REFRI GERATOR CROSS- REFERENCE TO RELATED APPLI CATIONS 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 OF THE | NVENTI ON 101. Field This invention rel ates
to a refrigerator or storage house having a duct for guiding the cold
air created in a cooler to a di vRgegek@pk conpartnent. 2.
Description of the Related Art 15A traditional refrigerators includes
a plurality of storing conpartnents such as a refrigerator
conpartment, a freezer conpartnent, a vegetable conpartnment and a
converti bl e conpar¢ress-RBYERENGIMF @ HEDATEDeapeldcaimTaneat ed in
the cooler is sent to e.g. the convertible conpartnent through a 20
singl e duct. Thisheppénpertdtour & swhkkicd tbencandetlibihe thepBehsEht, of
which is detected by a convertible conpartnent sensor provided

t hefei neriiorddty hi yber Jebames preatenbedppdnpsrtatam eNoa Girveridbbel,
conpartment danper for controlling the quantity of cold air flow ng

t owar d fhéedormier ViBlve 2%, c8fPait nehe e tclosedpngratisf ¢hewhich are
tenperature detected by the convertible conpartnent sensor is higher
than a PrESEPCHETaEpRFaitrBY tieddwivesti bl e conpartnent danper is
opened. In

< BACKGROUND QOF THE INVENTION
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
i5 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. In



this way, the convertible conpartnment permts the tenperature zone to
be changed. In sone refrigerators, a convertible conpartnent 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 speeiifd GaR!,a¢8 CeBRNtUIHG Ihen VB { nsHE @St PE %ngieﬁfaggaghre

the convertibl é conmpartnent or ceiling thereof; fromthe 10 co air

bl owout zpaid , t & heeCtih@gEdbl ows, i HbRet B fGONUEFd t b€, CRMPESAPBRE ib1e
Therefore, only the portion near the bl owout port is abruptly cool ed,

wher eascbgpndie@t rhéataet ikelatdwiadyd | kel ¥hbagieachHdec opps st and
this (front) side of the convertible conpartnment which is farther
t han t hehienream sitebe 45 landheei | tagpéremutrke eabid .ai r Jp-owaiopor k8322
This is |likely to generate tenperature changes at sone areas in the
conver t dblse lomgrartmeat kand wekexfitigkfétoult to cool foods and
others at a uniformtenperature. For this reason, even if "slow
freezing" is éarfhedtoatlidonelsupérigealatuy r ef coder ate bhewboddsort
because of difficulty of cooling the foods at the uniformtenperature
due to tAeéSCempardiires Epangestot Be supépverd] inwy twasl harrevutdedsttl a
Further, where an indirect cooling structure_is adopted for the slow
freezi ngPeSiidE M2 €®l BORFF1BMSMAR bt tWaklnsich as the inner side
(-; of the convertible compartment or ceiling thereof; from the
10 cold air blowout port, the cold air blows into 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 reason, even if “slow freezing” is carried out
20 to super-cocoling 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 is 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



25 provided in a vessel, the tenperature therein could not be changed
to a freezing tenperature zone in the vicinity of -18C and the
freezing such as fast freezing could not also carried out. The
refrigerator disclosed in JP-A-2006-258322 pernits the tenperature
within a convertible conmpartnent to be precisely controlled by
controlling the convertible 5 conpartnment heater and a convertible
conpart geit. danper. This refrigerator, however, offered a problem

t hat power consunption is nmuch because both heater and danper are
used. SUWARYT@e THE AINENEEN disclosed in JP-A-2006-258322 permits

the temperature within a convertible compartment to be
precisely controlled by controlling the convertible
5 compartment heater and a convertible compartment damper. This
refrigerator, however, offered a ©problem that power

consumption is much because both heater and damper are used.

(. SUMMARY OF THE INVENTION
10 One aspect of the invention has been accomplished to solve
the above problems, and an object thereof is to permit both
direct cooling and indirect cooling to be performed in a storing
compartment. Another 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 3till another object is to provide a refrigerator or storage
house capable of super-cooling 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 refrigeérator
25 permitting the convertible compartment to be used as a high
humidity vegetable compartment to be used by selectively

changing the indirect coocling and the direct cooling.



100ne aspect of the invention has been acconplished to solve the
above problens, and an object thereof is to permt both direct
cooling and indirect cooling to be perforned in a storing
conpartnment. Another object is to provide a refrigerator or storage
house having a storing conpartnment permtting the 15 freezing to be
sel ectively changed anong fast freezing, normal freezing and

super - cool i ngAldeezdngy Sbi 4l FapethaspeRite@lr ithd CiKRERYi6H, there is

super-cooling freezing effectively. Still another object is to
provi depxaefdederat oe Lol getrartage haudeddiddn hesslypoakei t gonsungt veded
whi ch does not use the heater. 20 Still another object is to provide

a refri gératiorg oromparagentisuse cdpatil e afolsiipet ¥ conkahgdf bgezi ngoler
with high freezing quality giving a small quantity of drip in

unf r eeziliig sey tse Westtiagt \a clvdihisng dhieti ddirr eenddog) ithe aod d heér from
direct cooling. Still another object is to provide a refrigerator 25
perm tt tAG¢ €RE1leanterat blea o crehhetdtpeingetbmranthicgh shintdidy s
veget abl e conpartnent to be used by selectively changing the indirect
cool i ng t¥ivd ded Yidfe & dddsiathgooling duge cordiHydiveatf ceel Lagpeuet -
of the invention, there is provided a refrigerator_ including a )
plurality of GFFCHd™ dr9 fg S ARG tOF i@ MLV eBFdoBy r the&st éd

by a cooler is sen wherein a cold ajr dugt for sendi the cold air
T om o BhECcBIRE ddst B B rat 6 The Cibrerg RENpaItinpE SLvided

iacl ud t f di | duct d i ndi t i

(et OB e B SRRSO L L BR TS L
I [ fri t incl.udi it f.divided stori

oo 00 s ki ooyl o gL el Lok S et oeis

wherei ncgeCQlgh Bl duct,d ofgepdifng the %B%déﬂgr{ﬂgnk%ﬁﬁé¥¥y§¥téo's
at least one of the storing conmpartments i's conposed of two ducts of
a directom@elddig SHictyanduiRdi Lacty cpold g Qa'shng%%@é}ﬂj a; i { £CL ¢
cool ing duct connected to at | east one of the storing conpartnents

and opepgdiaihd QRst tieompeivhere 4 he el dbs1ihgmdihe cQaldctsd to
directly applied to the food within the storing conpartnent; an

i ndi recatcosd s0@rilet tdonRecteithd eocab aréatdn ohandf ocpBRealOF bNEosition
conpartments and opened at a position where the cold air is not

di rect | yhappl tee tolidad miftrieim tHe ckicdrd Ng £ enipasd feptaeplibe €6l the
air is 20 indirectly applied to the food; and an air quantity

regul at fngdnmeanbicapakl etofrichawgmpsg ttwercooldmg iict scbf codeidréett
cooling duct and the indirect cooling duct into an either state of
bot h openrdectms! bperfed earsthonk ef ddads tuéngi nonhe rttwendoobndgpkice d

are selectively changed so that the storing
( | 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 cooling 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-cooled

state.



25 conpartnent is a storing conpartnent capable of executing the
super-cooling freezing of freezing by way of a super-cool ed state.
According to an aspect of the invention, since at |east one of the
storing conpartnments has both direct cooling duct and indirect
cooling duct, a refrigerator or storage house capabl e of selecting
fast freezing, normal freezing or 5 super-cooling freezing can be
provi ded. AccoAREoiditg arD s diero asfrestipfedheoh NVeDhteNatS1LBEEE
changes in the tenperature distribution within a divided storing
conpar t oert odf thhe stefrigeradopacanche sr educed ta diafediget8bdingr duct
storage house permtting high quality food 10 preserving can be

provi dednd indiréctordiodgno dtct) anatefori gspectrobrt et dregant honse
since changes in the tenperature distribution of the food or the |ike
pr eser vedpwhtle notthe sstledtnigneonfeet neiteofinte redringér afoeeecangbeor
reduced, a refrigerator or storage house pernmtting high 15 quality
food pred®eYi P T el provided can be ppe¥ddddng to still another
aspect of the_invention, as a high quality freezing function, a
super - cool i ngAFFRESIAY f bRcEROT ST aaspesd | afpitdee bRpVesiieomi onance

fast freezing. Therefore, the high quality freezing with | ess energy
t han 20°Béfg é,?4%Lt%ﬁeF&V3%£ﬁ£L?$e@ﬁ%ﬁf%ﬁ?%&P%aMﬂ?Q&Wiﬁoﬁﬁ%ﬁ%ged

neasure _can.be realized. Further, the refrigerator according to stil
anot her *ERAED GIOPRETT ATG i0h HhGptse o | ERERFRPUFATL oREr GlcEtFed, =

(T refrigerator or storage house permitting high quality food
10 preserving can be provided.

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 refrigerator or storage house permitting high

15 gquality food preserving can be provided.

According to still another aspect of the invention, as

a high quality freezing function, a super-coocling 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 introduced in the

25 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



cooling structure in which the cold air is introduced in the 25 space
causi ng the super-cooling and the cooling tenperature 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 refrigerator, the super-cooling of the neat or |ike can
be realized. According to still another aspect of the

i nventi pRatSidTCE: 8 ddhtahedonens e s gsearas, t Rect RPRIALEE€Ling of
detecting neans, 5 the surface tenperature of the food can be

measur ethet keyaabyopel ket tag bhe Aenpetedure nearer to the food (e.g.
surface tenperature) to be detected and the success probability of
t he super-coo”hngridieezingstol berentlaacetspddiusf the fneezthgn, since
preserving (super-cooling freezing) giving the good food 10 quality
can be pnovnfledred sensoicterdsad &9 Hid [tergreotdienraspececbingheeans,
i nvention, which has a super-cooling freezing function of freezing by
way Sof the supdecsodlabataterethé hhghfqed cep breeasiasgded whiltdr ehe
size or shape of the ice crystals created in freezing is not 15 prone
to destPBYMiRE ekt af eBPpyeture dfearrr foodthruforer , (ssithcesthbace
ice crystals created are m nute, even if the ice crystals are broken,
the st atBTERISEW STt 1€ BEi gEREC tsCatadchReptueEeaFnelCh TR 1twhes Ehe
food is unfrozen, the food quality such as its taste, texture or |
by oser vHPEE RO bekiet o8 “S 50 Sidchbr §rIBRRT e ofSthe SierTHbDF R
ggeeziﬁg b%ma .of tgg supqy-ggﬁ{ed state,. the ice nuclei are nhnu e 4
d finE SRE T r APYPETSIII DUt R oS A HLY bntdre Mt &%l 998%et ©°
frqozen. Th as. conpared with the normal freezing or fast freezing,
thg%re§@;?§§Fy c%@iﬁ%ﬂ?¥3$$gegétisfactory.

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 guality 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 cocriginal state can

( be obtained. Thus, when the food is unfrozen, the food quality
such as 1its taste, texture or preserved state Dbecomes

20 satisfactory. Because of the super-cooling freezing by way of
the super-cooled 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



25 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a front yieMIof a
refrigerator illustrating the first enbodiment of this invention;
Fig. 2 is a side sectional view of a refrigerator illustrating the
first embodinment of this invention; Fig. 3 is a sectional view around
the convertible 5 conpartnment of a refrigerator illustrating the
first enbodi ment of this invention; Fig. 4 is a control chart
during fhe sioremibodiirenicng foftha s efnivgetabar illustrating the first
enbodi ment of this invention; Fig. 5is a viewshowi ng a
liquid crystaFidi.spkayi parel s ddeorshaigi¢natherféwstofenbodieentigefator
this invention; Fig. 6 is a control chart during the
super - cddllivff raebzynghef fd rsdef rgerdiment| bdsthdts ngwdret fonst
enbodi ment of this invention; 15Fig. 7 is a sectional view around the
convertible Flg. 3 1s a sectional view around the convertible
5 compartment of a refrigerator illustrating the first
embodiment of this invention;

Fig. 4 is a control chart during the normal freezing of

a refrigerator illustrating the first embodiment of this
Cﬁ 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 wview 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 1is 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-cooling

25 freezing of a refrigerator illustrating the first embodiment

cf this invention.



conpartment of the refrigerator showing the first enbodi nent of this

i nvention; Fig. 8 is a front view around a convertible
conpartnent danper of the refrigerator illustrating the first

enbodi ment 20 of this invention; Fig. 9 is a sectional view
around the convertible conpartnment of the refrigerator show ng the
first enbodi ment of this invention; and Fig. 10 is a
control chart DA TTE D hBESUREPTq@R! i0wW 2%k f pREFERGEDS FMHE®S e at or
illustrating the first enbodinent of this invention. DETAILED

DESCRI PTI ON OEnidE BREFERRED EVMBCODI MENT Enbodi nent 1 Fig. 1
is afront viewof a refrigerator illustrating the first enbodi nent

of this inventiiign. 1Fig.aXient wiade cfeat refal gbreitew afllastrating the
refrigerator illustrating the first enbodi nent of this invention. In

t hese fifdurss emdadifmeyeral dhisodpventicdnded i .d8ubb & ddoieedectional
refrigerator conpartment 2 at the uppernost stage, and an ice-mnmaking
conpar t FEfY P hnd Befrégevearianl el benpaptinat the iGhts angmbefidmeattowt
the refrigerator 10 conpartnent 2, The refrigerator body 1 also

i ncl udedd § r éBYEP tdGHHpar t ABnttBeae Heumer mestraf Bggcangoxy body 1
veget abl.e conpart nent ugv aboye the freezer conpartnent 6. The

veget abf& %‘T‘tﬁeﬁt" Jies_%‘?%’é% BEL&W G5 t Ve - RARPARY t&GTars nehkt the

and convertible C(;{)ﬁg%?rtnent 4 arranged | eft. and right and al so above

the freSPESHY Tonparitent B9 24 s 1r&e s 9 o FhpeRhe 3 and a
{r ange%@ltveq;tltg]fe compartment 4 right and left below the refrigerator

10 compartment 2, The refrigerator body 1 also includes a freezer
compartment 6 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



respective conpartnents should not limt this invention. For exanple,
a "md-freezer type" refrigerator nmay be adopted in which the freezer
conpartnment 6 is arranged between the 20 ice-nmaking conpartnent 3 and
convertible conpartnent 4 arranged left and right and the vegetabl e
conpartment 5. In the md-freezer type refrigerator, the ice-nmaking
conpartment 3 and convertible conpartnent 4 are arranged |left and

ri ght behew ldw=r e§tbgerator conpartnment 2 at the upper stage, and 25
the freezer conpartnent 6 is arranged bl ow t he ice-nmaki ng conpart nent

3 and convert Bl eheonpastireat dé apreaniged peftiandofi ghie atwfvl §érator
above the vegetable conmpartnent 5 arranged at

compartment 2, a refrigerator compartment door 7 is

double-doored which can be freely opened or closed. The

5 refrigerator compartment door 7 is double~-doored by a left

refrigerator compartment door 7A and a right refrigerator

compartment door 7B. The door 7 may not be double-doored type

door but may be a single rotary type door. The ice-making

C_ compartment 3, convertible compartment 4, vegetable

10 compartment 5 and freezer compartment 6, which are storing

compartments, have a drawble ice-making compartment door 8

capable of freely opening/closing 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/closing an opening of the vegetable

compartment 5, and a drawable door 11 capable of freely

(; opening/cleosing an opening of the freezer compartment 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 coperating 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, displayed information by the liquid crystal

display portiocn and temperature information within the



t he | ower stage. At the front side opening portion of the
refrigerator conpartnent 2, a refrigerator conpartnment door 7 is
doubl e- doored which can be freely opened or closed. The 5
refrigerator conpartnent door 7 is double-doored by a |eft
refrigerator conpartnent door 7A and a right refrigerator conpartnent
door 7B. The door 7 may not be doubl e-doored type door but may be a
singl e reifarigédypeodoebmpEie nae: Nk NngoaerpaAlld® By 3 E€ORVELLI B ice
conpartnment 4, vegetable 10 conpartnent 5 and freezer conpartnment 6,
whi ch aB@® stwrh ngs canparctroemiguthew epacdi dwdl @t cdrdrakbP@r cOOPaL bie Bt
door 8 capable of freely opening/closing an opening of the ice-making
conpar t wentr 3,siadar aablEreomesttipbratorpabbdent (dear 9sdajgablog ofthe
freely opening/closing an opening of the convertible 15 conpart nent

4, a dr aedllieaseyeenbrenpamFaranient door 10 capable of freely
openi ng/ cl osi ng an openi ng of the vegetable conpartnent 5, and a

dr awabl e doorwlihéapabmécgﬂnﬁr eenpagparfitiy/léd 88 Rjeakovpenrag pPrthen
freezer conpartnent 6, respectively. Either one of the left and right
doors ofTt hE&S2F §36% rI 4fef o0 or tRenbarthest et athiRAAY sl t he <e®BPrAgsor 12

conpartrent is prqvided with an operating switch for setting e.g. the
tenpera%ﬁr%rﬁ?PE? ‘thggFéT?fﬁégﬁfé OEHWBgyﬂnﬁﬁ?Ehﬁaeﬁzdﬂ§bF¥§l§anthe

60 f di_ spl ayi t t t i nf i h the t t
i thin CREBFERTGert (IS aREE CU1 (3 ip S5 RENbar &t WAE, LFer ERP, CPRde Snd

FRE : BCTERB? G, DFERERRR, SYhd
35 he TRGL G TS oI Sl S50 BeFEP o o L e ﬁﬂfﬁ%ﬁ&?%é”ﬁ%ﬁ”ﬁf# the
i t.hy : ' t - t

devitee 5b SR e T o ar By bon Bt . PRESper - BBr (T HRL Bpo0T

rear sige of EB%c{eﬁ'Isrécﬂ%ﬁt%rc@Bg¥ngre?ar(n%itdl%'&l%fwr})he rﬂ]qIéirgeefﬁigérant

conpartnent). 5Wthin a machi ne conpart ment at the Tower nost

por ti on,af nhhe o sddlei 8 ptbeshebrirgen At Ry hp & rﬁﬁﬁgr (%6t
is arranged. The refrigerator body 1 has a fréezing cycle.” The

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 coocler 13 is cooled by the

heat absorbing function in the evaporation. A cold air

C circulating fan 14 serves to send the cold air cocled 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 ailr quantity regulating means serves

to regulate the quantity of the cold air to the convertible

25 conmnpartment 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



conpressor 12 serves as a conponent of the freezing cycle and has a
function of conpressing the refrigerant wwthin the 10 freezing cycle.
The refrigerant conpressed by the conpressor 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 conponent of
the freezbngrcyd é.c BentlSided ri geredhveres pllke cioafiiGethdSt ¥ apRf ah g8
by the cooler 13 and the gas in the vicinity of the cooler 13 is

cool ed by ddevdeai babsordnpgrtmaati ocrodhihbe dvapbeat idarct Aleal d ahts
circulating fan 14 serves to send the cold air cool ed around the
cool er d8ntve rtthié ree spewp & vereonparctotents doebt ededatdr 16 is arranged

