EN 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
frozen. In ordinary freezing, when food at a room
tenperature is placed in a space set to -18C, the
tenperature of the food is cooled to the sane

t enperat ure as RERRIGFIORafNEr F%Oﬁbéfé%oéjr m ned time
passes. Wen, the | al to or less
than t he free2|ng p0|gpgﬁgiﬁ$ﬁ%hég§§5 the food is
frozen. When the food is placed in a |ow tenperature

environment, it is gradually cooled fromthe surface

themneebiandefgnal ly the central portion thereof

reaches to a peripheral tenperature. At the tine,

i0%deé the tenperature of the surface of the food is
lowered first, a phenonenon arises in that the ,
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st which are foroed on the - 1 urface of, t.he
oTabk ERbE GRtraReresHer 104 i ihé et oo BEbol (i

referred to as freezing refrigerator) and a frozen food
preservation method making use of the technology.
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 thereof 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
phenomenon 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 food is prevented from being broken by ice
crystals are neans for inproving quality of freezing
in alnost all the foods. Further, recent needs for
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frozen foods are nade available and used in an |arge
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lﬁglw rlou |Qprovenents are devised to increase
e quapl% ¥dzen foods. [0004] - 2 There is
A a qU|ck freezing as a typical technol ogy

It can be said how small ice crystals are made in
freezing and how the intrinsic structure of food is
prevented from being broken by ice crystals are means for
improving quality 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 quality 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
size of the ice crystals, and the |ike when food is
frozen. Wen the size of the ice crystals is |arge,
cells are broken thereby, and the flow ng-out anount
of the drips is increased in defrosting, thereb fggggy
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why small ice crystals are created in food resides in
itshatf teheefabeh el dausedetbod quf cidmparang the oaunts of
temperature zone of -1Cto 5C which_ is a maxi numice
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( y, the quick freezing is a neans for
SURPLESEhATice crystals, and the like when food is frozen.
When the size 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.
[0005]

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, for exanple, patent docunent 1). [0007] However,
the quick freezing is disadvantageous in severa
oints. First, althou%h it is said that the size of
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for cooling food in the quick freezing vessel, and

installing the quick 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 food. 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. [0008] 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
is not frozen even at a tenperature equal to or |ess
than the tenperature of the freezing point of the
food. Preserving the fqood in the supercool d state is

ARt BGeTNETTh thdLROEPAnG° i &lifiencald dErR AR e
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supercool ed state by "being forcibly applied wth

Hsighnkatbomanddad aattel ShquiTkty cdldozenpeadtlute air,
resulting frozen state | ess damages a cell structure
wig chorpadeshdiantadesusoanentsonal qui ck freezing
technol ogy in which food passes through the
@Wﬁéﬂcooled state, and thus the quality of the food

ch | ess t rlorated (ref r to for e
pat rucr?é’r%e% %re?ﬁm?h SHEEd R &R F5° ;&olrz%?d as 4
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means that when food is cooled under a specific cooling
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 supercooled 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 supercooled 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
technology 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). 1In

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
foods at a gentle cooling speed of 0.01Ch to 0.5Ch
up to the ice-freezing point or less (refer to, for
exanpl e, Eatent docunent 3). Further, there |j

h S
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ég¥iagtt8c ﬁréesé légga%a%g 8&qi”?ry tenperature by
generating a static maghefic” field in the space of a
fd i ng chanber, continuously or intermttently
irradi ating an el ectronmagneti c wave having a
pr edehetmé neshvdrequaatysupdi €dovliesl determhaedtaacoridi ng
to the field intensity of the static magnetic field,
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and lowering the freezing tenperature of water b .
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freezing point (freezing point) thereof relatively rapidly
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 is disclosed a
method of making a freezing temperature equal to or less
than an ordinary temperature by generating a static magnetic
field in the space of a freezing chamber, continuously or
intermittently irradiating an electromagnetic wave having a
predetermined frequency, which is determined according to
the field intensity of the static magnetic field, 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).

(0010]



Application Publjcation No. 2005-83687 (pages 16-17,
Figs. 2 and 3) Patent Docunent 2: Japanese Unexam ned
Patent Application Publication No. 2003-180314
(paragraph [0012]) 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
the Invention [0011] In the conventiona

technol ogi es, since a cooling speed is slowto

establish a su rco | ed state. Therefor when the
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tenperature is shallow (high), ice nucleuses nmade
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[0015])
Patent Document 4: Japanese Unexamined Patent
Application Publication No. 2000-325062 (claim 1, paragraph

(0014])

Disclosure of the Invention
Problems to be Solved 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
possibility 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
the frozen food is adversely affected. [0013]
Further, the nethod of shifting to a gentle cooling

fter. quick freezing up to the vicinity of. the .
%%8§PFP§eEﬁﬁgsu%ﬁﬁ?ﬂé%%§ Sﬁggﬁvéﬁt%EEQUsspntga r 583 Hg Y °f
%ﬂﬁﬁ?ﬁr"' ' 0 Lyg different ice-freezing

0|ntsa%%§2d¥€hggig%i?%%fg?ﬁgt it is very difficult to

sef12qn optimum shift point. [0014] Further, Patent
Docunent 2 discloses a nethod of placing foods

(wat nrtiiet kK Wrepdaat sxcsé s awvdier rlices) tiimeais stgesTc daloed
state after they are subjected to a process for
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§£@§Qﬁﬁ@?r€Q§tfggﬁ} wihen RBESaIE%JH¥jﬂf%z@§$dis left in an
environment, in which gentle freezing is performed, that is,
in which a high temperature is kept, as it is for a long
time. Thus, a problem arises in that the guality 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.
[0014]

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 nmagnetic
field with an el ectromagneti c wave havi ng a
predet erm ned frequency, which is determ ned according
to the intensity of the magnetic field_ in the static
thEgnetPcacPmefates taner veReet rideA fGeLeApaFatIre vt
the . water ;in . the sybhstance by generati a | eat
TRGHER & PeSdntnss (SR RRe et B ot Hhed RYERRaEs used.
AATBRONST § YWd G phle wat BLac MRC W B3 16081 84 Nehdd at a
t he substance, and set the freezing enperature to a
dRNpagabpe&d efllert @hah hessnwehtiddianacpeellf e£zi ng
tenperature, and thus the nethod is not practical to
trootd esEvenjod tsheegetmed s ol itded tfoodsbushmessemuise
refrigerated warehouse, the apparatus is excessively
thergelsi alse 7 AR LsBc dReBhebol texifefdiffécut F o wifiadh all
it is contenplated that it is, practically npr
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@RRarat us. Further, - 9 attention is recently
concéntrated on a health damage due to an
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create the supercooled state by the method of continuously

or intermittently irradiating a substance located in a
static magnetic field with an electromagnetic wave having a
predetermined frequency, which is 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 equal 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
quality of the foods, that is, which can realize high
qual ity freezing by a sinple arrangenent. [0017]
Further, an object. of the grese t inv [
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An object of the present invention, which was made to
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 quality 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
chanmber and sucked into the cooler, in the freezing
chanber or the cooling chanber, and a controller for
keepi ng the freezing chanber or the cooling chanber in
a supercool ed state, in which the food acconnoqgted,
in theeFHESLANG T cRANDRY RICIWE ¢BIPPhYCE b é ArPE2ing
cn%tmbfegrozgna eé/c?orhina.t cga}ngeng,er%aﬁy{he 1esqlé&}.lf3859e8r3f1k &S
nt, by ’"the

than a Treezing poi enperature set by the

AQTREERL LS £ Beld IHAGyTeBNS c8Mhd i e dith@ebi ANr &k IR as
anmount of the cold air adjusted by the <cold air

fadhest niRe4 t sTEansye tadeeei, Nfthet Cordndlther 1 pes faideis an
adj ustment while lowering the tenperature of the cold
raiovidailt i ph tteepeamsarat ae bt ingeeansowarhkbl € ree Adigisting
point to about -15C by the tenperature setting neans
asGePRarat e FlosPlar 81keptom i tIRC1SFpEPcBof etP st at e.

19 n a fraozen foodﬁgreservation nmet ho according

EOPERBEUET oBbrl TCURRCPORCBI S G COBParar LA e ) ©
SRALSS o RSP MO RAE, 3p2cteolifing che
upekeop! gk & atse blioAnWbEehiAhe theodreezing chamber or
the cooling chamber and sucked into the 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 cooling 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 air 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 preservation 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 performng
adj ustnent by cold air adjustnent neans so that the
tenperature in the freezing chanber or in the cooling
{hanber is set from-5C to -10C or the ilr velocity in
@Zlf“ﬂeéé?rﬁ@e%rf’afwﬁerc°8lllf‘ﬂ thHEIRS oI 9%y “ERRMSr3T s~ set

ac%ogﬂn%dgfsgca £lo 491%51@ t%ﬁgeégééfgd Vé]tasch PRLNGNEBE « the food

super co ood ‘i S acconmo

i e rhbeeri g Lhambera0hrt heet COQ RO rebadbey Siht to
pl aced in the supercooled state, by directly

SiHgEl piyngoTel sl aifronhaseobeaperaidiredlids al owed j tdtaent
the set tenperature to the food. Advantages of the
neapentPonch{DRe) tientempheatefe iertdrorodf ¢he blown off

present invention enploys, as a high quality freezing
Wﬁcttpﬁnfr??]@%p%ﬁag%(%ear F?%é%?%“ﬁuﬁéﬁi“%ﬁrvﬁli% ;

e, struct I ace of the con entlo
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energy small than the conventional anpbunt thereof,
ddd@dtmblating the food in the freezing chamber or the
cooling 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 velocity in 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 gquality freezing function, the supercooled

freezing function with a simple structure in place of the

conventional quick freezing, it has an advantage in that
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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
of a refrigerator which are not greatly different
from conventional ones. [0021] The frozen f ood
&reservatlon nmet hod of the gre ent ntion c

o i pe daYi e hUY s Psy & Z?ﬁuﬁy € am??Q?Qﬂ?for
egflglsr{qve“ QQl ro%ﬁ%\]of&?ed ve%‘%%ng!’ﬂa%%é{nﬁ otl'?ereof that it,

rlng emlnare rigerator mount e

&nua;y-\é%%el @r&@iiﬁg keepiad rthemdid & fd ezentetat &sbye
a small anount of ‘energy consunption while they are

tanspaokedgl Ohe @l dmNg epetirodmeftt i MurtBeiref since the
Description of the Drawings [0022] Fig. 1 is a graph
shouigegagorhef f thue tristsieon éﬁvevéh@rermms\/\ﬁéﬁ @aeb¥ng
is frozen without performng - super.cool i ng @%&
%ﬁf]‘fjlod?ylrﬁer £8r H]Ph@hsﬁfﬂéjr &dél Fﬁg“(‘B’iOd‘iffegj iptpgthep

OMAn t.he states of ne%tgstrqgt at thetghggrature

é:tmgsaf?%pze%coodeor dif ?y qui € fcroé’elzln

can be changed to a plurality of temperatures, it has an
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 quality 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
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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 view of a
supercooling case in the enbodinment 1 of the present

i nventi on. a structure vi ew of _anot he

%ﬂﬂ%99886FPﬂg %béﬁ“ﬁ PRE 8ﬁ%b@ﬁrﬁﬁﬁeFf°8ﬂlPHe(%{esent
I nvepﬂaonz F§ ga v%ehssﬁ?ﬁiﬁ(gréﬂg est\élt%\é' 8% er‘ﬁég\:erstructure

superc I ng caseé odinment 1 of the present

dUERL ikQRe Fhéh nbdtS 18 kBB KPaTL1iTROY §EidR EXEWMIRy
of a supercool control of the refrigerator in the

#ihedipgepboled fidkzihd hadathé ostadrardt ashawbngs@arncture
exanpl e of the supercool control of the refrigerator
dtn thiee témpodheremeat. theitgis1ir¢zem wgiage isedefopatedq ew

of the periphery of the swtching chanber of the
r ef r Fg%r at ofS i StiHe eRBbYPRRENtVIeWI T 2 refgloemRtiar 4n

tlonﬁ Oyl MIOf the er|$n§Q¥10f the switching

%e% (S res
aﬁ% oFet S §&FSEBF Th enbodi ment

Fig. 4 is a side sectional view showing an air duct
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
supercool 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
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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
supercooling case in the enbodinent 1. Fig. 19 is a
‘chematic view showng the flow of cold air to the

S“pe%‘£89' i?giscaases.iid% tsre]gtlegr?a ivqent o:JL.' tﬂa 'elfzj%ﬁesryaof

ti mng”chart show ng an éxanpl e of a~ superco

GRNQk cRf ny hen4@fdd gt aher rLriher £0dhMeAL dnpodingnt
21 is a flow chart show ng an exanpl e of the supercoo

control of the refrigerator in the enbodinent 1. Fig.
22 is a sectional view where a separately - 15

i nst Bl edl Taise anistileasertiomaldisipesed Ehet ber sptigmyhiodg
chanber of the refrigerator of Fig. 3. Fig. 23 is a
Hicewvdh6Ring FrATRSTe ofupbrcodf TiF adsw iig the embodiment

1.

Fig. 14 is an upper surface view of a duct of the
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 example 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-
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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 liquid
crystal operation panel, 6 refrigerating chanber
feedback path, 7 vegetabl e chanber feedback path, 10
conpressor, 16 <controller, 41 sw tching chanber air
duct, 4la partition wall, 42 switching chanber back
surface upper side blowing port, 43 swtching chanber

ceiling surface hl ow.n ort, 44 wi t chi ng chanber
e 1R T SeeS | Gt a8 Dok 3 78° Sk ParTidy

er _bottom suctj r 6 d er, 50 swtching
(%%gﬁgéro%e%$?:%fég}gkgggggué ,ﬁgﬁigﬂfpching chamber
cei l ppg. spi fiace quely BRLSinPGhithehsife ESD8/Ig IdaBe is
70 fan; 80 switching case, 81 supercooling case, 82
iswitheheagicasee Halticbing83ass t chi ng case, 84
supercool i ng case, 85 switching case, 86 supercooling
caseFi90 Hiitscki Ngewaskobrk theurkdesiontloetiwead a
swi_ tching case front surface slit, 95 surface, |,
ekiepatbeed et thiengidevPEel cosraEtitilng cEstrFat et fpod-

100 fri ati .ch 200 i tchi .. 201
(oL AT g ShRmher o 00 Ml RIS

swi t ¢ch hg tase, _ freezing
SEatoﬁoﬂnf&ﬁﬁéh&%dgﬁéﬁt £00 veget abl e chanber,
401 veget abl e case,

Reference Numerals

[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 supercooling 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,
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500 jce making chanber. Best Mdde for Carrying Qut the

I nvention [0024] 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 which shows a passed tine in
an arrow direction. A supercooled state is a state in
whi ch a substance is not frozen at all even at a

t enperature equal to_ or Iess than the Free2|n 0|nt

%Or?eFééFlgeTﬁ%tJfI}%é"iﬁaﬁ‘Geﬁol AP0 gvitchigge S’P’B?’é' me ch
UbStance gﬁgfgﬁgﬁgc%éaﬁ%gl?ﬁggn 3OOSFr£Q§ln chamber,

§rco st ough "a enpera ure,

3%& %beglﬂgse@% angsy %@le@%bﬁe BRakBOZEN01 SdgRREReE, case,
it is not frozen at all. The free2|ng poi nt of water

509, iter maRXEG M. The freezing point differs
dependi ng on substances, and the freezing point tends
to becone lower than OC in foods and the |ike having

a high salt - 17 concentration and a hi gh sugar
Regrit ¥age Tpe GRigeridgolel the atmvedidoR freezi ng poi nt

@&}% passi ng through the supercooled state will be
dined in nore detail as to water as an exanpl e.

éﬂy%dgﬁgggc9oled state is the state of

First, supercooling will be explained 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 supercooling (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
supercooled 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 is
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
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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

stinmul ation, the tinme necessary to shift fromthe
supercool ed state to the start of freezing is an
|nstantaneous time such as several seconds. However,

"E‘Hlece”rta’ff" 0Bt Rt eI SHIPE FARESME1 y TCosBRERECTHRS

stgrt glfnfreoezm és onI sev%rq_,l grggnt of
t—he en |re wat er, 9 &5d"an®a %lt?ona "% ool g is

RLEIIR ¥l Qtéfgqﬁell HOU B 2§ hea WA Gorel 9@%@11 é‘?r@o

how ordinary freezing is different from supercooled
ddtRa7iaBgani bkahel £lesamnebedpbet€oyd s iiBgthéhefate of
with each other. First, the nobst outstanding
whferediengbibet ween wateroddi naryed rees ngmardathee less
supercooled - 18 freezing is whether or not they

e & & Yhpehcbdltdr rareing| poite tdﬁa-"e@érryth?e@émfg is

t d, f tart
ST En br it 19 R PDBr o0 stat e Anot her | arge

ddf=gr ence betvveen the ordinary freezing and

Although the water, which enters the supercooled 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 freeze
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 supercooled

- 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
entire water is frozen. [0027] Ilce is grown around an
ice nucleus in which water nolecules fornms a cluster

having at | east a predeterm ned . size, and th C
fiaEreld 1S YOTTA WioROLhENTY clitly s pappEoooted State.

g #3 forried e g SSEAPEECooted Bte
A e A I W B o

sehacg 9fathe FAERNROL bhee gy iR isupaiewpltaeseiteom
toward the portion in the water state. In contrast,

Andthbe Sapes chiof fetdenceebatwgen Wien drndeeairpgf séarirgy and
i ce nucleuses are evenly formed in the entire PET
thet sheerSpabed | redzd ngr oanides all thehetpdet #bnhaftifee
PET bottle including the inside and the surface

whiesr E6FSZ211Y | L3S -gr GRATt BIRR ISPy CFEPEF nfthee Stgrt
i rection. 028] The diff het j
R SRR e T R

_ _ ezing a
HHNBQEGEEOQnOQXJdﬁ%%%'nQn the ordinary freezing, when

freezing starts, the water 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 perfornmed by applying cold air
onto the surface. First, since the tenperature of the
urface is lowered abruptly, freezing starts fromthe
%U??%&@n However, the quick freezing is different
&% £pqt he ordlnary freezing in that since a speed at
ICH cooling is performed up to the inside is
i ncr eased; £ &R JUIChHRURESEN aF ke | 421G ?Of?@egfﬁétﬁgi the
also in the inside as conpared wth the ordinary
dupeadionged Anckeiints dft@rCEyst abBpBscilcr 9E dsecbhOS® 1N
the ordinary freezing are not created. [0029] Wen
fasdeeisngnothébodin shexanidnadryt freeqpialdst yaoef verdlatlike
the tinme when it is defrosted is greatly affected by
JtOr?e Créﬁsiélan@r% Weﬁ%&‘&e tgpmi lae ctyistaqies t@f“ﬁé?‘ *flh% inside
etlon Si nce al mst _a

FRTRE,, R Bhe il rslolgh Beetlifs i a%sﬂw%ﬁece
(ﬁ'%ttaag gkgemangp%régEQ&t%et}gg su&t}%cgoggé tl.ﬁ‘e d1nastide

broken once by | Cce crysta S, cannot be restore
taldreiof, FRAYL € ASES . dﬁ%@édbegbf,tné &1 iBg pabéess.

