[ Name of Docunent] SPECIFICATION [Title of the

I nventi on] REFRI GERATI NG METHOD AND

REFRI GERATOR- FREEZER FOR FQOOD [ Techni cal Fi el d]
[0001] The present invention relates to a
refrigerating nethod and a refrigerator-freezer for
food utilizing a refrigerating technol ogy.

[ Background Art] [0002] There have been increasing
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[Background Art]

[0C02]

There have been increasing cases 1n which rice cooked
at home 1s frozen at home in a refrigerator for household
use. Ireshly steamed rice is said to be the most delicious,
but much time and labor are reguired 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 coocker and eaten
separately several tTimes, the rice having been kept warm
might become yeliow, dry and hard or begin tec smell with
time, and it is therefore not possible to eat rice as

delicious as freshly steamed rice.



Thus, in order to overcone the above problens, a rice-
cooki ng devi ce has been devel oped, the rice-cooking
device including a container for storing rice,
heati ng nmeans for heating and thermally insulating
rice at 71 to 73 degrees in the container, and
pressure-reduction neans for reducing the pressure
inside the container to 20 to 93 kPa (See Patent
Docunent 1, for exanple). [0004] Also, if rice cooked
in a larger quantity is to be frozen and stored and
t'hens, t haweddby &onmcereowanres tideberbaaat erpolwhers t e rice-
rice is to be frozen at hone, the rice is left at a
coo kiogmdreniper dtam edan oiedfer Leredenbve ¥estduabkhedt ceghge
then, frozen in a freezing conpartment. This is
inclpddagse warhadigor divect Tgr bracedcen khatingcBgpng for
conpartnent m ght adversely affect frozen foods
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sgglb gapacity and target foods are rapidly cool ed
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uni o n S whi'éh warm food i's To be pfaced 1S provide
froéé%zgﬁd?%tored and then, thawed by a microwave to be
eaten, when the rice is to be frozen at home, the rice is
left at a rcoom 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 also it is not good for the quality of the rice.

In order to sclve 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 coocled {See Patent Document 2, for example} and a

refrigerator has been developed in which a cooling unit in

which warm food 1s to ke placed is provided in a



e Patent Docunment 3 refrigerating conpartnent (Se ,
for exanple). [0005] Also, if rice having been
cooked in a larger quantity is to be frozen and
stored, other than the required [ abor, there are many
conplaints that the rice thawed by a mcrowave tends
to be hard, dry, and not delicious. Thus, there are
many proposals for suppressing deterioration of the
food quality when rice is frozen. For exanple, there
refijsy@raeimg gesapingnaethddebobatkehti Gocariend pr dedssed
food in which a cooling speed for rice is regul ated
examgne X he maxi mumice-crystal generation-belt passage
tine is set at 15 to 20 mnutes so that a quality
subkiGntial ly equal to that before refrigeration is
obt ai ned when the food is being thawed nat ural
byl crbviives IG%%Jen‘Pa}P%ﬁP B@Egﬁ@nt”Ma #6F98>¥au%18é})tlty
~and there is also a nufa ur| od for
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sﬁﬁ&§TC)re¥?|%E?é?anytﬁ g?%g%gsgnggggﬁg nt 5,

cor g1k AL ARy W depmnn omconned =
exaﬁplglgthé}e iz a refrigerating method for refrigerating
processed food in which a cooling speed for rice is
regulated and the maximum ice-crystal generation-belt
passage time is set at 15 to 20 minutes so that a quality
substantially 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)



- 3 [Patent 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) [Patent
Docunment 5] Japanese Unexam ned Patent Application
Publ i cati on No. 5-23121 (page 1, Fig. 1) [D sclosure
of phhenknyentirenl: [LRr ablens: 40 he::Soh et byat dret
Invention] [0006] A rice cooker for keeping rice warm
App Mbialte o5t gragel edoiron afo yet oW hp2 083 pfeueat &d Fsg. 1)
descri bed in Patent Docunment 1, but a storage period
i $PRatnel Sachyemef &r ethtaoe sndIocorrgi derd Nnigatent
characteristics of a general rice cooker, storage for
Applabeuti e doupl cof i dayiée | s2@85un@d?8Fhépetieré, Fadenlif
rice can be stored in a state close to a freshlg
st @afred ts Datceymeariie At orabiiee perioekanlesd r ety short
and does not achieve a level that a frequency of rlce
App ldowki iy iBub ¥ eericken soT Bans dahlipevpPat BCA BuPderasdfon) No.
housekeeplng [0007] . A nerit in freezing of rice
I=5Haitg et €ooked- in)a | arger quantity at hone i s

that the rice can be stored for_a % é 9
noFédwart TsstHdppesr a?ﬁ{@%%et%&%?%l i ]ﬁ%ten

Application Publication No. 5-23121 (page 1, Fig. 1)
[Disclosure of the Invention] |
[Problems Lo be Solved by the Inventicn]

[00C6]

A rice cooker for keeping rice warm while storage odor
or yellowing is 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 assumed. Therefore,
even if rice can be stored in a state cleose 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.

[0007]

A merit in freezing of rice having been cooked 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



4 rice imediately after thawi ng by a m crowave
becone close to a freshly steaned state as conpared
with the rice kept warmin a rice cooker for a |ong
time. However, the rice after being thawed by a
m crowave easily becones hard with tinme, and the food
gquality becones far fromthe rice before freezing. In
order to solve the problem a refrigerator in which
foods with residual heat are placed in a space w
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freggg apl e of cooling at an extrenely |low tenperature
econes bul ky and conplicated as a device for

fr?ﬁszQeEXEBaSBUQ% %BehQQ%&ﬂkao%]ré@FidHﬁgﬁHE in which
invention was nade in order to solve the above

fooRE0RK enE rand Pr-avirdes arefdigesatinga nephesd apdhaa small
refrigerator-freezer for food that can cool warm food

capﬁ@@ﬁy asdf reshler steatedfd ceaPydLpotbaged heswaesckobdd in
PatZii Diiument 1, but it is only to rapidly freeze the rice
in a warm state, and the food quality after thawing doeé not
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 beccmes 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



5 freshly steanmed rice in a concentrated manner via
an supercooled state in the process of freezing so
that | abor to renove residual heat can be saved at
cooling or freezing and noreover, quality after
refrigeration and thawing is inproved, and the effect
can be obtained by inproving a nethod of cooling and
freezing. [Means for Solving the Problens] [0010] The
refrigerating nethod according to the present
invention is, in a refrigerating nethod for
freshefr sgeratkidng i dfeoach conmtaiqemyr asted chasueh asar ége,
carried out such that rapid cooling is conducted at a
supecoobileg spedd om GCIECProgshutel ofreprenghen thetf dslor
tenperature is high, the rapid cooling is stopped so.
to rgmote decrchwe tivatcowin Mg capaedityt Ghehiay or freezing
tenperature on the food surface falls within a . ,
and peFgevaur slydndgey off @y e AC YRyt WhBn2RRetRayyny 1S
, tenperature reaches the vicinity of a freezin Qoint
inproggser g &heF terf e HatcaR e c%%/?hﬁegaﬁﬁc??Qrgg Pdi ed
within a range such_that an air tenperature around the

nethodo@f goed bt 4 1132 1%E or bel ow for rapid
cooling, and after . rapi ooling is conducted again
(Maprgy é%ﬁ) W%ﬂ?ﬁ?ﬂﬁfﬁ%%%feﬁﬁg el apsed, regul ar
ribri ration is conducted. [Advantages] [0011] The
r Pig rating nethod for refrigerating food

The refrigerating method according to the present
invention is, in a refrigerating method for refrigerating
feod containing starch such as rice, carried cut 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
cooling 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 ralsed
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]

[O011]

