[ Name of Docunment] SPECIFICATION [Title of the

I nventi on] REFRI GERATI NG METHOD AND

REFRI GERATOR- FREEZER FOR FQOOD [ Techni cal Field] [0001]
The present invention relates to a refrigerating
method and a refrigerator-freezer for food utilizing a
refrigerating technol ogy. [Background Art] [0002]
There have been i ncreasing cases in which rice cooked
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{Technical Field]

(0001]

The present invention relates to a refrigerating method
and a refrigerator-freezer for food utilizing a
refrigerating technology.

[Background Art]

[0002]

There have been increasing cases in which rice cooked
at home is frozen at home in a refrigerator for household
use. Freshly steamed rice is said to be the most delicious,
but much time and labor are required to cook a necessary
amount. of rice when necessary.

Therefore, freezing and storage of cooked rice is
generally conducted as a simple and convenient storage
method similar to thermal insulation in a rice cooker.

(0003}

However, considering a case in which rice éooked in a
larger quantity is kept warm in a rice cooker and eaten
separately several times, the rice having been kept warm
might become yellow, dry and hard or begin to smell with
time, and it is therefore not possible to eat rice as

delicious as freshly steamed rice.



general ly conducted as a sinple and conveni ent storage
method simlar to thermal insulation in a rice cooker.
[ 0003] However, considering a case in which rice
cooked in a larger quantity is kept warmin a rice
cooker and eaten separately several tines, the rice
havi ng been kept warm m ght becone yell ow, dry and
hard or begin to snell with time, and it is therefore
not possible to eat rice as delicious as freshly

st eaned ri ce. Thus, in order to overcone the
above probdedsr Bor PEercovki hjedebpve hasbbews, a rice-
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eaten, when the rice is to be frozen at home, the rice is

left at a room temperature in order to remove residual heat

and then, frozen in a freezing compartment.

This is because warm food directly placed in the
freezing compartment might adversely affect frozen foods
already stored in the freezing compartment. However, to
cool down rice to room temperature before freezing requires
labor in that two steps are needed in the rice storage
process, and alsc it is not good for the guality of the rice.

In order to solve the above problems, a refrigerator
has been developed in which foods with residual heat are
placed in a space with a small capacity and target foods are
rapidly cooled (See Patent Document 2, for example) and a

refrigerator has been developed in which a cooling unit in

which warm food is to be placed is provided in a



In order to solve the above problens, a refrigerator
has been devel oped in which foods with residual heat
are placed in a space with a small capacity and target
foods are rapidly cooled (See Patent Docunent 2, for
exanple) and a refrigerator has been devel oped in
which a cooling unit in which warmfood is to be
placed is provided in a refrigerating conpartnent
(See Patent Document 3, for exanple). [0005]

refmjgerating| @@nmwrn@nbeéﬁe@oBR‘éantnDacuaﬁgér 3quanti ty
is to be frozen and stored, other than the required

exanpdy, there are many conplaints that the rice thawed
by a mi.crowave tends to be hard, dry, and not

del%%8dus. Thus, there are many proposals f or
SUppPr essi n deterloratlon of the fopd quality when |
 PaE s i GGt o i ceners 18 3 Terpfgertergty

i (Rar g pebarFor s Foted) sBFBGE hren Sﬁa FRetembor
i ce-crystal generati et _at 15

ene ot My 5HEL ShAFY ’E’Sa%u RS EdEe: hhevah $Vedbal to
nicidlfly® S Pt r?”]‘o@%?%do”d%g Ogggl ned \ggg?gélé% food is

amed natur a mcrowave 5atent

Dagl Herd OJr?eﬁ@%R% gplr%ﬁé‘galé‘ef%' Sufbi@s8ing

manu dcturlng oduci n roz rice

dety\ﬂf&ﬁa@&ﬁ!gﬁ tﬁetfaaargﬁagxtgt %R@ﬁd %@ ng %ﬂo%@n. For

rigerati ng process o i Ce, the tefperature
exaxﬁﬁ@%detﬁeféfi’sggrﬁéEE‘mﬁggﬁﬁéhﬁgnﬁ@%hbﬁ Rl Hot Hide38t ing

In atine urlng frozen rice does "not

proddg¥e@nghb8€ifi GRiER laet:boﬁ%gasgla@at #WH e and ¢ hen,
rapidly frozen again so as to refrigerate the rice

reql SegeFaiedt teCHARMuA, iber cexamrplie)yenklPatarn-Begurent

1] Japanese Unexam ned Patent Application Publication
pasNoge 200k 253338t ( pagesltoFR@. mihutes so that a quality
substantialiy equal to that before refrigeration is obtained
when the food is being thawed naturally or by a microwave
(See Patent Document 4, for example), and there is also a
manufacturing method for producing frozen rice in which
cooling is temporarily stopped during a rapid refrigerating
process of the rice, the temperature inside a refrigerating
compartment is rapidly raised within a time during which the
frozen rice does not thaw and the rice is left for a short
while and then, rapidly frozen again so as to refrigerate
the rice (See Patent Document 5, for example).

{Patent Document 1] Japanese Unexamined Patent

Application Publication No. 2005-253318 (page 1, Fig. 1}



[ Pat ent Docunent 2] Japanese Unexam ned Patent
Application Publication No. 2007-212053 (page 1, Fig.
1) [Patent Docunment 3] Japanese Unexan ned Patent
Application Publication No. 2005-226984 (page 1, Fig.
1) [Patent Docunent 4] Japanese Unexam ned Patent
Application Publication (Translation of PCT
Application) No. 9-500542 (page 1, Fig. 1)

[ Pat ent Docunent 5] Japanese Unexam ned Patent
Application Publication No. 5-23121 (page 1, Fig. 1)
[ DPsctosupecehehbe2 ] nvepbhnesr [Reebheredt @akensol ved

by the Invention]
Application Publication No. 2007-212053 (page 1, Fig. 1)

[Patent Document 3] Japanese Unexamined Patent
Application Publication No. 2005-226984 (page 1, Fig. 1)

[Patent Document 4] Japanese Unexamined Patent
Application Publication (Translation of PCT Application) No.
9-500542 (page 1, Fig. 1)

[Patent Document 5] Japanese Unexamined Patent
Application Publication No. 5-23121 (page 1, ¥ig. 1)
[Disclosure of the Invention)

[Problems to be Solved by the Invention]

[0006]

A rice cooker for keeping rice warm while storage odor
or yellowing 1s prevented is described in Patent Document 1,
but a storage period is not clearly referred to, and
considering characteristics of a general rice cooker,
storage for about a couple of days is assuned. Therefore,
even if rice can be stored in a state close to a freshly
steamed state, the storable period is extremely short and
does not achieve a level that a frequency of rice cooking is
reduced so as to alleviate a burden of housekeeping.

f0007)

A merit in freezing of rice having been cboked in a
larger quantity at home is that the rice can be stored for a

long time and moreover, both appearance and texture of the



[ 0006] A rice cooker for keeping rice warm while
storage odor or yellowing is prevented is described in
Pat ent Docunent 1, but a storage period is not clearly
referred to, and considering characteristics of a
general rice cooker, storage for about a couple of
days is assuned. Therefore, even if rice can be stored
in a state close to a freshly steaned state, the
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become dramatically better.

[0008]

As a method for improving eating quality of
refrigerated rice, Patent Document 3 describes a
refrigerator having a device capable of cooling at an
extremely low temperature during freezing, but the
refrigerator needs to use a device capable of cooling at an
extremely low temperature and becomes bulky and complicated
as a device for freezing extra rice at home.

[0009]

The present invention was made in order to solve the
above problems and provides a refrigerating method and a

refrigerator~freezer for food that can cool warm food such

as freshly steamed rice by cooling the warm food such as



refrigerated rice, Patent Docunent 3 describes a
refrigerator having a device capable of cooling at an
extrenely | ow tenperature during freezing, but the
refrigerator needs to use a device capable of cooling
at an extrenely |ow tenperature and becones bul ky and
conplicated as a device for freezing extra rice at
honme. [0009] The present invention was made in
order to solve the above problens and provides a
refrigerating nethod and a refrigerator-freezer for
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rice by cooling the warmfood such as freshly steaned
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ngggig or nore when the food tenperature is high, the
raprd éooling is stopped so as to decrease the cooling
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inveB@Q@n is, in a refrigerating method for refrigerating
food containing starch such as rice, carried out such that
rapid cooling is conducted at a cooling speed of 0.5°C /
minute or more when the food temperature is high, the rapid
cocling is stopped so as to decrease the cooling capacity
when a temperature on the food surface falls within a
temperature range of 40 to 1°C, and when the food
temperature reaches the vicinity of a freezing point
temperature after that, the cooling capacity is raised
within a range such that an air temperature around the food
does not fall to -15°C or below for rapid cooling, and after
rapid cooling is conducted again after a predetermined time
has elapsed, regular refrigeration is conducted.

[Advantages}

(0011}

The refrigérating method for refrigerating food



tenperature reaches the vicinity of a freezing point
tenperature after that, the cooling capacity is raised
within a range such that an air tenperature around the
food does not fall to -15C or bel ow for rapid cooling,
and after rapid cooling is conducted again after a
predeterm ned tine has el apsed, regular refrigeration
i s conducted. [Advantages] [0011] The refrigerating
neé hod for refrigerating food according to the
accordeat tPniRft PERSERE FHVSBFéPPu dératitng fFettHd@erating
refri eratln foog&contal |g%)starch such as rice,
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has butahsgh, quabulyrstefaggeirs tdom evwed;orahit i, t dChus,
fineness of the ice crystals and positions where the
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pronot ed when being warmed again in the case of foods
rice can be rapidly cooled without removing residual heat,
chemical change such as aging or breeding of bacteria
occurring at a temperature higher than a freezing
temperature of the food is suppressed, evaporation of
moisture contained in the food is restrained, and moreover,
since the food is frozen after supercooling, an internal
structure of the food is not destroyed by ice crYstals
generated by freezing but high~quality storage 1s achieved,
and due to fineness of the ice crystals and positions where

the ice crystals are generated, re-gelatinization is

promoted when being warmed again in the case of foods



contai ning starch such as rice, and an effect is
exerted that food quality close to that before
freezing can be maintained as conpared with
conventional thawed products after freezing. [Best
Mode for Carrying Qut the Invention] [0012] Enbodi nment
1 Fig. 1 is a schematic diagramillustrating a
di fference between a refrigerating nethod for
refrigerating food in Enbodinent 1 of the present
invention, particularly a refrigerating nethod for
conteéhrirgersatimg: rdwes; andriscgr iatd st sefedcigeratengrted
nmethod for rice, Fig. 2 is a graph illustrating the
thatt étgr eruafl irtivc e fooz e bhdthece Biré gered 1 gy nedihdok

~and Fig. 3 shows graphs illustrating tenperature
maindhdmgel whermomataared svfirlo zeom vin houta b upereod| pngdya) s
and with supercooling (b). The refrigerating

afteyetliifed zomsposed as Enbodi ment 1 of the present
invention is a refrigerating nethod suitable for

[Besfy Megend Frodd contad iy Starknvenehomk rice in a
state with good quality and particularly a
réPPitgérating nethod suitable for rice. Even for
foods ot her than those containing starch such as rice,
afmBPAeBE Lo L nprove the refrigerating quality of food

can be_ohtai ned. as | aon s the food is warm food. . The
¢ BR B gdr afi fig STACHIGH dnd SR ok | el 1 Hp 4 HtE ference

between a refrigerating method for refrigerating food in
Embodiment 1 of the present invention, particularly a
refrigerating method for refrigerating rice, and a prior art
refrigerating method for rice, Fig. 2 is a graph
illustrating the texture of rice frozen by the refrigerating
method, and Fig. 3 shows graphs illustrating temperature
change when water is frozen without supercooling (a) and
with supercooling (b).