10

15

20

25

downstream of the convertible compartment damper 15,

Fig. 3 is a sectional view of the main part around the
convertible compartment of the refrigerator showing the first
embodiment of this inwventicn. As seen from Fig. 3, a
convertible compartment case 17 1s arranged within the
convertible compartment 4. One baffle 15A of the convertible
compartment damper 15 serving as the alr quantity regulating
means canh regulate the quantity of the cold air sent to the
convertible compartment 4 by opening/closing regulation
(regulation of the opening/closing angle) and can select one
of the two ducts constituting the convertible compartment
cooling doubled duct 16. Now, the convertible compartment
cooling doubled duct 16 consists of two cooling ducts inclusive
of a direct cooling duct 16A and an indirect cooling duct 16B
(In Fig. 3, the convertible compartment cooling doubled duct
16 is branched into two cooling ducts (direct cooling duct 16A
and indirect cooling duct 16B) through the air gquantity
regulating means 15 from a cooler room connected duct 16C
connected to a coocler 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
the air quantity requlatingmeans 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



20 conpartnent 2, ice-nmaking conpartnment 3, convertible conpartnent
4, vegetable conpartnent Sand freezer conpartment 6) of the
refrigerator body 1. A convertible conpartnent danper 15 serving as
an air quantity regul ating neans serves to regulate the quantity of
the cold air to the convertible 25 conmpartnent 4 sent by the cold air
circulating fan 14, thereby controlling the tenperature within the

conver ti;plte igpnparbRRBL- tA ¥ acHhescEinked t@é@ﬂﬁ%%@atﬂlﬁu&ﬂ gegkris
cool ed by the cooler 13 is sent into the convertible conpartnent 4

t hr ougha & reoneeal t bhl erconpat tiegt €Ootheg okl eiuet cbhpalhident 4,
convertible conpartnent cooling doubled duct 16 is arranged

downst r eamredb it heecodhugr thiel eclomat t nerpedanper the. HowWwdigt Bots 8or
sectional view of the main part around the convertible conpartnent of
t he refiedgdriatortisdombig taher fis shoenbadivieldd ofnt hhe icrddnitnigone f Ashe
seen fromFig. 3, a convertible conpartnent case 17 is arranged

Wit n chavearhidrie islomsonpaen reht by, tioaecbbd faier ©BAsdfng hbe indirect
convertible 10 conpartnment danper 15 serving as the air quantity

r egul at ¢ &g Ligkh slucsn 1ioggultdtce ite it § i hef comer e} ido ¢ rcasepre r tipent
t he convertible conpartment 4 by opening/closing regulation
(regul ati 8F SPAURA opedi h§LELYsifHPmrghe)cahndingan sel ect one of the

two ducts constituting the converti bl e conpart nent
In the dlrect cooling duct 16A, a rear blowout port 4A

(i is provided on the rear side within the convertible compartment
10 4. From the rear blowout port 4A, the cold air is directly jet
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 1is 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 Dblowout 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



15 cooling doubl ed duct 16. Now, the convertible conpartnent cooling
doubl ed duct 16 consists of two cooling ducts inclusive of a direct
cool ing duct 16A and an indirect cooling duct 16B (In Fig. 3, the
converti bl e conpartnent cooling doubled duct 16 is branched into two
cooling ducts (direct cooling duct 16A 20 and indirect cooling duct
16B) through the air quantity regulating nmeans 15 from a cool er room

connect e nghiGttkbF CRRRREHed of @A ICAH&Fi 888Mbn! BheUARWREr surface or
configuration, the convertible conmpartnent cooling doubl ed duct 16

sel ect ssQae ghctehe it whCealnvig sl s @ntbseerbates .t henathiguagtklyin
through 25 the air quantity regulating neans 15). The direct cooling

duct 16Ahserives tacidi ceclliyigsend it R0l thai blbaocue pgeaveydti bl €y the
conpartment 4. The indirect cooling duct 16B is provided wthin a
convertcblle ednpanttnentheecbinrngritdatl 4 nsathps ot m28 tarr argeboptdeided
ceiling of the convertible conmpartnent 4, thereby sending the cold
ai r .5 Begaukent v hewedt péra veaw peefilnguéhéitgl draiith @ how cooling
provi ded on the ceiling of the 5 convertible conpartnment 4, by the
col d ai #rpassiiagiehe i Adi Ebet 2ésobitng dery B8] 1t feanfmtiéni or et shkow
convertible conpartnent 4 is cooled indirectly fromthe ceiling.
In the GPPEEARIcEHTEY HEcieteAC &ivearths ovwritiper te¥Rl ¢ dnmond el ba
the rear._ side within the convertible compartnment 10 4. Fromthe rear
bl owout ti36r t LBALITERE c S0P LiNY | £QUi & | Y etds i t He'coRirig BEEbLe
npartnment 4. In this case, where a convertijble conpartnment case 17
EEeind e Eor

g(grvi ng“38Pg TRV R § J Pr AR del i Fhe into the
ot 495 YBYS TR R RER bRt T bl CoRBRbA PN C AU TR ot aR 17
case 178V R TR A 1B SR a0 ntr 1o R o T A et £y
't s reeireny Rn BE A e e R AR R T T o

4 i's nofspERyi dgd i@ dhal, dihg, d 00Gy4 8y o regt | ¥ostared paid @@%&nﬁ%%nt

convertibl e conpartment 4, because the cold air can be jet f .
rear bl pyoutcpitréhp tdhed R PerdhERe LY a0 8d P Fidhd 3ihidh

the indirect cooling duct 16B, the cold air 25 blowout port into the

conger tidreecOrAr LMIYn A 81P0k HAMILIEEment 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

20 to a prescribed temperature by the control device (e.g. a
microcomputer) .

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 coocled by the

25 cooler 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



However, the cold air having passed the indirect cooling duct 16B is
returned to the cooler roomthrough a convertible conpartnment
returni ng duct provided on the |ower surface or side face of the
convertible conpartnment 4. In this case, in the indirect cooling duct
16B, the blowout port jetting the cold air into the convertible
conpartment 4 may be provided 5 as long as the air of a very snall
quant it §5qr tinet Biadow anling dpeedl 68 4048.thé 1h@i abetotoaivey duct
smal | quantity or at a low cooling speed is jet to give the cooling

| evel idém acabntved he padiiéetl spel sa@hetoitveé vi okadgedf. t BFarther, by
convertible conpartnent 4, the blowut port jetting the cold air into
the 10 comiertliliry cohparpearingy oo sonyeanipbee oforghar tatentbefiféelI5A
may be provided in the indirect cooling duct 16B. The slow cooling in
whi ch t Rercelodtaial hibnar Bheyfiawl sadan ive saagjaraded s dhetsndthectold
cooling. Wthin the convertible conpartnent 4, a convertible

conpar t fredt Wiy i SR eest9ipedpidiviiett Whi @l 25 Sep¥es dsiled speed is
converti bl e conpartnent tenperature detecting nmeans for detectin% t he

t enper afGPE Wt HBF IR ERRVePLELFETEGHareHent - 4. 110t ke Bases of Ehe
tenperature .detected by the convertibple co rtent tenperature |
ot bt | FECRARY GIs TRE TERHOrE GPE RPEHIF LR LoRre | Bk e thntially
conpartﬂent 4 s coniroILed 20 to a prescriped tenperature by the
cont r ol MAEHZOE NG . a2 th cr BESASEEEY)Y . £ The ol 8 dRPsEesed byt helly

o1, 42512080 cha, \BESSERELL K8 AL 1R cORPR PR, Hheolih e

cold air air circu

ggg@egi {3@40&&%92%&@9' Erel3Passesotha QYA Ay duch L8Gddy ough, thes g

status, since 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 cooling duct 16B. As a result,

the inside of the convertible compartment 4 is not cooled by

15 the cecld 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°,

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

20 is provided. 1In 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 Dbe reached quickly. 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



circulating fan 14. By controlling the opening/closing angle of the
one baffle 15A of the convertible conpartnent danper 15, the direct
cooling duct 16A and the indirect cooling duct 16B arranged in
paral l el are selectively changed. Further, by controlling the
openi ng/ cl osi ng angl e of the one baffle 15A for controlling the flow
rate in each of the ducts, the cold 5 air with a prescribed flow rate
or at aapiRsliredospeedulss ngeblirpe ddie seeiv ekt thker eefpanic-iest dsihf
this case, if the opening/closing angle of the baffle 15A is zero
(subst abhicaldyrdoti zortlalng 208, iprefesabl yoolQR)g, asswbstant i@bdbying
fully (-closed status (both of the direct cooling duct and the

i ndi r ecéell icwpltiampengtuaee oifn taec|Osmdi ¢ at uspars mendvitdedoe | codbbhed
status, since both direct cooling duct 16A and indirect cooling duct
16B ar eot| bsedencled adud ehag rof hwts et -¢coo bbb @reectingodlinngiducs,
16A and indirect cooling duct 16B. As a result, the inside of the
conver t FBeef tovRa Ermtey disthetdeberéd vyl 189t tectdl @b disrmpdsslagger
the direct cooling duct 16A and indirect cooling duct 16B. If the
openi ngFBRSsithg taryf e- ¢ LREipSCH e€orpidng dupst ARBI &0 yiigg- when the
(substﬁgti%lly,vertiialz 70 to 1100, preferably 80 to 100{, a.

subst antfaELE £81 TV o¥erREPetat id PGS PVt ey .oF Ahencelst atgsflows

ince both direct, coalin uct
sthe gntothedlrec co%fqngduct16A,therebyemphasizingtheeffect

(T of the direct cooling. Preferably, if the flow path area of

10 the direct cooling duct 16A is twice or more as large as that

of the indirect cooling duct 168, 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
obtained) .

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. In this status, the direct cooling

C‘ duct 16A is substantially closed whereas the indirect cooling
duct 16B is opened so that the ccld air is sent to the indirect

20 cooling duct 16B. Thus, the 1inside 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



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, owng to the cooling by both the indirect cooling and direct
cooling, a prescribed set tenperature can 25 be reached quickly. 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

ot her, bhleyhesyobeos &t eaftentcordecor dhng domp HerHehRY .pusﬁzﬁfﬂ%ﬁ%f‘ 8%

the frequency of using the direct cooling and indirect cooling, “size
and coobilrgvaed tpagtt ampermttlie af rbbe syl ngycanpar imantndp He also
cool ed or presence/ absence of the super-cooling freezing (In Fig. 3,
5 the fbowwatdd aseatht thd ldingeotabpl shgeduwatl 1164 isoteske wanger.
than that of the indirect cooling duct 16B so that when the baffle is
fully opened, Hathanger, qudmt it ghdf t hemboddmaint f | ows | nkegkheisdi r ek
cooling duct 16A, thereby enphasizing the effect of the direct

cool5 ngoprrrdfiar/abl 9s ing phetérow pathie atiee of ct® tireg dluettl oakichghe
duct 16A is twice or nore as |large as that of the indirect cooling
duct 16BRAF@ETT Is@ Paifty sluat fUfBy idpwaredexphe igEd thiat usinigkehg toe
flowinto the direct cooling duct 16A so that the effect of the

di rect e885Hcy 28R Dethasia pabbeansedt . (lisspbehandgadingfoldyi gpyosed,

angle of .the paffle 15A is
9 (25 substan 1af§y fully opened and (3) the direct cooling duct

(T 16A substantially closed and indirect cooling duct 16B

10 substantially closed can be selected. However, one of three

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.

15 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

C' 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 ailr quantity can be controlled

precisely. Further, since the direct cooling and indirect

cooling can Dbe 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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substantially 45 (20 to 70, preferably 35 to 55), a one-side open
status is provided. In this status, the direct cooling duct 16A is
substantially closed 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 conpartnent 4 is indirectly
cooled by the cold air passing the indirect cooling duct 16B fromthe
cei | i ngiand sodkefexrm Ae@xphadakbiroBrhastbear genl ©f EPhe@xampheckNthe
whi ch the indirect cooling duct 16B is provided on the ceiling of the
conver t tbinpr2s wonpact neat et iHofbyer, @#tionfaaesibhe €dolkthrg running
identical to the indirect cooling can be done, it nmay be provided in
not t hecoaidiitigerbut £t dvesi dempakbsor o t npewal | ti{par thiel onempdtatuod
the bottom of the convertible conpartnent). Simlarly, the bl owout
port 4Adefecthiedipgcttiooofirng zeuct cdBpantyebé at swppreviuded dntébeing
ceiling wall, side wall or bottomwall). Htherto,in this
enbddi MRRENSs Mefarzizowhe Brepdsiath/idnsieke phiner fhef tdwmoeliakere of
cool ing duct 16A and the indirect cooling duct 16B, it was expl ai ned
that usfn§ -t RBCoAESBARM €0THTe gteRired Hat Pemisoibed)teupsrakural ¢y
fully clgaggi‘(Z) substantially fully opened and (3) the direct

T

cool i ngt 6A NGNS Bnt FEEFY T} oSS ARA NERdi e t CEBBIESE Fuct LB g
ot o1 reO DAL EPh pSEant FRRF LR | YBEeheT 3 Sabortti dHINPATRFYTe
e e e R
darnger Beappr EEPhd o MhbEr aBE AR Sy FRYL AT e Tk G D
openi noySNEErReAuA fx HAGREL COOL BOHUEY LEE Oy 137 AN Hhat

the direggt coqligwr#pdrihatyof cthegi Ny ectpgool # ng. cap bﬁogrg%f@rﬁ&%%

20 controlled so that the cold air quantity can be contro

preci set ¥mpEubihele abBeetlifgy dnbaek cPOl 1RWANdLhAdi rect ¢AQld g wad
be selected separately, controlling the tenperature and changi ng the

prescriterpteaperat uneoran e peest sehy rdanern 25kbg.stdep Ss@ .cont othe
chart during the normal freezing of the convertible conpartnent
danper tbmptrihereefddigariaddr bghaniend riche 1 redmeabodement: cafpdhitsure
invention. In step Si,
detecting means is the prescribed temperature or higher (YES),
the control proceeds to step S2.
(’ Step S2 is determines whether or not the temperature
detected by the convertible compartment thermistor 19 being
20 a convertible compartment temperature detecting means is a
prescribed temperature Ty or higher. 1In step S2, if it is
determined that the temperature detected by the convertible
compartment thermistor 19 1is lower than the prescribed
temperature Ty (NO), the control returns to step S2. 1In step
25 52, if it is determined that the temperature detected by the

convertible compartment thermistor 19 is the prescribed

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

17



it is determ ned whether or not the running condition of the
conpressor 12 is satisfied. Satisfaction of the running condition of
the conpressor 12 neans that the tenperature detected by the freezer
conpartnment tenperature detecting 5 neans (not shown) provided for
detecting the tenperature of e.g. the freezer conpartnment 6 is a
prescri bed tenperature or higher. Nanely, step Si determ nes the
conpresgar. running condition and determ nes whether or not the
tenperature detected by e.g. the freezer conpartnent tenperature

detecting 10 mpansdiei 89, a theMMesvereidekedd g FRRBS L] Sidmier 15 is
prescri bed tenperature or higher. In step SI, if it is determ ned

t hat t hgplegrmenat Brﬁgrgébeﬁﬁrﬁﬁr@ﬁ ke ifd 86Ze5ucOPRARE L ARAY, %ﬁmw t@%gﬁ%d

detecting neans is lower than the prescribed tenperaturé (NO

control seetts ngtt eudlseiriiialfyt becly shaymeat v4 el dewestad-dy: thee o
freezer conpartnent tenperature detecting neans is the prescribed

t en@Eer aL wo€) or fhicghethé YES) 1 vt kel ond r ot apeocerdss tanisi £pl $2.0°Ht epTH
is determ nes whether or not the tenperature detected by the

conver t £blhg rednpaoorsds theshept D . 195 bep riy 2@ ta ramimess wWibgl tther or not
conpartnent tenperature detecting neans is a prescribed tenperature
To or hEBRercon¥e st dpl s2compairtnentdedanpehed St has been enperedufer a
detected by the convertible conpartnment thermstor 19 is | ower than

the preBEFBEFTRMRE e tTO(MNPIeThe EBritFl St if st £6 debprened
I@_ st epthat the convertible compartment damper 15 has not been opened

10 for a predetermined time ty or longer, the control returns to
step S4. In step 4, 1f it is determined that the convertible
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 0,° (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
C detected by the convertible compartment thermistor 19 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 19 is higher than the prescribed
temperature T;°C (NO), the control proceeds to step 8. Step
58 determines whether or not the convertible compartment damper
15 has been opened for a prescribed time t; or longer. 1In step

25 38, if it is determined that the convertible compartment damper
15 has not been opened for a prescribed time t; or longer (NO),

the control returns to step $S6. In step S8, if it is determined

18



25 S2, if it is determined that the tenperature detected by the
convertible conpartnment thermstor 19 is the prescribed tenperature
To or higher (YES), the control proceeds to step S3 . In step
33, the convertible conmpartnent danper 15 is opened at a
predet erm ned angl e00 (substantially fully opened state at
substantially 900 (substantially vertical: 70 to 5 110)) fromthe

fully choesed tsleateniahstion ic@ldya PthenthampBlr Db HIOGRRAS SR ERor

S4. Step S4 determ nes whether or not the convertible conpartnent
danper 5 phass diciare @pened £porom Iywget e(YESpd theecbprenbll preeeedd to
step $4, if it is determined that the convertible conpartnent danper
15 has sdtefh&En ofiened eb0SBer thepeedetertiibned compa ttnait |Rngesr 1the s
control returns to step 54. In step 4, if it is determned that the
conver t bblemexbnpar tment pladpee rid has  degneoPgned shiaks tarredet ¢r runed
time to or longer, the control proceeds to step 35. In step 55, the
conver t PRieg asb A atare Atlbgdmpdriabl y eopeinell ht  dllpe etetterad med uns to
angle 01 (one side opened at substantially 45 (20 to 70) being a
m ddl e &&§FePS-Thénc8heroP opr bEeblisi$ glstepribged that tiseepeBBerature
determ nes whether or not the tenperature detected by the convertible
conpar t B GURG R%tidhe 190 €e Rt hPdsc FOBRR igrRItE dihve BmTEEosr 1PoWer the
In step 36, if it is 20 determ ned that the tenperature detected by
t he conRERSIWBI L TDnhpEFPRERL Uferth St o Hoower hi §RBer /t Wdve t¢envertible
escribed tenperature T100 (NOQ, the control proceeds to step 58.
ep 38CABPETHIIE whetafhehr ot t Ké coRvererbl e (EBREARIRERL Hanpd’/

%?]??Sigsggt%gﬁﬂggﬁffL%?rgég%c%ﬁsed time t1 or longer. In step 25 58,

etermne erti bl e conpartnent danmper 15 has
not been opened for,a prescri.bed, ti t1, or. | onger t he ntrol,
returns to st§§w36£hﬁngfgﬁg§£%qq %4gi%%ﬁet%?ﬁ?n%d éaﬁ%tantlaﬁ%y 907,
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 0,° 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 inside of the convertible
compartment 4 is gently cooled, 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.