The refrigerating methcd for refrigerating food




- 6 according to the present inventionis, in a

refrigerating nethod for refrigerating food

contai ning starch such as rice, rapid cooling is

conducted at a cooling speed of 0.5C/ mnute or nore

when the food tenperature is high, the rapid cooling

is stopped so as to decrease the cooling capacity

when a tenperature on the food surface falls within a

tenperature range of 40 to 1C, and when the
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errper ure er than a freezi ng
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sture contai ned e food is restrai ned, and

tem%%@%%ﬁy I 6Es the feodidscfrozen atkeking point

percoo ing, an internal structure of the food is
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ut high-quality storage is achieved, and due to

withliReness tiﬁbhC@h@ty§ﬁaé§raﬁémpesatumnsawbam@ tinlge food
ice crysta s are generated, re-gelatinization is
dodd ot edh Mhew, bei RYcwar nedlagaicori mavhe case iofd,f eods after
rapid cooling is cenducted again after a predetermined time
has elapsed, regular refrigeration 1is conducted. Thus,
since food at a high temperature such as freshly steamed
rice can be rapidly cocled 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 ilce crystals
generated by freezing but high-gquality storage is achieved,
and due to fineness of the ice crystals and positions where

the ice crystals are generated, re—-gelatinization is

promcted when being warmed again in the case of foods




- 7 containing starch such as rice, and an effect is
exerted that food quality close to that before
freezing can be nmintained as conpared with
conventional thawed products after freezing. [Best
Mode for Carrying Qut the Invention] [0012]
Enbodinent 1 Fig. 1 is a schematic di agram
illustrating a difference between a refrigerating
met hod for refrigerating food in Enbodinent 1 of the
present invention, particularly a refrigerating
contAethed &enreef suger atd ngiad cegndanah ae préor by texerted
refrigerating method for rice, Fig. 2 is a graph
thati Fbust gakilig vt e dsextiur eloft iekofe ofepebing hean be
refrigerating nethod, and Fig. .3 shows graphs
mainthbliostr atsi mgnrpenpet atidite caoharyel beh Wad¥rdi BXPHBZER
wi t hout supercooling (a) and wth supercooling (b).
atteThéreefzainger ati ng net hod proposed as Enbodi ment 1 of
the present invention is a refrigerating nmethod
[BessuMoals! & ofrorCafeayd gt oorF cht @t hi A§) st arch such as
rice in a state with good quality and particularly a
réfPilgerating method suitable for rice. Even for
foods other than those containing starch such as
r FEBodafesff ect to inprove the refrigerating quality

ool a5 DR % L0 BRI ORY St
betgggg 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




8 wIll. be described below using rice as an exanpl e.
[0013] First, a difference between the refrigerating
met hod for refrigerating food in Enbodi nent 1 of the
present invention, particularly a refrigerating
method for refrigerating rice, and a prior art
refrigerating method for refrigerating rice wll be
descri bed using the schematic graph in Fig. 1. In
Fig. 1, the vertical axis denotes a tenperature, the

will dberd¢saxibedeholes veABJelrdpseds aTsEHAPI9 ne
denotes food core tenperature, and a broken |line
delfttles! f ood surface t enper at ur e. [0014] (X) in Fig.
1 indicates t enper at ure chan

Gt i Gor &t |G b PREC pPFORCaRt LRer FPASLIErAY R i bod
for| Lo T SRBUBALEY FRAG G REERT et ort bt A (r o
invSh 068 A PEEhRRIAR Sog. todne S oy e GIREe o
retDRGEERER b oy Later FarRA hefl%?%%;ftt?nge‘i"fdloﬁf%%%t%ﬁ heffoa for
rerf R e R Rt P EhoETn! Pt e Thng ] m Vg (o Tk e

gra§§u§hn9 Phe r'C%nt%uEFCQUEtHENJEr{H af”%%ﬁ@pééﬁéﬁgs a

an easifFy progress. “Al sd, at a regular eezi ng

temﬁ@?gﬁﬁ§gur%h@slb%e%alt%HPEJQﬁﬁﬁﬁxﬁgmﬂﬁn@fefép§@ﬁ|nQ 8olid
process in which freezing

line denctes food core temperature, and a broken line
denctes 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 guality can easily progress.

Also, when the rice remains in a temperature range B
for a long time, aging of starch causing the rice to become
nard, 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



- 9 starts at the surface and proceeds to conpletion
through 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 water
nol ecul es are in contact with each other becones snal
during thaw ng, and re-gelatinization and a return to
starasseftt thet ate feecormndligféoedds fO0ASpiéYionntErgual a
denotes a tenperature change of rice in the
phaseefdtiagersgt img et d ofdtden presemt $nvéateonhera the
refrigerating nethod of the present invention, since
fredzigshliynigtiednsd frdlees calede Plated YhealsaPEEREngrocess,
conpartnent for which a refrigerating tenperature
and rtargecdatutre Wetr for ¢aples coolingtot AeCeRenfaatly, and
reactions in the tenperature range A leading to
MO 9@t g Tote bieed 7165 Lahange’w #h tlﬁﬁceaﬁoiagﬁs 886
of the rice, and quality deterjoration £elaain% to
needlsoFhfRad 1 yrans bel acpprEed el e Af sptaF Ay pelectles and
t enperature range, B, since rag%d coohing i s. conduct ed 11
wategn e s | FF antinfrozant sYAt8 WRER PhESFi BECOFSSar™e

sur A SIRSLELAT 0,20, LD, 8, BAPSE CUAISE, (L0 A T8 oo
ctardl B f 30 DR, SYPRLcPoed, AlSo. by freezing via

[0015]

{(Y) in Fig. 1 denotes a temperature change of rice in
the refrigerating method of the present invention.

In the refrigerating method of the present invention,
since freshly steamed rice can be placed in a switching
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 deteriocraticn
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 supercocled state as in the

- 10 -



10 tenperature range C, since fine ice crystals are
generated on the whole at the center of the rice
grain, the surface area where starch nol ecul es and
wat er nol ecules are in contact during thawing is
| arge, re-gelatinization and a return to a soft state
are easy, and food quality close to that achieved
just after steam ng can be obtai ned. [0016] A
detail ed cooling nmethod in each cooling process wll
temperdéscei pagdeol ( Winge Higre 1cq rerheld bvpeFat (a]%erated
range A, the tenperature of freshly steaned rice
on aéehwbﬁlssaéottb@ g teind & Hd'q i e hedrett/ fBlFetﬁ%rface
rice core tenperature to cool down from60C to 10C. is
aregi PRrA ©160 2Mciuties S gt e B asty S A %@lﬁ?nﬁf%slPor
150 ri ce wrapped in pl StIC W a :
CO“E@SI i ﬁ&“é’ﬁeé;glqvéu@ 5¢ / arﬁ‘?ﬁj‘t e rq?rﬂ?gl%+zf){;é?%r aBfy?

7C,/ 0017
ror§efCel LIRS, S0 L9BAT) o erk SIPSIELULE LERGE <o
f t
o B LTl AR SOOI

g % to a freezing point -2C (the freezing point
ter going through the phase change via the

supe S I [ f
SURCEERN L SRS B RANERL ) QR g prpece e

be HQ%crll%%dC%q: tenpel at iy e changes from 10C to -2C s
hin 600 m nutes

In the temperature range A, the temperature of freshly
steamed rice is as high as 60 to 20°C, and the time needed
for the rice ccre 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
spead is 0.5°C / minute or more or preferably 0.7°C / minute
or more.

ron17]

The temperature range B 1s 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 supercoolingd).

Supposing that the time during which the rice core

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



- 11 for 1509 rice wapped in plastic wap, for
exanple, nore preferably within 300 m nutes, or stil
nore preferably w thin 100 m nutes, a tendency to
suppress starch aging is found. 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
for tBeg fraed andipphel tienperatture weachetobyesampetepohpng)

is 1C or nore, preferably 3C or nore, or nore
prefprebénabliyy 5@ &0 horieutd0018] Fipll 2nghewsrafeexbdie
measurenent result for rice. The term"texture" means
withdyndfiCc rdrartact.erd starpierie) t taherprrfesfobdriy aging 1s
masticated. In the figure, the vertical axis
founidndi cates viscosity, while the lateral axis indicates
hardness. If rice thawed after freezing is plotted, at
aBposireie6anacVage e the To febshigt St eanklye rreeten ©/
the figure, it can be considered that food quality
an ofllesd tio ChERT Ofe frieshfyecste@ngeat + EE €aR BE SBPECHES
in eating. The rice of the present inven%%on which is
and 2anicdl ReCIcont il Wi T eSHei Ny WarAraRd fPo%8R T aSEn8Y
supercool ed state _(the degree_of supercooling is 1C
ualg o GrEFer abl § SCCOF ior6, SBPChGPE  pREf afably 5C
temﬁgfigﬂﬁg &f%§%§%£§g gétgeen the freezing point of the
food and the temperature reached by supercocling) 1is 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 "fexture” 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, 1t 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 superccoled 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

_12_




- 12 position closer to that for freshly steaned rice
than that for rice of the prior-art refrigerating
met hod and shows a result that both hardness and
viscosity are close to steamng. [0019] Here,
supercooling of water will be described. Fig. 3 shows
graphs illustrating tenperature changes when water is
frozen without supercooling (a) and with supercooling
(b). The vertical axis in the graph indicates
posiehperatuser andthhe Boghdresphlohs tgasn tdiperdiddt £hat
is plotted, the higher the tenperature is. The
for | mter ap f akhe PEABFcALEs reilmd Seand BT AsHge it (FHe's @
is indicated by an arrow direction. The supercool ed
resgtiat ehpefopsht aédP@ﬁﬁe@§@uWé%ﬂpﬁﬂﬁ¥ﬂ?rﬁré;%ﬁﬁs @nce
starts freezing. That is, the supercooled state is a
stegfafé-in which the substance is not frozen at al

though it should start freezing at that tenperature.
Fo@Oé%&bnple, the freezing point of water is 0C. The

f | i nt i es _dependi t t , and
| EhaeoBSEEC Ol Shkr SFnaR T0C Tar Tt Ae TR T Gh sal i

t ti . . erT re o ) <
e bobi shOls appaRHE f paRN s e it e change

{ codl reezing vi super cool ed
state wl.l

T
sup%gg%%%@B%r(b}. The vertical axis in the graph indicates
temperature, and the higher up the graph temperature is
plotted, the higher the temperature is. The lateral axis
indicates time, and a change with time is indicated by an
arrow direction.