The refrigerating method proposed as Eﬁbodiment 1 of
the present invention is a refrigerating method suitable for
freezing food containing starch such as rice in a state with
good quality and particularly a refrigerating method
suitable for rice.

Even for foods other than those containing starch such
as rice, an effect to improve the refrigerating quality of
food can be obtained as long as the food is warm food.

The refrigerating method and means for realizing that



wi |l be described below using rice as an exanpl e.
[0013] First, a difference between the
refrigerating nethod for refrigerating food in
Enbodi nent 1 of the present invention, particularly a
refrigerating nethod for refrigerating rice, and a
prior art refrigerating nethod for refrigerating rice
will be described using the schematic graph in Fig. 1.
In Fi 1, the vertical axis denotes a tenperature,
wilihbe| desenibasi Bedenorednpi macel apsed, exagwilied | ine
denotes food core tenperature, and a broken |line
deft®ed) food surface tenperature. [0014] (X) in
Fl . lindicates a tenperature change of rice in
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line denotes food core temperature, and a broken line
denotes food surface temperature.

[0014]

(X} in Fig. 1 indicates a temperature change of rice in
refrigeration by the prior-art refrigerating method.

In the prior-art refrigerating method, residual heat is
removed by leaving warm rice at room temperature before
refrigeration. Therefore, in a temperature range A,
chemical reactions leading to breeding of bacteria, changes
in the color and odor of the rice, and quality deterioration
relating to food quality can easily progress.

Also, when the rice remains in a femperature range B
for a long time, aging of starch causing the rice to become
hard, dry and separated can easily progress.

Also, at a regular freezing temperature as in a

temperature range of C, during a process in which freezing



starts at the surface and proceeds to conpl etion
t hrough a phase change, noisture is drawn to the
surface where freezing initially takes place during
the freezing process, and the noisture in rice grains
tends to escape easily, and noreover, since ice
crystals grow and becone | arge and needl e shaped, the
surface area where starch nol ecul es and wat er
nol ecul es are in contact with each other becones snal
during thaw ng, and re-gelatinization and a return to
starasseftt t$teatse)dfecemard fftatddds [018mpletiof YYhidugh a
Fig. 1 denotes a tenperature change of rice in the
phaseefdhiagersat imag stetrtod. ofdndven preese suwente omhere  In
the refrigerating nmethod of the present invention,
freegiimge ifridsid M\ sttesdssd wliaee chrr bey pllacetiréez tng process,
switching conpartnent for which a refrigerating
and ttdrgpecdtaing a dnye ican e vet fords apd cecompé nggsihe, and
chem cal reactions in the tenperature range A | eading
mor ey e sding ofchavtitial s chagexnd e drene ol argananddor
of the rice, and quality deterioration relating to
needlgo $hgpad 1 P e aippredsaiere stargly mghegpees and
tenperature range B, since rapid cooling is conducted
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rch can qi?gﬁgpressed. Al so, by freezing via a
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ORtaiRedrefrigerating method of the present invention,
since freshly steamed rice can be placed'in a swltching
compartment for which a refrigerating temperature range can
be set for rapid cooling, the chemical reactions in the
temperature range A leading to breeding of bacteria, changes
in the color and odor of the rice, and quality deterioration
relating to food quality can be suppressed.

Also, in the temperature range B, since rapid cooling
is conducted on the rice in an unfrozen state when the rice
is at a high temperature and in a phase change, the time in
this temperature range can be reduced, and aging of starch

can be suppressed.

Also, by freezing via a supercooled state as in the

....10_



[ 0016] A detailed cooling nethod in each cooling
process will be described for (Y) in Fig. 1. I n
the tenperature range A, the tenperature of freshly
steaned rice is as high as 60 to 90C, and the tine
needed for the rice core tenperature to cool down from
60C to 10Cis within 100 m nutes or preferably within
70 minutes for 1509 rice wapped in plastic wap. That
is, the cooling speed is 0.5C/ mnute or nore or
tempepepépabl ya0grCl, milmgee fdmenprae JOGIALs are Tanerated
tenperature range B is a tenperature range where aging
on phesyhpér ein tdgsidepn terogredsicand qefaraino e gijeface
from40C to a_tenperature at_conpletion of freezing or
aregr WRer goPy 2 FONTPEE N & fArde Nai¢ poiakecpleg taree In

freezing point -2C after. going through the phase
ConEﬁﬁﬁg@ugil 9t & 2LUPEr dSollEF Svatts Hidt Haitetd Bt 2

t he supercoaqling). Supposing that the tinme durin
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-2C s withi,n 600 mnutes for 150g.rice wa din
thal EehT 8V ag S0P ferdnpTe OIS GPErET Y Wit n 300

"1F§6f§ or still nore preferably within 100 m nutes,

a endehcy to suppress starch aging is found.

A detailed cooling method in each ccoling process will
be described for (Y) in Fig. 1.

In the temperature range A, the temperature of freshly
steamed rice is as high as 60 to 90°C, and the time needed
for the rice core temperature to cool down from 60°C to 10°C
is within 100 minutes or preferably within 70 minutes for
150g rice wrapped in plastic wrap. That is, the cooling
- speed is 0.5°C / minute or more or preferably 0.7°C / minute
Or more.

[0017]

The temperature range B is a temperature range where
aging of starch can easily progress and refers to a range
from 40°C to a temperature at completion of freezing or
preferably from 10°C to a freezing point -2°C (the freezing
point -2°C after going through the phase change via the
supercooled state and cancellation of the supercooling).

Supposing that the time during which the rice core

temperature changes from 10°C to -2°C is within 600 minutes

- 11 -~



By freezing via the supercool ed state in the region C
an effect to inprove the freezing quality can be
expected, and an effective effect can be obtained in
the freezing quality inprovenent if a degree of
supercooling (a tenperature difference between the
freezing point of the food and the tenperature reached
by supercooling) is 1C or nore, preferably 3C or nore,
or nore preferably 5C or nore. [0018] Fig. 2
shows a texture nmeasurenment result for rice. The term

Tfor "ithaxt uriele mesmspaly nami gl ahat acveapst Eos Eebhphbenmblie
food is nasticated. In the figure, the vertical axis

prefaquilcat esl thsco3f @ ypimhi¢e, tbe batétahoagi sprefdicebiegs

. hardness. If rice thawed after freezing is

witlpinpth Gl minwt posia i bendtnse to shaprees tkeshhyaging is
steaned rice in the figure, it can be considered that

fourrdyod quality close to that of freshly steaned rice can
be obtained in eating. The rice of the present
i AVerdties Wl ch-a Sheapisgr el el shdte bei Hee waeaiandC,
frozen via the supercool ed state (the degree of

an Gierodet | HEPTRVACLBE bt €7 LpiefBrabiy SehobenBrESCsed,
nor e nor e [otted at. a osition

and (b G R FEroF 1 et Gt sOBBREACH 6B EREnTERRE Pgr
rice of the prior-art refrigerating nmethod and shows a
e P36 FRTATRsth hhrGndset Sha gl SCOSFEgoa Blciidee to
temﬁgf%rﬂgg'dippégénce between the freezing point of the
food and the temperature reached by supercooling) is 1°C or
more, preferably 3°C or more, or more preferably 5°C or more.

[0018]

Fig. 2 shows a texture measurement result for rice.

The term "texture" means dynamic characteristics felt when
the food is masticated. In the figure, the vertical axis
indicates viscosity, while the lateral axis indicates
hardness.

If rice thawed after freezing is plotted at a position
close to that for freshly steamed rice in the figure, it can
be considered that food quality close to that of freshly
steamed rice can be obtained in eating.

The rice of the present invention which is rapidly
cooled while being warm and frozen via the supercocled state

(the degree of supercooling is 1°C or more, preferably 3°C

or more, or more preferably 5°C or more) is plotted at a

mlz...



Here, supercooling of water will be descri bed.
Fig. 3 shows graphs illustrating tenperature changes
when water is frozen wi thout supercooling (a) and with
supercooling (b). The vertical axis in the graph
i ndi cates tenperature, and the higher up the graph
tenperature is plotted, the higher the tenperature is.
The lateral axis indicates tinme, and a change with
time is indicated by an arrow direction. The
posgtipenceobedrstat éhvadf oy tiyeshtlenprieangd micavnilvin theat
substance starts freezing. That is, the supercool ed
forsrare P &hst &rdonramti o iHg ssiadsighaee irohand refxans a
at all thou%h it should start freezing at that
respdipbpatyPelbrbe rek@ss énd fe G @ i Aot Wt er
is.0C. The freezing point varies depending on the
steafphBfance, and it tends to be |ower than OC for foods
mﬁLg ﬁ'gh salt concentration or sugar content. [0020]
The"$ % rcool ed state and freezing via the supercool ed

ill be d ib i . il i
?nﬁ;iéﬁ“pfe %Pel?ﬁggi‘é%'gr ?gpi*%fggltr 3&@&3@9%52’%%? 2
. | .
LopE o o B MRRET 113 e R dn R 4 Wanges

whe?okgtcer. is f%tz%(%i &%%%ts%%?e%coéoglgiéiﬁ{ae)sgﬁne@lv§19th

rozen in the éend and can beco

supékEHHh@hPOQbBS r%%@ s %ﬁ¥c§fﬂ§§f§'§% gﬁgaﬁﬁéﬂﬂ”fﬁ&f%btes
may be p as

ovi ded as a change i n tenperature or

temEE¥§EE§E,SEh@u%%Q %%gher ufrn?ﬁiQ?%ﬁh@gtéﬁﬁb$§?§f@f$§d

y stimulation as above, but ne fromt

plosupar cegked ighatre e thed Aty .ef f4eezpig iscdtheyis
order of several seconds and instantaneous. However, a

indREAReE! t@ReQl ante of Py d RetENt@NROUSE Viddi ddee Ry tan
of the freezing is equivalent to several percents o

arrbhedipekeioand nore cooling time is required till 100%
of the water becones ice.