19



that the convertible conpartnent danper 15 has been opened for a
prescribed time t1 or longer (YES), the control proceeds to step 59.
In step 59, the convertible conpartnent danper 15 is opened at the
predet erm ned angl e 000 (substantially fully 5 opened state,
substantially vertical). The control returns to step S6. In step S6,
if it is determned that the tenperature detected by the convertible
conpart rert deiingt@egiBei ot e PraHCTE PEDL L eMpempluten il (G ohpL oWk
(YES), the convertible conpartnent danper 15 is closed (substantially
0, 10 suahstaet pakky ditydd aitmed Yo Newehahgepr €ser thedoangbee008 wsking
e.g. substantially 900

At thibeangkteppehretootal aididftoridieiconverithbhie compart meivdrisble
sent to both direct cooling duct 16A and indirect cooling duct 163.
Ther ef ocemplreniant dd ofubhtavdiwdrity bheidommar wikhoukS dedscdogl ethe
more quickly to the degree that the cold air directly flows therein.
The Spr eSepilied angled B1lthdnetihe comvesntpdle gorparAmertti ¢ .anfheret hee
direct cooling duct 16A can be substantially closed by the baffle
15A. ThePerarnd tameosf &het ReN¥Sird idie faornaet rentedanpes 15 becomes
compartpent 4 is sent to the 20 indirect cooling duct 16B. Therefore,
the i nstB& BF ST et t1B| ElcOfpdiliEHT ReFaUEgoPed CReRIRNT £¢ bas the
ceiling side of the conyertible co rtment 4 (or fromthe side or

pBs ! {6 tof

the bot ? FONVBLHOLE THRPFRER OPhe cBAVERLRBPE ok aramRni ng
i gently cooled, fhe, tepperature distrjbution 25 wthin the ,
éghvert?%gée@oﬁﬁhﬁkﬁeﬁ?u SE@@&ﬁégjéﬁb%Q%ntf%&ly BRPREFh oty GoPling
nat,ur al VECt i 0 d.aihr.so, that the_food.can_be preserve
er et et R P e N R R T e KE R L b

converté?lghQO@g@grﬁgﬁl gpeéel§ﬁ?éfggaprescribed tine to is
maki ng

changed tor the purpose o he tenperature distribution within

the convertibtg compartpept 4iﬁUb§&é82B%Hc)é ugisfgr mopid h%{ﬁ%’eifdjé’lce t%]%gr

the 5 cooling speed within the convertible conpartnent 4

openi ngatbBRAGhot B £RAVEL £ 5Bl EnsOaPAELFESt HRIPernJonbesanes: hhe the
prescribed tine tl or |onger because of opening/closing of the

conver t{ &hpegampald ein t #0106 t Jonby iteliw g d¢hevepenbne dREee: tife00
(substantially 900, fully opened), the cooling
15 4 canbemade suvbstantiallyuniformwithout 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-cooling freezing

20



10 tinme is not extrenely delayed and so the preserving quality of the
food will not be inpaired. In this way, in accordance with the
refrigerator according to the first enbodinent of this invention,

since the tenperature distribution within the convertible conpart nent
15 4 can be made substantially uni formw thout reducing the cooling
speed, the super-cooling preserving or super-cooling freezing can be

done. Fykthest ffeéhendi shhay panel. 6@isheynthRihigOwatersa £GW PREMPLe,
with a select switch or a select button, where the node of fast

cool i ngaff astp lcooh t pgnowifldstbd reezenglofl 120 sepeeteddled hisaswi bah
or button, by opening the convertible conpartnent danper 15 at

subst anfralelzi 30 {f wdy openied) suphe-coolliety stidie n tTes comvert+cbbiked
conpartnment 4 can be done in a short tinme, thereby realizing the fast
cool i ngstha&st redelrisngoothéastat e edze ng)wh @b Iwe zer dredancd e, t ihiehssate
invention, which is provided with the direct cooling duct 16A and the
indﬁrec@fcwétﬁﬁgoﬂubgof%Bﬁ Kerddaivenohftiohe Heemer nat utecketnygest helow
super-cooling freezing or fast freezing can be done. First, taking
wat er a8°@nbedarepl ®, fareddgianpeion -wi ITheewgkeen wfce héadlper -icootked
state and freezing by way of the super-cool ed state. The super-cool ed
state rBPBPEOIRA stlad & VP PP 7R kTS £e®t edIOVRECST alB BTRET
wat er of 100 %.is kept even if the tenperature becones, bel ow 0C bei ng
a freezfRgt poirnEe Hhe SuafetY Sod kT o HP RS perilbd| 2bBEAPE RakK

f inta ice. ' der t | i this,. timul
S roquiPed THTE @ | FARHETAhy5e B FREVS 1 i ér dtbY 5 Eotmi o} ig-
hysi . st igul ' ! t tinul d i cal
S e T oy L ot e e ST
f L art f ' '
et ant SABOUS ° ThA per CLRt G5B or 21 B2 hal A nGHAT 5 TP 5gn® R EprFom

start OEhEr§€§i:'Ego:ESf§§¥%&%l§f %s0E b6 ANtiL, 4 gdé%eti'n%GM&?é&QT

;5 wat er, sherbet is creat ed. I n or der that t _ econes ice
in 100 PhefyethenteRE idW ise rﬂqalutaﬁgaheoh%& FrePAln Nok e sddet orf

freezing by way of the super-cooled state refers to super-cooling
freezi nrebexhyg asokbefe v kable didifenenci et ween the ARENBhse 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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20 freezing or super-cooling freezing resides in the state when the
freezing starts. Now, taking, as an exanple, the water contained in a
PET bottle, the phenonenon occurring when freezing starts will be
expl ained. In the case of the normal freezing, when freezing starts,
the water start to freeze from25 the vicinity of the surface of the
PET bottle, which results in the state as if thin ice spread on the
sur f acewather edflitlebe fheziege eXxthends cwtaicd the bbterisobranthd the ice
eventually the entire water will be frozen. The growth of ice occurs
around thelice uckiei chnwaltiech muetissru s ebalres chrawd ot eatebuat ek ust e
with a certain or larger size. The ice nuclei are created when
freezi ng steartiasin Thgs langathestase ofhehd arormetléf eezieng;remised Swhen
the ice nuclei are created on the surface and the ice grows from

t here t WaeE e spetttison Thusheistthe cafsenafdrhe noraalefykez ity ncet
nucl ei are created in_a certain direction thereby to create |arger
needl e- PfkEPEcECErYuFaRd. 208 £hEASERePThARE, Shhfare easetbr LRe grows

super- Cgl(_zloimnw‘g,l'xere toward the portion in the state of water. As a result,

the ice nuclei are created in a certain direction thereby to
create larger needle-liike ice crystals.

(ﬁ On the other hand, in the case of the super-cooling

10 freezing, the entire PET bottle inclusive of the interior

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

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 bhetween 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-cocoling 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.
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10 freezing, the entire PET bottle inclusive of the interior (center
portion of the water) of the PET bottle is substantially uniformy
cooled in a non-frozen state. When the super-cooled state is
cancel l ed by the tenperature stinulus or physical stinulus, the
freezing starts and ice nuclei are created 15 uniformy over the
entire PET bottle. Further, the ice grows in any portion within the
PET bottl e inBbusi tbetdepsurtacéd iandfireeering wio lthatexdidl adhédnot more
grow toward a certain direction. Thus, substantially uniformmnute
gr anul afleited lor yst Bhe arefobioainshr Ascecoedimy, the thiferembediment
bet ween the normal 20 freezing and super-cooling freezing resides in
t he fol LBRilnggorEoRirad teckapldnf fer draping the stebdki hgnpeostsse
Nanely, in the case of the normal freezing, the |arge needle-like ice
cryst al SNILITENRIR F AR ¢ heasrfacktblyhecahi e bheayeperegpeding and
whereas in the super-cooling freezing, the substantially 25 uniform
mi nut e HRIHHET Eht?r%?@?g?téﬁen@ng&‘%%a&irﬁ‘é?]ér?c?ethﬁ bR eEBERRS,

state, the foods frozen_ via the su er-co%led state will _not be _
i mpai r HPT ER&ESS prEsad ViR &5Vig§ etting tigindipf the cold air

- cpol i ng, £ 1 eezing. will | ai ned i detail . Th
el 1 gor U8t HECHT B Ro'E o TS EiBodP Gt i HoT tibe s ¥oik A the cases
hani s f ing.t | | : " | )
tably Toh M TR T E8hRR Ande R At g et BRbrarare R

01, 15 BAER A A TR U o O RRC R L AL 200 o

jetting timng alr to be direc jett

st ryct uEgraugh @snthe cases sy .iﬁh&peeﬁﬂ9d§;d%%%@écgrorcon rol

control nmechanismfor determ ning the conpletion of the super-cooling

necessan¥ch@ni@nsUr 6ty oGanGR the SHefure9! heGesand 2 H8VIGE X1 the
control nechanismfor giving the stinulus necessary to cancel the

super - co@bkRgcoble d@f I iTes at Of r ah80aitBe! udes anfuntdd Hm ofukeet bAdor
and preserving for keeping satisfactory freezing after the

super - coobilhgghasdheeas eandekl edr K&dht 8,54 thies Bapeorgopténgihpesztag
can be classified into the following five states according to the

t enper atleesopetrireadobihg (Axpobekmozemost hied.t he food tenperature is
a freezing point of the food or higher.

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

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

20 (2) super—-cooled state: the food temperature is a freezing
point or lower and the food is not frozen. Since the food
tenperature continues to fall, it can 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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20(2) super-cool ed state: the food tenperature is a freezing point or

| ower and the food is not frozen. Since the food tenperature
continues to fall, it can be known that the food is in the
super-cool ed state. (3) state where the super-cooling has been
cancel ed: the food 25 tenperature has returned to the freezing point
fromthe tenperature |ower than it. (4) state fromthe start of
freezi nGhtexradie: chrpFebidoneathesenfs firtkee £ioog podadhes md lse fuheeizt phase
point to nake their phase change (in the case of water, liquid water
changes changss ol dird thee)cagrl 4% W@eqmratlm@edt\aaheremengew énto soliad
(5)state where the freezing has been conpl eted and food has 5 been
frozen &mfrn%%%r¥%dkepﬁea ¢d drist deent empgen tyranay of the step of
(4). Now, the freezing point of nmain foods will be expl ai ned.
It is -157C féitaﬁée’f"}lﬁére«th—elfgeefzdﬂ%ﬁés beepcepap g fsst anst fopdias

for a sirawb rry,; and -2.0C for e (Reference 10 Docunent
VoS t oPERRTAP ZorBath "SRR DU A i Tt e modd AARIIBY Py of

Japan, lF<%s ha Kosei %(ﬂku Co., Ltd. 1975 p. 922). For the
state o ?59 ere are a conditi on necessary for rushing in

the super- Cookb%g £B fr88%1n9'8£§% of main foods will be explained.

It is -1.7°C for beef/pork; -1.3°C for tuna; -1.7°C for a potato;
(j -1.2°C for a strawberry; and -2.0°C for an apple (Reference
10 Document: Yoshito Sakurai, “Sougou Shokuryou Kougyou (General
Food Industry),” 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
(j 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-coocling 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, if the door is opened for a long time owing to take
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15 at the tenperature of the freezing point or lower in their
non-frozen state) and a condition for deepening the super-cooling
(lowering the tenperature which is reached in the super-cooling
state). For the state of (3), there is a condition for canceling the
super-cool ed state and starting 20 freezing. For the states of (4)
and (5), there is a condition for keeping the goodness of the food
super - caal/iog: brrozes.fddda isuthieciepbly cdear SHpat=606kiing theyseeting
(tenperature difference between the freezing point of the food and

t he tenpemptar=e:uecachedafted tbetlsapereendhpngdiagnobehdbheairned 2hat
by controlling the states of (1) to (3), the effect of super-cooling
wi | | nothige tleogtentihe widhés dhe(d4ypamnd cow)lirtpwergrar thehhebdoones
is opened for a long time owing to take in/fout of the foods in the
super - c6dC edrshagaerortd fcarhee kethé nguperpevatlwd dtsatrad) seshtvollheill
freezing point or higher so that the tenperature within the

super - cb6l ey ot néAPbédenst B ? L hilgher to cancel the
super-cooled state, control will 5 be re-started fromthe state of
(1). NEREL t ReéesEEppsoP f( 13 )18 (8} willdee e b vedd - Fi Farst,
they w be expl.ained on the basis of the investigation result when
as a foJB%‘faytﬂél R SAHR+P LD efi Uk ds Pes 150t B d Wit ght 9B8E Leporgspit

ut in. An _explanation will be given of the 10 super-coolin .
P ondi £ BACPoFa e ABERs CH0IS K6 ok feith (T HRAES Caf 15 g Snd weight

- [ i f h fri { dir hi i i .
ot 10y T, "Bons) (Phe' 31 he ORI Enatdt R s Dt pEwePe O Bhe
t h i ! i bet he | { hi

0&5 € %QQ%EQ%CQH.q%%aqgm%%ggigﬁreﬁg% S m@ﬁgg E%OOQngi g%%%ﬁépg%?%t

point ( grature rea I'n the super-c¢ sta

tenperaLgagn%gc%ne ggoqiagqgﬁﬁiéé§f¥ﬁ§9g%%égy lﬁft@ﬁec%%fféﬁifgﬁgr

is too high, the entire foo ed”in“a nonuniformtenper

state (48ebedihf trtds diiffes bet tyge
the food and tlhegacore terrf)Ler atrﬁ{hg&% her]!gg%%g%gn lﬁ%ﬁ%ﬁ%%@%@?é?ng%t%

frozen pepkirorcand MN-41 0Z€PeROEbhORNs SaACE tihe HeL @ JI VSt @l 5198 OWSand
around the ice nucleus, if even a portion of the food is frozZzen, the

ice crystal ffleldergieowdiakéag tRevabele St oM 4 dlIeiNGNphA aZzeN RAidd ©4kuhs
a result, the needle-like and ice crystals will be created. The

neadl e-tékeh2d icetheysthpks-coedieail sanmng) cef lihorcdwss genger st ystab s
give rises to flowout of water in the cells and breakage of the

cel | s amdef ptvHeandr i psf fowealing painfr eeZilmghe cooling speed is too

high, the entire food is cooled in a nonuniform temperature

(_ state (there 1is a large difference between the surface

temperature of the food and the core temperature thereof),

20 thereby providing a frozen portion and non-frozen portion.

Since the ice crystal grows around the ice rucleus, 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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Accordingly, the essential taste of the food will be reduced,
nutritious contents such as |liberated amno acid will be reduced, or
feeling of the food will be deteriorated. On the other hand, if the
cooling speed is too |low, the maintenance 5 of the super-cooled state
is not problematic, but |engthening of the non-frozen state may | ead
to deterioration of the food quality owng to bacteria bl eedi ng and
oxi dation proRoticanlindgl wi ebhef ddweset fart sastint idf t hRet éapet atUl® be
reaches the freezing point, the food should be cooled so as to reduce
the 10 defitershceauietivbierus o rsiuet bs e tanper dtibee sdretl eovieo acid will
tenperature. Once the tenperature has reached the freezing point or

| oner (Bgpercussichd =t afedlintecdobhiendosgeet Ishdwe deecihoressdd tOn
qui ckly reach the | owest reachln% point of the core tenperature and

t he supEhecobhes kinde Shétiedcpeléagcereed 1% taw épéweggetwntenance
non-frozen state from being | engthened. In this way, the tenperature
cont’r ol ©5r t28I ﬁUEPF"Fé’@}ie&?ls&?tl% %Pﬂteﬁré’lli{leé’%ﬂﬁ}%u&ﬁﬂ yl%‘?gthenlng

stepmnse the respective states re the ood js coopled to
freezing %Pﬁtnoflu trr?e?rerbcf*oﬁaetoe ¥ etosfhien B%Fh?héﬁOd
t he freem

20 II d d
ffozen. PRI ReP Y %Jf%é&lﬁ&‘%ﬁ@b%@i@ﬂfﬁ%ae?ﬂeggl B ot niei o -
i Vi t I | ed
AR 'MFS%%?. FRTE %%Bté&n%?béﬂﬁi.t%ﬂ%ﬁ%% P8 Eeatips ofhe

qZone. f@&@m,r%%eupaovmé oS dif PR PACLEIL sé5a£u98t QB 8

cost bl endt ool'i hg speed

cong t'c@ff@farﬁ'z'l NopLRLRHNE Shper ds‘?ﬂ%dé@ %'ehg%efaﬁe@@' nedy Theore

food is cooled from the surface an e center ood i s cool ed

by t herp@hpe@RdYGtd 0N ALLOr Ehd g+ ERApkhe ddnd h’ﬂen@l thiekpessHd #hesing

food. This is because the cooling speed of the food center is

det er mpednaf s er1bhercoshipag -sRrAk Ofs ttdte: f 0ath SWIALEn§ SsPeed should
determ ned. Further, actually, where the tenperature change in the

f ood |go@c&mmﬁéheddlﬂoaqhoakinEeaehrtgerhéwéstlieaahgﬁ@epahntOOf the
detect the surface tenperature of the food so that the surface

t enper atare tiesnperstudef amédhelbepkremuercedtad et aate sheufl@ode suafackled
and food center fall in a simlar tendency 10 in a tine passage when
t hd 5f oot i estgpet -Idophed.- e 2dre s¢ades 6 omhipe begfldrayt hgnadt.hi tkngsss
of 15 mm and a wei ght of 150 g, the environnental air of the food
reachesvay pridseridippe refpseatansrod. gr ¢o8l ainC rrgul@Cion hpoar B8ed
m nutes. On the other hand, the food surface is late to reach the
freezi rfg1§5cea|tﬁmoaﬂt5ehbyoqzetﬁpwmses atg(Fhf N eBesEige mitmfass where
respectlvel¥ There is a small difference in tenperature betmeen t he
(Eod cérter fand Féo&QﬂﬂQ%CEO Bhs f£&eszd ndeGRERT { K§ UrHhRey 6100 ad tte
a

r settln te erature S her,_. there
th 9 sup cooled st ék

'lower than the freezing point;
20 super-cooling-cancelled; 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 ozZone. However, the provision of the antibacterial
25 functicn, which is costly, is problematic.

First, the cooling speed for the condition of rushing into

the super-cooling will be explained. The food is ccoled from
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20 is a snaller tenperature difference between the surface and
center. As the air setting tenperature is |ower, the degree of
super-cooling, i.e. energy in freezingbecones snmaller. The cooling
speed is calculated in a range in which the food surface tenperature
is 3Cto OC. The cooling speed in this tenperature 25 zone is rel ated
to success or failure of rushing in the super-cooling. If the setting
t enper atree sarmfiimde t hndf abe icentEE ¢hetheolfong speetbdfed hieyf 6hdrmal
surface is about 3.5C/h; if the setting tenperature around the food
is -7C, comgligyoldmgaspeediofy thre Hfloodk sndf avd ithiatkoes @ H; thad fiobd.
the setting tenperature around the food is -10C (the degree of
super - c8bliisnglfs bstraeo9) tha heocedéhniongsepedd of the fHoodsurdraoer 5is
is about 10C/ h. Thus, as a condition of rushing into the _
super - cBetiergingd t Rétern sthe ceppadilnali skanée obetieeniohd fobdface is
surface and food center, it is defined that the cooling speed of the
food sufP&EEMINBC H Uptefer abFyusEry, mMhand Lhandemaaes Bugpechange

Changesiaiqntthbae goeo@e{gt gcragtrolled in a home-use refrigerator, it is
general to detect the surface temperature of the food so that
the surface temperature is first defined. The temperatures at

C the food surface and food center fall in a similar tendency

10 in a time passage when the food is super-cooled. In the case
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
C (K) .