The supercooled state refers to a temperature at which
the substance starts freezing. That 1is, the supercooled
state is a stalbe in which the substance 1s not frozen at all
though it should start freezing at that temperature. For
example, the freezing point of water 1s 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 supercooled state and freezing via the supercooled

state will be described in more detail using water as an

example. The supercooled state means a state of 100% water




- 13 when water is cool ed, even though the
tenperature falls wunder O0C, which is the freezing
point. Water in the supercooled state is also frozen
in the end and can becone ice, but some stinulation
Is required at this tine. The stinulation may be
provi ded as a change in tenperature or as physica
stimulation. The freezing can be started by
stinmulation as above, but the tinme fromthe
supercool ed state to the start of freezing is in the
wheorwereof i sevev akdseevrds tand gihn $than ttareeus: t oenwelall s a
proportion of ice frozen instantaneously at the start
undaf ¢he, fwekzhbngsi sheqdireaizema tedrdeveral percents of
the whole, and nore cooling tinme is required till
1009%of thetlwat enpbeconbsdi 862tp0021ELsRef&o7gn 1n the
di fference between regular freezing and supercool ed
endfap@ziay herpPmBe igescPifedorE sdtimtlfe ygestrequired at
~difference between reqular freezing and supercool ed
thisreeBeng The whelHerttlRe FdperCodét Stadt ¢4 & e ey 10
or not. In the case of regular freezing, if the
Cenpepabilthg Bsi AE PEYFASSdd, S Pt F54€8%i ng starts wit hout

Gyt opCenter ng (he ouper sopled siate, L0022l shcve,
o [EESP L H19,00RETSGRLR0 (ISP LS Do Rt o pe
fregggHBrhggi%tt%%eorder of several seconds and
instantaneous. However, a proportion of ice frozen
instantanecusly at the start of the freezing is equivalent
to several percents of the whole, and more cooling time 1is
requlired 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 regular freezing, 1f 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 fcod when

freezing starts. Here, what phenomenon is occurring at the

- 14 -



14 start of freezing wll be described using water in
a PET bottle as an exanple. In the case of regular
freezing, when freezing starts, water in the vicinity
of the PET bottle surface starts freezing, which
brings about a state in which thinice is forned on
the surface portion, and then, this ice expands
toward the inside and the whole is frozen in the end.
[0023] Gowth of ice occurs around an ice nucleus in
stawhi 6l @rewatiey mmllacilee deorarsized|ustneg witer cettai RET
size or nore, and ice nucleation occurs at the start
botef ef keezingxamPrer.ef dre,then qdre cakeroFutaguiBpezing, when
freezing, nost of the ice nuclei have been formadtgrie

frethéngusface,s andtiar dan e Cowsh dey edff thag TEE P8
growi ng toward a portion which is in _a quuig Etat%'which
sur@acehe tetrtiey frmnd i tHel daser BR9SupkPibofedt2t® *

freezing, if freezing starts, ice nuclei are _formed, .
thigniifer sy fameshghodiit RA R T PPET BBt t FBS Elleﬁ%é ic‘%lelS

~grows everywhere both inside and on 1he surf :

icet erRERS YA, ke %ﬁ%%gﬁo?ngrggﬁiﬁhg$%e% a?%gzgfﬂ in the
direction. The difference between regular freezing and

endsypercool ed freezing after freezing has been

conpleted is that large needle-like ice crystals are
fortf@d *oward the inside from the surface in the case

Of LAUARE{GBPL A0 ML LS SR L, 811! 68 wnicn »
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 nuclel 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 regular 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 and inside in the case of supercool ed freezing.
[0024] Also, in the case of rapid freezing, the state
of the food after freezing has been conpleted is
simlar to that in the case of regular freezing from
the viewpoint that cold air is applied to the surface
for quick freezing. Since the tenperature on the
surface is rapidly lowered, the freezing starts on
the surface. However, a difference between rapid
freezing and regular freezing is that since, in a
andr apsddér éezichg, cesel iodg supewarcd ltate v adergpr ogr esses
at high speed, the ice nuclei can be easily formed in
t hECE2%] de as well as on the surface, as conpared
with regular freezing, and |arge ice crystals are not
f ohbhe@ abni kheheasaselfofapégufarerddszi nge SEdssPL the
Consi dering food refrigeration, the sjze and shape of ,
foofcafEpystars zamde s S8ANG IS Pesh ConpietetF havetBat in
big influence on food quality when the food i
they RAREUO EST AR L Afodt Fdddd & TBhet 1 u‘fﬂe@dﬂw%ﬁs%%t cold
. _proteins, carbohydrates. and the |ike,_once.the
21 TSE FUGPHN S o5 dest oy Ty cfé’rcr%]téf stEF§2 eI notSince the
fully recoverable in many cases. ... Therefore, it can :
terghr gpisy SPetrityer i s i oY qrart iy stheafegging
Staif t he %;esquE§Q§pe of ice crystals fornmed during
FFSe?Pn% do 5ot “‘déstroy the original structure of the

foﬁQWever, a difference between rapid freezing and
regular freezing is that since, in a rapid freezing, cooling
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 ice crystals
are not formed as in the case of regular freezing.

[0025]

Considering food refrigeraticn, the slze 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 ¢f ice crystals
formed during freezing do not destroy the original structure

of the food.

_16_.
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- 16 [0026] Wth regard to rice, in the case of
freezing via the supercooled state, since fine ice
crystals are forned at the center of rice grains on
the whole, it can be assunmed that the surface area
where starch nol ecul es and water nolecules are in
contact during thawng is large, and re gelatinization
and a return to a soft state are easy. The supercool ed
state can be kept, and thus food may remain unfrozen
wi tdoik] cancel | ati on of supercooling, but in the case
of rice, if it is in the unfrozen state, a of. h
:ﬂWﬂtﬂrx&q&ﬁ@s@@srl¢ﬁeréﬂoﬁée FRS5EnETcdSE via the

supercooled freezing of rice, the supercool e e
supaBedsled BEAteancePced fimfediCh &5 Lo 1 hat - ¢ hgofé‘%é at the

can be fully frozen [ Q027 ubse uentIy r u
cengAl eénti6k QF@%nﬁwﬂﬂwﬁﬂﬁ%ﬂQﬁ Te% & d?ec%§%§#%g that
out the refrigeratin nmet.hod j n. Epbod f
thepﬁé§§ﬁFelﬁ%@ﬁtﬂﬁ??ﬁ!%tqﬁ§hcﬁ%&§?%£%g|% etalFQ mBE@CUIes
Is a side sectianal view of the I g t freezer
aref gp EQPF?Fﬁgq&ﬁquu;ﬁ%ﬁrq%eratrégéé %ﬁg 9F|g 5is

gelBFlpﬁéaiﬁg%#?na VIGM#EPQM&QQ a;sW-tchipg geapagkient

eréior reezer or carrying out the

&élggﬁgékg%olgﬁf?ﬁgﬂxfl A exph@detlus food may

e View o are sensor of the

refrl ols f {{YtDOnOHE subercooling, but in
femﬂePrﬁ§§{§ Tt n§§ﬁ§£% €§EGQ7 I s angrapﬁ ghomnng

the case of rice, 1if it is in the unfrozen state, aging of

starch progresses. Therefore, in the case of supercooled

freezing of rice, the supercooled state needs to be
cancelled immediately so that the rice can be fully frozen.

{ooz27)

Subsequently, a structure and control of a
refrigerator-freezer for carrying out the refrigerating
method in Embodiment 1 of the present invention will be
described in detail.

