structure and control. Accordingly, it can be estimated
that the refrigerator and the freeze preservation method of

the present invention can be usefully applied to a wide

fields not only in the large-scale long-term preservation of
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in which cells and the |like are treated, and the |iKke.
- 121 CLAIMS 1. Arefrigerator conprising: a cooler
(3); a storage chanber (100, 200, 300, 400, 500) where a
cold air fromthe cooler (3) flows into; and a
controller (16) for controlling the cold air flow ng
into the storage chanber to stepw se or continuously
| ower a tenperature of foods stored in the storage
chanber and controlling a tenperature of the storage
chanber so that a supercooled state is achieved, in
ng]aItCh it hg £809§esar—eusne0tref ngga%\e/gnwgg hao& een.%%rdatt L€ ike
equa toor Tess than a  fr €zl ng p0|ﬁ?, erein e

£LRNHQ RE o £ 4631 S LM 58,101 £C AL HBNOUSLYhd QWR R ebN8es
tenperature of  the foods fromthe freezing point to a
fredetenn bedes eapanal Wied ankeap thendwodsitivnder t he
supercool ed state for a predeternmined tinme, thereafter
sttepnatthergaper todl etedisiadt €1kddi noedbs®El atuw@yogquipment
a velocity of the cold air flowng into the storage
Ehateh celbde, 200, u0, 140G 506) taRdt ¢ eSS WiFe 1i56ds
by a rapid cooling. 2. The refrigerator conprising:. a
cooler (3); a storage chanber (100,200, 300, 400, 500)
where a cold air fromthe cooler (3) flows into; an
acconmmodati on case (81,84,86) in which a cold air flow
amount fromthe cooler (3) is limted, the case

(81, 84,86) accommodati ng foods di sposed in the storage
chanber (100, 200, 300, 400, 500); and a controller (16)
for controlling the cold air flowing into the
accommobdation case to stepwi se or continuously | ower
a tenperature of foods stored in the
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accommodat i on case and controlling a tenperature of

t he accommobdati on case so that a supercooled state is

achi eved, in which the foods are not frozen even at a

tenperature equal to or less than a freezing point,

wherein the controller (16) stepw se or continuously

| owers the tenperature of the foods fromthe freezing

$diAItMS 0 a predetermi ned tenperature to keep the foods

under the supercooled state for a predeterm ned tine,

thereafter stops the supercooled state to increase an

anount or a velocity of the cold air flowing into the

j ..case (81, 84,86) and freezes the foods

1J%§Q§g¥gg?gb@ggﬁﬁgg. -122 3. The refrigerator of claim

1 oragooleg{@kein; the controller (16) gradually cools

the sbpiragechhaiel €10d JR300000300) ¢80P @1dWr from the cooler (3)
flodcEonmm ation case (81, 84,86) where the foods are
0¥} By d a first tenperature which is lower than 0 C

and ﬁbgh}etﬂleg KB f@r eatroll@gpbe adld aa Advibe irﬂ;?l ey st0ize dhamber to

| od cor temperat ure reaches a . f.reezi

Stefﬁ.*smﬁr%gﬁ%%“g?v et & BB R P Rdgn G ghtage chamber
ang eergeolling metempavitese vhthef stemge thapbemsq thptad exglergooled state is
acHiQRUSinWhigh BROOHEL L€ E{eﬁfreéeweeem £Rhmpetaty P¥EGual RAG 1L %ethan a
- first tenperature so that the supercool ed state can be
fregzing PolRkr e no freezing occurs even the freezing point

and wheRn thb cohBllEElih) a8p@ik®br 8fntGh@Lisly oweth BElehiperature of

the.contrqgller (16) rapid ool s, the storage chanbe
the %66‘? g6’ gﬁogﬂﬁé‘}% B &P 2 %‘Eg%tﬁ%’d‘ﬁ i (GrPgEAdEre to keep the foods
undd1th8 4npdroodibstate foe afpoadiseratincd tialee theatale r tserpp ei@bwiecooled
sta?eqéﬂﬁlxcrtegsetaPneamg'u%%%Qg v%f(‘)r(mf (rylatthg 81 Qi tllo%?lﬁ% ].I%% e sgtgr%ge chamber

o0d Core tenperature I'ncreases up to réezing
(10880AB0BAB0,60® and feaceeuibe dowls by @ rapidswoliped after the

foods is turned into the supercooled state. 5. The

refrigerator of any of claims 1 to 4, wherein the
2. Eheefogrsnion cypptisng's kept for at |east 5 seconds. 6.