Further, the states at the time 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 onto the surface.
First, since the temperature of the surface is lowered
abruptly, freezing starts from the surface. However, the
guick 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.
[C029]

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 grown in a needl e-shape, whereas
the latter crystals spread entirely uniformy in a

ranul ar and fine state. \Wen the above difference
Fecdisdat EHRCE iTONnEn L bBY §209% GZEn COPRBSPAL T it S:

structure_of the food i roken by .the forngr
RSt it s CAREP AT Aa. BaathE Thate al Ay thgr FERrsRps, of
A€ foBHECE s 1 5o 1Y rdleS by@Dde t DS 10701 ¢ f 09fnohayd Ng
good quality can be obtained when the food is frozen
Ad¥tough hbeasupa! eeelyedastal e. Addi3liing1Mextit BamBsd tsaid
and a novelty obtained by freezing food by the
tSupemwbeol ede feeertialg wirkhtbe testrddzrddg Theenaxsmanand a
merit resulting fromfreezing food by the supercool ed
shape whigbziptedizgek ithet hatr Yoo Grarctyrer ek
can, be Eerfgrned. As degcribe aboyve, in the freezing
IO GYRIERE TR S0 6PRdPE 1 BE RO EiSEte the inside of
qqy§3 is also sufficient cooled in a process in which

e good is placed

When the state of crystals obtained by freezing agarose
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 supercool ed
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
be created. Accordingly, when supercooling occurs
sufficiently (when the tenperature at which the
super.cool ed state is reached is, as | ower

P68 BPef S5 EeT siThddsithPe Ot 0 TREED 2 fr?FétlEg?l%%? eto
(?refo%nat Le bef °<§eescf g8z ngoﬁ%ggﬁfttk\eﬁr] ftr%%ufx ex‘?ﬂ#@%har{%.

rosFlng are orme en coo

s%%rtc@%léazgt@{@ tél%c%“%ﬁ@ Phsige ofCribhals also
exanm ned, a period of time, during which food passes

sId’HfQ@gbna t6Hp&] atrlirae pzonessein tuhi-chCthe £b&dass placed

maxi mum i ce crystal naking zone, is conventionally

irakér siipeoceobsl dardki once Thiclduses way ohifaimky rfgprmed

that when food is caused to pass through the maxi mum

jincéher fepal in meliG MptAEREYr naRd sHYIY Hhienécej RRCEFYRISa I oW
e _snm e suggrcogled

?%é%%&g r?%ﬁiﬁ%fﬁ?ﬁCfﬁsgﬁéeheéﬁﬁ9ﬂmiénpe?ature zone
4 f}egggcglgé{hééh heaqgugsﬁlgé$§€régH;E MHQEHdi§wkéJE%ed

maxi mum 1 ce crysta naklng zone for a ong tine In
ftrheheURepEP8b Sk Sitl@ e, HANBVERe £ SWREPEORt Edthe
difference between a point A and a point B of Fig. 1(b)) is
larger, a larger number of 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 1is
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 in
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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
freezing is perfornmed. [0033] Further, when the
supercool ed state is stopped, freezing begins, and

food is conpletely frozen through hase chan

LFre IR GRE CHASETAIE at BPE2 tobs TR GhaNgeln the nearby
C f| f ood S

R zeéfz%pfé{hcoo@eglEFﬁ‘%tWeven N T Sraye T ©

tﬁaqu@m?nymlrﬁ&mﬁfnv%@l cPRKLRD ZON& S Gbnd k8PGa tidmRy
in the freezing process performed thereafter, ice

ﬂmmwshal3h60sﬁ@§r&nﬂmy@eseatargembwev%&qomdenghyer¢¢ox§ﬂ1

be said that this is a novel freezing nethod also in

gthite pei at stalrerirf otd chassebredriouglprcosgger cbetordingly,

even if a freezing process is performed for a |ong

fiinfe icReFBYFERYS daRe b§t sreabedi e ey SuRPTFeohed oEf"y"‘te
affected_ ther

R e
JJe%eé'an i‘?iﬁ?&er?e%es%ar&‘)%%' Bééét&’hr_t the t@ﬁpéfé’éheé S
becone enlarged 1s no reduced further factor
nel avelLbng. f oad Jual at ¥hoobher1y novel free21ng method in
that small ice crystals are formed 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 supercooled state is 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

_23_



than ice crystals, can be al so 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
crystals although the food is preserved at a | ow
tenperature. This is because the food is not frozen
at all regardless that it is preserved at a_ _,
atdpsérat EReX Y whitoere TnelRen ot () y Sf FRRERLY tHgzen
I.S, .because Jjce crystals are not. _cr e | .
T'0635] %l%?t%%%’bhﬁﬁ 1S BuE Ghke |’§/r‘i<enzo%;? ?ﬁg{:‘e%’ 2
JU298hYE g £00d @le iRel OWOELL LONRIAIIY @nhargbfiecs inSre
to keep freshness in that™ various chem cal changes of
feerd caannber sty essEdctbt 6ANLower il dobhatushitsy, other
preservati on nethod can achi eve both the nerits of
Yreesercei ngy$ools atcanowet ehperaverdedand Threveht i gap be
food frombeing frozen. Further, it is not necessary
04 that Hebrestaydddy FERETERY Fan ke BPESCE SRneri t
&ggt]food is kept in an unfrozen state. Since the

rr in food is not frozen, the water can be used to

b cefipagpl, DASECE B0, U U COEThEALS I case
when the food subjected to the supercooled state is released
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
to food, a structure of cases and the |ike for
accomodating food, a device or a control nmechani sm
for determnin conpletlon of gﬁ coolln [

h i

trdceStalgono mﬁveary Stopst AESS Sotroanerafeod sy

1é¥9?%k0§ n?r éyatQECh?thgqgﬁg wéﬂ%&'x g 1s not
all on

necessary to s he super cool ed state.

FYARET £nbNGa£&f rdLLHRL Qe8! 89 HACdIIIRS o3 BaetENGa alith
preserving function for keeping good quality freezing

witiefus shepptay dHhgeyper aeobedingiat,e.it] @83REcessdst ,to
the supercooled freezing is divided into five states
rhaperdengtbenthen ttenpedavaee bod gdwrn (t2) fuatepzeerd.
state: a state in which the tenperature of 25 food
i%93dual to or nore than the freezing point thereof;

(2) su er cg oled st at e.
ewpe?ngre OPHEEH i §E ?Eﬂoq(¥4;iwggsgx Ealn??1ln detail

ﬂég%%?bﬂga90é££o&¥médiethEQ@QfaS ﬂw¥éff¥§ekg@ogoggcééﬂfH§ to

frozen, that
the embodiment of the present invention includes a control

mechanism for keeping a stable temperature environment which
is necessary to stably realize supercooling, and for
adjusting the temperature, the velocity, the amount, the
timing, and the like of cold air directly blown to food, a
structure of cases and the like for accommodating food, 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 also includes a cooling and
preserving function for keeping good quality freezing after
stopping the supercooled state.
[0037]

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
constant tenperature; and (5) state of freezing

conpl etion and preservation of food in frozen state:

a state in which food is_frozen after. it is ect
5% HE FABRESEC 1T (HES C8AT(B)e ? ng PRA" Frﬁ% reo

poi ”tﬁm Leading 4 Qedg w1 T%Ja exp %}gsﬂ t@@rtﬁempemture

Beef / as a ftreezing p0|n tuna has a

cff %%ldngspe&;asl of o ok 3EssPehah Orhdst @ dAi88Z bBInP0bNithe
1.7C, strawberry has a freezing point of -1.2C

ﬂﬂﬁh appwellhas end rieed ng potnireden,2.thEt( ief etleaice
docunent: Sougou Shokuhi n Kogyo, p.922 (1975)). The
sireteoodhdwat & e tdan ibeed scrjmimaed byr ¢hgsnd@iei ons
necessary to subject food to - 26 _su ercoollng (in
LIRS atHEet @ﬁp@?%tﬁﬂ‘@ 3 £8BELFEOHT

P A Tl SR A

t her in"an unfroze

é%%t??or f&gﬁﬂté QQtEQBeHagérEhéIﬁ%é%gﬁﬁﬁcﬁgiﬁ@gfrom a

eeper ower i ng
temperature equal to or less than the freezing point;

(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
liquid 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 point 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
supercooling) is obtained by controlling the states
shown by the itens (1) to (3), the effect of the
supercooling is not lost by the states shown, by th

FURSRSOCAF RaN L} )1 PoddFe SRREN- e FugPEodP elroudnt o

state i s, stopped by opening_a_door, .for a o) %& to
1 . the f
%Hﬁ?ﬁ?ragPr og %?%1ﬁhfufoggslﬁh%Psuﬁ%rébg eggs ate, or

e ARG 838hBGgn A RELEJRMRET REYE €14 G JrRFBEEAL YELe) and
equal to or nbre than the freezing point tenperature

$TAsit@oABker tiek iR RekakUpertdol ihd Weepeaol €6r lowering
chanber becones, for exanple, OC or nore, the state
e thespeehtiigerdtiorh iis resthed eth fitomstiperspaled (dhate),
Next, the processes of the itens (1) to (3) will be |
tehes @rtiased shown 7in [tGB4GTerFi(P st 1s 2 reangitigp for stopping
xam nation wl| bhe described. based on _a case |in mm% h
o BEEFORAT nt 3% ok ASE SRS 16°50A A S0 Gt preces
s]hSOng i'nstﬁgaigglﬁis a(s4 )]c %91(& (I?ea§éjp<,ec§r§&)_ﬂzli'oﬂg for keeping
the goodness of the food subjected to the supercooled
freezing.
[0039]

When a sufficiently deep degree of supercooled state (a
temperature difference between the freezing point of food
and a 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 (5). However, when the supercooled
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 chamber 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 same 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
is too fast, the food is cooled in the state that the
overall tenperature thereof is uneven (the difference
betmeen the surface tenperature of the food and the
ltenperature thereof is Iarge) a frozen portion

and an unfrozen rtlon are forned th
[004%L %1 nce |élg%chs?a?I§l%artel°nr g\%ﬁlapgu%%lé Io%ed based

G| QUSES i neYRIh dha? B@EE Riv{Q9d i19ifkpesn, thfB'ﬂﬁeand
crystals are grown while taking the water of the

wdifghezel pentd ofs fdiRmgeleaspassédy frezenppecboding As a
result, large needl e-shaped ice crystals are created.
Needltéohi k€ the rpestcalodedndhambregre (thee semgséal 3
created between cells and the |ike act as a cause for
TIRWICAgLone epacmt axf ithet RefEb9¢5 ifd Wr EBRI RSB
cellth and £ MAnﬁgﬁgt of, a r|$ qb de rost|{1 ntion
Fosatien ¥4 ipgdul 14 PEIH otro' PAEFR; A% 2

it 208,48 of C%ﬁmenu%fgseh o ?%%ﬁgyegoﬁngree
amno a and t are red , and the texture
déhd*%ﬁ%h'@éa£e&bolﬂhg speed, the difference between the
lowest reach point (temperature reached in the supercooled
state) of the core temperature of food to be cooled and the
freezing point, 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
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contrast, in the._case when the cqoling 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
tenperature and the core tenperature is reduced until
the freezing point is reached, and increasing the
coal ing speed  at the tinme when a tenperature equal . t.Q
Gl iSesnEhEROTIRE Fefi AgipR Ui Y ggéﬁgagf%e#?%els
supercooled_state .S, Leve - t I ts
PUBER pol Rt of S RE cord BN E A ko BhenBgR e
QH Y - nf8r f8SCrd MR n2RO%Echt A8 £FARSREGEhbYEcid and the
tenperature controls and the respective cold air
adjeust-aeRtauas®, peld aheedegonté niusterdorategwi sk
until the food reaches the freezing point, the
superstol éd shatewqudlen tbeoeodking tivgedt he FPee¥iy
poi nt and conpletely frozen point after stoggin thﬁ)
Sdjser @9oMBAT TR S LATEs FOREIVEES . T S HPE TRBS abdRFOPLem
roblens, there is also.a nmethod of - 29. p I dj
E{)We?u p8r Eé@Fi ﬁ%oci (Rt Wt ﬁsa%e%%‘?llqrbagft% of Vagggégﬂbg
;an. ; i Hhtravd HRYS It no
A o PR e B R o B R AaRYg e
SIUMAVEN is REO¥ESI N 1Rfept RBeaBlpe basdiayd altatenction is
di sadvant ageous
[0042]

That is, the unfrozen state is prevented from being
prolonged 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 quickly. As described above, the
respective temperature controls and the respective cold air
adjustments are performed continuously or stepwise until the
food reaches the freezing point, the supercooled state equal
to or less than the freezing point and completely frozen
point after stopping the supercooled state, respectively.

To solve 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,
when the fluctuation of tenperature of food is
actually controlled in a hone refrigerator, since the
surface tenperature of the food js ordinari

IV EiBg. thnaiRa 0 L 1P SBAFT St ér?pé‘FéﬂuL’écF%ria
A 23G0hPedy T LSt g Wkﬁ%stlﬂg LEEPEr AL _wesra&nf %Deoémalcse
and the cent T f

porti on ood changé tine at

é)@%\gtl'l@@e&h§s food Js iSWREEEPPh eﬂmcﬂﬁﬁse LBNPEEAL Ur es
tend to be I owered approximately simlarly. In a case

fovtiBeoheet tiayidig it-hactbriknessnafickb ismai aadvadieageous
wei ght of 150 g, the tenperature of air around the
jrertibpherycost tie lyeafeasedehes a set tenperature, for
exanple -5C, -7C, and -10C in about 30 mnutes, the
k9%4fi>dg at which the surface tenperature of the f ood

- f del
about 53 futes RRotte S R0 A hDeeE<Br < e iy respect
t%b%ukogglmgﬁt £5r %rnteerﬁﬁxgr tflfg%%%f%%lanég’ tf‘@oéelts

tenperature becones hig

cooled from the surface thereof, and the central portion
thereof is cooled by heat conduction depending on the type
and the thickness of the food. This is because the cooling
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 controlled 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 supercooled,
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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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 supercooled state, that is, energy required
in freezing is nore reduced. The cooling speed is
calculated in the range in which the surface
tenperature of the food falls to 3Cto OC. The

cooling speed in the te rature zqne i erature

2 =2 BR nETSF (6 AREEnGP LBATLr TG TG to o0l Ppes Spout
PRI 'tss°£¥” %SS, Wign b8+t @(ﬁfﬂ}?ﬂﬂ}t‘é € 3t Lo the
periphery o fo I's -5 He cool’ing speed on

dhpesuiface of dihe EQO@ehﬁe@@%ﬁ%e pecel, hgrart he

tenperature set to the periphery of food is -7C, the
[@@aliing speed on the surface of the food is about
5.5C/ h, and when the tenperature set to the periphery
of f Bod dﬁffemascandethee@thﬁwﬁampﬁmgtUSes@%]ﬂhﬁmcemﬁéal
cooling speed is about 10C/ h. [0045] As a result, it
RortdrpwAtt Hag Wpéhatnﬁietéeﬁ%ra%eﬁtwr@o&f she ?‘ér%i)%?r

SR TR LA T
fwﬁ@%&abgym?ﬁ% e§§§u§§ wesecto% Ll Qn ’EHé ENERNidGe
t he supercoo ther, at the tine, there is also
b%th@gﬁeﬁﬂéUféhﬁﬂﬁéﬁﬂﬁ%”@@ the surface and the temperature
of the central portion is more reduced, and a lower
temperature is set to air, a degree of supercooled state,
that is, energy required 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 1s 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.

[0045]

As a result, it i1s shown that when the surface of food
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bet ween the surface of the food_gpnd 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

central portion of the food). [0046] |In contrast,
when the set tenperature is -10C at which the

supercooling is shallow the tenmperature difference
fornesh FRENSUN OB Pt RETT 08 B e GBRt FaPLLeS speed

rtion hereof i.s out .3C t [ '
«S@&Ef Cil a?i e 280 47 B R, 2P BpeRt Aty
Rebh | rt t ing.
AL e SRR Wbl e lceosing

eI, perthonciher adferesi8Ga (&) a Werlpesatand difference
preferably 2C (K) or less as the condition for
stiverenn ¢ heheu s fes cobltiheg foveand Hehalicsmnamed Betwedh

the surface of the food and the central portion

o

thireresdf. | Yhspathe sathdemPSTaiRER the héat "CEPAETRYBTUTE

D000 ) BuRRLL: oh o0 i e32 SRR Sl e R0

Sgsrar%i%nio%hg%%&gaggras%ﬁ;la‘é que\(ﬁg g.hé h‘?ooc’l%tng LeaREr A4 Wikout
' npl e, -15C. Then, a” good frozen

§ oo gantbenebtah et portion of the food), and when the

set temperature is -7°C, the temperature difference between

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).

[0046]

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 portion thereof is 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
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[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 food changes, and the
convection of the water contained in the food is
caused by the difference between densiti

SHERrLE - ACBOF P ne 35 3 hEdnt Red hs3ti s &ﬁisraFEeo egree

I I d.t muy|
T R N e e

é%ﬁﬁéﬂ&%%& an'ﬁeié&“”f% 0 kegrstopped, ) swhen Tﬂéh, a

face 0 foodis frozen first, a stable

&Q@&eﬂtfb§df&Hﬂﬁﬁé todtathedfood in its entirety in
the state that the surface of the food is set to a
corstlant freezing point tenperature. Accordingly, the
food is stably kept at the freezing point, and all
the &boFpmgPherantergAsipet EEOT romt hess hpPRCEe T e

f ood d as |atent_ heat b
osha. re 5300 TG GRORE, Ohnbic 1T AEolgPa(He the

{?ﬁ%&ﬂ egéeg &ﬁ%%ﬁ‘%ﬁ% teﬁﬁ89$t&¥g'Jf%ﬁ%r%He@rﬁé%%éﬁk

con rast, as to thne alr tenperature ar ound
EHEESurface of food and the central portion thereof becomes

3K or 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 cooling 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
is desired to be supercool ed. The upper limt
tenperature of, for exanple, beef and pork is -1.7C or
| ess, and the upper limt tenperature is set to -2C
Theratires when Hie FUddse PRetRoolF4fy iSpdeazFpr the food
sup Qgssing %he teqﬁerqﬁgre difference to 3C (K) or
249 §PERBELY PRI Y 6 %about 100 h and particul arly
Rf@ffﬁrably about 5C/ h or less. [0049] However, when
a food has a thickness of 10 nmor less as in a

sliced sBatrand thetbl kBe i€ diprireeokredasdb@i® ik
entered by setting the cooling speed to 300C/ h or
peasipheandoft heodoalt ng spdedanflulmaf<2@bile t8Cidt i he
necessary for a block nmeat having a thickness of
BFo HEMPE TRAVE® HPURA the peBiphery <aff fihe dredi Roanid C or
food to suppress the tenperature differen bet ween
T4HE 61 PECBS DT HeFRSSE THRE Phet R0 COpoPEi BRCC21ng

;%H%&e%%eEgo§b8¥glég% dﬂaﬁeaQXeéggg'iﬁmikp%%gGaErOﬁen state,
onogeneous food material such as yoghurt, Ich is in
éﬁﬂﬁgugh the temperature is different depending on the type
and the thickness of the food. It is apparent that the
upper limit of the air temperature around the periphery of
food is equal 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
supercool ed state is entered and the supercool ed state
is kept, it is sufficient to suppress an even cooling
speed, that is, to reduce the cooling speed around

t he periphery of the food. Further, it cannot be
t

gy sidédct fat  1he™ foofehPef ARFSST FENECPRFFPRATS of

) food i fluctuated b the_.infl nce of
diikEerBRs Brlvedt S Gultack e Ll R0 ol LAE contre
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the refrigerator, opening and closing of a danper,

b geheoclib keod D maausiangstbr &efydgarirat, owhiohcosntimla gel
an air tenperature to a certain predeterm ned

stexteer ahdr &n Wihisth welteraiis 1éalpkr dtaurke helfl| attaat ed,
the tenperature fluctuation in the food is increased.
EeSeterngngd peeitioss agdnybeeh ob ofliakdeefi Ret he food
IS acceherated. That ii’ nce the association_r

BPGEO8 Tl CoLTEE HEOTREr Bhoddt THGT BURBFEROP BADoT
Sl o Lpdle 1 D8 SEQpESdalsT&’ sf%b%ir% bIgd at the
convéction to enter 'iNto the superc ol eg state, the
338 a@lire set to -18°C and in the temperature difference
of 5°C to 10°C.

[0050]

To cope with the temperature unevenness around the
periphery of food as one disurbing factor at the time when
the supercooled 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 various equipment such as
turning on and off of a compressor, turning on and off of a
fan in the refrigerator, opening and closing of a damper,
and the like for causing the refrigerator to control an air
temperature to a certain predetermined temperature. When
the air 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
W thin 6K as descri bed above. However, it is possible
to create the supercooled state even if the degree of
supercqol ed_state is de shal lower ar the prohability
HRVegeR Pﬁe“’%‘ifp%rlcfb&?léd fgi’gt ésiasc‘?egzﬂriafsa"i SPI?ae uced
gﬁﬂ%%@%%'asgggigggﬁ{%%&gegfshg£ r(ﬁghé%%l%gt?Eegn@?@HBed,
N e environnent, ‘in which the tenperature

flUGpaticep1bs sed@gerid haRnbK, tb e fopprlde 19K dvoidiehe
vicinity of a blowing port, and the supercool ed state

&afveet ivadeodeeper awen ther sapéoosb Iat ertiadlke , whhehrarsge of
|iable to be supercooled. It is not necessary to
rraferauc oo L ngt wat itdre toageceedperatineeziay patet (o

t he supercooled state and to nmake it dee er. t£0052

SEMPAfen foddCl CdAX¥d &Pah pFeddteriigEdOt temperature

{#% e%%t%EeuPEEl é%}é%%%heQPﬁ%hﬁhgL§¢§%¥%o%§gee%@££%E%ég
e od’i's wered, ~and e tenperature difrerence

PEIMELRLLAE 8YE {RCS L §EREr dhUsE Sfpdendn@Qd and the

alr tenperature around the

[0051]

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 supercooled 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 supercooled 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
tenperature of the surface of the food or the
tenperature of the central portion thereof. In ,
pr ocH¥8gn F?ﬁdrﬁﬂGQﬂSlﬁﬂeaEu%e?%ﬁﬂﬂ?ﬁf“&Pﬁget??@%f%%ﬁﬁ?’ it
refrigerat deeper, .a_set eratyre Amy

By Cfeqaetd’egié S%rr]gad:eét éreﬁnpgéagﬁggne&(at i 1S agtgi %(gw@fee&,

HEHRUSLY8¥ AL Ae A1l f¥RBn BXBEEH BN iRl sWireBet he
tenperature of the food is lowered by 1C, for

et@gra@ure. bf hohe ) fafd @hdatpeedet efdnpeac tpeei adound the
time passes (this is a period of tine previously
mecrheey ofnthe Exgkrismerduder i Ploe vdiixhehsurface
tenperature of the central portion of the food
rempatedurs ofcthe tirod tisi aPpRar Bt Fostaglinpee, ab the
hour s. %OOES% - 37 _Wth this eratiqn, since the

T SPRR BEUEBOT KPR TS PRESBIRG (He WEmbErar ur o
Mdd:2118896, Db URSIL LR uberLOTPES AR 0bebhe, SUETACE
of the food and that around the periphery thereof,
pheressupeeces! par 848t AN nge (FagsetiarPelivhile keeping the
temperature difference between the air temperature 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 around the periphery of the food according to
the temperature of the surface of the food or the
temperature of the central portion thereof. 1In 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.