Fig. 4 is a side sectional view of the refrigerator-
freezer for carrying out the refrigerating method, Fig. 5 is
a side sectional view showing a switching compartment of the
refrigerator-freezer for carrying out the refrigerating
method, Fig. 6 is an exploded perspective view of an
infrared sensor of the refrigerator-freezer for carrying out

the refrigerating method, Fig. 7 is a graph showing

_17_




- 17 directivity characteristics of the infrared
sensor of the refrigerator-freezer for carrying out
the refrigerating nethod, Fig. 8 is a side sectiona
view illustrating the sw tching conpartnent of the
refrigerator-freezer for carrying out the
refrigerating nmethod, Fig. 9 is a perspective view
illustrating the periphery of a sensor nounting
portion of the switching conpartnment of the
refrigerator-freezer for carrying out the
direefivgeyathngaciretrhsdicand fFitge 10 irsinedharepent vk the
view illustrating a swtching case of the _
refrefergbpat drebreezéprrf earearing vy todthe tpfrigerating
refrigerating nmethod. [0028] As shown in Fig. 4, a
methodd sterafelcompaitremecdionmd et i gerbitioratiedzdhre
for carrying out the refrigerating nethod in
swiERPBINEATPEréene Ofr ddentt ViSRRI ST TRETRY Lor
constituted by a refrigerating conpartnent 100

carayiBHged tat-hean Sdgpéichedtt ifarte pricvd detl % th an
opening / ¢l osi, door,, a sw tchi ng .conpartnent 200
PeraPFRRGSA BAFdw tiHeS FarrGoratd AP oA eht 100" anG
oo BLFSLISE LD, 2 STSUET ot CoRRE Sl LM g o
oL RS BB S I g YRR AL S8 L
weEGPSEHIE 00 A AUOSSe O 1 o  Bsgcins <
Swig"cﬁ\oﬁﬁ}rgr ﬁ%%%r o 2 HHE06LA0! &SRR R, 300: F rapgedi At 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
dcor capable of switching from a freezing temperature range
{(-18°C) to temperature ranges such as refrigerating,
vegetables, 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 -



- 18 part and provided wth a drawer door, and a
freezing conpartnent 400 arranged between the
veget abl e conpartnent 300 and the sw tching
conpartment 200 as well as the ice- making conpart nment
500 and provided with a drawer door. On the door
surface of the refrigerating conpartnent 100, an
operation panel 10 for adjusting a setting of each
conpartnent is provided, and on the back face side of
part hd nefed geeat whgh canparvaendono, 289 antr6N%er 916 s
provided for controlling a conBressor and openinqj! -
comed osiagt 0f 0@ adnapeedsbetHaena thenyErgItG e Sofc Oy Pat tmen

tenperature detector installed _at each npartnent. i s_
300 adjdistlee $0ithblngnperaeaEBeNSpErSt 6F éﬁ?gﬁseats trﬁ% he ©

nak Uhe §0meaF HGen SonpAr FRENE AUGSSH P & draned Sod

R A AR e
100 Setoanreh g Conpi b B RO bl puc
contfhen oA b ERASET A UUULL A P ine of enc
resLEBSL 2051, PG IEHRRE, (080 5 AR d ey 6L oD povicea
cor SRR IR A% L o ot b
damgéfg%Pe%g%ﬁfﬁgﬁ%&@gyé%d¥%'HkE%J%%%@éﬂﬂt@@énﬁeaécaor
installed at each compartment is adjusted to the temperature
operated and set by the operation panel 10.

The switching compartment 2C0 and the freezing
compartment 400 of the refrigerator-freezer are spaces in
which rapid cooling and supercooling control are possible.

[C029]

As shown in Fig. 5, on the front side of a ceiling in
the switching compartment 200, a thermopile 2, which is an
infrared sensor for sensing a temperature of a placed food
such as rice, 1is 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 20

degrees or more using a mounting point as a spindle so that

_19_.




- 19 a tenperature of the food stored at any position
in a swtching case 201 contained in the swtching
conpartnent 200 can be detected. The thernopile 2 nay
be provided to be rotated by 180 degrees in the
hori zontal direction using the nounting point as a
spindle so that tenperature of the food stored at any
position in the switching case 201 can be detected.
The air tenperature detected by the therm stor 3 is
used for danper control for keeping the tenperature of
a tehipe raaWirtechi Mg iconpard nentr 2002 at aay SeeS L EAPEr afufe,
and if the detected tenperature of the therm stor 3
swi tics higghersd Haml tdentseted eipetlae upel CERENHaRPBPETWACER
w || be described later, 1is opened so as to feed cold
200 aiam it aldthecised t chimg tleerpapt hent POY, PRhPIEvVilfed to be
is lower than the set tenperature, the danper is .
rot :dlcsaey SO Aisdear peevent Leel HoaLFOREAR BhIRAt-GOFhasing the
swi tching conpartnent 200. [0030] Subse%uentl tﬁhe
mourtthisrgropd 1t 229 &1 SPendescPPbEhatn LeHREIA T Y& & i ¢
Figs. 6 to 9. As shown in Fig. Gh.the t her qilenghkpr
stoxehsi i@ hePOF bbHORetPet BEuFBLE &B‘Hstciatsﬁ‘tgg} by &

t hernopi |l e substrate 30, which is an infrared sensor
detemi?ibody, a novable casing 31 to which the thernopile
substrate 30 is integral nt ed n W r.otec

©Ha v TR SHDSE e e HEECH. BY GhBg haargr B5oror

for

useéo%ggiggmggg g%h%%%% %%% %%%%q%%‘%%%'ﬁiﬁﬁEﬁé%ure of the

switching compartment 200 at a set temperature, and 1if the

food
0]

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 inte the switching
compartment 200, while if it is lower than the set
temperature, the damper is closed so 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 substirate 30, a driving

notor 32 for rotating and driving the movable casing 31 to

4.20_



- 20 which the thernopile substrate 30 i s nounted,
and a fixed casing 33 to which the driving notor 32
is mounted and fixed and which has a wi ndow portion
covering the novable casing 31. The thernopile 2
nmeasures tenperature using an infrared ray froma
target and it has directional characteristics as
shown in Fig. 7 in sensing. Therefore, in order to
i nprove sensing accuracy of the thernopile 2, it is
whigpothantheomeatidh thbstaedget 30 ive mavedsut,ediral 4 hiel xed
center of the sensor as nmuch as possible. Thus, it is
cagbndi gér bd whdéhht hae tié vilmer opidre 2 il Avdkedeng fixed
to position the target to be neasured at the center.
ang 0p31h ABagha ®eéndPHgPREt-GOBZC R Eeh il Bfjtdle casing
capabl e of position detection at rotation is
3lsuitable. However, if the notor is to be operated in
an environment in the refrigerator or particularly in
a fHeeZihy  PerpLt af UFRAFERGE, CCgERARITOR SAUS 1T idTF 1gW rared
of _hum di in_opening / closing of a_ dqor of the
raf ofFPherat or 8ot e Cos a1 oFis CHAF O er fics as
ensur e gacergaLn de%ree of a rotation output torque,

shoWileh? &pded-r dduEfTSA Wechani sm may be provi ded

between an out put shaft,of .the driving.notor. 32 an
Sre oRaS Hagtgqt RP improve sensing acclracy of the
t he"'nbvabt e tasi ng ) SO, “in order "to restrain

thé?%&?i?edge E% Eroi J}%gﬁ%ié€1éﬁkéﬁ“%ﬁé“%g%ﬁ%{eto be
substrate 30, a SOU e structure

measured at the center of the sensor as much as possible.
Thus, it is configured such that the thermopile 2 is mecved

S0 as to position the target to be measured at the center.

[0031]

As the driving motor 32, a stepping motor capable of
position detection at rotation is suitakle. 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 ocrder to ensure a certain degree of a rotation
output torque, a dgear speed-reduction mechanism may be
provided between an output shaft of the driving motor 32 and
the movabkle casing 31.

Also, in order to restrain a failure due to frost

formaticn on the thermopile substrate 30, a double structure
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- 21 is provided in which the thernopile substrate 30
is covered by the novable casing 31, and the novabl e
casing 31 is further covered by the fixed casing 33
so as to ensure reliability. The casings 31, 32 may
be made of a general plastic material, but the w ndow
portion of the fixed casing 33 receiving the infrared
ray is preferably covered by a material such as
silicon and pol yet hyl ene which can easily transmt
the infrared ray. [0032] Fig. 8 shows a nounting
iz pesivtien oh thechhensophkemonilthewsirehien®C is covered
conpartnent, and Fig. 9 shows a detailed structure of
by the Mouablagcpesinig 6n, oknthetcherovepilee.cafieng 31 is
thernmopile 2 configured as above is installed on the
furceeti agvabede bivhéhewiftielicng acanmpariert 2000 whighre s
a conpartnent to be neasured. That is because, if
relthleiéitg.the switching case 201 or the like for
storing food at least in the switching conpartnment
20The¢ ocheiseased. by2t havt her wogicl 22 CUsdergdd Pliasseld
can not be sensed unless the thernopile is installed
mataboge,t he thaihghtvigkovh@osliicghity el 20 W@y 53
interference by food or a human_hand with a pechanism
recphringntoe tRd LA g hoto 3 rakhe 19%&F 9t Rhe?

vt IELIPRLLS, 2 SULng Uhe doot. openl g | OB iy eastly
tragggﬁl% r’é%%c%rgforrarget(}/'ray.

[0032]

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

The thermcpile 2 configured as above is installed on
the ceiling above the switching compartment 200, which is a
compartment to be measured.

