REFRI GERATOR CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application is based upon and clains the benefit of 5 priority from
Japanese Patent Application No. 2007-197511, filed on July 30, 2007,
the entire contents of which are incorporated herein by reference.
BACKGROUND COF THE | NVENTI ON 10r:krRIcIEATORS I nvention relates to a
refrigerator or storage house having a duct for guiding the cold air
created in a cooler to a divided storing conpartnment. 2. Description
of the Related Art 15 A traditional refrigerators includes a
plurality of stofROgSECQEFARENIE STSURNLASED PafPTi IEABIOKS
conmpartment, a freezer conpartnent, a vegetable conpartnment and a
converti bl e TedrpapptEat Byn drd Hawed dpoh dte cQelithAithecbeaieadi i @
the cooler is sent to e.g. the convertible conpartnent through a 20
singl epduicirity fhemt ergredrad sie e Paiticnitn Awel coavephi Nee. ZzoOPaiomentl,,
which is detected by a convertible conpartnent sensor provided

t herei filied noth hihgher 30hark @0 pr esdrd bedtirenperdientes @fconvechi blre
conpartment danper for controlling the quantity of cold air flow ng
t owar d ittwo tedwet edbher2d rcdmpare frenenics .cl osed; and if the
tenperature detected by the convertible conpartnent sensor is higher
than a prescribed tenperature, the convertible conpartnent danper is
opened. In 1 this way, the convertlble conpartnent permts the
tenperature zone to beBRRIRGEIND O PNMEREY HiYrs, a convertible

10 1. Field
This invention relates to a refrigerator or storage house
having a duct for guiding the cold air created in a cooler to
a divided storing compartment.
2. Description of the Related Art
15 A traditional refrigerators includes a plurality of
storing compartments such as a refrigerator compartment, a
freezer compartment, a vegetable compartment and a convertible
compartment. By driving a fan, the cold air created in the
cooler is sent to e.g. the convertible compartment through a
20 single duct. If the temperature within the convertible
compartment, which is detected by a convertible compartment
sensor provided therein, is not higher than a prescribed
temperature, a convertible compartment damper for controlling
the quantity of cold air flowing toward the convertible
25 compartment is closed; and if the temperature detected by the
convertible compartment sensor is higher than a prescribed

temperature, the convertible compartment damper is opened. 1In



conpartnment heater is provided for changing the tenperature therein

to a higher tenperature side. JP-A-2006-258322 5 discloses this kind
of refrigerator. In the traditional refrigerator, a cold air bl owout

port (also sinply referred to as a bl owout port) is provided at a

speci fitg, pl g8, conyd 'ctdﬁx}ékgtwfe%m%mm?a% g@%mll%erch%' g@ﬁlp%fratthhefe

convertible conpartment or ceiling thereo omthe air
bl owout, POL T ¢ ot B COLEARGEH bl OMs kBRQ ther oY eEELRIse &%B%%@%’ltble

Therefore, only the portion near the blowout port i$ abruptly

cool ed.c 6L eegehhehedhd Aifs 'éré‘@ldé@' 2birV@inangdi kel ¥nboteRBeR dhife
center and this (front) side of the convertible conpartnent which is

fartherHdeg;fhed nraerhalg@k%rl%@a@ecxeaﬂuﬂg fgiona the gplA-aibshbewauts
port. This is likely to "generate tenperature changes at sone areas

in the Goswestébl eniconpald BNt randigakasdrt, difficult to cool foods
and others at a uniformtenperature. For this reason, even if "slow

freezing" is mathicedraui tiZthd D rSlUpeT g€t bAY é&idl@%ﬁaﬁ S ot
because of difficulty of cooling the foods at the uniform

t enper atal €o dsiemp Dyt he fetrengaertal WL Lhangesutt hersyupes- peoinkas: a
not successful. Further, where an indirect cooling structure is
adopt edsgorifibepibow fameni ngytsngcehkheaddl dswadk o onhet ipeklr isside
not 25 provided in a vessel, the tenperature therein could not be
changed ff otlae f cepzeng itdrperatpe etmone bm tded virog nthyreb £+ 1&Comardhe
the freezing such as fast freezing could not also carried 2 out. The
refpi gercat draidi $closmdt ipp JP- ARDEE 1268322 bjewd tisito the convertible
compartment. Therefore, only the portion near the blowout port
is abruptly cooled, whereas the cold air is not relatively
likely to reach the center and this (front) side of the
convertible compartment which is farther than the inner side
15 and ceiling from the cold air blowout port. This is likely to
generate temperature changes at some areas in the convertible
compartment and makes it difficult to cool foods and others
at a uniform temperature.
For this reascn, even if “slow freezing” is carried out
20 to super-cooling refrigerate the foods, because of difficulty
of cooling the foods at the uniform temperature due to the
temperature changes, the super-cooling was not successful.
Further, where an indirect cooling structure is adopted for
the slow freezing, since the cold air blowout port 1is not
25 provided in a vessel, the temperature therein could not be
changed to a freezing temperature zone in the vicinity of -18°C

and the freezing such as fast freezing could not also carried



the tenperature within a convertible conmpartnment to be precisely
controlled by controlling the convertible 5 conpartnment heater and a
convertible conpartnent danper. This refrigerator, however, offered
a problemthat power consunption is nmuch because both heater and
danper @Age,used. SUMVARY OF THE | NVENTI ON 10 One aspect of the
i nvention has been acconplished to solve the above problens, and an
obj ect therecofhd srd fr Pgefht ool sdidgfed oAl P+rl-20d6i-Rdisnect HEaeli Hg
to be perfornmed in a storing conpartnent. Another object is to
provi deckger ef éhgef at Q- eOr wishamage heuse ehavibie a Windyd MemeRtPaK & Medy
permtting the 15 freezing to be sel ectively changed anong fast
freezi ngrepoEBBly fEERZIKBY 1R SwRer - e6akirdy fNRLZI RGe St cbinvanaliere
object is to carry out the super-cooling freezing effectively. Still
anothercompeetmes tt Re ptovi fitd & cehiiegariallof compHraimeget Rigser W tThis
| ess power consunption which does not use the heater. 20 Still
anot herrebfegkrasotrg priovywdeeca,r ef¢f gerator or ptrobdgen hbhse capade
of super-cooling freezing with high freezing quality giving a small
guant i tgoo$unpicp onn ignfedz ibegdayse sed ot heeky rchandgidagiptehre ammivssd.
cooling and the direct cooling. Still another object is to provide a
refrigerator 25 permtting the convertible conpartnent to be used as
a high humdity vegetable conpartnent to be used by selectively
changi ng the indirect cooBUMYAdd @hHeTHE r EBVENFGEIONg. 3 According to
a first aspect of the invention, there is rovided a refrigerator
i néPudi ng a phue asinectop fdilve déufelstb@mﬁgaa:gﬁparamﬂmplﬂ@h\m th splve
cold air created by a cool er

the above problems, and an object thereof is to permit both

direct cooling and indirect cooling to be performed in a storing
compartment. Ancother object is to provide a refrigerator or
storage house having a storing compartment permitting the
15 freezing to be selectively changed among fast freezing, normal
freezing and super-cooling freezing. Still another object is
to carry out the super-cooling freezing effectively. Still
another object is to provide a refrigerator or storage house
with less power consumption which does not use the heater.
20 Still another object is to provide a refrigerator or storage
house capable of super-coocling freezing with high freezing
quality giving a small quantity of drip in unfreezing by
selectively changing the indirect cooling and the direct
cooling. Still another object is to provide a refrigerator
25 permitting the convertible compartment to be used as a high
humidity vegetable compartment to be used by selectively

changing the indirect cooling and the direct cooling.




is sent, wherein a cold air duct for sending the cold air from5 the
cooler to at |least one of the storing conpartnents includes two
ducts of a direct cooling duct and indirect cooling duct. According
to a second aspect of the invention, there is also provided a
refrigerator Adeduding aopburaldsty fpaitvigiedchst opiyBg taepariye Sis
to which a cold air created by a cooler 10 is sent, wherein a cold
air dugirdoeidsandi ngetthe ot gk @i r iffcdmd heg ceol grutkalat vl east done ddd
the storing conmpartnents is conposed of two ducts of a direct

cool i ngs et ngndoinpdirterint £ood i wigi dhcs , c6DEPAIL S BF e tdd ¢0t L edd Ingr
duct connected to at |east one of the storing conpartnents and
opened ia¢ seposivienclh ahesbdtaer chhck aidr fyaamihe clool@ldsair from
directly applied to the food within the storing conpartnent; an

i nder ectheaalo gr ductht toasecdéed ¢ O tdle Eeastinaneocabp atanaitog iimgludes
conpartnments and opened at a position where the cold air is not

di rect lywappheced ¢0 afdodenttbonltihg dtioti agdconpanterentcoarl itrhe caotd.
air is 20 indirectly applied to the food; and an air quantity

regul ating reansrdapgbte af sehandi agpewds cdoliveg idwetrd iofn t+ Heh alf & eict
cooling duct and the indirect cooling duct into an either state of
bot h opehed, Pomeidpdnedref rboeh adloosedc lwrkited @ pHainalol t ¢ oof idigyided
ducts are selectively changed so that the storing 25 conpartnent is a
st ori ngt c@HpaLt FERPaFAFEil tes ofo exletahi agcehd aéﬁpélﬂfﬁ@&ﬂ?rﬁ@’ far & IRy
of freezing by way of a super-cooled state. 4 _ | According to_ an
aspéct bF g9reli WenteoR, astnEd alr| @6t TonesvIding thor¢npd air from

conpartnments has both direct cooling duct . .
the cooler to at least one of the storing compartments is

composed of two ducts of a direct cooling duct and indirect
cooling duct, comprising a direct cooling duct connected to
at least one of the storing compartments and opened at a position
15 where the cold air from the cooler is directly applied to the
food within the storing compartment; an indirect cooling duct
connected to at least one of the storing compartments and opened
at a position where the cold air is not directly applied to
food within the storing compartment or the cold air is
20 indirectly applied to the food; and an air quantity regulating
means capable of changing two cooling ducts of the direct
cooling duct and the indirect cocling duct into an either state
of both opened, one opened or both closed, wherein the two
cooling ducts are selectively changed so that the storing
25 compartment is a storing compartment capable of executing the
super-cooling freezing of freezing by way of a super-cocoled

state.




and indirect cooling duct, a refrigerator or storage house capable
of selecting fast freezing, normal freezing or 5 super-cooling
freezing can be provided. According to another aspect of the

i nvention, since changes in the tenperature distribution within a

divided storing,sQimartpenh 95pkbe bef theerakentGah be faduced.) éhst
refrigerator or storage house permtting high quality food 10

preservifg 6antRe REBYHERM c MAGROFEh &Y Eon gk bbrangthel-rasReoti f dber
invention, since changes in the tenperature distribution of the food

Ort?“3éﬁ&einﬁﬁﬁﬁﬁwagoMliﬁgndﬂﬁtﬁt&rE@§r§%@¥ﬁﬂdﬁﬂ6rogtbQﬁge house
refrigerator can be reduced, a refrigerator or storage house

perm ttifgaBigh o5 guakbkty nf0odapeserddid fdn BV detbezing or
According to still another aspect of the invention, as a high

quaki t ysthpeezicae 1fiunrct 108 z Bngupah- eeolgmgrfdeezing function is
adopted in place of conventional fast freezing. Therefore, the high
quality freezangontiingl ess energyrt haspdtbedOr ehel . Enveneligy, saviatce

freezing as an earth environnent neasure can be realized. Further,

t he refechgagasorimcetiadi bgmpersitidde addthen buasipact waftHile &nveinti dsd
adopts a tenperature-controlled cooling structure in which the cold
air is sonvrodgcedbnpratteeld spaceheauws fitg ddwn superatodbe ngedndeidhe a
cooling tenperature can be changed to plural values. Thus, in the
struct urefanderedutr g r ot tole geefiragee abermititdmg shhoh guedtilty food
different from 5 that of the conventional refrigerator, the
supér - qpoesagvehyg tdee neatpoevlidkd.can be reali zed.

According to still another aspect of the invention, since
changes in the temperature distribution of the food or the like
preserved within the storing compartment of the refrigerator
can be reduced, a refrigerateor or storage house permitting high

15 quality food preserving can be provided.

According to still ancther aspect of the invention, as
a high quality freezing function, a super-cooling freezing
function is adopted in place of conventional fast freezing.
Therefore, the high quality freezing with less energy than

20 before, i.e. energy saved freezing as an earth environment
measure can be realized.

Further, the refrigerator according to still another
aspect of the invention adopts a temperature-controlled
cooling structure in which the cold air is intreoduced in the

25 space causing the super-ccoling and the cooling temperature

can be changed to plural values. Thus, in the structure and

control of the refrigerator which is not greatly different from




According to still another aspect of the invention, since an
infrared sensor is used as the tenperature detecting neans, 5 the
surface tenperature of the food can be neasured, thereby permtting
the tenperature nearer to the food (e.g. surface tenperature) to be

det et ¢ And, Le, SUSEEYS ALORRRI || LY, 00 Ehe o ouRats coobLROLLeesiy e s

to be anced. reezin servind (super

freeziq1 egﬁ¥%g?th§iﬂiog¥L?qge.}8a9#§bhty can be provided. According

to still ano aspeéc hé~i nvenfion,” which has a super-cooling

freezing f un‘i\%écp&cﬁ){n&rt%éitqg.hlb%ﬁm%e(}f asgrﬁéts&'?e{ﬁc{%?n'hv%%é%@ﬁ €.s il

high quality freezing”in whi e size shape o g 1ce crystals

created, i q#ﬁ%@%é -stgjgf_jt%glrs,[gd)%.% ‘cﬂedﬁ%ﬁ}%@}éatthh‘?:ee%%%%tétai'r%geglegrnes,

structure o since t ce cryst al's crea
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original state can be obtained. Thus, od 1s unfrozen, the

food qualifyttSHEN RS IS furbeXbULe O PrEser ¥8dqstat § becem e
20 satisfactory. "Because of the super-cooling freezing by way of the

super - GRoheergtate,) tHepd GRSt 8H MME tHOWR AUk i ARd1 i HYi  PTHHY
distributed over the entire material to be frozen. Thus, as conpared

Wi th theiporrebolliagzingeorihgstof neeziRBanckhe regiild anthboGdeezing
quality is satisfactory. 25 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1

is a frandsyirevngl pstipéri-genatiory i Frastialg)nggikend thestgood food
enbodi mrent of this invention; Fig. 2 is a side sectional view of a
refoi gep@dDity can be provided.

According to still another aspect of the invention, which
has a super-cooling freezing function of freezing by way of
the super-cooled state, the high quality freezing in which the
size or shape of the ice crystals created in freezing is not

15 prone to destroy the essential structure of the food. Further,
since the ice crystals created are minute, even if the ice
crystals are broken, the state close to the original state can
be obtained. Thus, when the food is unfrozen, the food quality
such as 1ts taste, texture or preserved state becomes

20 satisfactory. Because of the super-cooling freezing by way of
the super-cocled state, the ice nuclei are minute and fine and
uniformly distributed over the entire material to be frozen.
Thus, as compared with the normal freezing or fast freezing,
the resultant food quality is satisfactory.

25

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a front view of a refrigerator illustrating the



illustrating the first enbodinent of this invention; Fig. 3is a
sectional view around the convertible 5 conpartnent of a
refrigerator illustrating the first enbodinent of this invention,;
Fig. 4 is a control chart during the normal freezing of a

refrigerator Lhhugthatitng d he, firstvepkaediytent of this invention; 10
Fig. 5is a view showing a |iquid crystal display panel according to

the first enhadj mept pof thi g;haveRLEeDonklg. vBelsS S CANtFREr¢RR ALY
during the super-cooling freezing of a refrigerator illustrating the

first enopdi gt ingf thid i wenih9baikent & &HSs ai seehtepal; view
around the convertible conpartnent of the refrigerator show ng the

first embodi manf, of {8is;inwetigm) Fiied b curdd 0RheVi BWHALQWNS1&
convertible conpartnent danper of the refrigerator illustrating the

first emhpdhrentnt20 of thi sremvanrfdtoF 0i1uist ratSerd i bRk VifgWst
around the convertible conpartnent of the refrigerator show ng the

first enbosdimeaht of this ekt oph:and Fig. 10 is a control chart
during the super-cooling 25 freezing of a refrigerator illustrating

the first entmoidjmentis of ddvitsdNvedr Odu7 i RETAEER PRSTRIFPHe@N oF o f

THE PREFERRED EMBODI MENT Enbodinment 1 Fig. 1 is a front view of a

refriger atef dildausttrat i ng llxecrating the first embodiment of this
invention;

10 Fig. 5 is a view showing a liquid crystal display panel
according to the first embodiment of this invention;

Fig. 6 is a control chart during the super-cooling
freezing of a refrigerator illustrating the first embodiment
of this invention;

15 Fig. 7 1is a sectional view around the convertible
compartment of the refrigerator showing the first embodiment
of this invention;

Fig. 8 is a front view around a convertible compartment
damper of the refrigerator illustrating the first embodiment

20 of this invention;

Fig. 9 is a sectional view around the convertible
compartment of the refrigerator showing the first embodiment
of this invention; and

Fig. 10 is a control chart during the super-ccoling

25 freezing of a refrigerator illustrating the first embodiment

of this invention.



first enmbodinment of this invention. Fig. 2 is a side sectional 5
view of a refrigerator illustrating the first enbodinent of this
invention. In these figures, a refrigerator body 1 includes a

doubl e-doored refrigerator conpartnent 2 at the uppernost stage, and
an ice-maki ng0PaEHMBRYL R 13t Gy GPMWAE! bREFESUIRATENBAL 1hEfirght
and left bel ow e gerato e

body 1 also i yees.acfreezer conpartnent 6 at the | owernost stage
and a vegetable conpartnent 5 above the freezer conpartnent 6. The

veget abl e co t nen ] I | ow t-he ;I BKiNG FoNp
and convertible con%a??%%§?94@g€€éﬁgéﬁ Fe?tqgﬁ?rlgﬁt and d?%%ﬂﬁggvg
the f1eeZeke dmpGOIRBRLMBRAL: s lindentesdl e 40 23% Ldad iRcrional
arrangement of the respective conpartnments should not Timt this
I nvent I pNe FOE ae)f%rﬂiljﬁge@aﬁgl’diﬁﬂﬁ%%%rattﬁ'g?t'tk{@ffigglﬁaﬁgﬂbo@?ﬁh&% of
adopted in which the freezer conpartnent is arranged between the
20 i ce-ymking PRI $AENt B aRdeGRNVEL §hbke  COMPREETRe rht &F I 886G 1
left and right and the vegetable conpartnment 5. In the md-freezer
type refftggHak0n ddebieedBBieny ﬁ@f@ﬁ%&ﬁ&ﬂbr Tosh comyeEt bblag the
conpartment 4 are arranged left and right below the refrigerator
conpar tuggpériodtt t Beaypper agtdagen ance2hakhaqf r eempa re@Par t 38Ning IS
arranged bl ow the ice-making conpartnment 3 and convertible
conpar tg@nve4tabrnangetphbeftimaand4 right santllalfscbaboveride ofageiatdteor
conpartment 5 arranged at 8 the | ower stage. At the front side
openi ng-gaphirameaft PheThefrégel gbehtocobpant Menls@, imclefiesgerdaszer
conpartnment door 7 is

compartment € at the lowermost stage and a vegetable compartment

5 above the freezer compartment 6. The vegetable compartment

5 is placed below the ice-making compartment 3 and convertible

compartment 4 arranged left and right and also above the freezer
15 compartment 6.

It is needless to say that the arrangement of the
respective compartments should not limit this invention. For
example, a “mid-freezer type” refrigerator may be adopted in
which the freezer compartment 6 1s arranged between the

20 ice-making compartment 3 and convertible compartment 4
arranged left and right and the vegetable compartment 5. In
the mid-freezer type refrigerator, the ice-making compartment
3 and convertible compartment 4 are arranged left and right
below the refrigerator compartment 2 at the upper stage, and

25 the freezer compartment 6 is arranged blow the ice-making
compartment 3 and convertible compartment 4 arranged left and

right and also above the vegetable compartment 5 arranged at



doubl e- doored which can be freely opened or closed. The 5
refrigerator conmpartnent door 7 is double-doored by a |left
refrigerator conpartnent door 7A and a right refrigerator
conpartnment door 7B. The door 7 may not be doubl e-doored type door
but may ingle .rotary type door. The ice-making conpartnent 3,
convert%%?eﬁggﬁgafga nt” 4, vegetable 10 conpartnent 5 and freezer

compart ment 6, wWhj, Gh¢ag, tstﬁgd@g%%ggﬁgafp%gﬁi n "@¥ecRe0taMh iGerator

i ce- maki ng conpartnent door o] eely opening/closi'ng an

openi ”%%?Bg%mieﬁg' e | ”g?ecg][g%itee % t3r ?‘c@}n@a‘é@zbén?eﬁtﬁ)”vﬁ%irb' & is

conpartnen oor capab openi ng/ ¢l osi ng an openi ng of

the conyefhhBLELLI COMIRIEIEM 4 L3 dF AYEble yRgelable coppaphmentyy e
|l e ofq€ F %CI05|n fﬁe

door 10 capa reely opening g~ an ‘openi ng of 't

veget ab}@fr?&@%&b@@orﬁpa@@ﬁeﬁtdr&"&m £ 4905 0hh 1GARAR) e 8 biF 88l Ve rt

openi ng/ cl osiing an opening of the freezer conpartnent 6,

respectiyelyqebhlte’ ongpatthibed eddoandnl 1oy dooF Sywf the rdQerator
refrigerator conpartnent 2 which is the storing conpartnent i's

provi degbmbhitaRnepabatd ng . sWrhehdber seatdy Hbte b dohd 1 d-Imerad Wpe
within the refrigerator conpartnent and a display panel 60 for

di spl aydagrt beit! erperiaéuse dinfgrermtboarsuclymas débe.t enper didé-gnaking
within the refrigerator and setting 25 tenperature. Further, the
oper at i figmpatr@meait on3hy tbenveperiatling wirpehrtiskispl ayed | Meyamdh Do
by the liquid crystal display portion and tenperature information
W tibi n ¢dmpa@tmenlt riefinhgeraceronpatpaetheate ontidthedrby storing
control device 30 such as a mcroconputer provided at the upper
porti oncoehpartments, have a drawble ice-making compartment door 8
capable of freely opening/clcsing an opening of the ice-making
compartment 3, a drawable convertible compartment door 9
capable of freely opening/closing an opening of the convertible
15 compartment 4, a drawable vegetable compartment door 10 capable
of freely opening/clesing an opening of the vegetable
compartment 5, and a drawable door 11 capable of freely
opening/closing an opening of the freezer compariment 6,
respectively. Either one of the left and right doors of the
20 refrigerator compartment 2 which is the storing compartment
is provided with an operating switch for setting e.g. the
temperature within the refrigerator compartment and a display
panel 60 for displaying the temperature information such as
the temperature within the refrigerator and setting
25 temperature. Further, the operating information by the

operating switch, displayved information by the liquid crystal

display portion and temperature information within the




rear side of the refrigerator body (rear side of the refrigerator
conpartment). 5 Wthin a nmachine conpartnment 1A at the | owernost
portion of the rear side of the refrigerator body 1, a conpressor 12
is arranged. The refrigerator body 1 has a freezing cycle. The

compr eSS0k 12,56t A, n saRpRDenl o Lhe J1eczing gyeke and has &

functi on of “conpressing the refrigerant w gezing cycle.

The refgd)ggg]gpt ggg%maﬁﬁ&c@,x?ms&%r WY a2k ﬁggaggi%dfﬂyoﬁ of

condenser e rertriger €l ng condens

pressurgst pdugeds by 2 C@gjel | ?lé}fifi‘d%‘} (gt 1;%'5}?6{):‘0)(105‘31?)"0@{‘&&0”0%' s

serving as a pressure reducer. cool er es as a conponent O

t he frqgg%?g?8¥§%%ghgngﬂ%§r{ﬁgﬁkgqrant pressure-reduced i s evaporated

by the coo gas Inthe vicinity of the cooler 13 is

cooked by they; fieph 2RsQnbing é#\%ﬁk.‘?%%@ﬂehﬂ iﬂ%@%g@%%o& %Q%]&Péﬂ

circulating fan 14 serves to se e cold air c around “the

cool er d3 tRe ! BELCSRBR! e LHUTAI{ AL B2 L8 hDAST L 0% %%n&ﬁege@‘{“a ey

2, ice-nmaking conpartnment 3, converti conpartnent 4, v

conpar tienl- % Al | 1 epzeh GONRAL L At bRy 0Thd g FLEELORFAIRE1 DOdYTHe
A convertible conmpartnent danper 15 serving as an air quantity

regul atd¢ MgpABARS rSENVES rvie® Hegul ebepdhe raudtt ithe afr ddei k@ldy@ié 4d
the convertible 25 conpartnent 4 sent by the cold air circulating fan

14, thei£by a conheelibnngo f hedrgimes i tiff e td htafrhgegenmer kibhén the
conpartment 4 to a prescribed tenperature. The cold air cool ed by
theo 10f€e6kehgldytsesentThiente firheyeremie idonty 1o Soapar§ e chntpgaighr

a convertible conpartnent cooling doubled duct 16. This
12 is condensed by a condenser (not shown). The refrigerant
being condensed is pressure-reduced by a capillary tube (not
shown) or expansion valve serving as a pressure reducer. A
cooler 13 serves as a component of the freezing cycle. The
15 refrigerant pressure-reduced is evaporated by the cooler 13
and the gas in the vicinity of the cooler 13 is cooled by the
heat absorbing function in the evaporation. A cold air
circulating fan 14 serves to send the cold air cooled around
the cooler 13 to the respective compartments (refrigerator
20 compartment 2, ice-making compartment 3, convertible
compartment 4, vegetable compartment 5 and freezer compartment
6) of the refrigerator body 1. A convertible compartment
damper 15 serving as an air quantity regulating means serves
to regulate the quantity of the cold air to the convertible
25 compartment 4 sent by the cold air circulating fan 14, thereby
controlling the temperature within the convertible compartment

4 to a prescribed temperature. The cold air cooled by the

10




convertibl e conpartnent cooling doubled duct 16 is arranged
downstream of the convertible conpartnent danper 15. 5 Fig. 3 is a
sectional view of the nmain part around the convertible conpartnent
of the refrigerator showi ng the first enbodinent of this invention
As seen fr

b e LI 9 S Bt CORLE Hhe R VALY ¢ SRR ERThenE, 3" LY En
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and an i ndi rect” ‘coolT'hg duc he con erti

ducrs (o eer TEBLPre S HEE ek 5 Bhe' e? R e
thr ough | dﬁhéngua@f'tafhléegl%@éﬁpgoﬂeansAéS Legm arconl ek foom,

connected duct 16C connected to a cooler room | n suc

confi gWA$OPy i bNE  EORBELILHRIH: CoIRar t ment ;GooLirRg ndeupl gd (YUGt 16

selects one of the two cooling ducts and regul ates the air quantity

through-Abvé PeiBie @YABLIiharROUl at bR PBaFY c125A oEhend &@ﬁbew.qblrég
duct 16A serves to directly send the cold air to the convertible

compar tdsba ArmdHe HARPEACH sCerivithfurd B 4 5r pgeyhededy %égmtaftlﬁga
convertible conpartnent ceiling heat insulator 18 arranged on

cei | i nghetfn ¢ heagopghiliatlee tGOAP@EERNENt y40f the cold air sent to the

convertible compartment 4 by c¢pening/closing regulation

{regulation of the opening/closing angle) and can select one

of the twe ducts constituting the convertible compartment

15 cooling doubled duct 16. Now, the convertible compartment

cooling doubled duct 16 consists of two cooling ducts inclusive

of a direct cocling duct 16A and an indirect cooling duct 16B

(In Fig. 3, the convertible compartment cooling doubled duct

16 is branched into two cocling ducts (direct cooling duct 16A

20 and indirect cooling duct 16B) through the air quantity

regulating means 15 from a cooler room connected duct 16C

connected to a cocler room. In such a configuration, the

convertible compartment cooling doubled duct 16 selects one

of the two cooling ducts and regulates the air quantity through

25 the air quantity regulating means 15). The direct cooling duct

16A serves to directly send the cold air to the convertible

compartment 4. The indirect cooling duct 16B is provided

11



t hereby sending the cold air. Because the blowout port for jetting
the cold air is not provided on the ceiling of the 5 convertible
conpartnent 4, by the cold air passing the indirect cooling duct
16B, the interior of the convertible conpartnent 4 is cooled
fromthe ceill In the direct cooling.duct 16A rear

i ndi I :

ol ovoul pOH 4R GO TR AER GRTFHE WU SFRG A ChiTF 1 het BOHYaFPEDI %
t t 10 4. F t he .r. bl t t 4A..th |d_alr i
ComPar L LpadR, A OO RIS UREY SEOIRE BRbeitupi FahdBLhel

tibl t t 17. i t or.i ¥ t
case | ST EOPReRSIRTRI e Condorirnl eoceamys (s hoeRE Bor B
jet framthe regﬁfblowﬁytaport 4AC&§ is,&g%%into t.he convgrtim

conpar9ﬁ§1l%%s 7%%on1anr063qu; Br°h ﬁ ﬁ&d§(ﬁ1%5} 5?gw8% %)e

e ORIl PLe, FRTEBRDIRDhesS8E A1 . EhS PREL SN, OpReld 5,18 4

rear bl owou ere y cooling t 0

conver%%%&g%nﬁqugft t &ﬁéei&?erﬁBriéfn@ﬁglféﬁvé?gzgietEghg§$ﬁ%§nt

where t onverti e conpartnent 4 Is not provi so t

food ig direshhXaSUerRd MM NeLBR ¢RRYeLdibl & compartnent 4,
because the cold air can be jet fromthe rear Dbl owout port 4A, the

food can be q] recd | yi £88tedochAnd Guck 1dn!hge 188Er8eh,6Q! iJagd-dust
16B, the cold air 25 blowout port” into the convertible conpartnent 4

i's not iy guidatied HAWBMEBIred N6 LB GridiH i haWeNgo RGeS Hhhe chRgiar@&ent
cooling duct 16B is returned to the cooler roomthrough a

conyer g bl &y t¢QRIMRREHTBN LW UHHIII 4dYCEhBr Y1 degli o1 4 ke JQVeTy jet
surface or side face of the convertible conpartment 4. In this case,
In into the convertible compartment 4, In this case, where a
convertible compartment case 17 serving as a storing
compartment case 1is provided within the convertible
compartment 4, the cold air jet from the rear blowout port 4A
15 is jet into the convertible compartment case 17 from an opening
or notch made on a rear wall of the convertible compartment
case 17 at the position opposite to the rear blowout port 4A,
thereby directly cooling the food within the convertible
compartment case 17. It is needless to say that even where the
20 convertible compartment 4 is not provided so that the food is
directly stored within the convertible compartment 4, because
the cold air can be jet from the rear blowout port 4A, the food

can be directly cooled.
In Fig. 3, in the indirect cooling duct 16B, the cold air
25 blowout port into the convertible compartment 4 is not provided.
However, the cold air having passed the indirect cooling duct