[0053]
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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 is frozen by an
ordi nary quick freezing, and a supercool ed freezing,

d wh t f g d ted. As '
The MEBhr 4T CReabhain THC® YiforoPle thy Rt ard i e
frghre:s f e °CPy8Y
Aebgng e R W eeBe! el b B BT, o and
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defrosted. Wen the amounts of drip of beef round and

gariphewli eheasef Suljeccupdrtool be styer caal ed hadezdawper.
and to ordinary freezing are conpared with each
Giverrsefllier ehén tHowid sempaderieye thest at Rergaoaneunf of

drip of the beef round  and tuna subjected to the
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of drip of those subj d to the 3 rdinary.
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conventional freezi'ng. en curry and the |like are
dmadagel heat St F@saEMAA onNraté( 0ZERuST airgys@adl eas €lon

after it is heated

begins from the portion of the surface which is liable to be
cooled and thus the supercooled state is stopped.

[0054]

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 home. 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 coarse or nushy texture of the
pot at oes can be elimnated. Starch as a main
conponent. of potato is conposed of anyl ose an
SAPORaCErRe” Th t Hiieas” APRERST oAt SHEL EOReL theT HARPS
ar br gken_by_t r h of i cryv.stalks in..the
Sk PoRarS it astng e A S eRds Rz

é&r{x}é%ttliﬁﬁa?rf’g@&ig%c.e iW%eHoEurfFSater theCVeRel frd Neade, it

potato is defrost thereby the potato is nade
SR rvkA €N rBsdzen sthseCcand edgaat edtelhat tsincecated
the ice crystals nade by the supercool ed freezing are
agriyn ihi hbe héely dhy mot lakppsordigfarichyt he home. At the
t hree-di mensional structure of starch during_freezin
HiRe ot Als 16he ePTpThalensehiFeef B P iR QTS r %EF%]F eor?:]a}g

oo or LG, SEORRALARN Vg el BETLPTBLE e
ALY (LRRY a1 0y SUDAG 9] BRcable MUPTEROLEALEESZAD,
|slﬁét eter|o¥ateé? Thi's

defrosted after they are frozen, they are made 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 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 of 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
bei ng 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
[19%&! there is a possibility that the quality of the
food,is not extr : | orat ed | f r

the BrvRRIEa T ok, R s e FE SR Y OF he
gRabagd By s NG e rsypescopted dieeairBgsihBjected to
ordinary hone, is described above, it can be said that
tHee supepeseDad efk dazaezi, ngscaot hieteffieckicedl y Thid i zed
when foods are processed. There is obtained a result
piaciphe handrespprlokd te thysetler doedsedhbyhtdvee
supercool ed freezing is superior to those obtajned by
F5seEern §O ple f R et idebls0€or - ftuerzifidd PRAs RS chh e

T8 AL RS D T pRRL SR b SRE A R e B TS Al o

usi s-use €ezlI'ng chanber in

gl t ¥ Ee67d N canheihgalizad [idIes whehSthot
necessary to create ultra cold tenperature using a
édﬁé%@o@ﬂ@&nfrégzing is used. As described 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 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 home, is described above, it can be said that the
supercooled 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 can nore reduce the tenperature

di fference between the tenperature of the surface of

the food,and the tenperature of the central portion
%F&’BF 4hd°¥hat® i 4% tg@Ei FRY YW nfneecd §EE§%JC%%IC€J1 be

§H6¥f§tggé§k£%rt t&%fﬁ%% —EQS E§g%#fg% q%gﬁﬁgrifn that high

prescri e variation per hour’ o € surface
dd%ﬂ&%??kﬂé@zfﬁgtéﬁﬁ'%%OQeaﬁﬂge@.trﬁﬂﬂ@%pHEeibsnot necessary
exenplified as a neans for detecting the surface
tHeerpenatutaet 64 ddied tiempaRatacd usdiny @duakge TA®ount of
thernopil e detects the surface tenperature of food in
snexgn- eontactherdvsamnelsy-neeef veerinchehampdr at flogrehdat a
generated by infrared rays emtted fromthe surface

ST ithetf 8% T \WRIF IhiS§VéPer ati on, the control tine -

[ 58in each process can be extended or shortened
accoﬂding to a charged food by presum ng the

tenperature andqt he aneaMve (denfiagl: b1 omdhe e
tenperature detected by t ernnplré at the tinme when
wehechegdof stighaiged aiiRt @1 3wsNd tiurg ehanperigiky of
food is 0.5m/s. The cooling 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. Note 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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resuning the

eat 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 sealed vessel is filled with water w thout
a space, and the |ike, the supercooled state is not
stopped even if, for exanple, the vessel is shaken
violently, and further it is not stopped even if the
MAtedichi probassgjechn ibet @xaepded - outshogenedasbeprding to a
refrigerator, for exanple, a swtching chanber and
aheer 9860 £OPH P 09T & SHMEBED L BE e F SR Saf@dc FBgeprea of

several tens of tinmes. However, when onl one, hal f_ qf
e L9805 £7OU LRI FSPSRAER %‘E%CR/%Q[]&X t%ﬁémoplfe at The
super cool state is st d. once,; t n
SR RB s 1 -URRA AL L L DB o

M ahd ol gMé drd 5 ifde8thbe Eh@Weui thdeReSanYnd Otisd Qeat
the supercooled state by vibration. [0060] - 42 In

ddrrndiegdsrsurd @sargat $oolli shes, tHe uidriatand pée hour of
| i ke, since the respective cells thereof and the

tdor tiepps rabetreedstadtedc byl shehoerble dhereirfFed- wit h
water without a space, they correspond to a seal ed
Wl filled with water

Since the supercooled state is originally an unstable
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

liquid 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
follow ng expression of a freezing ratio that ice
nucl euses are forned by the five percentage of the

mater contained in the entire food. free2|ng %égl
(9 (B riah tevssoneets; Sy HHERE ( 99

Slt nB vqu ( | aten
{Jk}fle/ k@) % (:Fgrrpe%pa c?]érle SdiTTer egggere(% anﬁo&éi S%tlons
B8, degrae eb1 sypaiLed gt a1 €148 Hoh WeRerClhYBLALS a
are formed in a fine granular shape. Food reaches to

dte-d,r e@ziyngoppésiiond aldS @S sdapASeLLWINGa 1(ed wheh caser
of - 43 water, it changes fromwater of a liquid to a
widgliciti eeprand. becorEs vkepheasupe comsiegnstebapes ateltr e
during the Eeriod of tinme fromthe tinme at which the
terrpedator & %fSY%ﬁ?#%ﬂﬁdChémb?étkﬁrﬁRfQQaatﬁépﬁFé%%l?E;meat

:POI@Er%%gngeegefpgﬁgguoor %Hereog is completely open and
closed repeatedly. Further, the percentage 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
supercooled state is 4°C (K), 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 (m®)
L; latent heat (kJ/kg)
AT; temperature difference (K)
[0061]

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
the supercooled state, and the ice crystals of the
entire food are pmade fine, provjded that the_i
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| ar ge needl e-shape. When the degree of supercool ed
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e dnhetheeezhng dedld @ratebBe Thereafter, the freezing is
completed, and the food is placed 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 is increased up to 2.6°C, ice crystals are
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time is about 5 % [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. Accordingly, it is
contenpl ated that a hi gher degree of supercool ed state
and a |l arger apount of accunul ated energy. create a .. .
oGO SAABEADL BT T 1% nGOFEUSES WRT N STGREPABSL hetio is
uper coql t t ' f Ly '
R R e S o B
t&e aryst aka. LP06Ms A daser sbesi abavRit ithelScannot be
necessary to cool food accommodated in the
defddiganated by malkel tddie’d,r angetiod faolingg reapabat ithe
in order to place the food in the supercooled state.
Tinies ipeabkouthat %t he supercool ed state cannot be
achi eved or the supercooled state is stopped at - 45
Mhen the cooling capability for cooling food is
t oo

Kk ot t . W h I jlit
o BB S AR b Re et HATT S nSTTTan & s ted
'Q?t?%?%%QiE@ EggdSHﬁ%ﬁ%ﬁgggdtﬁggléhetﬂE% %ﬁghbﬁges which

cap Ity around t

are created during stopping the supercooled 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 performed thereafter.
Further, the energy accumulated in the supercooled 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 cool 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 larger anmount 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
state cannot be established only by a weak cooling
capability. [0065] As to the depth of the
supercoollng, when the depth becones at | eas

TiitferteFor NExSRRHENT (FRP3PEIPEY at of eccmlmﬁoéaOPea% he°

to.-4C in th super ol ed,state and t
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in the anount of drip flow during defrosting neat.

shiiipreicened ktatés fRCesALYgt BapsTildy adbeatiethe
deeper supercooled state. On the contrary, when the
wooidhegycapabhe i fgod sist oeakt rongl 1w phésopenshurei ses
in that when the tenperature of food reaches to the
bq@@s@laénp@@%tm@ tther 86RCh| FenRe¥atdren paént a6 the

mf &Fat even éf EE %Eercoo ed state i %ered
i BpBREE HEOHhTEL Sy Bef =19 il drad =
TR R e el SR
1 Snp ARS8 S 85 Ym&ANdi dledRdt Oand stopped. In general, since
a larger amount of energy is 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.
[0065]

As to the depth of the supercooling, when the depth
becomes at least 3K (when, for example, 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 -3Cto -4C
Accordi ngly, since a deep supercool ed state cannot be
obt ai ned, the roomtenperature is lowered little by
little. However, the supercooled state is event%%%ly it

idt d—ﬁpé&dmﬁ%ﬁt teh‘éel? ddd tﬁl&@@?%f%?@%é&ﬁé& abotitte
b wh t I b
eo?a%:)rﬁl eg onc % bﬁlIele Q E&l Id’]% C%?lg chlrg csllng

ure IS
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entered deeply, so that a user |ess el

deaitngbubpgh fdiel encr asua fo0ds a{:lﬂetdé%[sarykheandht&on to
cooling capability is strong (that is, when the
ciudniferd benpecedilimg icepkbw} ity hel dupercoskedint vangd s
not entered and freezing is started when the freezing
& Sdr ature is reached. - 47 [0067] However, |n a

case_th t th t enper at ur set

al t hBaigh®t 6ﬁgﬁ88¥e %?é%ﬁ%glgaﬁhﬁrge%oﬂ%?% only
Jé%ﬂi%%r5%¥§la9ftﬁgu¥¥he %Eéhothgcéodfldgscapablllty is weak
(that is, when a chamber temperature is high), 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
set tenperature by, for exanple, 2C, the supercool ed
state is not stopped the set tenperature is | owered

by 1C because stimulation caused by a tenperature
ﬂﬁﬁﬂﬂent at the time is rel axed. [0068] Subsequent |y,

as descri bed alread el s t.he tributio _
(uneg8ﬁﬁ‘é%§’) OF %) rICFerrptE'e}}eataul etemp?ﬁ l: %J/(%c:l%lste)}: 5

i feodote, ber suhigcted LRatber SURgILeehed cshate as

anot her necessary condition of the supercooled state.

Thies elas ohegatis ecisdicle v Ipbengperon-1 X causedci nit had

unl ess food is placed within a certain range of the
difsticikotilpnpsmicalenriesopteint die kdastt Sifpesate edertie of
supercool ed state is not entered or is stopped at
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temperature of food (about -1°C). Further, when the
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 supercooled 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
uneven tenperature to about 2K or |less. Wen an
uneven tenperature and the depth of supercool ed state

re statistically exam ned by an experinment regardless
B O P URper LA 06 [ PELrBoRGE Aace i pRo0f £554
Ve t [ re | t I
BIESED A PSP RE 8 Elinlin (SPheatlrencat B
FO8d @as@le LhpbScoPRsPidtla@el @sS8Eoph RiHRBABILIt ¥ith a
ratio of realizing the supercooled state can be nade
vyl headatt hd 00r8eting Myl bepltyirmgd tde theceaparyooled
condition by the set tenperature described above.
$100F0]is Fheppredpee dthate the kepluenesttdrmrdef rapahay ton
and off - 49 the conpressor nounted in the
TRE mgdigfortt Bhadfard Pavicgopi R MRS @ Y4Rd usi ng
ﬁ% er adjusted by tenperature sensors disposed to
e T'espective chanbers. Accordingly, there

inevﬁkégkaiﬁgif;suﬁigi@ﬁedHéé£§%§¥v‘ygnﬁgkgoﬁifoiﬁérform
cooling within the certain range of the temperature
distribution (unevenness). Specifically, it is preferable
that the uneven air temperature be as small as possible.
However, since refrigerators are differently 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 supercooled
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
supercooled 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] 1In this case, it is desired
to continuously perform cooling at a tenperature of
-15C or nore and preferably at a tenperature of -10C
or nmore which is the n,ecessar%f condition of the air

RGP ECRSAP I T ED Hhé&PRosBI T I I ST FosPAEBST 12 s
t.ual | ifficult .eal i i
?gol%arlrga%&rglgnﬁllgu. ané %Srlgl%’h IaZ Saﬁé]ee]]; ?%cgig.\fsg%g ?y%é}pﬁé}fature

enpe unting in one
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the food to be supercooled is controlled. Means for

treadd zinkgithBl aboviestaont tahei Guk atigeaihitl aesdf aed 19
two neans. A first nmeans is a neans for making the
swrpareat and aotimdedwdlng ahichoro covld g it e eRRRbERd
near to an optimum supercooling tenperature.

rdicharditl §5 GHERES YhansePihhose theresPsmbel st Chameess
b et wi.ithin the freezing tenperature zone ..in t?§

PEr i SEoPeraF ool cae The-Eonber aiiie o S BorIF
@%ﬁ Jfgfu%gogéggt%rgeéﬂgﬁy%§c ES@&h§§rF&hdé%etgﬁﬁgkaﬁﬁre is
about - C at the supply port (blow ng port) of the
L&k @ihan the temperature of the chamber must be supplied.
However, in order to realize the supercooled state, food
must be placed in the supercooled state at the temperature
described above.

[0071]

In 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, the tenperature of the cold air to be
supplied is increased by reducing the nunber of

revol utions of the conpressor bﬁﬁcontrollin
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Exemplified as a 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 of 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 cold 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 disposing a heat insulation heater
and the like to the wvicinity of a blowi ng port for
supplying the cold air. [0074] A second neans is a
means for increasing the tengerature of the cqold _air
IRfOrE iensi 8F )t nigdd i8gdrAsEedt Rttt god en Sﬁﬁsge"’éfthe
increasing the te rature of the.co L.r .t .
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vicinity of the food as far as possible. Increasing a
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to the food is exenplified to realize the above

fans. ifkeeppadsimeardsd y, r babht zexclynge dtsr acrateraed and
which a cold air rectifying guide is disposed around

3 e Se Al BherpP LY FHWPSIGItH i L5 sHpPISATFS-t , Acbpabhy, 1t
bstacl e is_di spased between the bl ow .and t
SIS S5 B bR o ini R RO BURPTS B SH3eaq Loyt ot the
: | 4 )
{4035 STOPPERL ol LOTRELELULE ] SR il oRido com,
tCreasRdabrt her haal 1ehangeis peiddmd bl bbéut 2K to

m dway.

about 3K. 1In addition to the above- mentioned, it can be
contemplated 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
air to be supplied so 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
di sposed to the door side thereof can be nmade | onger
than half the length of the case by the lid. Wen the
airflowin this case is analyzed, it is possible to

RIfdrtd8eatt Wel ¢yt £00Fe 18f At PRPE S d dEDy RPthe

vicinit f the foaod nd further t C I
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cated between the blowmng fan for circulating the

st LA the mefwdygerator and the bl owing port, and
the danper acts as a shutter for supplying the cold

g@a79dy reducing the anount of cold air by adjusting
the angle - 53 thereof. The danper can adjust its
openFrgthewyl esinseampe RAGYELT sPesddiofi SRSt 0+ tptPlywn
cl osed statﬁ?and total | open state . so that the air
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§¥%éﬁgie§e§889e§yﬁféﬁgﬁy GQVEHS Qnyéggng stimulation. As an

example of disposing the obstacle between 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 vicinity of the food
and further to reduce an air velocity by adding the 1lid
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
al so possible to set the tenperature in the vicinity
of the food to a tenperature convenient to the
supercool ed state by performng the first and second
nmeans i n conbi nati on. [0077% Furt her, the ans for
ThAFEOFi-ng TR SAIERRIN SErER AE br bE° [QPeTAgARGS By O <nY
gy egeﬁglnﬁd&@ﬁﬁgqﬁy%?t%%g9§§aéﬂ%%x9ggatgugkhngoggil
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redudi ng € nunber cold alrr “supply

dped Whned op ang afde A desseibpdahavecold b Sto be
nmeans, the nunber of revolutions of the conpressor is

glesuced Biet Reod o @ld ipboeSsPIy xetitlcdngi théaaumamt
a higher tenperature, and the number of times in
athiagtidt hér.coThe air sigppkytisat uplrreddd aad biewing port
reduced bi increasing a time necessary to reach a set
ks &Putel BOS that- 4 BESuRBvRN Y &P6r €e9Rte of
hunt.i ng are i nproved. Aﬁ.- 54 descrkg d Qve sigcq:

> hat
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{RAND1LOL LeALCL G e BUBRCEROT add R ael Ancthied ddie,
co alr supply 1's turned on and off, this neans is
A sanef heet L¥yeoditkewrsenkheasgdustdian wof ot hemasotnto of
m/s to keep the supercooled state. Although the first means
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.
[0077]

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, so

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
conponents. A refrigerator in the enbodinent 1 of the
present invention in which a freeze preservation is
erfornmed t hrough the supercooled state w ||

b
HiPREdaPAvEet 1S B §OO31PE PR gWalcap Sﬁ,ea?d%eed
gefy antm?%%%] %efr%fé‘gl%g'{lgf%eln r_h%fpg?@gg} in

|ynvent| on age C er o)
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100, which is disposed™ in an upper nost portlon

iderneof eandchbase ani ipanienghel osdngr i do@f, tdeSuinbait Ngr
chanber 200, which is disposed to a | ower portion of
¢dhial eefrr pgefatned) mhadiesti00 tmel drasleq ofultheodemper
door ~_capabl e of being switched froma freezing
uPBOYeE55 zone (-18C) to tenperature zones
@ﬁﬁ% as a refrigerating zone, a vegetable zone, a
d zone, a soft freezing zone (-7C), and the like,

o P N IR o200, S 80 RR0R R} Meadining
the supercooled state, a method of determining the timing at
which the supercooled state is stopped, and a method of
stopping the supercooled state will be 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 freeze
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 food 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 disposed 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 respective
chanbers, liquid crystal displays for displaying the
tenperatures of the respective chanbers at the tinge

ZME the s Iertol\?ﬂﬁﬁHQﬂWrérZ?Be?ssu%ﬁ§ﬁ%§%5eéﬁl?ﬁ€a%ﬁgk
f d th f t h

e
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a danper to adj ust the tenperatures det ect ed by

dl@ﬁb&fe@t Uhepdes EXd10ns tth speseditenhile chaspeet bV@ and has
chanbers to set tenperatures. [0080] The conpressor
dPuddoatcdober 8,fngwzihgcohsibeutI whicbziagdeyrdxed

are di sposed on the back surface side of the
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I nt uces tﬁe CcO air coo Into
ﬁHEfﬂa%fﬁbgﬁﬁgtéﬁﬂhﬂa}amn©raﬁ@ohas a pull out door, and the
like. An operation panel 5 is disposed 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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Furt her, 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 operation panel 5.
Not e that an accommobdati on case 201 is disposed in the
swi t chi ng chanber 200, an acconnndation case 301 is

di sposed in the freezing cha

at TBR EaRe? mnlslescj Qﬁog%bd.aﬁ W@O\}sae%b?%e
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showi ng thé air duct arrangenent of the refrigerator
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of the cold air cooled by the cooler 3 is supplied to
ThecHemezhrgcohpndeso300., Ebet han, 2t hand aigi ailkg evt d
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detected by the temperature sensors disposed in the chambers
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 is 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