That is because, 1f 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 focd or a human hand with a
mechanism portion of the driving motor 32 or the like of the

thermopile 2 during the door opening / clesing operation and

food placement becomes a factor to cause nonconformity.
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- 22 [0033] Thus, as shown in Figs. 8 and 9, the
fixed casing 33 of the thernopile 2 is nounted by a
screw 35 on a sensor- nounting nmenber 205 provided
with a recess portion having a size that can be
contai ned by the ceiling of the switching conpartnent
200 to be sensed. Moreover, the nounting position of
the thernopile 2 is preferably in the vicinity of a
region for which sensing accuracy is to be enhanced.
Thel egsjon is that the smaller a distance between
target food and the sensor becones, the nore .
advBintsageoussiawn sinj Rcgsa 8hare By the fésed rasHey 33 of
view field area becones high, and noreover, a chance
the hhernprel tar get sf BeynitedpPacad SicFed’ bl of SfifbtHer
food is smaller. Therefore, in the case of Enbodi nent
moynf pnghireRb far 7P 31 BEAViLsiess ¥idied & & e Us BRI Pl depne @

in the front portion of he swi tching cas 01, for ..
51gXakphe, Cas ?ﬁoﬁﬁnﬁﬁlﬁﬁg;gg, cﬁ%k&ﬁ%ﬁﬁ?é%fﬁ%yltChlng

installed gn t he eilig% of the front portion of the
COWRRF ERFRG €48et90PSs6RS S0 realize a system

ConLBULal onr e stant, BOBLISL ok e JO0R o 1
o= ke FUER S SREOLI OS2 St Lo GG 08 O s o
ackBYERY! 90 Wbl Leberdgseiled gl &rdingh L Ruger #h@Ndhaller
a distance between target food and the sensor becomes, the
more advantageous it 1s since a share by the focd in the
view field area becomes high, and morecver, a chance that
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
of 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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- 23 The switching conmpartnent 200 is presuned to
accommodate the switching case 201. As shown in Figs.
8 and 10, a front cold-air blowwut port 4 for
actively feeding cold air to the front side of the
swi tching case 201 is provided on the front side of
the ceiling of the switching case 201, and a rear
cold-air blowout port 5 for actively feeding cold air
to the rear side of the switching case 201 is
provided on the rear side of the ceiling of the
Shh¢ chiigchonpactnpatt60t THE fisomreselngdaito bl owout
port 4 conmunicates with a front danper 7 provided on
accophedbaek thacswsitad iofo thiese At chi ng conpart nent 200
through an air trunk 6 provided on the ceiling of the
sk t shiwy éonpassrefdt 2200104l so,froge: qcﬁajr‘acloq Ja‘i"ft‘OUt
bl owout port 5 conmunicates with a rear danp
portphofpdedcon ey Hadd MY bf Fhet %%Wil‘ﬁgslde ot
conpartment 200 through an air trunk 8 provijded at an
the éﬁﬂéﬂhlﬁlﬁrtcao‘?e tHE Sl (R g hs oS Bk ange of the

nper_ 7 _and the danper 9 are connected to a,cold-air
ce L 15PEF B i SHOC TS BRASS | Db5s STRes { Tont corioarr

o BRI TRIL B U Ly B
oo PR TR B o TR
eyl bl g e S et spm od

S&g% %r ntp%%f&iair 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 20l. The front damper 7 and the

damper 9 are connected to a cold-air draft trunk (not shownj.

[0035]

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 placed, and as shown in Fig. 10,
the placed food can be rapidly coocled. At what spot in a

place from the front side to the rear side the food is
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- 24 placed is detected by noving the thernopile 2

provided on the front side of the ceiling of the

switching conpartnent 200. [0036] As shown in Fig.

5, the thernopile 2 is installed on the front side of

the ceiling of the switching conpartnment 200 and the

therm stor 3 for detecting an air tenperature in the

switching chanmber 200 is installed on the back face

side of the switching conpartnent 200 since if the
pleenperiat dedecarted ey frcontneide: i sheanspdiah2nptbeifleddon

is placed in the front side in the switching case 201
thef frhatswiltdehiofy theompartinanto R0therswhechike, compastment

detected by the thernopile 2 and the front danper 7

208t the front cold-air blowut port 4 is opened so as

to actlvely feed cold air to the front side, while if

t he @%ﬁﬁerature on the rear S|de is raised, it is

detected by the thernDplle y the thern1stor 3 or

by %%tﬁ PHB thefEpi Pe §h§n&hﬁﬁ¥QHk%@n%fﬁil%?%ﬁkﬁ?%eon
thre er 9 &; he rear. cold-air blowut port 5 is
8p ﬁ8&

§ LR | N e oTE BFFIT6 CREPREARERT
203 i %gosiilhermlﬁe On%vaﬁ% i O%%%ilﬁﬁ%%? I5ho eapgeature in
thgy PAETHEAGTE T ang the “tNGH ST or 3 ana tRG Eorg side
fakﬁecg%lQ%h@lé“%%ﬁ%%r%ﬁéﬁ@%ﬁﬂ)51nce if the temperature on
the front side is raised when the food is placed in the
front side in the switching case 201 of the switching
compartment 200 or the like, it is detected by the
thermopile 2 and the front damper 7 of the front cold-air
blewout port 4 is opened so as to actively feed cold air to
the front side, while if the temperature on the rear side is
raised, it 1s detected by the thermopile 2, by the
thermistor 3 or by both the thermopile 2 and the thermistor
3 and the rear damper 9 of the rear cold-air blowout port &
is opened so as to actively feed the cold air to the rear
side.
[0037]
As mentioned above, since uneven temperature in the
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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- 25 overcooling in the swtching conpartnent 200 can
be prevented or the like. Also, if the thernopile 2
is not provided, there can be a case in which, though
the cooling in the switching conpartnent 200 is 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 |ocally
oveleachesgaipr edet eritRed rsetcdngpemedit 2 @hdcdhebelanper
is closed, by which supply of the cold air is stopped
preoenthe ol kée Hawever, if the thernopile 2 is provided
in this case, since the tenperature of the food
plated, t bt heef thrttmsipdécof tilse noitk eoricsy kdravn, Llarid: can be
cl osing of the danper or stop of the cold-air supply
a cear be phevént édhovard tdooldawl irperfrorblescew andhengr gy
savi ng performance can be i nproved. By realizing such
congiagtrmebit 2OR dontyad] =fffiivd gt ddatirialbyventhe ¢hed air
pl aced food is warm it can be cooled in a

blogsneat fared ‘waniear THUsI-ahe Ryt bt bRt of %ﬁeS]ﬂBBdOff
around it iis not extrenely raised, which is hygienj
by Lhg LCORVERFER EVamE FeaT crivit GHiEHRe wheke and Drought
di stance between a warm food and a frozen food is
Lowgrd) [Lheakd e et it Uity of1¢ RS 13 ehY f bodt 1S
the%%g% %fﬂ%&%ﬁ%é;i#ﬁql bagﬂ%g%%%gnggpgpature iocafly
reaches a predetermined set temperature and the damper is
closed, by which supply of the cold air is stopped or the
like. However, if the thermcopile 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 cocling
performance and enargy saving performance can be improved.
By realizing such distrikbution control of the cold air,
even 1if the placed food is warm, it can be cooled in a
concentrated manner. Thus, the femperature cof the food
around i1t is not extremely raised, which 1s 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 around it can be minimized.

[0038]
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- 26 In the refrigerating nethod 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 nethods.
Therefore, control needs to be switched to an
envi ronnent where coexi stence is possible at an
appropriate timng. In order to bring foods into a
supercool ed state, cooling by a cooling capacity in a
cerlrailme angkr i genebtled. neThps meanssehatini fthehgresent
cooling capacity for cooling the food is too weak or
inveootsvhongl fthensdperessl édtadt Hodh Shyotrarduginling and
about or the supercool ed state is cancelled soon.
supepa9p L REf BREFAGCEs LaNtefpONdicuRe FIGSHNE wHIH- flguRly dre
cool ed, ,coolin%,capacity at tenperature obvious|y
CORl-gRet CERRE ERE L INPeBAAGIS0i ntt G ST FrodiP Rioey! Hyteds to
give a particular influence in form ng a supercool ed
be dpE bohPOSPerT PRYERENERTe PitRH G0 i GHITCT i RPe>bLe
freezin oi nt of the food by several C (2 to 3C, for
ateﬁﬁnﬁ?@??p?ﬁétecgdpﬁﬁg‘capacity needs to be weakened,

h i h | d- ai bl he f f
oot ot e e f o0 R W ge d miBsiRab Rl ALk e,

nee ornt 1s varie

depending._on the _foaod, b it 1S ] ¥ t
o B b o B oGy GePata T 1y = (HE BT ety Boqtf nfgeded-

or-rice. e entire

e BB soaLed Shatec Bl Imylaory st a5, e e0E roo
1 sSHREN geahed Stake s hh Lonsidening Lde doog: ceol { BonBY
brought about or the supercooled state is cancelled soon,

{0039}

Referring to a temperature history when food is cooled,
cooling capacity at temperature obviously higher than the
freezing point of the food ddes not give a particular
influence in forming a supercooled state.