16B is returned to the cooler room through a convertible

12



the indirect cooling duct 16B, the bl owout port jetting the cold air
into the convertible conpartnment 4 may be provided 5 as long as the
air of a very small quantity or with a low cooling speed is jet. If
the air of a very small quantity or at a low cooling speed is jet to

h I d I h d I
0 v L5 ORLL DGR VB Gl DS kBT PP LBy o
th Id t 10 I t t 4 tib
ol AL A LS SRR R

rogar daRe Sty 280 AR S, ZO e het Rd Ve B o) Eohplc et
4, bl e. h 19 d_whj
vos RS 4ohvbh EP DB M FER LT oRBBPAL P ot bat ho0SnBhRY ifiss

Serves as conver

hes badi D 160G %E”I"‘?%Sate%?&r“%t@e&ct o B Ry T T & e e aP LA
tenper af @d dleéngaf‘é}t’[ ng f‘Pac'hse B the ore Fz%'iq%rs?nta‘irle escr{‘%%gﬁ at a low

convertl e CO ent IS con to ap

tenper atdy £ by éf.?@e&o'itsr %Ieﬂjec‘,’d CLi{E: Ghelco®IGREONPHL £ dehRE6al 4o

air cooled by the cooler 13 is sent to the respective storing

conpar it s fdwough the,eohg akp dugks bysihBe gel degir ébBQHE%H%ﬁ%
fan 14. The cold air cooled by the 25 cooler 13 passes the cold air

duct 116G pt@dnthe, cohd Bi bwoth! Eak%t heathany the %sblccpratlrrolllrftlw tihke
openi ng/ closi ng angle of the one baffle 15A of the convertible

copar s e #AMPEE cdRpbtridie: di I&Ck&%ﬂﬁgbﬂécéoﬂtﬁér%ﬁﬁntth%ase 17
indirect cooling duct 16B arranged in parallel are selectively
changetha JFUbé hefovlided in the indirect cooling duct 16B. The slow
cooling in which the cold air naturally falls can be regarded
as the indirect cooling. Within the convertible compartment
4, a convertible compartment thermistor 19 is provided which
15 serves as a convertible compartment temperature detecting
means for detecting the temperature within the convertible
compartment 4. On the basis of the temperature detected by the
convertible compartment temperature detecting means 19, the
temperature within the convertible compartment 4 is controlled
200 to a prescribed temperature by the control device (e.g. a
microcemputer) .

The cold air cooled by the cooler 13 is sent to the
respective storing compartments through the cold air ducts by
the cold air circulating fan 14. The cold air cooled by the

25 coocler 13 passes the cold air duct 16C through the cold air
circulating fan 14. By controlling the opening/closing angle

of the one baffle 15A of the convertible compartment damper

13



controlling the opening/closing angle of the one baffle 15A for
controlling the flowrate in each of the ducts, the cold 5 air with a
prescribed flowrate or at a prescribed speed is sent to the
convertible conpartnment 4. In this case, if the opening/closing

onol e ofssealile Aot L par B punmhent oLl \PALLEO Bl 28 gt

pref er abl’y a subs oth

di rect 1%%63&%%%-iq{mgatrgqliéwldiarr%cge&%,c%%}éol[}?ﬁ%ﬁgeézcg ?Ci)%l]\ratk?é

ps
status) 1s provi thi's “'status, since i hg duct

10A 2% 5 P01 nGORLING Sl 1OBo 815 Clavad. Shefol dgl bolzs 1oty on

sent to direct co ndi rect coollng

As ar y E%or%%Pglilﬁgigd%h%L ftl% CJ:OE?‘PF%"%I%béggﬁogEaEBgeghc%siiggh%&o 1d

cool ed e co air passing rect coolin uct

i ndirec; , C@P&ﬁngbgﬁ}%tsér@]%ﬁ/&fgh?@ ReRl g/ %:tf;sdv"}?[tégg%gb%tg Esg)‘aeed is

baffle 15A is substantia 9 su stanti al I ca _110,
preferablyr 80, tond 00k nva rfulstantidmbh ¥ huhky s0pengdi atat ¥$ 20 i3SF the

provided. In this status, since both direct cooling duct 16A and

i ndi recap&&phé;mg16@qhgléﬁgareeo@p@1@@cbafb§_eqoﬂ,;d i@l beh® (88BLthetholNy
di rect cooling duct 16A and indirect cooling duct 16B. As a result,

oW ng Q£ NE£eQhENG Byp-botdyd Aerbpdirect o QNQ'EM@@QaHEEEQHF fully
cooling, a prescribed set tenperaturé can 25 be reached quickly. In

this casessaditdoghst (o fh @¥ pakhdareas coblihg direcin€adld nedduddct
16A and indirect cooling duct 16B nay be substantially equal to each

ot her, ddeyinaydbetdidfer ent a 4 @ecodr dtaguky tihe pisdAYApUr. pogeS tHich
as the frequency of using the direct cooling and indirect cooling,

Size ab£oOs} NPince both direct cooling duct 16A and indirect cooling

duct 16B are closed, the cold air is not sent to both direct

cooling duct 16A and indirect cocling duct 16B. As a result,

the inside of the convertible compartment 4 is not cooled by

15 the cold air passing the direct cooling duct 16A and indirect

cooling duct 16B.
If the opening/closing angle of the baffle 15A is
substantially 90° (substantially vertical: 70° to 110°,

preferably 80° to 100°), a substantially fully opened status

20 is provided. In this status, since both direct cooling duct
16A and indirect cooling duct 16B are opened, the cold air is
sent to both direct cooling duct 16A and indirect cooling duct
16B. As a result, owing to the cooling by both the indirect
cooling and direct cooling, a prescribed set temperature can

25 be reached gquickly. In this case, although the flow path areas
of the direct cooling duct 16A and indirect cooling duct 16B

may be substantially equal to each other, they may be different

14



setting tenperature of the storing conpartnment to be cooled or
presence/ absence of the super-cooling freezing (In Fig. 3, 5 the flow
path area of the direct cooling duct 16A is made |arger than that of
the indirect cooling duct 16B so that when the baffle is fully

opened,_ a larger .quantity .of the cold air flo into th ir .
cool i ng:’lcqcu%]fég%%\,ﬂf acrl'le L¥51nn%ﬁau1:poses %uc:h afs\év(s:t[he %fret%uee ; eoglfhsnlg

hereby ‘enphasi‘zi ng t'he ef

ool g P81 RLAR! Yoo 415 RDe LIPS pat Doprea ol et he o egha coptiingg

duct 1 s TWCE of noré’as large as e i'ndiTect cooling

duct 168, uen Lo Batihed s, fully opeped.. e colg alr L splikely 4o

flow int Ifect cool'ing duct S0t hat ‘the e

di rect i il al . I.f nj 1]

angl o SF SR T TT L e RARE br B e RP e shhe it SR AN 2
to 55) 4 - Sl t | i hi t .
di rgc% t&%lfiq%g Béﬁ'@tagg%\nﬁ)g tgt ?tlg%tc%%;?ngxogsgg %%r%%?sgt e el % ?:rgéact

00l | N, ck 68 PRENGEL SR DakobNEAGOA A 11 458 SENERLS Lign the

i ndirect 20 cooling duct 16B. Thus, the insi the convertible

conpar tyepk1 4 i rndif 8¢ldne £0@l edr-by i heapelid abk PRESENDA IS flows
indirect cooling duct 16B fromthe Ceiling and others. An

expl anatr o6 thasd been+dyeni Al Ak exanp! @héf‘elﬂ’?i SibhheibRdiglecd effect
cooling duct 16B is provided on the ceiling of the convertible 25

conpar tyenthd. d Hewev et 0ods long ra% fidiealciop) i ng tHentieal pheh Ghea of
indirect cooling can be done, it may be provided in not the ceiling

butot heisé dei medt ©sobohtoauwal h e@pakt tiviier wal horkd agf 1theydeld amaaf

the convertible conpartnment) Simlarly, the blowout port 4A of the

di rect ccoehienpnduetcttodbynbeiéd5Q6B, when the baffle is fully opened,
the cold air is likely to flow into the direct cooling duct
16A so that the effect of the direct cooling can be easily
obtailned) .

15 If the opening/closing angle of the baffle 15A is
substantially 45° {20° to 70°, preferably 35° to 55°), a one-side
open status is provided. 1In this status, the direct cooling
duct 16A is substantially c¢losed whereas the indirect cooling
duct 16B is opened so that the cold air is sent to the indirect

20 cooling duct 16B. Thus, the inside of the convertible
compartment 4 is indirectly cooled by the cold air passing the
indirect cooling duct 16B from the ceiling and others. An
explanation has been given of an example in which the indirect
cooling duct 16B is provided on the ceiling of the convertible

25 compartment 4. However, as long as the cooling identical to
the indirect cooling can be done, it may be provided in not

the ceiling but the side wall or bottom wall (partition wall

15



provi ded on the ceiling wall, side wall or bottomwall). Htherto, in
this enbodi nent, as regards the 5 opening/closing pattern of the
direct cooling duct 16A and the indirect cooling duct 16B, it was
expl ai ned t hat using the one baffle, one of three patterns of (1)

bstantjially f I cIo ed, t ant aII ful opene

She ur A EndlBpii aéttsh%ﬁrim%gfaﬁﬁﬁa??@peir Bt P e Ty Phe
| duct 16B 1 bst | d b | t ed.

one of hig u%pHPlrg Pt oA Bl ?%?5?9?35931%&33@% ngg) BE a1 s0

bstant.i al | II d (3 th t I
Guct 168 Sehiletntinr 668 &1 1P et 11655 %&Se%'&baﬁ fnediner
bei I b | ect ed, _.th b th ff
Fur ther, 32?3&@%&?35" T PR Bl piea wade Tho i

165 g TG o aﬂ'&h%ﬁ%s%%"' HaPa bEp n%’%s%ﬁ??%? b %C%ﬁféAQ g
h I

oo f"n’gq‘ci#%e“?%%%% d5§8 E5Re b 10 LA e Blal o R
can be copty ol lgd oE‘.” g)éé:cét: dﬁé‘%rf Cu%&f‘fn? ?ﬁ: f&%ﬁé%qo%%%

i ndi rect cool ing can sepa y,” con

termera(télfesua&dc&%pgwgt glghsggﬁgeegnaepﬁfr@ﬁ@ (R GA 8o PHEFIRELY

done. 25 Fig. 41s a co uring e norna ezing o

conver b gl e SoIpaLL RNy 194aMeeL sty Ohnldhe i hefifdQar alefo1 SIPW - £ he 65

first enbodiment of this“invention. In step S1, 16 it 1s determ ned
whep hers 98 s 095 +1 08 1RURNIJIG £ QN tHONs Of £ BEQ . CONBLESES, LAd $f three

satisfied. Satisfaction of the running

patterns of (1} substantially fully opened, (2) substantially
fully opened and (3) either one of the direct cooling duct 16A
and indirect cooling duct 16B being opened and the other being
closed may be selected, thereby attaining the same effect.

i5 Further, using a twin damper or triple damper equipped with
two or more baffles, the direct cooling duct 16A and indirect
cooling duct 16B may be individually opening/closing
controlled. In this case, the cold air quantity of the direct
cooling and that of the indirect cooling can be separately

20 controlled so that the cold air quantity can be controlled
precisely. Further, since the direct cooling and indirect
cooling can be selected separately, controlling the
temperature and changing the prescribed temperature can be
precisely done.

25 Fig. 4 is a control chart during the normal freezing of
the convertible compartment damper 15 of the refrigerator

showing the first embodiment of this invention. In step 51,
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condition of the conpressor 12 nmeans that the tenperature detected
by the freezer conpartnent tenperature detecting 5 neans (not shown)
provided for detecting the tenperature of e. g. the freezer
conpartnment 6 is a prescribed tenperature or higher. Nanely, step S1
det er m.nes. 0. of,..[ i i.ti 0 . det 1,0 r
det or Mies, & B SAUPY ESSOGEURLIG, SRRSO AN, £81 BETLAES HhEN S
temper atyre delseting 10 neans pelng a Lepperatyng delectifg Igans s
ed nstep Si, 1f it s

t he prescri enper ature” or ~hi ghéer.

det er mc%%gdf@ﬁ%% C%.'}egér?érp%?ntp%rqessdoeﬁ e?%ggnet%st h%hé”ceﬁéag% E?gﬁ%&%@%’}%

t enper at'ur e de fing neans rs 1 ower e prescri erature
NO, t .. Lf t 1 .
()| PR, BOMACL TS, B ool P cheTaI ofciesiag

preseri 4 epp&r abHE&ng" ;J\Tﬂjnet ded YES): dettlé%tﬁg{#)rﬂ{e pEQﬁﬁgQﬁth&leSto%p

S2. Step IS determnes er or not the t erature " detected by

the convestidle GOUMALE NEM L PERELS! 0 1 49,108 80 r2B8ea EaRYREHN& or

conpartnent tenperature detecti Nng nmeans 1S a prescribed tenperature

b
To or yj r. | NNgheRyS2,stdpi 11 Hetdatneiid fednthatoddies § ePEL-ALM R g
detected by the convertible conmpartnent therm stor 19 is |ower than

the preseidbedont efmer afdtf & rlPn & NOwh d fige O ¥ Olndiet ¢hes tenpbeR tdde
In step 25 S2, if it is determned that the tenperature detected by

the corvesétdbhecenpartnentrsbeem SéRpatdmes tt PempeeSEitedetectin
tenperature To or higher (YES) , the control proceeds to step 17 SS.
| N16t epcSEns theiggnYeticnp e conpar daesttdagpeie skl iBs the prescribed
temperature or higher. 1In step 51, if it is determined that

the temperature detected by the freezer compartment
temperature detecting means 1is lower than the prescribed
temperature (NO), the control returns to step Sl1. If the

15 temperature detected by the freezer compartment temperature
detecting means is the prescribed temperature or higher (YES},

the control proceeds to step S52.

Step S2 is determines whether or not the temperature

detected by the convertible compartment thermistor 19 being

20 a convertible compartment temperature detecting means 1is a
prescribed temperature T, or higher. In step 82, if it 1is
determined that the temperature detected by the convertible
compartment thermistor 19 is lower than the prescribed
temperature Ty (NO), the control returns to step 32. In step

25 S2, if it is determined that the temperature detected by the
convertible compartment thermistor 19 1is the prescribed

temperature T, or higher (YES), the control proceeds to step

17



opened at a predeterm ned angle 00 (substantially fully opened state
at substantially 90 (substantially vertical: 70 to 5 110)) fromthe
fully closed state (substantially 0). The control proceeds to step
S4. Step S4 determ nes whether or not the convertible conpartnent
danper 5 has been opened for a predetermned tinme to or longer. In

step 843 it is determned that the convertible conpartnent danper
15 has not been opened_10 for a predet, rnlned ti to.or, lon t he
control retuﬁ%& g gép &he | RO8VEF 4 %? ??mPgng@F&HHQQQP%ﬁaPStﬁé
convertible conpartnment danper 15 has n opened far. a

predet SRFRRY 1% FePred et iRt 2 hes @@n ?BPSEF‘&Fé@dsW éus]t]e)b ORENah
step S5, the convertible conpartnent danper 15.is opened at
pr edet &t edats %%ﬁ@&l%éﬁ@ s‘% opereH2BE Ladpdt o 1?%%139145 %0 %

70) _bei The_ cont.rol_proc

s s e d R s R %ﬁﬁ@%ﬁ&@&%&@é?ﬁanﬁﬁ P07 P 1R
720 or AhEr SOMALLEERL LIPS S5l & MLESERLAEY, “?ﬁgf’e R P

T1C or Tower i's 2 nperature

det eCt%QYﬁ;%G&QE%W“&J@W% H‘éﬂl M SLONy 18y | gggh%'&erfotﬂ‘%ﬂ

the prescri t enper at ur e control procee to ste

S8. St%ﬁ-e(%ﬁtgfﬁgh%n@f‘m then g erEOt.t s‘E@PVﬂt'ﬁ' ?tcl%”ﬁértte%ﬂ

danper een opened for a prescrl ed tfme t1i or I'onger.

step 28198y e 'éori\?eﬁeﬂﬂé”él?rﬁpé?%eht&edﬁﬂﬂ)é%riBbA&s Cer'P%fé&P%tpened

danper 15 has not been opened for a prescribed tine t1 or |onger
(NQ) . £dhe; %%%&@fefﬁiﬂ%@stEQieStt%po§610h8e§t ePhe8cohtrdl returns to

det erm ned hat the convertible conpartnment danper 15 has been
opened fokp &4 Preserddied 4] ner tide of s | pMBern{YES) thhRecreNtbAlvertible

pr oceeds to

compartment damper 15 has been opened for a predetermined time
to or longer, the control proceeds to step S5. In step S5, the
convertible compartment damper 15 is opened at a predetermined
15 angle 6,° (one side opened at substantially 45° (20° to 70°) being

a middle angle). The control proceeds to step S6.
Step S6 determines whether or not the temperature
detected by the convertible compartment thermistor 192 is a
prescribed temperature T;°C or lower. In step S6, if it is
20 determined that the temperature detected by the convertible
compartment thermistor 1% is higher than the prescribed
temperature T;°C (NO), the control proceeds to step $8. Step
S8 determines whether or not the convertible compartment damper
15 has been opened for a prescribed time t; or longer. 1In step
25 88, if it is determined that the convertible compartment damper
15 has not been opened for a prescribed time t; or longer (NO),

the contrel returns to step S6. In step $8, if it is determined
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step S9. In step S9, the convertible conpartnent danmper 15 is opened
at the predeterm ned angle 00 (substantially fully 5 opened state,
substantially vertical) . The control returns to step S6. In step
S6, if it is determined that the tenperature detected by the
converti.bl e .conpart nment %gernistor

Tic o AL R oot St L
anare AL 5 enct ALY LB S e Hhe BT S
164 and TR TEo Qo S hushe B R B s Thef S feft 1s
conver{LbLe, Sompar ent, 45,4 Ls cooled mre gl ekl LoLbe degros
.20, R0 A, BP0 gy DT o con el
(he colgt g of 406 agusr {1 8 ComaEtment b d s:a00k ko g A e

conpar td%?écéehsbgoghédcgﬁ@telﬁ‘cfifﬂpén Neo&ELALAY +8edniUtdN€ o is the

convertible conpartnent 4 (or fromthe side or the bottom side

Becaus%%%gcipgiage t%fml}:te%fﬁ)f]ge&'”@l 855§\5/3ng%{ E(W) ,4 £ﬁeg%. é]lvértible

cool ed, e tenperatu stribution e converti

compar té&%af‘tﬁ@ﬁ?”esgéhl%tra”t 48l ly; g unidqrmew ”%3%2%295@ ly 0%

convection of the cold alir so that the food can rve
fr@@enédb§t§HE@éiQ@OM%¥f%@%€al)19 The openi ng degree of the

convertibl e conpartnent danper 15 at the prescribed tinme to is
changed for thg, PWHOSS O cPBKERJangle 8.,° is e.g. substantially 90°.
At this angle, the cold air for the convertible compartment
4 is sent to both direct cooling duct 16A and indirect cooling
duct 16B. Therefore, the inside of the convertible compartment
15 4 is cooledmore quickly to the degree that the cold air directly

flows therein. The prescribed angle 6,° is e.g. substantially

45°, At this angle, the direct cooling duct 16A can be

substantially closed by the baffle 15A., Therefore, almost of
the cold air for the convertible compartment 4 is sent to the
20 indirect cooling duct 16B. Therefore, the inside of the
convertible compartment 4 is cooled gently from the ceiling
side of the convertible compartment 4 (or from the side or the
bottom side). Because the 1inside of the convertible
compartment 4 is gently cocled, the temperature distribution
25 within the convertible compartment 4 becomes substantially
uniform owing to natural convection of the cold air so that

the food can be preserved or frozen in a super-cooled state.
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the tenperature distribution within the convertible conpartnent 4
substantially uniformw thout reducing the 5 cooling speed within the
convertible conpartnent 4. Where the opening tinme of the convertible
conpartnment danper 15 beconmes the prescribed tinme tl or |onger

et or i (RESDHERI RESTABg e Tir B L RHBECANEL ATNP a0, NTBF | §oBBERed)

n
qual 09" GRS RESR00 N IR o ompRE TSR R NS Ry DR Stchradnge

. =1
quality 00 no i npai't S i acco

W th t f%%er ef rti Z)ret%{]aggu]t‘gccocif“ 1?191}5@3:5?% fi {«EEh?L[ﬂbOdi:HEnt ggntvgir%ible

i nvention, sinc enperaﬁure Stribution™w thirn"the convértible

COMPr LB, Jendn £y be Rde. ibet AL iALL Yo lin! LA E Nl Ledbel A9

the cool he "Super -ctool Thg preservi ng or super-cooling
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1 is equlpped a select swt or a se n,

mode Ofoﬂﬁinﬁqgirﬂl % £ fard c%QR}éPQiBief@éﬁgéi%ﬁéhﬁgga%?g@ 1%%%‘&%3%%5

by this'swtc utton, by opening the converti npart men

danper 13 gty sgbst Bk aline 90 (Ml ia!ngegn%%l:a,ustd%f b h DE gt Bis ng

the convertible conpartnment 4 can be done in a short tinme, "thereby

real i zigy thiecbast réa@idgofbasicnfatt Wder 9f k.;ﬁ%tet:fl,{ler?fﬁ(?&)he épehfing
accordance with this invention, which is provided with he direct

cool | ngs e 164 B (1o 8 £ 26116000 UGty Yifined ), 2Ll kB kg

the normal freezing, the super-cooling freezing 20 or fast freezing
cafo be tdaine. i £ hst, ekalkieR@ WAtRE) 8gcaNaf¥aARR &he PrLXPIADAY g aMildy

be given of the super-cool ed state and
of the food will not be impaired.

In this way, 1in accordance with the refrigerator
according to the first embodiment of this invention, since the
temperature distribution within the convertible compartment

15 4 canbemade substantiallyuniformwithout reducing the cooling
speed, the super-cooling preserving or super-cooling freezing
can be done. Further, if the display panel 60 shown in Fig.
1 is equipped with a select switch or a select button, where
the mode of fast cooling (fast cooling or fast freezing) is

20 selected by this switch or button, by opening the convertible
compartment damper 15 at substantially 90° {fully opened), the
cooling within the convertible compartment 4 can be done in
a short time, thereby realizing the fast cooling (fast cooling
or fast freezing).

25 In accordance with this invention, which is provided with
the direct cooling duct 16A and the indirect cooling duct 16B,

in addition to the normal freezing, the super-cocling freezing
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freezing by way of the super-cooled state. The super-cooled state
refers to the state where when water is cooled, the state 5 of water
of 100 %is kept even if the tenperature becones below O0C being a
freezing point. The water once fallen in the super-cooled state can

be frozanriaRtorieez iHMEYBMbe idb i derri At J @aldizRy WRiter ABYars xEdis,
is required. This stinmulus may be either a tenperature stimulus or a

physi caln séxpubHatidd Eiiherokerperat e shemghite b phyal 6&lhte and
stinmulus can start the freezing. The time taken fromthe

super - Gad &gl shabe hEQMo £t ReeStsaide Ofcds BLEI H8at 8 . SEYREAkUPREFONGD It
be instantaneous. The percentage of ice instantaneously frozen at

the stataod rdfeezitg the sewelcalyh¥ref whbBe gatbrei uadi sy, dhe tdtite
case of 15 water, sherbet is created. In order that the sherbet

becones £ et d M 0D 0% 21 Lg hest coodih NF ith el eqhipeeth thord e EOWd Ingy
time. The freezing by way of the super-cooled state refers to

super - qoel ingi hgeezi Ngee Nexl, pyioither reasarkable dhtkerenceebetvweahe
the normal 20 freezing or super-cooling freezing resides in the
state wherertheofiedezicagestamnt be Nowzerakintg, ias .anHexavwdre, irherder
water contained in a PET bottle, the phenomenon occurring when
freezi ngp stemlszoithibe axpl at hedlusnisheeqaseedt. t Fdiromtelmulus may
freezing, when freezing starts, the water start to freeze from25 the
vi ci ni he okitthersuaf denmpira herPEB thiteles whi ch pégidicali sttimmlus.
state as if thin ice spread on the surface. Thereafter, the ice
extends i owar dt empeiratertieors tiuéventnal Phdiecaht $ € emu2bswataer stiddt
be frozen. The growh of ice occurs around the ice nuclei in which
wat er rledueszhage cteatlebne dker dirap tthe super-cooled state from

the start of freezing is several seconds to be instantaneous.

The percentage of ice instantaneously frozen at the start of

freezing is several % of the entire quantity. In the case of

15 water, sherbet is created. In order that the sherbet becomes

ice in 100 %, further cooling is required to take a cooling

time. The freezing by way of the super-cooled state refers to
super-cooling freezing.

Next, another remarkable difference between the normal

20 freezing or super-cooling freezing resides in the state when

the freezing starts. Now, taking, as an example, the water

contained in a PET bottle, the phenomenon occurring when

freezing starts will be explained. 1In the case of the normal

freezing, when freezing starts, the water start to freeze from

25 the vicinity of the surface of the PET bottle, which results

in the state as if thin ice spread on the surface. Thereafter,

the ice extends toward the interior and eventually the entire
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a certain or larger size. The ice nuclei are created when freezing
starts. Thus, in the case of the normal freezing, nost 5 of the ice
nucl ei are created on the surface and the ice grows fromthere
toward the portion in the state of water. As a result, the ice

nucl ei 1€ £1.LA1 PG B AL alfhdligiefliion ¢ RIEBY L s CHeALRy A5

needl e- 11 ice crystals. On the other hand, in the case of th
super - 6ol 1 09 ; 104k eBZkAG et h@o?@éui@spggv@()tctrleeaﬂé@l é‘SbYQSQErt h& th

interior (center portion of the water) of the PET bottle is

substanti@blyai HNLROrH Yg&P0kedei N @rRoN:d&L 0ggR 8t alf.e WEBaEBB when
super-cooled state is cancel |l ed by the tenperature stinulus or

physi calyre st { MYylisirdde frpez) Ng shardss@Rd +88 MLl 1R L8RS adskd
uniformy over“the entire PET bottle. Further, the ice grows 1in any

porg i om it A dheuRiak baldd @ dnad disiore tihe SSWTASE AN LHARTd O i
that it wll not growtoward a certain direction. Thus,

subst artr@h khedd £ oA Al O aIbh ah tEe £fysédSwakter .obhaidedsAs,
a result, the difference between the nornmal 20 freezing and

super - cond i Nge fieeZéNYaFeStEes ted tihe & dldravd g dppéstion Rgerebihac
difference in their cooling process. Nanely, in the case of the
nor mal dreezé nfarybe haegh aceedke- tkecrgatadrystals oriented from
the surface to the interior are created, whereas in the
super - cool i ngrf releei ngherhehsnlst ant | ahky s aind forthan supergraplliarg
ice crystals. OMmng to the difference in the frozen state, the foods
f rozen hetee t heg sufidre cant edestPite batklenaindieas ipai o&d tne t haiterior
preserving quality. 22 Now, the super-cooling freezing will be
expl ai nedenine npreer t det @ifl thEheateffigechedPEAdedridieng st subbhksantially
enbodi nent
uniformly cooled in a non-frozen state. When the super-cooled
state is cancelled by the temperature stimulus or physical
stimulus, the freezing starts and ice nuclei are created
15 uniformly over the entire PET bottle. Further, the ice grows
in any portion within the PET bottle inclusive the surface and
interior so that it will not grow toward a certain direction.
Thus, substantially uniform minute granular ice crystals are
obtained. As a result, the difference between the normal
20 freezing and super-cooling freezing resides in the following
point owing to the difference in their cooling process. Namely,
in the case of the normal freezing, the large needle-like ice
crystals oriented from the surface to the interior are created,
whereas in the super-cooling freezing, the substantially
25 uniform minute granular ice crystals. Owing to the difference

in the frozen state, the foods frozen via the super-cooled state

will not be impaired in their preserving quality.