20 is a smaller temperature difference between the surface and

However, as the air setting temperature is higher, there

center. As the air setting temperature is lower, the degree
of super-cooling, i.e. energy in freezing becomes smaller. The
cooling 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 1is related to success or failure of rushing in the

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

-5°C, the cooling speed of the food surface is about 3.5°C/h;
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10 difference between the food surface and food center. At the

setting tenperature of -5C, there is a tenperature difference of

about 1 degree (K) between the food surface and food center (the

cooling speed at the food center is about 3.5C/ h) ; and at the

setting tenperature of -7C, there is a tenperature 15 difference of

about 2 degrees (K) between the food surface and food center (the

cool i ngifpede aetthead oedpeentiwird sraboid the Bpod O Lire otikes cBandng

at the setting tenperature of -10C where the degree of super-coollng

i s shal kpged hef echs fobdnperdture idi fdenencE @fh abond Bfdegeesstikhg

bet ween the food surface and 20 food center (the cooling speed at the

food ceftapdmatboat aooumd . tAezorfibadl yisas -d @endittiton fdegrashi og

in the super-cooling, it is _defined that the tenperature difference

bet weenSHRE T THP SR ¢ dceShAd 1o ERAtE015ng skapded g food sysface

preferably 2 degrees 5K) or less. Wiere the distance 25 between the

f oo sutfacdnd 1806 Bent dhliss shoré, Cpmﬁlﬁﬁﬁﬁtﬁérﬁﬁﬁhddﬁhcimyoothe
thin me even if the settin

the food is snmall,. for %: %
{enper atHPET S4BTt Hoh THUEE H0f GRERIE Ll Bsenden e dagus te food
Frboen PRgdibIant T PREME S Ol AIPLERY BhRY Ehi% 2 lRRE, apeca
diti I d f t he food f hat th
fiﬂp'er;%r% Fritety SR ﬁefh?oa%‘)es%?#‘%la yaadéf%oﬁ center is
K or |ower.lndef; éh'c%scé)ndlth R, Lhe fchaiI? Qﬂegﬁ n@er&?%rggure
t ood 8

avoi ded. A) If t he tenperature i fference bet ace

anqof 004 ¢l &h dN Y Las88n LS @eeal Y r&fa d%&%ﬂ@t@éo&%éﬁte@ 'ﬂtt bge

food changes and owng to the density 10 fference, convection

wat er C§@E%‘l@1%dtbﬂlptekiea€19&gdﬁ—%eﬂerﬁﬁgge THUS Ir ﬁPeo&lﬁf% ence

associ ation of water nol ecul es increases tO prono r owt | ce

nucl ei ,ofherety fagiditat iRy waprekhnghef réba §@@@éc@09hanﬂooa)céﬁter
the food surface is frozen early, with the food surface being fixed

at 15 thenkr eezilihgdaigiedaa st ahel Fzed erRwdONMENtabhE @%%ﬁﬁr at gflg
over the entire food. Thus, the food is preserved stably at the

freezi ngtpaihet st ihe (t@@dpengatheﬁé eanducted fHeora t he Hoadkigik f acere
will be used as latent heat so that the freezing will advance. 20For
t hild r edsbheriehache ff sbdudurfdeerieesf (Bzenetwhenehhier BoddosunEbkenand
be super-cooled. On the other hand, as regards

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

C the degree of super-cooling is shallow, there is 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 Dbetween 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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the air tenperature around the food, in order that the food is nade
at the tenperature |ower than the freezing point wthout being
frozen, it is desired that the air tenperature around 25 the food is
-10C or higher although it varies according to the kind or thickness
of the food. It is apparent that the upper limt of the air
tenperature around the food is the freezing point or |ower of the
food to-h&°sypehecabd @tlec FOr exgp@-esodbinghaobeehodr ofdwe i §hhs1low,
-1.7C, and for nost of the foods, it is set at -2C. The cooling speed
for |inthesmphhecrenpéiature goodB Heyzer fipder |ess is desirably
about 3.5C/'h 5 to 10C/ h, particularly desirably 5C h or | ower.

However, in tA& ¥as® eff ﬂ:%@ eRoy endac iy seems cidnetstive qonditdépn
| ess, at the cooling speed of 5C/mn or less, it rushes into the

super - c88 T gy Can. 1ike speed 60 rd e foadiFBrRagiends £ i kadsenperaurm
food, RS EBHSSIR HE- W TR of BACEOBRL SRER R0 20400t Fabd Sand 1 dolf OF
Food subRvae 'y'oﬁatd?dn% b°”t%i+€$9¥1§eFb&%@%w&%%@%’erﬁ%ﬂe‘i%g Re
ESZIT%SQ‘s’%@eg b Boun? 1608 s REE5 06 1t thesters Eetfw%é’e'rigv?%néood
O 11 or oRE 267 % %@51%5%%3%%@:% o n§{ %§$?§*&§é?§ﬁuﬁeﬁ5’ﬁﬁnge@§% StnkEs
t@é1wx@oﬂQbQ%é§ in the food changes and owing to the density
10 difference, convection of water contained in the food is
generated. Thus, 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

Cj surface will be used as latent heat so that the freezing will
advance.
20 For thisg 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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a factor which obstructs the rush in the super-cooling and 20

mai nt enance of the super-cooled state, it is desired to restrict
changes in the cooling speed, around the food. Further, in control
the air tenperature at or decrease the cooling speed the
refrigerator, in order to a certain tenperature, the air tenperature
around the food inevitably changes owing to the 25 influence from

var i ousP@ATc @ P&t T ofs §hehtagdokrolf SRGTe TPPressoFor opkarples
the fan within the refrigerator and openi ng/cl osi ng of the danper.
ChangesTPF the Beeh efpeosturdt is -1.7°C, and for most of the foods,

it is set at -2°C. The cooling speed for limiting the
temperature to 3 degree (K} or less is desirably about 3.5°C/h
5 to 10°C/h, particularly desirably 5°C/h or lower. Howewver, in
the case of the thin meat having a thickness of 10 mm or less,
at the cooling speed of 5°C/min or less, it rushes into the
super-cooling. 1In the case of a meat lump having a thickness
C of 40 mm to 50 mm, the cooling speed of about 2 to 3°C/h is
10 regquired. In any food, the temperature difference between the
food surface and food center may be limited to about 3 degree.
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-cooled 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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give a great tenperature change to the interior of the foods. Thus,

t he convention of water is pronoted within the food. Nanely, the
probability of the association of water nol ecul es becones 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 freezing point of the
food i sgexecedgteEfor ol ture loWégei £t 6. thBeihpedibusBESthR ¥hHBds.
super-cool ed state was experinentally about 6 degrees (K) or |ess.
Regar dl easisof e &Onsiend iand & ndaoért Hes fmosise tady witbihid ushef food.
cancel ing the super-cooling of the food surface nust not given. Thus,
t he chaNga&ly t Héh eaipn dbertpiet At uret arlorireds ddei 4 obdni sf dest eabhyl 6cKies
| ess as descri bed above. However, even if the super-cooling speed is
sl i ght | het®mest hi dbds orthtdie theobabe k-t odfirngr dark Bhebydfo bhecancelled.
super-cool i ng becones | ow, the super-cooled state can be created. In
t he fenviPosvsinr irerave s ékample@d i4p terusecthiet food tie Mishoim the
port, the tenperature change is 6K or higher, e.g. 15K the rush in

t he sup®FPEGIGaRy *%Ans betfadéhgnd siRre Bailper e c6BRNAG 20 Widkiher ¢ godr ed
which is lLikely to be super-cooled can be deepened. In order to cause
the food™td L Eéﬁ %ﬁeﬁﬁé%ﬁgﬁ%BlfeHh@t hped 15 exceeded (for example,

-1.7°C), i.e. the food rushes in the super-cooled state was
(j experimentally about 6 degrees (K) or less. Regardless of the
10 size and kind of the foods, any stimulus of canceling the
super-~cooling of the food surface must not given. Thus, the
change in the air temperature around the food is desirably 6

K or less as described above.
However, even if the super-cooling speed 1s slightly
15 retarded or the probability of cccurrence of the super-cooling
becomes low, the super-cocoled state can be created. In the
environment where for examplie, 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 likely to be super-cooled can be deepened.
In order to cause the food to rush in the super-cooled state
and deepen its super-cooling, 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 food decreases. The temperature of the

food surface will be stabilized at the air temperature around
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and deepen its super-cooling, it is not necessary to cool the food at
the fixed tenperature. If the food is being cooled at the fixed
tenperature, the tenperature of the food surface drops 25 so that the
tenperature difference between itself and the air tenperature around
t he food decreases. The tenperature of the food surface will be
stabilized at the air tenperature around the food. Thus, in order to
deepen the Sieped - cAthung, iht oksedesior ekt dihe $00drisce0aned Wit hs
the tenperature difference between the food surface and the air

t enper atgrssl @ itd: it hdef Hoddbies np Klegd wdttrather t anpevaltue cod ifdeeence
5For this purpose, the air tenperature around the food may be reduced
accor di R§tweamethenpepst e &Hice hendl oblesarfracenre f oogdreeatennd he
the process of deepening the super-cooling in the hone use

refri gef&cst Pehed skepitng tt enpeg e @i e Hayllse Or more.

5

10

15

20

25

For this purpose, the air temperature around the food may
be reduced according to the temperature at the food surface
or food center. In the process of deepening the super-cooling
in the home use refrigerator, the setting temperature may be
reduced by 1°C every prescribed times (time whenever the food

temperature drops by 1°cC, previously experimentally

investigated, 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 experimentally
investigated, e.g. 2 hours). In this way, with the temperature
difference between the food surface temperature and the air
temperature around the food being kept, the food can be cooled
so that the super-cooling can be deepened. Inversely speaking,
if unevenness or change in the air temperature is great, a great
temperature distribution is generated on the food surface or
the thermal conductivity of the food surface is increased so
that crystallization will start from the surface position
likely to be coocled, thus 1leading to canceling of the
super-cooling.

As well known, if the ice crystals internally created when
meat or fish is frozen are large, the cells will be broken and
the quantity of drip after unfreezing is increased. In

comparison of the quantity of drip of a beef round or tuna
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(I'reduced by 1C every prescribed times (tine whenever the food 10
tenperature drops by 1C previously experinentally investigated, e.qg.
0.5 hour) after a prescribed tine (tine elapsed fromwhen the food is
put in to when the tenperature at the food center reaches -1C,
previously experinentally investigated, e.g. 2 hours). In this way,
with the tenperature 15 difference between the food surface

t enper abeferend thike saipe t-eimel Bhyreroe oUng dhe doefabefngekenty, there
food can be cooled so that the super-cooling can be deepened.

| nver seiy speekidemcy fthmeviemeedsipr quhandeyi i haisugerpesal ihg s
great, a great tenperature distribution is generated on the food
surfacelomi2@d fie hhéfnak kenduct ibhaty iof theenbood 1sfirtaecdnigs It has
increased so that crystallization will start fromthe surface

posi t i opekinkglon stigidyeed oohat, pohesol eaditaga ¢ scdriselfiawd ofot heuitable
super-cooling. As well known, if the ice crystals internally created
wher? 25CRedregZifich ik firoibiiakby| dege, inhe gemnesadi IHowselye bitehhat
and the quantity of drip after unfreezing is increased. |In conparison
of the GU&Rt Bt FUTKRR | PLBF YalBedF AZSinPoRsetnad pefwe@rhanted after
super-copoling freezing and normal freezing, there is a tendency that
the dripGuaktitt fah TheuptreRool thgtRds| FAPLed too A F2rthesqubry
that in _the nornmal freezing. It has, been considered that potato or
Laro | WHRE PBod hBE BOrrati & BTG Adodiig CHISHSS (ABIT P HONe= PR B0
qgheranhogsqggkd t§aﬁ when fookfd curry is fng;ﬁn-gresgrved gnd

re- heat 2d after The Akt Ay 1o bet 2t BhS TH T hiC LhseouedYer ebPeSt he
curry w Ly :th 0 emy ryshe s considered to
(189 o b8 el e EnBObB R co el NI R 911 8 Eon o

because Lia5ReRAANA LS [hozen and Lheh ULTp2gRurk! pet Not retain
, y maki ng the texture poor.

However, 1if the curry is frozen by the super-cooling
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 conventioconal
freezing destroys these three-dimensional structure by the

(; growth of the ice crystal. The structure once broken will not
be restored toc the original state even when unfrozen, so that

20 the water in the potato unfrozen is lost. On the other 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
ocriginal three-dimensional structure can be probably

25 maintained.

Thus, it seems that the texture of the potato unfrozen

after super-cooling freezing will not become bad. As the case
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However, if the curry is frozen by the super-cooling freezing, the
texture of the potato after unfrozen will not alnost alerted from
that before freezing, i.e. will not be dried 15 or soggy. The starch
which is the main conponent of potato is conmposed of anyl ose and

anyl opectin. The conventional freezing destroys these

t hree-di nensional structure by the growh of the ice crystal. The
struct umeyobee bnekern WiHdomptcdie edms edetiotbhehor b ghaal Febalsewdien
when unfrozen, so that 20 the water in the potato unfrozen is |ost.

On the baher heeh borasiséetrkd | te cbgst alcs: croattebby the freezing.
super-cooling freezing are very mnute, the three-dinensional

st r uct uRecofr dsitrsg th, il i srotgpeshkdostatdéfwanewt iBgehhafswpetheocoling
unfreezing, the original three-dimensional structure can be probably
25 mai nfaesedng, the Tipedsi whiadhshelgt héent eengislerfed hdopdrat not
unfrozen after super-cooling freezing will not becone bad. As the
case nmaplitelisuche affRegrRIcHRbeaphrreanto ThEset Hér FookRowhi Ehat
have been consjdered tq be not suitable to freezing._ Accordingly, it
is sugg‘égﬁé& th& tHyadspling hé idfifer-hO AURRE T¢@REPAGS LERe, fBoRYtE
whi ch have been _cansidered to be not i.itable to freezing cab be

frozen. FFRUST YPEELS Rdnt T3S &f%@ FISLF T b ent APf e EFREtUre
- | ed _st at e, i 1 i , t al d t hat t
oo LaRco sy Aduad L Srof il Kol e S0 B3k B0 e et Mrresde
] d...T LS.a. i i l.t t. if .f i d .
i T SPRA9E ST 1P o 681 81 ROTY) e Yed 08 s BV PRe Lk i P Sl ez i

frozen apaipe tela%efafao%.q#a'eﬁev f@éd%}gr&feﬁ f@gflgrgg%%ﬁo}ggtsfgozen

unl i ke the cohvention reezi ng. erto, the explanatio een

iven o - ids i eral S :
gi ven of sLhg MarHd srhqusgAin dey genenalt Q%‘g@%gkggﬁlgg‘%vﬁr&%g%d

in food processing, the super-cooling freezin

used. l&nhagebesr eopfddierbthat rhe-Ahaut eness aftd harca g5vstat son
created in the super-cooling freezing i s nore excellent than the

freezingagtbe8AGyivThtsofftahdei vheypai s of paldctidinl holdaholds .
quality freezing, the refrigerator according to this enbodi nent can

be subsiidwatved,2@lfsar ian Sowiigdro@ds ¢ hgi gehat eupedifae® 1ihey freezing
refrigerator according to this enbodi nent has no need to create the
colig aicant kan eXfeemslwe llyowatedper al ur @alsy iséng qgreatreaer ghamnl tke
the industrial refrigerator, a nerit of energy saving can be
obt ai nedin@senetsise dhvidse | gaei onylsiteler tar elebedi badthiet siupeassumeting
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
20 for an industrial refrigerator. Since the refrigerator
according to this embodiment has no need to create the cold
air 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 0.5 m/s. The cooling speed for the food is determined

34



that the wind speed of the cold air flow ng around the food is about
0.5 ms. The cooling speed for the food is determned by the
tenperature difference between the food surface and the air around
the food and the convection heat conducting coefficient. This is
because the smaller the convection heat conducting coefficient is,
the smal |l er beconmes the tenperature 5 difference between the food

sur f acebgnththeehpedademtee vl fafiad-diicd $edasd ¢ d Hdhdlo ddheusirie eoel ede
state is realized at a higher speed. Incidentally, although the

cool i ngadpeedrpsndef thed byod tang passageowhangeonn hbetf coshductang
tenperature, in an actual product, as the neans for detecting the

f ood sufPgdd ir0 animper®r i el s dredaisaridee sgmsbleorthberompeteips heat

enpl oyed. This nmeans detects the food surface tenperature in a
non- conFQ@@Wﬁ%ﬂﬂQ‘qg?ﬂﬁkﬁ&@mﬁ@ibhéhﬁaﬂmaﬂﬂ@ﬁ‘h@épm@ﬁ therempleraysre

emtted fromthe food surface. In this way uessi ng the
t enper afltfd SAFd R é%?ib‘f’e?ﬁetF%QOP%ﬁPFﬁélqeer%égd%hﬁ efefed ecglebieby £hé

15 therr pJIe when f ood |s ine. the convertible
conpar t n]ts &P—Stlﬁéﬁ E%@.tg*‘e%lst%ﬂr %QC%%?H&QC%E@ difessP hé ZEReA | R haher

it f th f oqd the t h t
capaci L yool Ae Lood S L1, amihe LT pessade change nihe, oy
t d hor t d di t he .20 food
s1e o0 Beaganded oslir et gecpidlng, (o the 20 Loo pul 1D, o,
[ 1 hat
ofpeel gban et mubschs gl Gnerallyy ity 1S9t Moo

sealeed vepsel-airtiAd, | 88 Which walers yhth,ng thermopile is employed.