- 57 -



_ _feedback path 6, and the air passing through the
vegetabl e chanber 400 is returned to the cooler 3
through a vegetabl e chanber feedback path 7. [00821
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
the air duct 4 to the swtching chanber 200 through a
danmper (sw tching chanber danper) 46. A switching
chanber back surface upper side blowing port 42 is
CH-}Cstpé‘séé fBraheefIURIgER ﬁerFh%nr%?rlt%éatBBEkcgwl?%eloo

of the refri erator whe wedfrom the firon
(ghf¥h€€ Fhef edf© d c%@wﬁtéﬁlngT%%aﬁ%%r géeICBamber 400

cffo%%d Bb%{gc&m 15143 rbsuths®osksh et t_e@ fﬁe@ira@m;

of a “ceiling surface. They act as cold air
éﬂa@w&g 1por bsd ci@083kebublher re Br Syd tadingg cEhaBdEr
back surface suction port 44 is disposed to a right
ferdibracpopttboné pfarghdthes airapes oing tiheosgiht thengegetable
chanber 200, and a swi tching chanber bottom- 58
%hﬁﬁh%§n469r%S4EPﬁQ¥Qﬁdb§@séHet%°Q¥ﬁ¥kﬁﬁﬁﬂ§ﬁpﬁhe?eﬁﬁgetﬁﬂ§e

anber 20Q can be switched to six types of
ﬁgﬂ%ﬁFaEg?ggi%ﬁé§3%1 is, to a refrigerating zone
é 30), a chllled zone (about 0C), a soft
ree |ng zone

Fig. 5 is a side sectional view of the switching
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 cold 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
blowing 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
structure view of a supercooling case in the

enbodi mrent 1 of the present invention. In Fig. 6, the
smntchlngﬁchanber acconmmodat i on case 201 shown in Fig

HIG o8 PRAGed” ak® 414956t Eaet??/d%"fs"ﬂnué?h@ﬁ@f di vT%d
4tenyRBeLL ande | LB 56&&9 A% %9}8193 &

K 1
as an ogdlnary sSwi tching case, df a I'ower-case 81 is

G ra% uBe SHPRESOAIHAY 1G8S 88 @efﬁl&l‘a‘_fa@iﬁb' REnS PSS UL
acting as a cooling chanber for placing food in a

FUper goehedlsd atehe V@R Uthe°sw t£ oy chasheng286he i S
pul l ed out, the SMAtChIng case 80 and the supercoollng
Gdsatst5aEe puited V@ ;ap fheeshme zdnee.(abheh the'C), and
supercoollgg case 81 is used, acconnodated goods can

\q

W lifRen FIRRAHATE TG pERL OBF | THY TChSE BY BylEQW%ﬂng

o Raas%” LR e b QI PRl G aring

MR CaBE, %%%altgwgrofa@?e %]WJ.&E: MHQ I:Hgmber 200
per i phery f hereof

is controlled by the temperature set to a not shown
thermistor and the value detected by thermistor.
[0084]

Next, a structure for installing a supercooled chamber
in the switching chamber 200 will be explained. Fig. 6 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 goods 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
airflowis suppressed fromdirectly flowng into the
| oner case so as to suppress an increase of the air
te rature ang the ajr velocity in the supercooling
TESEBI9 €arendP, toYFr hrthsr drAar §1¢%ol i ng, the upper

F§6§gon of the supercooling case 81 is covered with
e évﬁtching case 80 so that the cold air can hardly

flowat Bapebat Qodut e mmSt EUSE Hh&a thareeh dhieghbyr and
thus it Is possible to performgentle cooling

fECcasbahy 1owereadse &8 ISWIRNEAotrd pstiadary] @B86kof. When
Further, a substance having a | arge heat capacity nay
defjaeaialgl ¢dmparsterdotst emtg2coldtdier svfi tabloung-2ase B89

(for exanple, a netal plate, a case having a
it @Wafrel theocold mict RRevind Wttt & 2nedB  sebd agee

TBD L5, Dot D ! hAEL 400 e chence,
édﬂd%ﬁﬂ%%@nQEQFQIrfféd“%iohﬁe'HQBtEK% %?%ﬂﬁ%rdE§BQ§egh@n
t he supercooling case 81, there can be
inside and the periphery of the upper switching case 80 and
flows into the lower case from the gap between the upper
case and the lower supercooling case 81. However, since the
gap is formed in a direction orthogonal to the airflow, the
airflow is suppressed from directly flowing into the lower
case so as to suppress an increase of the air temperature
and the air velocity in the supercooling case 81. Further,
in an ordinary cooling, the upper portion of the
supercooling case 81 is covered with the switching case 80
so 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.
[0086]

Further, a 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
cool ed well because the cold air flows into the
supercool i ng chanber 81 and an effect in that the
supercool ed state can be effectively stopped because
the cold air flows well at the tine of. stoggin

?B%d, and

YUPGEGE B B2 AR S OTRRB TN S T
S ig  ANOLNEL ORGI G st be.f O IPd Lg the  LoweL, e
ool i rec P

caseto performquick ¢ ng an cool'ing a

§Jﬁiﬂés@%d YhERhNE SHRS ¢aokedy i dndrt R BEEULIE bottom
stopped. Thus, i is preferable to formthe gap in

dhe sSsidaepobeabonitt ) spetrecodbaditca¥de ran, [AEB8] can be
Furt her, when an opening for stopping the supercool ed
Sitatimeids ahoe fitelct cf GuaPreneddy ndte bid uditmetstiby of ovlke air
into - 61 the supercooling chanber 81 and cold air
HRBPRGWIEheR et it G URS CReL Pl CRhVERt (99K 1RPt ABdtnary use

r E#Fn1 ven if cold air. is directly blo Lntg t he
Siddeios) FhG SRS B CLREIBLPE AT Sk SEahBeTd
Ohtained by reducing the velocity thereof or
[0087]

A space of about 1 mm to 30 mm may be formed between
the switching case 80 and the supercooling case 81. 1In 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 into the supercooling chamber 81
and an effect in that the supercooled 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 quick cooling and direct cooling at the time
when the supercooled 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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Lncreasing 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 uims di sposed on the upper portion of the
supercool ing case 81 into grooves formed on the bottom
of the smﬁtching case 80. Further, rails may be

attached on surface so t_on

iR SR TSR LSRR S af&kr%gseit oIy M RUAEPLGRo
pote dhal 2uRDcLL; g JeS of wﬁﬁerpetvxa% tfecold air
s%ﬂ%éhlng case é upercoop|ng case 81, an

apni oRIdateneephi ﬂgtcpafﬁceo [pReeosaineciabirimed, théesame
no gap is fornmed, the fluctuation of an air

& EANES alaly e dutamged)my nadycéogl thg calrdie ys tppress ear
to a snmall range. [0089] Further, since the case
hxawe«ﬁgs:augc@meatﬁmmr@mra $hedeofded (oieFitee phpeady. As

sta es as shown in Fig. 6, there can $§ (% obt ai ned
§ é%HeraﬁlPHa?ftWée g%ﬁ&sCh&EEoﬁﬁB‘ﬁla 1 he case

%gge%%ﬁgékﬁg FF§ i andt&ﬁyéahh§?0§§ é&“{ﬁ% gﬂé@geen, it

OV\EI’ S

§ cor%l‘%%%e%la%g §§1&@%}%’W1Q%ﬁhhggc§§@cﬁ) ich @uS@es
effective in that the cooling property of the

SHPLFKQD I HNGhePaGpe Eadb hithg idaRE0S dthiteudio wheels mounted
characteristics that cool air stays on a
on the bottom of the switching case 80 or to slide the
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 80 can slide
along 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.
[0089]

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 Iarge-size yoghurt cup. [0090] It is
considered to set the depth of the upper case so that
it has approximtely the sane capacity as that of the

| oner case or has several tines the capacit t
F%méﬂ?nle@atslg-asb“gﬁlaw i PR g‘?‘ﬁwi&ﬂ‘ﬁ?r F%rcfené%{f %EE%S ‘gSO‘
structure for _.using the.l. r..sl.de. of ~st age;
TEREE AL T &5 Gper ?:%‘gﬂ%ogdslglggg ?gggs%gpafhsgi etk;f\ggfcgtflr@rgdm
{:lﬁait. DUSAMGF prbPEUPRE tFRS§upEr §GOWhJ Isplicg. cdnSie
at the front "side and the rear side of the upper
caseonas duedichl enenthalepiterdnd i cshehdowerolcase issape on a
di sposed in correspondence to the stepped space of
L bee tippiste easiethbh vhen Ry ubperheasppethievpse 2agPseakor

a swtching case 83, and the | ower case acts as .a

sgp@lr%%ﬁﬂﬁ%g}h@aééréhﬁ’w'Tw@lﬁhr dSt RFEWRf O ¢-° f?’ies lowgx

advant ageous in that.tall f.oqQds, can ceomo ed to

Fage ‘ﬂ“éﬁf?&&iys%a%w%ﬁgtﬁ§§°sﬁﬁ?c%$ﬁ%96%§e’8%$Eand

gg&'c u Opoc]éﬁ 0£@bg; accqmmdated t9 thso AN Si dRote that
er eof . e supercool 1 ng case has a gap between it

2nd LhHse MRRAMngA8Bace may have a depth of about 70 mm, or

may have a depth of at least about 140 mm, for example, a
depth of about 300 mm to 600 mm supposing to store a frozen
bread and a chilled large-size yoghurt cup.

[0090]

It is considered to set the depth of the upper case so
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 is
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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
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 : S|n

%ﬂﬁﬁﬂﬁﬂ%ﬁPPﬁglgp%%%$(ﬁﬁ%lbéooﬁFOG?ﬂe%Fcﬁﬁ%?q$?d8 ?tggt?&f
?% e C%EQBe Slve ngHéﬂgaltaﬁ Q%agggét8j nakga mglquéods

when a no I's per or med

%V?Jjh acBSmfsRhAbped, alHLadBr blad ScHBLRISar Yhto
sone restrict the cooling speed. In the foods,

é&ﬁeﬁﬁﬁﬂﬂ@h@ caPeldigh 1% Jupabetiveeantt td1el lthkeppphe case.
supercool ed state is created by setting the cooling
Bpexld wi thin the range of 300C/ h to 0.35C/ h and

preferably near to 3.5C/h in terms - 64 of the co&&
t enpérathee, oF %qﬁyqﬁﬂﬁﬁsfOThP%lQﬁxﬂhehdogﬁéeal?% of
the eriod until the tinme mhﬁn the core te §%%£§éé s

I REhICASENRS r g H0CR L PEe3 R hy p6itn
§ﬁc§%eri%t l%ri%_ZQQC J[r?vﬁ{e tEq%n %beaﬁlr@ﬁﬁé@%a@%‘ QEtéan a
switching case 85, and a lower case acts as a supercooling
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 insertion 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. In 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
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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
made deep, the anpbunt of sensible heat energy

accurmul ated in the supercooled state is increased. As

result, sjnce the anmount. of _energy . of. . .
FhaPaneaReobETse At g FAbehtoNear TR EROFEgsaRped 19
[ [ {-h u 0 te, o $ai easad,;

B SRR R S ors: hebPrE e oga e
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t he supercool ed state, and ice crystals are grown

tsipgegatheei 2e° Ouclwsedaas thbef rencireupesntheneof .

Thus, since a lot of small ice particles are .

risifieaeblly WoEhee the tteadeoddomt hbej EreeFing glodntnto -10°C.

cells Iless break the cells and suppress the flow ng
93t a drip at the tinme when the food is defrosted,

thereby, fhe cgld %ubfggga?&guérf%ger %fsﬁ%sdk%&gg ogJ y, by

the rce crystals. r, since no « alr
A ickert h¥q b o0 4 £0Q€. pe ke redte! @it ¥xhfple, at

suppressed, or a tenperature fluctuation

least five seconds. This is to make a supercooling
temperature deeper. That is, this is to lower the
temperature to which a food reaches in the supercooled state.
As explained already, the reason why a deep supercooled
temperature 1s 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
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s 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
tenperature, it is preferable that the difference
between the core tenperature and a surface
tenperature be within the range, of 0C to.10C and
HrefEsshpy f5eted ?%%E?ehﬂwbyhéh%eé?er?ﬁﬁﬁ§aﬁ§v|ng a
ﬁé&f@ness of 15 mm and a weight of 150 g, the

rence between the surface tenperature and the

core Fu&?ﬂp?r A& inD 2B 2 1L 14 tdiGRRthe Babsintfateddig
range o the tenperature difference as to the cooling

Songli A iven odesgr i beshplrdeselds bbea Saempdratiure foodsuation
such as neats, fishes, vegetables, fruits, and the

1$ keup@B86H, The féadtasat Penpogveanted dinsar Redpg dried
(difference of tenperature with ting) int

supefrasdiedng Spatlet s Hiee 1§nﬁoP?%ﬁﬂb%%}HXeégthghen food

super cool ed ate. The uct

S Pl a: P8 PP OrRry et hoh ¢ e Toedngei; e

?%ggéﬁnﬁjtggugﬁléﬂ'QQQQQQ%.Q@a&ﬂ@st@ﬁﬂﬁkﬂgwﬁ%rcésged
air veIOC|ty around the tfood. However en the

sahnge of 1fddetyat i g Ofrultt eBRREAL thie defyrafet bifn t he
;§g§¥1001ed state is increased, the supercooled state must
be kept for a certain time. Further, when a core
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. In 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.
[0095]

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
previously set to a mcroconputer and the like to
control the equi prent based on the val ue detected by

a therm stor (not shown in the figure), ~ may reduced.
e uatdenoP It ALkt LRIRSG R tPS es &f P%eéﬁga(bzﬂ@) W5 Th oERe
and nore  preferably tQ.1K (1C €s$S. 6 r
e S Reuared et oh ot frr el o Hdckampsratre
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supercool ed space 1s acceptable at the tine when it is

Widd bt Feudegseeo®fosyier cenbedastipd €s iWtithin the range
preferably w thin the range of the degree of

stiper‘coolredest at ehofsugizagrol2d shate dan the emeatedint o

t he supercool ed state. A problem caused by an .

ek ghe ARghl bnehat et megnper R ate segagiorpted.
hat when it .is intended.to cpol.a large size food, .t
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when the uneven tenperature is made to

and defrosting. Note that as another means for reducing the
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 supercooling chanber. [0097] As a basis for
setting the tenperature for the supercooled freezing,

the coolin eed and the like are at
aaegmlb@h oPBaay . ThA Tare e BP P RP T it e AR 2R

%eépc [ %%Olaeglnl%%gégo ec?c%rt%t%t &@e ha&{‘eﬂ{ahe f'blyI EX i's

or exa to - Since t reezi ng

@%é‘ﬁﬁnégt glegmstiials of dhe thapdsatihe Chr alle supercooling

considered t6 be frozen, are included in this
&Eﬁﬁhﬁﬁﬂlﬂheth@neaséhﬁhéﬂXHhﬁ uaakebetstpddat frreozenmade to
after entering the supercool ed state. Further, since
2Keof doxk spr éber pavhbani beni g@tie Phi §ea3t1e4ﬂ519r dhgre zone
is about two weeks, even if the foods,
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rozen i1 n
the size of the opening of the supercooling chamber are

selected by determining the distribution of air flow and the
distribution of temperature by simulation so that a
temperature is not locally lowered by supplying the cold air
to the entire supercooling chamber.

[0097]

As a basis for setting the temperature for the
supercooled 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

- 68 -~



the tenperature zone, it can be divided by being cut
with a kitchen knife. Therefore, the food can be
cooked conveniently. 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 fromordinarily frozen food can be

obtai ned, and thus there is a possibility that a new
menu specific to fine ice crystals can be ga%gé like,

TR e e £OPSPRRA R &t CHGRIBORE r BFL I &R

uper cool i ng_chanbe supercooling s ) ing as
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ggthat the timng of stopping the supercooled
State is determ ned based on the cunulated tinme from
the stathedf wHEeh SURRI GEObrage résdll dfte rSbpengodtEtbn in
state i s stopped by changi ng the tenperature around
tie tquerirphery oéné ooid tamnabeodd vedpdriat iredngFcyt Witk a
a tinin%@fchart showi ng the control of the
1

kErehegerkaide - whTeere o reupdec §8PF ngP e dift IG1°k8for ed i n
th nt raol l 6. the - 69 f t ed
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operated to se e terrperature er 1n
whi ohed, heo sHREr S0V d] t&a%@res WRLCaH etk (digrerehbefrom

swi t chi ng chanber

that obtained from ordinarily frozen or refrigerated food,
can be obtained. Further, when milk, Jjuice, and the like
are supercool frozen, sherbet having 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. It 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 supercooled
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
tenperature may be controlled only by opening and

cl osing the danper 46. [0100] 1In the stage 1, the set
tenperature of therm.stor (not .shown) for. settin e
% éFﬁPEP@dSFe%hﬁpéVQ%(fﬁp §c835H%%rsgﬁﬁfolFsS§8?r %éfgd’
t.he sane t erat ur.e ap ordLn r.atyu ( sy
%Ii/e "Se 'rels%gEi %61’ ;fgl?e }f%tner@'aq:g%pg%%%% L%eagﬁagges?gp "€

Hossite thl BBt (he Wingde herb0of i5e stiaibeeOladwhugh tihe
a tenperature at |least 3C | ower than the freezing

$ermneiallung) chse r eacheth teaf t(aeré hetlseiporicoblied shatleer
is kept for at least 5 seconds) (stage 2) and the
3UPertcodhedast atempé matgtrgpphdcht he sekeqtefp@ishiReth?

therm stor may be set tq the grgdinary set tenperature
g lunter BRaPd s t‘?O'ngﬁ:rpll“é o )Fthﬁ SE’Eﬁ in

SRt LR R LS AT
(]li-?%\ﬂée’g}%et REtRELL t NPl AlAM e CShpuhabyre TRt tdeWBord N
teméeratﬁre of the food is small of the food in the
supercooling 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] 1In 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
preservation tenperature after the food is conpletely
frozen (stage 4), when a tenperature such as -15C or
nore and the |ike on a hiqh %e erat ur si de i§e§etthe
SoMRAFedy $A0FRY 1hrioperty tEEhY beS FHET edsed "and " even

i f the food is _preseryv b j =R

e e R R R e e (R . By PR cown

&E'f&ﬂearfih%r thb k8tt alkRBe Qtturde QRMbRE byefrégerdder, in Fig.
thereby the food can be easily used. Further, when

dhe preservation tenperature is set to a | ow

tenperature such as -15C or |ess, a preservation

peoperty can be increased. [0102] Summrari zing the
control operation of the controller 16 - 71 of the

r ef r igefht Broaseedila SFRAANEY oW®haCPRHBAN PR Fi g.
058 SHRELCRE s ultonsHLsagp s @il gn <
ligc';;%zﬁ&o%n 19f 285 SURRS GRS RECLLEE {5 1tied 6Bbed is
faét after stopping the supercooled state. Further, when
the food is frozen instantly by performing gquick cooling 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.

[0102]

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
detected by the not shown therm stor, only the tineg,
in which the tenperature is equal to or less than a
predeterm ned tenperature, is integrated. \Wen

. t is,
et dmirRéd 1 pRERE he iGRSEGEt 68 i FEOUHIRAte SEPYP e 'zfc' 9.
d h [ Fig.. 9 h t ined. ti
A L 1 s L Lo L By
dhesspeeds of st hieo £ anpregsos 10 af-dhed arne are

returned to ordinary valués (step 5). [01031 The

s dgrhitngnc banbesuROhooiinghtise t he £nldedg (ebapber. The
capabl e of placing the food accommpdated therein in

tine supegcebield statpercoaiibe sewmpetetdineo ishgeached from
plurality of tenperature zones such as the

7 SfQ9yEeAPERgt 2 BREl § JBGIH o036}y setxo e RPPPedf zone

{300 99 ot e, 2014, 2200, F01E (AR S6r, 7 [fbur co
ALODETE TP T an s AR o0 e
iéhperature in the inside of the supercooling case is
controlled 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, is
detected by the not shown thermistor, only the time, in
which the temperature is equal to 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).
[0103]

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°C),
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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. [0104] 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 selection switch 5a, a
tenperature adjustnent/quick cooling switch 5b, a

super coal ed freeziqﬁ (in tanh fregéiggg swtch 5c about
Ehi) dH-iteE REREnGPRPEngedver TREWPY eZRg ERBRbeT

sel ect SWiyb 5 el ect n efyHoger a
Shmer tnaovebec a8t o Bl ofhe 1188 g HRanbar the

angd. t he SWhkShi PgnShaltfles A8 LENPRIBIHEE to set
adj ustnment/ qui ck cooling swtch 5b selects the

temperaduteg iadpush eniamiert haquib& doreexziligrofiéais
sel ected chanber (storage chanber), the supercooled
Cormerdany ofi mbeanicréeueniteg) asdi thh biksaigpeged to an

supercool ed freezing (instant freezing),_ and the ice
rator main

WRIR? P GHrdrge8Y ek NS Wi Th B fe6Pelt sthorifitiady @
Dol 06 AT Sy CORRET" & ey T anr g hee
§ﬁﬁeteQBF%§5H%§§ Le ihe £hather saheefsigeiddeddon the
chanber, freezing chanber

front surface of the door is shown in Fig. 25.