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 cocld-air
blowout to the food surface néeds to be restrained.

The freezing point 1s varied depending on the food, but
it is in a range of 0 to -2°C for rice. 1In order to bring
the entire food into the supercooled state, both the food

surface side and the center portion needs to be brought into

the supercocled state, but considering the food cooling by
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- 27 blowing out |owtenperature cold air, the food
surface side would be frozen, first, since the
cooling speed is faster there, or even though the
supercool ed state is achieved, the supercooling is
cancel l ed before the center portion becones in the
supercool ed state, and in this case, the center
portion is frozen w thout going through the
supercool ed state or through cancellation of the
supercooling in a state wth a high supercooling
blowh8ached teRparatjietthereini it n tndefode seafaze aide
stabl e supercooled state for the entire food, uneven
woultenpperatu=e batiwean thiecd ogte sawd hoeg stdecdndst hester
center portion needs to be made snmall, and as a
therget had fem raaludt nghd matgethecbadl sngtspeedachhevhd, the
food surface can be suppressed, that is, the cold-air
supellcowdlnd d 4 hedfood slrfaber canhdecerber apaedion becomes
However, if the tenperature difference between the
in theodusunfaoel i decand, am@ tentlers porseontheghenteRan
the freezing point of the food by several C (2 to 3C
portfion dxarfie@)en coothaigt deesnaothrpegesEhri FYPAaGECLEdbe
weakened if the tenperature difference between the
statood SUrFREE: s ahtR Ehen ceht BRe PBPEFBACILSIW thi g State
- 3C, preferably within 2C, or nore preferably within
witm@ Higluojursitrehient F§2chhe FeTPRERFEEFng met hod of
Enbodi nent 1  of the present jnventi.

i1l b
JBSCAFBEH erial TP o4 K= F Gchat 1o bt BT g 1q00 e

state for the entirs food, uneven temperature between the
food surface side and the center portion needs to be made
small, and as a method for realizing that, the cooling speed
on the fcood 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 1if 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.
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28 First, when food is placed in the front, for
exanple, of the swtching case 201 in the sw tching
conpartnent 220 (Step Si) and the drawer door is
closed, refrigerating control by the controller 16 is
started (Step S2), a change anount of a detected
tenperature by the thernopile 2 is calculated (Step
S3), and if the calculated detected tenperature is a
hi gh tenperature, which is higher than nornma
t erfperst urendStBpdd)s phecédont ahnd Feanti wdodarpengle,
7, 9 are opened so as to blow out cold air fromthe
of ftlomtsweotdingrchbewdf por th4 awd tiche nge aomgel w220
bl owout port 5 and start rapid cooling (Step S5). The
(Strape nal ) t enPetaeudeatieredmeang sacdsgad, y radogmead: Lirgbm
tenperature of 15 to 35C, for exanple, and the high
cottlehpbriay uklee r epBESOT betemferat ariieghds i d)he a change
normal tenperature at 36 to 100C, for exanple, whose
akaR%roflﬂ1@6t?§t?@nﬁéméﬁﬁﬁéuﬁﬁl@H’&Qﬁ &§Qﬁﬂﬁﬁkkﬁéﬁ3§%

L? ﬂ coollng speed in this rapld cooling is 5C /

caii e dof hoeor ke dr cher il 01 S r
Wen, f ood sugf ce tenperatur t.he detecte

te”ﬂ%%%’f%f%résof‘ Bheht ﬁ@?‘ﬁﬁﬁ@l &7 8 b i Highgg than

no sl LB 20,12 36y o0 oD € LRl XoA0 10 G S PR
Cooﬁs% Qneés%spa?)ao logo‘idhlo%ts%%ﬁrdcom | ']%or& h&.e rront

apac needs weakene n order

COI&L§£9pb£Q§oﬁ@pb9rE°9|Bﬁg %%etQ%ar cold-air blowcut port 5

and start rapid cooling (Step 85).

The normal temperature here means a usually accepted
room temperature of 15 to 35°C, for example, and the high
tenmperature refers to temperature higher than the normal
temperature at 36 to 100°C, for example, whose upper limit
1s 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 S6),
the rapid cooling is stopped, and supercooling is started
(Step S57).

In this supercocling, the cooling capacity needs toc be

wezkened, and in order to stop the rapid cocling at the
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- 29 predeterm ned tenperature, the controller 16,
first, closes the front danper 7 and the rear danper
for controlling cold- air supply into the swtching
conpartnment 220 (Step S7a) so as to stop supply of
the cold air fromthe front and rear cold-air bl owout
ports 4, 5 and to weaken cooling of the food. [0041]
Wth regard to a tenperature at which a process to
restrain supply of cold air, which is a first stage of
the supercooling control so as to uniform ze uneven
predeeapriatdr éempietraitsiren| yhrecesgamyl tdratl @ hef foed, closes
surface tenperature is 40 to 1C, preferably 25 to 3C
the gronbr dappefrer/abiyl thet ¢e5C, daamdky ffahecorpi @l Ebedi agld-
. is stopped at a tenperature higher than the
alr pppeévermilvedhice mpetatung aHeta iteHo Obl SRR $ha) so
t he supercool ed freezing, but the effect to suppress
as tpagtepr &uprdediotg,thef fostic 126 5 uppife sl aagh i T atidd t hear
effect . to suppress noi sture evaporation by the rapjd
coldzgdri Rgoxret Pedidded, A 5140 ¢ ]?edbi%P%%’dl“‘?n@f i she
stopped at a tenperature |ower than the predeterm ned
Foodtenperature, it does not bring about the supercool ed
sﬁgéﬁ ?ince the food surface mght be frozen, first,
i & process of uniform zing the uneven
t rature.. Alternativel it is _highly |ikely. that
EPELBarees S & TRtbRaht toctme iR ST en s
rest§hi 0 NALES or ¢ educes, the plfgot Lo, | prove;  freezkngy.
qguali ty by “f .

reezi ng via ‘'t he 'supercool 1 ng
supercooling control so as tTo uniformize uneven temperature,
it is only necessary that the food surface temperature 1is 40
to 1°C, preferably 25 to 3°C, or more preferably 10 to 5°C,
and if the rapid cooling is stopped at a temperature higher
than the predetermined temperature, there is no problem with
the supercocled freezing, but the effect to suppress
bacteria breeding, effect to suppress aging, and the effect
to suppress meoisture evaporation by the rapid cooling are
reduced. Also, if the rapid cooling is stopped at a
temperature lower than the predetermined temperature, it
does not bring about the supercoocled state since the Ifoccd
surface might be frozen, first, in the process of
uniformizing the uneven temperature. Alternatively, 1t is
highly likely that the supercooled state might become
shallow, which eliminates or reduces the effect to improve

freezing quality by freezing via the supercocling.
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30 [0042] After the supercooling is started, when

the detected tenperature by the thernopile 2 reaches

the predeterm ned tenperature higher than the

freezing point in the vicinity of the freezing point

of the food by several C (2 to 3C, for exanple) (Step

S7b), the controller 16 opens the front or the rear

or both the front and rear danpers 7, 9 so as to

enhance the cooling capacity (Step S7c). That is, the

f ootPp@#l pheral tenperature needs to be lowered. If

the cooling capacity is too snmall when the freezing

t enpEf@¥ ukleei sUpasched Lwhi L6 chartatberdtanr dhe detected

di fference between the food surface side and the
te@@ﬁF%FurﬁoPﬁﬁ &R Sharmariditald T @3 Supie oor ede seaméned

iS not brou about but the free2|ng is realized as
tei“PE‘FétuFGoEg]g ethetéfordie qﬁﬁec%lcfw%@mﬁ simelbigedviienity

of{ 1 88s PREFOTM PR A g et opbr ST Eol @ Afr Lps3°C,
AL TR NS A ol L8 1, B 0 P
or ¥ REPED) §On B Ehenéziarﬁrne LEPLT BeTraTald o a5 o
enb BRE" BhU BoBMLSly PR AR A LA hat theo
Supgy£eo] k Ng¢j 8 feaacggkggge nq the e&%%rfzeg rgé;eedé %6 be

ContanOUS exposure 0O ood surface to t
lokevehenperatyee hd @l lefiflc &} Y too small when the

freezing temperature is reached while the temperature
difference between the fcod surface side and the center
portion is still small, the supercooled state is not brought
about but the freezing is realized as it is.