This means detects the food surface temperature in a non-contact

manner by receiving the radiation heat of infrared rays emitted

from the food surface. Inthisway, 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-ccooling 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-cooling will not be cancelled. Where water is put in the

drawable compartment, e.g. convertible compartment of the
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25 gap, for exanple, even if the vessel is waved severely, the
super-cooling will not be cancelled. Were water is put in the
drawabl e conpartnent, e.g. convertible conpartnent of the
refrigerator, even if opening/closing of the door is repeated several
tens of tines in a manner of full-opening/full-closing, the
super-cooling will not be cancell ed. However, where water is put in

t he seakred niessedtdy, abosh if Lpéhengupebsdenl bfgthel dobaneel Fegdeakkd

at once. Fromthese facts, it is thought that in order to cancel the
super - ceeliengp by ewisbe Aitti iome s d rspacennsr el éd oprnsiehfhl uclosing,
freely flows. In the case of the food such as neat, fish or fruits,
si nce waher sipefri-idosd Mig hiinl eactt HPecedhcahdednonfotvkseasl Whewiet Waher
gap, the food is identical 10 to the sealed vessel filled with water
with nolgaputAdtuditry, statetheessmderky bilecsdnpdlt mérte isumiir choohéng
meat_ super-cooled is gut, even if door opening/closing is repeated in
t he Imanhér C8Rcrdledopéni af/IRNEE - cl BEPAF e e » ddolisnghpyghdt that
cancel l ed. Further, the percentage of the water contained in 15 the.
entire $BoBTEEICrEAFRRG SicdhfuSBIeTufert Hegshpeyieboling i 8 space is
cancel | ed depends _on th egree of suyper-cooling. For exanple, in_the
Case of FEABLEESLIPCEBE PRy b Les 6Fo4 VaELPES -(KID TAS % S 5dr SHE FPofh
the following equation for a freezing.rate that the._i ucl.ei .will
be crea?8§%1%558%§ f Rt BT St ivd S8 5 ]%ﬁFiFéEES nghln each
ffeezin t 9_. = ép r T) /L. x rV x_100 _where . specific
heat (kjg?LkLgLK)%nﬁ adréonlgs tg/ﬁ?kéle)%é? )vjllth no gapy, t% food ‘1S 1c§enjc1cal
10 to the sealed vessel filled with water with no gap. Actually,
for the convertible compartment in which the meat super-cooled
is put, even if door opening/closing is repeated in the manner
of full-opening/full <c¢losing, the super-cooling is not
cancelled. Further, the percentage of the water contained in
15 the entire food of creating ice nuclei when the super-cooling
is cancelled depends on the degree of super-cooling. For
example, in the case of the super-cooling degree of 4 degree
(' (K), it is apparent from the following equation for a freezing
rate that the icenucleil will be created in 5 % of water contained
20 1in 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/kqg)

AT: temperature difference (K)

In the case of the super-cocling degree of 4 degrees, the
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V. volune (nms) 25L: latent heat (kJ/kg) AT: tenperature difference
(K) I'n the case of the super-cooling degree of 4 degrees, the ice
crystals created are in a mnute and grain shape. From when the food
tenperature returns to the freezing point fromthe tenperature | ower
than the freezing point (the tenperature difference at this tine
refers to the super-cooling degree) 5 after the super-cooling has
been cadeel tegstalwhenchiteerhpg sharhisnufethednexdistse@nd iFom when
conpl eted, the food has reached the freezing point to nmake a phase
shift (iktindg hadsecnpevatare irtetchangesof the Ifirgwixd npatesindt 6rsal itde
ice) to be kept at a fixed tenperature. Thereafter, the freezing is
conpl et éempe it what loWe rf dothh stheedziemg-ipreseovad attle se¢tpagature
tenperature. As long as the super-cooling is caused, the subsequent
freezing ﬁ&ﬁﬁﬁ&ﬁ%sahothﬂﬁfhymﬁmiefﬁr$c@0ct?staMpﬁnanObﬂMQldeghee)
m nute ice nuclei during the super-cooling are created and

di st¥ i bafd®oVere tHePeRtFPe et haher¢er erpsealleditq ehemt frectond
beconmes 15 mnuyte. In this way t he per cent age of the water contained
in the 8hELS Adolhss n@?“@atsitﬁ@ PRE hEcFRMPWRERDY hEhsupepdchari hgarbed

cancel | n be.cal cul.ated fromthe free2|ng rate. According to the
nEREaETaREAT S ROERG CASBIBE § IRMATEn Chb! 1y “Begresop oiBter,

experi

d h t bout 20 h I
na | al GoErRedE “”‘efl%ﬁ‘?-flﬁg% afseenieoﬁoﬁgl% Greb t Ak sabentior =
"6 d t d the f te

s boit s CRarRAT ITe " T éﬁBY. B Ses ot 2 oe i 4o ol 8
d , t t_hat t b

di ot Fﬁga%l%ﬁcesﬁ%ﬁ%éanz‘éiﬁpééggﬁ RGN P R Bt avpe

Thus, the 1&&%%%%% shpated Wen § E% ?Oogédco%é %ﬁéeﬁaaﬁﬁ'%fgeﬁng

onty several of water of the entire However ce the
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. 1In 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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nuclei are created uniformy over the entire food, they influence the
state of the ice crystals during the 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 nuclei created when the

super - conld gl | sreancelelagd dandntilfe rsdia} | evetthetHeamaietf ref fdwdj cehey
crystals. This will reduce the damage to the food due to 10 the ice
crystal §nfluenceAsthrderstabe f odm tiiee descei ptirgr,tals orderihg the
pl ace the food housed in the refrigerator in the super-cool ed state,
to cool fieedgos-RreReaviod i ng Dapaberi t ythe erosrga steange st de
necessary condition. This nmeans that even if the cooling 15

capabi | BtAp e~ ¢l edgsERbef bedeiBleyed ew bhet epehigyhforhereating the
super-cqol ed state cannot bhe realized, or the super-cooled state wll
be itmedica YCtahcel Fod. 1418 hEeason ng- kaphpropty the t sepesncophdnyg
food is |likely to_enter the super-cooled state, but_ the coolin

capabi | PRFTEOARF t heet Bod S SHowiuanbltyneiaf teamsbranesrevi st%?gﬁ‘.ore
So, the,reachin oint_aof the food tenperature_in the super-cooled
state i?e£Qﬂ§iﬁ%ﬂ%squ &7t hel subRf - cbofi mytGd P b%rééﬁégllggen the

of ' SupeP CHAI G | e ch STt BN SRargye s ditt Lmialeet e e
i Bt ger S _ et
quali by Freerng e o TREETELY ordfsertingSellplE. EBoEPE, Belinanenso

reald zedyRy ;i V. fegdugt the cooling capability. As regards the
dept h o? thé’suﬁ%rfcooF?%g, if it is 3K (for exanple, after the food

reaches -4C (hBe;hQuestobeaebbRorReI At Pt RBnSUPR s £Q0kad, $hal& +hY

cancel i ng the super-cooling, the tenperature |nstantaneous‘y rises to

-1C of thed heeslddl i% RN i JE¥ Lot hi s O HeSracbBigl state, to
difference in the quantity of drip flowout in unfreezing the neat.

Ther ef oe@p1i tthies faeeEsSaly d eddling headood1inyt he superteoal kRAqW B
3K or nore (The larger the depth of super-cooling (difference between
t he (7fthezhngepaiaty tawiidiet 1 omest Th eacheagst enper avghe) fbehagcdK118g
or nore, the less the quantity of drip flow out becones, thereby
i mpreovi ngptehe lfirtgeze igcqodlintgy.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 is 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 ccoling capability. As regards
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Inversely, if the cooling capability is too high, when the freezing
point of the food is reached, the foodmaybe frozen as it is, or
otherwi se, even if the food is fallen in the 15 super-cool ed state,
the high cooling capability serves as a stinulus to cancel the
super-cooling. Thus, the high degree of the super-cooling cannot be
obt ai ned. Accordin%l to cool the food with the cooling capablll%y
in a certf AePftye igh?h%uﬂé€é§§’é’rlyl%ndift ténls AKX dder pradpdisov e ftier
the cooling 20 capability is |ow (i.e. the conpartment tenperature is
hi gh), Whéh £ReSf orPFReput—47% t hehrefigwpsthat seaaia ¢ orpanitienin the

e OO PR s Ao “abrafgpal B oi0E 22050

temperature instantaneously rises to -1°C of the freezing

5 point) ormore, this provides a large difference in the quantity

of drip flow-out in unfreezing the meat. Therefore, it is

necessary to fall the food in the super-cooling with 3K or more

(The larger the depth of super-cooling (difference between the

C freezing point to the lowest reaching temperature) being 3K

10 or more, the less the quantity of drip flow-out becomes, thereby
improving 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 if the food is fallen in the

15 super-cooled state, the high cooling capability serves as a
stimulus to cancel the super-cooling. Thus, the high degree
of the super-cooling cannot be obtained. Accordingly, to cool
the food with the cooling capability in a certain range is the
necessary condition. As described above, i1f 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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conpartment tenperature is about -3 to -4C, the food 25 tenperature
naturally does not drop fromthis tenperature so that the deep
super-cool i ng cannot be obtained. In order to obviate this, the
conpartnment tenperature is gradually reduced, but the super-cooling
will be eventually cancelled when the food tenperature reaches about
-3C. In this way, if the cooling capability is too low (i.e. the
conpar t hefit thenparaeureopd ihigghyil X Hee fovdnentély tduwercipesd cobkrdthe
state but does not 5 enter deeply so that a user does not al nost feel
t he si gfibbidcammpefbénerceraschbe fadadit | ASRC sel ¥n ifhidewagol inf the
capability is too high (the conpartnment tenperature is |low), the food
wi || nofcerdi&d ERpadigertit b6l teelo it d ibet- gﬁarcft@nm@rtm@eietmﬁrahere

freezing point is reached. 10lt should be noted that where the air
t enper atfir Biph) setthgr fopsCegtanigfdre aurRetonpat eAeptatenbitatare eah

only be reduced to the level of -7 to-8C, but the depth of
super - c%ﬁf%ieﬁgg%?p K 37 'itle 2cBRCheIef MG 80P & Espil Bac sl giv §icant

. h in | i h iny , i f the 15
{omper atbFS e AIAce 4 T SREe SRS b The 19 GO TP G TRASbOY

-1C) of. f aad - | i be f h d d. _Furth

0 1 owed P 8 TS < ed® el oS G &@ﬁf’f”fﬁegeégvﬁb
h timl ' ' to_t .

xanpl o CGnER BTt P Re S0kt BrAe T SpdraP oot eEahech By tenaah the

qgazc, fpgeggggrxﬁgg{%ngsi§e%@ﬂg@_led, if the setting tenperature is
r [ 1C,

uced by the unit o the stinmulus due to the tenperature

gragient is refaxessq phatothe @m@rwﬁ@%iﬂgei?s%lgoe@er&a@fskh%@- i8Sset

descri bed al ready, another necessary condition
at -10°C or higher, the compartment 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 Jlowering the setting temperature, if 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

C 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 is reduced by the unit of 2°C, the
super—-cooling is cancelled, 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—cooling is the air temperature distribution (unevenness)
in the vicinity of the food to be super-cooled. This is

attributable to cccurrence of the phenomenon that if the food
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25 super-cooling is the air tenperature distribution (unevenness) in
the vicinity of the food to be super-cooled. This is attributable to
occurrence of the phenonenon that if the food is not placed in the
air tenperature distribution in a certain range, it does not enter

t he super-cooled state, or its super-cooling is imediately
cancel l ed. Further, this is because the freezing or the cancel of

super - coel hog ptades fhothe &ilovefpéesperat i etPedildih ik thertain
t enperature unevenness of the food and this resultantly influences
t he foodaaiges higheto4enpertat uneéepostheosigoethabolbd foodteés or its
correspondingly frozen or cancelled in its super-cooling. As a
resul t, stipecocdodhen@ oac | imhbdiberper atameediietr.i buriphhien, a teird aip
tenperature 10 range (unevenness) is the necessary condition.
Concr et ebgavale hbeghr ehalair ot dripecatyred odesvepaessoicd iprebecalsy £ asm
possible as small, it is desired in view of various factors of a
var ivat i 8nlPnedcE aBPeFadadd $ofl then righ ity tamre amgusezeneveshape of
the food to _be housed that the tenperature unevenness 15 is about 2 K
or | essthpf fPRE BrFeftAdntaIsUldan i vninhbueraper hhar éoadedénacksgant
depth of super-cooling s statistically summarized regardless of the
conpar t HERP SE&PEraPaRd L iqn 8anthet ddbh forst 15 Cq e sRAPEi a0dwel rozen
unevenness becones 2K or, | ess, the occyrrence probabiljty of
super - B0l FRGCSG GGt rdhsts® BYPRIMEPHIYRS t hiSs Scdifdition B9 ¢pel the
ove sefting t erature, .the qgccyrr.ence. probability of
ggéer-co%Pannc ﬁgb 6%88536P665ﬁ64$§ %Eﬁ%&nﬁq%a FtHi 1 Heemperature
refiri geragar, R@la; ' ute i,s kept constant b .Q?VCFF t he
10 :
corrp_ressorgremdn ge Th %1%5 réfgr |t31eera re 10" 2% Fgﬁélla ©h he(gscfr}%%eg?%}%f
cool i ng, aRd hLAg d@Hﬁera 'rfglﬂleﬂl?eeq:apéﬁlfgeutn%%q{r%#éei%enég\%\ﬁg}r%%ﬁ& s
each conpartnent. Therefore, there are necessarily time I're the
cold aigokgipuRPlILd@th, 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 is about 2 K or less. If the experimental result on the
temperature unevenness and depth of super-cooling is
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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not supplied to each conpartnment (ON OFFof the cold air) . Thus, in
order to regulate the conpartnment to a setting tenperature, the cold
air at the tenperature |ower than the conpartnent tenperature nust be
suppl i ed. However, in order to realize the 5 super-cooling, the food
nmust be placed in the super-cooled state at the tenperatures

descri bed above. In this case, it is desired that the food is cool ed
const anhby sitprhéetenp eratturenph rtitE@ tor ONi/ghtet o fprted erdll ¥ir10C Dhus,
hi gher which is the necessary condition for the air tenperature
nearer ib ehdefrood,rdMubateacheatdypatrtinendi t6ixWatting dadnperstere,
environment with |ess tenperature hunting in the hone use

refri gekReocolsh aiheagoltdai temeapetrurgr & arcunthehe theodampdetment
super-cooled is controlled. In order to realize this, two neans are
pr opos elSTPRE 3HULR Msdnkei SurR! beflng HAveVempet AtAEebita Keaddale Blae
air 15 cooling the con%?%%nent nearer to a super-cooling optimm

t enper af BPET ~EER AT y FBfnePRATHE t fpat R ABAt WhBSeS idheFard e sante
be set a% freezingF%%nperat re zo in the refrigerator is cooled,

the cold-ait™g enpdP &TESac %%C’ébggfj 2RVet the AP afFRs&upph i b
oart  raomrehe Ehsk CEBoTrRY G5t ERTmerb oo LY Gt 1§SRp S s e
s, b 19eang% D ReRhRE Rt TR % S bub@rapiie by S the
R R

nmush be,@ssyredai1by At ireduc Mgt he Gnﬁlpﬁé’éi'&%f tﬁfﬁ Lhe 1GUANESS AL i th

itself but reducing the nunmber of revolutions of the conpressor

through ¢ ¥ erdse £90tkel hub Benhyr B8 ZMIneaRaREL I dyr i Sq&84HE8d t 8T alse
the tenperature of the supplied cold air. Actually, ©if the nunber of

revol utéona afirt herpsoapnessarrdund egneedoby the hevelipelk-1Qdrs is
the bl owout tenperature is expected to rise by about 3 to 5 K
Furt hercomatsolbhydchamigi agdeket aunbel i & tevsl utwonseHDis tdes quettpd ey .
supplying the cold air within the refrigerator, the tenperature (I of
t he supphe¢ efth cot do@dms chn the booimg dHed.ende tdieunanbdertiod cooling air
15 cooling the compartment nearer to a super-cooling optimum
temperature. 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 3is an extremely far value apart from the
super-cceoling 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-ccoling must be assured, by not reducing the capability
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10 revolutions of the fan is actually decreased, the flow ng speed of
the cold air is reduced to restrict the convection heat conduction so
that the tenperature of the supplied cold air falls. Therefore,

i nversely, by increasing the nunber of revolutions of the fan, heat
exchange is pronoted so that the 15 tenperature of the supplied cold
air rises. Actually, if the nunber of revolutions of the fan within

t he ref pifgehat oompnessasestby1300ut a- <k 1 pontHd e udrebat veeol u$e oink
the cold air is expected by about 2 to 3 K Further, by providing a

t enper avdr etheepionpheaser arlouodghheirplembat penttmofl f heh20 Suppkiied
cold air, the cold air tenperature can be raised. The second
means i Sama ol kdilse neserppld edics dhai Lempepertatny @ huter aitppltike
cold air tenperature before the cold air hits against the food so
that ifCpdssidle; tHekwrdldir it the Iwwkerpefatieeclveionst of the
directly hit against the 25 vicinity of the_food. The neans for

reald zi AT IR 1 65 gttt RE (1l dpVeteadhi by aPstaridee tpbaveHS
cold B LSPRLILIG. POLL o Lhe food. Thls can, be,reall 280,10 ther,
providedy Uy Shendsld e SHEBLILTA POy o Al QoL a0l 50l pond,
oDl AUy G0L 8, PRSI IS L DL O (IR S Lood 8B
s@eed Oéft Eﬁecghgp@irecf Q,Ioltcpeaifroocdalg%e controlled. If the number of
10 revolutions of the fan is actually decreased, the flowing speed
of the cold air is reduced to restrict 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 so 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

C alr 1ls 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,

43



be reduced, the food can be slowy cool ed wi thout giving any strong
stimulus. As one exanple of placing the obstacle between the bl owout
port and the food | ocated position, a 10 structure can be proposed in
whi ch a cover shape is added above a food housing case. By adding the
cover shape, it is possible to assure the distance fromthe cold air
bl owout port on the rear side of the refrigerator to the opening of

t he casbyoa s¢teudoaresidesidchal todid marerettilfg iengtul dof ishgreasaed
From 15 the analysis of the air flowin this case, the addition of

t he coveroshabpelperonld the colpglaiing eppetatur enachwtthd he foodltoed
be raised or the wind speed to be | owered. Further, the danper

arr angebefetemeerihhd bpwodtcrpng fad @ fogdatlionpted position. Thus,

the temperature of the cold air reaching the vicinity of the

5 food can be raised 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 slowly cooled without giving any
strong stimulus. As one example of placing the obstacle

(j between the blowout port and the food located position, a
10 structure can be proposed in which a cover shape is added above
a food housing case. By adding the cover shape, it is possible

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 mcre 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 ailr 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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cold air in the refrigerator and the bl owout 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 danper is not only fully closed or fully opened but

regul ated 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
sprayedtbore theef.oo@fheThelw adrspeeshpplibd fobd e ddamelitdgpdnritd $he
set at 1.0 to 1.2 mis by regulating the openi ng degree of the danper,
and t heceswersd §haddeldhe ovintheprease withelrcdilte atasésisuppki ed Pr.édmto
the door side into the case so that the wnd speed wthin the case is
set at 8.-P méscimrglytirekesp toelamrtheoalpdrsitabt ed Bratfd rsthaeans
first neans and second nmeans maybe individually realized, but by
conbi ni AGISSERER RRBRDESAPERR dre i dufel Ly diafi iz of, et byogorhinbag

set at e tenperature convenient to super-coolin
5 %gem, the temperature ?n the v1%1n1ty ofgkhe food can be set

at the temperature convenient to super-cooling.
The means for improving the temperature unevenness is to
reduce the number of times of ON/OFF of supplying the cold air,
(j thereby restricting the temperature unevenness or hunting. As
10 describe above, by reducing the number of revolutions of the
compressor 10 by the control device 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 port 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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The neans for inproving the tenperature unevenness is to reduce the
nunber of tinmes of OV OFF of supplying the cold air, thereby
restricting the tenperature unevenness or hunting. As 10 descri be
above, by reducing the nunber of revolutions of the conpressor 10 by
the control device 16 to supply the cold air at a higher tenperature
so that the tine taken to reach the setting tenperature is

| engt heaed; tbhehabsueraeansheardte | irmkedet eakeduet tRE Phstherauabgl,
of tinmes of OV OFF and i nprovenent 15 of the tenperature unevenness
and huntsng.onpe tdd swinal, thke nrans] of ré edugiyng thike Julbesi of ati AESow
of OV OFF | eads to reduction of the cooling capability so that
thrott | Eegrdmtguantis ygofckhe epbdiaid thy thegulwat faoe of £t hieedAopdr to
angl e can be al so enployed. Further, the cold air tenperature and
wi nd 20zbpaed laad ove r ddndl aeagdna tiee sifafdcobudfac r gui deeatashkeof
bl owout port and the shape of the obstacle placed between the cold
air%ﬂoﬁg@tﬁﬁﬁﬁ BhecERBIf @ddB o Nekhe Apodxpitaiats ohowifideeze givam phe
the case of the fast freezing. In the case of the fast freezing, the
st at es WHER2ES e Y &8 iip§8 efakhednantaihdy aavelig eedioweyer, the
conpleted are the sane, as _in_the case of the normal freezing fromthe
poi nt o§a§ﬁeﬁﬁﬁe?%ﬂﬁck?y?lﬁﬁééfﬂﬁ;qqﬂ@f?ﬁ% BOTRAEPI ViLieF 2 HE cbp gthat
air to the su%%%pe hereof. In_the case of th% fast, freezing, as