[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
a user of the refrigerator because it is not
necessary for himor her to find a passed tine as well
Bd%0 confirm degree food i s cool ed by opening the
f&fﬁs [0106] When it is desired to performthe quick
reeging, a quick freezing node is entered by
cont irRdoHs kY1 SRS ERSI BI mal/ngik I‘%rﬁﬂéﬂs%t temperatures to
adj ust ment / quickK cooling switc for a
e datpiparied rk f Abgd BatSierprRUSbe k hef edyyz itrlye otpaimbkr,
freezing is perforned. Further, when it is desired to
swt erhiny tchembg npevyewstiadd o chembay, ($wraranclingeghagyer,
a supercooling node is entered by depressing the

%%e?ft%d{ié‘&)fgée‘i%grﬁﬁ?ﬁ%ﬂte tepRRLE Hyje AREShaBg, the

th b I I he - .74 d
PTEETI e BB RO ot ROV hof G- ERGE 4 (EFEEaF 298

f “Further, rigera _
L AlNG ot @t BEEMPOdid AL Of NS RELSEMHadtNE§BEI ON

I'S rovf%%d Mﬁtﬁ an | ce-maki ng pan cl eani ng node, and
therd &ar ki Bgnpap Sh@anivhe riBgelé Sadt e thddyured
surface temperature of the food (for example, food
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 coocled by opening the door.

[0106]

When it is desired to perform the quick freezing, a
quick 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 5c¢, 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 cooling chanber is
sequentially stepwi se or continuously sw tched, when
the cooling chanber js placed in the su er%%oled

‘e

SRR hEeGai e 1D RAGPTIRE - suber st at e,
and to the val ue en t t he. lLed
re%#kﬁﬁﬁ%&?ﬁ]?ﬁgo¥g%h té)f%eoem oglﬁgﬁﬁgﬁggP% p§E§E§t

an rozen reservati on.

L SrRar A UNLE B2Bvided autiaahl ¢akblyagvd hied dieahlfg mode,
previously set tenperatures based on the tine

A edneal iz ephaki AYShan SElediyng mbaeris 48 Hewever,
these set tenperatures can be also manually sw tched
byopraniingi ihet hee | hakdh ahpoggbvepaneditt:h e dhri 8
di sposed to the door of the refrigerating chanber 100,
redeterpgnegd &hne chekert theéerpras) Theheahye Pl dFaBRking
t he cool.in chanber 200 fromthe tinme when the
Rybert dois %egfate of thereof is stopped to the tine
W@ﬁp”it is further placed in a frozen reservation
state is controlled by a cold air

The temperature of a selected chamber (storage chamber)

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. 1In
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 ment neans such as the danper and the |ike 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

therm stor for nmeasuring a chanber tenperature.
[0109] As described above, the tenperature of the
freezing chanber and the cooling chanber is set.to a

fipettderand shgetdfere e ﬁeFiQ?ﬁgEPr‘f o°t Hd'S (19&-¢B8I ed
fat food .1 | [ h te:b
Ehdhten U 290 b PR Shert o s EREF L SO SR B
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and the supercooled state of the food is stopped by a

heppefad W ettheNohSstHmerid Raatrbheed i Bta setld air
tenperature by the tenperature difference. Wen it is
defestmargd ntehats sheh saperteoclaagest ane ke shtidigpegd thyt the
the surface tenperature of the food, cold air is
BerReYaitirea o taE NGO bing tHiarpereAPBr 1% PadSs © By SEhe
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a second set tenperature, and the third set
aéﬁﬁﬁfﬁwrt@;ealrs%&sa@ef&ﬁ@ﬂa»tlﬁléaagedo@&. tingd rharvatsis
ggttgr of course that the compressor, the damper, and the
like may be controlled 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 supercooled state by the cold air
introduced 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
crystal panel 5 on the surface of the door. Wth this
arrangenent, a quick processing can be perforned
according to a food, Further, the degree of
SUHETE G e EaPE Bhn-o T HIdEedabpEr By RAE R fPRgToo
the tim f oppi . p | ed. t.e Dby
e e L At RN R

daf adohd $dre Geaked sidtthe thhied set
supercooled state is entered by adjusting the anount

0émpd her 0@l drai seguétioihiced dhahgetihet conld nghtehaaber pr by
the tenperature of the cold air being set by the first
neaperHtaurtde whinphraturheod diygefardr ethe oraddl iad rt Ban be
m croconputer, of the freezing chanber and the cooljng
BRANBERd (BY whisdAPLRes FRHTFUSE RécRAbEIRTRE T tthethe

77 supercool ed.state is .continued, Next
SR 2B g

Tstaf'® % E2ThMti nusd "aAd af ter t%éoPrnQY
WRLED #5PelanaBet PEoLLATE 1 RREBS§AEY1E P, GO IUEbgzeq
supercool ed state, has passed, the supercooled state
pith he d00d drs anboppest hessyRPkYtAGUE Ol forming quick
freezing or without setting a ultra low temperature of -60°C.
When the time intervals are set, they may be previously
stored time intervals, or a time may be set by the liquid
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,
the tenperature setting unit may be disposed on the
surface of the door of the refriggrator or a Si

e
3P ¢ GG G0 e tEoo | FEPCaTRser YREnaEht ruergpled state
%ggggéﬁingkcgﬁdbgfégéF%niq?- Co&gﬁgg %%é§?§¥ﬁ?tﬁé time

al S0~ possi 0 dispra enperature

sstesiatle @ndonthgudet get e dremperat v e of Hdre padktacetne
of the food on the Iliquid crystal panel 5 and it is

alpor posisddiseatte chatige fddie isektbpped espenaiplyenghtbed
observing the displayed state of it. The third
tenpereaaurtempayabersets skowdratthen the berstswienpkedtuoe,
a deep tenperature zone from-30C to -60C in
eofsterRriEddbn vbich Lonteiaanedpfesnr VAt | YiPicooder aFate

months - 78 .or laonger, to.a ak eezi ng tenperat
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Heber medi ate freezing tenperature zone

[0111]

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 cooling 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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_between 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
a state of use, according to a period of tinme during
whi ch a necessary supercool ed state is continued
dependi ng on a season and, a type of food to be

SECOTItE o, ieako SFEF AT FAWETASHER 69T K Which 2

su ercooled st that fI i ble f eeze
Brgserva | on cgﬁoge ogfa?n Glféi urt% pte nd the

the.t gnoer Ate 106 Lhest i r@fotnl ys@@oksd-mqoldﬂ&ted
chanber is set, it can be determ ned whet her or not

theréifistod afm%mahutermettb I fre2eti nfot Phpeea thned ziofie
the supercooled state, is set by neasuring the
benpeent tiree affovet empabaiete mon@ssensor di sposed in
the cooling chanber or by estlnatlng the el apsed tine
éP1ihe chanmber tenperature of - a wall surface
beln%vcoole

b t d
. R S AL e e P T S RIS
8L8¥E£¢ J#atE%HPSEa{ﬁQE%éM ﬂéQQOQOLHdaééi]ng or
rectly coo

Ing to a tenperature | ower
E&B§ing of the damper so that the temperature detected by
the sensor 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 according
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 accommodated 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 cold air is directly introduced
into the cooling chanber, in which the supercool ed

state. is t opped by such a supercool ed state stop
fe4Ast 19 réﬁcﬁp%eﬁﬁg tRe SUperdodi®e 8§ 4P LS of° tHHEP 568,

\ . 4 . ; |
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As descri bed above, the freeze preservation, which
tempeneturze fomakleringotie fodepecgynodaredeal pdahkorcaeding
by the sinple structure. [0114] Next, an enbodi nent,
Fﬁaﬂ%‘?%rﬂ‘} Héet RyPstageledseate -noPthergpsensdd wil |

be explained. Fig. 11 is a side _sectional. vi f
SR E RN P E RERber "2B0°t 1 SPGB YN RERTS T Tifeneat
EEQﬁ&R{séirb\he'}Ia't%- ol‘rh@héaé@rfa%feeg?nﬁﬁe nf‘é%%}ii@%reasing

those of Fig. 5 show the sane arrangenen
pREt 41t oo MRJilt v4dB80oh8d the periphery of the food by

increasing the number of 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 supercocoled 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 supercooled 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
supercooling. [01151 It is disposed on the ceiling
surface 96 of the sw tching chanber 200 and can

detect the surface tenperature_ of the, food. Note_that
WARsy t“ﬁeublbﬁv\neﬁ@lﬁb??d 43 519+ ddatdd® BT RETTERA s HeY

of 1 le'h'&'eg; 98 Uffac 02658 osegsg{nI)g&meAteWp%rfawge

ITE&SUF or exa

ﬁ?@égﬁﬂwiﬂ¥%nk gnce'%ﬁémbéﬂép&%Q%rgﬁcésn@hé¥3¥§'d%ntﬁbse of
which it 1is not affected by the cold air froma

gy | | NOsHOW ftdee sahé oMt Ihdiddent43. AnpLotidiast wasdilngea is
the cold air fromthe back surface blow ng port 44
baspesest riongesvstehihatdlomies atthedhobd! Han adiastothe
the cold air fromthe bl ow ng port 43, the surface

denpetRitiicos Péasatd nyl bt @é’lgshilégd‘i:%%}éeéﬂ bgigk. sgyface
t h | f 96 t h t f
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detecte
surface, and the cold air is distributed by the

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. 1In 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 port 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
that the food begins to freeze before the core
tenperature of the food in the supercooling case
reaches the freezing point because of. the sur%acg
A&*air

tRepeidinte serfefe 29 ody TR EBBR TP HolePdd 2

g\?}!fpacéet ySOOftthetlgglsdtaacler' f \é'glec?o&!i oél\PféJ}_te% Eo €ihe cold
supercool1 ng case;, 1S reduced by "increasing the

APU P neobilofl fig bt idautad £o Lhei b} uit_greROrt 43
by, for exanple, half-opening the opening/closing

angle of the danper 46 to the position of the
partition wall 4l1la as shown in Fig. 12. [0117]
Fur t Next, sé nsep¢tmdldmgerantrel off ttheoedhdgarhamger for

i ncreased by increasing the |length of the air duct 41
Pl Gutgh awiicer BRECHMIIR TES theEser, te eriReL cRR1eff dkate,
%% - 82 that the surface of tgggéood IS _not abgug{iy be

bt o b EcA11887 CTRE HETREr &5 8P THY Haa 5P 1 1o
18 LM 0Btk 34 R Dlolesoblan e ol
§Eﬁ€¥ﬁbd@ing case, the difference between the core
temperature and the surface temperature of the food is
reduced while detecting the surface temperature of the food
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, is 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 sw tching 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.
This is because since a tenperature equal to or |ess
than the freezing point is in an unstable state, in a

t t t f food js | d_sl
ERRT S Sy 2 PE TR e it 5t RECSBREPESHY Sodest Bebause
i.le t i n.t .
ELORPRAMLSeL DY CAEIChd SImOERL Col b 080 ey, 4 5o

wheo tihadrempghatHE ecOfd the $uLlaRe ik SRA( alhdl 8lowing
measuring device 95 is reached to a tenperature at

pbirchd tndasx det ehal aetbdhate.t he freezi ng point has

been reached, a tenperature control is perforned so

as t Ghleohemperfeuioviest tresbh poithirgmsbeabgreabythe

i ncreasing the anmount of cold air flowing into the
EipRrcdaiadsg hdgber byhahdiheadicRgere her s agfily set to a

evolution of a f or. by, i.ncreasing_.the - 8 in
R PRalba?y Fg sty CERTAT! oadieg, ThR0E

&ﬁ@fl St %o‘}.g Egﬁ?gf‘g@%e %@ieirg_olfi Qeaé-ﬂf)s t-U]%he freezing

tenperature set to the swtching chanber at the tine
psise! drl thensaeis temamahedetpst t fige tafFaicat ur e

cooled up to the freezing

temperature is made to such a temperature that the freezing
point is reached, the food is rapidly cooled to lower the
lowest reach point 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 control is performed so as to lower
the lowest reach point temperature by increasing the amount

of cold air flowing into the supercooling case by increasing

the number of revolution of a fan or by increasing the
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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
tenperature (heat energy corresponding to an increase
of tenperature). [0119] The tenperature is
controlled to conpletely freeze the food by blow n

ERF ki AGURE0 Of neCLh PR e &Y iERG2E hANDRFINY sﬁ@ﬁgﬁgt%6

e ahove determ nation., Caold_air Vi ng,.a .l ower
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§Q@W§?ﬁj§ysh@k@hkﬂgqgﬁﬂ&ﬁg‘%Qetgénpﬁﬁe4ﬁséﬁg to the same

I ncreasing the nunbers of revolutions of the fan and

t e CTUTeS 981 thél tedrddute, cbbeed elipedatthiee feebzing
the switching chanber is nade |ower than an ordinary

peirperat use loksreéscridrad abevefhe séved nig cedepekdi Srom

changed continuously or stepw se through the
e pritanrecdedpstate a theed2MRg T pbI AT e spgdacea -

84 supercool ed state Iomes? achi eve goin t erature
FOTRA TS PERIPRG HoI T CoeCBp 0f P HE STk coBred "
éiﬁgéﬁhéyanecgﬂpﬁgﬁéhoJ'E%%{iQgenF e lf% r%ﬁga d from
supercool ed state 1s securely “achieved by controfflng
the demeatugestihe, FRURMenpadPdtthe of the food is
increased to the freezing point, and thus 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 revolutions 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 supercooled state is caused in the food (failure
of supercooling) a phase is changed fromthe

freezin a a frozen state is entered.

ALES T Ty L 2ke; OHHET bt AE SanPPORt: SoBerTireg fegn the
for ew se th
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even if freezing is perforne wi t hout through the

supts oD |Bd cehatell in@reler tHempkeapuklpe thildndoying@f, and the
frozen food as far as possible. As a tenperature

Eohee oty Wift Hdet caldfait wre thehesupenpeehbing ecasfe, tbe
exanple, nmeat is controlled at -1C which is the
PP%%%??@%.Sﬁﬁtﬁhé%%ﬁt withieveneoipt efeemﬁgrwrﬁt 1Fs
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reach tenperature I s
that good quality freezing can be realized.

[0120]

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 cooled
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ntrolling 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 can not

be |owered. Therefore, the tenperature is set to -7C.

When_ the su ercoolln st reach point reaches to a

FBRDEr Hir e SenGP T RekS | ke Andd PRBLTS cb 116 §6PRE Lng

the Sayre C{Sect as that when the supercool ed state
p? for seconds or nore), a control for

§bQ@ang t he supercooled state is perfornmed to

thereby stop the supercool ed state. After stopping

t he uper,ceakedupédtenlal Gitiatk eeath ngemEtatalrei $s

performed to quickly freeze the food. Wen a food is

preseey echisle teatrplling desedi mehpecatune tie dekiabolén- 4°c

knife (preserved at -5Cto -100C), it is preferable to
ber torfn a SigepéPat EP@e’é‘Eﬁﬂlrerﬂ Sﬁ&ﬁet OOVRMerrqard point

%ngeraéure of thefo réoc Cto grevent uta fo gr
Freaty Hresavel F‘So CY$om bel / -emg%r cult ¥ S nce
ELQE§ {:}t‘?‘?}rgc% d¥ CiQ§i§aE¥m}'i><Qr§aﬁ:efr%éhn9t I@r&@srl@telélr €0 set a

zone, i's”qui ckly cool’ed at a | ower
ESﬂP@fé&dHél—j:Qligher than the freezing point, it is

necessary to perform 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 with
freezing setting, a quick cooling speed can not be
obtai ned by the natural convection. \Wereas when the
cold air is allowed to directly fIOW|r1aSAr1the

‘é%o%‘?%msmcﬁurtéks cbdl ity rie§eﬁc°i§§y bt 2. PEUrIER PP dhen
%he Su eulrr%oo'o%g tatfoodjS 1%?%%118&1 gggfe%aa t Iin8wer

FAterval's, a supercoo Z|ng I me can
Egﬁggggguggyithe quality of frozen food can be

i nproved. As a result, this systemcan be w dely used
[o12hat the space, in which foods are subjected to the
supercool ed freezing, can be effectively used and that
f ood¥lotewhheh alehqumh $igesoperewoladhrs tagennrddilye
stored in the cooling chanber. Although, a lid and
PRReT G o4 ELALE lﬂW%%%s%&?qPoPPhétob%mﬁ?ﬁqu¥etﬁénuB%er

PRALL % Fhgeed ef%%%pﬁ%t;%éﬁcé@%;rhﬁeeafeg;’%”em
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and t tionally. At the t
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upper portion and may cover it in the range in which
ohbtaiared by controlling the air velocity and the temperature
of the cold air. Further, when a quick cooling control is
performed to perform quick cooling and to use the switching
chamber with freezing setting, a quick 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,
quick 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 lid 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 amount and the velgcity_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 lower two stages is
used as a supercooling case 40. The supercooling case
40 is disposed rearward of a swi tching chanmber ceiling
surface bl ow ng port 43 and has such a structure that

piseaPtaj@es fbgi REPHE VLTS to6t amaRRbrafihd o veRgeity of

structur ince. .the,caold.air fr the switchin .
ShL By, FhAcTae Pl e s OREH AR T e cime,

ghé& ettd edRPhibed bR I e 1)1%9€ rOt ht hEpeSUREGORhENGppe
case 40 and the food acconmodated therein,” a
benpasataiide megncbeekept im theStrahbe st akreicH Q124hn

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

comext éde voouhe awd ttdhe mplokaiberot cedld g rsur f ace

bl ow ng port 43. Holes 51 may be forned in the m dway
6f1%%hk duct 50 to cause - 88 the cold air flowing in

th 50 t turally fall d ' d
ror e NGt EReCSHREIT R R CCasR HCT (5138) CoREret e

§#f%%ﬁ§%§ E%gec§§? &%mﬁﬂébd 13 hﬁpg§e9ndtf3%er stage cases

is used as the supercooling case will be explained. 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 supercooling 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
supercooling 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 sw tching case.
[0126] Next, the structure of the supercooling case
will be explained. Fig. 15 is a structure view of the

Bupsrsepl 10, c2eg, L0, e erbodpent ol thg prggen
é%v?a\/}@dt c_;Lgl ggdgpa@%o 0%ooI St’ﬁlgr%&&ﬁfn@e ca5ﬁe40 .

supercooling case in its enfirefy covering t

] portion thereof with a lid 60. Fig. 15 shows an
exanpl e show ng that the supercooling case is forned
by t mBeaWwthehsuge easa i2g1lcestdi sLlBicousr ed uséed, tite
lid 60. Note that the switching case 201 may have such
Indegtandengr syphatupe pardliingonass 49 shosod lied phe by
inside thereof in a longitudinal direction or a ,
fraving oyitr EBEi Bt Dege 40bar tSHICY HESpaPPREFRMETY

orti is _coyered with the lid 60_-_ 89 at i1t IS .