22



i ncludes a control nechani smfor keeping the stable tenperature
envi ronment necessary to stably realize the super-cooling and 5
regul ating the tenperature and cold air such as the tenperature,
wind speed, wind quantity and jetting timng of the cold air to be

directly jetted t theh§uf3@9d’co% St YEWL SUeh 133 Hhe& £8888nH0In more

housi ng the foods; a device or control nechanismfor determ ning the

conpl elyeon, of | theT%%Pe&é¥¥{gé&h@@fesééEMrBQn%O %Hrekﬁl%an%%bddﬂﬁent
super-cool ing; and a device or control nechanismfor giving t

stimil ys, ecgesa Moh@r%q”ﬁﬁhhtafﬁ%sﬁﬁB%Vk&é’QihQ&hJ ke Jnafd ltg%%trcarture
al so includes a function of cooling and presérving for keeping

Sat'Sf@ﬁﬁ&ﬁbﬁﬁ@ﬁ%'ﬂ@c@%%%&qrEBesﬁﬁBQ®'9%thQ% Rag Qﬁ%@ﬂﬁﬁaﬁiiﬁﬁjaﬂ@
First, the super-cooling fréezing can be classified into

fol§ ow]:@glil ¥eiahalies taagRvti er & @nldeol MEF alidhea 9ft Hémemb@%tdr@
non-frozen state: the food tenperature is a freezing point of the

food ofvi@heseed) (2hdsupenrttao) echstpéetihferingdqt emrerdt Weld sia
freezing point or lower and the food Is not frozen. Since the food

t enper atdibe gopticrussikatid ko the CRIvDE KBowncithate thenf aedthée sddes
t he super-cooled state. (3) state where the super-cooling has been
cancel eabsr t heufsdody RPbhet eipetaf ure dasicet wmedotiorbhe ¢ ekan hgmpdian
fromthe tenperature lower than it. (4) state fromthe start of
freezi nipteormbeiognphet compl23 idrerebfthd heupoodcoeddhes niclce faseez i tng
point to nmake their phase change (in the case of water, liquid water
chamgesumbysaartel the super-cooling; and a device or control
mechanism for giving the stimulus necessary to cancel the
super-cooling. The refrigeratcor also includes a function of
cooling and preserving for keeping satisfactory freezing after
the super-cooling has been cancelled.

15 First, the super-coocling freezing can be classified into
the following five states according to the temperature of the
food.

(1) non-frozen state: the food temperature is a freezing
point of the food or higher.

20 (2) super-cooled state: the fcocod temperature is a freezing
point or lower and the food is not frozen. Since the food
temperature continues to fall, it c¢an be known that the food
is in the super-cooled state.

(3) state where the super-cooling has been canceled: the food

25 temperature has returned to the freezing point from the

temperature lower than it.

{4) state from the start of freezing to the completion
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ice) and is kept at a certain tenperature. (5) state where the
freezing has been conpleted and food has 5 been frozen and
preserved: the food has been frozen by way of the step of (4). hbma
the freezing point of main foods will be explained. It is -1,7C fo
beef / pdkerear s¢hpfoashaeacherciisrf e ppingpoing taanpkp gheir phase
stramberry, and -2.0C for an_apple (Reference 10 Docunent: Yoshito .
Sakur ai§ &@%ﬁgbhns%%ﬁu$9%ﬁ RBdﬁ?Bﬁr(G%héPéﬂ WRSEE H@%ﬁﬁ%%olntQkﬁﬁﬁi
Kosei sha Koselkaku Co., Ltd., 1975, . 922). For the state of (1) to
(2), t HeF@) afBdalsok@RtY Ght %e€%§§é#9 ﬁ@@ﬂﬁﬁﬁﬁ?ﬁﬁrn t he
super-cool i ng (the food is placed 15 at the tenperature of _the
free2| ng> boi rittare vy e itme Heige hbhd iz difar aftcgqpla%ea RAGGoMhas
for gpenln the su er-coollng Iomerlng t he teng ture which is
reaéhe w%p%ﬁl RFFRGVEHat ef NeFbPOPNRAStREBNOF T PRFD PREFRY (ST
a conqaglon for q %Ilng t he super-cool ed state and starting 20
freezin eFﬁFePhB &es of (4) and (5) there is a condition for

keeplna t1e 963HNS3% %0 00, BHPSLE GOA I LEPTAY b nginea.
arter tHe Hupd e%gofq% b rp%%}?ﬁbiﬁﬁgi?%gt%\?n%n[ﬁ?ﬁf% 5% He Sk
o o8P ol R e T SO 2 e i
LN R e Gt S e de B b A
h'gherﬁ%b&h§£dustry),” Japan, Koseisha Koseikaku Co., Ltd., 1975,
p. 922).

For the state of (1} to (2), there are a condition

necessary for rushing in the super-cooling (the food is placed

15 at the temperature of the freezing point or lower in their
non-frozen state}] and a condition for deepening the
super-cooling (lowering the temperature which is reached in

the super-cooling state). For the state of (3), there is a
condition for canceling the super-cooled state and starting

20 freezing. For the states of {(4) and (5}, there is a condition
for keeping the goodness of the food super~cooling frozen. If

a sufficiently deep super-ccoling degree (temperature
difference between the freezing point of the food and the
temperature reached after the super-cooling} can be obtained

25 by controlling the states of (1) to (3), the effect of
super-cooling will not be lost by the states of (4) and (5).

However, 1if the door is opened for a long time owing to take

24




the tenperature within the super-cooling conpartnent beconmes O0C or

hi gher to cancel the super-cooled state, control will 5 be
re-started fromthe state of (1). Next, the steps of (1) to (3) wll
be explained. First, they will be explained on the basis of the

i nvest iigatdon ofesHet foyhien s ha Eapdr-dee etk reitld) arthf akiness tafinkp
mm and weight of 150 g is put in. An explanation will be given of

the 10 tsiipesr £00FENYscoadEkdotof Bheafsypeineopbiimg oempaighntso that
(identical to a super-cooling space) of the refrigerator according

to thi sHavenipeonathneseithing the eapdirt-acro bind heomsapenetdobiergmean
attention is paid to the cooling speed and a difference between the

| owest greach md PNt 4 teapesat the $dpkeachad éd dhecsypebneeeliedill
state) of the core tenperature of the food and its freezing point.
| f % hekbeoaténgtspeed ifsomoahdighateéhefentliyr.e food is cooled in a
nonuni formtenperature state (there is a large difference between
the surface Neotniperdtaurseegfs thfe {(floodcand )t Weldobe ¢eppanatur.e First,
t hereof), 20 thereby providing a frozen portion and non-frozen
porti ortheBwidel breckpéadngst ah ghews: a9 ufd thikel hve snugladuisyn irfe seMen
a portion of the food is frozen, the ice crystal will grow taking in
wat er R tde admddozidive poreforvithsaathésyhesst bd 1heddl end ke laid
ice crystals will be created. The needle-like 25 ice crystals created
among &dl 1 §58r 9 aFgePiide R yst &Ps gjirRbanagtses ol oeowtl vin waterthien
the cells and breakage of the <cells and further drip flowout in
unit ee AUREY 26oAtEBAdI AENY L tilen essunt iaal SUstle @F0l hBgf opaRiEItMse t
reduced, nutritious contents such as |iberated amno acid wl |l
{identical to a super-coocling space) of the refrigerator
according to this invention. 1In setting the condition of the
super-cocling, an attention is paid to the cooling speed and
a difference between the lowest reaching point (temperature
15 reached in the super-cooled state) of the core temperature of
the food and its freezing point. If the cooling speed is too
high, the entire food is cocled in a nonuniform temperature
state (there 1is a large difference between the surface
temperature of the food and the c¢ore temperature therecof),
20 thereby providing a frozen portion and non-frozen portion.
Since the ice crystal grows around the ice nucleus, if even
a portion of the food is frozen, the ice crystal will grow taking
in water from the non-frozen portion. As a result, the
needle-like and ice crystals will be created. The needle-like
25 ice crystals created among cells or large ice crystals give

rises to flow-out of water in the cells and breakage of the

cells and further drip flow-out in unfreezing.
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be reduced, or feeling of the food will be deteriorated. On the
other hand, if the cooling speed is too | ow, the maintenance 5 of the
super-cool ed state is not problematic, but |engthening of the
non-frozen state may lead to deterioration of the food quality ow ng
to bacteria Bkeedicigrain, oxhedatd ssempt babt taste lof vibw dfoddesell be
facts, until the tenperature reaches the freezing point, the food
shoul dreelwaosl e iatsi ¢ ws resucen t hes ich di  fleerrcet ddtaneigro talved will
surface tenperature and core tenperature. Once the tenperature has
reachetiet hredumssii ngr peentingr olfowdre (fupkrwichbllee debte)iprlied. On
cool ing speed should be increased to quickly reach the | owest

reachi ntpepoicherohabte itfdrhe tenmperat apecantstthes duper tteaghednstabece
shoul d be cancelled 15 to prevent the non-frozen state from bei ng

| erfgt heded hel supblgirs camled thiea tenperrattume doenat igr botdlangthening
regulation is carried out continuously or stepw se at the respective
st at esowhéhe niome fropren sstabt dliayol ehd to cdetayipopmtion ot fidye food
cooled to the super-cooled state | ower than the freezing point; 20
super - €561} gy cantr| £@; basd adompl et ee¢ingored. o dagbentBroBelkyen -
t he above problem there is a technique of giving an antibacterial
functi of t'6leWeodupdictdolfed tepacen t¥he thgnt F HRREERL AL of UrRE FoAS c&he
be obtained by using ultraviolet _rays or ozone. However, the

provi sit&F AL hP AN F bather fapd ?BOpﬁﬁcPPoﬁPO%ﬁ@cﬁoi§Sc6§tF§9UF§ the
problematic. First, the cooling speed for the condition of rushin

imb G SRRRCR oo BGTFSET I B eexp?‘éFF@H.e. THETRBE2 FET €00l fr&me
26 e auntace and N5 ceniel dhe [o0d, | 800l e by, thetBl ozing
point or lower (super-cooled state), the cooling speed should
be increased to quickly reach the lowest reaching point of the
core temperature and the super~coocled state should be cancelled
15 to prevent the non-frozen state from being lengthened. 1In this
way, the temperature control or cold air regulation is carried
out continuously or stepwise at the respective states where
the food is cooled to the freezing point; further cooled to
the super-cooled state lower than the freezing point;
20 super-cooling-cancelied; and completely frozen. 1In order to
solve the above problem, there is a technique of giving an
antibacterial function to the super-cooled space. The
antibacterial function can be obtained by using ultraviolet
rays or ozone. However, the provision of the antibacterial

25 function, which is costly, 1s problematic.
First, the cooling speed for the condition of rushing into

the super-cooling will be explained. The focd is cooled from
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This is because the cooling speed of the food center is determ ned
after the cooling speed of the food surface is 5 determ ned. Further,
actually, where the tenperature change in the food is controlled in
a home-use refrigerator, it is general to detect the surface

t enper athe eswffhbe heed 3@ thw@itet hefsuhkage denperadslr edi byf khetrmal
defined. The tenperatures at the food surface and food center fal

in a siggndict endeneyoiny ad i e pRSSAJE NGhEh idiené99dofSthe food.
super-cooled. In the case of the beef having a thickness of 15 mm

and a weight ief d&auge tiige ervidlomEntpked roof trhe toed reaches as
prescri bed tenperature, e.g. -5C -7C or -10C in about 30 m nutes.

On  theledideni handafithe foad swdlacey i spkade 4O tRackddie fne€acng ikb
point late by 120 minutes, 80 mnutes or 60 mnutes, respectively.

Thes e ide:teesihéddi f Ferehee, i acttergierat urtee r bet heeehbe rboad  ehigige
and food surface, 0.5 to 3.0 degrees (K). However, as the air

setti ngrt enper v ade iiss chirgheryl 1ddheir a2@ome-arssaratd £rigenpépat urie is
di fference between the surface and center. As the air setting

t enper atanerad towketethetbegserfaok Seppercdoliaegf ithe femet o ithat
freezing becones snmaller. The cooling speed is calculated in a range
i n whi ¢ihe lselrfioote Senfeces Ui eapes dtiurset ide B30 ad. 0CTheTheneeotd hyr spedd
in this tenperature 25 zone is related to success or failure of

rushi nGhier fded supéeceodnchgiord chwvteest thadg tiehperaimi bayr sendaney
food is -5C the cooling speed of the food surface is about 3.5C h;
2719 f tihe sdtiManPasipes tluee Bheuhdodhesf svperscorded he Igodlismgase

speed of the food surface is about 5C/ h; and if the setting
of the beef having a thickness of 15 mm and a weight of 150

g, the environmental air of the food reaches a prescribed

temperature, e.g. -5°C, -7°C or -10°C in about 30 minutes. On

the other hand, the food surface is late to reach the freezing

15 point late by 120 minutes, 80 minutes or 60 minutes,

respectively. There is a small difference in temperature

between the food center and food surface, 0.5 to 3.0 degrees
(K) .

However, as the air setting temperature is higher, there

20 1s a smaller temperature difference between the surface and

center. As the air setting temperature is lower, the degree

of super-cooling, i.e. energy in freezing becomes smaller. The

cocling speed is calculated in a range in which the food surface

temperature is 3°C to 0°C. The cooling speed in this temperature

25 zone 1s related to success or failure of rushing 1in the

super-cooling. If the setting temperature around the food is

-5°C, the coocling speed of the food surface is about 3.5°C/h;
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tenperature around the food is -10C (the degree of super-cooling is
shal l ow), the cooling speed of the food surface 5 is about 10C h.
Thus, as a condition of rushing into the super-cooling, if there is
a certain distance between the food surface and food center, it is

def [ neq, 4 e L3 <00 kihaSA T iEnd 00 BUJAGE 19°40GL cooling

preferably 5C h. Inthis case, there are changes in the tenperature

10 diffgrengesbet neer bhe inod sdr{facenand taodncenhar i At Hd&et ting
setting tenperature of -5C, there is a tenperature difference of

about L degepgt(iKk belmeenyt henbood s f ace andgd@od (€8B! BHeglldte of
cooling speed at the food center is about 3.5C/ h); and at the

settingpaperablia i s sHal 1wy g the aoberper pued Jdb tdief fesenan Rice
about 2 degrees (K) between the food surface and food center (the

cooki ng $pggduat itdre /H00d mens er aks ARUMKHABEL B @ #ilieh ohferntanthe
at the setting tenperature of -10C where the degree of super-cooling

i s shaldwpertbeneing,aittettherat usea olififaelentiesodnabdud t@edagtieestddg
bet ween the food surface and 20 food center (the cooling speed at the
food cetefacs abdufoollOCEhrerAcadr disndky inasl & hedndind emdlamg ugldar
in the super-cooling, it is defined that the tenperature difference
bet weerp £ heh& o6d oglursfiacin @ndi § 0o0d°CEn epries o3 adtdgy e85 (1K) or | ess,
preferably 2 degrees (K) or |ess. Were the distance 25 between the
food surface landthdsd ceaeer tkeshordre i changies fherttud Ccapwenatuwfe
the food is small, for exanple, thin nmeat, even if the setting

t edper atuf Berenrewbe twean -t fdod ennipre a8l f09C adretefegr et dfhe
super-cooling dose not becone shallow, thereby providing a good
frozen §@botding temperature of -5°C, there is a temperature difference

of about 1 degree {K) between the food surface and food center
(the cooling speed at the food center is about 3.5°C/h); and
at the setting temperature of -7°C, there is a temperature
15 difference of about 2 degrees {(K) between the food surface and
food center (the cooling speed at the food center is about 5°C/h).

On the other hand, at the setting temperature of -10°C where

the degree of super-cooling is shallow, there 1s a temperature
difference of about 3 degrees (K) between the food surface and
20 food center (the cooling speed at the food center is about
10°C/h) . Accordingly, as a condition for rushing in the
super-cooling, it is defined that the temperature difference
between the food surface and food center is 3 degrees (K) or
less, preferably 2 degrees (K) or less. Where the distance
25 between the food surface and food center is short, i.e. the
thermal capacity of the food is small, for example, thin meat,

even if the setting temperature is lower than -10°C, for example
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In view of the above facts, it seens that the condition of the
cooling speed for the food surface is that the tenperature 5

di fference between the food surface and food center is 3 K or |ower.
Under this condition, the followi ng phenonmena nay be avoided. A If

the tenpesat urendi fEkgrerce hedvwpen-tbe1hiagd doud frase BadofeodhHeantsy,
i ncreases, the density of the water contained in the food changes

and owtrtgetebthprdensiing 10 dobfiefencen davecti on of water contai ned
in the food is generated. Thus, the ratio of association of water

nol ecul es i oy esises ¢ D piomiteve hfagtew htokeene mhalteithet hemehytion
facilitating canceling of the super-cooling. B) If the food surface
i s frozehtéar tyo linghsphedffaod ther face et fucd idsetdhat thbe thefareszing
point, a stabilized environnent will be generated over the entire
food. TuSfetheckobdtiweanr ader et St face andefdoeezempepoiat 3afir
t he cooling heat conducted fromthe food surface will be used as

| at ent hweerso Whdert hbikr eezidig iwin | tlhelvanteow20gFphenivimeraason,be
if the food surface is frozen, the entire food will not be
super - coo® ededon Bhe 1t Kére Hepiepenstpregadds farrnes rbebwpenaitdre food
around the food, in order that the food is made at the tenperature

| over tHahfefe ppeedionf poemichi Lhetrasks nde o2ensity s déde rmater
that the air tenperature around 25 the food is -10C or higher _

al t hougtPrEavBrPesincddt®li A@ah chandgshdasd t AréRAesECofthie degudity
It is apparent that the upper limt of the air tenperature around

t héOf octh f e FRBCEr ecPRYECEIOPoi P U UTneFoBtaiReS 0bl tidiefood 1is

super-cool ed. For exanple, for the beef or pork, it is -1.7C,_ and
for nodeRErghedfroodius, the ratio of association of water molecules

increases to promote the growth of ice nuclei, thereby
facilitating canceling of the super-cooling. B) If the food
surface is frozen early, with the food surface being fixed at

15 the freezing point, a stabilized environment will be generated
over the entire food. Thus, the food is preserved stably at
the freezing point and the cooling heat conducted from the food
surface will be used as latent heat so that the freezing will
advance.

20 For this reason, if the food surface is frozen, the entire
food will not be super-cooled. On the other hand, as regards
the air temperature around the food, in order that the food
is made at the temperature lower than the freezing point without
being frozen, it is desired that the air temperature around

25 the food is -10°C or higher although it varies according to the
kind or thickness of the food. It is apparent that the upper

limit of the air temperature around the food is the freezing
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it is set at -2C. The cooling speed for limting the tenperature to
3 degree (K) or less is desirably about 3.5C h 5 to 10C h,
particularly desirably 5C/h or | ower. However, in the case of the
thin meat having a thickness of 10 nmor |less, at the cooling speed
of 5C/ moimt deskower ofishes ifod ttre besupgrecoobohgd .| nFohe ezasy 1ef,
a neat lunmp having a thickness of 40 mmto 50 nm the cooling speed
of abouio2 #he JEFET i T rlequitr eids 4In Hay, faoed,forhectsemmoefr athier €oods,
di fference between the food surface and food center may be imted
t o aboltt 3idegset. atHowdV€r., | Mha gebbédnygni $peedf obsr sudm iasi ygguitte
in which water is likely to be held at a certain position and which
i s easitlgmpsopenreobdedl,dedreés SKiperr Ao £d satletshier Gy idigpsiperd @/ h
about 15 3.5C/ h to 10C h. However, at the setting tenperature of
-18%, tid WMI°Cl/ hbepstnrercicleot bd dveinr ab 1 yhe’Q/enper dowes di Hoerearere, din
5 to 10 degree. Against the tenperature change around the food which
is a fidrd crashicdh s tihidt fade haishng i tthd Jupess coblihgmamd 126s,
mai nt enance of the super-cooled state, it is desired to restrict
changesti nthdeceodlingg ssyrad, 0 br SHetreasert Rescool ithgrepeed iateurde
the food. Further, in the refrigerator, in order to control the air
t enper & tReF 28°4Ll £BFt-ai ATt EHﬁngFﬁrQ,f gnBeatr lupenparaner 8 APdGkdese
food inevitably changes owing to the 25 influence fromvarious device
oper at iddns?QuBh 58 &R/ &F, ofhe hecoddRpr sfand oh/abpusf 2t ke fRR/h is

i herelyl oo, i obenl pabclosing of e daper,. Changes,.
neri g of the foods, Jhus. the, conventiqn of water Ls promyed .
However, in a gelled uniform food such as yogurt in which water
is likely to be held at a certain position and which is easily
super-cooled, it is super-cooled at the cooling speed of about
15 3.5°C/h to 10°C/h. However, at the setting temperature of -18°C,
it will be super-cooled even at the temperature difference of

5 to 10 degree.
Against the temperature change around the food which is
a factor which obstructs the rush in the super-cooling and
20 maintenance of the super-cocled state, it is desired to restrict
changes in the cooling speed, or decrease the cooling speed
around the food. Further, in the refrigerator, in order to
control the air temperature at a certain temperature, the air
temperature around the food inevitably changes owing to the
25 influence from various device operations such as on/off of the

compressor, on/off of the fan within the refrigerator and

opening/closing of the damper. Changes in the air temperature
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Nanely, the. probability of the association of water nol ecul es
beconmes high so that the super-cooling is |likely to be cancelled. 5
In order to avoid this and to cause the food to rush in the
super-cool ed state the tenperature changing width required until

the 11 8e2l0g, BYL: Ylerdie J00fcl o0 SxGEe0BIALOT PXRTRL PO theTBhoas.

é food es’ i e Super-co e was experlnent

about Qgﬂﬁgreﬁ’ﬁe(&n% t5oh 5?9%‘9'&3%50“ FGo1QaS | AG 1A (r)}f' ﬁ@dff‘&fo

the fo ‘any st i'mul'us of cancelrng 't he uper-coollng

surfacgf ]%% hé?' Cha anF?tgtgﬁ tﬁ@ae{@§obﬂagtﬂ%na gg?rﬁgll‘[e%ules

around t | ess as descr

However, é‘s hfi g‘f)—hgost!‘r%f t%%OEPBQ SRERA 4 %2' g Qﬁ?kleige%éo e e&?ﬁ@%‘il%rd

t he proba ity occurrence o e super-tool i ng

super - %QPhﬁgd%EaES 8§Blget%ﬁ%§599i ia &QﬁseeQ%%rQQﬂﬁfttMmPughf95 the

exanple, in the vicinity of the blowout port, the tenperature change

is 6K 1849 t | 3 .
and thg&gﬁﬁgﬁsﬁ%oﬁﬁnstég%of%ﬁ%a%%ﬁé%ﬁﬁrgﬁgl?ﬂ%ﬁgg%y)WFQtﬁ Belie iR

super - gopd £ 1aan fhe deapentint I0F ehderob@ ausfc-thBaclnd or0ckHfp 1ie)

t he super-cooled state and deepen its super-cooling, it is not

necessany, 4@ )cool & herpfoedoal ihdd xed tREPEII & odfe &hEtEQ@dwd%
bei ng cool ed at the fixed tenperature, the tenperature of the f

sur f acexteoptm@bt 801 habotihes taiges @t ufe) dif fersence rRefareEne d & &eﬂ fthe
and the air tenperature around the food decreases. The tenperature

of1d he sifo®dasdr fkaeel wfl the stahid) zedyatstheubin s beEMmelwd el enagr atird

31 the food. Thus, in order to deepen the super-cooling, it is
desi r eduipgwat - ¢ hel t ngdoifs theolfed dMstur faree teaperab ur gidenf.er 8noe, the
change in the air temperature around the food is desirably 6

K or less as described above.

However, even 1if the super-cooling speed is slightly
15 retarded or the probability of occurrence of the super-cooling
becomes low, the super-cooled state can be created. 1In the
environment where for example, in the vicinity of the blowout
port, the temperature change is 6K or higher, e.g. 15K, the
rush in the super-cooling can be made and the super-cooling
20 of the food which is l1ikely to be super-cooled can be deepened.
In order to cause the food to rush in the super-cooled state
and deepen its super-cocling, it is not necessary to cool the
food at the fixed temperature. If the food is being cooled at
the fixed temperature, the temperature of the food surface drops
25 so that the temperature difference between itself and the air

temperature around the focd decreases. The temperature of the

food surface will be stabilized at the air temperature around
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bet ween the food surface and the air tenperature around the food
bei ng kept at a certain value or nore. 5 For this purpose, the air
tenperature around the food may be reduced according to the

tenperature at the food surface or food center. In the process of

deepenidg, tHe, SUPeFEGQ0l Eggorid A é&%%ﬁsféﬁgs!&%%&i% it is

setting tenperature nay reduced by IC every prescribed times

i f i |
(time ‘Ml@é‘f?[/% e oA £ LA §gp@6$i%a§a%xg%§leggféger%rﬁw@uaf>4f rence

experinment a I nvestigated, e.g a prescribed tinme

(time plapsed thameshen diberdoedaha @%tel i ot %é’%@r&@lﬁfzbe%ﬁﬁ%&r&e

at the food center reaches -1C, previously experinentally
i nvest il @dpe €ng: k2dOWS)a - cPthRhS MAYse Wit b PE tenperature 15

di fference betweén the food surface tenperature and the air

tenperature afrpuRthitheuir@Rtdeithe kepttehperi@ed Larche LoRkeho8tay
t hat the super-cooling can be deepened. |Inversely speaking, if

unevenngessrOiuébange ddrdiey até tREPEEapHR tirdrat tha @beal surface
tenperature distribution is generated on the food surface or 20 the

t her malo £ L dettier of the Hopd cnyfRed HeebRelieasetheSeupkltalcooling
crystallization will start fromthe surface position likely to be

cool ed,in hitse |leadle Nngstoredndeld gk of, ttige S@PEEngOOkmMPGraAsimelnay be
known, if the ice crystals internally created when 25 neat or fish

i s frozendaced Bygesc thmeeglpseytltlibbe biaken (@Rthe Wt et ithe ofood
drip after unfreezing is increased. In conparison of the quantity of

driip oftembeehtneend dfropyna b32 betepen phevsopelyCookkpe riinReRididl v
and normal freezing, there is a tendency that the drip quantity in

t he supervesbigpgeids e.g. 0.5 hour) after a prescribed time (time

elapsed from when the food is put in to when the temperature

at the food center reaches -1°C, previously exXperimentally

investigated, e.g. 2 hours). 1In this way, with the temperature

15 difference between the food surface temperature and the air

temperature arcund the food being kept, the food can be cooled

so that the super-cocoling can be deepened. Inversely speaking,

i f unevenness or change in the air temperature is great, a great

temperature distribution is generated on the food surface or

20 the thermal conductivity of the food surface is increased so

that crystallization will start from the surface position

likely to be cooled, thus leading to canceling of the

super-cooling.

As well known, if the ice crystals internally created when

25 meat or fish is frozen are large, the cells will be broken and

the quantity of drip after unfreezing 1is increased. In

comparison of the quantity of drip of a beef round or tuna
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limted to half or less of that in the nornmal freezing. It has been
considered that potato or taro is the food not suitable 5 to
freezing. It is usually done in a general household that when a
cooked curry is frozen-preserved and re-heated after the next day to
be eal g JdLh s CaR6 10081 £RACr 108, GHG" ¥na"hbDngl! ¥, L0E ROl Atfere
renoved or and cCrus was” consrdered "to” be a comion SensSé fdr
freezi t eliclLo y s . - i _ -Q J
frozenqghépt%ﬁg{#ﬁgoé%%F F?EcgﬁIEoﬁuéiggkﬁg%%fs?H%Eﬁgﬁeggggggﬁﬁﬁﬁg
t he te)i&‘f:fft@cﬁ’ o h'é!‘i"?%?r%ﬁ%fs LS CI T3y, i ef!%m%?r?r[élb%frte*éezin . It has
super - cool1 hg reezing, e texture of the potato after unfrozen
wll n | msd e o] t reezing, «L . 8. Wl -

dried %%H%? sog%@&éﬁﬁé gpé%cﬁb%%ﬁéhqﬁiq{%giﬁgfﬁhggn%%%gn?$%fgﬁgggpg%

i s 5 copppsed. of i ¢yl ose pod,ayheReabin ithe €4 { oRg selilb‘i%lﬂtﬂ%t

destroys these three-dinensional Structure by the growth of the ice
crystakyn e, stEUREHT 8ueRGL Y oKen, W LHrBAk r Q) TBR1 OFeontorbRearter

original state even when unfrozen, so that 20 the water in the potato

unfrozemd shdostdaPnrbhgeothenhand, thacausassd herdcergeyst ahe curry
created by the super-cooling freezing are very mnute, the

t hr ee- giinENdonNaltisd ot a @ ©EmstanchrWihl cPEEnBE akBDsbndebher®d.to
Even after the unfreezing, the original three-dinmensional structure
can bep ebabhyon2befBienttairnede e Ehtg;, thie saeRy HbBak ctik@diext urmnief is
the potato unfrozen after super-cooling freezing will not becone
bath Asddwucaser 33 Mytdhee Ssichraziheany €hanbendpplzeed tia g not
ot her foods which have been considered to be not suitable to
freezimgtain moisture, thereby making the texture poor.