[

conpar ed W th e 1% 3o iy, 1R BPAT AN A 16 10V Giehp et i &
€ 0 LY ARG L A A0, e OB, 18 AULUELY Loter fhe
R R T L G A R PO
o PSR e I SR R LA S el L el s
food tOfreezing. 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 ic;e nuclei 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
quality 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 goodquality can be realized. If the ice crystals are smaller,

even if the ice crystals are destroyed, the state close to the

original state can be obtained. Thus, when unfrozen, the food
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10 the interior thereof is increased so that ice nuclei are likely to
be created in the interior also as conpared with the normal freezing.
In the fast freezing, as conpared wth the normal freezing, |arge
crystals are not created and the food quality is not inpaired.
However, as conpared with the super-cooling 15 freezing by way of the
super-cool ed state, the ice nuclei are |large and not uniform so that
the foofUgdaiiy pue iad dthortaste, texhurpeandodrepessiesystate oifzéhe
and shage of the ice cr stai after the freezing i.s conpl eted greatlé
i nf 1 uent89%hel FodtPhBial $X5°1 hSBAFr eeZ PRE IO Srosti icalls, ¢#eef &Jd the

conposed of 20 thf.cel£s gtote'n and séfrip so that once their
struct uP BPEE TN dE BGoEHE Y by ERysCh SR FURSE - §¢oiednptate, the
conpletely restored_to the original state. r this reason, .if the
76 antoenane 8 Tre hhfef bt A At i TRV el fo RE2NRY adohgect
break t j ctur fe t f ga e freezing wth 25 od
qua ty S BERER L SURH S e d LG BT iR PO
ice cry ; t r0Y. h t I t | Ol S

be- obt a1 hod” Hiis. Horen GaF e 625hT PHEfoant dosd cyLlohy des rhgheatel
taste, §exhurecand MLserved, shat gnaf rhe £oQd Jis, J1or ey %&Pé'?@iﬁable
Therefore, in the case of the super-cooling freezinhg by way of the
super - cpgl edeStitzihg. i ce nuclei are mnute and substantially

uni formover the object 5 to be frozen such as the food. Accordingly,
tfie super-cookényg, fareeziplgn i 6h wii MeBetdiev&x ogl tieatnd 006 aghb b ¥1 8§
conpared with the normal freezing and fast freezing, is nore suitable
to ohe dfeeziamzifdNette &pboexpbpnaticonsubel-beogiiven 6fecthenmeritrhe
and novelty of freezing the food by the super-cooling freezing. The
great estraetieptofméreézio tfive ooty byhehef sagpebycoohéeng fpeaezdémglisg
that the freezing with the good quality can be realized. As descri bed
hi t hertbrepaAinkge igaskhat the sUpesztool Wwaghf rdeziqgody quay idfy tden be
super-cool ed state, the 15 food is sufficiently cooled to the

i nteri ofeahéees w thin depeasbedbed ittdrpetrat uri dither epaeef rom t hize
surface in the process of reaching the super-cooled state so that the
i ce nuct'ePear &8l AT &F T YN anPY oV filyCEr EREedUBRET qatel &hts ket ¢ oothe
to %rOM/into,the m_nut.e granul ar_ice crgstals. Further, the_ 20 |arger
t hé>t enpePat UF eS BEEWSSF I hkY | SuRs et BRpER &t HiPE criotedth 9 arhiwythin a
tenperatureé nﬁached in thg supq&:ggoled state mﬁtgput being fr.ozen
and t h& ¥ P8BS RG Yot L S REWTST e ST EREPRENIETOBT tRe FERIAGR| d the
creat ed, When NS I 1,802 0L St LS o [P cLB2 L0 S 8 RSO TRl &

C nuclei are substantially uniformly created over the entire food

20 larger the temperature between the lowest temperature {lowest

to grow into the minute granular ice crystals. Further, the

reaching temperature}) reached in the super-cooled 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-cooling is cancelled
becomes large, thereby providing the excellent freezing

quality. Accordingly, if the super-cooling occurs
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25 instantaneously created when the super-cooling is cancelled
beconmes | arge, thereby providing the excellent freezing quality.
Accordingly, if the super-cooling occurs sufficiently (the
tenperature reached in the super-cooled state is lower), also in the
unfreezing after the super-cooling freezing, the state closer to the
state before the freezing can be kept, thus making the freezing

qual i t ysgood.cidntiby r égavedst thpetreltatieconsbaphbet weenthhke $wedrcoobing
and the size and shape of the ice crystals, it is necessary to

consi deptiete LEnkopassi gl sheln émpenafuee zZogea 6t erlthe sum whoochihg
the greatest ice crystal creating zone. In the normal (Ifreezing and
fast frésfargndf tihe gredeestiasee crystiat steaei bgfilrd enperfteering
zone is passed in a short tine, the ice crystals become mnute. In

t he sup€plcdS ikRPEr celzitAghakdnel diie aEr¢ongnes atad isupercedol ed
state not frozen is being kept, even if the time passing the

t enper at ur e z%ﬁér?Q?Eﬁﬁi€990¥elit??@sh}ﬁt?eﬁw@ﬁﬁsﬁﬁ@ 6Podheogléageand

ice cr al creating tenperature zone 15(-1C to -5C) and in the
Vi Ci ni %/g{"ieheﬁle?cﬁ 39| ghgret 1 frlezif§ &&é’i%b@l%'r thelfod®cRISaRHL O

be impaired. In the case of the super-cooling freezing, the time of
bei ng kEPESHASThé ot P& MY diifetCB R Bt 3Fat &R ehe 1°C to -5°C

e AL DS A 1 A EB 0D LIS O, HIERY morman

C' freezing and fast freezing, if the greatest ice crystal creating

10 temperature zone is passed in a short time, the ice crystals

become minute. In the super-cooling freezing, however, as long

as the super-cooled 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. 1In 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, i.e. time passing this tenperature zone is |onger
than in the normal freezing and fast freezing. In the super-cool ed
state, however, even if the tinme passing the tenperature zone
(vicinity of -1Cto -10C) inclusive of the 25 greatest ice crystal
creating zone (-1Cto -5C) is long, the ice crystals after freezing
wi |l not becone large and the mnute ice crystals can be

subst ankiialdsy odniffrerdd yn ¢ neateg. theomnempdeatiiredgont fnednisiyausiinghe
the tenperature zone inclusive of the greatest ice crystal creating

t enper agieatasie and iarvyhayi cirmiatinderenperefairiedescné el in the
super-cooling freezing according to this invention provides an
entirel yigdRifeezheg <@ fechbequedepomf hEhpoi sitbof - ¢pewialg cEeaceagy
many snmall crystals to realize the freezing with good quality. _
Fur t her 2SFRTHE S hve -reco I T  ee2 i P BEteF drREt bl FALY NAVeRtEBALINY
the freezi glgl.starts when the super-cooled state is cancelled, and is

conpl et BECBY VB SF OThE"BRRE K V18a? & S o Pe@mePRpdrecipstals
change. _As |0 as the super-.cooled state is experienced, .in the
d 933 kel

subsequERt “FA 'e_ngtlb?o 2 RFerl’} ¥Rt ABOH B3 ng “tHe- it eat &8t the
0, O YSh S SEL NG IPELELCS 008 ks plongo( LB, LTBRL LIS
52 CLUFLBR A Lt DEIE il S5, 5o DA EhAUL L oma sl 208
(oL, 19 PRSPl 0 REoa, s W SeOBE e B e
I'S1M€W.change. As long as the super-cooled state is experienced, in
the subsequent freezing process, even if 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 this point 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 is
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 deteriorating the food

quality other than the matters on the ice crystals (e.q.
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As | ong as the super-cooled state is experienced, even 20 if a |ong
time is taken in the subsequent freezing process, this does not

al nost influence the ice crystal state and so is not problenmatic.
However, when the freezing process is entered after the super-cool ed
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 fobd&eqeklng oicdrapbesbrai wed Hurahetdethe tharsdsyy ofealizing the
deteriorating the food quality other than the matters on the ice
cryst al $¥€&€73- 19 Brielehli hgtérrbadtadritey - can be avoi ded, thereby
realizing the freezing with better quality. Hitherto, the
expl anati on h3stBEEA i VEIF FIXR hanABLPRs RS DREe L ihe? & Ehe TOBHTS

. - | ed state_is ,
ent eredlkh%h%u%%rsec%%ere the food entered the super-cooled state is

5 frozen after its super-cooling has been cancelled. However,
the food entered the super-cooled state is not necessarily
required to be frozen. The merit of super-cooling preserving
of keeping the food in the super-cooled state without being

C frozen is that although the food is preserved at the temperature
10 lower than the freezing point, i.e. at such a temperature as
being frozen if usual, the food is not in the state where the
food is frozen in 100 % 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
various chemical changes of the food can be restrained, is
effective to keep its freshness. 1In 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 enjoyed. 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, if 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

50



5 frozen after its super-cooling has been cancelled. However, the
food entered the super-cooled state is not necessarily required to be
frozen. The nerit of super-cooling preserving of keeping the food in
t he super-cooled state without being (lIfrozen is that although the
food is preserved at the tenperature 10 | ower than the freezing
point, i.e. at such a tenperature as being frozen if usual, the food
is not in thhe staterwheoéetthetfadod |supeozeaoldnfO@ % sathy og) CRay be
crystal is created so that although it is preserved at the | ow

t enper atBE@riar fe hoeealngsty swy eftgtk sopehanyesl ingt frufeodcooling
structure owing to the ice 15 crystal. To preserve the food at a

| ower tEﬁﬁ@ﬁdﬂU?eJibﬁhﬁnﬁﬂ?dﬁﬂuiﬁﬁtﬁhé@tb@ntéhan99§tobetpelﬁdodl&ams
be restrained, is effective to keep its freshness. In this invention
provi di g ttReCRUBBALAGOR § AT eSeckve @ oghds sprs e eveifing preekingyely
both merjts of the | ow tenperature preserving and the non-freezing 20
can “be %ﬂPS?e@eﬁ%RQhé? g5|ﬁB§ ﬁmaéhﬁﬁﬁ|§ee SY he super-cool ed but

not frozen st n required. ig ge unfrozen, However, because

i's
t he super-coo ﬁ%ﬁtStSFee FHEOR oKL EngéﬁﬁpeOQFﬁ?%wHRﬁrﬁ%%on of
frozen Eﬁntgln

th f
bl eedi ng of éﬁeln i %g@gr sC%%%FR H%%j¥%£;ﬁf$o$%ﬁfé§h§$¥
- f f th | d te,
Gone. 1pgnbds f’%ﬁﬁﬁz"*%géﬂ {)g%k!:g?l b fhssdhatil BarRRts: F i 9 glr'lg
f’{t hougeherfasav B8red Bal RRSUPD c?lgeétﬂﬁf%s "5 40e of e
eserving) nmay be infefior to ee2|ng e ‘sSuper-coo

( syper - &%Qiﬂlf'glﬁrt?eé'fngem%i@rraf%%rfé)%%rfgéalo'f ¥ (Al Lanti Qﬂef‘g.‘ll?{% about

paid), it is not problematic as long as the f od |s preserve for

relativgdy) 5 @fbﬁie&eféeeu&eoﬁ) Orgeofe-ﬂzlée@ % _hext 80

explanatlon w 'l be given of e operation o |sp ay panél

and ConﬁfQEzQ%@(¥%EghtTh@7€@PverThQE% fé%ﬁ%eﬁ %@bcgﬁﬁ?é%lvely

cool i ng conpartnent capable of placing the food stored int

super - cooted.rst abehcana bexrohangethatht eht0 @optubal idyvotet eypPesatur ea
zones of e.qg. refrigerating (about 3C), chilled (about 0C),

sof t - f meezirngof@bdistr 1Hovi/led 9@, theeepbry falduton YHE) badleseide of
tenperatures are selectively set in such a manner that the contro
devbce 30e suehr agef 8t oconpdy eropt vy i. deth ®nlavpes wp pempar s son, thieowack
side of 15 the refrigerator body controls the danper, conpressor,

bl ower ,e€e. /th example of the dispilay pamsl 60 pnrrmmdtejdo:mttﬁee dberr

surface is shown in Fig. 5.
surface is shown in Fig. 5.

(' Fig. 5 is a view showing a liquid crystal display panel
according to an embodiment of this invention. In 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 regulating/fast freezing switch 60b

for selecting the temperature regulating of the compartment

25 selected (storing compartment) or fast freezing; a
super-cooling freezing (instantaneocus freezing) switch 60c for

selecting the super—-cooling freezing {instantaneous
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Fig. 5is a viewshowing a liquid crystal display panel according to
an enbodi mrent of this invention. In Fig. 5 the 20 display panel 60
has a conpartnment selecting swtch 60a for selecting either one of
the refrigerator conpartnent, vegetable conpartnent, freezer
conpartment and convertible conpartnent; a tenperature

regul ating/fast freezing swtch 60b for selecting the tenperature
regul at ifnge eof irtdne; Gonpant fewrt-n2b isef etisetl rsg @ itg-ie GRAEOAESE) e@F ing
fast freezing; a super-cooling freezing (instantaneous freezing)

sW t ch6edf drcesaiacinagneie Supar “voamiadd f reezmgp £ rastdnt affests “ and
freezing); and an ice-nmaking changing switch 60d for selecting an

i ce- maki B¢ ORI T om (Newmal " Simt¢ansphirent " subkastcdoaimy " st dHpperghg
(Now, since the super-cooling freezing instantaneously realizes

freezi ngRSERYARCI RGNt F6RL1lizes sfie et by eftar thd & olragention, it is
"instantaneous freezing"). The display panel 60 may show the setting
t enper afds® &t $rER@nt Ot EFperidtTranbinearf Sreaavein®hpar theatdisplay
(refrigeratqr % npartment, freezer conpartnent, convertible
conpar t HEAE " v&det &6iYe 5bﬁﬁhrt t S 9 cJATRRY- BBWPSr t Bt  PERESHE
in the %Ompo&r S onding teng ratg{e ones. Further, where the, food

t enper at GF& “6r* $0od sUF f aB8 “PemPer at'dte i SOMRAEGPEGNSy tHeetrigerator

- ' h ile, if the. d food
ooy BEed Sl B 6 BEDR St REERRR L C ity &P AT (e Sant
yst al . di.spl it reni t .
Qrer 2v8eRaBl D8BEpaitne e ; SUCUMAN SRR RMAE AReh S o b 12y Ehe
| . oy i’ o g, g
gl ance sg E:Q%%Jo'rfd 115g N g%&gaf@f%%e%%ﬁ%%er fhpehie tine ?gsjﬁ%{e Floa

the refrigerator for a us € ‘door to confirm

degree thgpbeadias &t rbeen K0oked: Nawpwhens d t}gsm%%hrr%% WAt the

the fast freezing is done, 20 the tenperature regul ating/fast

freezi ngoswcbelt setied sipeishedal 9endopr 8$CEhReddd M ( 31 S80NdR) 2 $@req
that the fast freezing node is entered to do the fast freezing.

Furt herfovHet empbe riat ulesidediddat shheasdpeempedlatig-d reezfblayed on
(i nstant aneous freezing) is done, the super-cooling freezing
(i nst antlapebiigu2B treetialg)isw ltah G S d,hatt tike caupein oot i ansie
is entered to do the super-cooling cooling or the super-cooling
fréézi ngheThepeefrogérat et sdor armithg tfo ddiss rifraentt ampdastane can be
i ce- maki ng
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-cooling freezing (instantaneous
freezing) 1s 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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pl ate cl eaning node. By continuing to push the ice-nmaking changing
switch 60d for a prescribed tine (about 5 seconds), the ice-mnmaking
plate cleaning node is entered to clean the ice-nmaking plate. The
tenperature regul ation of the selected 5 conpartnent (storing
conpartment) is realized by the tenperature regulating/fast freezing
switch 60b. In this enbodinent, the tenperature is displayed at three
| evel s pfLa'tte ghleatimedi umddeand Byowbntlimuihigs tenpesat whee displayking
the setting tenperatures may be directly displayed on the display 10
panel 60hahgirerswibehsefdi Agrt enpeestcridal tties coobouy Bospaphaent,
w || be changed stepw se or continuously in order according to where
t he supéhecodtetnakang ipdatenl ¢ kedningeiwdehel suprteted e stheeni she
cancel | ed, and where the super-cooled 15 state is cancelled and the
freezi n@cﬁr‘é@é?lxﬂ%@)]i%t%Ione:Fhﬁ'H%e%@‘H@ﬁer?eﬁﬁ@lﬂéﬁﬁﬁ%l eantbe shangédad
to automati cal | reset tenperatures on the basis of the tine

i nt er vaF® erﬁ%/ a {FEREE N HoweIBP 2T b epidvi dt g &eS4iltZ@s t Y hethe

[ [ n the or of _the refrigerator conpartment
E'qfhgsﬁgﬁggga'fﬁflrg%diatlngygast fr8ez{ng sWwitch 60br.rp In this

embodiment, the temperature is displayed at three levels of

“*high”, “medium” and “low”. 1In this temperature display, the

(ﬁ setting temperatures may be directly displayed on the display
10 panel 60,

Further, the setting temperature of the cooling
compartment will be changed stepwise or continuously 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 automatically 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 is cancelled and further the
super-cooling freezing is done is controlled by detecting the
compartment temperature by the thermister 19 or the food surface