The supercooled state refers to a temperature at which
the substance starts freezing. That is, the supercooled
state is a state in which the substance is not frozen at all
though it should start freezing at that temperature. For
example, the freezing point of water is 0°C. The freezing
point varies depending on the substance, and it tends to be
lower than 0°C for foods with high salt concentration or
sugar content.

[0020]

The supercoocled state and freezing via the supercooled

state will be described in more detail using water as an

example. The supercocled state means a state of 100% water
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[ 0021] Here, a difference between regul ar
freezing and supercool ed freezing wll be descri bed.
First, the biggest difference between regular freezing
and supercool ed freezing is whether the supercool ed
state is entered or not. In the case of regular
freezing, if the freezing point is passed, the
freezing starts without the food entering the
supercool ed state. [0022] Anot her significant
di fference between regul ar freezing and supercool ed

whenfyeeerngsi sophedst avetothohghf dod Weewpeinaderiengalls
starts. Here, what phenomenon is occurring at the

unde%t%r?rowhﬂﬁéeéﬁnéhﬁnﬁﬁeﬁéléé%éKF@ﬁd using water in a
PET bottle as an exanple. In the case of regular
f"\lae*‘e%rﬂgn WhRnSEPeESPRGeSt AFREe WAt edSPnTERESw dinithy

q he RET bottl e sugface starts freezing, which
en %Pﬁinagn BGP™E dC4r e P RAMEH SHIMLiadd ars irompstiiigipd at

t f dth t hi ds t q
this Eg %ﬁ; @Egaﬁgaf“h@ %Plernlaé’e%feoféjﬁs{’lﬁﬁil C%e Zaxsg%g C%{aémom]rln
' | whi ch
tempé%g@ﬁpe ngggeg %%%%agr &QF@n i.ce nucleus in ich a

AlgPy certaln S|ze or

(L, F A0SR L08 S 581 R %%‘ésea%% Eaﬁftgp pRegbris;
but Eﬂétt9ﬁet@§8hcﬁh@ugh er%%%% % L g%artva%
ered oW ng

surface can e consi |ce isTgr

freel OMEr dsa 1HOEBEOBIH@%CBf'§e%%f%ﬂ'é@éd%d%t%%%

instantaneous. However, a proportion of ice frozen
instantaneously at the start of the freezing is equivalent
to several percents of the whole, and more cooling time is
required till 100% of the water becomes ice.

[0021]

Here, a difference between regular freezing and
supercooled freezing will be described. First, the biggest
difference between regular freezing and supercooled freezing
is whether the supercooled state is entered or not. In the
case of reqgular freezing, if the freezing point is passed,
the freezing starts without the food entering the
supercooled state.

{0022]

Another significant difference between regular freezing
and supercooled freezing is the state of the food when

freezing starts. Here, what phenomenon is occurring at the

- 14 -



On the other hand, in the case of supercool ed
freezing, if freezing starts, ice nuclei are forned
uni formy throughout the entire PET bottle. Since ice
grows everywhere both inside and on the surface of the
PET bottle, ice does not growin a certain direction.
The di fference between regular freezing and
supercool ed freezing after freezing has been conpleted
is that large needle-like ice crystals are forned
Stath@F df¥aezingi delirbom dhecsibrdcesingt Weteasénok PET
egul ar freezin while small grain-like ice crystals
bOt%}% %ﬁl%%rﬁ¥?mpg?nedlﬁnthﬁec§§ﬁfQéereﬁﬁdaﬁn§¢@@ﬂhﬁQJuwhen
case of supercool ed freezing. [0024] in the
fre%%ﬂs%g of tREpFd VREREI AB, ttlﬁevéf:épétdf Otfh§hﬁ06’§TaPPértle
£ gg has _been, conpleted is simlar to that in the
sur %%% % tEauFJa?eFteaz. HE1FRoRTERESY FERAPSI At StR&E dét rhich
cair I|ed to t sur f ce for quick free2|n ,
enif feg 150 %ﬂﬁer%u'ﬁﬁ oftefeleufpatdors il iy s
rts ur.f ace.

tee REVESs L0GrrReFBhcanBerRednt Apra Trae ing FRgen in the

endlegular freezing is that since, in a rapid freezing,
cooling toward the inside progresses at high speed,
thﬁ}ZEﬁ nucl ei can be easily fornmed in the inside as
as on the surface, as conpared with regular

f ez, and-d %{f&‘v‘u &ea%b.(ﬁ&aéﬁ 8LE PRE1LOE™RE A%l 4

the case of regu reezin
water molecule forms a cluster of a certain size or more,

and ice nucleation occurs at the start of freezing.
Therefore, in the case of regular freezing, most of the ice
nuclei have been formed on the surface, and it can be
considered that ice is growing toward a portion which is in
a liquid state.

On the other hand, in the case of supercooled freezing,
if freezing starts, ice nuclei are formed uniformly
throughout the entire PET bottle. Since ice grows
everywhere both inside and on the surface of the PET bottle,
ice does not grow in a certain direction.

| The difference between reqular freezing and supercooled
freezing after freezing has been completed is that large
needle~like ice crystals are formed toward the inside from
the surface in the case of regular freezing, while small

grain-~like ice crystals are uniformly formed on the surface

_15_..



[ 0025] Consi dering food refrigeration, the size
and shape of ice crystals after freezing has been
conpl eted have a big influence on food quality when
the food is thawed. Since nost food is constituted by
cells, proteins, carbohydrates and the |ike, once the
structure is destroyed by ice crystals, it is not
fully recoverable in many cases. Therefore, it
can be said that refrigeration wth good quality is
realized if the size and shape of ice crystals forned
and gpFidg LheEkPngads At sHpstEoy leke fgeiegilmal- structure
of the food. [0026] Wth regard to rice, in the
cHE& DY freezing via the supercool ed state, since fine
ice crystals are forped at .the center of rice grain

dht ¥Pe fhotee ??5%aﬂfbga%%§uﬁﬁﬂeﬁﬁﬁﬂ'tEBESEFPE e@érzge
coodSTERHEEERATRL RS SR e e e L,
the BR8eroboraaNipd 312% B ROpR thnI TRIPYG Wy cold
oie ETBPRAYRL Q5001 OO RS L GLAR L ARELCO I cn

tempé&é&ﬁgga%”%%f s%trgraf%% BEOR DI .zE'?,q%rrt fagr $nd r}féehel-ezéicpg

case super cool e reezi ng, I Cce, super coo

+arbla d cancel led i medi ately so that the
° arr%céﬁcgﬁgbgu%gﬁgg frozen. [0027] Subsequently, a

SHEMNEL & € §ngif@ekéﬁheoée@wé@£r&ag&at@&ég&Qﬁeegnhor
carrying out the refrigerating nethod 1 n Enbodi nent

requ@brt Be-BLESGNt o BYQM isaR W | |i b6 degard bedd N et aldoling

toward the inside progresses at high speed, the ice nuclei

can be easily formed in the inside as well as on the surface,

as compared with regular freezing, and large 1lce crystals

are not formed as in the case of regular freezing.

[0025]

Considering food refrigeration, the size and shape of
ice crystals after freezing has been completed have a big
influence on food quality when the food is thawed. Since
most food is constituted by cells, proteins, carbohydrates
and the like, once the structure is destroyed by ice
crystals, it is not fully recoverable in many cases.

Therefore, it can be said that refrigeration with good
quality is realized if the size and shape of ice crystals
formed during freezing do not destroy the original structure

of the food.
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Fig. 4 is a side sectional view of the
refrigerator-freezer for carrying out the
refrigerating nethod, Fig. 5 is a side sectional view
showi ng a swi tching conpartnent of the
refrigerator-freezer for carrying out the
refrigerating nmethod, Fig. 6 is an expl oded
perspective view of an infrared sensor of the

re%ﬂi rator-freezer for carrying out the
re zggrating method, Fig. 7 is a graph show ng

dir.egtivi i St f the inf d.
L AL B P HEL ot T carrsi Rh bhrcehas via Bhe
' ' : ig,. 8. i ti qnal vj
oupFIELPEARLIRTEL, Ry SohoshaRLdl Ss 0thtl S ene

centé& r&gefﬂ':gr%;ggﬁ%egnf gBeC%EX‘er)g iq‘,Utcatnh%e assumed that
net hod, Fig. W

refrigeratin I'S a perspective vie

thel élllf@&{*@téf'@aht HRePET %EQ?EK aElécﬁﬁ'é%O%P'Hfhw;c&ing molecules

portion of the swtching conmpartnent o
arel £l r(b(gl@fé’&_@rdﬁf?ﬁéeﬁhégﬁnﬁaﬁ_%y'lﬁgg%l;'t ke re-
refrigerating nethod, and Fig. 10is a perspective