However, 1if the curry is frozen by the super-cocling
freezing, the texture of the potato after unfrozen will not
almost alerted from that before freezing, i.e. will not be dried

15 or soggy. The starch which is the main component of potato is
composed of amylose and amylopectin. The c¢onventional
freezing destroys these three-dimensional structure by the
growth of the ice crystal. The structure once broken will not
be restored to the criginal state even when unfrozen, sc that

20 the water in the potato unfreozen is lost. On the cother hand,
because the ice crystals created by the super-cooling freezing
are veryminute, the three-dimensional structure of starchwill
not be almost deformed. Even after the unfreezing, the
original three-dimensional structure can be probably

25 maintained.

Thus, it seems that the texture of the potate unfrozen

after super-cooling freezing will not become bad. As the case
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Accordingly, it is suggested that by adopting the super-cooling
freezing, the foods which have been considered to be not 5 suitable
to freezing cab be frozen. Thus, it is known that where the food is
frozen after the super-cooled state, mnute ice crystals are created

so thatydhe,essgnthal £00dr$t EHR! BECappYGR AT Lo heS c¥hd¥ Gikidl Galk &g
kept wi thout being changed.” There is a possibility that even if

freezing @od yotneezbRg il Al £ repeated,n8r 9. shineahaed yif razen Afder
freezing is frozen again, the food quality wll not be extrenely

deteri ofat §flqi HRhkKe;i ENe&s QRN ADgh it 662 bt thiRald Qupte*}_e—clooling

expl anation has been given 'of the nmerits of use in the genera

househal dse 7 ; Highevale 2bg@id Nwhoel MAFESBERG ¢HEsSHRSEHCO% 1 BG not
freezing 15 can be effectively used. It has been confirnmed that the

m nyt enasstob1khe o qe:é‘éi/ﬁrﬁ?' 8abl eat d-ddkrd he muUpes - cook kNGn dwreezi g
is nore excellent than the freezing at -60C. Thus, fromthe

Vi ewpoive p& figal f@bA0is herbieh geakirt ynbreepergcdied sefddigemataite
according to this enbodi nent can be substituted 20 for an industri al
refrigereé adryState the cetrnitger abothaacehedebgehd itdl Sobedineitiure
has no need to create the cold air at an extrenely |ow tenperature
by usi magiieat eearigy amlpketelihecandst riegdt ref rhgetabernnga dremde @f
energy saving can be obtained. 25 In the investigation hitherto
descri bHterét ibsaagpswribilhay thetwendrspeedfodet hegcahd ainrf rfd e ng
around the food is about 0.5 m's. The cooling speed for the food is
detter maresl rSdebyetiheet gnpeheat dredduhferernce afdtare dir ddwi i@oiks sind zee
and the air around the food and the convection heat conducting
again, the food quality will not be extremely deteriorated
unlike the conventional freezing. Hitherto, the explanation
has been given of the merits of use in the general households.
However, also in food processing, the super-cooling freezing
15 can be effectively used. It has been confirmed that the
minuteness of the ice crystals created in the super-cooling
freezing is more excellent than the freezing at -60°C. Thus,
from the viewpoint of realizing the high quality freezing, the
refrigerator according to this embodiment can be substituted
200 for an industrial refrigerator. Since the refrigerator
according to this embodiment has no need to create the cold
alr at an extremely low temperature by using great energy unlike
the industrial refrigerator, a merit of energy saving can be
obtained.
25 In the investigation hitherto described, it is assumed

that the wind speed of the cold air flowing around the food

is about 0.5m/s. The cooling speed for the food is determined
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coefficient. This is because the snmaller the convection heat
conducting coefficient is, the smaller becones the tenperature 5

di fference between the food surface and the food center, and it is
desired that the super-cooled state is realized at a higher speed.

| nci depfalhy, té}nb@%gﬂ}xté‘gncﬁpéfé@cé%ééndﬁﬁé f\ﬁsﬂo@ysu@féé nd the

passage “change i n the surface tenperature, in an actua
producty,; ,as the feans,d ok dei eglhldngthge é@ﬁ@e%‘&ﬁfo%cehégtt epBahAkYi%g

an infrared sensor or thernopile is enployed Thi s means detects the

food swiace; & POREr at yf & Ds%@@gusgn’éﬁetsmgﬁﬁ_‘@@ tBY FBRGLWNG T lPl%at
radi ati on heat of infrared rays emtted fromthe food surface. In

this V‘@bncﬂk@i‘ﬁé%&@f%b&éﬁ@fé atiff e sp@Nd A 83 CQ)fmééq%hfeoegmi)EQE‘ttu%
temperature detected by tfhe 15 thermopile when the food is put in

e. gs tfaﬁJ@M@ﬁ&ébﬁetw@@w&m@@&@fsdmaé@féﬂlsefﬁéomadcwt@&er 2
guessing the thermal capacity of the food put in fromthe tine

passage tchangesi radtthes t erResapiecdetiecd edaby the daherdmphles htilger
control tinme for each step can be extended or shortened according to

the 2Gd«ood. putndidedbalsypesicnohighgths €ssehhiyasbyedni sirbdmined by
state and w |l be cancelled when any stinulus is given. Cenerally,

it isadidd wdsyadheathangeancelthd Mecupar: £ooki hgnpEdaevers, fiar an
exanpl e, where a sealed vessel is filled with water with no 25 gap,
for exanplwesl eveadiuttihasvesselmésnwaied slevercdlingttiee Supdr scadlaary
wi |l not be cancelled. Where water is put in the drawable
compar trente r @t greconrverin bterednpantstentoof theemod reef i s genatloyed.
even if opening/closing of the door is repeated several tens of
times iThiss neamer det etdls| thpdmaryshimiflhced bempgrature in a non-contact
manner by receiving the radiation heat of infrared rays emitted
from the food surface. In thisway, by guessing the temperature
and area of the food from the temperature detected by the
15 thermopile when the food is put in e.g. the convertible
compartment of the refrigerator and further by guessing the
thermal capacity of the food put in from the time passage change
in the temperature detected by the thermopile, the control time
for each step can be extended or shortened according to the
20 food put in.

The super-cooling is essentially an unstable state and
will be cancelled when any stimulus is given. Generally, it
is said that vibration cancels the super-cooling. However, for
example, where a sealed vessel is filled with water with no

25 gap, for example, even if the vessel is waved severely, the

super-coocling will not be cancelled. Where water is put in the

drawable compartment, e.g. convertible compartment of the
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t he super-cooling will not be cancelled. However, where water is put
in the seal ed vessel by about 1/2, the super-cooling 5 is cancelled
all at once. Fromthese facts, it is thought that in order to cance
t he super-cooling by vibration, a space is required in which liquid

freely L ang. Loche case of Lhentagycisuah a% meale oot 16" Lol

si nce water ed wmthin e anmong the cel

gap, theJaod it%ﬂsf’ﬁ@téﬁ?%? Jittha%éﬁﬁeﬁ?%b%ﬁl‘@ﬁ%ﬁérrﬁni# £d1 W—E[‘lo‘é’%ﬁjé

wi th no gap. Actually, e convertible co In which t

meat SRRy s6eed od 51 RYtwi BYeILt bedo9hcRRERINY/ G | S HERE 8L r
in the manner of full-0opening/full closing, the super-cooling is not

cancel hed.,\Rur{fiegy et E%aﬂ%&%?&&l obyt Bgoyat ary Lontgl U@Qp&?;%%otﬂ%g

entire food of creating ice nuclel when the super-cooling _
cancel lied -dependspn 1tihg tdggree ofrsHPER26@0FLAYS, FPKE i XNt ithat

the case of the super-cooling degree of 4 degree (K) , it is

appar enty fgreBt he fQldaw neheauatépncben iaqf beeglibgatlidhe thajpdde is
ice nuclei will be created in 5 % of water contained 20 in the

entire rfeandi r & fire e ingh nat@i(CFred I X1ANI L X Yhe d88e yheftee God
specific heat (kj/kgK) r: density (kg/nB) V. volune (n8) 25 L:
| at ent sheat akdekg) Alsntemperaivse sifternencer(i9 fillde wiasei wleadre
super-cooling degree of 4 degrees, the 36 ice crystals created are
in a mcoaldtle and gnanpg s$hape:e Fromvihennot hapf,o0dathd efped al or ¢ deatturoes
to the freezing point fromthe
10 to the sealed vessel filled with water with no gap. Actually,
for the convertible compartment in which the meat super-cocled
is put, even if door opening/closing is repeated in the manner
of full-opening/full <c¢losing, the super-cooling 1is not
cancelled. Further, the percentage of the water contained in
15 the entire food of creating ice nuclei when the super-ccoling
is cancelled depends on the degree of super-cooling. For
example, in the case of the super-ccoling degree of 4 degree
(K), it is apparent from the following equation for a freezing
rate that the ice nuclei will be created in b & of water contained
20 in the entire food.
A freezing rate (%) = (Cp x rv x AT}/L x rV x 100
where Cp: specific heat (kj/kgK)
r: density (kg/m’)
V: volume (m’)
25 L: latent heat (kJ/kg)

AT: temperature difference (K)

In the case of the super-cooling degree of 4 degrees, the
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tenperature | ower than the freezing point (the tenperature
difference at this tine refers to the super-cooling degree) 5 after
t he super-cooling has been cancelled to when freezing starts in the
next step and is conpleted, the food has reached the freezing point

to make_L e %@3155?:&%.@ fc%et(aio c}eggée;?ﬁg Qlfin\{ﬁf[eegadt .Eafgﬁgﬁfﬁef r Oﬁnq.lérh ieql

water into's ice a ftixe hperature.” Thereafter,

the fr:tﬁé ”Eo{)& E8{I§Le%’ragt$§e°%§$%%gﬁgstcﬁtfn%OCHeSeHr}?ﬁ%&@h@r?%gén‘éet%e

at a s I ng tenpe € super-coo IS cau )

the subsegept -hrecaiit: speefl dags Male) L UBRIE herhoerBrvabalure

shape; e minute rce nuclei during’the super-coolin

t - ' i but ed - rth ' f j I f
cr eat eoeBrL FLALE! QU1 S84 Uetnd MEPDELY Bl A9 iRt oeoBIYRbRLE Rlec
water coaf aj neflei Bypkhe & 1,6 fngQ B%eﬁr %%Eg%gu'é?& wEHCéqﬁlen""@?'%etz*l%

super-cooling Is cgncelle can be calculated fromthe freezing raté{

Accor difigs £ 05 the Peldental, datd J Bokba . Qfnd *1’%0&%%? TEAHNY

degree of 0.8 degree, the freezing rate was about 20 1 % and the ice

Cryst algh defeed Bk geF teedi® shaR8sel sniRe (SHPERe COPL MY JRTTRE
increases to 2.6 degree, the ice crystals becone very mnute and the

freezi ng rahenyas abemt 13 i Fwdher ,intd $Heiguper)ceel by xded 8 a
increases 4.1 degree, the ice crystals beconmes so ninute that they

cannot fhiex €l St émgei shade25 headkert eyestiads tbezfihgeisngoh@lle tas so
about 5 Thus, the ice nuclei created when the super-cooling is

cancel ltetat scronlfpodaverfale Y2 Digvpt esetlretihateat s et fiagdt ehiperveiire .

since the ice 37 nuclei are created uniformy over the entire food,
they ind lldencesttiee shader-of obhenigCes ayisdad s the s0Ystehfient freezing
speed does not influence the ice crystal shape; and if the minute
icenuclei during the super-cooling are created and distributed

over the entire food, the ice crystals of the entire food becomes

15 minute., In this way, the percentage of the water contained in
the entire food of creating ice nuclei when the super-cooling

is cancelled can be calculated from the freezing rate.
According to the experimental data, in the case of the
super~cooling degree of 0.8 degree, the freezing rate was about

20 1 % and the ice crystals were in a larger needle shape. If the
super-cooling degree increases to 2.6 degree, the ice crystals
become very minute and the freezing rate was about 3 %. Further,

If the super-cooling degree increases 4.1 degree, the ice
crystals becomes so minute that they cannot be distinguished

25 by naked eyes and the freezing rate was about 5 %. Thus, the

ice nuclei created when the super-cooling is cancelled is only

several & of water of the entire food. However, since the ice
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freezing-preserving. Further, the energy stored in the super-cooled
state is enployed as the energy for creating the 5 ice nuclei. For
this reason, the |arger the super-cooling degree and the nore the
quantity of stored energy, the nore becone the nunber of the ice

nucl el ftfdfvt*%ec&%eates&p GO0 TS anell ednand theo syl g,

the di ane er o] ice crys Wi danmage’to

food dustguodfel he g foo%éga'%f/*st detagoot qribe desoriptian,

in order ace t oused he refriger

Super - C@égglﬁpab‘iesgorm t heuteg@rw t@hghcgﬁékggsct gpLhi tyn! Pclr?e

certain range nece sary conditron IS ne at even

t he cocgﬁétgr 13 gg@@blsltlatt)é afg g%llld;%aﬁtl ze eQd i %hrt 0 AW QI %1913;1(5' G

t he supe COO state cannot or t uper -cool e

state will H d' %&iy?ﬁegceéa%%n | ftteelee@éxngtﬁ@pgtay 'Itxeodlsmg

too | ow, the y to enter the super-cool ed sta but the

cool i ng3Lapabi !ath t%reomé h@uéoeﬁah%ﬂ g)"/oﬂ S otde gHeE%?pertéhteurn?of§
hi gh. So, the reaching point of the f tenperature inthe

super - gaot&eSt ghe | suabse hbgh et hatcet heucyuper «Gealidy Windn beche
cancel l ed wi t hout bei ng deepened (|l ower tenperature). Cenerally, as

the depiipef-suBelingPaki AInckNAlRRS8Y tharges1eaer giei 8 geBeceat 86 15
that the mnute 25 crystals are created in the food to provide the

hi gh quatétyryétgezi.ngThAs ainaesueduds tirepRindde tSdipgie cObd NPue to
cannot be realized by only reducing the cooling capability. As

regar dxxh8d8itbecaeptdnlof. the super-cooling, if it is 3K (for exanple,
after the food reaches -4C (the | owest reaching point) in the

As understood from the description, in order to place the

food housed in the refrigerator in the super-cooled state, to

cool the food with a cooling capability in a certain range is

the necessary condition. This means that even if the cooling

15 capability of cooling the food is too low or too high, the

super-cooled state cannot be realized, or the super-cooled

statewill be immediately cancelled. If the coolingcapability

is too low, the food is likely to enter the super-cooled state,

but the cooling capability around the food is low, i.e. the

20 temperature 1is high. So, the reaching point of the food

temperature in the super-cooled state is also high so that the

super-cooling will be cancelled without being deepened (lower

temperature) . Generally, as the depth of super-cooling

increases, larger energy 1s generated so that the minute

25 crystals are created in the food to provide the high quality

freezing. As a result, to deepen the super-cooling cannot be

realized by only reducing the cooling capability. As regards
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super-cool ed state, by canceling the super-cooling, the tenperature
i nstantaneously rises to -1C of the freezing 5 point) or nore, this
provides a large difference in the quantity of drip flowout in

unfreezing the neat. Therefore, it is necessary to fall the food in

the supgie RYUHUMNG Mhle SKpak PR iddhea 4 arges ke deptdkaifple, after
super-cooling (di fference between the freezing point to the | owest

reachi ng,d eFpelt HE§EnRg ng4c£’d< }On@r MoNestt hed&stnd h%o%‘?ﬂt' t¥ he

drip flow out becones, thereby inproving the freezinhg quality.

| nver S@d@eiicbbﬁeaoolslt@geqapﬁl?l | Eb}cies ih@o hihgh, swher-dde fieezitg
point of the food is reached, the food may be frozen as it is, or

ot her Wiisghpe¥gaukh tﬂ?stf;e%?gah%ofu%lllyenri§eEhQ:d]-5 supecophed rHARIBing
the high cooling capability serves as a stinmulus to cancel the

super - gaoing.orThuse,t brRibigho degesa 1afrgiehei sipeleneeol hnth € aaeit iaey,
obt ai ned. Accordingly, to cool the food with the cooling capability
in a cerf adnipafgevw-southeinnecdssssryic@ndhei aratAs dEserébedeabadve,is
if the cooling 20 capability is low (i.e. the conpartnent tenperature
i s hi ghjecesbenytthe fabd tilse gutod Ant heeredpegeratdring e thoifar t nente
tenperature progresses at about -3 to -4C. Even if the food is

cool ed (Whd ltah et anpedatpirte e ng ekepioo ldsnd dag: faSe 1t érc e doripes ¢ meTite
tenperature is about -3 to -4C, the food 25 tenperature naturally
does ndireeopnfir bomirhi $£q diiper hovegtsoeadiding Heemjeepatuper) - ecginn Gk
cannot be obtained. In order to obviate this, the conpartnent

t efPer atlunetiss ghadies b ythreduced, 1t 89 fodx ip Hel aupen t destdmeys withie ey
eventual | y cancell ed when the food tenperature reaches about -3C In
this waylP¥¢viRg the freezing quality.

Inversely, if the cooling capability is too high, when
the freezing point of the food is reached, the foodmay be frozen
as it is, or otherwise, even 1f the food is fallen in the

15 super-cooled state, the high cocling capability serves as a
stimulus to cancel the super-cooling. Thus, the high degree
of the super-ccooling cannot be obtained. Accordingly, to cool
the food with the cooling capability in a certain range is the
necessary condition. As described above, if the cooling

20 capability is low (i.e. the compartment temperature is high),
when the food is put in the refrigerator, the compartment
temperature progresses at about -3 to -4°C. Even if the food
is cooled with this temperature being kept, as long as the
compartment temperature is about -3 to -4°C, the food

25 temperature naturally does not drop from this temperature so
that the deep super-cooling cannot be obtained. In order to

obviate this, the compartment temperature is gradually reduced,
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cooling capability is too low (i.e. the conpartnent tenperature is
high) , the food enters the super-cooled state but does not 5 enter
deeply so that a user does not al nost feel the significant
difference as the food. Inversely, if the cooling capability is too

hi gh (he cag{gg%&gfgmcgemrggwa | Se QW)entutaﬁqu S%Celqé’\ifiiedf‘ﬁaheﬁ”?t%

t he super- at e but arts to freeze whe reezing point
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3K or nore ca iclently realized at this fenperature.

Furt her, ¢ quhqwef g A% sattd Qttﬂ?@p&ﬁﬁéfi@oohfedt e%ﬁ%% ﬁa%ryp%rofet%p%t

is reduced fromthe vicinity o e freezing point about -1C

thes f o@eht dNBSYNASS 560005 PG GAR PEEUrAbENa1ieePened. tRer EDghi fliRant

| owering the tenperature, it is desirable to gradually reduce the

t emper iy SO bad s altYe SAdONY  SEyEBEESyl S1BoEh I ¥ERL LAt Bsgfag@d-i ty
For exanple, where if the 20 setting tenperature is reduced by the

unit ofi 2€oot REghSUPRE -ERba PEmES tCadagbradurid 1 EhEowe) tiig food will
tenperature is reduced by the unit of 1C, the stinulus due to the

t enper alo ent@radihent ups r-elExedd sot 4 hatb i thes tspes 1o Erdz 4 svHEt the
cancel l ed. As described al ready, another necessary condition for 25
super - ga@ld Nignhdf Spdbhataiis treyguied ure distribution (unevenness) in
the vicinity of the food to be super-cooled. This is attributable to
octur rence ofitt baopienbrenon ethahaitf whize o ab@d 24@ tempetrgtacedd Bet
the air tenperature distribution in a certain range, it does not
enter e -supey -€o0h £gdhskat ¢ heOlcdiSartment temperature can only be

reduced to the level of -7 to -8°C, but the depth of super-cooling

of 3K or more can be sufficiently realized at this temperature.
Further, 1in lowering the setting temperature, 1if the

15 temperature is reduced from the vicinity of the freezing point
(about -1°C} of the food, the super-cooling can be further
deepened. Further, in lowering the temperature, it 1is
desirable to gradually reduce the temperature so that any strong
stimulus is not given to the food. For example, where if the

20 setting temperature 1is reduced by the unit of 2°C, the
super-cooling is cahcelled, if the setting temperature is
reduced by the unit of 1°C, the stimulus due to the temperature
gradient is relaxed so that the super-cooling is not cancelled.

As described already, another necessary condition for

25 super-cocling is the air temperature distribution {unevenness)
in the vicinity of the food to be super-cooled. This 1is

attributable to occurrence of the phenomenon that if the food
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super-cooling is imedi ately cancelled. Further, this is because the
freezing or the cancel of super-cooling occurs from5 a | ower
tenperature position in the tenperature unevenness of the food and
this resultantly influences t he food at a higher t enperature

+ of - cance
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| ess, the occurrence probabilTty of “supéer-coo 0 i ncr eases
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occurrence probability of super-cooling can be made broug near to

100 % W tdii-d heefelhi gekakpe I-NGO I EIPET ALAK €51 Se KBRE, CQBSE%%H e
O\ OFF of the conpressor nounted in the refrigerator to 25 regulate

the streengd R Ofc N0 @leinfik e £ Beg dappepukeoul ahed byrthent eERgeabyige
sensor placed in each conpartnment. Therefore, there are necessarily

times wWiidget heneokdnaists)i sisuppti adcardardl dwiastpphi.edcbaceagkly,

conpartnent (ONVOFF of the cold air) . Thus, in order to regulate
the conpaifis®gh tthe settit@npePRetalUr€nevenness is preferably as
possible as small, it is desired in view of various factors
of a variation in actual products of the refrigerator and size
or shape of the food to be housed that the temperature unevenness
15 ig about 2 K or less. If the experimental result on the
temperature unevenness and depth of super-cooling 1is
statistically summarized regardless of the compartment
temperature, it can be seen that if the temperature unevenness
becomes 2K or less, the occurrence probability of super-cooling
20 increases. By multiplying this condition by the above setting
temperature, the occurrence probability of super-cooling can

be made brought near to 100 %.

Within the refrigerator, the temperature is kept constant
by ON/OFF of the compressor mounted in the refrigerator to
25 regulate the strength of cooling and the damper regulated by
the temperature sensor placed in each compartment. Therefore,

there are necessarily times while the cold air is supplied and
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the cold air at the tenperature | ower than the conpart nent
tenperature nust be supplied. However, in order to realize the 5
super-cooling, the food nust be placed in the super-cooled state at
t he tenperatures described above. In this case, is desired that

the Togdly sugaaliet: £onal ANtlnl: Lhent TRETALBED L - GHBE QTN oty

prefera necessary con I on for
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super-coo control I'n OI’ to realize t ans ar
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air 15 codling the conpartnent nearer to a supeér-coo

tenper ab iy Gooes Al ythé‘"‘f% o1 hS t9pal H@‘in%%ugﬁeﬁ@féﬁ %t%ac%

be set at a freezing tenperature zone in the g I's coole
the cold¢ atlﬁé%%ﬂﬁf@ﬁé%@ré@%@%%ﬁ@éﬁ apé9e.al fhergekd @ide, i+ is

suppl yi ng port (bl'owout port). This 20 tenperature is an extrenely

far valyees apad ttﬁé@nﬂﬁ@efoé&lpﬁ -&9] & A% SRS t AHEN eFPet AL U Bmperature
Controlling the tenperature of the supplying source of the cold air

is an &f ficient; PeaNghe )i $ BaNSal Sy fLﬁ%thBrrﬂfﬁhéﬁ“%EP&H akr the
temperature by reduci ng the freezing capablllty of

conpr essfes soneuRind 5t D6E fde tessenti eémpapabilriet Me@&‘h@rté hate tthed,
super-cooling nust be assured, by not reducing the capability 42 of

t heo compressarual sel fcbus gedficiong tt he nerlelz oftieveohui roAfentf wike

conpressor through inverter control, the freezing
less temperature hunting in the home use refrigerator. So, the
cold air temperature arcound the food tc be super-cooled is
controlled. In order to realize this, two means are proposed,
The first means is to bring the temperature of the cooling air
15 cooling the compartment nearer to a super-cooling optimum
Lemperature. Generally, where the compartment whose
temperature can be set at a freezing temperature zone in the
refrigerator is cooled, the cold air temperature reaches about
-25°C at the cold air supplying port (blowout port). This
20 temperature 1s an extremely far wvalue apart from the
super-cooling optimum temperature. Controlling the
temperature of the supplying source of the cold air is an
efficient means. This means is first to raise the cold air
temperature by reducing the freezing capability of the

25 compressor.