25 temperature and by using the cold air regulating means such
as a damper so that the detected temperature beccomes the

prescribed value. It is needless to say that the compressor

53



20 setting tenperatures can be nmanual |y changed. The tenperature of
the cooling conmpartnent (e.g. convertible conpartnment 4) where the
super-cooled state is cancelled and further the super-cooling
freezing is done is controlled by detecting the conpart nent
tenperature by the therm ster 19 or the food surface 25 tenperature
and by using the cold air regulating neans such as a danper so that

the det ect addt @aRpeat UsandRERS IS PrE&s Wy hed npkue. ihtribs Seedhass
to say that the conpressor 12 and danper 15 may be controll ed by

using the Ebkrmsesusengothd@X ot tReasdtfd gré hen 100 eeparat Heemistor
I nstead of the therm stor 19 for neasuring the conpartnent
t enper all@r £orAnaleser i hgd talzoveymssr tregat d§ einb@ rsitpare cool ed state, 5
by setting the tenperature of the freezer conpartnent or cooling
conpar t ment ahst hestmidied enpeval uae segthadls tthe fsagoer-scpbheddstate,
the super-cooled state by the cold air introduced into the cooling
conpar t hynset Néro, theé epeggartit v @ fdt hé dirmeze T soprai owsh iy ogt opeding
and the super-cooled state of the food is
compartment at the first temperature so that the food is placed
in the super-~cooled state by the cold air introduced into the
cooling compartment. Next, the temperature difference is
C. previously stored and the super-cooled state of the food is
10 cancelled at the second temperature lower than the first
temperature by the temperature difference. When it is decided
from the temperature state of the food surface that the
super-cooled state has been cancelled, the cold air 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
C changed at time intervals or on the basis of the measurement
of the food temperature so 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 crystal panel 60 on the door surface. Thus,

fast processing can be done according to the kinds of the food.
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10 cancelled at the second tenperature |ower than the first
tenperature by the tenperature difference. Wien it is decided from
the tenperature state of the food surface that the super-cooled state
has been cancelled, the cold air is regulated according to the third
tenperature set by the changing switch 15 on the refrigerator so that
the food is freezing-preserved. In this way, the first setting

t enper aturrech esec arich setrhiengahespabatiyre ognshup Bir-d 02atiti 6 st @aPeFat neg
are successively changed at tine intervals or on the basis of the
measur ebent mafasiheifigodthenpéoatiur eeswetrfattury, r egud at dagrebe edl dthe
air by 20 a sinple structure of software stored by a m croconputer,
even if stivedfamoiieezirag bs nistemmxeedt ed or even if the conpartment
is not placed at a very |low tenperature of -60C, freezing-preserving
of food freezFHghiarh gorIrguihet yoesh e heahpreddwiitsh dlessednengyhe
Where the time intervals are set, 25 they may be the tinme intervals
pr eVl ouSHpPedtsicil edrs hale b ¥ etc Bl Rtet e digmp erpEtige paneheebrenzer
t he door surface. Thus, fast processing can be done according to the
ki nds of PRE T T PUrdIRting FRBPERENEAKcBI| BPREANGE togpEPOcoalti e

is determ ned by nmeasuring the food tenperature, the degree of the,
super-c%&Fﬁﬁgté%??ﬁ??ﬁ%ﬁe%@ﬂFeéuFPh Pe RAEFOCHPY T 3 e FivlidB4ng

i I t he . : I tate, b Tt t h . t f
the 1 o608, WO IeRE BhocEat g Corsrt ekt -bPoHoRel gt tHEE { Goara
t fi d.in t ' d | ati th
cant | 15 BP ARG AH i TAL BEMPREAOlicea TH: RECRoared THHGhpar: FARD
t qtohi s - f ' t 10 ] h
cuper bt R e AP et gh e S R I A b ed kR gt

Next, af EeEchREntIE. SRle,dS Wha dd MEhdRCHRS A T {Lie tZﬂ]‘iv]Pe:r'%%’é%QEy

has el apsed, the super-cooled state of the food Is canc

suppl yi pgrt RRecalp edi-lcl1 108 A L5PeIabyEa, | ower I fddSitate of
tenperature. The %esultant qﬁ f ood isﬁfreezing-Srggg}ved at theatﬁi?d

t enper atHee S@bdbyid heahemarad ubgy SetbbnNgideVi ERepPrayide 00t he deRe
surface. If the first tenperature to be set is previously stored, the

third teeppeatune «drovber easah yriedangedt maanpklngtifese Mreimerat Ur €5t
can be set irrespectively of each other. However, also where 20 the
finst teopdratUuizeesisgtpritseredatchargediby torpteapera see by the
setting device provided on the door surface on the refrigerator or
si de oftehpecediinegsesfparct dent ceopt hut detor dihddoolrasgedaaecor difnghe
to the kinds of food.
First temperature to be sel 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 ligquid

crystal display panel 60. The setting temperatures can be also

changed while seeing the display. Setting the third
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The states of these set tenperatures and detected 25 tenperature of
the food surface can be displayed on the liquid crystal display panel
60. The setting tenperatures can be al so changed whil e seeing the

di splay. Setting the third tenperature nmay be realized in such a
structure that it is changed in a deep tenperature zone of -30Cto
6000 considering long period preserving for several nonths or nore;

a weak tegezimgiedPREY Wee ZoNei 98d- 36 tichlSC whirGh teauses 4% nute;s
ice crystals in the food and permts a user to cut the food by a

ki t chenckainfesd aRda aidBpsldlenddeezh PE-AH RS OFVL Pt ePelhatl & Z908ering
bet ween the above tenperature zones. If the tenperature setting is
done, i hooodarethat phedeanmpenat iive (daetect edoly Hsheo sensare ;f & | bR
t he changed/ set tenperature 10 zone, on/off control such as the
nunber bfereniclditticmsedthhe conpressd°cl?cand sépemhhghctesiag @intibhe
danper 15 is executed by the control device 30. As described above,
t he X i r s€et efpEtals elanghehifodd @rpbregumet 8ap Beegettd rawspeee | Tedbs
of each other. In addition, the setting tenperatures can be 15 .
changedP¥ccér dikidg 3P hekBit ke of ag¢ht iduimiddhe néeesgdmg-preserving
super-cool ed state or depth of super-cooling according to the
pr eser vi RHPFEAI I AP THR iGRE 4R 8k o ek gee Jeppr ahBTENEORRAdS &f Ehe
food to_be hog&gd theé bé perng§ting flexible freezin -preserving.
20Fur { REPTPRREIE Hhes T BhpBPatt Ehet heheoaIdTy CoRpartiibrienyera ture
ihdi rect _coal.ing.i s .set, by neasuring .the conpartnent, t erature '
usi ng t%%%§55§ bﬁ?&@?%eﬁe¥ﬁofh a&&&?ﬂﬁb1€Hﬁg§??ﬂﬁﬁ5/§F STHREThghTe
th%oconygﬁgvegh/%%@%%%tt%oel fsrLPch tahse the number of revolutions of the
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. In 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 coeling is set, by measuring the compartment
temperature using the sensor provided in 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 1s at the first temperature set for the

super-cooled state. By lowering the temperature of the cold

alr for indirect cooling to the temperature lower than the first
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el apsed tinme at the wall cooled, it can be determ ned whether 25 or
not the food is at the first tenperature set for the super-cool ed
state. By lowering the tenperature of the cold air for indirect
cooling to the tenperature |ower than the first tenperature at which
the food to be housed in the cooling conpartnent is placed in the
super-cool ed state, the wall tenperature is | owered, and the

super - c6einipryr anr deatandsl ¢edther Herad sk blee Isupeedcaal itige nagobéng
cancel |l ed by increasing 5 the nunber of revolutions of the bl ow ng
fan in FREERIRINEodl Myl zoePaitimeihe t subrereasel aheshiate  spdee well
that the thermal conductivity of the food surface is enhanced. As the
t enper at G HITEHT D IS SAWEH SCheaRdddh s rPSde drebiReg gt be cancelled.
(-non-uniform, the super-cooling _is nore |likely to _be cancelled. 10

y .
The f ool TREF "W Fr &R n§LprESEARIEREI TRVt e €8PEediedirectrgreasing
i ntroduced intq the conpartnent by opening.the port of the cooling
conpar t t 'cﬂ%tﬁ@“ﬁﬁﬁﬁ%%%%l?Egthﬁsqﬁﬁﬂf%%nééplé@lﬁp%h%ealed
e ool ANGELA DOTRANS. { 0L, SPOSEL! M0 NP SYPELLEA° T A2t Rl

bo T cor Re e Or U 1 heEh e iy ThETTULERRE R et (R BBE
i i il e stryctu Fi o] ot he
cont 1ol FEIERR AR FRE SR B L 98" (et CESoar ol S SO B R hore
3600" di RGnt-ntihe frd 1 Stthee%g%'r%Q ﬁm% hi s mioPent QR Which dI%i@elled )
control chart when the super-cooling Treezing Is exeécuted. e
StﬁmCtUTﬁeofo&BQméﬁﬁﬁé@%éﬁé&n&s?kgggk&%@!u%?n%hﬁheségﬂﬂ.éﬂrE%%?ec@ly

2 and 3. Now, the super-cooling freezing wl e expl ai ned.
introduced into the compartment by opening the port of the
cooling compartment in which the super-cooling has been
cancelled by the super-cooling canceling means for canceling
the super-cooled state of the food. Otherwise, by further

15 lowering or keeping the wall temperature in the indirect cooling,
the food may be freezing-preserved. In this way, the
freezing-preservingwith less energy can be realizedin 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-ccoling 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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25 super-cooling freezing refers to a freezing node of realizing the
super-cool ed state. The super-cooled state refers to the state where
al though the material such as the food is at the tenperature of its
freezing point or lower, it is not frozen in 100 % The freezing
point is the tenperature where the material starts to freeze. Nanely,
the super-cooled state refers to the state where al though the
mat eri ak s ASut 8o §09d rire Bl HPGd P At e her e it sBQUEd o en
start to freeze, it is not entirely frozen. For exanple, the freezing
poi nt ofinwat®r %s OCheThe-d¢£rzdngopaitnti AdifRer scaged=tiie tPhthe the
material. The food with a higher salt density or sugar grade has a
t endencpadfertinel f seazitng tpoi Atebeeng eweyl ¢ haph8Csuper-codND¥d state
referring to the flowhart of Fig. 6, an explanation will be given of
t he contedlenmettwdcier skedki zibmyrd hel shipeshconkethatieatienl | ;istBPaS khe
of starting the super-cooling node, the super-cooling node starts.
The Smai fowsanss fot thar tengetred supevhenel Lhgshotd d stz di spbayrpanel,
(e.g. button) 15 or switch (not shown) provided on the refrigerator
door. Whénleheotstrtbpedst ésoekese devi emsmpBett the fwekeinepoint of
t he super-cooling node starts. After the super-cooling node starts in
step 51¥Wateffe onPtGl prbeeddx:advinonpreéssordrfufer ngastatreliconf to nthg
step 512 of determ ning whether or not the 20 conpressor 12 is
runni ngRatRTétdp 5FRe i§099 YWitRiet drihrd $hhE delestbippEssvgaz2grade
ngppinﬁ (NO, the control returns to step SII. In step 512, if it is
term hed ehdendrreonpfesssr fTrrgxsinparat RhgbeyES) 1 avrr coheroPC.

ds t first ti bl t d [ t S13.
'niFhe 111t NOHVEPERba a5 Bora: { RGHE GATDAL bUBni Rg S Gy BAn=ThEn
ti t 15 ] d I bed. angl
G s ipt & BT ERR SEonChe el R abeninl PERRcrararcte the

det er m ﬂlﬂgrs-tc%%l(gd %ectaegéﬁ niﬂgﬁ\g%?s E?E Sk épért%?%tpcﬂ?é/esr&éa:%)}n—g%?ol ing

conpartnent thermstor 19 servi e Conver e conp

t enper afype, detget isﬁh%%oi?.n?t fhdd eseLihed teppergiire TLOGOre .

| ower. 1In sfep 514, if it 1s deferm ned that the tenperature

det ect eglt By +ti gy €R8AIH &Pl 86 PNRRLIREY & herindsitoF pk9id1s (B ghes
the prescri bed%terrpera%ure %1000%( ND) , lt he clorﬁsr%fpr eturr(ls tgo sl%igeg&tl)

S13s | fortswbt6et pidt nebhptp tHei HeaPek il & et 8¢t £8:BY &H6r. When
convertible conpartnent thermstor 19 is the prescribed tenperature

Ti oC orthewesetYbBPerates these devices (button, switch, etc.), the

super-cooling mode starts. After the super-cooling mode

( starts in step S11, the control proceeds to compressor running

state confirming step S12 of determining whether or not the

20 compressor 12 is running. In step S12, if it is determined that

the compressor 12 is stopping (NO), the control returns to step

$11. 1In step S12, if it is determined that the compressor 12

is operating (YES), the control proceeds to a first convertible

compartment damper opening step S13. 1In the first convertible

25 compartment damper opening step S13, the convertible
compartment damper 15 is opened by a prescribed angle 0.4.

Step S14 is a first convertibie compartment temperature
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10 the control proceeds to a second convertibl e conpartnent danper
opening step S15. In step S15, the convertible conpartnent danper 15
is opened by a prescribed angle 811. Step 516 is a step of
determ ni ng whether or not the tenperature detected by the
convertible conpartnent therm stor 19 is a prescribed 15 tenperature
TilCor lower. In step S16, if it is determned that the tenperature
det ect edelye rnhien Crog\eerdp ol fe deanrparitiend whwetHe 5tar nd® tBehigheerthane
the prescribed tenperature TIIC (NO, the control returns to step
S15. I ncstmgmBhtentf thermiddtear m héd tshatvirhe tespertateur ecsletrectedle
by the convertible 20 conpartnent therm stor 19 is the prescribed

t enper atoi@aH iR Fowper@YES)g dhbecbitwomgmrorekds atto sstppe $47ibkd
a third convertible conpartnent danper opening step S17, the

conver t Lt compare Menf C16ri $owpened Iby sttlee Srlescriibeid anglde©dbmThed
control proceeds to step S18. Step S18 is a 25 super-cooling node
endithg §ReF WhEr & TR AIPRFC cdolrR§CADBY theergdy oGk le rompartment
prescribed angle 010 is substantially 90 (substantially vertical:
70 to 1tbermdrmsdier di yi B8ooighenobhat Athehpsesnglibed e rrbiiref Bro°C

(he OMELLLPLEsCOmELL I L.Ls Sent Losbath flrcel coelng, duct g
t t 4 | | ed ickly to the d that th d
comartUE SefrEoRile e a9 e degras et e cold,
e Ly 10G ] palhe T1sseLng, BB o Lhe oty SR 200U 54
ich i r i i , a i r d
t 4 t t
IS0l P 1 408616 o UL RO Ll D

convertyBba i GQTRAGIIRNT 5 danDer < pRENisNG Stape Slon WEeEe sile LAy thohe

conpartnent danper 15 is opened by the prescribed angle en. e
prescri gl i bst Lal.l 5 t@ 70, e ly.3
Po 55 ) EApRTaLe T2 Shine LS FLt Bt tetnatila Ul a8 4%

subst angtapl y fcldesedbynihg hatthe rloA riderehor eenpbidhe dhe dadddecq
15A i s opened by substantially 45, the food within the convertible

conpar timgpnthd eeniveditriedid oges etmbytt bReealid tair 1fd oW ng drivuetbed
the indirect cooling duct 168. The cold air for direct 20 cooling

fram t heelpeeat ueeolT;AYC det1d6Ari s ot ssept sse6,t hat itthe § erd: £ani hed
fallen in the super-cooled state without suffering froma strong

sti mul ushéy the tenpetradovis migptNowedtlhe phescenbed ttiddee catmpaer td o
is a tenperature for determning the shift fromthe super-cool ed

st at e tohehsiftozen 925 ssthdtoe®.thanr 5Cie Abtdsoghbet] deperdss toncd HB ,°C
si ze and _shape of the neat, in the case of bone rib of pork of 100 g
gé so, I¥O{hetBapepréssiledadiaines deh Peekeptot o IBGRP | DWer , 1Ehet 1s

at
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 opened by the prescribed angle
Oi10. The control proceeds to step S518. Step S18 1is a

25 super-ccoling mode ending step where the super-cooling mode

is ended.

Now, the prescribed angle 0;, is substantially 90°
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can be fallen in the frozen state in 100 % (frozen state by way of

t he super-cooling), thereby providing the super-cooling 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

i nvention. The convertible conpartnent case 17 has a convertible
conpartment case cover 20 and the convertible conpartnent ceiling
heat inguharanSi hasyaveekliicnd :bhowody post, 18A s 4HPYIROE KS 100°) .
cei ling bl owout port {8A is a blowut 10 port for jetting the cold
air fromtt hhisndingte, cohki mpldiciiA68ot nthet henseverdidl €ompartment
conpartment 4, the provision of the convertible conpartnent case
cover 20 feabepéstancohdiderectoobohgnrngydtiem i AAWANdhihierealtdcabl ihg
not directly applied to the food within the convertibl e conpartnment
case 17duift i .15 Tisesr, Hdpesimguecker prethiengoffvastt fivbezéompariment
can be dealt with by renoving the convertible conpartnent case cover
20. 3 f £hks coOMEd Bire gBAp&inheattkadesserethat the ranpVed i digectly
structure in which the convertible conpartnment case cover 20 is

r emovabl éOWductR F@sitdteaneeny 6 titd ¢ of emBRE tieah the | Adier se¥eoribed
cooling duct 163 is reduced by the degree of the convertible

conpar t AP eCaIe R ver 20Ssoh ¢ Hatear 1y goringuahtihry fefod hmadslly apput
flows in_the convertible conpartnent case 17 at plural points (at

| east thé batR>&RddSatd 1§ P9 r B PheOdi Rt c&81T M Hukimibadaka
A ear FBE S TR AR ey S Fe LU BEF B0t P (BT CRd e TR OeR F R
e e o s A L S e LT )
it & S Ge ey be o aiaete T BB, nie PLBRR IR o h s

case CO¥REréOths SRt {191 £ NeohBAS R Rfnddie fs)rh*[@rcsgs&@d% the
conpartment case 17. Specifically, only the convertible conpartnent

case 17 I Qn. t he | E ic n yhe .
pPBY.cRe R | gdh o N, | ?EEUQ§Pé%ﬁ%F2§B} Qn&@@ éﬁhvé?ti%l%'

convertibl e conpartment case cover 177s out, "the ¢
conpar t S8Rk tea%8 200uers R0 (bgel ght7yd t @%ﬂé&ﬁi;&:@y@rﬁd Bl=e) . At this

conpartment 4, for exanple, by fixing'the
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-coocled state without
suffering from a strong stimulus by the direct cooling. Now,

the prescribed temperature T;3°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-cocled state can be kept to -5°C or lower, the meat
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10 convertible conpartnent case cover 20 on the ceiling or side wall
of the convertible conpartnment 4 when pulling out the convertible
conpartnment 17 or providing a case cover stopper on the ceiling or
side wall of the convertible conmpartnent 4. Further, in Fig. 7, the
convertible conpartnent case 15 cover 20 is structured to overlie the
upper opening of the convertible conpartnent case 17, but the

convert chire loonfral teenincate doverer?Oststaolinr equi red txnoyerstatehpy
entire upper opening of the convertible conmpartnent case 17. The
conver t Walyeo £ onpastupatt - casbingver tRerahyher prodidedthe sovest+eodDing
only the rear side of the convertible conpartnment case 17 so that the
col d ai Fricgrerdisterie cobbhngijodt duaokithe back bl owout port 4A of the
direct cooling duct 16Ais difficult to enter the convertible

conpar t nent cgéé-l? o 3R ipper L opearngf Rasempin heaxoryeeendl bhe
conpartnent case cover 20 may be 25 structured to have a front _
opem ngteF Vet FARPEStRER LD FRA¥YTENLRRL LBAT PP BREMEBAL HRhE
case 17i thetﬂront siﬁg of the r%jrigerator i s opened. Further, the
bl owout 1BSFE HER of t h8€ | AATVESR ‘T | IfPTRAE tH6B maG2B6E pldvi HBE ad
such a position.that the cold air for indirect cooling enters the,
convert?ﬁ%geégﬁ%%??n%ﬁppgégng$? FRASEhETERe %P t iﬂﬁ?ré%%”%%ﬁ???b?