CgelyteMi Rt USEr hHNE ReSWhCRbNG Gase Ghatthe are easy.
refrigerator-freezer for carrying out the

r effd gaipadiddig red hoghtd 0028 be kepHs shawaniiB Fhed Aay
a food storage conpartnment of the refrigerator-freezer
remd o cafryieag withbhe eehrkegenatong ofetsh@@riddoling, but in
Enbodi ment 1 of the present invention is mainly
the comnstidfit etdcby afrefrigedat thg cafparztrentat@®) aging of
arranged at an uppernost part and provided with an
stapperpngofessesi ngTHeoe foaeswitc liheg caempartt nemte 1200 1ed
arranged below the refrigerating conpartnent 100 and
fregrbvy detl with, atbeasepedoor ledpalilad ecofneswdst dhui g from
a freezing tenperature range (-18C) to tenperature
cangghifed tuepdbstedr pgerhritnghevedetalags becHiulllad, frozen.
soft freezing (-7C) and the |ike, an ice-nmaking
c ‘tlrent 500 arranged side by side to the switching
conmpartnent 200 and provided with a di sk drawer door,
a AEFR B Bonpars Henetene arfargedrat &%l éwer nost
and pfovided with a drawer door, and a freezing

t
rEfiﬁgﬁﬁﬁ?%ﬁh rﬁ%éeérﬁaﬁg%&fﬁéﬁﬁéeﬁuﬁhéhﬁédéﬁ%w§§ratlng
t t .300 t it chi t t 2
et T2 ERRRA T BEn ki G CORpREARENE SO0 i Bt o dedbe
desg@%$%§é$%?¥§gaggor. On the door surface of the

r'e hpartment 100, an operation panel 10

far. adjusting a setting.of each compartnent .is

POV deh i SHOT He BabR P Ec L SHGH oF Mg e T gerator-
£ i Lpg,§ . trol ler 16, is., g
e o e B T e B T R g S L

a sfclié’sé.:é‘cgtﬂgnéédéﬂ@%r Sﬁgwtj.pkgf laa h&%%%}?“[:c% ardment of the

t enperature detector I nst ed at eac artnent 1Is

ref2djasl€gr 1 &é@%%g@@@r %E&E:%i%l%e%ﬁtteﬁth%”dre%eﬁic}&%éﬁt%g

oper ati on panel he "swi t chi ng conpart nen

met1?&9), andyt he {5egRi BYULERRRAN LIBRRLAWA R Hi8 of an |
refrigerator-freezer are spaces in which rapid cooling
infedtk G UPei 60 bRJLRONtEDL 1368 aRRSSIMR zer for carrying out

the refrigerating method, Fig. 7 is a graph showing
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[ 00291 As shown in Fig. 5, on the front side of
a ceiling in the swtching conpartnent 200, a
thernopile 2, which is an infrared sensor for sensing
a tenperature of a placed food such as rice, is
nount ed. Al so, at an upper part on the back face side
of the switching conpartnent 200, a therm stor for
detecting an air tenperature inside the swtching
conpartment 200 is nmounted. This thernopile 2 is
~ provided to be rotated by 90 degrees or nore using a
diregbint tgcperartas igtdpisndlfe tde tindirared emperaat urle Wie
the food stored at any position in a swtching case
refragerabprairnedzen fhE S@FEaRngg codnpdre mefir iIZ00 addimabe
detected. The thernopile 2 may be provided to be
methpgy afé@-bf 1802d6dE8e s i 1oRa Ihoricroritldiv sditaddmioi-he
. _using the nmounting point as a spindle so that
SWltFBﬁﬁ@rSPﬁPéréﬁepﬁeOﬁo&@esﬁ@@éi%%¥%%%F7§£ﬂ%ﬁ%ﬁ1§QFthe

itchin n .
carr%@%gcoutgt %S%e%%%g%%atq%gdikﬁﬁﬁﬁgi ig. 9 is a

perspective view 1llustrating the periphery of a sensor
mounting portion of the switching compartment of the
refrigerator-freezer for carrying out the refrigerating
method, and Fig. 10 is a perspective view illustrating a
switching case of the refrigerator-freezer for carrying out
the refrigerating method.

[0028]

As shown in Fig. 4, a food storage compartment of the
refrigerator-freezer for carrying out the refrigerating
method in Embodiment 1 of the present invention is mainly
constituted by a refrigerating compartment 100 arranged at
an uppermost part and provided with an opening / closing
door, a switching compartment 200 arranged below the
refrigerating compartment 100 and provided with a drawer
door capable of switching from a freezing temperature range
(-18°C) to temperature ranges such as refrigerating,
vagetables, chilled, soft freezing (-7°C) and the like, an
ice-making compartment 500 arranged side by side to the
switching compartment 200 and provided with a disk drawer

door, a vegetable compartment 300 arranged at a lowermost

_..18__



The air tenperature detected by the therm stor 3 is
used for danper control for keeping the tenperature of
the switching conpartnent 200 at a set tenperature,
and if the detected tenperature of the thermstor 3 is
hi gher than the set tenperature, the danper, which
Wi Il be described later, is opened so as to feed cold
air into the switching conpartnent 200, while if it is
| ower than the set tenperature, the danper is closed
Paf%oa%% REOBERGBNYLIERI @ HFRYWER FORXY BBt Be fEREEdRNg
nEart 5 200. L gog Subsequent |y, the
comreTEH | 409 9F FROGE §EP’PBBdtPﬁ‘ a@asitﬁb &f EPFPRG Htent
the nopi | e

300 2408, t8s oSy RGCR Bt GOUREERBBRA GPE RS BB FEUEEE By

mak {7 SRS FeRERE| KB E aegsPﬁa"é?e'fiwaﬁﬁtﬁf R ErorEa 1 o
it hgetr ?%Opoﬁ ST EOLEL oL e BRe e RO BoRE 2L B

100 LRI H00: SEEL AT LihEY LDE PRV ARRCARTY Thrkng it acn

comﬁ@ﬁﬁrﬁ@ng’?’lgop%{fﬁ?ﬁeaheaﬂa' ¥hLNgnEDHAL 3% A S [E%i{éh%df 14,

fixed and which has mnndom1port|on coverin

ref FDYabl €; €8SEBFpattment 10dhe tE%HE%'l'l%rZ 1ERASULSS, yided

tenperature using an nfrafed ray froma target and

for hasn €& ecihenal c@ﬁgfagg@w 8hiCep@s i $oYN d1p Fingr of I
sensi ng. her ef ore, - 1n order to I Mprove sensi ng

dam@EEe U @Cyh oF &hﬁehﬁékﬁﬁﬁkbeo% al kel eriRante e tGat ch
the target to be neasured at the center of the sensor

ins@sl et ha@SepoRstbhparthust ik bsljeerkigueed suchkriidatrure
the thernopile 2 is noved so as to position the target
opertotdd aedsseedbat thheopeptefion panel 10.

The switching compartment 200 and the freezing
compartment 400 of the refrigerator-freezer are spaces in
which rapid cooling and supercooling control are possible.

[0029]

As shown in Fié. 5, on the front side of a ceiling in
the switching compartment 206, a thermopile 2, which is an
infrared sensor for sensing a temperature of a placed food
such as rice, is mounted.

Also, at an upper part on the back face side of the
switching compartment 200, a thermistor for detecting an air
temperature inside the switching compartment 200 is mounted.

This thermopile 2 is provided to be rotated by 90

degrees or more using a mounting point as a spindle so that
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[ 0031] As the driving notor 32, a stepping notor
capabl e of position detection at rotation is suitable.
However, if the notor is to be operated in an
environnent in the refrigerator or particularly in a
freezing tenperature range, gelation due to inflow of
hum dity in opening / closing of a door of the
refrigerator should be considered. Thus, in
order to ensure a certain degree of a rotation output
torque, a gear speed-reduction nechani sm may be
a teppevidedebetfwddre dvcsutyputreshaftt aofy tdves drios nigh not or
. 32 and the novabl e casing 31. Al'so, in order to
switelgrgaicrss Faill gogtdueam iy ddte forinmth oy orontpver tment
t hernopi | e substrate 30, a double structure is
200 grgvigedeteciacoh tHhe thermsiile subwty e B vigled to be
covered by the novabl e casing 31, and the novable
rotatgdi Ry 30 deasierinedver Pz aHe ¥ | dete a8 G othe
S to ensure reliabilijty. The casings 31, 32 ma
mounfdng BRI @ Syéh PN HAST Ut driEICT BT T viHRioWpod
partion of the f.ixed casing 33 receiving the infrared
storBgl S A Ry o avor Gt B o VG 1 SR s B
il icon and pol yethyl ene which can easily transmt the
dete%ﬁ?ﬁared ray. [0032]

The air temperature detected by the thermistor 3 is
used for damper control for keeping the temperature of the
switching compartment 200 at a set temperature, and if the
detected temperature of the thermistor 3 is higher than the
set temperature, the damper, which will be described later,
is opened so as to feed cold air into the switching
compartment 200, while if it is lower than the set
temperature, the damper is closed sc as to prevent cold air
inflow into the switching compartment 200.

[0030]

Subsequently, the thermopile 2 will be described in
detail referring to Figs. 6 to 9.

As shown in Fig. 6, the thermopile 2 for sensing the
food temperature.is constituted by a thermopile substrate 30,
which is an infrared sensor main body, a movable casing 31
to which the thermopile substrate 30 is integrally mounted
and which protects the thermopile substrate 30, a driving

motor 32 for rotating and driving the movable casing 31 to
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Fig. 8 shows a nounting position of the thernopile on
the switching conpartnent, and Fig. 9 shows a detailed
structure of the nounting position of the thernopile.
The thernopile 2 configured as above is installed on
the ceiling above the sw tching conpartnent 200, which
is a conpartnent to be neasured. That is
because, if there is the swtching case 201 or the
like for storing food at least in the swtching
whigonpae t earneodl e oshles seased 3Py ishacuhdenppiang 2, fiiheed
food itself can not be sensed unless the thernopile is
casinstaf | e whove the feiyghndomothe SWi tehimegndase a20ll fixed
Al so, interference by food or a human hand with a
and ehahi B par viBROW PO REL AR FPRG B0t hg2 e e |daesng
31 of the thernopile 2 during the door opening / closing
'operation and food placenent beconmes a factor to cause
conform t Thus, as shown in Figs. 8

33
a 4, tfterré“?@eed %a{%‘? BYS Femﬂ@rﬁﬁarﬁoﬁﬁpagzapsmfrared

t ed crew 3 a sens nmber 205
ray (P G o SRE R shRsr ERGACRATT R e s s as
th I f th t chi
Sh‘”?ﬁnﬁg%%ﬂf B S8 ER e o TN SIS e

il N f bl i
[ oS! 1 el 108 #r%ﬁrc%ﬁ.gtﬁ%%ﬁ;%nércﬁe%%gcéf! ghe
theﬂgf?o lgnfanfedlsTbﬁ eag %Eg%tct@% Smal tato be

t get eco

ance between ta € sensor

neadi€eqOLE aqaae&ﬁgs%f' Enks s3hRes ass';w% hy, gﬂ) Jl%olde.

inthe viewfie area becones high, nor e
Thu@haf@eléh@&nfb&u%@&ggﬁcﬁoggakstB%a%%@rh%ﬁifg'ﬁ“ﬁé) moved
anot her food iS snmal herefore, i n the case

so of &heds Menbn1pha M@kg@tmﬁbnon%@a%%ﬁ@%“#ﬁﬂ%ﬂé)éghter
usual I'y placed in the front portion of the swtching

case 01, for exanple, as shown in Fig. 8, the

thernopile 2 is installed on the ceiling of the front

parst itare afr ishengwid et Y2 cases2@ppsagasotorr eabakeed ot

system configuration resistant agai nst disturbance.
position detection at rotation is suitablie. However, if the
motor is to be operated in an environment in the
refrigerator or particularly in a freezing temperature range,
gelation due to inflow of humidity in opening / closing of a
door of the refrigerator should be considered.