[C043]

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 supercoocled state is brought about is
too low, it is highly likely that the supercooling is
cancelled, and the freezing due to continucus exposure of

the food surface to the low-temperature cold air for a long
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- 31 tine should be prevented by setting the air
tenperature in the case at - 15C or nore or by
intermttently blowwng the |owtenperature cold air
or the like. Time for inproving the cooling capacity
at Step S7c in the supercooling is varied depending
on the anount of the placed food, but it is
approximately 100 to 600 m nutes, and if the
predeterm ned tinme has el apsed (Step S7d), the rapid
cooling is started again (Step S8), and if
timepEadater Hened chichi <of R0 dea thid(y riHuitesy { @ipexarple, in
has el apsed (Step 9), the rapid cooling is stopped
the andet he tenpératod endre rat Wynethtdmniantemily ablSeing the
tenperature of regular freezing of -7C, for exanple,
low~semasrtaucar ry lautairegud athe efrkegerating (Step S10).
[0044] As nentioned above, after the food tenperature
hasmer éachedpaosuhfi thentby ldmge regelcad Y enpertatures’/ asin
at Step S7c, the supercooling is cancelled and
the pppezicoglisostiar ted,leduytedandinis aasde iamggnt of the
necessary to enhance the cooling capacity, that is,
placed geridvelbytblidw igutariieX iowteiper® ure cdlMianieso and
, the food. If the cooling capacity is enhanced, not _
11 taRl preret cemd nashdridsolliaty ¢kt el $tlerp blitd bl sbhehaepid
the time till full freezing after the supercooling is
cooldBfcel &¢ard aedited @fER & lor ytal L e e rhentined
time;%%g&ﬁgﬁggﬂﬂ%%gﬁg Etég,tpgrfggngXeEhﬁagriﬁgﬁg%d5ﬂstep ),

the rapid cooling is stopped and the temperature is returned
to an initial set temperature of reqular freezing of -7°C,
for example, so as to carry out regular refrigerating (Step
510} .

{0044}

As mentioned above, after the food temperature has
reached a sufficiently supercooled temperature as at Step
37c, 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 fcod. If the cooling capacity is enhanced,
not only that the supercooling is cancelled but alsc 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.

f0045]
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- 32 \When the cooling capacity is to be weakened as
the supercooling at Step 7a, it is only necessary
that the front and rear danpers 7, 9 are closed or
time during which the canpers 7, 9 are closed is
prol onged so as to suppress inflow of the cold air.
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 danper
clWsent bhehecbdody phaeedent lgosia iben weadiandds ag Hehe
danper of the blowout port at which the bl own-out
supgskaoailRIcat &dsiA yahi 1t Hes fooll iecesdaed, Canl the front
cooling is carried out only with the cold air fed
andf Fgart %ém@teﬁér ol Swadit Potted 19T thene olt Ehpetat thetne
cold alr needs to be actively blown to the food in the
canpgga of tﬁéera&Qfﬁﬂxﬂﬁrﬂf %ﬂe@i%$ &5 theSdahpeFs

. | to.th f | t t that is, th
i SRS R PP 2oerent posiiion, (nat s, (he
d th d.i d |
A TS T Al

n the,.refrjgeratin thod of Enbod ment 1
bloh refr%gerf% ngﬁmﬁ%n Bods? Va1 e sup%rco%?ln Pgthe

Sup%?§88&§5g65%9%b0 marnf%ﬁgggg ?P EL %Bnorna
plak%ﬁ%%“ca WG +Qfy rLesc%atarhds U“tf_ﬁé’zﬁé‘m}m@f' é OEVFJe' BlEL«Qut Sort

It S possi le'to carry out o e supercoolin

at %ﬂﬂkﬁokhgyﬁﬂﬂdﬁndﬂktégi@rgfﬁséaﬂfea51ly 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 fooed in the case
of the rapid cooling as at Step 5, the damper clcse 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
i1s opened or all the dampers are opened so as to feed the
cold air.

[0046]

In the refrigerating method of Embodiment 1, a method
of refrigerating warm foods via the supercooling after the
rapid coocling is described, but even if the placed food is
not warm food but cold food at neormal 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
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- 33 the rapid cooling at Step S5. [0047] Enbodi nent
2 Fig. 12 is a perspective viewillustrating a
switching case of a refrigerator-freezer for carrying
out the refrigerating nethod of Enbodi ment 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

the imvend | @bl sndgeaki 2edpbgs5the entire sw tching case
201 accommodated in the switching conpartnent 200,
butod4v JEnbodi ment 2, the refrigerating contro
proposed in the present invention is carried out only
i mrdcspecdfti 2 section of the switching case 201
accommodated in the sw tching conEartnent_ZOO. Anerit
obtial neld biys carpgt Fgeobi ve heleef i L gepatpRgndcanErdEcHfing
the present invention only in the specific section in

cas¢ hel s Fehrhgetaser26regeesmiedatcaéd GYi ncheutsitechi ng

conmpartnment 200 is that by,specigygﬁg a position where
ref ey e #boud | Bephated’ ATERAABETST Zcoft 4Ct WY e

. frozen food can be reduced and control w th _hi gher .
inveptyphcy2tis  rlde 1podsSi Bl ES7FPE Vreovvlseé"ctlilghl%ht[r@&ié]g

ano€§e§hgwgtéﬂiﬁggba%%’o% E%%yr%gfﬁég¥élg%j%ﬂgé¥§% &r
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 conly in the specific
section in the switching case 201 accommcedated 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 tc become a placement
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- 34 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 considerin that a new space is to be created
spamrf@ﬁefppée?upg r§ wore lcoAvenivdried O He'§ i tPTs side
| aced on the uppernpst stage of the case. The tray 1
ol E%enﬁﬂétﬁylﬁﬁuﬁ?ﬁ@nﬁgﬁ'pIastic, and in the case of an

alum numtray, heat conductivity is . .favorable an s
te%%r]é?%?%nd‘i@i’r?}éﬁt FoRYc nlﬁe\é5ﬁ)t¥léj\? Badi ey,prv%pftchSldle
is. effective for caoling of rice. Aso, the y :
posﬁﬁﬁoﬁaQE Ekgoéﬁ?gfgﬁéﬁb éhf&geﬁaxfhoﬁ%dl%i%%@'a%z S
ffect of heat insulation c b bt ai LN j
thagasg?nglggalpﬁfFﬁgﬁce:ozen2¥Eoé%(£%€%Fﬁeeér%l£gé§%o%tored

'S hot given zen

whegvgnrhfr@%%nﬁgi %ak%mplqgﬁ?e&&ﬁ%ﬁ%%%g@QTmf£@ s highly

coof-storage "tray on ‘the froze 0049 Thi s

lik%ﬁ@y td ggsgﬁlg%fetds Jr 190k tﬂt}gﬁﬁtﬁ@@,dsan@nglEgecoﬁgﬂ'ﬂz%ing

aare rotatably and pivo supported on the front
tha%'gfnhg IS f.aces, on thesbath sidernal kscof theis more
SW

itching™ case 201 and nounted rotatably on the
con%@%ﬁ%%kngfc%%% %Q%KEVM§QJEJ@é&r@W fhé SupPedsstaskege of

end on one side o
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 1is
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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35 the tray 1 is placed on arib 41 to be in a
hori zontal state and capable of being used. Wen 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 tray 1 by a claw (not shown) provided at
an upper end of a front-face opening portion of the
swi tching case 201 so that the tray dose not obstruct
storage of other foods. [0050] Also, the tray 1 may
the peran & ssrpchoee bn whicch @he tot bay iins aplhacedcortdlhestate
four ribs 41 provided in the switching case 201 to be
and stapibigedfabeshownsied . Fi ghed3 throttriay tihds stotudtunese,
capabl e of being folded as shown in Fig. 12. In this
thec%%@y 1fl§h§9§ag?@ opRuralitiyadf s¢gdes amdertéie tthmy 1 is
ribs 41 are provided, |ayout can be changed so t hat
foldek bypoBppkéRIWAeFBCERE PPAY DN < neitowinged ) car b dary on
th of the front center, rear and the like of the
© it ehi ARdcasdernt TagcéravngG Py & Glevst@od. sRE) | f
the ribs 41 are to be provided, by provi ding a
pro %?%n *tyaBf UAPEFeFBAL ChePghts it [acke dREINGAE Portion of
direction, the h ht of the tra can be free
the |3y B Gh McEor g 289t80aﬁ4}aﬁt sh; Eapve g PocaS i st
fr ze Also, in the structure shown in
Stoééég ﬁ§ Eﬁ%r ‘can be stored in an upright state
Iy ket 20 for tray on the front face of the
SMAt g case 201 when not in use so that

Also, the fray 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, 1f 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 switching case 201
according to a use state. Also, if the ribs 41 are to be
provided, by providing a piurality of different heights in
Che 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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- 36 the tray does not obstruct other foods. [0051]

Enbodi nents for carrying out the refrigerating nethod

proposed in the present invention have been descri bed

using the switching conpartnment as an exanple, but

the same applies to the freezing conpartnent. [0052]

The refrigerating nethod for inproving rice quality

has been described, but there are cases in which the

quality of other foods can be inproved by freezing
theugimgy tlviess metthedhs tand: tdEéeeffdqgds ati ng net hod of

the present invention should not be applied only to

ri ¢805kdr exanple, for the food containing starch and

wat er such as pancakes, breads and the |ike, results

t hBEbeRANCHGSl FOF Cormyphey 6d thy-the et rigiet atihgne thoc

nmet hod of the present invention are obtained from ,
PropRse nentidie PSS Hr el N RS- I t eV e PP efaFFRgPed using

met hod of the present invention anf obt aj npent of the
Ehey s tgdiao rIC CHFIIE Mo 2§ 4t | ST APt Rie ]Pléh FESr afi'fig

thogﬁff the. present invention have a w de range of

appggﬁﬁ iGifs G497 HgtoveEEmt U8t ood preservati ve

qugbi%¥]and a wi de range of devel opnents including
i ndUstrial refrigerators can be expected. [Brief

De%%%i@%%%qg%Ea%q% %@H&?L&Ml%%%@oving rice quality has
been described, but there are cases in which the guality of
other foods can be ilmproved by freezing using this method,
and the refrigerating method of the present invention should
not be applied only to rice.