The gebdiéggy;ator of claim2, wherein

a storage chamber (100,200,300,400,500) where a cold air from the cooler (3)
flows into;

an accommodation case (81,84,86) in which a cold air flow amount from the
cooler (3) is limited, the case (81,84,86) accommodating foods disposed in the storage
chamber (100,200,300,400,500); and

a controller (16) for controlling the cold air flowing into the accommodation
case to stepwise or continuously lower a temperature of foods stored in the
accommodation case and controlling a temperature of the accommodation case so that a
supercooled state is achieved, in which the foods are not frozen eveﬁ at a temperature
equal to or less than a freezing point,

wherein the controller (16) stepwise or continuously lowers the temperature of
the foods from the freezing point to a predetermined temperature to keep the foods
under the supercooled state for a predetermined time, thereafter stops the supercooled
state to increase an amount or a velocity of the cold air flowing into the accommedation
case (81,84,86) and freezes the foods by a rapid cooling.
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an upper case (80,83,85) and a | ower case (81, 84, 86)

are installed in a twd-stage fashion in the storage

chanber (100, 200, 300, 400, 500) and the | ower case

(81,84,86) is made to be the accommodati on case. 7.

The refrigerator of claim6, wherein a gap is disposed

bet ween t he upper case (80, 83,85) and the | ower case
3. Tl redig@aor of GainTher 2emh|egen,at or of claim6 or 7,

thoREREbIr @16‘5“3&9@15511139 c§dl£’Ftilssétmfagle'Céﬂéﬂuewlﬁo@éo@ﬁboawo 500) or
tenperature ower case di’'sposed

a@ﬁﬂf@ff@@ﬂ@ﬁﬁﬁ%ﬂﬁbﬁ%ﬁ)ewbwéhe @a{es%m@:é #5)firshtempggature which

is 1b%f trgarmt® andhigry tith @éealmpekatlﬁe % ba\igyeedoBled ub@iDa food core
is di osed on. an up ortlon of . HP s%oraﬂ

te Iﬁ nre t(eii szﬁd'r%algélggl g whe_{ngl; 15 judged that the food core

temperature reaches the freezing point, gradually cools by a second temperature which

is lower than the first temperature so that the supercooled state can be kept where no

freezing occurs even the freezing point and under.

4. The refrigerator of claim 3, wherein;

the controller (16) rapidly cools the storage chamber (100,200,300,400,500) or
accommodation case (81,84,86) where the foods are stored at a temperature equal to the
second temperature or less, when the food core temperature increases up to the freezing

point and the supercooled state is stopped after the foods is turned into the supercooled
state.

5. The refrigerator of any of claims 1 to 4, wherein the supercooled state is kept for at

least 5 seconds.

6. The refrigerator of claim 2, wherein

an upper case (80,83,85) and a lower case (81,84,86) are installed in a two-stage fashion
in the storage chamber (100,200,300,400,500) and the lower case (81,84,86) is made to
be the accommodation case.

7. The refrigerator of claim 6, wherein
a gap is disposed between the upper case (80,83, 85) and the lower case (81,84,86).

8. The refrigerator of claim 6 or 7, wherein; _
a member to suppress fluctuations of an air temperature in the lower case (81,84,86) is
disposed on the bottom of the upper case (80,83,85).

9. The refrigerator of any of claims 1 to 5, wherein

a fan (70) is disposed on an upper portion of the storage chamber {100,200,300,400,500).
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