Thus, in order to ensure a certain degree of a rotation
output torque, a gear speed-reduction mechanism may be
provided between an output shaft of the driving motor 32 and
the movable casing 31.

Also, 1in order to restrain a failure due to frost

formation on the thermopile substrate 30, a double structure
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[ 0034] Subsequently, a structure of the
switching conpartnent of the refrigerator-freezer for
carrying out the refrigerating nethod of Enbodi nent 1
of the present invention will be described referring
to Figs. 8 and 10. The switching conpartnment 200 is
presunmed to accommopdate the switching case 201
As shown in Figs. 8 and 10, a front col d-air bl owout
port 4 for actively feeding cold air to the front side
of the switching case 201 is provided on the front
is psbdedeli tike weaidh ngheoft Haen o tec s 1ease 20,1 ANth@ered
rear cold-air blowout port 5 for actively feeding cold
by taermbeabhe rearirgj da ,ofariche Iswintahilig: casei P31 Sis
provided on the rear side of the ceiling of the
furtbeirt chivieg ecopartireeti x2@0.casing 3hesd raonttoc adrtkat &
bl owout port 4 communicates with a front danper 7
relippbéviided on the back face side of the swtching
conpartment 200 through an air trunk 6 provided on the
cEinti agsonoshe lswidtchptgbeompaiet méntz 280erAlsplastie c
rear cold-air blowout port 5 conmmunicates with a rear
mategagper PO tpridve deddsw tiee taek dhaddisitiecast adwing 33
swi.tching conpartnent 200 through an air trunk 8
recedyvd g &dCatl v aksise e dyarits ¢Fr & e adnh ¥ o Ry achsey 201,
The _front danper 7 and the danper 9 are connected to a
mategdpd. FUYChdRar 8 triEee @Rt Rhgihy fopssihich can easily

transmit the infrared ray.

[0032]

Fig. 8 shows a mounting position of the thermopile on
the switching compartment, and Fig. 9 shows a detailed
structure of the mounting position of the thermopile.

The thermopile 2 configured as above is installed on
‘the ceiling above the switching compartment 200, which is a
compartment tfo be measured.

That is because, if there is the switching case 201 or
the like for storing food at least in the switching
compartment 200 to be sensed by the thermopile 2, the food
itself can not be sensed unless the thermopile is installed
above the height of the switching case 201.

Also, interference by food or a human hand with a
mechanism portion of the driving motor 32 or the like of the
thermopile 2 during the door opening / closing operation and

food placement becomes a factor to cause nonconformity.
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The front cold-air blowout port 4 and the rear
cold-air blowout port 5 are provided so that the cold
air can be fed in a concentrated manner as shown by an
arrow according to a position where the food is
pl aced, and as shown in Fig. 10, the placed food can
be rapidly cooled. At what spot in a place fromthe
front side to the rear side the food is placed is
detected by noving the thernopile 2 provided on the
froM3Xi de of the ceiling of the smntchlng conpar t ment
200. [0036] As shown in Fi the thernopile 2
i STHYst 9 ethom tHe FEont 8i a@dog:thhecéwrﬁﬁgCéﬁlﬂﬁew of
swi tching_conpartnent 200 and the therm stor 3 for
thed%?%é‘f‘?%l%nz at# PeRpELat ive 3 FCERY S ¢hith§ SEvaiber

is installed on the back face side of the

mougmghﬁﬂﬁ@b%nﬁaﬁt RERT 1966 Yittle & A58 S Sffer @B oife 2

m?hgh#gg%n%g c%ﬁt%ﬁ's%&mb&f@%%ﬁt idd B P v tehing
ch| ment 20 or the like, it is detected
com%ar g™ h ng €2°§hd “trie front danper 7 of the

| Vec‘%l? dfli Cgr}\cgﬁ\ﬁyingo{a{bﬁ 8:10 S%h%.% to?).ifleet h’ze is

alr ron

preggﬁgﬁiﬁt he:RB %5!%55%9 %'fd xseg&%' S%r '»Jh q;n d%r?%tr%j

ernD the ern1s or 3 or

accﬁpgcgh?g nP?' bﬁe%nﬁﬁgc% et Iﬁ%remr%ta%rorfg @and-ghe fearsna11er

rr-9o0 rear col'd-air blowout port 5 is opened

a d§§t§§cé°bé€kb¥ﬁ'¥a&%%@ tfhe Lt alde A8 NEafoRd de. the
[ 0037] nment’i oned above, since uneven

moréeaaeﬁﬁwgsou@ tRe s gWisti el GoRar thEenth 208 saused-hy
pl acenent of the food or the |ike can be detected by

viewheither pepkl Be2odld hhght, herm stdfecvand 4 hen4otd @hdt
can be allocated, useless

the target food is placed in a blind of another food is

smaller.

Therefore, in the case of Embodiment 1 in which warm
food is assumed to be usually placed in the front portion of
the switching case 201, for example, as shown in Fig. 8, the
thermopile 2 is installed on the ceiling of the front
portion of the switching case 201 so as to realize a system
configuration resistant against disturbance.

{0034]

Subsequently, a structure of the switching compartment
0f the refrigerator-freezer for carrying out the

refrigerating method of Embodiment 1 of the present

invention will be described referring to Figs. 8 and 10.
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overcooling in the switching conpartnent 200 can be
prevented or the I|ike. Also, if the thernopile 2
is not provided, there can be a case in which, though
the cooling in the switching conpartnment 200 i s not
sufficient partially, the cold air blown out fromthe
rear cold-air blowout port 5 is shut off by the food
pl aced on the rear side or the |ike and brought toward
the rear side, and only the periphery of the
therm stor controlling the inside tenperature |locally
r'dagheeltchisdetenpinédesét 208nper atresenand tche danper
is closed, by which supply of the cold air is stopped
accogpoghgel ithe, sMwevamy idfastehe Glhernopile 2 is provi ded
in this case, since the tenperature of the food placed
tdSt BROFROAR SiLEE-0f £RE ke d §oemewWso ladid &5lqvtp of
t he danper or stop of the cold-air supply can be,
portpfefent 8¢l idd Yo é%qqs@gpéﬁl& e & and energyt satdnget
per.f or tance can be i nproved. realizing such
the §pdichgag &%S&&Oﬁollrggfp%Wé%%ﬂ cPf};\i"rE%‘?/e Vet rstfe of the

cot15R0GE, 1993 8,080, I can i CO0Lel L2 conrairone
Lo AL 8 SO P LR RP ML T 5 ol o
st PSS RSN, P DI 00% PR LLESN, 1008 Loar sice
of VB SR TS Sl P 00 4 A0, o 000

The front cold-ailr blowout port 4 communicates with a
front damper 7 provided on the back face side of the
switching compartment 200 through an air trunk 6 provided on
the ceiling of the switching compartment 200. Also, the
rear cold-air blowout port 5 communicates with a rear damper
9 provided on the back face side of the switching
compartment 200 through an air trunk 8 provided at an upper
part of the switching case 201. The front damper 7 and the
damper 9 are connected to a cold—-air draft trunk (not shown).

[0035]

The front cold-air blowout port 4 and the rear cold-air
blowoult port 5 are provided so that the cold air can be fed
in a concentrated manner as shown by an arrow according to a
position where the food is placed, and as shown in Fig. 10,
the placed food can be rapidly cocled. At what spot in a

place from the front side to the rear side the food is
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In the refrigerating nmethod proposed in the present
invention, it is necessary that both the rapid cooling
and supercool ed refrigerating should be present, but
they are contradicting cooling nmethods. Therefore,
control needs to be switched to an environnment where
coexi stence is possible at an appropriate tim ng.
In order to bring foods into a supercool ed state,
cooling by a cooling capacity in a certain range is
plagedded. dFhestadahy mhatingf thke toeoiony leagaginoy ifded on
cooling the food is too weak or too strong, the
thegfipertodlied sfatbei sepddingr odghtcalsouitt Brinctheompartnent
supercool ed state is cancell ed soon. [0039]
200Referring to a tenperature history when food is
cool ed, cooling capacity at tenperature obviously
hiE#%%ékhan the freezing point of the food does not
give artjcular ipfluence in formng a suypercqql ed
SEAT choum 18 B ob FRet heeranperat G dsi 4 ﬁitgﬁﬁred on
than_the. freezing point of the food hy several C (2 to
the o PPOp} PELaE B el el ReTedde Ry Chpaciir okt dayt trent
e , 3 hat i t he .col d-ai r bl omut t.o the foo .
2002%? agggngé gh 8%85 ?egpga%ﬁggptlng 05 (S gt ure in
poi j ar.i p [ fo t it i,s in.a .
thePREEh iy ELERLEEPERE 18 MRk a2 Y His R Fo siae
I LE4 j.N r I ts
o O 45 SNaabnk g be URT. 290, B L 3 Sl ke on
theDERUARL o1 BEOLLhe Sue GaCked nal ala BU wonsidlerd ngye
the food cooling by blowi ng out |owtenperature cold
frofkrsilibe: HoodeSULiacs iSigde Meulxh1be, £ razen i fistng
since the cooling speed’is faster there, or even
comphotghnt heosuper ¢oel ad kst atie iis aghiavedi ¥hehe
supercooling is cancelled before the center portion
thebecpies Pnahhetsupereoel ednpleat €, AMdHa thist C@SRi-air
~the center portion is frozen w thout going through the
blosouperpookted stabvecard Brough teancedilwadiwnfodfd theld air to
supercooling in a state with a high supercooling
ther faghedsteéppewatiieeif the Thepefrorteyrd romworider tenr side is
realize a stable supercooled state for the entire
rai$edd, iunevedetempedabyr ¢hvettheamdriiel  cbd swrflace si de
and the center portion needs to be made small, and as
CheynppEabd3f o beabiotibnghehdhe ridee idoo| 4 rand pided Wrethiestor
food surface can be suppressed, that is, the cold-air
3 apflohbat reart Herpedd 9s arlf dbe cambheTrkbtaial fetowout port 5
. However, if the tenperature difference between the
15 ppBpedurPadé $Pdécandetie feast dhparaidmhi gherthhanear
the freezing point of the food by several C (2 to 3C,
for exanple), cooling does not necessarily have to be

m%{%‘ﬁd if the tenperature

As mentioned above, since uneven temperature in the

sid

switching compartment 200 caused by placement of the food or
the like can be detected by the thermopile 2 and the