R g A e AT B

Bl redat dnkeebhye PLOWE IJH @nENSLSPACS 1 By 2Rged48sit he
supercool ing case provided with the |id 60,

unlikely to increase when the switching chamber 200 is used.
Further, disposing the supercooling 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 supercooling 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 a longitudinal direction or a lateral direction, and only

a part of the partitioned portion is covered with the 1lid 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 a wall with cold air or a
refrigerant circulating inside of the wall. [0128]
Next, a structure, in mhich the switching chanber is
rOV|ded with a fan, will be explalned Fig. 16 is a
PdEPes et itgndfedi el Bre asmrtceﬁ nggch@tber 200
Qiﬁgﬁpondlng to Fig. 5 in the enbodi nent of the
rese invention. As showmn in Fig. 16, in the
enbodyj;nRRt not BE1d af A SW HQ!%eglgh@m%{ irftdNkhé0spSce
di sposed to the upper portion of the swtching
e hasprd 200 thAceapdtagoling hasar paogededtwit nte the 60,
air in the switching chanber 200 can be slowy
shé rimglidsy afhgéheopesativnirnsfirelfélyapodled arempiletely.
tenperature can be uniform kept wi thout increasin
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stably caused. The supercool i ng case may be
gbspusied ton uadBy a PehsO&Mwi thdulte Ll L chi 61@ Lhareer 200,

and the

supercooling case, which can be cooled without being
supplied 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 is
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

food 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. [01291 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
present invention. Fig. 18 is a perspective view of
the supercooling case used in the enbodinent. Fig. 19
Vi ew shomnng?the flow of cold alr to the
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chanber back surface | ower side blow ng port 44, and

Bostie cwwhéﬁanﬁéfe ce?} iy th§u?f15éée ww%nﬁopﬁsaswl

fro&%mhlch th g coI air fron1&he - &$oler 3is
Brown® st 2"9F6138) i‘-%rﬂ?eerrcc’ &Qﬁp‘é?s’%a s di sposed to
Qg Iet of the swtching chanber air duct 41 to

adjust t he anount of cold
Next, an arrangement, in which a supercooling case for

forming a supercooling space is disposed under the switching
case in the switching chamber, will be explained. Fig. 17
is a side sectional view of a switching chamber 200
corresponding to Fig. 5 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 anpunt

thereof by a fl ow anpbunt adjustnment unit such as the
danper 46 when supercooling is performed and when the
455 ?%d%ﬁéﬁkgfgpe PE- st opped. Note that the
§R{§@penent, of formng a cutout and an opening
through which cold air flows to the back surface of
the oasenand fosmhpl Sdd tis aRdpoSPeNidaSd Qhlet of the
di scharging the cold air flowing into the front

suf f@cinpfcHah®etaser dadr ba apphkbgdst otlyamount of cold
supercool i ng case of the enbodinent 1. [01311 Next,
ahe Supuimeodloweseit Flod ofitdhdngefhageent 404 n Ashehown in
enbodi ment 1 maki ng use of the supercooling case 81
EfBunt§m ® E9GORE798nd MG WG PWERE BElGxPiaitreR. theg.
20.is a timnag - 92  chart show ng an,e l.e of the
St DaPea oes T Luneicasr e ne i ban BeCsnRatas &6
Elokdle SURLGRAl £59 £258 Bl surlEhBe COFPHES SOpel ool BE
fan 2, the danper 46, and the |like operateto set the
tase del afseldh@esw t ghd ngLichamher £20Q ¥Rid the cold air

flowing thereinto from the cutout is discharged, 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 usual.
When the core tenperature of the food is reached to
the tenperature at which supercooling can be stopped,
(stage  2), cold air is caused to mainly flow.into the
shper cimy 3RasxaBRleife BiP KAPFrEpehi TP TIRE -dafPer
46. The hal f-qpened angl e .of, t.he dunber 46 be any
SRgr e Rl e, HBEa e o Kb cPior Mo i Sl Shg SRS BL.
@héf é%reTé%@ﬁgl, €the Pz!r_?ff,r Qkﬁley daf[’tggrt 8g ,6Qa_QId -g%% like
period of tinme during which the danper 46 1s

Bpttapeneddts taet 1H19iddo PINOEwdt chi @ ¢HHnider 200 to an
freezing is conpleted after stopping the supercool ed

siat eehgestaages 2eleB)ed Afrt ethet mengenpf et f@n efample, -2°C
freezing of the food, a preservation period (stage 4)

£e tohts otitdd Bper epte nisipansé urdafperhasfays rsecsngdated

in mgich it is tullg opened and - 93_ closed

FBpkAR RSP TSI 257 P gy CFRESS BB 37 019 Erént and
SRELARY RS SR Tl 0sEat o7, L 5 R B
temperature may be controlled only by opening and closing
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
been passed in the stage 2 (step 54), and when it is
determ ned that the predeternmned time has been
reached, the danper 46 is fully opened, and the
BFBE%gsr?Q?QRﬂQ}WnéG toudh: ordinary control (step 55).
EQ}§§i Since alnost no cold air flows into the
upercooling case 81 in the control for obtaining the

Supefﬁa%ms%g.mé&?t & thd&3uRencopled: Siats ¢ag be
created stably. And freezing can be securely caused

attefgstaRy Ng asupes €Pb&l aHodlee i sShBCEnGNOSE aalfll oliBRart
cold air is caused to flowinto only the supercooling
casBi®l duri Whest bhei sigpehoduiper cohtdrst ate.staEtetihethe
there is also nerit in that the influence to the air
P%ﬁb‘é‘# a%rtem@f ofhehqwh t2dfi g StagséEs202 pe @mdsited. (ggep

d n,stopping the s rcoole st at
S 15 %@ﬁ&eabggen% o BEFUBERAELOTE ofihdiag) passed
§ £t aéﬂér b8et SHRRIELSS Pysésjl usid nehng unt
of cool by cﬁanglng the % eé of openi ng oF QE
Q@ﬂ&ﬁﬂld@ﬁ &%@ta@hésﬁféﬂbﬂéy%lned time has been reached, the
damper 46 is half-opened and the period of time of the stage
2 starts to be cumulated (step 53). Then, it is determined
whether or not 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 supercooling
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 swtching 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 the supercooling case 202 is disposed in
the switching case 201. As described above, when the
supercool i ng case 202 is conposed of the case with
the |id disposed separately, there can be obtained a

Pt T4 HREPeVEIPR 1% 60 UREVFAGLET df ¥ Er-entn addition

enper ature state_.is ,accanmodat 8 in.a Vvicini th
1S Lo, SR rl S ARITINGE B! 1P Sioritelrtrs 1Sy be

alfedLd LYyl hajudOlAbleHeUkdghe @ffﬁ%ﬂlﬂdgﬂﬁyakhgg?%gg

material may be inserted into the |id portion of
shpeiele BF 6peRIZHYLE Ithet Hiafipecase, addeidg ussiagnehé t
in that supercooling can be stably caused because the
suportced] iang casehQOwitshimki kbhypben HE0. af f ect ed by
the cold air fromthe bl ow ng port 203. Further, - 95
i}t the uneven tenperature caused by directly

bl owi c di air may act_as a factor for _sto ingcase
Superabol Phgts the' i ority b pHITS Tor CBRETPET S
£ 4Bk -Bo0RL & | alniNaVi;00,00004c heat Cangygt Ly, Ty
o@‘{ﬁenuﬁber and&% he posi ti Oﬁ O? %T oW ng
installed separately, is disposed in the switching chamber
of the refrigerator of Fig. 3. Here, the supercooling case
202 1is 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 1id 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. 1In 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 good heat conductivity (a netal
plate of, for exanple, stainless steel, alunm num

the tenperature in the _cases

co and the |ike)
%\’E ethr?adlé‘et‘fﬁflf B?Weﬁﬁwfé“%eeﬁﬁé‘rsﬁtiu’i’% e P YalPd 81 RE gee 1l d
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capacity of © food, a supercooled freezing tinme can

nese Sdirdcenedty bﬁlta&i nth®erebhadté SYityiehl ofigbl bRing
timng of stopping supercooled state, based on the
ponEs pridwel obsby eecoraldd awdngt herhs cracbiput gosahdonak
i ke is explained above. Another - 96 nethod of
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deeper for e
temperature unevenness is within 10K, preferably within 5K,

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

determ ning the state of a supercool ed food using an
infrared ray sensor, an ultrasonic wave sensor, an
electric_ field sensor, and the like. [0139] Wen the
PRFPAT ff CFeSBABORY | g dedningt of ssHPRygE & hén supREcooled

r.f.a f the space in which the supercoolin
ke YT Shal BaProid Rablallsh DRl cBhgh ene

pbass M dhe o ro¥gE abbol ] 18 1atbelNes CASSEr i RIS 10owered

infrared ray sensor is ‘conposed of an array sénsor So
thatakd ttansobsecyelédestaaeeriakbelk NsbtlecindiRe GRSAR. the
The infrared ray sensor is disposed on, for exanple,
terpdrdkireuifatevefed e swittopengtuchahdber 20@nsolfhata
it can be observe the supercooling case entirely from
PRPH Liidve fapperusingke thifesdprrcopbing He begputomatically

Superc %giqg node is %ﬂgered the_infrared r sensor,
caﬁ*’égtect FRE%EFANgd TR HERBCEUPT alleS t €P§¥ﬁr§t8?p%Pg
é@r@doé Qiistcl}%m§HQ§écﬁ:oc% .anu%ec?.ﬁg Ee\{mg&!zﬁq}fen%ft l%g d is
surface tenperature thereof. The toppl ng can Be
eastdasdaundnby the LHhaee ief stopping or a forcible
stopping occurs, it is preferable 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 tine of
t he supercool ed state can be shortened. There is
naturally the case that the difference between the
surface tenperature and the core tenperature is

SHBRPFCOThtRY MAdej 45aPBES Htfdsi Bi% NG TARRE The IfdGode 6P

uper gopledstate deeper by for ¢ Loueting. & £00ldng 1o
ENpPEratur e by -pl acing a priority on thé determnation

Qﬁeasuﬁgfgéoffﬂﬁp%ﬁgguﬁf difdarencenevedr flcd NerdddMture

when the tine ‘interval set to the control reaches to
ahtireBf f orTHRersftRpRiAg csh ApPidiGi1AS rdasdrbpethakosageact
conpl ex determ nation can be sinplified maki ng use of
the surface tespeerstiuee neasurenent. [0141] - 98

When the ultrasonic wave sensor is used, the
d0péPtooling case is caused to come into contact with

t he | trasonic wave sensor.  The u

sensoi 1 AR 0 kRBeBH o1 T oSEE Fral brt Tort eLiie) G HRgLated
%QoﬂlEﬁ@ﬁ&ggé%ﬂgavgurface temperature. Then, stimulation
can be applied to 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 stored in the microcomputer and
the like after being previously set. With this operation,
the period of the time of the supercooled 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 also possible to make the degree of
supercooled 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
mnimzing a wring length as well as the sensor can
be caused to securely cone into contact with the case
when the sw tching chanber is closed. Wien the
super.cool nmode is  entered, the ultrasoni ¢ wave

senscwheé’sEPgI HibEagoRric Matvrea§8ﬁ?€rv\?a§/élstedjwart6‘et he food

h upercoolln £ase, 0142 pse_t he I trasonjc
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the case, the ultrasonic wave is also transmtted to

thepsshistamee ascoNTREst etbr Psicie 18858y adktl ulyreWeht c wave
into contact with case. At the tine, when the

super coptedgest dbe rscetoppedhendeiftecteq siaies odr ghe
created, since the ultrasonic wave can be nore easily
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surface of the switching chamber 200 through a spring
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 supercooling case.
[0142]

Since the ultrasonic wave is transmitted in the
substance in contact. Therefore, when the sensor comes into
contact with the case, the ultrasonic 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

- 99 -



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 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. Wen
?ﬁel%l%d?ﬁﬁﬁ€°ﬁé?9l ?%:¥bﬂﬁé&htUaéeghgéﬂj§h§ﬁ€dwﬁﬁéﬁts
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non-contact type, 1t can I sSposed to any portion
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perform measurenent even if another substance, for

examplicssi@nplsastis Shmetthes supeatedlddtsveare itshetopped
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ielectric_jn food. \Wen a sug T C00 e state is
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When the electric field sensor is used, it is disposed
in the supercooling 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 if 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
thernmoneter is connected to the refrigerator through
a wring and has a needl e-shaped extrene end. Wen a

fpod is .ch d into_the ercool | ng case, .a er
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stlparmpoeldongdt etpes ainurhi WheatéheexNstidesofa 1tiheidood
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stopping the supercool ed state. [0145] - 101 Next,
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expl ai ned. The another
[0144]

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 control for

stopping the supercooled state.

[0145]
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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
state includes, for exanple, a nethod of disposing a
heater on the wall around the swi tching case and

heati ng only the sw tching case side by the heater
dur i iF*t oppPrRBST Hee thafh &fc §GPBRIRY athe “sHperRepPled narate,
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[0146 The structure of the supercooling space, the

Aée ofd "g&hefnPhi fRPIHEX iVEPHgLtbPn s ppisRycheave to
upercool ed .state, - 102 he t hod_of stopping the. .

Bl ey S Bl Lkt E2oand the ™S RekenavE baut TERpeY ABGLYing

in r.elati I.aept ne pre
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SSL;?éerator, and the like. Another method of cooling only
supercooling 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
wthin 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 with 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.
Further, since a preservation tenperature zone is set
equal to or less than a freezing point, food can be
reserved for _a sonewhat |onger period of about 2

REKES T £8] SEPRPING A \HHEFE CPBLEYT S- s @nfedhe 1ike
é\%xt?@]&etnh xgtlggHS&aék%\Fe &%ng:%tlggi'%otcot&e' ]'e%go%fi}ngxrlt of

Q
opping t supercool ed sta stnce 11 ne I ce

EhyStAlse Al 8nGhaat 84, | Nvedte of RRENLA $H & RSN ET £bbe
present invention, so that there is an advantagé in
dhedr tdeodfdad eas bepetioolidd dthee kitlchea &awig£indd below.
contrast with an ordinary greezing nethod in which
ieBthystals are largely grown in a needl e-shape, so
that the food can not be cut with a kitchen knife
af t eWheng §30d pbt RFFS3YEA. 1rup t Ferzemstoser éthin the

reservation gerio f ood can ?e preser.ved Lor a

g fhe

B 15T 6d -8 Sb%gi_ Wwe ks M5FS AbYEF 15 RESHP
Q@E@fbo&f%ﬁ4gkate, the food can be kept in a state in which
it can be cut 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 zone is set equal
to or less than a freezing point, food can be preserved for
a somewhat longer period 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 in one chanber. Further, a chanber in a
somewhat hi gher freezing tenperature zone nay be used
t o, subj ect food to supercooled freezing, ., and the foaod
My D IRGGRd t BUEERGTantier tPnthe shrRtfate 1ioRe PET20%e the
%ggg]égh 5% Egégéégéiféﬁh% ﬁgﬂgmggéig]g% Ebkﬁ%eélgg%ks or
enperature zoné 1S a tenpéerature zone higher than

2l o apduythe sopmwhat | ower freezing tenperature
zone is a tenperature zone equal to or |less than

FO>@] [ 01511 Further, when food is frozen through the
supercooled state, ice crystals in the food are nade

t o aWseml foer arrulpmeseshapein Ashen teopelrefuegerond of -15°C
freezing ratio is high, that - 104 is, evenif a

3% dEST PEESEr YEIRINT eSeFaPRFeC?%ed Gkdterhaf can be

conventi.onal one, the food can be cut well wth a
RTINS RAFT & Nbre NEpE #1681 F5ALRHY Frgeer Food.
ﬁHf%ﬁ@fYaHEan ééé%g aféuhgﬁs_%@A&rb&d“%AEQQQ19aPOb@%eak
preserved In the state that 1t

the cells of the food, it is possible to get a better taste,
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
500, and the |like of the refrigerator in Fig. 3.
Further, these chanbers nmay be partly or entirely used
as the supercoolkgg S ace. Further, the supercaqoling

d

$Pacteheyf Be 8 eSS AHPEp ERHBRFAT e JpHee Fhen

Lhe rfl&ee%[z' £ ongpeléﬁ‘ UES FULe: pHoneyer. ] L, g kitchen
pr efera npf oy a ?ruc?ture or preveth

ghieag apl.d %'p"ecﬁ%@!%?ﬁy n%lqicfee%hhypré@@ﬁaeﬂérp p*ef:}‘:‘éod
supercool i ng Space or to food accommodated

theigd wiolicH @hpefEBbl tae kadm_ixlaztse@ﬁzeaom the stdtewitRgt it
into the supercooling space to be adjusted in any of

the kases: WiBb53he kntthwn refifiegerat extaidedhe Yhegsens a

invention, it is -_ 105 possible to obtain a
W%F%Fg%ﬂeﬁhﬂt éaﬁﬁﬁ?érofu&ﬁﬁ#Qﬂ%% Agdt heoh siperidgof&gezing
reezin part nDdlf | the specification of an

FOP vt ﬁpnﬁeFéP R%ﬁ 4% the structure of the

m@gngefrlgerator has been nalnly expl ai ned above.
However,

Note that although the case in which the supercooling
space as the cooling chamber is disposed in the switching
chamber 200 has been explained, the supercooling 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 supercooling 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 supercooling 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
state while gradually |lowering the tenperature

t hereof nmaking use of an airflow having a good

tenperature distribution inits entirely at a high
RITEALTg CPeABER IR 1} e HEeFB6aT | SARARIKIGF PEFO2ERIRY the

being diirectly blowy with an airflow having a_lower, .
TR Gc TaF et b GOREar i Ran 110 5 Spgpt BYEAon

é@gﬁ{Qﬁghﬁgr§t§@f%iég¥%ﬂkgere@ﬁk@ﬁefﬁﬂﬂﬁ@%@rhéture of the
preserved at"a tenperature |lower than the tenperature

Hde QRifaiigeRgtéhehasuRINC Ak 8Uy Séab By irfcdl a@¥aBsp! eHowdver,
a freezing tenperature of about -18C. As a result,
enerygylecanprbes ghkatio epgledtby sthectabwvefopbrapiesent
[0154] Further, the above structure can be nore
Breadtiopely 2apptinapsmien PébEai sowArwETeSUSRt er to

0B RSS2 100 1 SLAL 2L bl el BSF 9SS on.
A RETCa) P U SuBPE o st e soLenend
Wd - eG0ligde@btedaVd MhslOWBl ESANSKAPLS, s@8BH a manner
that after food is accommodated, the temperature is 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 gradually 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 quickly
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 obtaining 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

- 106 -



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
the food at a tenperature which is not too | ow and
finally to freeze it at a freezing tenperature of
about -20C at the | owest wi thout using an extrene

Tl T etffdPat bir 5 SRRMNBSAFE6E%aRY  HEPY [GRE 48 tHRe qoarTier
S S £ B LS %5 E0E nobls Sindistisach, Stmee

a
rrenfa IS US d sa?e energy consumne

faiddRia Bebar enand,aft&)o1khe st oed Ei BdiMsSRaLkedy
because the food is subjected to the supercool ed

$umazicg wirtki 8g1AISEi 4 MRvihighe dowé PO eMpeGtivkel, Sak@i Ng
transported. As a result, the frozen food of good
pedavedcan befdeddvertedet.o Moreesweqidtiicedly 0185heass,
supercool ed state is created at a sl ow cooling speed
fivhave POIJLREL] Pt edinget kB sLPERRYDIVEd cRAd8Zz Fhgreef and
the - 107 refrigerator of the present invention,, As

PR At 8Bt 1ed ar CaL nEaTTe oD 1 dradeddvich water
éﬂﬂﬂ@u&aﬁﬁgg§b¥1§¢téﬂé§'E%rﬁEQHBS&?E r§edg;s%?ef§99gdl %th
uniformy lowered upto the “iInside thereof, partrally
wdtet edtheBt CLySd Al Ar €pB0L gEOW:, they are not released
from the supercooled state by the vibration while they are
being transported. Further, when food at a room 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 supercooled 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
whi | e savi ng energy because the refrigerator includes
the freezing chanber, which can continuously or

st epwi se adj ust the tenperature of the food
5%56%?0%% ofh&Pei RreFHh G@Vteé‘ttlﬁé t et dtamved tof StRee

freezin eratu zone the co air rcul ati
Fom™ cooFgr % Re®Tools dcﬁéﬂ%igan?ﬁﬁég¥ 'gter tHe
Qéﬁ ﬂeﬂ otfh%hef £E§641 19 lﬁﬂ%@ﬁlﬁ.%f PLwkEaPI I LhepEood

he supercooled state in whic I's not frozen at

anﬁﬁﬂpeﬂﬁh%b& egdatid Dl Prlerda@ss Ebéncifﬁtimﬁeébnﬁot grown

poi nt by taking thereinto the cold air blown out from

theveolyd and bhewshze pof tthef itkectyesezlngreshianbeéen ane

sucked into the cooler, the tenperature setting neans

f%?d sJe?c t59g Lt héh?eﬁlbﬁértam @agf tyhef f teeAiqrgl chanberkept-
the food stored in th

B3 13y ORL0ERT BEratdio PETTEREoDI S SR SPesfigepeche

gféé’ S 15 Adl EEFEPL 1fTBANS 56t 4 é‘db}f'sh%&g the %Q!ndiﬁé" Found
own into t reezing chanber and taken into t

£66h i Mgy .chanBartsendhati 4 ke +k@BBncy that a higher cooling

speed more increases the size of ice crystals created in the

inside of food.