However, since the essential capability other than the

super-cooling must be assured, by not reducing the capability
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capability is reduced to raise the tenperature of the supplied cold
air. Actually, if the nunber of revolutions of the 5 conpressor is
reduced by the level of 10 rps, the blowut tenperature is expected
to rise by about 3 to 5 K Further, also by changing the nunber of

revol Utoif)[ﬂ%eof:oﬁg?e@%%tr &%@el@BPk{%@&uEtﬂﬁg%ggfg}rﬁdb&th'f. ?ekrggutions

refrigerator, t tenperature o e supplied alr can

cont rolggedy plf %%&gpflé%%rr Otf.h%g%l'éﬁvoi%%99§r0fc$1@€r5§9 | Ehackld Mng

decreased, the W ng speed the cold air 1s reduced to restrict

the convgelh pNi Poaf s rl%l-oc‘ﬁ%'ééii@é‘ 501 $0an d hendfdWer & 41 $r aind @%tp lied

supplied cold ait falls. Therefore, inversely, by increasing e

number Qf; qrgyel utigasugfiithe {ancpheatypxebange LevBneMles sgrt hafe
the 15 tenperature of the Supplied cold air rises. Actually, if the

nunber ImpLyokyti ans piatibedf &y WhAI neblka refrigengdPr thBCHAR/ILRME
by 300 to 400 rpm the tenperature rise in the cold air is expected

by aboerdpdPaBuke Kl h@foct®d PFOVE 58003 abeipenatly & keepimgther
heat er around the bl owout port of the 20 supplied cold air, the col d

air tenpiesatyye ceamhding atsednunble seEondvikarsons Ot tRer auge then
supplied cold air tenperature but raise the cold air tenperature
bef or e shiyepTol g e ¢ chiltdaagarhshihhehd eedrigdihwitorf tos sehlperathee
cold air at the |low tenperature does not directly hit against the 25
Vi Ci ni tof dfhd heuppbiledTheldeans ten beabtbnitmg itlhkd. | S ahd engtden of
the cold air reaching distance fromthe cold air supplying port to
t heof oadevdhusiocan ®E tlealflaredsfartexabpldscrddsby, atisé riilciwireg ispeed
which a cold air rectifying guide is provided around the cold air
suppl yiofg pbet coldarmiobstaclredusadl acedrestrict the convection heat
conduction so that the temperature of the supplied cold air
falls. Therefore, inversely, by increasing the number of
revolutions of the fan, heat exchange is promoted soc that the
15 temperature of the supplied cold air rises. Actually, if the
number of revolutions of the fan within the refrigerator
increases by 300 to 400 rpm, the temperature rise in the cold
air is expected by about 2 to 3 K. Further, by providing a
temperature keeping heater around the blowout port of the
20 supplied cold air, the cold air temperature can be raised.
The second means is not to raise the supplied cold air
temperature but raise the cold air temperature before the cold
alr hits against the food so that if possible, the cold air
at the low temperature does not directly hit against the
25 wvicinity of the food. The means for realizing this is to

lengthen the cold air reaching distance from the cold air

supplying port to the food. This can be realized for example,
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bet ween the bl owout port and a food | ocated position. Thus, the
tenperature of the cold air reaching the vicinity of the 5 food can
be rai sed by heat exchange on the way. Further, because the spraying
speed of the cold air for the food can be reduced, the food can be

sl ow y 1,50l gdrit-thew 1 8i WhDEnaMEo Bd 000 Y3t HiSh g @ﬁliQﬂ? i8XgBkE fd
pl aci ng "t he obstacle between the blowout port "and t'he food [ ocated

POSi ti @hoithd Ot BET HEH W @ 1GANS 38 PY PRESHE ritN oWhieh & $0¥E1eShaPR1a%ed
added above a food housing case.” By adding the cover shape, it is

POSSi bl t vhdeRSEHE B I BRoEHS HaRae P e §0l Seat Edbhbewawt ROt Tofs,
the rear side of the refrigerator to the opening of the case on the

door sitge e faeirevbe ehet ke llength adhengasge Fiemmid ¢ kg the
anal ysis of the air flowin this case, the addition of the cover

shape peyda tsahheecot4igkn teesat Uek 01l dhe theodvay o beurainsed
or the wind speed to be |owered. Further, the danper arranged
bet weebddwu o rtldckbrg idly cdgeadi abrnghkheolepldiai fornthhefood can
refrigerator and the bl owout port thereby to 20 control the supplied
air sebeesedycadigl eheegubat cam, bas sd owshptd®sl é@rwi broatpplivee o @lnd;
air of e.g. throttling the quantity of the cold air. The danper is
not onlsytdantdy selioseldis or Ryl | ynepenadndhid odgub biedingt e abgltedr
the way to throttle the quantity of the cold air, thereby
restri otdtre¢me thiend Speedt 2poaft tdmedcahe afgod olbeaspdyrdsdbhibhe a
food. The wind speed at the cold air blowut port is set at 1.0 to
1. 20 m sthyuckegoeatamdge Phe e g degréeacfovhe slamperis addlahebove
cover is added to 44 the case. The cold air is supplied fromthe
door siadéoiomt botisé nacgseeso Blyazddhaowihd speed shiapéen tthe scasesiidle
set at 0.1 to
to assure the distance from the cold air blowout port on the
rear side of the refrigerator to the opening of the case on
the door side to half or more of the length of the case. From
15 the analysis of the air flow in this case, the addition of the
cover shape permits the cold air temperature around the food
to be raised or the wind speed to be lowered. Further, the
damper arranged between the air ducting fan circulating the
cold air in the refrigerator and the blowout port thereby to
20 control the supplied air serves, by angle regulation, as a
shutter for the supplied cold air of e.g. throttling the
quantity of the cold air. The damper is not only fully closed
or fully opened but regulated at the angle on the way to throttle
the quantity of the cold air, thereby restricting the wind speed
25 of the cold air to be sprayed on the food. The wind speed at
the cold air blowout port is set at 1.0 to 1.2 m/s by regulating

the opening degree of the damper, and the cover is added to
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0. 5 ns thereby to keep the super-cooled state. The first neans and
second nmeans maybe individually realized, but by combining 5 them
the tenperature in the vicinity of the food can be set at the

t enperature conveni ent to super-cooling. The neans for inproving the

tenper &l @ JMNEVERIRSSJ1% bQ r KedyGEpiReandPBAl tRE ddbHBSs Phe AW F RS
supplying the cold air, thereby I’ESPI’ICtI ng the tenperature

unevenngsss Mo it NEheAF1HQ d93d R @boyerhBYcE8AUGIsNg eithg thThert o
of revolutions of the conpressor 10 by the control device 16 to

supply of hengal ghakEepyato & JHReE §epperabunesothhal thgelsf st @t s
to reach the setting tenperature is |engthened, the above neans can

be 1'inkedy skeorRinebindmaly boe tuipedul 1yir@s1 ot INKIE Bhdombining

i nprovenent 15 of the tenperature unevenness and hunting. In this

ways t heeniEafise of efipdueitid-4 hen ninberi @ nityes roknNEGER lceadvd Get
reduction of the cooling capability so that throttling the quantity

of theaolthai tehyectragulrad i @nVéntibatdaspeyupng! €c6adngbe al so
enpl oyed. Further, the cold air tenperature and wi nd 20 speed can be

regul at ed by Thhe mehape fofr theraivirgitte atemrdre athloswoitepaiteand ¢ e
shape of the obstacle placed between the cold air blowout port and
t he foaddiNexttheamuenpdand itdmes blf OB/ QFVenf ddupiheytagetioé ddied faast,
freezing. In the case of the fast freezing, the states when 25 the
freezi nghd selsy ard etk andinberh¢ Herfpeezinge sncoaphesed atmttiengands
as in the case of the normal freezing fromthe point of view of
(qud ckldgsdreezi agovhke bod diyncppd yilng Mimbenl df A8vailnttieonshef the
surface thereof. In the case of the fast freezing, as conpared with
t he noomipfeseeing) bhetbel donitredt daviiew 16 to supply the cold air
at a higher temperature so that the time taken to reach the
setting temperature is lengthened, the above means can be linked
to reduction of the number of times of ON/OFF and improvement
15 of the temperature unevenness and hunting. In this way, the
means of reducing the number of times of ON/OFF leads to
reduction of the cooling capability so that throttling the
quantity of the cold air by regulation of the damper angle can
be also employed. Further, the cold air temperature and wind
20 speed can be regulated by the shape of the air guide at the
blowout port and the shape of the obstacle placed between the
cold air blowout peort and the food.
Next, an explanation will be given of the case of the fast
freezing. In the case of the fast freezing, the states when
25 the freezing is started and when the freezing is completed are

the same as in the case of the normal freezing from the point

of view of (quickly) freezing the food by applying the cold
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tenperature is quickly applied to the surface of the food to

abruptly |l ower the tenperature of the surface. In the case of 5 the
fast freezing also, the food starts to freeze fromthe surface as in
the case of the nornmal freezing. However, the fast freezing is

difrerent. fromLhe 0ol szl ng i WAt e Hie Sabd BLL 3 e
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by the ice crystals, nostly, it is not conpletely restoredto the

ori gi ngli itdtithe ROS18NaSrr 88SORe Nhut Renyczeit @nd shageiekithepbiged
crystals created in the freezing does not break the éssential

struct wie tofe tdher 906, othentr eezid)g tid ke @a9el evalihy €aR Beod to
realized. If the ice crystals are smaller, even if the ice crystals

argo destyoyed.ertiter sthatre et aseiherkhgedEbgtNat StatmClodt Ree 1ikely
obt ai ned. Thus, when unfrozen, the food 46 quality such as the

t ast e, tiedaute caitbPriesehvednsteatie 0k 1tishe a sf e0dpasdiE texeeld atrmal
Therefore, in the case of the

freezing. In the fast freezing, as compared with the normal

freezing, large crystals are not created and the food quality

is not impaired. However, as compared with the super-cooling

15 freezing by way of the super-cooled state, the ice nucleil are

large and not uniform so that the food quality is inferior.

In the food freezing, the size and shape of the ice crystal

after the freezing is completed greatly influence the food

gquality in unfreezing. In most cases, the food is composed of

20 the cells, protein and starch so that once their structure is

destroyed by the ice crystals, mostly, it is not completely

restored to the original state. For this reason, if the size

and shape of the ice crystals created in the freezing does not

break the essential structure of the food, the freezing with

25 good guality can be realized. If the ice crystals are smaller,

even 1f the ice crystals are destroyed, the state close to the

original state can be obtained. Thus, when unfrozen, the food
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super-cooling freezing by way of the super-cooled state, the ice
nuclei are mnute and substantially uniformover the object 5 to be
frozen such as the food. Accordingly, the super-cooling freezing,

whi ch gives the excellent food quality as conpared wth the normal
freezi ggadnic § asicli reezilng, tastapreestiurabhad poeskheviakcetiatge diexthe
an explanation will be given of the nerit and novelty 10 of freezing
the fodedday tike muper-evokilignftr.eezilmgrefhere gr dat eshenmecateofof the
freezing the food by the super-cooling freezing is that the freezing
w th t bergootcoualntgy fecar zZiag realwaed £ Ashalesgre bedohilekestta,ta,n thiee
case of the super-cooling freezing by way of the super-cool ed state,
t he 15ifmoduicd edubtrecnentky zodlsathbdvatheal dyern Df orhereof thid blext
prescri bed tenperature difference fromthe surface in the process of
reathi mgp beefsopen- eochedsstiatef sodt hadctbedinvglynuthei saper-cooling
substantially uniformy created over the entire food to growinto

t he mi duteee iagul @hitbegémest dhs eRadhleent theo@0gtal §&y vlsecompared
tenperature between the | owest tenperature (lowest reaching

t enper atidrte)thearhera L nfree zdmgerarsbdlatt sizgezingt hbat Mbsengufitghdre
and the freezing point, the nore is the nunber of the ice nuclei

cr eat edoniere t heeeEéBEi-ng starts. Thus, the ice crystals becone nore
mnute and the ratio of the ice 25 instantaneously created when the
super - cool i n§fe*<E caRcIP banabéeonesl L HYel VERS EAR ROV i df DRyelty
excellent freezing quality. Accordingly, if the super-cooljng occurs
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is lower) , also in the unfreezing after the super-cooling .
greatest merit of freezing the food by the super-cooling

freezing is that the freezing with the good quality can be
realized. As described hitherte, in the case of the
super-cooling freezing by way of the super-cooled state, the
15 food is sufficiently cooled to the interior thereof within a
prescribed temperature difference from the surface in the
process of reaching the super-cocled state so that the ice
nuclei are substantially uniformly created over the entire food
to grow into the minute granular ice crystals. Further, the
20 larger the temperature between the lowest temperature (lowest
reaching temperature) reached 1in the super-coocled state
without being frozen and the freezing point, the more is the
number of the ice nuclei created when the freezing starts. Thus,
the ice crystals become more minute and the ratio of the ice
25 instantaneously created when the super-cocling is cancelled
becomes large, thereby providing the excellent freezing

quality. Accordingly, if the super-cooling occurs
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freezing, the state closer to the state before the freezing can be
kept, thus making the freezing quality good. 5 As regards the

rel ati onship between the food cooling and the size and shape of the
ice crystals, it is necessary to consider the tine passing the

t enper gtuf L Zomet 0 -(1Gd ot ehBerwtiinde | sehbbegr et eshd ceupeystabled
creating zone. In the normal freezing and fast freezing, if the

gr eat estt dtoe ier ystak ) ¢reatbonon 10 d enpekratzirgy a2dner shpasspedri8oaling
short tinme, the ice crystals becone mnute. In the super-cooling
freezi igedwiveyerthassktang codde stpeheceaked sicfereothér ozerzing
bei ng kept, even if the tine passing the tenperature zone (vicinity
of -1Cctm -HdQept ncktusisvenadfirtdetige edtrest inge quraisitay goedti ng
tenperature zone 15 (-1Cto -5C) and in the vicinity thereof is |ong,
t hed fr eezi ngAsquabitryisot hieheefladd onidHimbte theeempdie ddbod moolid ropsad
of the super-cooling freezing, the time of being kept in the not
frozentdrad superaovdolsédirst av® kthet Hee tanperal ar e izonss (vécensayyofto
-1Cto -10C) inclusive of the 20 greatest ice crystal creating zone
(-1C tcorddandhie time passimyythbereoperntere eomepadsi-dfCtiv s-5°C
tenperature zone is longer than in the normal freezing and fast
freezi Wiiiqhh itshehesyipertessl tdestarelahovesetingveamef the themormal
passing the tenperature zone (vicinity of -1Cto -10C) inclusive of
t he 25Tgread B39 ancefepystageei Bt ingthener¢atiestoceorviss dboageatpay
ice crystals after freezing will not becone |arge and the mnute ice
cr &t altSTRAYT PEUEBLIPRAL L&l PR SFRT drnidy sl deimAnphbet hEe ZBYRiLAdS
of freezing using the tenperature zone_inclusive of the greatest ice
cryst aPGEER PAG Uldhperldt Ghe SHRT aRACLANGhEreezing, howeVer, as long

as the super-cocled state not frozen is being kept, even if
the time passing the temperature zone (vicinity of -1°C to -10°C)
inclusive of the greatest ice crystal creating temperature zone

15 (—1°C to -5°C) and in the vicinity thereof is long, the freezing
quality of the food will not be impaired.

In the case of the super-cooling freezing, the time of
being kept in the not frozen and super-cooled state in the
temperature zone (vicinity of -1°C to -10°C) inclusive of the

20 greatest ice crystal creating zone (-1°C to -5°C) and in the
vicinity thereof, i.e. time passing this temperature zone is
longer than in the normal freezing and fast freezing. In the
super-cooled state, however, even if the time passing the
temperature zone (vicinity of -1°C to -10°C) inclusive of the

25 greatest ice crystal creating zone (-1°C to -5°C) is long, the
ice crystals after freezingwill not become large and the minute

ice crystals can be substantiallyuniformly created. Among the
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vicinity thereof, the idea of the super-cooling freezing according
to this invention provides an entirely new freezing 5 techni que from
the point of view of creating many small crystals to realize the
freezing with good quality. Further, in the super-cooling freezing

accor dikighd® dihifs-ddweny i @8inghehef t egpeRa tatray tonehemdiNsive of the
super-cool ed state is cancelled, and 1s conpleted by way of the

phase sgiiddtssat @ cw tdr pothenMearad ti 8g 10 cahigauAS kone atnd hén the
super-cool ed state is experienced, in the subsequent freezing

processieMent vf dHwerddfip passi fdekheo £ grgad estipeee cofgisired  Creaizingy
tenperature zone is long (the tenperature is kept in the greatest
ice crysicddrdieattdxizdne nfentaochopgotiiae)s, ahhenitee edry siteal $reieding
not become |arge and 15 the mnute ice crystals are created
subst antd @ld yquai froomithe pwenttdé verdw be ¢ oedt i hharnsby aveal 1 ziryg tiaies
super-cooling freezing. This has been confirned already. In this
poi nt dlcsaxeal bheef thezifing aring dwvaght goichi spuavenyi onFusthew, As |ty
as the super-cooled state is experienced, even 20 if along tine is
t aken ismpdme-sabséggentree@dériong aprcwoesisng thu s tdides notvealtmost, the
influence the ice crystal state and so is not problematic. However,
when t Hedezbzingtproseskensthenseped-abdred bé asigpdrs- cavlced lstt end
has been cancelled, if abrupt cooling is done, the possibility of
t he i céscryapdietxbbyevay ehltdrgebtasse shitfhestaeducieth v thapetirdure
good food qualit can be obtained. Further, the causes of .
det@ri eleangmy- t Hes flovrld apidihe ySwpdercepandt BEaimet L6r sXperitndgad 1in
crystals (e.g. 49 breeding of bacteria) can be avoided, thereby
real i zithf thEOS ¢QeeREnfr QRER NBePrOCaffl igWen 1f the time passing the
greatest ice crystal creating temperature zone is long (the
temperature is kept in the greatest ice crystal creating zone
for a long time), the ice crystals will not become large and
15 the minute ice crystals are created substantially uniformly
over the entire food, thereby realizing the super-cooling
freezing. This has been confirmed already. In thispoint also,
the freezing according to this invention is new.
As long as the super-cooled state is experienced, even
20 if a long time is taken in the subsequent freezing process,
this does not almost influence the ice crystal state and so
is not problematic. However, when the freezing process 1is
entered after the super-cooled state has been cancelled, if
abrupt cooling is done, the possibility of the ice crystals
25 being enlarged is further reduced so that the good food quality

can be obtained. Further, the causes of detericrating the food

quality other than the matters on the ice crystals (e.g.
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H therto, the explanation has been given of the nmerits in the case
where the food entered the super-cooled state is 5 frozen after its
super-cool i ng has been cancell ed. However, the food entered the
super-cool ed state is not necessarily required to be frozen. The
merit BEeAdErd cobl Pagtprdsdr ialy Pofakebprdy tthernadng Feathaing the
super-cool ed state without being frozen is that although the food is
preser ¥E¢ R 1wt BhpBeatere A7t bwér than the freezing point, i.e
at such a tenperature as being frozen if usual, the food is not in
the state mélrléheﬁfettvrro%ei%xpga%éﬁlp@ 166 Rafid bveReCEr fBeamerdts
created so that although it is preserved at the |ow tenperature, it
i s not 1& gt casipjwieeled Ebechangdesnits e o e ticEarécdnehgteois
the ice 15 crystal. To preserve the food at a | ower tenperature, by
whith TFS30uschefi taf SHRRGES OO itk Hob P /e PRPFRLLRSi nedovWryeT,
effectiye to keep its freshness. In this jnvention providing the.
super - & i?@P%rEEE@ﬁ%ﬁi%ﬁ% EHBEFT&&H%QQJ$F%E§iﬁ§,QRﬁrPe%%F§F§1&V

the | temn t ' d the. - f i 20. b :
enj oyod RN Hort0 GhCE AARE oS ST L AT SRR LB bl CORE SREE ¥in

f it i i b f . b
} he- sudr 3%63%9%%9 sPaFetaeEns %%8%@5?%585%%&?6 “%Zf%?aﬁgﬁﬁf%%g
bl ced hg HTbag: v s 2 FEiesde T Bed e i e nen b P T oRen el

SURET- O NG eaz 0ol Lt aezLng, by way of Upcpupel seogker 3tate

i s"done, valtTty can kepgt i'n"the go

Accord£@¥qq f¥§{@%99fﬂhﬁ§§%g;9gg §80-nighﬁo?gEﬁigﬁgpé%gtﬁt%h%rgftpﬁe

(super-cooling preserving Inferior e€Zi Ng by way

Super-%%%drﬁ%(éygggﬁcggli@@ % and no ice crystal is created so that

although it is preserved at the low temperature, it is not almost
subjected to changes in the food structure owing to the ice
15 crystal. To preserve the food at a lower temperature, by which
variocus chemical changes of the food can be restrained, is
effective to keep its freshness. In this invention providing
the super-cooling preserving and super-cooling freezing, both
merits of the low temperature preserving and the non~-freezing
20 can be enjeoyed. Further, since the food is in the super-cooled
but not frozen state, it is not required to be unfrozen.
However, because the super-cooled state means the non-frozen
state, the water not frozen contained in the food may be used
for various changes such as bleeding of bacteria. However, as
25 in this invention, i1f the super-cooling freezing of freezing
by way of the super-cooled state is done, the food quality can

be kept in the good state. Accordingly, although preserving
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freezing) in the food quality (attention nust be paid) , it is not
problematic as long as the food is preserved for a relatively 5
short period (e.g. one to three weeks). Next, an explanation wll be
gi ven of the operation of the display panel 60 and control device
30. Théncameershifge e-cooirpdr tsimiite 4( sMp eh-t60ad iagolprmes eonpagi meaty be
capable of placing the food stored in the super-cooled state can be
changeidnifetra dif ta preealnbybpfwaenpetia¢ tnpaonesobing. {(super-cooling
refrigerating (about 3C), chilled (about 0C), soft-freezing (about
-5, -7free@ingf rieezilg flabdbutuall7Cy. (Thesettiiempauattubesparie) , it is
selectively set in such a manner that the control device 30 such a
m cr ocoopubteob pemeitdeda sl ding asppee frard isnctdeebueck Sode nélabivkey
refrigerator body controls the danper, conpressor, blower, etc. An
exdnpl ehofr tt e i @l &g . paneins6E Qriovi dedwenkishie door surface is
shown in Fig. S. Fig. 5is a viewshowng a liquid crystal display
panel accor HenAd t @rarexanyodd iean o lghibe igdwett icoh.the Fpgrasionhef
20 di splay panel 60 has a conpartment selecting switch 60a for

sel ect thg éiitrravrirantlt he peflr cgatatdr deohipes thent , Theegenupréible
compartment, freezer conmpartment and convertible conpartnent; _a .

t enper &PUFE Tt atd WHAFEsE Sfa €08 g S Worer WO N ksl e oifhglagéng
tenperature regul ati ng of the conpartnment 25 selected (storing .
conpar £RentPost stedied dde ARy SWPesUpe? L edoF FAfef FaBzPRgchanged into
(i nstantaneous freezing) swtch 60c for el ecting_the suger-cool i n%
fridezi AgPLESlditaRdo tEMPSE 106 | 715 Ahd o iRE Mk e he LeREndRREY
switch 60d for selecting an ice-naking node from"nornal",
"transﬁggémtcpliﬂggt(ab@@@ 0°C), soft~Yfreezing (about -5, -7, -9°C),

freezing {about -17°C). These temperatures are selectively

set in such a manner that the control device 30 such a

microcomputer provided on the upper part on the back side of

15 the refrigerator body controls the damper, compressor, blower,

etc. An example of the display panel 60 provided on the door
surface is shown in Fig. 5.

Fig. 5 is a view showing a liquid crystal display panel

according to an embodiment of this invention. 1In Fig. 5, the

20 display panel 60 has a compartment selecting switch €60a for

selecting either one of the refrigerator compartment,

vegetable compartment, freezer compartment and convertible

compartment; a temperature requlating/fast freezing switch 60b

for selecting the temperature regulating of the compartment

25 selected (storing compartment) or fast freezing; a

super-cooling freezing (instantaneous freezing) switch 60c for

selecting the super-cooling freezing (instantaneous
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"stoppi ng” (Now, since the super-cooling freezing instantaneously
realizes freezing, in this invention, it is 5 also referred to as

"I nstant aneous freezing"). The display panel 60 may show the setting
tenperature and present tenperature of each of the conpartnents
(refri geresd DIng Lorgrad tarenic,e radeizey aemparngrev ] tclorblet tichl eelecting
conpartnment, vegetable conpartnment, super-cooling conpartnent, etc.)
i n theall icor+reshondi ngdeefpemat moemediles.™ tFuan ea rentiér e “thees tf ocnad
tenperature or food surface tenperature is neasured by the

non- contsacdmoingf r ar dtfosensorsiorce her bpi | e sufet-heo mkasgr edfreead ng
tenperature or food surface tenperature is displayed on the liquid
cryst alinditsphagnpanell y6@Gealtiiss cOnveniient, Becduses 1bnvaetion, it is
super-cool ed state or the food surface tenperature can be known at a
gl ance adsa haeferred ot amcebRafgntengsocer taieez heg”i i meThasdage liay
the refrigerator for a user and open the door to confirmto what
degr ee RaTEe ¥ ok haavotstbeen dool etetiNowg vhelrkeire tug edeginded pPriggent
the fast freezing is done, 20 the tenperature regulating/fast

freezi AEERR¥2RUEOD PS pested ¢br BhPr eSEFPISI RS HES (3 (58EEAGSFASOT
that the fast freezin node is entered to do the fast freezin%.

Fur t helCOTiRRY BRER L) s TTRRT ¢ B d CONRR TIRE Blupe FORFSIL T k9 e89TRG L tIent,
(i nstantaneous. freezing) is done, the super-cooling freezing

(i nst a1 ?§qmﬁé%%€lﬂ@¥tsvﬁ‘ﬂ%r668%6“{%%?@% LaGRerr- BS61- il nt b
is entered to dq.the super-cooling cooling or the super-cooling
fréRzi ﬁg?rr%BOPéFPﬁgetr%‘FB?réEBSPdi HPED- t hifS L RNt i Wherss e food

ol 22 PLat € L Eaning ode., DLCOntLDULNO (0 RUSH, LIS by the
SecOndsr?o’m-contacted infrared sensor or thermopile, if the measured
food temperature or food surface temperature is displayed on
the liquid crystal display panel 60, it is convenient because
15 the super-cooled state or the food surface temperature can be
known at a glance so that it is not necessary to ascertain the
time passage in the refrigerator for a user and open the door

to confirm to what degree the food has not been cooled.
Now, where it is desired that the fast freezing is done,
20 the temperature regulating/fast freezing switch 60b is pushed
for a prescribed time (3 seconds) so that the fast freezing
mode is entered to do the fast freezing. Further, where it is
desired that the super-cocling freezing (instantaneous
freezing) is done, the super-cooling freezing (instantaneous
25 freezing) switch 60c so that the super-cooling mode is entered
to do the super-cooling cooling or the super-cooling freezing.

The refrigerator according to this invention has an ice-making
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the ice-making plate cleaning node is entered to clean the

i ce-making plate. The tenperature regul ation of the selected 5
conpartnent (storing conpartnent) is realized by the tenperature
regul ating/fast freezing switch 60b. In this enbodinent, the

t enper ptiurtee i sldagphayethdd . t hBge coendlrsiinfg thi ghrsh "tiedi bat-anding
"low'. In this tenperature display, the setting tenperatures may be
di r ect Ich ahisph@ysdi boht Beddifspl ay pred® quarnsdd 60in&ut ibent Bheesetntdisng
tenperature of the cooling conpartnment will be changed stepw se or
conti nubies| ycérmakdery pdcctor dehgahd nwhaeredd hes seperereabl tol slabe ithe
realized, where the super-cooled state is cancelled, and where the
super - dad-ath ibngt@l #tes clheetérdeandutrkeregedzitngproadsehe seg liested
done. The setting tenperatures can be changed to autonmatically

pr eset camppermtntes (@idhiendasceompfarttimeeritme iLat emesdlsi pe@sebyby the
timer. However, by providing a switch to the liquid crystal panel 60
on t hetdogwrenditthe mefqgulyer angr feshpafteening, svhicseh 260¢ettihy this
tenperatures can be manually changed. The tenperature of the cooling
conpar ememd{reyt, coheetteinper conpar t fedt sP) a vdterat t hereaperveds od
state is cancelled and further the super-cooling freezing is done is
cont r ol heleby, deredinig ehé ~tonwpart kBnthisnperactps Uhe dieplay, the
therm ster 19 or the food surface 25 tenperature _and by using the

col d aiSehtehid iR rBhHEeSUBRY B alagmpdy déspHavaherdéhecddgrlay
teq?erature beconmes the prescribed value. It is needless to say that
t he coﬁﬁ%ﬁ%%o§0-53 12 and danper 15 may be controlled by using the

infrared sensor 22 for measuring the food tenperature instead of the
thermstor Further, the setting temperature of the cooling

compartment will be changed stepwise or continuocusly in order
according to where the super-cooled state is realized, where
the super-cooled state is cancelled, and where the super-cooled
15 state is cancelled and the freezing-preserving is done. The
setting temperatures can be changed to autcomatically preset
temperatures on the basis of the time intervals preset by a
timer. However, by providing a switch to the liquid crystal
panel 60 on the door of the refrigerator compartment 2, these
20 setting temperatures can be manually changed. The temperature
of the cooling compartment (e.g. convertible compartment 4)
where the super-cooled state 1s cancelled and further the
super—-cooling freezing is done 1s controlled by detecting the
compartment temperature by the thermister 192 or the food surface
25 temperature and by using the cold air regulating means such
as a damper so that the detected temperature becomes the

prescribed value. It 1s needless to say that the compressor
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19 for neasuring the conpartnment tenperature. As described above, as
regards the super-cooled state, 5 by setting the tenperature of the
freezer conpartnment or cooling conpartnment at the first tenperature
so that the food is placed in the super-cooled state by the cold air

i ntrodyced Jkanihs 16004 LNGe CUPAFS BB b P& ind hﬁlé eMRE A §ensor

difference 1s previously stored and the super cool ed state of the
food i $:1QGapegkhed r@f thBer S840 KL EPRENALUI St 8¥BI o £ hafe the fiilstlor

tenperature by the tenperature difference. When it is decided from

t he tewr%f”ﬁeﬁfsﬁtrﬁn%f ﬂr{lﬁeé@g?a%ﬁ\%%%e tteh[aiewr?uréllper cool ed

state has been cancell d air is regulated according to the

third terrper@IngC?QBS@flpgdtngglganglsnge%\/grt@ tlPe OO L B - E:%Brl'e@ers%ta(tre
so that the food is freezing- preserved In this way, the first

setti ng gERENAJIERe SEFONH SR LI NP t nleCFPEEALY Compdr thbhd @@tctold"_rqng
tenperature are successively changed at tine intervals or on

basi s dohbper fRasur gieiie fAfrdhe ch@ed dampersy eha tsenkhabolyis placed
regul ating the cold air by 20 a sinple structure of software stored

by a miaf agouiesr- eveled Ethike bgsthbreezidngiirs i@k RN ethtd the
even if the conpartnent 1is not placed at a very |ow tenperature of

-60C, doeringg-dquneserwhegtof MNoack freezi ngempéhagaed qliafféyenan hes
realized with less energy. Were the tinme intervals are set, 25 they
may be griwevicoelynteoralds quedviloaskypstrored lad staytbeofseheorfcidie is
liquid crystal panel 60 on the door surface. Thus, fast processing
camd be cdonee atedr dingthe tdheckndds aipd et ived.lovdelr Fuhher thsi Mfdeast
the cancellation of super-cooling is determ ned by neasuring the
food tempepataterethe Wegreenmirdtiere difference. When it is decided
from the temperature state of the food surface that the
super-cooled state has been cancelled, the coldair is regulated
according to the third temperature set by the changing switch
15 on the refrigerator so that the food is freezing-preserved.
In this way, the first setting temperature, second setting
temperature and third setting temperature are successively
changed at time intervals or on the basis of the measurement
of the food temperature sc that by regulating the cold air by
20 a simple structure of software stored by a microcomputer, even
if the fast freezing is not executed or even if the compartment
is not placed at a very low temperature of =-60°C,
freezing-preserving of food freezing with good quality can be
realized with less energy. Where the time intervals are set,
25 they may be the time intervals previously stored, or may be

set on the liquid c¢rystal panel 60 on the door surface. Thus,

fast processing can be done according to the kinds of the food.
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super-cooling can be deepened. Further, where the food to be housed
is placed on the 5 super-cooled state, by setting the tenperature of
the freezer conpartnent or cooling conpartnent of housing the food
at the first tenperature stored in the mcroconputer and regul ating

the quantdiyeff dife-Celd ahhcla ke 1dY bFdyapd r-Rddie iPalseletermined

conpartnent at this tenperature, the food is caused to rush 10 in the
SUper-@)?y?' ok 54 @t engandnkhe rouper tealakh iak e t PRECOHe gh® eCORIH NURR
a