thermistor 3 and the cold air can be allocated, useless
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di fference between the food surface side and the
center portion is within 3C, preferably within 2C, or
nore preferably within 1C. [ 0040] Subsequent |y,
the refrigerating nmethod of Enbodi nent 1 of the
present invention will be described referring to the
flowhart in Fig. 11. First, when food is
placed in the front, for exanple, of the swtching
case 201 in the switching conmpartnment 220 (Step Si)
and the drawer door is closed, refrigerating control
overfppdlhiegcant tole e ikeHisos tamiet e 52) , can dhange
anmount of a detected tenperature by the thernopile 2
previesteal cul ahed 1(1Steep S3), and if the cal cul ated
detected tenperature is a high tenperature, which is
higrer tHahhaothelmperiper &t dse nESt e Bd)ded haHamwntcan be
and rear two danpers 7, 9 are opened so as to bl ow out
a Cagel dnaiih ifchomtisaidty drite culaliaigd It oWerit spbchinand
the rear cold-air blowout port 5 and start rapid .
compggamiead Sep ssset suffichmnihgrawliiabhperbiereohérair
nmeans a usually accepted roomtenperature of 15 to

blowgseuts GOk aMl & cadh Pl i Pk aipet aedre etership off
my o e e DL P L 2
cowall (hes ragt o ol (A 190, 509 BRRREEY Hor 81Cor
chonfiR BT LA G le TROUE, UodBLEs e 1 I0BR, 000
reaQQQ%r%P%Hé%é%é¥%%%ﬂﬁf ég t§%£§éfature and the damper is
closed, by which supply of the cold air is stopped or the
like. However, if the thermopile 2 is provided in this case,
since the temperature of the food placed to the front side

or the like is known, and closing of the damper or stop of
the cold-air supply can be prevented, and cooling

performance and energy saving performance can be improved.

By realizing such distribution control of the cold air,
even if the placed food is warm, it can be cooled in a
concentrated manner. Thus, the temperature of the food
around it is not extremely raiséd, which is hygienic and
convenient. Even in an environment where a distance between
a warm food and a frozen food is small, and the temperature
of the frozen food is raised more easily, a bad influence on
the foods arcund it can be minimized.

[0038)
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preferably 25 to 3C, or nore preferably 10 to 5C (Step
S6), the rapid cooling is stopped, and supercooling is
started (Step S7). In this supercooling, the
cool i ng capacity needs to be weakened, and in order to
stop the rapid cooling at the predeterm ned
tenperature, the controller 16, first, closes the
front danper 7 and the rear danper for controlling
cold-air supply into the switching conpartnent 220
(SteptByayeoigerabistopeshppl proposhd dol dhai prisemt
. the front and rear cold-air blowut ports 4, 5 and to
Invaesken. cdsl iAgnereskarvoddat] Ged]) the rawicch gayekrds tand
a tenperature at which a process to restrain supply of
Supespaggﬁﬁi, rgharégeratang sdouddhde srasmtsupsrieddighgre
control so as to uniformze uneven tenperature, it is
conbrpgdifEdBYs PP LERGt "EREOCSod dhersde teenpEtHiife Heedp to
b to.%C gr_ferablg 25 to 3C, %r nore preferably 10 to .
© BEITGREY £Or RE PRPIACOGETIE NS SSIGSTed tnGe "1s possible
v tengerature hi gher .,than the predeterm ned tenperature,
2t PRerBPFSPRE2LPoLIM Bt h the supercool ed freezing, but
the effect to suppress hacteria_breeding, .effect to
 subprendEh g B ERG R ar F Bl D o SR s P RRe B R
oratio .t he rapi oql i ng are. r.educed. Al so
coofXABPEY! 5 EoRlihy” cERBd sid e S e (TRdiedden.
th e.predet-et i n t r re..dt e f_bri
Thlgbggﬁhghgﬁggpgﬁfcgg:eegt%gtlg@es| &Jc%ecqttﬁ}e %Ogdﬁgdé%%? %(ge&kpg tood
: Lgh 0 y el X xR L f i form zing
e R e ent coerarard Aerai vttt n e
brohEK@'Xbbﬂ%tp&h%h%yg%b@¥édﬁiéﬁz§ﬁ%ﬂgQHE LEEOIB ed s00n.
shal  ow, which elimnates or reduces the effect to
i npooye)freezing quality by freezing via the
supercool i ng. [0042] After the supercooling is
stretedrimbenot herdapeehedrbenperatyl e tMad is cooled,
thernopile 2 reaches the predeterm ned tenperature
coohiigherabhan tiyhe tf reagidic thaientodwi. dE. wilcighidy ©at hEhe
freezing point of the food-by several C (2 to 3C, for
freexanpl epi(bt e Ehlke) foidhe doery nald eyidd Dpednstidel £ ont
or the rear or both the front and rear danpers 7, 9 so
infasenoeenhafoenting cociipey cadasl tat St ep 57¢).

However, if the temperature is higher than the freezing
point of the food by several °C (2 to 3°C, for example), the
cooling capacity needs to be weakened, that is, the cold-air
blowout to the food surface needs to be restrained.

The freezing point is varied depending on the food, but
it is in a range of 0 to ~-2°C for rice. In order to bring
the entire food into the superceooled state, both the food
surface side and the center portion needs to be brought into

the supercooled state, but considering the food cooling by
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That is, the food peripheral tenperature needs to be

| owered. If the cooling capacity is too small when the
freezing tenperature is reached while the tenperature -
di fference between the food surface side and the

center portion is still small, the supercool ed state
is not brought about but the freezing is realized as
it is. [0043] - Therefore, quick cooling is needed

when the food tenperature reaches the vicinity of the
freezing point, but if a |lowtenperature cold air is
blowstrronglty Jehovirergie tdtisrd iamldthier g tise affedarsthhatcéheide
freezing starts at the food surface fromthe
woulghdve-remdronedi faitt ovinandtiat tend 1 ong shpetd be pabder
to the cold-air tenperature. Also, if the cold-air
thenepmeat atvaTe @fawyh tiee sties vood bed sthabe | 8s broughted, the
about is too low, it is highly likely that the
supedigserldadl iy Ganeahked | keifobadtkhec theeri pgrdientbecomes
conti nuous exposure of the food surface to the
in Yhew- eI k@ Tt e ai ¢4 o atlhbhgeas e metBRoatdt be
vented by setting the air tenperature in the case
por@ton FEE R ZeRrE Gopy ey n’i?{%lﬁ%hlytlb@owzﬁ@r%@led
ature cold air or the lik Time for

I
Staﬁ%%e%%% %%??%Jga*cﬂa%c@‘ft the @ﬁ%%r%%ulﬁgm% a state
Wit rc oI| is varied de g E%?on e anmount of the

bia R RROT 1M 5" SO herRT Y 60°to 500

d f th det dt I

RS e%? Hnh e RO 1S At TlE s ke

8 t f 60 t
oo Dlogd N EOP B ISH L TE o1, S0 Le %%@%ﬁgm
food S e, and 1he {igameL gfe ¢§t{$r%gs§st9 e made

Inttial set tenperature o eezin

5muﬂ?gré§%gl ‘%_ﬁ%&ﬁgﬂtfbfaféXlein&egHéér Eﬁgréggieﬁbngpeed
on the food surface can be suppressed, that is, the cold-air
blowout to the food surface can be restrained. However, if
the temperature difference between the food surface side and
the center portion higher than the freezing point of the
food by several °C (2 to 3°C, for example), cooling does not
necessarily have to be weakened if the temperature
difference between the food surface side and the center
portion is within 3°C, preferably within 2°C, or more
preferably within 1°C.

[0040]

Subsequently, the refrigerating method of Embodiment 1
of the present invention will be described referring to the

flowchart in Fig. 11.

- 28 -~



[ 0044] As nentioned above, after the food
tenperature has reached a sufficiently supercool ed
tenperature as at Step S7c, the supercooling is
cancel led and freezing is started, but in this case,
it 1s necessary to enhance the cooling capacity, that
is, to actively blow out the |l owtenperature cold air
to the food. If the cooling capacity is enhanced, not
only that the supercooling is cancelled but also that
thelxsie vher fopd iseeiipAgdafnethenérsuoper dool rgriss e,
cancel l ed i s reduced, and ice crystal enl argenent is
of FEBué%ItﬁhélnéaFfﬁé@ £81t i 56 Syl ke I s@mRg iment 220
al | eyvi at ed g Wpen the cooling capacity is
(SR Be) weRRekba §§at~ﬁé SOp&r ddolGtrg st %ﬁrqttlr}%

ecessar tha the fraont and rear da ers 7,
CongF8XcE¥sgg‘ F%Pltﬁé’ d6Fi A§ Wi @ﬁatrﬁ@dca(f?ﬁé?rngg SE) 19 aatrcehange

onoRES8Y, £ tec%“%e%g@@%gu%ﬁwfﬁwt AL gl e
cal?ﬂ%%%&”ﬁ%g ST LR b g
cenfBEUELS1 950 RS LOPR AL ISR B4 D R0l

norﬁghdt@hﬁega@u§gs'SXe%t%4Ahef%%p%r|§nplgﬁfqgﬁgpggd (dampers

(:00|ng|s carri e wth ec

7, bherat Beenbhow,ouls E%rFl&Jcﬁﬁ?éo dﬁ; L0t fhnt

air needs to be active lown to t e case

col@ta&Bebaaabqtcgglrltng %%datth%t &R = édledﬂaafﬂo%l&!zm? 5Ot 5

the food placenent position, that is, the danper o

andt Beabkowapt apebb 1ah gwhiselad g )bl own-out col d air can
easily hit the food is opened or all the danpers are

opeinednsemas tempeedrhibe Bekd akbbns[ Q04Glhally addedies
refrigerating nethod of Enbodi ment 1, a nethod of

roometehgeratiung war msf eeds sficg the supensiodl i gl afkernigh
the rapid cooling is described, but even if the placed

tempoodtiigenot fwasmtboadmpetr adalréd fraatheat ttogmathe normal
tenperature or | ess and unfrozen, as shown in Fig. 11,

temperptupessicbBé tto ANV outoromxnantdie sudescookpmegr limit
control by skipping the process of

is temperature which can be considered as foods.

A cooling speed in this rapid cooling is 0.5°C / minute
or more, or more preferably 0.7°C / minute or more.

When food surface temperature as the detected
temperature of the thermopile 2 becomes 40 to 1°C,
preferably 25 to 3°C, or more preferably 10 to 5°C (Step $6),
the rapid cooling is stopped, and supercoocling is started
(Step S7}.