For example, for the food containing starch and water
such as pancakes, breads and the like, results that the
quality 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 quality and a wide range of
developments including industrial refrigerators can be
expected.

[Brief Description of the Drawings]

[0053]
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37 [Fig. 1] Fig. 1 is a schematic di agram
illustrating a difference between a freezing nethod
for rice in a refrigerating method for refrigerating
food in Enbodinment 1 of the present invention and a
prior art refrigerating nethod for refrigerating
rice. [Fig. 2] Fig. 2 is a graph illustrating texture
of rice frozen by the refrigerating nmethod for
refrigerating rice of the sanme refrigerating nethod.
[Fig. 3] Figs. 3 are graphs illustrating tenperature
[ Fehiangd whieng walt ers is §clogent W t doagrsupet toekiragiqg) a
and wth supercooling (b). [Fig. 4 Fig. 4 is a side
diffegeriondietviewn of fieezied rigerad ofefreeger ihor
carrying out the sane refrigerating nethod. [Fig. 5]
refrijgerad ing eihed skt | onbr i 9¢ 6wk showfagdainshitbetimgnt 1
compartment of the refrigerator-freezer for carrying
ol thet ntfes evdmel westh et aqmq%ga ne¥ hewd. afFi gefeloprgtisgi s
an expl oded perspective view of an infrared sensor of
melhople L9f (i fer dorif ezt C®or carrying out the sane

[Egﬁgakﬁfrgiﬁgg $€thod.%%£;§._7i_Fig. Z is a graph e

9 ctf vity? cter3ETesinf tRETHAFr afed
BE A R EE LIS S S
the S5, SeELl ohala vl gy st et ing, e swchi g

[Fig. 3] Figs. 3 are graphs illustrating temperature
change when water is frozen without supercoocling (a) and
Wwith 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. &] 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 of the 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
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- 38 carrying out the refrigerating nethod. [Fig. 9]
Fig. 9 is a perspective viewillustrating the
peri phery of a sensor nounting portion of the
switching conpartnment of the refrigerator-freezer for
carrying out the sane 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. 11]
CAFYNG 1095 Bhe| baehageratiugt mathng.an exanple of
percooling control of the same refrigerating nethod.
'[sgéi%: 9b] Fg: 9215 s2apperepetiveeviewwillhesradting the
e;mﬁ{chiqg case of a refrigerator-freezer for carrying
PeISRICHHET F rF Yo7 at i Ry et hBdPeE LERBOAENthe 2weftcthay
resent . invention. [Fig. 13] Fig. 13 is a perspective
Coﬂkﬁﬁw%ﬁqmé?gan@%greg%bgﬁé?tgﬁrféﬁ?ﬁ@rcﬁ§é eRrewdng out the

S At N T
bz SR U LA TAT I AR M P
switching case of the refrigerator-freezer for carrying out

the same refrigerating method.

[Fig. 111 Fig. 11 is a flowchart illustrating an example
of supercooling control of the same refrigerating method.

[Fig. 12} Fig. 12 is a perspective view illustrating a
switching case of a refrigerator-freezer for carrying out
the refrigerating method of Embodiment 2 of the present
invention.

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

[Reference Numerals]
[0054]
1: tray

Z2: thermopile

3. thermistor

4: front air blowout port
S5t rear alr blowout port
7: front damper




- 39 9: rear danper 10: operation panel 16:
controller 100: refrigerating conpartnent 200:
switching conpartnent 201: sw tching case 300:
veget abl e conpartnent 400: freezing conpartnent 500:
i ce-maki ng conpartnent - 40 [ Nanme of Docunent] CLAIMS
[CaimJ1l Arefrigerating nethod for refrigerating
food containing starch such as rice, characterized in
that rapid cooling is conducted at a cooling speed of
0.5C mnute or nore when a food tenperature is high,
the:rapkdr deolieng i s stopped so as to decrease a
cool ing capacity when a tenperature on the food
sut facecpalrké iaint ianed tenperature range of 40 to 1C,
and when the food tenperature reaches the vicinity of
a fPeezFABLEGIALTL enperature thereafter, the coo..ing
cioacity is raised wwthin a range such that an air
teﬁ‘@%fatﬁgfélgﬁééﬁdnﬂhéoﬁﬂ@@d?td@e@ not fall to -15 C or
be%(gév_ for ,ragi,d cooling, and after rapid cooling is
condutt ed“ gt RYafFPBP 24 theddet er mi nes tine has
elﬁﬁ)fed, -eg' i.lar refrigeration -s conducted.

T switching case

300: vegetable compartment

400: freezing compartment
500: ice-making compartment
_40_




[Gaim?2] Arefrigerator-freezer conprising: a
freezing conpartnment- which can be set in a freezing
tenperature range and is provided with a rapid cooling
function; a case installed in the freezing
conpartnent, for containing food; a tenperature
sensor for detecting a tenperature of food having a
hi gh tenperature in said case; at |least two or nore
col d-air bl owout ports for blowng - 41 out cold air

|[NamkNEO sakdnease; andrdanper nmeans for controlling
feeding of the cold air into the cold-air bl owout

[-1zpPRrnys, wherein said danper neans is controlled on the
basis of a detected tenperature of said tenperature
SeNserrsQc-asting gArhydodrrt he fi-ebrirgeriaty myaret hod
for refrigerating food according to claim1. [daim

contdinThe setiricgerator «fo eezer, accarding to:€lai migt
wherein said tenperature sensor is a novabl e-type
t hep mipi-belcapabke coafiureedgnitziangca ifiood sremperet Ur.&°C
of food placed in said case and a food pl acenent .

/ miposiet bonmoCeai-inedl =THe adefirdngeratior=4 reezergh acttor di agid
to claim2 or 3, wherein )

cooling is stopped so as to decrease a cooling capaclity when

a Cemperature on the food suriace falls within a temperature

range of 40 to 1°C, and when the food temperature reaches

the vicinity of a freezing point temperature thereafter, tho
coolling capacity is ralsed within a range such that an ailr
temperature arcund the food does not fall to —-15°C or bzlow
for rapid cooling, a&nd after rapid cooling 1s conducted
agaln after a predeterminea time has elapsed, regular
refrigeration 1s conducted.

[Claim 2]

A refrigervator-freezer comprising:

a [reezing compartment which can be sebt in a freezing
temperature range and is provided with a rapid cocling
function;

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

a temperature sensor for detecting a temperature of

food having a high temperature in said case;

at least two or more cold-air blowoul ports for blowing




atray formng a space onto which food having a high
tenperature can be placed is detachably installed in
said case. ~Ciaim51 The refrigerator-freezer
accoraing to claim4, wherein said tray is
constituted by a nmenber which pronotes cooling of
warm f ood or prevents transm ssion of heat of warm
food to frozen food. - 42

cut cold air into said case; and

damoer means for controlling feeding of the cold air
irte the cold-air blowout poris, wherein

sald damper mecans is contrelled on the basis of a
detected temperature of said temperature sensor so as Lo
carry out the refrigerating method for refrigerating food
according to claim 1.

[Claim 3]

The refrigerator-freezer according te claim 2, wherein
sald temperature sensor 1s a movable-type thermopile capable
of recogniszing a focd temperature of Zood vlaced in said
case and a food placement position.

Claim 4]

The refrigerator-freezer according to <¢laim 2 or 2,
wherein

a tray forming a space onto which food having a high
temperature can be vlaced is detachably installed in sald
case.

Claim 5]

The refrigerator-freezer accoraing to claim 4, wherein

said tray is constituted by a member which promotes
cooling of warm food or prevents transmission of heat of

warm food to frozen food.