Next , er the time set as the tine necessary for the super-cooling

has el apgadk-¢b61sHBEaG0WLHSEpege@8f the food is cancelled by
supplying the cold air at the tenperature |ower than the first

temperature. FieH&sUl iRBEelbhe0athd$ 6 €821 RGURRBETY el aketihent ibed
tenperature set by the tenperature setting device provide on the

doos surfpee-cdbdlehesthtbSt biyespetanyr ehkot BRpseta ik PlodVicdusifyeezer
stored, the third tenperature can be easily changed manual ly, these

t enper aldiesr te@ntbersedol i hgspesphavemerf o eiihes .t HovweMst ataltse
where 20 the first tenperature is set, it may be changed by the
t enper dtir et sedmhpagadaviecs tprevd ded tore thie deosmpsutéacendnrebelating
refrigerator or side of the cooling conpartnent so that it can be
changedlezcananngtiyootthehd ndsl df afooteo Fee isttatcebiodédt hesehsettooled
tenperatures and detected 25 tenperature of the food surface can be
di spl ayednnr thenki gt dhicr ysigpedatpray parelfB0] Thecgesednggo rush
tenperatures can be also changed while seeing the display. Setting
t h&o t hiyrd t1B5 stpepereeat ednaya be, readi zed swpsuchoalsdr atadee thieated it
is changed in a deep tenperature zone of -30C to -60C consi dering
is continued. Next, after the f{ime set as the time necessary
for the super-cooling has elapsed, the super-cooled state of
the food 1is cancelled by supplying the cold air at the
temperature lower than the first temperature. The resultant
15 food is freezing-preserved at the third temperature set by the
temperature setting device provide on the door surface. If the
first temperature to be set is previously stored, the third
temperature can be easily changed manually, these temperatures
can be set irrespectively of each other. However, also where
20 the first temperature 1is set, it may be changed by the
temperature setting device provided on the door surface on the
refrigerator or side of the cooling compartment so that it can
be changed according to the kinds of food.
The states of these set temperatures and detected
25 temperature of the food surface can be displayed on the liquid

crystal display panel 60. The setting temperatures can be also

changed while seeing the display. Setting the third

55




| ong period preserving for several nonths or nore; a weak freezing
tenperature zone of -5C to -15C which causes mnute 5 ice crystals in
the food and permts a user to cut the food by a kitchen knife; and
a mddle freezing- preserving t enperature zone between the above
tenperatyre zo f e u n er. .t hat
t he te%pg[l Eﬁgﬁ%ekﬂ e(ubae grzgénsor %eﬁ% g S%rqlg&ghange@%g t fl%
tenpera ure 1 .zone, on/.of f con revol,uti.ons

of "¢ he LA RS0 q%ean?%%ﬁ?ﬁafa SR o e g U PR ek Y
exeout adh, byo bechoni ol devige A0 ds, deser ipad aboye. s flgsu

terrper ature nd t terrpera ure can e set | rrespectl ve
ot her I n addltlon the,settin 1 chan
Sctor aiffE e G Ot PErATE LRfc! SPERAL WS 1080 BRGER A nipute,

or gepti. of. SppeL 1 S0k R ACLH 4 Qﬂ%t 8Eﬁ§tsprest%é’f ”Qopéﬁho‘éh%”%ood

using state, or the season and the of the food to be housed

therebbﬁ“”d“tﬁi@@héhexwﬂf¥efreﬁ&angaprﬁﬁﬁﬁﬂkﬂgfég%f?ﬁ&hBEes@Q%H%g
the tenmperature of the cooling conpartnent by indirect cooling is

set, byJiBastytiget DHENEOPRALLERNE et EPBOLAL HI@ Wit d RO RENSOITf the
prOV|ded i'n the cooling conpartnment or estimating the conpartnent

t enper aldi=f4 oarbhe e teliapsedst bR 3t frheovabl ¢oRltedihét teaBelk@ture
determ ned whether 25 or not the food is at the first tenperature set

for theletsapesdcogl eteStsairtsoByrd DWer i Agthke dempsdt se€e 0Embbe aklré
air for indirect cooling to the tenperature lower than the first 56

t enper ataftee, atn Adif cheéherbooduth be bhusedmbert b eeebili@ions of the
conpartment is placed in the super-cooled state, the wall
compressor 12 and opening/closing of the damper 15 is executed
by the control device 30. As described above, the first
temperature and third temperature can be set irrespectively
of each other. 1In addition, the setting temperatures can be

15 changed according to the time of continuing the necessary
super-cooled state or depth of super-cooling according to the
preserving period and using state, or the season and the kinds
of the food to be housed, thereby permitting flexible
freezing-preserving.

20 Further, where the temperature of the cooling compartment
by indirect cooling is set, by measuring the compartment
temperature wusing the sensor provided 1in the <cooling
compartment or estimating the compartment temperature from the
elapsed time at the wall cooled, it can be determined whether

25 or not the food is at the first temperature set for the
super-cooled state. By lowering the temperature of the cold

air for indirect cooling to the temperature iower than the first
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tenperature is | owered, and the super-cooling can be cancell ed.

O herwi se, the super-cooling may be cancelled by increasing 5 the
nunmber of revolutions of the blowng fan in the sealed cooling
conpartnment to increase the wind speed so that the thernal

conductrianpeyr &t utBe ft0ash sehf a6 iSoeahapced Wsubba ieMPes atvbe ing
distribution on the food surface becones nore non-uniform the

super - eepAPrihen A | hkebydt q bet ganeeldead cdd) e skead myhbewall
freezing-preserved using the cold air directly introduced into the

conpar i e Byt QPEN 914 ofRe D bindf t hEesuEoet EHg1 € agPadh RNt ah ewhieeh
t he super-cooling has been cancelled by the super-cooling canceling

means foah&€acek| Nghet BepsipeicsPOhgdmslabe @farddel Te@doy Oiherwasang
by further 15 lowering or keeping the wall tenperature in the

i nds r ecth€ophimbgr otfhe dwolu thynbe offr agzd ng: prwesgr fedch im thes sway.ed
the freezing-preserving with |ess energy can be realized in a sinple
struct oo 1 Fhg. coOmphewseanot her i aomkenele exaaphénadfl sideedaspechbar th20
the convertible conmpartnent according to the first enbodi ment of
this i mrestmah, covdehtisgi& ycomt thle €bant swhdadehd s supemaadl | g the
freezing is executed. The structure of the refrigerator is identical
to thatteshoewnatnrEi ghlstlyilkuandn3.on Noiae theduperfecel ivecdémeezimge
will be explained. The 25 super-cooling freezing refers to a freezing
node ofharealnzfagm, t biee siipgee r coobéd ngt asenofdel Supky -topdleedastatld ed.
refers to the state where although the material such as the food is
at 19 he TTsy ficeithaeat beef ot ez o ofreed qigvpdiviiny Yomweold eirsdagectly
frozen in 100 % The freezing point is the tenperature where the
introduced into the compartment by opening the port of the
cooling compartment in which the super-cocoling has been
cancelled by the super-cocling canceling means for canceling
the super-cooled state of the food. Otherwise, by further
15 lowering or keeping thewall temperature in the indirect cooling,
the food may be freezing-preserved. In this way, the
freezing-preservingwith less energy canbe realized in a simple
structure.
Fig. 6 shows another control example of the damper for
20 the convertible compartment according to the first embodiment
of this invention, which 1is a control chart when the
super-cooling freezing is executed. The structure of the
refrigerator is identical to that shown in Figs. 1, 2 and 3.
Now, the super-cooling freezing will be explained. The
25 super-cooling freezing refers to a freezing mode of realizing

the super-cooled state. The super-cooled state refers to the

state where although the material such as the food is at the
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material starts to freeze. Nanely, the super-cooled state refers to
the state where although the material such as the 5 food is at the
tenperature where it should start to freeze, it is not entirely
frozen. For exanple, the freezing point of water is OC. The freezing
poi nt giffers accordingtto %hez.naterifl. Thelfood wi.th.a hi%h r. %guf
densi t y BPEUYAF* gr e ™ "Rad T8 TR bt Thel TV ebzi ﬁé pSi A “béiTg ©

| ower tha . .10 wreferring to.the flowchart of Fig.._ 6, an
A T

super SO0 ot abeq i 50 BLLAL Skl bR sogisconlingy ke

t he sup@r-coo In S. mai n

Super - %%cyeirng {rgdﬁhi‘feﬁes%rag%es%}{igr?ag Ehg%ggv\ﬁ%%t %?ah eg'?a?r sﬁvcwht %@ (t@)%t

shown) “provided on rigerator door en e user operates

these geyjges, (but Eﬁi@n é:%‘rﬁig}deg}‘a%\ﬁ&- WhelBe ; SY %rldlcc?OMQQt mpde (SLArLsS.

After the super-coo arts 1n step 511, the control

proceeds 4Q &ng%g?i%lr UG, Stal s %9{@1113{1@ NGl %e%lgu?& point of

determ ni ng or not the 20 conpress 12 1s running.” I'n step

ne’ confi il T ot urne 1 o ept 8¢t e, PR b et B QT TR phe

the control refurns’to n-step m ne

that the «GOPLessofnd2rob8 QPeRaki RYqhYESE a1 tt REnGARyY Qlr RARGAES AR
a first convertible conpartnment danper opening step™513. In the

o ; . , )
I 1St %i%{;%’ga(tt@haeﬁéag%@a\fﬁémﬂ'eQéﬁﬂﬁgggﬁgﬂ! g%gﬁ%plc?‘%ér £2%n o°c.

convert conpartment danper 15 is rescribed angl e
6109 Step Sk T i Shgaanvard ifileavaompard menty ! epenabibe a3t ion

determ ning step of determ ning whether or not the convertible
conpar tyiEnt ther fiste! ¥ sehd ngoagridle e@treyd i e realizing the
super-cooled state. In step S11 of starting the super-cooling
mode, the super-cooling mode starts. The main means for
starting the super-coolingmode is adisplaypanel (e.g. button)
15 or switch (not shown) provided on the refrigerator door. When
the user operates these devices (button, switch, etc.), the
super-cooling mode starts. After the super-coocling mode
starts in step S11, the control proceeds to compressor running
state confirming step S12 of determining whether or nct the
20 compressor 12 is running. In step S12, if it is determined that
the compresscr 12 is stopping (NO), the control returns to step
§11. 1In step 812, if 1t is determined that the compressor 12
is operating (YES), the control proceeds to a first convertible
compartment damper opening step S13. In the first convertible
25 compartment damper opening step S13, the convertible
compartment damper 15 is opened by a prescribed angle 039.

Step S14 is a first convertible compartment temperature
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conpartment tenperature detecting neans is at a prescribed
tenperature T10C or lower. In step 514, if it is determned 5 that
the tenperature detected by the convertible conpartnment therm stor
19 is higher that the prescribed tenperature T10C (NO , the control

returngft% 1§%ﬁ§/%%%ﬁ d&&ﬁﬁﬂﬂﬁ%étﬁﬁ% 5:“‘?10&6 %régﬁ'if%rtible

det ect e conpartne m st or

prescr'c%%dgﬁwgﬁéturt%e%%%r' ower (ES)ingl0athe &%\trebn%%%%

to a second convertible conpartnent danper opening step 515. In step

S15, the,conventipl %e?r%)@é&ﬁ@é‘t de%ra%efnglﬁnééngp%eda@ya p%%%q:wa&fi

angle 611." Step 816 is'a step of determ™ning whether or not the

t enper qid ‘f@?dﬂﬁﬁfée‘f& yed o@%ﬁ%&éegﬁfrf'&ecﬁ 51 MEpt é&h§én}“lg.rt%rrmjl%elds

a prescri ature ower n ste

det er mided: 8H@ttérﬁﬁekgﬁﬁ%%ah%&%&eéc9®ye%k@’ 66}?\:&PE‘Y6EE' Bbfpartment

conpartment thermstor 19 is higher than the prescrlbed tenperature

T110C t@l\%mé@&rc?@t&@' hi GhUNE LG $HRP p3lay {‘bé&ePeﬂ:@Fa*tfur'et ™ §c

determ that the tenperature detected by t%e convertib

conpar tient, ey Bbeteo 119k srnlzer proses isaer, t amperat sibe tEGie®that
| ower (YES), the control proceeds to step S17. In a third

conver ttitd e teopard ek daspectegenbiRg Shep &lvethébleongembiakittent
conpartment 15 is opened by the prescribed angle 010. The control

proceedsden 5t £9r S1B1 sStie éﬁ; d 151 e 2% cHiHRE 2 16008 IMEPaTBd el Qs NTES!EP
where the super-cooling no is ended. Now, the prescribed angle 610

I s1substranicioaltdryo 190 r oo? dduhst arteicald d/ cvamerdall 1 & @otnp akthent damper

preferably 80 to 100) . At this angle, the cold air for the

conver tdgdeigonpaepnmeits. In step S15, the convertible compartment
damper 15 is opened by a prescribed angle 8;;. Step 516 is a
step of determining whether or not the temperature detected
by the convertible compartment thermistor 19 is a prescribed

15 temperature T:,°C or lower. 1In step S16, if it is determined

that the temperature detected by the convertible compartment

thermistor 19 is higher than the prescribed temperature T:;°C
(NO), the control returns to step S15. In step 816, if it is
determined that the temperature detected by the convertible
20 compartment thermistor 19 is the prescribed temperature T;,°C
or lower (YES), the control proceeds to step S17. In a third
convertible compartment damper opening step S17, the
convertible compartment 15 is cpened by the prescribed angle
B10. The control proceeds to step S18,. Step S18 1is a
25 super-cooling mode ending step where the super-cooling mode

is ended.

Now, the prescribed angle 6,; 1is substantially 90°
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4 is sent to both direct cooling duct 16A and indirect cooling duct

16B. Thus, the interior of the convertible conpartnment 5 4 is cool ed

nore quickly to the degree that the cold air directly flows into the
convertible conpartnent 4. The prescribed tenperature TloCis the

(ot 1oL L 10G Lok T b o1 UOLEheL 3, B g gopl5g.

poi nt u step

arter phe 1ﬁﬁ§céﬁgéée”ﬁ%reatdﬁfd 191£e§899%h%h%09{\?e%%11999 Egﬂg%rr%tﬂférnee

the contr proceeds to the second convertible conpartnent danper

openi ng tseBelgf:I:StoV‘BSEExegtﬂ?e%‘%nysglbtl'll?#gﬁd%@@@%h”%ﬂﬁl gﬁﬁﬁ@ec]é co%llng

opened by the prescri angl e e prescri angle 01, is e.d.

substapial |Yer> (L0 {fe PRELEAN b S3HL Rilver fiphlbl §§>$§a%%!e%t

t he direct i ng duct 16A can be substanti
bafd | e 4154 cJ@Pé@fngflee Md]@l% he E’ﬁéfd@gﬁé@t'hsatoﬁﬁ'éegolgklr directly

substantially 45, the food within the convertib compartment 4 is

i ndi regtilty£oohed byhéhecsld- @ik él @wmes&rttnrgrwgh therifdpreglribed
cooling duct 16B. The cold air for direct 20 cooling fromthe direct

cool i ng Ayed + 164 bSr.NOE iSE€RheSPrEBat ngthlei A0 €88 PEhalLMI N atbt&ﬁlt

super-cooled state without suffering™froma strong stimul us by t

direct qoel kipg.cxNovs thberpeesehiPed hemer alad €, TALE hétallmlted to
tenperature for determning the shift fromthe super-cooled state to

the frazeins 2zrieat£tueeg. IHG td tdiough fitterdependstentidhetsmpe randire
shape of the neat, in the case of bone rib of pork of 100 g or so,

i f1¢ he revpeiie €obhedpsteate idasd beekpptratareSC tire |@nwet rol heroeate ds6G o
can be fallen in the frozen state in 100 % (frozen state by way of

t he supére cootong) corttherebyl pr evingiaxgrdret sdpepecoapaging step S15

where the convertible compartment damper 15 is opened by the

prescribed angle 0i;. The prescribed angle 0;; is e.g.

substantially 45° (20° to 70° preferably 35° to 55°). At this

15 angle, the direct cooling duct 16A can be substantially closed

by the baffle 15A. Therefore, while the baffle 15A is opened

by substantially 45°, the food within the convertible

compartment 4 is indirectly cooled by the cold air flowing

through the indirect cooling duct 16B. The cold air for direct

20 cooling from the direct cooling duct 16A is not sent so that

the food can be fallen in the super-cooled state without

suffering from a strong stimulus by the direct cooling. Now,

the prescribed temperature T;;°C 1is a temperature for

determining the shift from the super-cooled state to the frozen

25 state, e.g. -5°C. Although it depends on the size and shape

of the meat, in the case of bone rib of pork of 100 g or so,

if the super-cooled state can be kept to -5°C or lower, the meat
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frozen state with high quality. Fig. 7 is a sectional view of the
main part around the 5 convertible conpartnment, showing the first
enbodi nent of this invention. The convertible conpartnent case 17
has a convertible conpartnent case cover 20 and the convertible

conpar [WENp efd i Pgnheat t'H@%@é?énlétQ% arncaidgd ”%9 bt pyouh s@%rtte by
18A. Although the ceiling blowut port 18A is a blowout 10 port for

j etting e rCphd @iﬁefr-@gbtﬂi%g' ndi he¢leRPRELRY AW th%G%%Q?éocb'E'ﬁlng

convertibl e conpartnent 4, the provision of the converti

conpar trpeiy e £35€3 EQVRH t20 HieM | €81 80yi ndirect cooling systemin
which the cold air is not directly applled to the food within the

convertibl e gonpart ngnta casetidnahf vikey bx used PPESpA¥LCK@bund the
freezing (fast freezing), it can be dealt wth by renoving the

conyer tddil v £0PaEt IBRbae2HERNGQVEehotl ng khe Fe réaneaidddiient of this
conpartment case cover 20 is renoved in a structure in which the

conver tiirbfén €pHPar t N"EMe Casm EOVEIL2E EompakB¥Rbite, «Ud resi siance
for the cold air fromthe indirect 20 cooling duct 16B is reduced by

t he degicgeveftibeecovmgrdt bhentcergias t genercase gadertiZd) sonwvhatidle

| arger quantity of the cold air flows in the convertible conpartnent

case lZzaipgpttumaht peidtisiq dtedteashstihetback &sitdes andceel ihng)k lbwamt
the direct cooling duct 16A and the indirect cooling duct 16B,

t her ebyp 25t rled i zimig-idneghr eeei ngl at ngnbéawbiudr ploimti AGA lirsv er selowo utf
the super-cooling (or super-cooling freezing) is desired, the

cohver todd e Tonpaet henty tase codveri20 fimpn behatimdbedctFapbieng delt

when the convertible conpartnent case cover 20 is renoved, if there

is difflicdlintoftlhssuonvgrtiély avepserment 45 poe, paovision of the

convertible compartment case cover 20 realizes an indirect

cooling system in which the cold air is not directly applied

to the food within the convertible compartment case 17. If the

15 user hopes quicker freezing (fast freezing), it can be dealt

with by removing the convertible compartment case cover 20.

If the convertible compartment case cover 20 is removed in a

structure in which the convertible compartment case cover 20

is removable, duct resistance for the cold air from the indirect

20 cooling duct 16B is reduced by the degree of the convertible

compartment case cover 20 so that a larger quantity of the cold

ailr flows in the convertible compartment case 17 at plural

points {(at least the back side and ceiling) from the direct

cooling duct 16A and the indirect cooling duct 16B, thereby

25 realizing the freezing at an earlier timing. Inversely, if the

super-cooling {(or super-cooling freezing) 1s desired, the

convertible compartment case cover 20 may be attached. Further,

0l




structure may be adopted in which the convertible conpartnent case
cover 20 is shifted to the inner part of the convertible 5
conpartnent case 17. Specifically, only the convertible conpartnent
case 17 may be pulled out in the structure in which when the

28%3 MR (bl o Sec%%%?t SR e SRl bt e a R
4, for xanpl e L X] 10 convertlble ase er
20 on the g%l% ﬁgy%ﬁlcugg wall SF e conv ? e corrparlt(:\trn?}Lnt%ﬁyC

pul |1 ng QUi {06, FoNMEL LIbLe. cQDRIGITEDE B OéorP\FQ%‘tgt;T% R85 Gt
pper e CEI 1 ng e wal e conver e conp rtne t
4, Furthers JNEI o To UIE PRONCLLI Ple 6OMRAT LITOT (G256 1560487, 20

is struc ure 0O over I opent n onver

Cor@a“c 32 rggg?y’ci’é’% bhie con :’;l:)ea{élﬂ@alf?”padﬁff”ttz}%asﬁoﬁg\é%1%%

i s not 0 overlie the éntire uppe openi

ConVerQZ—'égl}Ang ﬁEt%Qéd‘fﬁ%&t %- ﬁﬁ%g %rt%bdﬁe%oam%tt@gt Iﬁ%(?Lch

cover prOV|de e rear side o

conver tjijjl,e mﬁ\p@?{lE?éecé%pﬁ(}tH@e}}?& cta@E'e Rk @iy iy pdineed out,

cooling jet fromthe back blowut port 4A of the direct cooling duct

16A is tg{d fd&%érﬁﬂ?b@@t %bmptattecncém&/eé&s bl eo60pPaLt MBNY ¢aSq ik h il HRe
t he upper opening. Nanely, the convertible conpartnent case cover 20

my be Znmedrtchbubedcbaphaenant ronf ofeni NgxsAptBat wWRen fiikkiingy  the
established in the convertible conpartnent case 17, the front side

of 1§ he cdefé +HEH ALOEOND soReNEt: dFasé t@évethgobbﬁ\/\@nb pantt k@A L dikr
62 indirect cooling duct 16B nay be provided at such a position that
the col i rofothiendigrecédr €0Blleng @ifLrtSnéhe gonvert ibhBling out the
convertible compartment 17 or providing a case cover stopper

on the ceiling or side wall of the convertible compartment 4.
Further, in Fig. 7, the convertible compartment case

15 cover Z20 1is structured to overlie the upper opening of the
convertible compartment case 17, but the convertible
compartment case cover 20 is not required to overlie the entire

upper opening of the convertible compartment case 17. The
convertible compartment case cover 20 may be provided to overlie

20 only the rear side of the convertible compartment case 17 so
that the cold air for direct cooling jet from the back blowout

port 4A of the direct cooling duct 16A is difficult to enter

the convertible compartment case 17 from the upper opening.
Namely, the convertible compartment case cover 20 may be

25 structured to have a front opening so that when it is established
in the convertible compartment case 17, the front side of the

refrigerator is opened. Further, the blowout port 18A of the
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conpartment case 17. In the case of the indirect cooling, it is
desired that the cold air does not enter the convertible 5
conpartnent case 17. However, the cold air entering the convertible
conpartnment case 17, as long as it is the degree of natural drop, is

o PRt A 60 PRS0 o st

probl e rs—e por t he i'rect cooling

duct 16415 pened gt {he: posi i4 oo eal gLy} 210,108 ALE IHARLEGY 111 ¢

regul at1ng neans er eas owout por e Ire

cool 18 ok 8o <SRN 20 s PepRORLLLOD (A DE.LLem heidlle i

Vor uc ure, "as regar

col d ahﬂsR?é%g??ﬁhgﬂkqsb%§§F%%Pﬁgg99 d %%tr&ﬁﬁwﬂ¥@§9 EBFgéghgkfkﬁ e

t he bl owou 1 Wi Speed i's reduced due

reSEStQQ§£b§?tﬁQﬁE W&%Qesﬁﬁﬁd aggwe@E&'qu@H i&%ﬁﬁfigﬁgjeéﬁ@efbﬁ?' the

i ndirect coolrng can be obtaine As regards the co alr jet Trom

the poréor?ﬁe?fibﬁ% Boh@Clr tGAo ¢ n(g%?gug{;, 168 18hBcs s titﬁ%{%hg%e degree

imredi ately jet Into the converti conpartnent 4 an

conver t4 Hhe t¢emPas BNt i §8%% tficd e oM RE ks SReEhaNG & Fe SRR LA
suitable to the fast freezing can be obtained. Fig. 8is a detalledg

Vi ew Ofaﬁ(ﬁ‘esdrﬁioﬁt ?ﬁbbl@ﬁr&lﬂ%l hern %%&\@éhbgm.n@{m,arttﬁﬁbr@aﬁﬁ%f the
shown in the first enbodinment of this invention. The convertible

conpar tqeptc dagpen 13y Riddert enexpl apeadvas aisd Ngh i daRBeheS¥EreMo
having the single baffle 15A. Now, an explanation will be given of

aniexamhhe aodf qQIovt dt foragaoavemnty hleg ngonpanheead WhHe dameiubdit
the 63 direct cooling duct 16A and the indirect cooling duct 16B.
The cawgrdf e denparddendod M ng danperl @8 s pertdd ect t¢@opiokd tion
farther from the air quantity regulating means 15. In such a
structure, as regards the cold air passed the indirect cooling
duct 16B, when it is jet from the blowout port 18A, its wind
15 speed is reduced due to duct resistance so that wind speed and
air quantity suitable to the indirect cooling can be obtained.
As regards the cold air jet from the port 4A of thedirect cooling
duct 16A, since it can be immediately jet into the convertible
compartment 4 and the convertible compartment case 17, the wind
20 speed and air quantity suitable to the fast freezing can be
obtained.

Fig. 8 is a detailed view of the main part around the
convertible compartment damper shown in the first embodiment
of this 1invention. The convertible compartment damper

25 hitherto explained was a single damper system having the single
baffle 15A. Now, an explanation will be given of an example

of providing a convertible compartment twin damper 21 in the
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frame 21A and an indirect cooling frame 21B. The direct cooling
frame 21A is connected to the direct cooling duct 16A whereas 5 the
indirect cooling from21B is connected to the indirect cooling duct
16B. The direct cooling frame 21A and indirect cooling frame 21B

have bafifdast 2o 1anty dU f areropadi PYEC 081 PECt tdo TORFasRONdiel). The
frames, respectively. By opening/closing these baffles 21C and 21D,

t he operimed £t 051 8gceapirtinait t fRiA0ddnpbest 2000]dN10a ddctetBAcanRd ing
i ndirect cooling duct 16B can be individually done. In this

enbodi Fme SiACEnHE N cadMalddbkeo lcenpartient 1 danpetie i@ ddet tWol ing
danper, two franmes are provided, thereby permtting the air quantity

to be gresisdayn contdaidedted! ot fReC@SEeBt EBEB1ShROLE AAMBR whith@as
openi ng degree is 15 regul ated/controlled using the single baffle so

t hat alttHwuphditbetdigrelicgokirbg dud idSAcehasedeandd hehendinddgtect
cooling duct 16B opened could be realized, the direct cooling duct
16A opencdiranditdbe LAdLreCThecddldary ductl it £rosedztaubddnathdieect
realized. 20 Specifically, except that both the direct cooling duct
16A andddiei nqdiratce Xiodlhange thadtf 168 24r®e acldo8éd®, foheopening/closing
openi ng/ cl osing of the direct cooling duct 16A could be controlled
wher eaghtchecondesponddod i frpnest 16Bpsas iatedays By acedningt/kdosing
opened state. On the other hand, if the twin 25 danper 21 is enpl oyed
as in thesesolf heat 21 € hendpehPhgtbéospegingdniloslingf adretah Y exff the
cooling duct 16A and the indirect cooling duct 16B can be done
i nt9 vi duatd gt apeio ptroi daloy. 1By aodanipl@dires epet énghdustpdrbEc geln A
freezing is unnecessary and the freezing at a higher speed than the
nor mal fyderidgalsyddeneed, In this embodiment, since the convertible
compartment damper is the twin damper, two frames are provided,
thereby permitting the air quantity to be precisely controlled.
In the case of the single damper, the opening degree 1is

15 regulated/controlled using the single baffle so that although
the direct cooling duct 16A clcsed and the indirect cecoling
duct 16B opened could be realized, the direct cocling duct 16A
opened and the indirect cooling duct 16B closed could not be
realized.