In this supercooling, the cooling capacity needs to be

weakened, and in order to stop the rapid cooling at the

- 20 .-



the rapid cooling at Step SS. [0047] Enbodi nent 2
Fig. 12 is a perspective view illustrating a swtching
case of a refrigerator-freezer for carrying out the
refrigerating nethod of Enbodi nent 2 of the present
invention, and Fig. 13 is a perspective view
illustrating another switching case of the
refrigerator-freezer for carrying out the sane
refrigerating nethod. In the above Enbodi nent 1,
the refrigerating control proposed in the present
predefeentine itempealatzed by hehecaeritiale. eswi tohi higrslasecP@des
accommodated in the switching conpartnment 200, but in
the Expodi demoeZ, Tt kad éhyd geraat idarcontiol groposkding cold-

. the present invention is carried out only in a
alr SPePIly dndecttingn sofl e neihi G g esisle (Step S7a) so
accommodated in the switching conpartnment 200. A

as tRefiteroftdMted Py G Balth dut T ridie i eonk i ayd rear
control. of the present invention only in the specific
coldsgdti MMM AhE BT i my TS0 b mRKited Ph the
swi tching conpartnent 200 is that by specifying a
osition where warmfood is placed, a chance of
cgﬁb?gﬁ with the frozen food can be reduced and
c I with higher accuracy is nmade possible in a

natrow_section. [0048] As.shown.in.Fig. 12, a tray 1
t@E%gc5§gagdpﬁgcgwgﬁ#£erature at whlé% & process 'to

foo

restrain supply of cold air, which is a first stage of the
supercooling control so as to uniformize uneven temperature,
it is only necessary that the food surface temperature is 40
to 1°C, preferably 25 to 3°C, or more preferably 10 to 5°C,
and if the rapid cocoling is stopped at a temperature higher
than the predetermined temperature, there is no problem with
the supercooled freezing, but the effect to suppress
bacteria breeding, effect to suppress aging, and the effect
to suppress moisture evaporation by the rapid cooling are
reduced. Also, 1f the rapid cooling is stopped at a
temperature lower than the predetermined temperature, it
does not bring about the supercooled state since the food
surface might be frozen, first, in the process of
uniformizing the uneven temperature. Alternatively, it is
highly likely that the supercooled state might become
shallow, which eliminates or reduces the effect to improve

freezing quality by freezing via the supercooling.
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space for food such as rice is installed on the front
side of the switching case 201. The reason why
the tray 1 is provided on the front-side position of
the switching case 201 as shown in Fig. 12 is that,
consi dering that frozen foods have been already stored
when warmrice is placed, for exanple, the rice is
highly likely to be placed on the front side, and al so
considering that a new space is to be created for the
ri 44k is nore convenient if the rice is pl aced on
t he uppernost stage of the case. he tray 1 is
By @P%nﬁsmw%@obmgt ie, shpated t wée@afr@eoﬁeawcted

alunjnumira t conduct|V|ty i.s favorabl e and
tempg m@ﬁﬁ?uw ﬁhg FRBGTPBA Lear BECSTE ot A8 e 5kt e

is e fect%ve for ooI| Al so, the tray

“en iy Ry {inedor s heforge 5@@'@%?0@% A EencE G ty
or EALoet kNG honned | ltﬁnndeo e R 'ff%tz@n b0 €
fox (Uit ol S8 bbay 787 F%Cfe Ford i r’{%ogﬁ@ffsa the front

afts Ta are rota abI and vota ppor t €d on

ki ptodg o 25w

he swtc otatably on the

switchi ng, C@ﬁ@ g@éd ¥@§Pgﬁg§aﬁr%$mﬁe&%t R eUS@edd Q%@%e

end on one sid ray 1 is placed on arib

lowtpede |@fatH@rb69@Eﬁb %%%%%1%@d1999§Q1%n%ﬁjpghﬂghu§§@

When the tray 1 is not in use, the tray 1 is rotated

freéoifgVeehpeahtsiat @ sardalhed ray 1% itthd ddgd Mure
hooki ng a recess portion (not shown) provided on the

difoéhencendesivdenokhbheobiayuk My-ed il (Pt oWt ter
provi ded at an upper end of a front-face opening

porpooti ba stithesswilichichg cager2@blsel thaitd hes tdé@y brought
dose not obstruct storage of other foods.
about but the freezing is realized as it is.

(0043}

Therefore, quick cooling is needed when the food
temperature reaches the vicinity of the freezing point, but
if a low-temperature cold air is strongly blown at this time,
there is a fear that the freezing starts at the food surface
from the above-mentioned factor, and attention should be
paid to the cold-air temperature. Also, if the cold-air
temperature after the supercooled state is brought about is
too low, it is highly likely that the supercooling is

cancelled, and the freezing due to continuous exposure of

the food surface to the low-temperature cold air for a long
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[ 0050] Also, the tray 1 may be in a structure in
which the tray is placed on the four ribs 41 provided
in the switching case 201 to be stabilized as shown in
Fig. 13, not in the structure capable of being folded
as shown in Fig. 12. In this case, if there are a
plurality of spots where the ribs 41 are provided,

| ayout can be changed so that the position where the
tray 1 is provided can be any of the front, center,
Tear and the |ike of the switching case 201 according

timet @hduligepst arevehltsa, bif sthe Pl Ane ddulerature in
provi ded, by providing a plurality of different

the beksghts Fnitlie bei ghtedioresty amtdma thelghty d1ddeng the
tray 1 can be freely laid out according to anmounts of

low-éringkiragufreods land iaf ori ¢céet d b frozen. Al so, in
the structure shown in Fig. 13, the tray 1 can be
stornedfdon ampupriight theateoilnng papketi t20 aftoIS tHapays N in
the front face of the swtching case 201 when not in

the gegpegsoophdanyg tise viardyddoep ematirgbstr Udte atemf onfisthe

[ 0051] Enmbodi ments for carrying out the
placedf foger abivig ifetivodppropdsed d v tIHY presE mnivents onand
. have been described using the sw tching conmpartnent as
1L thR exanfplrerBuec Rdnsake sapdlansed of Htee f5&zi nghe rapid

conpart nent. , ,
cooling 1s started again (Step S$8), and if predetermined
time of 60 to 120 minutes, for example, has elapsed (Step 9),
the rapid cooling is stopped and the temperature is returned
to an initial set temperature of regular freezing of -7°C,
for example, so as to carry out reqular refrigerating (Step
510},

[(0044]

As mentioned above, after the food temperature has
reached a sufficiently supercooled temperature as at Step
S7¢, the supercooling is cancelled and freezing is started,
but in this case, it is necessary to enhance the cooling
capacity, that is, to actively blow out the low-temperature
cold air to the food. 1If the cooling capacity is enhanced,
not only that the supercooling is cancelled but also that
the time till full freezing after the supercooling is
cancelled is reduced, and ice crystal enlargement is reduced

and damage to the food by the freezing is alleviated.

[0045]
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[ 0052] The refrigerating method for inproving
rice quality has been described, but there are cases
in which the quality of other foods can be inproved by
freezing using this nmethod, and the refrigerating
nmet hod of the present invention should not be applied
only to rice. For exanple, for the food
cont ai ni ng starch and water such as pancakes, breads
and the like, results that the quality is inproved by
t Haenethiegeoatliing metltod tof thetpriesentakavedtaontihre
obt ai ned from experinments. Therefore, use of the
SUP§IEQ] lgerata thg® et hoal oftthe présenecpAventi bhatinghe front
obt ai nnment of the refrigerator capable of realizing
and {452 % auRfarat i ng® it ol ©F €@ her pkeBenfurAREnthéR hENe

a W de range of_ applications in inprovenent of food

CaMRRTES efvat i Ve q%]aqg?‘} BhdPEC Wpaecfangeast teFEPBpRENRt S

infinC|§$”ﬁg%in ustrjal refrigerators can be expected.
Taria ¢T3 ptidht of the Drawi ngs] [0053]

In a stage in which the cold air should not be directly
blown in the case of weakening the cooling capacity in the
supercooling as above, the damper close to the food
placement position, that is, the damper of the blowout port
at which the blown-out cold air can easily hit the food is
closed, and cooling is carried out only with the cold air
fed from the other blow-out port. If the low-temperature
cold air needs to be actively blown to the food in the case
of the rapid cooling as at Step 5, the damper close to the
food placement position, that is, the damper of the blowout
port at which the blown~out cold air can easily hit the food
is opened or all the dampers are opened so as to feed the
cold air.

[0C46]

In the refridgerating method of Embodiment 1, a method
of refrigerating warm foods via the supercooling after the
rapid cooling is described, but even if the placed food is
not warm food but cold food at normal temperature or less
and unfrozen, as shown in Fig. 11, it is possible to carry

out only the supercooling control by skipping the process of



[Fig. 1] Fig. 1 is a schematic diagramillustrating a
di fference between a freezing nethod for rice in a
refrigerating nethod for refrigerating food in
Enbodi ment 1 of the present invention and a prior art
refrigerating nethod for refrigerating rice. [Fig.
2] Fig. 2 is agraph illustrating texture of rice
frozen by the refrigerating nethod for refrigerating
rice of the sane refrigerating nethod. [Fig. 3]
Figs. 3 are graphs illustrating tenperature change

the ywhed dwvaper. ing fatoAdremidthout supercooling (a) and with
supercool ing (b). [Fig. 4 Fig. 4 is a side
ségpﬂahal view of the refrigerator-freezer for
carrying out the sane refrigerating nethod. [Fig. 5]
FEgPOgimgny g de sectional view showing a switching
conpartnent of the refrigerator-freezer for carryin
obit It héZsAfe ar BRESHECALVRg Vitdthdd 1 usrAtdngp e Frg.tdding
IS an expl gded perspective view of an infrared sensor

caseop’; e TPr' G-t for STy Gt e sane
ror oAl e o LG T BBl & graoh
unoofRIRGL S5 o1 96T o orp[Leezer,for, ETIMAOM
onoigisle SASCROTGL g ) el ation Lo s g <o,
carrying out the same refrigerating method.

In the above Embodiment 1, the refrigerating control
proposed in the present invention is realized by the entire
switching case 201 accommodated in the switching compartment
200, but in Embodiment 2, the refrigerating control proposed
in the present invention is carried out only in a specific
section of the switching case 201 accommodated in the
switching compartment 200,

A merit obtained by carrying out the refrigerating
control of the present invention only in the specific
section in the switching case 201 accommodated in the
switching compartment 200 is that by specifying a position
where warm food is placed, a chance of contact with the
frozen food can be reduced and control with higher accuracy
is made possible in a narrow section.