[0156]

The refrigerator of the present invention can realize
high quality 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 supercooled
state in which it is not frozen at a temperature equal to or
less than the freezing point by taking thereinto the cold
air blown out 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 freezing chanber, for keeping the stored food in
the supercooled state, in which the food is not
frozen even at a  tenperature equal to or |less than

The" f1eeZtng poi M3t tyie (taRFngtPFeT etth e OBHANG] Fhamber

<$é’é)s\3/mchoemsu%regmo£{]§dc%laq: al %ndb&:gg\d %glé)oarlt %fdjtug ment
reezi ng chanmper and sucked rnto thé ~ cool er, erern

hd¥h £ QY BQ%GQ@[‘:‘P&%H@ LAEPAS 8, Obwht N PWBE £E8SLing
covered with the upper case disposed in the freezing

et andndalegapnfOrdmd chel wegnchdpdipper téasetRAdfood
the |ower case to take cold air therein, and wherein
sterqpapni $heanoopbrg nhambeirngs akept eiot ithre divpbercented
fromthe flow direction of the cold air flowng in
$HES e FURGTeRBRbEIthaRd rthEslacsty e isunghbbie RO hph ey
about 30 - 109 0158] .. The refrigerator of the
O i, oo BT PRI s P RecRE A% SRS “charbor

i keeps the food accommodated therein in the
supercool ed state, in which it is not frozen

The refrigerator of the present invention can realize
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 point, 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,
so that frozen food of good quality can be easily
Zﬁig' ed [0159] When the food at a roomtenperature
dated in the cooling chanber is cool ed, the

t errpelrlr?et q:re%rﬁﬁég%gcgr r@@nc%eofprfeg?ﬁtépIr?x?eerﬂ:tioinm:‘L%ﬁghggs the

for setti ng enperature-o reezing c er

9lLpt heo&00ld RGagBaRDERh S Skddhe ¢aal EBGy sResthRhtkhe
food within the range of -3.5C hr to -10C hr during

therpt i 0d tkerubbecsolddce dtenpanatvii €h oft tike rfc@odrozen
is lowered from3C to OC, thereby the supercool ed
stagetempardieirsesatety e dinegzip01p60int td0-15TIe byl the
air adjustnment nmeans_for adjusting cold air is

gPEPode frPmaithreseplafy dic (Redcatd afivHIRR Rt §epBrY

[Aten PLEED L ERhGSLLL A0S, LIS LEPEELND SHIDSL. Ot
Egédségérédgﬂiﬂg'chamber and circulating therein, and the
supercooled state 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 food of good quality 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 air blow ng port and
the cold air taking-in port or provides a duct |ength

corresponding to the depth of the coolln% chanber. . |
O herifi®s 18R E AY = TR {B§f’ﬂ§nf° diifpFasdedir is

h e_ col out, j nt.q f
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by the danper, thereby the superco0dl ed state can be
keplind GiadberVBENthdptrgar ahueft 06n f ek dIRC@ARStaking-
equal to or less than the tenperature previously set

as poret fiogeziakgngocotd ofir timgof bbd ovolwhen chamber, and
Eredetern1ned time passes after food is - 111 stored
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suppressed to about 0.1 m/s to 0.5 m/s, by adjusting the
cold air by the cold air adjustment means, thereby the
supercooled state can be kept.

[0161]

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
state, within 10C or less or adjusts the unevenness
of air tenperature in the cooling chanmber within 2C
or less, thereby_ the supercool ed state can be kept.

PBA6R] ndihea SHPLURE er MITRAF /1 iHE pERERES Siif & P oBEnS
gé the ers%%%”ﬁg'?zé‘%{ﬁgé# e Sse%‘%ﬁggﬁ%qg@% pgerérta\gggg d??ethe

rupt ‘change tenmperatare i

stoceiddedaed i Brt hige éJé%@%gnghﬁm@QpeIoﬁgrg!ﬁﬁe000|ing
chanber” stops the supercool ed state by applying a

péysé £l ureh @k tadChr &8z ihg tcdp@eat uf ethé addlriali @Rambér,
ultrasonic wave, and the like thereto and is
phesleriededt ta phevimed yngdenpecezing zarenfaoat the or
guick]y frozen, thereby the quality of the - 112
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the frozen quality of the food can be improved.
[0163]

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
tenperature set to -15C, a step of performng
adjustnent for a predetermned tine by cold air

ust nent, mean that the tenperature in th

?5%%% i TB8r PBoUBRER ShC (5 B CroLImg P be

A he c 0
b e R L T e e
gggq{ﬂgxiﬂambgkrectly supplying cold air at a
tenperature 2C to 5C lower than the set tenperature
{olLéhe food which is accommopdated the cooling chanber
and placed in the supercooled state. As a result, in
a refln geraforgmmanred ncdndang ehi edel igucivhasbarf feezer

vehicle, it is possible to deliver frozen and
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refrigerator of the present invention to a w de

viedn@ing @he bufpoessess df01B8] cold air blown into the
cooling chamber and circulating in a supercooling chamber,
the frozen food preservation method of the present invention
has a step of accommodating 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 chamber 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
supercooled 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 quality 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
uniformy cooled inits entirety. [0167] Since the
refrigerator according to the enbodinent is equipped
e superco case ncI g g?the sube}ance

VAP T ge Aot ahah RRGbLph? P he
Aft:ef‘fnt_d‘@:tét%l} gff tﬁ%@leégnl‘g e_Lanren Fg{}v ?romvg_ld%tr %Eg£$ of

or preventing a out a|r rec
bhomdsdshereinto, the refrigerator is not affected by
the fluctuation of tenperature caused by openi ng and
C0b&éIng the door, from which the tenperature in the
supercool i ng case can be stably kept. [0168] Since

t he SéhFegéndi srctaceorldinagisorehtomesbdiorsneate et

cha es the tenperature on the | ow tenperature side
‘Jy"g CopdErhgtetsphh ' He tsdgerebor e“i‘)c%"(rﬂlélg fRethe

Lo o0 g, BN PYe B 9 s o 8L
df&é&%%? Qh%wﬁowy§ﬁ égﬁﬁ.%ﬁqgeand the damage of food due to
freezing can be also suppressed. 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 closing 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,
since the refrigerator according to the enbodi nent
can selectively set the preservation tenperature

a$ter stqppin t he sggercooled state, to software
FPRIIT NS SRIPERFOEF (b diond OV ahbHER L@ ide only

' h d f t.h
?gf%ﬁ IggﬁéﬁiP%tg%gc L%%ééééf%% s%g ée éheF%§%%¥epﬁgto?tthe

era refrigerator as a neri

SN g GRRAENEEAL | ¥s USRA.siQLALhg Jdhs r&id irgerater of,

the present invention includes the first tenperature
sethimgnireans Asraseddulng tikeiteppes by o @fset BBe space
cool i ng chanber and placing food in the supercool ed -

qu 5thestogise ISptt he ediar diempembrodeceehe rtto thiee sewel tirge.
chamber, the second tenperature setting neans for
é@%%ﬂing the supercooled state of the food by a

LRoPELALHLE, | OrSnd D20, (02 LS iR,OLo! DR 0001 1 10

embodiment, since the supercooled state can be stopped at a
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 is excellent in an
energy saving property.

[0170]

In addition to the above-mentioned, since the
refrigerator according to the embodiment can selectively set
the preservation temperature after stopping the supercooled
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.

[0171]

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

- 115 -



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
anount of energy by a sinple structure. [0172] The
refrigerator of the present invention includes the
flrst te eratyre setfing neans for setting the
g&@ Sﬁdtﬁérctﬁﬁ ?ﬂfQ9ﬁaﬁBEP FEF;ﬁ%éi%ﬂﬁb&&aPHer'

s gg@%m% cidie eold ght Litgaducedel nto
R

e ‘cool Ing ¢ e’s percoole op means

%e%%@%tta@@ o§u9@é Cﬁﬁoﬁ@ysga‘:@mﬁérimg Q%et%ythan

d air whose tenperature iS lower than t
teapEsaddia uek blﬂetn@oéddngr@h&ﬁ‘aﬁbesegebyoy tﬂm@ feikst
tenperature setting neans, and the third tenperature
Senp¢ rRf unsansttongfmemrs ngrandhpr eberyi tgnpdr@turgodetting
whose supercool ed state i s stopped by the supercool ed
%?%%% @%é’rﬁéﬁﬁé’m%n’ah? hﬁé’%ﬁﬂﬁeFB?uF’éo%ﬁn t%?é‘t@oéff‘riﬁﬁ

s set by th erature

SDAIPHL e SBoglogled SR hrHotre s ARERS, HEE by
Eﬁ@pfgfgﬂJE%m@%{EPGrgoggﬂﬂﬁig %QQHQertﬁ tsé&bdﬂh%e&bé§£ture

tenperature tI ng neans resu t, freeze

pEestiy alda@i’ , Cand bend | @i feﬁ@é?@fﬁ?@ setting means are
sequentially changed at time intervals or 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 a 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 supercooled
state by the cold air introduced into the cooling chamber,
the supercooled state stop means for stopping the
supercooled 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 supercool ed state by the cool ed wal
surface of cooling chanber, the supercooled 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
supercooled state or introducing cold air with an air
velocity faster than the air velocity around the

eri phery of the food, and the third tenperature
g@f??rﬁf|ﬁ§§n§YfBPefF%%ﬁﬁrﬁfqﬂﬁiatBFés%?QW%ﬁPtﬂ%?nﬁooﬂaﬁybe

the col.d air iintroduced into.the coolin hanmber ., .
SPE SN0 el PLESEERD | reliBe s ¥Rt Nk W 2PRipaq

éﬁéﬁﬁéﬁ“éﬁ% %@a@ﬁe f?r@%rfgﬂﬂéiathgei§e£¥§ﬁﬂkﬁé%nsto As a

performfreeze preservation that consunmes a snal

agount, ffeceRepg¥sdyvar SdnTad Ber BCEMIELY [(BkFblrme8l. NCE
the refrigerator of the present invention includes
fbk73knperature setting neans for changeably setting
the tenperature of the cooling chanber set by the -

117 The refréaparucd S8t PrgSeRanomtike presefss the
tnvention, here can, be obtained the conv%g %ntl

SHEY & PUEPGEF A B - UMb AR SOf SERSRG 1Y 1 Cemptrature
BECSRL V190t EABREAL W fIGRENELBY OF it 19 rabolegd

state by the cooled wall surface of cooling chamber, the
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 supercooled 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
| ower than OC and hi gher than the set tenperature,
until the time when the core tenperatures of the

foods becones apgroxjnately the freezing tenperatures
Eﬂ%fiﬁ%&%&ﬁﬁfg et NG MeERien g pbi At Ry tiR¥RNtion,

L h | in nb tQq.th
Sl oSl BB erq SR SAYL O ELBTOE P 48 o

s yc ek adi st ad S rddd MAkG BN E%é%eaﬁ%p@ﬁaing of
frozen at a tenperature equal to or Tess than the
dregrd ioF tfesper ature, can be kept at a second
tenperature |l ower than the first tenperature. [0176]
FAtHer, when the core tenperatures of the foods
accommpdat ed i n the supercooling chanber are |owered

bel oS- 4¢38rikghrabavieat &Py PReS§HtedZiviegtienptratudes the

eAPR00Te Shamiete “Bifer SooRBnoatet ¢ £hel GppbmTHe:
it erJdlgerfogf s& @irﬁ{ SR, LAVERTLONERSS Geh! ¥sT EEEEES,
the foods quickly at the second
meats, vegetables, fruits, and the like are accommodated,
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 foods 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.
(0176]

Further, when the core temperatures of the foods

accommodated in the supercooling 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
securely achieved by controlling the tenperature, the
anount, and the velocity of cold air supplied to the
u ercoolin% ﬁcas , the supercool ed state | owest reach
t

S
PR AR Yt 8P ebFeeF g SEPEHAtERS sHfbrd53Pad tEE at e
iécfgégéx%$ a%§90§i$£€§ dq%fh?ggggihgh%%%%sg&%QFaéégrthe

st oppl'ng the Supercoo y rea

fagezdina of s490d gsabidpped,0LR8] coACLOT UNY Y thsi PE€sent
the refrigerator of the present invention enploys the

snpeitcionl edrifeeezy nfrdduigd ithe dsocds dquipdkigualt tjie second
freezing function in place of the conventional quick
fereiaigiret ke pefaigereamyturas laneadvtaant dde isecbhdt it

- 119 can realize high quality freezing, that is,
ERROG IS P eBG TP M HPeh8maHBENRT ot e Yérlgy i §iaPf er

than that. in the conventional refrigerator. [0179]
cooling air.

[0177]

As described above, the present invention changes the
temperature set control continuous 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 controlling 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 is increased after stopping the supercooled state to
thereby realize freezing of good quality.

[0178]

Accordingly, since the refrigerator of the present
invention employs the supercooled freezing function as a
high quality freezing function in place of the conventional

quick freezing, the refrigerator has an advantage in that it

- 119 -



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 food by the structure and the control of the
refrigerator which are not greatly different from
those of the conventional refrigerator. [0180] Note
EHat reHd 2eebipherad b tarfd ot npy ebbat pros@apdrgéaal

net hod of,thetgresent i nvention can not only realize

P Sf7 LU ATy CRP eRBPIRY tHat ESAEURBRL 5™ &hBEntD ofhe
?gﬁiéﬁkfé%Si rggg§gé§%{igerator but al so can preserve
00ds 1

n a frozen® state for a | ong period wthout
bs£pdg ng cells by a sinple structure and control.
Accordingly, it can be estimated that the
refrirgetato; ensl tdrrifge@azer pseseie gddedRnieti AoenOion
the present invention can be usefully applied to a
enpleoys itdledsonel smpgrdarlting khageescHti midtong- ber bhe
preservation of - 120 neats in a business-use o
PRYS FRIPREEQOhAREhEhATP S FafReSEFR@tUEH ' Iied FRBeRhibit
éﬁ;Qan%ion f.fis Ps(ﬁggggt In dqu ea ;Lshgr% in
A vessd BOP 8FPERY i HH L9 O BA8PBr 1AL o o PPACRt P ha
5¥é5¥¥%d T gﬁgégégoiéfl§£a€g¥nd%agt§tHdMnfﬁgf&”%ngerature,
and change a cooling temperature 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 food by the structure and the control of the
refrigerator which are not greatly different from those of
the conventional 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 eétimated
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 |ike.
- 121 CLAIMS 1. Arefrigerator, characterized by
conprising: a freezing chanber or a cooling chanber,
which is disposed in a refrigerator main body and is
provided with tenperature setting neans capabl e of
adjusting a tenperature of foods such as fishes,
neats, vegetables, fruits, and the Ilike by cold air
froma cooler to be fromOC to a tenperature in a
freezing tenperature zone continuously or stepw se;
cold air adjustnent neans for circulating the cold
air, which is blown into the freezi ng chanber or the
coollng chanber and sucked into the cooler, in th
F?%%%l%ﬁ;%:W&ﬁﬁ@?sso?s?rﬁ?Qﬁiﬂerﬁﬁeehﬁﬁfﬁﬁouﬁﬁwéng the like
cont{rgellfer efor Iégeg ohe f eez n? chéa er, or, t he A
2501 iy ErsRGePIFAc %ﬁb & éa 8T at229'h Ahi%€RPt g
Foodls,y %cgmeg@gfdbw dihe fEG‘E%énngatq nt B
cool i ng chanber are not frozen even at a tenperature
efftitnd10 Agahessnt Hanedi cdIr gazilng RO Ndal Byuldye equipment
tenperature set by the tenperature setting neans and
ihevldigrecteilds and the hrkeumtreotreheedolahd aihe adkeast ed
by the cold air adjustnent neans, wherein the
controller perforns an adjustnent while |owering the
tenperature of the cold air within the tenperature
range fromthe freezing point to about -15C by the
tenperature setting neans so that the foods are kept
in
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- 122 the supercooled state. 2. Arefrigerator,
characterized by conprising: a freezing chanber or a
cool i ng chanmber, which is disposed in a refrigerator
mai n body and in which foods accomobdated therein
such as fishes, neats, vegetables, fruits, and the
like are kept in and deepened to a supercool ed state,
in which the foods are not frozen even at a
tenperature equal to or |less than a freezing point, by
the cold air froma cooler while | owering the
tenperature of the foods by tenperature setting neans
stepwi se; cold air adjustnent neans for changing the

nmpunt, the velocity, the direction, and the
?iﬁi%ﬁaiure of the cold air blown into the freezing
chanber or the cooling chanber and allowing the cold
air tocirculate in the freezing chanber or the

cool iing ghagbelgeAnd sSupaLeget &6 ALK ShRBrIBaNg: for
st oppi ng the supercooled state of the foods, which

are accesvpdad echdnbert e &r eezingy crambdert, ownihle is
cool i ng chanmber and placed in the supercooled st at e,
disrdradyiimg at hefsige watefr madncbbdy adnd i priesyifliedevi vy
chanber or the cooling chanber by the tenperature
%%WR??ﬂ}“ﬁ@aﬁ@téhﬂgtWﬁ?QﬁNQ§PéPﬂeaﬁfu%ﬁlﬁﬁﬁlnﬁeén§em861€$ure

(B AL 200 508 ACL 1SR DY RIS, L ana cne
%ﬁ}g@%ﬁ%&% 9k rasfsfezig1eharbese Of r éh GPQ! BgaChanber
temperature in a freezing temperature zone continuously or
stepwise;

cold air adjustment means for circulating the cold air,
which is blown into the freezing chamber or the cooling
chamber and sucked into the 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 foods
accommodated in the freezing chamber or the cooling 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 air 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 foods are kept in
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pl aci ng accommodat ed foods such as fishes, neats,
vegetables, fruits and the like in a supercool ed
state, in which the foods are not frozen even at a
tenperature equal to or less than a freezing point,
by the cold air introduced into the freezing chanber
or the cooling chanber; second tenperature setting
nmeans for forcibly stopping the supercool ed state of
the foods by supplying cold air whose tenperature is
| ower than the tenperature of the freezing chanber or
the cooling chanber set by the first tenperature
setting neans; and third tenperature setting neans for
setting the tenperature of the foods to a tenperature
FBF $yRAL015%SER NG the foods after stopping the
supercool ed state, wherein the tenperatures set by the
first tenperature setting nmeans, the second

tenper at Wr @38t Ll Aok SEANS 1, r8BHeENEeq 1Y rdroeARERGL Ur €
setting neans are changed at tinme intervals or by

measu ifigekfgt eN@EFat Wre a0tobhend ositenbed., Ahich is
refrigerator, characterized by conprising: first
tespesed ume aseefir hge nelarrs rfadm Hetlyi agd t hre whiepdratar e
of a freezing chanber or a cooling chanber and
ﬁ%@m@ﬂa&@@o%ﬁﬁaaf-@dsw%ﬁ fichess Peahs, vaaespdles,
eget abl es frui.ts and the l.ike in a supercooled

SFates” i9iien 1t he STodtPtard ABE PFORI LU %at a
E&Q@P&@%Mde s¢qyal L‘?.&r‘.{iéhesc%g' f%éés P@'}h@c ff?r%%éh.ngven at
poi nt, by the cold air Tintroduced into the reezing
gheshes rurleheq6e0l &% Chadaekhadng freezing point, by the
cold air from a cooler while lowering the temperature of the
foods by temperature setting means stepwise;

cold air adjustment means for changing the amount, the
velocity, the direction, and the temperature of the cold air
blown into the freezing chamber or the cooling chamber and
allowing the cold air to circulate in the freezing chamber
or the cooling chamber; and

supercooled state stop means for stopping the
supercooled state of the foods, which are accommodated in
the freezing chamber or the cooling chamber and placed in
the supercooled state, by changing the state of the cold air

in the freezing chamber or the cooling chamber by the

temperature setting means and the cold air adjustment means.

3. A refrigerator, characterized by comprising:

first temperature setting means for setting a
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third tenperature setting neans for setting a
tenperature for freeze-preserving the foods after
stopping the supercooled state by cold air whose
tenperature is lower than the tenperature of the
freezing chanber or the cooling chanber set by the
first tenperature setting neans, wherein the
tenperature of the freezing chanber or the cooling
chanber set by the third tenperature setting neans
can be set without relation to the tenperature of the
freezing chanber or the cooling chanber set by the
first tenperature setting nmeans. 5. A refrigerator,
characteri zed by conprising first tenperature settin

MEERST G S &t PngTERe Y iisEPRCuPE Bf CC B ANpgber and

ﬁi‘é‘g?r?é g{}co@nm%%%ltlﬁggfggggbselgchanads pi1 aﬁ 'e%%’ %}%g grmgea%]eetgables,
0oods uc as I'shes, neats, vegeta es, rarts and
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are not frozen even at a tenperature equal to or |ess
Ebadls aa fd el HgopehNévedYat ke teapkedtwbd e fidlf aceof 1less
the freezing chanber or the cooling chanber;
Shperz ootesd iggaeist oponedrss codd &or cibt yodtaggpiingot hlee
supercool ed state of the foods by cold air whose
feppeing whembes pswehe t¢rat ittige chamberat ure of wal |
surface of freezig%gghanber or the coo

t

he L, .
chamBerogr FONRF INT td g Bt o P ep fatiberp ng
ERE Os Joroqgéil QQaEQa&'PeJheorfo%QE g?oéﬁ yl%:g[;a%ﬁﬁ é_ic.)r
pl ace the foods I n the supercooled state;” and thir
esPer e a3tk ti N IBANS fiah $8Lt L8@p&rature of the
freezing chamber or the cooling chamber set by the first
temperature setting means; and

third temperature setting means for setting the
temperature of the foods to a temperature for freeze-
preserving the foods after stopping the supercooled state,

wherein the temperatures set by the first temperature
setting means, the second temperature setting means, and the

third temperature setting means are changed at time

intervals or by measuring the temperature of the foods.