20 Specifically, except that both the direct cooling duct
16A and the indirect <cooling duct 16B are closed, the
opening/closing of the direct cooling duct 16A could be
controclled whereas the indirect cooling duct 16B was always
placed in the opened state. On the other hand, if the twin

25 damper 21 is employed as in this embodiment, the opening/closing

control of the direct cooling duct 16A and the indirect cooling

duct 16B can be done individually and precisely. For example,
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namely, in the case of the fast freezing node, if the indirect
cooling frame 21B remains closed, the cold air in 100 %flows 5 into
the direct cooling duct 16A so that the fast freezing can be
executed effectively. On the other hand, the nerit of using the

singl e darper dis, DAL SENOE 1 DRNUEDEL, 961 e (AR Lo LEW e e

production cost is’™r w and e9%stanlh's i Ng ~Space nmay

Cori ngt tSRRRTPrAhe B TRty Tara) bp ik rip o rlaf A Hngls{ BReiea,

storing conpar tnent or era can

oL e SSELLE0G] ) o U0 4P COREIL L SOMBIATIN hd W o

refrigera showi ng e fiTst enbodi men S 1 nven

ceiling. of 10 PONETbE Rl €3 CUTPALIIRNL 1o an JAFIAL o SERSal AR
g as i bl enpe et

conver e conpartmen t rature ect’l ng neans

I's proviged %kfeer&%taxsé’éf? céé‘f‘iﬁgr%&&@ SRS At € (Gl o 1A, f %‘Eé‘?ﬂ?ﬁ;&e&r{‘

the converti conpart nent or the convertible conpartnent c

17) . ASe ldh& | QLR L POSYLL 0N, dRepeIddNg 4AnY, ‘c('r;&]j% Iﬁﬁg%r&ftﬂs%r?&

n
compartment 4 offering a broad view of the interior

conver titbl s cpgRar WiRMHe €as¢ datSsedckalte HHONBYEr ofi bnERY raifed hes

side or bottomas long as the surface of the food can be neasured

even i nghiy eatdey prieSurd Rce dterperal He evafl vt hew {094 1t asedyin dihie
convertible conpartnent 4 (or the convertible 25 conpartnent case Iﬁ

may be Jpasyr ety hpeughet heicanverdmdl &; cUPREsPBAH16AIS CONEr 120:ge
If the infrared sensor 22 is enployed as the tenperature detecting

means, @spsOPYr odF WHd s66rtihg casHfthshigorthe COMVEEEEBLE can be

conpartment therm stor 19 for detecting the air tenperature, the
tenper atéi ipearer to

Fig. 9 is a side sectional view around the convertible

compartment of the refrigerator, showing the first embodiment

of this invention. On the <ceiling of the convertible

15 compartment 4, an infrared sensor 22 serving as the convertible

compartment temperature detecting means is provided to measure

the surface temperature of the food housed in the convertible

compartment 4 (or the convertible compartment case 17). As its

locating position, the ceiling 4A of the convertible

20 compartment 4 offering a broad view of the interior of the

convertible compartment case 17 is suitable. However, it may

be the side or bottom as long as the surface of the food can

be measured even indirectly. The surface temperature of the

focod stored in the convertible compartment 4 {or the convertible

25 compartment case 17) may be measured through the convertible

compartment case cover 20, If the infrared sensor 22 1is

employed as the temperature detecting means, as compared with
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the food (e.g. the surface tenperature of the food) can be detected,
t her eby enhanci ng the success probability of the 5 super-cooling. In
the case of using the convertible conpartnent thermstor 19, only
the tenperature nearest to the convertible conpartnent therm stor 19

can be ggl @é@% o Pukhe g AhercHavdrlibad @dnﬁi&ﬁtxﬁ@ﬂﬁ%h%%mﬂ@ﬂ&h i

characterized by detecting the infrared rays emtted fromthe

surfacedf @d-rpherkak nemierherefirs) €R8 Q@ﬁﬁ@&a&@%é‘ﬂH&¥é¥Lﬁ@
nearer to the food (surface tenperature of the food). Because the

quant'HM}@ffbﬂﬁrq%ﬁQ%raM§eeHhEE%Qx§r@@&ﬁ@?aﬁﬁ?@ lrcreasesoaa) k@% be
t enperature becomes "high, the tenperature can be detected on t he

basi s Qfeﬁ@@t@&antt'hte)&éﬂy'Qﬁhéh%GlnrgaY%éleEﬁEEﬁgs %@d@%llﬂt?r der die

execut e the super-cooling preserving or the super-cooling fieezing,

it ks daghepdchbatnighe temper ahw e cqid f es ences behweeRet hecsivdraci1e
tenperature and center tenperature of the food is smaller so that

the entddmwphpeflehs tBEbatiantally vALlotRE Y coobedtude néArkBe to the
enbodi ment, the 20 center tenperature is experinentally estinated

fromt tm:nselftabeet ednpaatee treasuneid aecaradcag be ddteektnd,. sOZethe
t hi ckness and wei ght of the food stored in the convertible
conpar tarenér dh{w0d, t eeconfeatried ecasrpartnenhicasd slé¢hatractesti ned ey
the tenperature difference between the surface 25 tenperature and the
cent er deenpetr ahyr ehd henébyreet eraysi rgitwleet herowor thet sileface of a
super-cool ed state is being kept. In this enbodinment, it has been
experi nent at Ly lcoafbtredhehastf 1dmt hean 66e t enpetbeut emgiefrfaenere eng asr &r
degree or less, desirably 3 degree or |less, the super-cooled state
can be tkepthandoble (Guatfage temperature of the food). Because the
quantity of infrared rays emitted from the food increases as
the temperature becomes high, the temperature can be detected
on the basis of the quantity of infrared rays detected.

15 Now, in order to execute the super-cooling preserving or
the super-cocling freezing, it is desired that the temperature
difference between the surface temperature and center
temperature of the food is smaller so that the entire food is
substantially uniformly cooled. Sc, in the embodiment, the

20 center temperature 1is experimentally estimated from the
surface temperature measured according to the kind, size,
thickness and weight of the food stored in the convertible
compartment 4 {or the convertible compartment case 17) to
estimate the temperature difference between the surface

25 temperature and the center temperature, thereby determining

whether or not the super-cooled state is being kept. 1In this

embodiment, it has been experimentally confirmed that if the
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of the food when unfrozen is satisfactory. Fig. 10 is another
super-cooling freezing flowhart in 5 the refrigerator according to
the first enbodinment of this invention which realizes the
super-cool ed state. In super-cooling node starting step S21, the

super - Qo O, FRe d§§@é&%;nc'@”'%s”§ic§‘ef§@@ésofQreﬁﬁrééé‘ﬂrélgf%/ 3 degree
super-cooling node is a display panel (e.g. button) or swich (not

shown) qyr ovéded fconfihae teisiggr ataredean piherephesHaeEnepefirtiaxy
t hese devices (button, switch, etc.), the super-cooling node starts.

After dherSHPEhoaohictd UPEEoSEAT 1S R tSisefuRdryt he control
proceeds to conpressor running state confirmng step S22 of

determ ning mhethes D5 Aebthbe %Qﬁ@&e%&ﬂﬂil@giﬁréé,@mh@gflb%cﬂa% in
S22, if 15 it is determned that the conpressor 12 is stopping (NO |,

thes cafiéokefetgensticr si€pcBding NSt EPe S22 rsitf dibdgimeher ifnathis
that the conpressor 12 is operating (YES) , the control proceeds to

a firstirgpavei bhbl ehg@art&Ent zeenpehat urausiet e6fbNiedg sHffe 523. 120

In step S23, it is determ ned whether or not the convertible

conpar tamemé r £ beodtiaigomoi® skttt engpresep i 2, trapenpburecbAA@ mode

lower. In step S23, if it is determned that the convertible

conpar tseantt s hertihvstnoa il Inesen v i fngr &t drhiel nd ertpe satpere- oed B o ngp de airs

is at a tenperature higher than 25 the prescribed tenperature T20C

(NO , & hdigphayopapedcdeds .t dutadn) sir convechi bhetcehpamtnpatovided

danper opening step 524. In step S24, the convertible conpartnent

dairper ctb tihse ppémned ey t @7 dowopr.es@hicretihangs er Blmer Thes ddfewe dertices

control returns to step 523. In step 523, if it is determ ned that

t he conMertibphe switch, etc.), the super-ccoling mode starts. After
the super-coocling mode starts in step 521, the contrel proceeds
to compressor running state confirming step S22 of determining
whether or not the compressor 12 is running. In step S22, if

15 it is determined that the compressor 12 is stopping (NQO), the
control returns to step 521. In step $22, if it is determined
that the compressor 12 is operating (YES), the control proceeds
to a first convertible compartment temperature determining
step S23.

20 In step 523, it 1is determined whether or not the
convertible compartment thermistor 19 is at a prescribed
temperature T,,°C or lower. In step S23, if it is determined
that the convertible compartment thermistor 19 serving as the
temperature detecting means is at a temperature higher than

25 the prescribed temperature T,.°C (NO), the control proceeds to

a first convertible compartment damper opening step S24. 1In

step S24, the convertible compartment damper 15 is opened by
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conpartment therm stor 19 is at the prescribed tenperature TeoC or

| ower (YES) , the control proceeds to a first infrared sensor 5
tenperature determning step 525. In step 525, it is determ ned

whet her or not the infrared sensor 22 serving as the tenperature

det ect ing eans ey §hod B 8SCT ihed damer atiec 12106 perlhowero Idt
step Sf%gr%% |tk%§i§eﬁgrn?ﬁﬁd tﬁ%t the ~infrared ge%%or Eg serv?ngeas

the tenpesatune detgckbry mEans: 10si ek ra it QPRI U €nbi ghek drftamie
the prescribed tenperature T21C (NO, the control returns to step

S25. | %cﬁﬁﬁﬁ)ﬂ%éntighéfmi§t§@ £ rﬂsngg El’b@iarte@%r'tlr}%%%rt%% re 2I220°C

serving as the fenperature detecting means'is a escri bed

t enper YunewkdlCvers)l owee ¥ESrol pheceers ob 45 ifPceeds 410 @ sseEyH
converti bl e conpartnent danper opening step S26. In step S26, the

conyer tidige £00RaEL NBBE cgl@IREM LD st opPEd byra pessrided, anpte is
611. Thereafter, in a second infrared sensor tenperature determ ning
step Sdetétmiseddehetmaredmwhes bether i drhel indmab ed28erealviddy ias
at a 20 prescribed tenperature T220C or lower. In step S27, if it is
det er muted Hdmgietdeurafdatr edt sansoea? 1§ 2t aaptesperidtad € ehipgt a thhan
the prescribed tenperature T220C (NO) , the control returns to step

S27. lmstepop2iovdrit I8 dateqyniped tifatit hesi @otareftins@nsbat2tHe
at the prescribed tenperature T220C or lower (YES) , 25 the control

proceedsnfvanedesendotohVes¢rbliegcespaheneahpdanpere dpdmaigirsd egans

S28. In step S28, the convertible conpartnent danper 15 is opened by

t heoangdl= 2610.t Afperatheecohyreti then t6f: eerpartirent tdaierathdré I,,°C
opened by the angle 010, in a super-cooling node ending step S29,

t he sup@¥oroothagcrndedls returns to step S25.

In step 525, 1f it is deftermined that the infrared sensor

22 serving as the temperature detecting means is at the

prescribed temperature T,;°C or lower (YES), the control

15 proceeds to a second convertible compartment damper opening

step S26. In step 526, the convertible compartment damper 15

is opened by a prescribed angle 0:;. Thereafter, in a second

infrared sensor temperature determining step 827, it 1is

determined whether or not the infrared sensor 22 is at a

20 prescribed temperature T,;°C or lower. In step S27, if it is

determined that the infrared sensor 22 is at a temperature high

than the prescribed temperature 7:,°C (NO), the control returns

to step S27. In step S27, if it is determined that the infrared

sensor 22 is at the prescribed temperature T,,°C or lower (YES),

25 the control proceeds to a second convertible compartment damper

opening step S28. 1In step 528, the convertible compartment

damper 15 is opened by the angle 6,,°. After the convertible
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ended. In step S23, if the tenperature detected by the 5 convertible
conpartment therm stor 19 is higher than the prescribed tenperature
T20C, the convertible conpartnent danper 15 is opened by the

prescri bed angle 010 (fully opened) . This intends to determ ne that

rescri be open ntends to
L emper St s 6hebby ARRER, B T ORI op Y nERgbornple” Ping ™ 2

time. '@{E?éﬁ/-rcbélahgj fodet enmined s tihak olhe t ok A N i h8node is
convertible conpartrent is 1nsufficient (t he converti bl e conhpart nent

therm st 449 is at the tenperature higher than the prescribed
tenperature T20C), the convertible conmpartnent danper 15 is fully

opened to seng, 15ide g, ai {10 bt N LhSe dhE@Gl CORAUNG dClL16A N,

and the indirect cooling duct 16B. Wthout executing the cooling

from thendbreehieoatdfgaduabntbenkbingkew:f reeziing qshaw di tggh the
cooling at a | ow speed or cooling or freezing by the indirect

cool i ng)redSri BRI ALALY rakdted W 1 heeCooLL 8 iieNd he okpdiftednt
20 cool'ing duct 16B only, owng to the possibility of shortage of

cool i ngihigsed P debLYdANALOReNBlebbe 1620 iaRG1ie 0, | NFW 11 Eicgined)he

freshness of the food may be deteriorated. The first convertible
conpar tTrens itremged at s elcted vt th ai tiga Stidpe 1943 1 So A dettergriconve ratief e
for avoiding such a circunstance. 25 Wen the interior of the
conver tddahea eomparttt freid rbthds beenrmabot @dpéoatheeprenerbbhedg to e.g.
tenperature or so by cooling fromthe direct cooling duct 16A, in
step SZpenings deherdooedavhat heng HGGeor NHmd he, 1inf t aresd dedrori st
is at the prescribed tenperature T21C or |ower. The prescribed
t enper dthae T2OHC dsokigg -@Cthin the convertible compartment 1is
insufficient (the convertible compartment thermistor 19 is at
the temperature higher than the prescribed temperature T2,°C),
the convertible compartment damper 15 is fully opened to send
15 the cold air toboth thedirect cooling duct 16A and the indirect
cooling duct 16B. Without executing the cooling from the
direct cooling duct 16A, if slow freezing {(slow direct cooling
at a low speed or cooling or freezing by the indirect cooling)
is immediately started with the cooling from the indirect
20 cooling duct 16B only, owing to the possibility of shortage
of cooling based on determination that the cooling 1is
insufficient, the freshness of the food may be deteriorated.
The first convertible compartment temperature determining step
S23 is a determining step for avoiding such a circumstance.
25 When the interior of the convertible compartment 4 has been

cooled to the prescribed temperature or so by cocoling from the

direct cooling duct 164, in step 525, it is determined whether
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From when -1C is reached, in order to start the slow freezing, the
convertible conpartnent danper 15 is opened by 5 the angle 01, (half
opened, about 45) . The angle 011 is an angle of opening the indirect
cool ing duct 16B but substantially closing the direct cooling duct

16A. Thus ncan @Rt i he (Guat iskehsf Ahe scgkdrAkrpheadedpker tkh@erature
convertible conmpartnent 4 flows in the indirect cooling duct 16B.

The foqd, ¢S £00l 86k Py 1hge 10rskowi beerzbhg 1asatronr the 1 ad !%Pt—ﬁc.

cooling. Wien the tenperature of the infrared sensor 22 has becone

the prescribedorf apperatyre T22GHcHONRrint Be eI tEPLLE the slow
conpartment danper 15 is opened by the prescribed angle 610 (fully

opened)fredhEngpr €66l tbad etreimeratadgp I28kehs Bamper 3G 0 RAWIi8s
in order 15 that the round of 150 g is caused to pass the tenperature

of 5-5GHd ama1kCh, | i nkakespabeudt, apsulosse) f thed @nig @Y, is an angle
openi ng/ cl osi ng of' the door. The prescri bed angle, as described
above, df5 ¢hpenangl ersf sedtdragtt e «clolty adncto Ltdke bt r eabscaolding 1y
duct 16A also so that the interior of the 20 convertibl e conpartnment
4 will decsoolethatdiarestt etahl {fastyct @k ng Thoag hissr emarined gslaodki ty
(tenperature shock), the super-cooled state of the food within the
conver tohltde comphetireheadigbifow thiencoheecdrivere icomp aodipant erftlows
case 17) is cancelled so that the ice crystals do not becone fat
unl i ke 125 the tadéreftt keodommiddicieektRg. Tuet hepd dsnceootlssl by the
infrared sensor 22 is enployed, the tenperature nearer to the food
(elg. shewsUifexzirenpgeratdr olof thte foddreasdn lbeoddtratt ed,Whever diiye
70 enhancing the success probability of the super-cooling freezing.
Thus, tIrRNBeeeking f ddwr vidg (P EENSET! LAghas become the prescribed
temperature T;;°C or lower, the convertible compartment damper
15 is opened by the prescribed angle 8,s (fully opened). The
prescribed temperature T,;°C is e.g. -5°C. For example, in order
15 that the round of 150 g is caused to pass the temperature of
-5°C from -1°C, it takes about one hocur if there is not
opening/closing c¢f the door. The prescribed angle, as
described above, is the angle of sending the cold air to the
direct cooling duct 16A also so that the interior of the
20 convertible compartment 4 will be cooled at a stretch (fast).
Owing to this thermal shock (temperature shock), the
super-cooled state of the food within the convertible
compartment 4 (or within the convertible compartment case 17)
is cancelled so that the ice crystals do not become fat unlike
25 the case of the normal freezing. Further, since the infrared

sensor 22 is employed, the temperature nearer to the foeod (e.g.

the surface temperature of the food) can be detected, thereby
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freezing) giving the good food quality can be provided. As understood
fromthe description hitherto nmade, in this 5 invention, in the
refrigerator including a plurality of divided storing conpartnents
(for exanple, the refrigerator conpartnent 2, ice-naking conpartnent

3, Con\é?lrﬁa{xpéﬁ CO’E‘F?\ﬂﬁ”EEEEe@s V%Q%tbaal?helf‘@y”paéf Ml e S 800 FLEBE8 ing

conpartnent ich the cold air created by the cooler is sent,
the 10 feQd . duchhlQr, send nqrte@ez crp;# d;ﬁléséf@ﬂﬁghe §19}9le§r-cb%l§tng

| east one of t e storing conpartments ( exanpl e, the convertib

conpar iRl ; A g f r gegeh gComard et £8-8r ﬁ%g%t | GOEPBE LR Bl D) 'S
conposed of twb ducts of the direct coollng uct 16A and indirect

cooling duct pl6Bn4EQs P rheasthe dd@cAbptash HiLRELRE REqS! OW this
freezing can be set according to the using circunstance of the user.

Thes supefv&oe] bRY i esel f‘QfE@BeQ%toafl $8cd0B8 nSEY I f OF yidedivided
veget abl e conpartnent capabl e of keeping high humdity can be al so

done. Ist diheng ef rdctesat erehigl udiipgra péusapily of tpecti paedigé@ator
storing conpartments (for exanple, the refrigerator conpartnent 2,

i ce- middigp Lorpant nertd, 3, ieerveitimd e cotifarinent 4.3 Vegebﬁbhetlble
conpartment 5 and freezer conpartnment 6) to which the cold air
creat eddwpd hemenol £r viexyestedth] e idomparct wgdes 3 o cc 66kieng rddohp aaft mener
direct cooling duct 16A and 25 the indirect cooling duct 16B which
are cormectedvhdbcht theastol drei of ctbetstiobiyngheonpasieenis E€kat, the
exanple, the convertible conpartnent 4) to send the cold air to the
stori ngcclodpat t ndntt Fér( Eendaxanylles ddied coiwef tohl eheonparltarerido 4)t
an air quantity regulating nmeans 15 capabl e of changing the two
cool i ngehxt sone of the storing compartments ({(for example, the
convertible compartment 4, freezer compartment 6 or vegetable
compartment 5) is composed of two ducts of the direct cooling
duct 16A and indirect cooling duct 16B. For this reason, the
15 fast freezing or slow freezing can be set according to the using
circumstance of the user. The super-cooling freezing can be
also done. Setting for the vegetable compartment capable of
keeping high humidity can be also done.
In the refrigerator including a plurality of sectioned
20 storing compartments {for example, the refrigerator
compartment 2, ice-making compartment 3, convertible
compartment 4, vegetable compartment 5 and freezer compartment
6) to which the cold air created by the cooler is sent, it
includes two cooling ducts of the direct cooling duct 16A and
25 the indirect cooling duct 16B which are connected to at least

ocne cof the storing compartments (for example, the convertible

compartment 4) to send the c¢cold air to the storing compartment
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into the state of at |east both opened, one opened or both cl osed.
For this reason, the fast freezing or slow freezing can be set 5
according to the using circunstance of the user. The super-cooling
freezing can be al so done. Further, the air quantity regul ati ng nmeans

15 inclydes oshrgh 1) echdl &in f8et § WO OBbIELS tmEM: i)l etan S iGORNGeHaty
to the duct 16C fromthe cooler roomwhere the cooler is |ocated.

The 10 ,ene,Ditihg Iﬁé\@ngulEe&§?h§l%08@e@hﬁﬁgti@lgt hed Reior e6b16eR) idiktt s
duct 16B and the other thereof is connected to the direct cooling

duct l@Atdhedirget ¢Palt NBaddChodRAISNORERRE B8behlkel poLdtwRr1osed.
where the cold air is directly applied to the food within the

stori ngconard FIHsdre, thé Al thd & CONAF tIRIW )f reclhend cdMdid et
cooling duct 16B is opened at the position where the <cold air is not

direct lay-@ppiiied teot hend oags g hidi ¥ Bemstahicky ogonpaet neBkr(e. 9.The
convertible conpartnent) or the cold air is indirectly applied to
the focedipdt-teastngnerafe 2ihegy stoni bg aterpaldments is a storing
conpartment capabl e of executing the 20 super-cooling freezing
permtting theuftleez) nghbyawayqabntthey supprtcioohednstate ] 5t herdmyde s
enhanci ng the success probability of the super-cooling freezing.

Thus, tshes ifiradlez iimgl o eset diwig cu(tsluges - cale Ny fateez nmypnmpotieg ttdhehe
good food quality can be provided. 25 Further, in the refrigerator
accor didhget d @hifsomibet conleratobnaghevnetlodé ddwelet arg dgcated. The
conpartnments can be changed into the convertible conpartnment 4 or a
super - cood i 0f fheetwr OIZX lcopars neanneThed défa ityes aindiaecsor dioed ity
this invention includes the storing conpartnment case 17 established
in at ldeast 16B and the other thereof is connected to the direct cooling
duct 16A. The direct cooling duct 16A is opened at the position
where the cold air is directly applied to the food within the
storing compartment (e.g. convertible compartment). The
15 indirect cooling duct 16B is opened at the position where the
cold air is not directly applied to the food within the storing
conmpartment (e.g. convertible compartment) or the cold air is
indirectly appiied to the food. At least one of the storing
compartments is a storing compartment capable of executing the
20 super-cooling freezing permitting the freezing by way of the
super-cooled state, thereby enhancing the success probability
of the super-cooling freezing. Thus, the freezing preserving
(super-cooling freezing) giving the good food quality can be
provided.
25 Further, in the refrigerator according to this invention,

at least one of the storing compartments can be changed into

the convertible compartment 4 or a super-cooling freezer
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one of the storing conpartnents (the convertible conmpartnent 4 or

t he super-cooling conpartnment 4) and the cover nmenber 20 5 covering
at least a part of the upper opening of the storing conpartnent case
17. The indirect cooling duct 16B is opened at the position where

the colbpdrtfetrectine appkiedetr@ e acoyenimBMhey 20180 itRain i

cold air i's not applied to the food wthin the storing conpartnent

case 17.nd0u&kHemi seortifey Eehbladenaitd cageor ficd 101 1 hsdiinventist
i ncludes the storing conpartnment case 17 established in at |east one

of the tord Ng: KONPEs E MBBL solbhe terves t | he comPartiene chnPartthent
super-cooling conpartnent 4) and the cover nenber 20 covering at

| east a paf ttHf Sl ppPEs 1 9RgNERGpRTr tinfkeh 1StOr igtH 1L APt FRiib £2SED
17. In this case, the indirect cooling duct 16B is opened at the

posikti owérihg Hppeeacpenri pirof dheclsd aippPgr EpARARLTRTE +E&S & thi inad
covered with the cover nmenber 20 covering at |east a part of the

upper apgembagtibareokseolhat Thiehenoed ol Wudl dhe &IOf iTEB is opened
conpartment 17 can be cooled like 20 the indirect cooling by the cold
air at at |tdve qomd 1 hoaperdrestuhst aptlidabliy eguali riee triat wad 1 ds@pto Rdie
this reason, the success probability of the super-cooling freezing
wil | becnamadbe Thi@,sd Hehdtr edw g ldreseisi ngt (Sppetedobdinge food
freezing) giving the good food 25 quality can be provided. Further,
t he refwigerat bheastordimy tomphirsmemtentason 17 ncl udes a tenperature
detecting nmeans 19 for detecting the 73 food tenperature wthin at
| ed8t one of GtHeeswdesengtbenpafrigetrsatolt becoovlierd ity & hdarpartargnion
or the super-cooling
includes the storing compartment case 17 established in at least
one of the storing compartments (the convertible compartment
4 or the super-cooling compartment 4) and the cover member 20
covering at least a part of the upper opening ¢f the storing
15 compartment case 17. 1In this case, the indirect cooling duct
16B is opened at the position of the upper opening of the storing
compartment case 17 not covered with the cover member 20
covering at least a part of the upper opening thereof sc¢ that
the food within the storing compartment 17 can be cooled like
20 the indirect cooling by the cold air at a low cooling speed
substantially equal to natural drop.

For this reason, the success probability of the
super-cooling freezing will be enhanced. Thus, the freezing
preserving (super-cooling freezing) giving the good food

25 quality can be provided.

Further, the refrigerator according to this invention

includes a temperature detecting means 19 for detecting the
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conpartment 4) and the control means 30 for controlling the baffle
openi ng degree of the air quantity regulating neans 15 5 on the basis
of the tenperature detected by the tenperature detecting neans 19.
If it is determned that the tenperature detected by the tenperature

det ect imgy Means ek t$rdugheli d Bam e &s gt o Rriase kicked dLaBRba RNk
both the direct cooling duct 16A and the indirect cool1ng duct 16B

are opened. VeRva A0 PTESCHbghAim@nt 0 &l apses affer QQEQrL%%oling
direct cooling duct 16A and the indirect cooling duct 16B have been

opened,cdhgar BhEREt 460QIH NG KlbICEoABAN S meldhsd &l | bt Ycehesed. ittt he
executing the indirect cooling. Further, the refrigerator according

to thi %éf‘f@@té?@niﬂxé hBghudes rachenperafubatdeteclkigng SBan mlarfor1s
detecting the ood fenpérature within at |east one of the storing

conpar tgentBe HhBEsCeIvaid bt emperpant-eeric tedied ey Stper tealema ure
conpartment 4) and the control nmeans 30 for controlling the baffle

openi ngiglegreengf mbhasail v . quant i tyi & eget athhgedEanstlbhdltenpiature
basis of the tenperature detected by the tenperature detecting neans

22. | f ddétéstdateynined:éhpt riherieedpercaitiimey nteirectied iby hikther than
tenperature detecting neans 22 is a second prescribed tenperature
T210C oz flioveetr priche rdilsed tt conod 1 anigu deiclt;, B6ANI She ubist @nt i@add Vil ased;
t hereby executing the indirect 25 cooling. Further, if it is
determingd thdt tite fedpeeatturccodebectiedtbyl 6Beatrenpyenede When a
detecting neans 22 is a third prescribed tenperature T220C or | ower,
t heodi receé scoobedgtdmet to 78l dBAessabpemetp thhéheby ieneedutctiong itrhee duct
direct cooling for fast cooling. (In this case, the indirect cooling
duct 16BAmgndethe indirect cooling duct 16B have been opened, the
direct cooling duct 16A is substantially closed, thus executing
the indirect cooling.
Further, the refrigerator according to this invention
15 includes a temperature detecting means 22 for detecting the
food temperature within at least cne of the storing compartments
{the convertible compartment 4 or the super-cooling
compartment 4) and the control means 30 for controlling the
baffle cpening degree of the air quantity requlating means 15
20 on the basis of the temperature detected by the temperature
detecting means 22. If it is determined that the temperature
detected by the temperature detecting means 22 is a second
prescribed temperature T;,°C or lower, the direct cooling duct
16A is substantially closed, thereby executing the indirect
25 cooling. Further, if it is determined that the temperature

detected by the temperature detecting means 22 is a third

prescribed temperature T;;°C or lower, the direct cooling duct
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ei ther opened or closed according to the specification of the air
gquantity regulating nmeans 15 (single baffle or two baffles). 5
Specifically, in the case of the single baffle, the indirect cooling
duct is opened. In the case of two baffles, the indirect cooling

duct mayhe i (deEn£h0SeH @ iP@IGLut Th§NORE a1 PBLY EBR1AIHEHor fast

cooling may be ‘done, or both°direct cooling and indirect cooling may

be dongloolim§hi $1WaYHiS Re&dharHd indipEed 868B38nd Suesed @ nd\f be
t enper ature detecti ng neans 27 thereby to neasure the surface

t enper afige Pfo b 88eH08H. c1 B8edt EFBRRALIHE theahel sk dile dPothh & the
surface tenperature) can be detected, and the success probability of
the supgrr oatNG v Fe@RAI % i hle ks eBhaNGesh « TausE1 4 Be fheedifles) .
preserving 15 (super-cooling Treezing) giving the good food quality
cansbe sy evidedl 1Ryr tikerhd headefd f gefat &Inqreopditfiget, 0 thidl Sndirect
invention has a plurality of divided storing conpartnments to which
the coldhomifigCrraitedikn ddwen€@0l ernn stisentcasSuchfa thef rbgerater, the
i ncludes 20 a direct cooling duct which is connected to at |east one
of the mpdixatttap i isyahiaigmagnpardingid s cdnd d Soepepededt the short,
position where the cold air supplied fromthe cooler is directly

appl i etbriby t tieef dadewtt kidn 1 iegshari bg cdenmesr toenbothAndimdictectooling
cooling duct which is connected to at | east one of the plurality 25
of storamg ctoapaeiorentsohidgi magpeéreddatet he pasittiion whgr esithe ddia
air supplied fromthe cooler is not directly applied to the food

wi 1hi n itrherstedi sgneompast nertd as thdi tenpkyadpple ekt 450 1rog treaf AL,
and an air quantity regul ating nmeans capable of at |east selecting
ei t her Urerebybdvhrepensd; Ome spefiedeartcemperature of the food, the

temperature nearer to the food (e.g. surface temperature) can

be detected, and the success probability of the super-cociing

freezing will be enhanced. Thus, the freezing preserving
15 (super-cooling freezing) giving the good food quality can be
provided.