[0048]

As shown in Fig. 12, a tray 1 to become a placement
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carrying out the refrigerating nmethod. [Fig. 9]
Fig. 9 is a perspective viewillustrating the

peri phery of a sensor nounting portion of the
switching conpartnent of the refrigerator-freezer for

carrying out the same refrigerating nethod. [Fig.
10] Fig. 10 is a perspective viewillustrating a
switching case of the refrigerator-freezer for
carrying out the same refrigerating nethod. [ Fig.

spagg] Tprglopd ssich Blsowdivar tig [Insialdtdchgrant lexafpowrt ofide
supercool ing control of the sanme refrigerating nethod.
of LREgSWispigng. cese 204 .perspective viewillustrating a
sm%ggﬂ%ggaggsegofFﬁ rgfriggr?to%-fregfer ﬁpr carryiﬁiside
ou refri 4evat Mg héhdd 16t PERNOGiSre ™ 06 fiea
pooBERRTh M hpiad Fllle W BAB10R s e 1
SRMLE Y AT A (LR IRITR
whehraﬁrm rice is placed, for example, the rice is highly
likely to be placed on the front side, and also considering
that a new space is to be created for the rice, it is more
convenient if the rice is placed on the uppermost stage of
the case.

The tray 1 is made by aluminum or plastic, and in the
case of an aluminum tray, heat conductivity is favorable and
temperature distribution can become even easily, which is
effective for cooling of rice. |

Also, the tray 1 may have a cool-storage agent sealed,
and since an effect.of heat insulation can be obtained in
this case, a bad influence is not given to the frozen food
even if warm rice is placed for cooling with a cool-storage
tray on the frozen food.

[0049]

This tray 1 has shafts la on the both ends, and the
shafts la are rotatably and pivotally supported on the front
side of inner faces on the both side walls of the switching

case 201 and mounted rotatably on the switching case 201.

When the tray 1 is in use, a rear end on one side of
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2: thernmopile 3: thermstor 4: front air bl owut port
5: rear air blowout port 7: front danper 9: rear
danper 10: operation panel 16: controller

the tray 1 is placed on a rib 41 to be in a horizontal state
and capable of being used. When the tray 1 is not in use,
the tray 1 is rotated to a vertical state and the tray 1 is
folded by hooking a recess portion {not shown) provided on
the other end side of the ftray 1 by a claw (not shown)
provided at an upper end of a front-face opening portion of
the switching case 201 so that the tray dose not obstruct

storage of other foods.

[0050]

Also, the tray 1 may be in a structure in which the
tray is placed on the four ribs 41 provided in the switching
case 201 to be stabilized as shown in Fig. 13, not in the
structure capable of being folded as shown in Fig. 12.

In this case, if there are a plurality of spots where
the ribs 41 are provided, layout can be changed so that the
position where the tray 1 is provided can be any of the
front, center, wear and the like of the switéhing case 201
according to a use state. Also, if the ribs 41 are to be
provided, by providing a plurality of different heights in
the height direction, the height of the tray 1 can be freely
laid out according to amounts of existing foods and of rice
to be frozen.

Also, in the structure shown in Fig. 13, the tray 1 can
be stored in an upright state in a pocket 20 for tray on the

front face of the switching case 201 when not in use so that
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100: refrigerating conpartnent 200: switching
conpartnent 201: switching case 300: vegetable
conmpartnent 400: freezing conpartnent 500: ice-naking
conpartment [ Nane of Document] CLAIMS [Claim1l] A
refrigerator-freezer conprising: a freezing
conpartnent which can be set in a freezing tenperature
range and is provided with a rapid cooling function;
the tray does not obstruct other foods.

[0051]

Embodiments for carrying out the refrigerating method
proposed in the present invention have been described using
the switching compartment as an example, but the same
applies to the freezing compartment.

[0052)

The refrigerating method for improving rice quality has
been described, but there are cases in which the quality of
other foods can be improved by freezing using this method,
and the refrigerating method of the present invention should
not be appiied only to rice.

For example, for the food containing starch and water
such as pancakes, breads and the like, results that the
gquality is improved by the refrigerating method of the
present invention are obtained from experiments.

Therefore, use of the refrigerating method of the
present invention and obtainment of the refrigerator capable
of realizing the refrigerating method of the present
invention have a wide range of applications in improvement
of food preservative guality and a wide range of
developments including industrial refrigerators caﬁ be
expected.

[Brief Description of the Drawings]

[0053]
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a case installed in the freezing conpartnment, for
cont ai ni ng food, a tenperature sensor for
detecting a tenperature of food and a pl acenent
position thereof, the food having a high tenperature
in said case; two or nore cold-air blowut ports for

blowing out cold air into said case; and danper
nmeans for controlling feeding of the cold air into the
col d-air bl owout ports, wherein sai d danper

means is controlled on the basis of a detected

[Fignpérat Uivig .ofl Sa d tsedyeradtiur elisensor sl ast it ot oad ry

out the refrigerating nmethod for refrigerating food
diffeornaieniveg wstear eh f3welr lasy miadodMieneimice in a the

said refrigerating nethod for refrigerating food is
refripggraciog redhog thvar refrigerating food in Embodiment 1
of the present invention and a prior art refrigerating
method for refrigerating rice.

[Fig. 2] Fig. 2 is a graph illustrating texture of rice
frozen by the refrigerating method for refrigerating rice of
the same refrigerating method.

[Fig. 3] Figs. 3 are graphs illustrating temperature
change when water is frozen without supercooling (a) and
with supercooling (b).

[Fig. 4] Fig. 4 is a side sectional view of the
refrigerator-freezer for carrying out the same refrigerating
method.

[Fig. 5] Fig. 5 is a side sectional view showing a
switching compartment of the refrigerator-freezer for
carrying out the same refrigerating method.

[Fig. 6] Fig. 6 is an exploded perspective view of an
infrared sensor of the refrigerator-freezer for carrying out
the same refrigerating method.

[Fig. 7] Fig. 7 is a graph showing directivity
characteristics oflthe infrared sensor of the refrigerator-
freezer for carrying out the same refrigerating method.

[Fig. 8] Fig. 8 is a side sectional view illustrating the

switching compartment of the refrigerator-freezer for

_38.,.



rapid cooling is conducted by blowing out cold air in
a concentrated manner fromone of cold air blow out
ports anong said two or nore cold-air blowout ports
close to the food placenent position at a cooling
speed of 0.5C/ mnute or nore when a food tenperature
is high, and thereafter, the rapid cooling is stopped
so as to decrease a cooling capacity when a
tenperature on the food surface falls within a
cartghmer attir eheamgérofye4@ttiogl@ethlbowi ng out cold air
fromsaid cold-air blowout port other than said one of
[Ebtd- 8l r Blowodt iport serwbiech ivlkeewicut iddhd taiating dhe
concentrated manner, close to the food pl acenent
perppBervonf andewken mpenténd pempérat grfe theashes athiang
vicinity of a freezing point tenperature thereafter,
ComPﬁEt@%Ei A§ EBPadrflyiverrirged rpicsinn foYr &3ge Yieh out the
that _an air tenperature around the food does not fal
samgorefEEIgF ahd PEWLEPORapi d cooling, and after rapid
ool i IS Condgﬁted again after, a predetermned tine

[ hg'eﬁgﬁsegfgre | &F PePFF&QF&Fﬂ@ﬁiW%%ﬂnhﬁkﬂ%ﬁﬁatlng a

PO I T e e T
bl e- t her. il bl f 4 f ood
the "HB2 SR EYESsr Foba BRLLER n caid case and & food
t iti . [ 3 ) .

Bgeemm, gosany  Samal S e e
or WEELRG o CARREAN Lo ELA0. 5 aDace O MIED foot

{Fﬂ?tahb?d FRgsahd Gasg. LUAMlle view MBystrating a

refrigefator-freezer actording to claim3, whereln

swiB8hdnkr aY skS 0¢08Stiirut 8d RY & TBMETe W Gh LONPLES it

cool i hg of warm food or prevents transm ssion of heat
the Ofe PRI Fba@dnOnkt02eN offO@bodinent 2 of the present
invention.

[Fig. 13] Fig. 13 is a perspective view illustrating
another switching case of the refrigerator-freezer for
carrying out the same refrigerating method.

- [Reference Numerals]

{00547

1 tray

2: thermopile

3: thermistor

4: front air blowout port

5: rear air blowout port

7: front damper
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9: rear damper

10: operation panel

16: controller

100: refrigerating compartment
200: switching compartment
201: switching case

300: vegetable compartment
400: freezing compartment

500: ice-making compartment
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iName of Document! CLAIMS
[(Claim 1]

A refrigerator-freezer comprising:

a freezing compartment which can be set in a
freezing temperature range and is provided with a rapid
cooling function;

a case installed in the freezing compartment, for
containing food;

a temperature sensor for detecting a temperature of
food and a placement position thereof, the food having a
high temperature in said case;

two or more cold-air blowout ports for blowing
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out cold air intc said case; and

damper means for controlling feeding of the cold air
into the cold-air blowout ports, wherein

said damper means is controlled on the basis of a
detected temperature of said temperature sensor 8o as to
carry out the refrigerating method for refrigerating food
containing starch such as rice,
wherein

the said refrigerating method for refrigerating
food is characterized in that

rapid cocling is conducted by klowing cut ccold air
in a concentrated manner from cne of ccold air blow out
ports ameng said two or more cold-air blowout ports close
to the food placement poesition at a cooling speed of
0.5°C / minute or more when a food temperature is high,
and thereafter, the rapid cooling 1s stopped s¢ as to
decrease & cocoling capaclty when a temperature on the
food surface falls within a temperature range of 40 to
1°C, blowing out cold air from said cold-alr blowout port
other than said one of cold-air blowout ports, which blew
out cold air in a concentrated manner, close to the food
placement positicon, and when the food temperature reaches
the vicinity of a freezing point temperature thereafter,
the coeling capacity is raised within a range such that
an alr temperature around the food does not fall to -15°C
or below for rapid cooling, and after rapid cooling is
conducted again after a predetermined time has elapsed,

regular refrigeration is conducted.
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[Claim 2]

The refrigerator~freezer according to claim 1,
wherein said temperature sensor is a movable-type
thermepile capable of recognizing a food temperature of
food placed in said case and a food placement position.
{Ciaim 3]

The refrigerator-freezer accoerding to claim 1 ¢or 2,
wherein

a tray forming a space ontc which food having a high
temperature can be placed is detachably installed in said
case.

[Claim 4]

The refrigerator-freezer according to claim 3,
wherein

gaid tray is constituted by a member which promotes
cooling of warm fcod or prevents transmission of heat of

warm food to frozen food.
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