4. A refrigerator, characterized by comprising:

first temperature setting means for setting the
temperature of a freezing chamber or a cooling chamber and
placing accommodated foods such as fishes, meats, vegetables,
fruits and the like in a supercooled state, in which the

foods are not frozen even at a temperature equal to or less
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tenperature for freeze-preserving the foods
accommodated in the freezing chanber or the cooling
chanber after the supercooled state of the foods are
stopped by the supercooled state stop neans. 6. A
refrigerator according to any of clains 1 to 5,
characterized in that when the supercool ed state of
the food is stopped, the tenperature distribution or
the heat transmission ratio of the surface of the
food is changed by changing the state of the cold air
in the freezing chanber or the cooling chanber or by
increasing the air velocity around the periphery of
t he accommpdat ed foods. 7. A refrigerator according to
WP T [CERPAEIIPPIAS, B FiFaceeri 268 TH AHREStheR Phehe
vpey goolad, state, of .t he, fiogd o8,£0r ¢ihly stopped by
I'n rodﬁklng cof d°ai ¥ %aylng d Fower t enper at ure
aroungl jthe: papd Phae htthfyf QOMSs oo MaRRclihgl §
determ ned that the supercooOled state is automatically
t @hpasas: by raeasuEd 1g-g s roApgr ahelr fodfs tdfdefr08d8pping
the tenperature set to the freezing chanmber or the
oo | surgprocldrbestase oyt emier atiur ehged evarand ratomet he lower
tenperature zone of -5C or less so that the food is_,.
Phasdhredernesafrey eif -thepdreseine. chagnbex ©Ogf thgefapbing
ccarding.to a of.claims 1 to 5 characterized in
G o Byl i imarteealuph it s f8aPees ng
fﬂav\n%?‘%ﬁe?ﬂ'e&be KGR LG rEO8E LHk % RENGORHESE A the

cooling chamber set by the third temperature setting means
can be set without relation to the temperature of the
freezing chamber or the cooling chamber set by the first

temperature setting means.

5. A refrigerator, characterized by comprising

first temperature setting means for setting the
temperature of a freezing chamber or a cooling chamber and
placing accommodated foods such as fishes, meats, vegetables,
fruits and the like in a supercooled state, in which the
foods are not frozen even at a temperature equal to or less
than a freezing point, by the cooled wall surface of the
freezing chamber or the cooling chamber;

supercooled state stop means for forcibly stopping the
supercooled state of the foods by cold air whose temperature
is lower than the temperature of wall surface of the

freezing chamber or the cooling chamber or lower than the
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food is not frozen at a tenperature equal to or |ess
than a freezing point by taking in the cold air bl own
froma cold air blowing port of the freezing chanber
and sucked into the cooler; the tenperature setting
means sets the tenperature of the freezing chanber to
-2Cto -15C so that the food stored in the cooling
chanber can obtain a supercooled state; and the cold
ai r adjustnent means suppresses the air velocity
around the periphery of food accommobdated in the
cool i ng chanber and adjusts the cold air which is
blown into the freezing chanber and taken into the
coollng chanber so  that the food stored in the

EQbY i hgf cidroercrs ket §he tfﬁge%{]ﬁe?l&%%t?eerd %t &tE. cgoling

refrigerator ag of cl ai 1.9+ 2.
Aﬁaraéi%%.f%& tn gﬁafomgﬁe "coo iﬁap%ﬁc?é?%dLSta |ép%§%d
in theftueezh 8r§ﬂﬁ&p%%ttWh?CHegﬁ§p§n;Q%t&qgg kn a
supercool ed state i n which food i S not
teZern lred foenpesat ¢Her SHIRIinhOtRE FESEs tdrdmodated in
freezing point by taking in the cold air blown froma
thé dfredzinyl ohengeport Wie tdeelfingeghagochafifer ahd
sucked into the cooler; the cooling chanber conprises
au@%%l@éﬂ Shgteast thoviaass @rehshoPPer divspdsed t o

he fre Z|n% chanber or with an upper case as well as

Zu%%‘b‘:?" ForheiCpet WRdFd e 1id or

6. A refrigerator according to any of claims 1 to 5,
characterized in that when the supercooled state of the food
is stopped, the temperature distribution or the heat
transmission ratio of the surface of the food is changed by
changing the state of the cold air in the freezing chamber
or the cooling chamber or by increasing the air velocity

around the periphery of the accommodated foods.

7. A refrigerator according to any of claims 1 to 5,
characterized in that when the supercooled state of the food
is forcibly stopped by introducing cold air having a lower
temperature around the periphery of the foods or when it is
determined that the supercooled state is automatically
releases by measuring the temperature of the foods, the
temperature set to the freezing chamber or the cooling
chamber is a temperature selected from the temperature zone

of -5°C or less so that the food is preserved in a frozen
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t he upper case and the supercooling case to take the
cold air in; and the gap is an opening facing a
direction different from the flow direction of the
cold air flowng in the freezing chanber and has a
size of about 10 mmto about 30 mm 10. A refrigerator
according to any of clains 1 to 5, characterized in
that: the freezing chanber or the cooling chanber
keeps the food acconmodated therein in the
supercool ed state, in which the food is not frozen
even at a tenperature set fromthe freezing point to
-15C, by the cold air fromthe cooler; and the
refrigerator conprises supercool ed state stop neans

Stoppi ng the supercool ed state of the foods,
accommodated in the freezing chanber or the cooling
chanber and placed in the supercool ed state, by the
cold i r a adiUSEOBM o MRANRS rdRNgSHOPAYY N ¢Akdmdi I to 5,
whose tenperature is - 128 about 2Cto 5C | ower than
thersetedienpernat uhetfo the food. 11. A refrigerator
according to any of clainms 1 to 10, characterized by
conpriihsi ggofood chammratigr digpased i iy theadseedisposiaiber
in the freezing chanber or the cooling chanber for

rRichirksips réet ERper it vt SWIerCReLPE 0852 ] Srred iRl ENA

ogether_ with tenperature neasuring nmeans faor
ARt e e R St S

EPQinr?g['%i%th 5? t SBASYTING nTBRBE AT 91 r BASH 1£99m! Beco1d
tenperature of the food
air blowing port of the freezing chamber and sucked into the
cooler;

the temperature setting means sets the temperature of
the freezing chamber to -2°C to -15°C so that the food
stored in the cooling chamber can obtain a supercooled
state; and

the cold air adjustment means suppresses the air
velocity around the periphery of food accommodated in the
cooling chamber and adjusts the cold air which is blown into
the freezing chamber and taken into the cooling chamber so

that the food stored in the cooling chamber is kept in the

supercooled state.

9. A refrigerator according to any of claims 1 to 5,
characterized in that:
the cooling chamber is disposed in the freezing chamber

which keeps the food in a supercooled state in which the
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presunmes the tenperature of the surface of the food
fromthe tenperature in the cooling chanber or the
freezing chanber or neasures the surface tenperature
of the food by a tenperature sensor. 12. A
refrigerator according to claim21l, characterized by
conprising food core tenperature neasuring neans for
calculating the tenperature in the vicinity of the
center of the food fromthe neasured surface
tenperature of the food. 13. A refrigerator according
to any of clains 1 to 10, characterized in that the
cold air adjustnent means suppresses the air velocity

f the cold whi ch bl own he fre n
ZRaftoes BT tf%é’zt’?é‘o#nﬁ tratirs St e & Tt @

?ggéi\iﬂ)%%po%%t 1) tmén% dx;l t%me c%lgya§ d@mﬁfrfml%ggold

fri'gerator according to any o

ahargLdRidZ eddnotthghe #he Ll cAbhbad] Msd Bk ARS o the
i s disposed to at |least any of a cold air blow ng

pootefpr blowi ng out cold air from the cooler into

the freezing chanber or the cooling chanber, a cold

ai r ttdle mgollangoghamiar cokicngsesl @ supergucd ingecase
freezing chanber or the cooling chanber disposed to
Fﬁger%Qxﬁ%qﬁ;acHéﬁb@FsP?ﬁeqtﬁ? 6%6 Fﬁ@eé%%ﬁdﬁﬂamQ%r g with

air duct bet ween e cold alr b|OMAn ort an
28 PRFY $38 ﬁa W ETport g Fﬁ o8 @ sgn %he Tid or

@géu§§§g¥“cég%aﬁ§d3999r§ﬁ§§¥%&dﬂing case to take the cold
air in; and

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.

10. A refrigerator according to any of claims 1 to 5,
characterized in that:

the freezing chamber or the cooling chamber keeps the
food accommodated therein in the supercooled state, in which
the food is not frozen even at a temperature set from the
freezing point to -15°C, by the cold air from the cooler;
and

the refrigerator comprises supercooled state stop means
for stopping the supercooled state of the foods,
accommodated in the freezing chamber or the cooling chamber
and placed in the supercooled state, by the cold air

adjustment means, by supplying cold air whose temperature is
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air velocity around the periphery of foods, which are
stored in the freezing chanber or the cooling chanber
and placed in the supercooled state, by adjusting the
speed of the cold air to be fromabout 0.1 ms to

about 0.5 m's. 15. A refrigerator according to any of
claims 1 to 5, <characterized in that the cold air
adjustnment neans is a cold air duct structure

arranged such that the air duct has a plurality of

bent portions froma cold air blowng port to a

chanber to the position at which foods in the
supercooled state are placed, or has a length near to
the depth of the chanber. - 130 16. A refrigerator
AECBE cf 1fy b Sahy LEVoE| B T SEC1ESTORNAH &9 288 FRod-
that when the stored foods are placed in the
supercool ed state, the cold air adjustnment neans

adj ust;s  hheoklugt uatd,on J.angengf t& Neny emenatimser ofo 10,
the food, which “Is fluctuated Dy the ‘change of cool ed
shat&ctdriiRe &yl cohphPeid W dakemnperi her P aidhenyigoheans
the foods, to be within 10C or less. 17. A

despo gt dtrorchec foedr g tchamperobrckhe nsodl iny thamber for
characterized in that when the tenperature of the
repHsrieddirescrgaartees oif Itdss fepda sHerekiherattr e

BB 3R ond OBl 4 30838 e
N ER i TR s e R
88Lsh Py MA@zl ROt REPSIAILY @ he temperature of the food
presumes the temperature of the surface of the food from the
temperature in the cooling chamber or the freezing chamber

or measures the surface temperature of the food by a

temperature sensor.

12. A refrigerator according to claim 11,
characterized by comprising food core temperature measuring
means for calculating the temperature in the vicinity of the
center of the food from the measured surface temperature of

the food.

13. A refrigerator according to any of claims 1 to 10,
characterized in that the cold air adjustment means
suppresses the air velocity of the cold air, which is blown
into the freezing chamber or the cooling chamber, at a cold

air blowing port to about 1.0 m/s to 1.2 m/s by a damper.
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range fromthe freezing point of the foods to -17C, is
| onered by about 1C or 2C to nmake the supercool ed
state of the food deeper. 18. A refrigerator

according to any of clainms 1 to 17, characterized in

t hat when whether or not the tenperature of the food
reaches to a predeterm ned tenperature or whether or
not the tenperature of the food is abruptly changed is
detected after a predeternmined time fromthe tine of
accommodating the foods, the supercool ed state of the
food - 131 is stopped by applying a physical shock
such as a tenperature, a vibration, an ultrasonic
wave, and the like to the foods in the freezing
chanber or in the cooling chanber, or the foods are
stor at _a_previously set freezjng te ratur r

qui cﬁidqy fF‘ozrcgeﬁ?l%?/radte rerar%cr?irﬁlén?hg garf%e%gﬁpgrlggo e%lo >
shale-of ity eodg,ts stopped. 19. A refrigerator
according to any of clainms 1 to 5  characterized in

t hat drle coedapet at adfud thdnte b b8EZi 041 Sdrasddet ookt t heast
cool i ng chanber is controlled by being changed
sontphuousily edrsbépwine partt dorhblbvwergiowf poilat agk from
foods, a supercool ed state reach tenperature,

shperevbiedntst 4he SroprishsdcEPEreCT afkP anOrld;@n chamber,
t at / tion t t . 20, fri,
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cooling chamber, or the cooling chamber, or an air duct

between the cold air blowing port and the cold air taking-in
port,

wherein the cold air adjustment means suppresses the
air velocity around the periphery of foods, which are stored
in the freezing chamber or the cooling chamber and placed in
the supercooled state, by adjusting the speed of the cold

alr to be from about 0.1 m/s to about 0.5 m/s.

15. A refrigerator according to any of claims 1 to 5,
characterized in that the cold air adjustment means is a
cold air duct structure arranged such that the air duct has
a plurality of bent portions from a cold air blowing port to
a chamber to the position at which foods in the supercooled
state are placed, or has a length near to the depth of the

chamber.
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are cooled, the tenperature setting nmeans sets the

range of the cooling speed of the foods, so that the
surface tenperature of the food is lowered to 3Cto

0C, at the speed from-3.5Chr to -10C hr. 21. A
refrigerator according to claim12, characterized in
that when the tenperature in the vicinity - 132 of

the center of the food neasured by the food core
tenperature nmeasuring neans is in the supercool ed

state and the core tenperature of the food is within
the range from the freezing point to the tenperature

5C | ower than the freezing point, the cooling speed

is wthin the range of - 300C/ hr to -0.35C hr, at the
core-®f theefgdaeravor o diger &CoP ¥ clbr 81 YT ot a1
of clains, 1 tqQ 2 characterized i.n_that the .
Shiptr it fac et RRHT B ERSeosbPR L& shaset
€h£e££§é¥%6¥T%B QGSQéQ'Eﬁété%rH %ﬁg‘;ajusﬁmﬁﬁ?%k%ﬁkzggjusts
in that when the foods are stored in"the supercooled

shat e1udthadfiondsange 6polRd tsapkhRatutdect diHd eoedgewhich
bet ween the core tenperature and the surface
i enprratuatedobyt hbef cnalsye o fnichilrdt bbatanyge tdfle @Crt o
10C. 24. Arefrigerator according to any of clains 1
temBerating acoeppzede i peiinhewhetstiper Eosisng chgnibéhin
géothe freezi ng chanber for keeping the food in the
pertodi%¥ - state conprises an upper case and a | ower
case of a |lower case.

17. A refrigerator according to any of claims 1 to 10,
characterized in that when the temperature of the foods
becomes equal to or less than the temperature previously set
as the freezing point of the foods or when a predetermined
time has passed after storing the foods in the cooling
chamber, the temperature of the freezing chamber or the
cooling chamber, which is set in a freezing temperature
range from the freezing point of the foods to -17°C, is
lowered by about 1°C or 2°C to make the supercooled state of

the food deeper.

18. A refrigerator according to any of claims 1 to 17,
characterized in that when whether or not the temperature of
the food reaches to a predetermined temperature or whether
or not the temperature of the food is abruptly changed is
detected after a predetermined time from the time of

accommodating the foods, the supercooled state of the food
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25. Arefrigerator according to claim 24,
characterized in that a gap is forned between the
upper case - 133 and the |lower case. 26. A
refrigerator according to claim 24, characterized in
that a nmenber to suppress the fluctuation of the air
tenperature in the | ower case is disposed on the
bottom of the upper case. 27. A refrigerator according
to any of clainms 1 to 5  characterized in that the
supercool i ng chanber or the freezing chanber for
keeping the food in the supercooled state conprises
an upper case and an upper case of a |lower case. 28.

A refrigerator according . to any of clainms 1 to 5,

chaf aeRRSGd PYdePRIVARY R 58 1s£BPEH ¥ JULZafe pl aced
h 4

hﬁnﬁ%P?QC%°L§Q staterlaﬁ% position _and

Ln t t .
g?m%%raopeﬁlng or %%%?héiln thée col d %ﬁ?eknﬁqgefﬁg Tike
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case constituting the freezing chanber, are fornmed so

aBatige Bk tthe vbeyeNNes stfredabk beppeyaduyls isett he
cool i ng chanber or the freezing chanber within 15C or
Eesszikp . tefperezene f aodiprakdar Vabeen, ney hrteginiaing that
refrigerator, which conprises a freezing chanber or a
EBD FURP KIPRBEr Stoke kekpihfy fosdacédnmERrRREH food in a

- 134 supercooled state, in which the food is not
frozen at a

19. A refrigerator according to any of claims 1 to 5,
characterized in that the temperature in the freezing
chamber or the cooling chamber is controlled by being
changed continuously or stepwise up to the freezing point of
foods, a supercooled state reach temperature, a supercooled
state stop temperature, and a frozen state preservation

temperature.

20. A refrigerator according to claim 11,
characterized in that when foods of a room temperature
accommodated in the freezing chamber or the cooling chamber
are cooled, the temperature setting means sets the range of
the cooling speed of the foods, so that the surface
temperature of the food is lowered to 3°C to 0°C, at the

speed from -3.5°C/hr to -10°C/hr.

21. A refrigerator according to claim 12,

characterized in that when the temperature in the wvicinity
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tenperature set froma freezing point to -15C, by cold
air froma cooler and cold air adjustnent neans for
changing the tenperature of the cold air which is
blown into the freezing chanber or the cooling
chanber and circulates in the freezing chanber or the
cool i ng chanber, the frozen food preservation nethod
bei ng characterized by conprising: a step of
accommodating the food in the freezing chanber or the
cool i ng chanber set to a tenperature fromthe

freezing point to -15C, a step of performng

adj ustnment by cold air adjustnent means so that the
tenperature in the freezing chanber or in the cooling
Sﬁgﬁ%%rc%’btr?&wé’f- 5&et 5ood GreBTuTERe PYj FRGef R t5PTS n the
greezin chanber or the coalin% %Rgnber IS $ﬁ£i%%agé5and

mpera re measyrin mearl 15 1 ercoo
NS or  Tess; and a step ot St opping fhe supercodl

shat & R fraedre ¥hi Gl IR,RCEAMPLIRI LA H AhGe from
freezing chanber or the cooling chanber and placed in

the stperianplednst abethdyrdhigeatthye stppl gl tt@andtaer
having a tenperature |lower than the set tenperature
foee¢hind qed.nt30tha €ookorm fspeedphieseiviain dharetanged of -
according to claim29, characterized in that the food
P8O pf Exerifed 0i-35aC/ kF rlerthe soaei Afathenia%t ure zone
of -5C or less after the step of stopping the
supercool ed state. - 135

22. A refrigerator according to any of claims 1 to 21,
characterized in that the supercooled state is kept for at

least 5 seconds.

23. A refrigerator according to claim 12,
characterized in that when the foods are stored in the
supercooled state, the foods are cooled so that the
difference between the core temperature and the surface

temperature of the foods is within the range of 0°C to 10°C.

24. A refrigerator according to any of claims 1 to 5,
characterized in that the supercooling chamber or the
freezing chamber for keeping the food in the supercooled
state comprises an upper case and a lower case of a lower

case.

25. A refrigerator according to claim 24,

characterized in that a gap is formed between the upper case
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and the lower case.

26. A refrigerator according to claim 24,
characterized in that a member to suppress the fluctuation
of the air temperature in the lower case is disposed on the

bottom of the upper case.

27. A refrigerator according to any of claims 1 to 5,
characterized in that the supercooling chamber or the
freezing chamber for keeping the food in the supercooled
state comprises an upper case and an upper case of a lower

case.

28. A refrigerator according to any of claims 1 to 5,
characterized in that when the stored foods are placed in
the supercooled state, the position and the size of an
opening for taking in the cold air or a 1lid structure of the
freezing chamber or a vessel or a case constituting the
freezing chamber, are formed so as to make the unevenness of
air temperature in the cooling chamber or the freezing

chamber within 15°C or less.

29. A frozen food preservation method of a

refrigerator, which comprises a freezing chamber or a

cooling chamber for keeping an accommodated food in a
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supercooled state, in which the food is not frozen at a
temperature set from a freezing point to -15°C, by cold air
from a cooler and cold air adjustment means for changing the
temperature of the cold air which is blown into the freezing
chamber or the cooling chamber and circulates in the
freezing chamber or the cooling chamber, the frozen food
preservation method being characterized by comprising:

a step of accommodating the food in the freezing
chamber or the cooling chamber set to a temperature from the
freezing point to -15°C;

a step of performing adjustment by cold air adjustment
means so that the temperature in the freezing chamber or in
the cooling chamber become -5°C to -10°C or the air velocity
in the freezing chamber or 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 having a temperature lower than the set

temperature to the food.

30. A frozen food preservation method according to
claim 29, characterized in that the food is preserved in a
frozen state in a temperature zone of -5°C or less after the

step of stopping the supercooled state.
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