Further, the refrigerator according to this invention has

a plurality of divided storing compartments to which the cold

alr created in the cooler is sent. Sucharefrigerator includes

20 a direct cooling duct which is connected to at least one of
the plurality of storing compartments and is opened at the
position where the cold air supplied from the cooler is directly
applied to the food within the storing compartment; an indirect
cooling duct which is connected to at least one of the plurality

25 of storing compartments and is opened at the position where
the cold air supplied from the cooler is not directly applied

to the foodwithin the storing compartment or indirectly applied
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both cl osed of the two cooling ducts of the direct cooling duct and
the indirect cooling duct. By selectively changing the two 5 cooling
ducts, the storing conpartnent is nade capable of executing the
super-cooling freezing permtting the freezing by way of the

super - a9l etk stad@; Jherghorer HhentampenaddliBat PRAr Akahe thesined of
(e.g. surface tenperature) can be detected, and the success

probabidt tye 0t thel sgpehgcealtinig foreezd Noathl odénbe, eahanegdnethusid
the freezing preserving (super-cooling freezing) giving the good

food quabih ylcaede Prow dee. cbplasgoadanses M the tdise d @yl 0y duct
since at |l east one of the storing conpartnments has both direct

cool i ngirdyehel 6AdaRe cti Bebneely 6aeki.NngRgusd1 d6Bivaledhkggiatoth@rtwo
storage house 15 capabl e of selecting fast freezing, normal freezing
or 5SUREteTLOlI HedfuLeztRg carbhienPpr ovindad.t ittt hes, nsidicecépeble of
indirect cooling and direct cooling can be selectively changed, by
sel ect iengetheingdt hecsupeakicag 1 irhe firfe1 gegapormot tdher age fhewseng
whi ch can be enpl oyed as a vegetabl e storage conpartnent 20 can be
provi dédy way adcahadascpar-tdrdhed stweati ohheskefioeechahgesempetriagure
tenperature distribution within a sectioned storing conpartnent of

t he refréegeeatior tden foed déuded s ua freafe tgaratrart uoe) stan dge dedesd ed,
permtting high quality food preserving can 25 be provided. In

accor danece thig Buckies d premalonl 1 Y e tolsaagpsri-tadieing dnmazaing evill
di stribution of the food or the |ike preserved 76 within the storing
coipar trrenenbintckd .r efThger atbe daredeing epueser v nef ( ypeat-eoodring

storage house permtting high
freezing) giving the good food quality can be provided.

In accordance with this invention, since at least one of
the storing compartments has both direct cooling duct 16A and
indirect cooling duct 16B, a refrigerator or storage house

15 capable o0f selecting fast freezing, normal freezing or
super-cooling freezing can be provided. Further, since the
indirect cooling and direct cooling can be selectively changed,
by selecting the indirect cooling, the refrigerator or storage
house which can be employed as a vegetable storage compartment

20 can be provided.

In accordance with this invention, since changes in the
temperature distribution within a sectioned storing
compartment of the refrigerator can be reduced, a refrigerator
or storage house permitting high quality food preserving can

25 be provided.

In accordance with this invention, since changes in the

temperature distribution of the food or the like preserved

76



qual ity food preserving can be provided. In accordance with this
invention, as a high quality 5 freezing function, a super-cooling
freezing function is adopted in place of conventional fast freezing.
The hi gh quality freezing with | ess energy than before, i.e. energy

saved Jifﬁfﬁ”% S an,eanth ;j;ISPE'HSHE TEHASUL & S‘r%rfxfiegére@édé}e@an be

Furt her ere rlgerator according to thi's Tnvention

t trol t ryct h
e”per%té’(%ﬁr:&&” Pl e¢. g %‘Ef&‘&o? oy o H‘&Sr'agg‘gr&?ﬁ%sé ?Fde{[ﬁiegggié?i Inl'gl_gh

i ntrodu f he space causing the super-

t enper 5 E £RE4C + 05 I I %a¥QQ§, dddius, in the structure
and con 1 tﬁgdr rlgeratog ?Ch not greatly d|fferent from
that of the Cﬁ{lvgg&bea%c@ &9{1&'%&@0{ véﬁa@léﬁ S0Pl hBgROlg e ¢y
meat or |ike can realized. In accordance wt |s i nv ntlon

singe an-Lpffapedr;5eRseh,i SaUsedpas Tc'%%ltﬁﬂjoefffiié@zel t%ﬂ@@ﬂﬁa%
the surface teénmperafure 6f the food can be measured, thereby

perm t tidgp 2Aat he, tenpeLatdy e-9gLek ild diher § sed f(r%egzn%” f a@ﬁe high
tenperature) to be detected and the success probability of the

super - cAoh i N8y freezi NG Wi e cerNansedy thus beltha d,1 €e2l.Negn OF g5y Mt &1
(super-cooling freezing) giving the good food quallty can be

provi detke@bihf aecerdanceriv &éAvi RosimeiMentid durahegh bBas r@alized.
super-cooling freezing function of freezing by way of the

super - cool ed mimtieert hehki gfe titiadé tytbreazicagdimohtehthhie SnAentiiion
or shape of the ice crystals created in freezing is not prone to
destr oyadibpetessermpar stutiet doatebltikel tooed.inkusthekctudanda which the
cold air is introduced in the space causing the super-cooling
and the cooling temperature can be changed to plural values.
Thus, in the structure and control of the refrigerator which
is not greatly different from that of the conventional
15 refrigeratcr, the super-cooling of the meat or like can be
realized.

In accordance with this invention, since an infrared
sensor is used as the temperature detecting means, the surface
temperature of the food can be measured, thereby permitting

20 the temperature nearer to the food (e.g. surface temperature)
to be detected and the success probability of the super-cooling
freezing to be enhanced. Thus, the freezing preserving
(super-cooling freezing) giving the good food quality can be
provided.

25 In accordance with this invention, which has a

super-cooling freezing function of freezing by way of the

super-cooled state, the high quality freezing in which the size
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the ice crystals created are mnute, even if the ice crystals are
broken, the state close to the original state can be obtained. 5
Thus, when the food is unfrozen, the food quality such as its taste,
texture or preserved state becones satisfactory. Because of the

super - %@'é%éeﬁ'ﬂg@yﬂf‘@yc%s‘cgﬁ SEPS%‘c%gPl%dfr%teazt I er tdhooce rone

nucl ei are ute and firne and uni orn1y strlbute tlre

materi gl g§ Qﬂ%nesggﬁ%’laqss%?u(\c Ry g Wekrddhe, nthéfegzll
reeZl n

or fas resul tant qua |ty is satisfactory. I'n

accor danee wi *Effé%a!t@vé%h%%d RY MRGiMNG etx}é‘%u iSPegd i 'c(}@sfﬁ(alas

general refrigera he refrigerator capable of executing the
super - ¢ook 'b%kfér?e%h'égs@é@et&c%@@ d@ﬂe Jﬁgﬂ?aﬁ)%ﬂ@k'a%nb@%tgﬁ%d.

mai nly given of the structure of hone use refrigerator. The i1d

of thisrlhpyenyhon £8ai g884l Ns EH@r%Q'étnr Olth ef Cfroo@(%fﬁgleltyt' fbﬂic@fatﬁrlts
the food is stored, the tenperature is |owered at a prescribed

cool i ng- speed t@ektﬁref r6ezimge BRKHLy Wotheet NBebBMREr akHEG sifSictory.
gradual |y lowered 20 usi ng the air flowentirely uniformy

di stri ik eguseent tRe keepr-tBe1SuReF reealied st als, ot tfihé'“s Fb@rr cooled
freezing tenperature is done for the food to be frozen; ter a

prescridegdte| mied apses, nutheicohfe ainiraita Bt hefnkowend t Shnsleifes e
is directly applied to the food to fast freeze the food, thereby

cancel idigs t hébdS esluperercadie ngit and mbheeeaklletp ble frandtkn s [Maser vwed
at a tenperature lower than the tenperature of providing the

super - coohpedretiate] tle. ghat nichendr e€zieeg itrenpetrat et of f rdB8Ling /8 the
This idea can be also applied to a large scale very |owtenperature

i ndust ri@sulteati dgduseal Thus;st beterdragytory.

In accordance with this invention, by modifying the
specification of a general refrigerator, the refrigerator
capable of executing the super-cooling freezing can be provided.

i5 The explanation has been mainly given of the structure of the
home use refrigerator. The idea of this invention resides in
the control, for example, that after the food is stored, the
temperature is lowered at a prescribed cooling speed to its
freezing point; while the temperature is gradually lowered
20 using theair flowentirelyuniformly distributed, cooling keep
the super-cooled state at a higher freezing temperature is done
for the food to be frozen; after a prescribed time elapses,
the cold air at a further lower temperature is directly applied
to the food to fast freeze the food, thereby canceling the
25 super-cecoling; and thereafter, the food is preserved at a

temperature lower than the temperature of providing the

super-cecoled state, e.g. at the freezing temperature of -18°C.
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can be greatly saved. Further, it is nore effective that while the
food is carried by a |owtenperature carrying vehicle as 5 a
refrigerator, it is caused to rush in the super-cooled state, and
the cold air at a |lower tenperature is directly applied to the food

Sur 13 0, SupBL;CODLEC SR )10 CHBRSL A URET 10001 3R My

eezi ng- preServed peci fical Iy,

whi ch tﬁut%ﬁggggkﬁk%ﬁqn;ﬁgkf{kfonQQZFﬂgfﬁﬁgg%ﬁ.t%ﬁu%%”fié“§$%ﬁ9y

anong the ce correspon 0O a vesse Wit h wat'er wit

gap. Squg| tb% ag:@%&%@géggdﬁt %’i;‘?ct"ﬂérﬂ dog‘&%g%g&?é‘%eﬂfeﬁ?'%féfevﬁn}gé%hoﬂe

during carr ition, the e store a

tenperatyr era0d 5 coghed;al 8, EMRELANULE, 0L ¢ £XCeSILYGY ] Y ThE. o

final reezing tenperaturé nay be at nps ut “not”™ at "a very

ext g emg] y JQuy SAL U 10f 580G AdaPEedni 1 the NAUsId 1 o 4 raealdg

house. Thus, without using energy as the carrying vehicle and by

usi ng tHey CaREYLRYdt B dihe SP&@érC?%h%%&aﬂcdle@zi£‘9d§§8c|%yd%@ﬁnlied
thereby contributing to energy saving 20 before and after the

carrying Ageor dhpal Yaut heqgf aad Wistlp 500d o f&geaithe Auabi tyagaBibene
delivered to a consi gnee. %s regards the food subjected to the

super - caghe Agcob ey Ngb | Ahbhe fRér irgRydt O4n ageor e &8zt Agt-Pireserved.
invention, its super-cooled state is given at a | ow cooli hg speed.

Ther ef gigec2bi aktier,,t Re dtermertatdn e 1midher 8hYywat 8psik0cbhe diMe&f ivdirth
of the food, sinmultaneously, the ice crystals start to be created.

Theoi cersrysp al ncegahed fpahkel alellyl Mdrld Nalio s ovh @08e UDET, OLBiry e s rangl
the size of the ice crystals created within the food beconmes m nute,
t her ebyt keepepgetlhei f Dod wiiah ivat e Asritegabdgap he So, its super-cooled
state will not be cancelled by vibration during carrying. In
addition, the food may be stored at a normal temperature and
cooled at a temperature not excessively low. The final
15 freezing temperature may be at most -20°C but not at a very
extremely low temperature of -60°C adopted in the industrial
freezing house. Thus, without using energy as the carrying
vehicle and by using the carrying time, the super-ccoling
freezing can be done, thereby contributing to energy saving
20 before and after the carrying. Accordingly, the food with good
freezing quality can be delivered to a consignee.

As regards the food subjected to the super-cooling
freezing in the refrigerator according to this invention, its
super-cooled state is given at a low cooling speed. Therefore,

25 after the temperature uniformly drops to the interior of the
food, simultaneously, the ice crystals start to be created.

The ice crystal created partially will not grow non-uniformly
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rel ati onship between the cooling speed and the size of the ice
crystals, as the cooling speed increases, the size of the ice 5
crystals created within the food tends to increase. The refrigerator
according to this invention includes a freezer conpartnent capable

of contyWewy) ¥i06 &l fipce Eeguhalisngrbhe egpehathii fe Hodde itk s

to be stored fromOC to the tefperature in a freezing tenperature
zone by ther£0! ¢l Ay ghbpundf eehdr oBR CORheitya COQ i Pdgards the

conpartnment arranged 71n the freezer conpartnent, "for taking in the

col d aifej£fi bhOM; pabeed <& khil 8¥RYL NROLLRl hhe £heeZer CorPand N
and sucked therein to keep the food in its super-cool ed state where

the fqod ie,Net LEOZRB €Y¥BNidly apkePendWa &f, (e fdLezidg 11 Ntce
15 or lover; a tenperature setting nmeans for setting the tenperature

of the drpezel scempantdmenti @hihhenberpeatidfis beb WegBr=2Ge0r | over
and -15C or higher so that the food stored in the cooling

conpartment frld s-dfirifersuper aeeekad ngt dberhiandn&ee@ibrdiimcludes a
regul ating neans for restricting the wind speed 20 around the food

st or ed fired hercoobhpgrearpar t eaplaiker elfy tontiegwwd eyt ey celt@dmiirse
jet in the freezer conpartnment to be taken in the cooling

conpar treqii 1 §01ihhathtehe dhpad- stwredoEnthbe feeal iR b WHAFddERt oth SO°C
kept in its super-cooled state. In such a configuration, the high

qual i t ytd reezitngueanabareeahi zeflreethng2beadead tanes yondhey the cold
refrigerator according to this invention includes a super-cooling
conpar tanentc f ocukeepidnd richre af @ad Ity ed dovliisg 86mpetrifeortemrranged
super-cool ed state at the setting tenperature between the freezing
poi nt dmn |tdweef rard d heorkES onehi ghissr Bypking in the cold air jet from
a cold air blowout port of the freezer compartment and sucked
therein to keep the food in its super-cooled state where the
food is not frozen even at a temperature of the freezing point
15 or lower; a temperature setting means for setting the
temperature of the freezer compartment at the temperature
between -2°C or lower and -15°C or higher so that the food stored
in the cooling compartment falls in the super-cooled state;
and a cold air reqgulating means for restricting the wind speed
20 arcund the food stored in the cooling compartment thereby to
regulate the cold air jet in the freezer compartment to be taken
in the cooling compartment so that the food stored in the cooling
compartment is kept in its super-cooled state. 1In such a
configuration, the high quality freezing can be realized with
25 saved energy.

The refrigerator according to this invention includes a

super-cooling compartment for keeping the food stored in its
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the cold air supplied fromthe cooler; a cold air regulating neans
for changing the tenperature of the cold air jet into 5 the super
cooling conpartnent and circulating therein; a super-cooling

cancel ing neans for canceling the super-cooled state of the food by

suppl yingt t e, £0hd Aige At cbhechenpesaburser  lower sLhan nigher sebkiriGure
tenperature by about 2 to 5 degree to the food stored’in the

super - §Q01h i WA L IEAL 1 310 kAR ok M dfletNen SUPRL -@%%ﬁ&ﬁ@% by

way of the regu g néans.” In such a configuratio

frozentfQod-4u ¢ hy gpoghu gk bly redm the easdlyr obt athed. alkereguiating
tenperature setting neans for setting the freezer conpartnent or

cool i ng\LONPaFd FeRhahl ity SrHVeshboR8aES UTe thd &OP4i Bgrspeed iint A
range from-3.5C/ hr to -I0C/ hr when the food at conpart nent

t enper atil esgberedcbA1iRg COGbAGtmeRPashAEM # SuLQPLRE Sthdhaint he
surface tenperature of the food drops to a range from3C to 0OC,

t her ebys1gRaist dgo L haof 8@l celld mpnRlahd Usdy ideid€] sSHgethe0ohpdrsicala.ed
20 The cold air regulating neans 15 is provided in either one of the

col d aistt dt ©@wolitt hporflodd e whipehl ihey adld cailrd 23 r pet thet cefberature
cool ing conpartnent being the freezer conpartnent or storing
conpar tlneyd r | Th4hi shenvehtiow tergodrhfairetlakeaboutpar tof Sorewtriech to
the cold air is taken in the cooling conpartnment 25 and the duct
bet weeniiehef ood dstavrelll omothepenpeandddiel tol| dompar thakde- amdpdrept By
regul ating the cold air using the cold air regulating neans thereby
t 010 estti e ts utphesr -wi owll 8P exith e dunda y8ad £t thire faamldd tad rbe efyalladmi ri g miclaen s .
super-cool ed state to 0.1 to 0.5 nis. Thus, the super-cooled state
can be Ikeptuch a configuration, the frozen food with good quality can
be easily obtained.
The temperature setting means for setting the freezer
compartment or ccoling compartment in this invention sets the

15 cooling speed in a range from -~3.5°C/hr to -10°C/hr when the
food at compartment temperature stored in the cooling
compartment is cooled so that the surface temperature of the
food drops to a range from 3°C to 0°C, thereby causing the food
to surely rush in the super-cooled state.

20 The cold air regulating means 15 is provided in either
one of the cold air blowout port from which the c¢old air is
jet into the cooling compartment being the freezer compartment
or storing compartment in this invention, a cold air take-in
port from which the cold air is taken in the cocling compartment

25 and the duct between the cold air blowout port and the cold

air take-in port. By regulating the cold air using the cold

air regulating means thereby to restrict the wind speed around
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The cold air regulating nmeans 15 and duct 16 in this invention
constitute plural curves in the indirect cooling duct 5 16B or
provide a duct length corresponding to the depth of a convertible
conpartment serving as the storing conpartnment or cooling

conpar tentso &4 heg WhSefa UsEAYi hhenBatfiberledo ithe 3tk @ 0.1 to 0.5
regul ating nmeans restricts the wind speed of the cold air at the

col d ain/ $| owdiis pothef kAP db 1d® sokdealchan d Gted. i nto the
freezer conpartnent or cooling conpartnment to 1.0 to 1.2 m's. Thus,

the super-coalipd sbatie aGan begkept ingAtdidionabl ¥nd MUdE S16 in this
enbodi nent, as an exanple of the storing conpartnment capable of

execut iiRgréNei sSHRESn€POt LAG p TOBL I NGLir $&Palr ehelimgi Feeezt sl Ongfasit
freezing, the 15 convertible conpartnment 4 was enpl oyed. However,

t hes ot hedB sé OCkr SOREar tMEll tSUGh @sh tder f & epZadiegMmar tteNtddptth of a
vegetable conpartnment 5, as long as it is provided with the direct

cool i ngoret t apdei bdhpacttneond iskg wircd ashittle camrhie ¢ elcegid Mahant or
changed, can also execute the super-cooling freezing or fast
freezi ngro RPOngredip srivagnti.n anjiestarsiengueonpathadntf f be d62di hgetapld
the user' s 1liking, a desired storing conpartnent can be set at a
desirecit enperbht il sgzorensr reggeri-coolting WinekApred Act drite ngl Md  aihe
refrigerator or storage house with good operability for the user can
be prowvitdethe 820 WHAE 1IXS IOIAFVNMED pSrtlfram efvigertiter codpriigi g Jet
plurality of divided storing conpartnments to which a cold air
cr éat ed o alewof mee k er sepmp aafden tc olrd caiorl idur (¢ digra stamelh gt ¢ hke. @dia
air fromthe cooler
1.2 m/s. Thus, the super~cooled state can be kept.
Additionally, in this embodiment, as an example of the
storing compartment capable of executing the super-cooling
cooling, super-cooling freezing or fast freezing, the
15 convertible compartment 4 was employed. However, the other
stock compartment such as the freezer compartment 6 or vegetable
compartment 5, as long as it is provided with the direct cooling
duct and indirect cooling duct which can be selectively changed,
can also execute the super-cocling freezing or fast freezing.
20 In thisway, in any storing compartment, according to the user’s
liking, a desired storing compartment can be set at a desired
temperature zone or super-cooling freezing. Accordingly, the

refrigerator or storage house with good operability for the

user can be provided.
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to at | east one of the storing conpartnments, wherein the cold air
duct conprises two ducts of a direct cooling duct and indirect
cooling duct. 2. Arefrigerator conprising: a plurality of divided
storing conpartnments to which a cold air created by a cooler is
sent; €opd | AfaguMets @f. a direct cooling duct and an indirect

cool ing duct which are connected to at |east one of said storing
conpartnents to send the cold air fromthe cooler to said storing
conpartment; and an air quantity regul ati ng nmeans capabl e of changi ng

said two co@| i dugct $2ERL0 LA Stptey of at |east both opened, one
opened or both closed. 3. The réfrigerator according to claim 2,

wher ei n Saidaﬁ?ﬂuﬂ%ﬁﬂ%&tafr699&@%@P%ﬂ8¥¥§?iéEﬁﬁQ?ﬁm@n%%nﬁbedHﬂdH a
and two outlefs, the inlet being connected to a duct connected to a

cool er depain 4 Nrwbireh tedl heopl ol srankanged;; thgqone of said two
outl ets being connected to said indirect cooling duct and the other

t hereof being eonreeatied di@ S&od @erRGin£adld RS 1HIGHr 83t thRoocler
refrigerator according to any one of clains 1 to 3, wherein said

di rect tepdt ngedyet ons ePenatke attarpag coapamgientéhe cold air is
directly applied to food within said storing conpartnent. 5. The
refrigerator waeoos th nthd @cdny adredattctampe iketsotdp dubesedn Saidtect

i ndirect cooling duct is opened at a position where the cold air is
not di resilinapplhicedanal fioothi medhi nosdildgstdording conpartnment or the
cold air is indirectly applied to the food.
2. A refrigerator comprising:
a plurality of divided storing compartments to which a
cold air created by a cooler is sent;
two cooling ducts of a direct cooling duct and an indirect
cooling duct which are connected to at least one of said storing
compartments to send the cold air from the cooler to said storing
compartment; and
an alr quantity regulating means capable of changing said

two cooling ducts into the state of at least both opened, one

opened or both closed.

3. The refrigeratcr accerding to claim 2, wherein said air
quantity regulating means includes a single inlet and two
outlets, the inlet being connected to a duct connected to a
cooler room in which said cooler i1s arranged, the one of said
two outlets being connected to said indirect cooling duct and

the other thereof being connected to said direct ¢ooling duct.
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6. The refrigerator according to any one of clains 1 to 5 wherein
said at |east one of the storing conpartnents is a storing
conpartnent capabl e of executing super-cooling freezing of freezing
by way of a super-cooled state. 7. The refrigerator according to any
one of clains 1 to 5  wherein said at | east one of the storing
conpartments is a convertible conpartnment. 8. The refrigerator

accordigng to TRy refer Djesh@bBatcbeding ftly tHigf MY YINGind Bty 19
conpartment case established within said at |east one of the storing

conpar R Sin aKh @ COVEE t NBFPEEnGoduEeeVEeS idieéd| £a pa aaltoofwiaire
upper opening of said storing conpartnent case, wherein said

indireethecad idgs ducisi gieperad; tapliTegtty fédaapptiinheaqel & tirid®
said cover nmenber so that the cold air is not directly applied to
the foedbmpdhimesai.d storing conpartment case. 9. The refrigerator
according to any one of claims 1 to 8 further conprising: a
tenperature detecting neans for detecting the food tenperature
within said at | east one of the storing conpartnents; and a control
nmeans fior corfitreoldd igi gardtarr aqoamding treegulatanmeg afeanisaions t heto 4,
basis of the tenperature detected by said tenperature detecting
means, whhereim s#id tinids et tecmiodeichg Hac tt he apenpad attua e atet eterdvhdne
said tenperature detecting neans is higher than a first

the cold air is not directly applied to food within said storing

compartment or the cold air is indirectly applied to the food.

6. The refrigerator according to any one of claims 1 to 5,
wherein said at least one of the storing compartments is a
storing compartment capable of executing super-cocling

freezing of freezing by way of a super-cooled state.

7. The refrigerator according to any one of claims 1 to 5,
wherein said at least one of the storing compartments is a

convertible compartment.

8. The refrigerator according to any one of claims 1 to 7,
further comprising:

a storing compartment case established within said at
least one of the storing compartments; and

a cover member for covering at least a part of an upper
opening of said storing compartment case,

wherein said indirect cooling duct is opened to directly
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prescri bed tenperature previously set, both the direct cooling duct
and the indirect cooling duct are opened, and then where a

prescribed tine or |onger elapses fromwhen both the direct cooling
duct and indirect cooling duct are opened, said direct cooling duct

is subsfraityathy €bogedilrotexeGul® dotlr atdmbe80kbnghatOtnbhecld air
refrigerator according to any one of clains 1 to 8, further

conpri sifgno& te@hpecalyr eagpleet ngo nears fobddeleehing ddiedf @@dbring
tenperature within said at | east one of the storing conpartnents;
and a ctp#®rtmeanschere controlling said air quantity 85 regulating
means on the basis of the tenperature detected by said tenperature
detecting neans, wherein if it is determned that the tenperature
detected by said tenperature detecting nmeans is a second prescribed
t enper @& ure revireudst ygeehtor howerdisaj ddiarectoreoa § ng Aited 1 ito 8,
substantially closed to execute indirect cooling. 11. A refrigerator
conpri siungthar ptomgkiitsyi raf: di vi ded storing conpartnents to which a
cold air created by a cooler is sent; a cold air duct for sending the
cold air from thenpeohénre clatettasty omsirgd fhe stedrdaigi monpaet et
including two ducts of a direct cooling duct and indirect cooling
duct, danmpeiatere cedltimiqn dusaidei 8§ comaedt edbn® avil edbe omwdogfing
the storing conpartnents and opened at a position where the cold air
from swnpzobhentiss dindect!ly applied to the food within said storing
a control means for controlling said air quantity
regulating means on the basis of the temperature detected by
said temperature detecting means,
wherein if it is determined that the temperature detected
by said temperature detecting means is higher than a first
prescribed temperature previously set, both the direct cocling
duct and the indirect cooling duct are opened, and then where
a prescribed time or longer elapses from when both the direct
cooling duct and indirect cooling duct are opened, said direct
cooling duct is substantially closed to execute indirect

cooling.

10. The refrigerator according to any cne of claims 1 to 8,
further comprising:

a temperature detecting means for detecting the food
temperature within said at least one of the storing
compartments; and

a control means for controlling said air gquantity
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conpartnment, and said indirect cooling duct being connected to at
| east one of the storing conpartnents and opened at a position where
the cold air is not directly applied to food wthin said storing
conpartnment or the cold air is indirectly applied to the food; and
an air rnl 4t yngegebals rg MandoLapabd £ ofie changergtiiwe deasddtngd by
ducts of said direct cooling duct and said indirect cooling duct
i nto asxidheempbate wafe bt heopéngdmeans opened or both cl osed,
wherein said two cooling ducts are selectively changed so that said
storing conpatamainiist dtst erddige cronmartit neat 186 teapadrt - wof e ebeanid ti ed)
t he super-cooling freezing of freezing by way of a super-cool ed
state. 87 said temperature detecting means is a second prescribed
temperature previously set or lower, said direct cooling duct

is substantially closed to execute indirect cooling.

11. A refrigerator comprising:

a plurality of divided storing compartments to which a
c¢old air created by a cooler is sent;

a cold air duct for sending the cold air from the cooler
to at least one of the storing compartments including two ducts
of a direct cooling duct and indirect cooling duct, said direct
cooling duct being connected to at least one of the storing
compartments and opened at a position where the cold air from
said cooler is directly applied to the food within said storing
compartment, and said indirect cooling duct being connected
to at least one of the storing compartments and opened at a
position where the cold air is not directly applied to food
within said storing compartment or the cold air is indirectly
applied toc the food; and

an alr quantity regulating means capable of changing two
cooling ducts of said direct cooling duct and said indirect
cooling duct into an either state of both opened, one opened
or both closed,

wherein said two cooling ducts are selectively changed

so that said storing compartment is a storing compartment
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capable of executing the super-cooling freezing of freezing

by way of a super-cooled state.
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