Compar { AP ERH %liéb@r;ﬁie%ﬁﬁ‘@i HFERR oPFRg S RE olfert et
Tanti B to' The cabeion Tharnaednd e EmoLs Phl B chrehavods

I n1ihi s gppodireRt+ ihey R é%ﬁ@faiPefgbﬁeEEecgﬂbﬁ@%é%ﬁﬁo&f%ﬁ&Sduct

opened ‘at the poSition nearer to 10 the alir quantity regulating neans

15 wheregs thecbkawodbnRardt 18 ofohPerifdinfeat, ¢oQl i Huct 16351 She
opened at the position farther fromthe air quantity regul ati ng neans

15. I n sygaheatSlecCtdbrRpaasmeegardssd heoeakd sai r-Hapsedst he iiﬁﬂflif&%t

cooling duct 16B, when it is jet fromthe blowut port 18A its wn

15 speetbbiingdugedetue it avtdiuch tlesi sbéaaceis0ikhabtwidnecsrasd ansh séd
quantity suitable to the indirect cooling can be obtained. As regards
t he coltodihe jfogtd Widmitrheéhpor tndArafi bilkecdnpaattmeoot icagedUGt. 18A the
since it can be imrediately j et into the convertible conpartnent 4

and5t heagenveepribl gudokear timatz tage( f7stt Aeewizicdg?Q Sipeedhrarisk adgalt
quantity suitable to the fast freezing can be obtained. Fig. 8
is a défafheBYvirewosinhetinai popHet talkdend aniraoneett cblse cover 20.
conmpar t ment danper shown in the first enbodi ment of this invention.

The Coﬁvgrﬁh%|@oggﬁﬁgﬁ@ﬁéhpqﬂﬁﬁ%ﬁment 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

alr 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) is desired, the

convertible compartment case cover 20 may be attached. Further,
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25 hitherto explained was a single danper system having the single
baffl e 15A. Now, an explanation will be given of an exanple of
providing a convertible conpartnent twin danper 21 in the direct

cool ing duct 16A and the indirect cooling duct 16B. The convertible
conpartment tw n danper 21 has a direct cooling frane 21A and an
indirect cooling frame 213. The direct cooling frame 21A is connected
t o the @hreectt heoaloinng uiihld 6dombereasnt thee noivieect 0cosl kagofkan if
21B is connected to the indirect cooling duct 163. The direct cooling
frame 2tAcardd disndirECicebdlyi ng tsawe 12083 tHieve baté | ese220iands2pBtf, on
openi ng/ cl osi ng the correspondi ng franmes, respectively. By

openi ngAEIrEE] Tr & exe Dsafaid cast & Ol randh 324D, t heh e copeni ngp bé osdmpar tment
control of the 10 direct cooling duct 16A and indirect cooling duct
163 canCBé§ FONATIYA 11y S teq thithe ot rerast shhche heonvertible

convertible conpartnent danper is the twin danper, tw franes are

pr ovi deﬁ?% beFR%d i gﬁ 't heSRPFIGd&I Ity t 6NB pFeei seeyvertible

controll ed. he case 31‘57 t he singl e, danper,, the opening degree is
&6‘}?( [

15 r equf 8FFEGFCSHET 019 dsi gVt hie R hipe Bt it t86 ERAL AR AGHWE hED
g o R R
0 S ROP O G 00 b ERE R 0L e B8 0e es i e
Lo g SRS U SO IR H Ll o
coal "S5 rieR NS ey gt e 00N eh S e LD P EERg
openi Ng4gheSid¥ the convertible compartment 4 when pulling 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 20 is 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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control of the direct cooling duct 16A and the indirect cooling duct
16B can be done individually and precisely. For exanple, where the
super-cooling freezing i s unnecessary and the freezing at a higher
speed than the normal freezing is desired, nanely, in the case of the
fast freezing node, if the indirect cooling frame 21B renai ns cl osed,
the cold air in 100 %flows 5 into the direct cooling duct 16A so

t hat therfdstedt eezbbyngadube a@ze ef fpedd vty aPnNshiB8 9t PBLition
hand, the merit of using the single danper is that since the nunber

of the fatenesHtes dodwi atihe flarodustiseceasdol sngedrtbyel yhkovoandrthele

establishing (Ispace may be relatively small; correspondingly the
| ar ge locoupcingnofcehe s7ori hy Chapasseenf dierehdigecat ebotangheit
realized. Fig. 9 is a side sectional view around the

convert L5 eamhipedt beat ohet lne kdkfaiygedatsr noshewitry tttee fcostertible
enbodi nent of this invention. On the ceiling of the convertible 15
conpar t FEMP A Len | nCedgredl densdiowevesr vithte asoflkle zbnventidttiong the
conpartnent tenperature detecting means is provided to neasure the
sur f aceCPENSratuke SPPRELREHF Kowsed 1n ahd amvastibl bscohpadearne
4 (or th% cogverﬁufle conpartnent case 17). As its locating position,
the cei PFg2%Ar8f THP carveferhi& 2ot e diparasenmn £ s fefilngct ppohing
vi ew of %_e inte iorlg thg.conv%rtible %ggggrtnent case 17 is
sui t abl 8RHBRVRY Pi% ahdCrnelli Wi are YATRS /| BRE RRrEHE of the
rface,of Qﬁfcioqﬂ%can be ured even indjrectly. The surface
t npera?8F§ of The %%dd%FBrgﬁﬁ|+%rﬂ?%ﬁﬁ%e?%i§ﬁs Grgdriremear ¢br to
t hg cconygrtible 25 ¢q rt t se 17 be measured through, the
convertlgﬁe congarPneﬁBagg e 6%6%9526?29$3¥%5ﬁFﬁ??%?e %é%@%v g5 part
eﬂplOyeﬁsﬁﬁokh€héQﬁB§£§é8E6c88&§%b'Bgc%eﬁ%%1iéso§8HB%T§9 ¥%érhosition
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
alr quantity suitable to the indirect cooling can be obtained.
As regards the cold air jet from the port 4A of the direct 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 alr 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 invention. 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

63



the case of using the convertible conmpartnent therm stor 19 for
detecting the air tenperature, the tenperature nearer to the food
(e.g. the surface tenperature of the food) can be detected, thereby
enhanci ng the success probability of the 5 super-cooling. In the case
of using the convertible conpartnent therm stor 19, only the
tenperature nearest to the convertible conpartnent therm stor 19 can
be det efila®ctOgorhd it kisic thand, antet hafiretiote sengorl 22g ddiici 68s  The
characterized by (ldetecting the infrared rays emtted fromthe

sur f aceCEONVA IO ket ef PEParEmANE tHekof dompesan ldérecta thbreehpepatl ing
nearer to the food (surface tenperature of the food). Because the
quant i t YT Af PAY atayidefectegoplémot hearedd B ncr 64 restt geoling
tenpera%ure b aones hi gh, the tenperature can be_ detected on the

basi s of "éf¢ é antitt oSS Ared thg dietebierr 1189 ABGL LARovREreRs

exegut e the super-cqoling freezing,

he .super - | i . ' AN
T BER A TRt nGOPaP ot LYB 1PT rora Bet heen tha e £ Adesect
.and f the . f.ood i h h
ent o PA83 R SRR ani ol |G- aritt oF Aty CEOBER. 13m0 1 Re? SROLORREREL

he 20 i | i d f h ,
LUt a0cEPBudind BTRRIAO RN b KRS IR AL Yp8oH S A Al et aging
d i f . i 1 )
and wei ght %M&é&%%%@%é’s,ﬁegggggﬁzr@g&g fﬁgp{%géﬁmqﬁcﬁ%mg

the convertible conmpartnent case nperature

f er epgeskebueen Jhe 1SULiare 129 t&{@%rp%tﬂrrﬁgﬁé?%éébggCSBB%Eorlegf the

tenperature, thereby determ ni ng whether or not per-coo

st atee i 8ibkeichgckenting Mudi s16APRHENMEAR riclcthas Jesly experi 1BBt abhYbe
confirmed that if the tenperature difference is 5 degree or |ess,

desi r abl yd3 vdegad widdress, trhe s eidedieshs) alth canhe kibleBPdhle
the quality of the food when unfrozen is satisfactory. Fig. 10 is

anot hercsmpartaeelt dgmiyeaer snghé [towchalampdr 5 tider F efnkisogtatrovided,
according to the first enbodi ment of this invention which realizes

t he supéheceblvapesnatéinigntkeper r o gt yideb s trardd inge 51 epr82do 1 1 de.
super-cooling node starts. The nmain neans for starting the
super - cbel ithg: nedeei sof | &hdi spliaglpandéhmperg. the t operdmewidkgire@not s
shown) provided 10 on the refrigerator door. Wen the user operates
t hdSe deevBdstepdiacs:reaid edhiserg. fhethbnglipdra£obei sy e stthasgh
After the super-cooling node starts in step S21, the control proceeds
to conpr@@sBrrRGHnIGRP St edBEhT LCH g Stah JpP bredépdimafthgooling
whet her _or noé the conpressor. 12 is running. In step S22, if

duct 16B opened could be realized, the direct cooling duct 162
(' opened and the indirect coocling duct 16B c¢losed 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
controlled 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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15 it is determned that the conpressor 12 is stopping (NO, the
control returns to step S21. In step S22, if it is determ ned that
the conpressor 12 is operating (YES), the control proceeds to a first
convertible conpartnent tenperature determ ning step S23. 20l n step
S23, it is determ ned whether or not the convertible conpartnent
thermstor 19 is at a prescribed tenperature T2000 or lower. In step

S23, ifyhleres dekerghped-thati the gonveritipl § LORRAIEM therm St of ¢

19 serving as the tenperature detecting nmeans is at a tenperature

hi gher thar2hd ke anesghébethdeapalial whe F30Ra1NGrect N LRt 8O ired,
proceeds to a first convertible conpartnent danper opening step S24.

I n stepnSadly,hdncohvethiskl 6 Fconparisentrdagpaly hbdks openrd LNdidect
prescri bed angle On. Thereafter, the control returns to step 523. In
step S28pcilfind firsanetXrBrimeanh ihatcibeedpnyBet £bl@ 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 merit of using
the single damper is that since the number of the frames is
few, the production cost is relatively low and the establishing
(f space may be relatively small; correspondingly the large
10 capacity of the storing compartment or refrigerator can be
realized.

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 compariment case 17). As its
locating position, the ceiling 4A of the convertible

20 compartment 4 offering a brecad 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
food 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 is

employed as the temperature detecting means, as compared with
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conpartment thermstor 19 is at the prescribed tenperature T20C or

| ower (YES), the control proceeds to a first infrared sensor 5
tenperature determning step S25. In step 525, it is determ ned

whet her or not the infrared sensor 22 serving as the tenperature
detecting neans is at a prescribed tenperature T21C or lower. In step
525, if it is determned that the infrared sensor 22 serving as the

t enper athiee dipiecd f ngs MBgN$ht0 denwdr 8ibeaPehaburenimherhd hansthe 19
prescribed tenperature T21C (NO, the control returns to step S25.
In stepf&2Sdeitfediting et ea hi nedmbbat tute i nfranedusensetrd2nsereirngo
as the tenperature detecting neans is at the prescribed tenperature
T21C or theweio¢YES} , gt héheorduofadb propesdstie aosetherd franertahbl be
conpartnment danper opening step 526. In step S26, the convertible
conpar t #esecdarper thisrebyoperiahbyna phes crudiets angkeb@b.i ITHer eaft ehe
in a second infrared sensor tenperature determning step 827, it is
5 super-cooling. In the case of using the convertible
compartment thermistor 19, only the temperature nearest to the
convertible compartment thermistor 19 can be detected. On the
other hand, the infrared sensor 22, which is characterized by
(T detecting the infrared rays emitted from the surface of a

10 material remote therefrom, can detect the temperature nearer
to the food (surface temperature of the food). BRecause the
guantity 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-cooling freezing, it is desired that the temperature
difference between the surface temperature and center

(j temperature of the food is smaller so that the entire food is
substantially uniformly cooled. 8So, 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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det erm ned whether or not the infrared sensor 22 is at a 20

prescri bed tenperature T2200 or lower. In step 527, if it is

determ ned that the infrared sensor 22 is at a tenperature high than
the prescribed tenperature T22C (NO, the control returns to step
827. In step S27, if it is determned that the infrared sensor 22 is
at the prescribed tenperature T2200 or |ower (YES), 25 the control

proceeds drp ér SEcoad COAYEEHEBI €5 COpanidedlr darRer JeReHaML tseaeﬁgée
In step S28, the convertible conpartnment danper 15 is opene by t
angl e Ona 1Afgser tihe sopeeriddalled conpest ornt bdameert Idnd stopegedlbyy
the angle 010, in a super-cooling node ending step S29, the

super - codl it nbred | shended.frlar et eps S28t i sfathe rtyenper at ure det ect ed
by the 5 convertible conpartnent thermistor 19 is higher than the
prescri bed tefRparatldr sT20Qthdre sapeertoblle ngofpardzieng Hhopehatb ia
opened by the prescribed angle 010 (fully opened). This intends to
det &r m R&et E#ﬁﬁ?ﬁ?@ﬁl@ﬂQﬁrd¢mgc§ﬂvéhﬁtﬁkﬁ%bnpmeMQMEHt|@fnbhls

in a normal terrperature zone ow ng to e. g.
invention which realizes the super-cooled state. In

super-cooling mode starting step S21, the super-cooling mode
starts. The main means for starting the super—-cooling mode is

(j a display panel (e.g. button) or switch (not shown) provided
10 on the refrigerator door. When the user operates these devices
(button, switch, etc.), the super~cooling mode starts. After

the super-cooling mode starts in step S21, the control proceeds

to compressor running state confirming step S22 of determining
whether or not the compressor 12 is running. In step 822, if

15 it is determined that the compressor 12 is stopping (NO), the
control returns to step S21. In step 822, 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 S23, it is determined whether or not the

convertible compartment thermistor 19 is at a prescribed
temperature T;0,°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 824. 1In

step S24, the convertible compartment damper 15 i1s opened by
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10 opening of the door for a longtine. Nanely, if it is determ ned
that the cooling within the convertible conpartnment is insufficient
(the convertible conpartnent thermstor 19 is at the tenperature

hi gher than the prescribed tenperature T200C), the convertible
conpartment danper 15 is fully opened to send 15 the cold air to both
the direct cooling duct 16A and the indirect cooling duct 16B.

Wt hout aeyeedtiri@eldhgngoeldng fraerthe tdiveehco0hipg10Mct 184 td Erep
slow freezing (slow direct cooling at a | ow speed or cooling or

freezi n§23y. t He isithp es23coadlfi ig) is devednaheby téiaar ttate webhveheible
cooling fromthe indirect 20 cooling duct 16B only, owing to the
possi bi kvt aof trsdot tagernof s toolli hg shats etheoprdsten ot bap crhatudde,°C
cooling is insufficient, the freshness of the food nay be

det eri oP&t edWeTheYEF} stt}égrﬂ@?tr@lémﬁeﬁSMt&l fémpér dnfirered sensor
determning step 523 is a determning steg for avoiding such a

ci r cunstEHEE T 5 el Y HRrMAREPEor SERPL h828enverti bisé stomF@Tnentt 4is
has bee cooI ed to the 1?rescrl bed tenperature or so by cooling from
the dir €6t CIoIT Y et %Aoru ROt gt s2Entrered §ENEOH et ShBYhEs as
or not f:pl nfrare sen Is at the prescribed terrperature T21C
or |owe 8m8?§§ Hie ett q feme e p§ 2 Rgesabed emp?F%FdJre
when -1C is, reac in qgrder to start the slaow freezing

converti®l c%‘?rpg?’f"?rént ddhpkeBs |%5fop3ef‘1eéltb3}95 Cﬂ%’éeéﬁé%doﬂhf(%athe
d, | th dj
JOors gt Bedirglh skneHIRR0 ST s, S e et Oi%%??héﬁéule?ans

16A Th t t f d
conber {15 2C ot BaPPRaTLE PESIES heRoCTAdi Feed T EOeh HOPRBEE CEER, Torie
food is ggql eqd Ry é&@tﬂ@lskg‘é’uﬁ:h%ezﬂdd‘gsP@eng’” the indirect cooling.

When the terrperature of the infrar sensor 22 has becone the

prescribed tempesedgiie 523G of LeWektelhe nVgEE!
danper 15 is openedlyby the prescri bedeangnggo%oé%f%ﬁfgyﬁgggﬁg%igegéﬁsor

prescribed darmpeigt W TRI0G éfip8ratureC dERECEXAMD! ReahB 0£§|erat15the
that the round of 150 g is caused to pass the tenperature of -5C from

-1C, itptakesiahkout tengehauiuid there by nobwepenivesgl, OStHQ Qic'oﬂ@ﬁol
door. The prescribed angle, as described above, is the angle of

sendi ngotheeedisd tai ra tseddred dooaot redal ing-ahyed r 6énal sanget hgied heyg
interior of the 20 convertible conmpartnment 4 will be cooled at a
stretchs¢enst¥6.OMngstept B2, t heemabnshotk biltee npevpatnimee shotkppe t hES
super-cool ed state of the food within the convertible conmpartnent 4
(or wi thénopheedobyert bbles codripad tavegl e ciise 1Theireadaras! ot sesddata
the ice, crystal s do not becone fat unlike 25 the case of the nornal
(eee2| ngrfFareRersefpte FRBPRARLATS] defsomizdng emsiroy6d7.t hat is
t rrperature nearer to the food (e.g. the surface tenperature of the

f 0od) agt BEmaQ@élct‘”gbetlflﬁEré’dil not the infrared sensor 22 is at a

20 prescrlbed temperature T;;°C or lower. In step S$27, if it is

determined that the infrared sensor 22 is at a temperature high

than the prescribed temperature Tz,°C (NO), the control returns

to step 527. In step S27, if it is determined that the infrared

sensor 22 is at the prescribed temperature T;;°C or lower (YES),
25 the contrel proceeds to a second convertible compartment damper

opening step S28. In step S28, the convertible compartment

damper 15 is opened by the angle 6;,°. After the convertible
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enhanci ng the success probability of the super-cooling freezing.

Thus, the freezing preserving (super-cooling freezing) giving the
good food quality can be provided.

Asunder st oodf ront hedescri pti onhithertomade, in this 5 invention, in
the refrigerator including a plurality of divided storing
conpartments (for exanple, the refrigerator conpartnment 2, ice-nmaking

conpar t eeiipa3: t BORY erdamb&r ConpariidTeRbehe Vg6t abhe CONPREt MEY! 5 2ang
freezer conpartnent 6) to which the cold air created by the cooler is
sent, theapkr-oobdl ang dode ¢odisending £h6, cohd supetramctiiecarldr is
to at |east one of the storing conpartnents (for exanple, the

convert Ebldedonpart nent 4, freezer conpartnent 6 or vegetable
conpartment 5) is conposed of two ducts of the direct cooling duct
16A and indiré&t &66K n§2duct BB theor taNiperaison, dhbetSefasby the
freezing or slow freezing can be set according to the using

ci rcunstaRde il he o anHee3hpdhaidl R f réeziAg thohde dlhan the
done. Setting for the vegetable conpart nent capabl e of keepi ng high
hum di t Pre&s Bied sd arRraturenel 708 r i gerat sronvrel b hg acphmaatnept
of sectioned 20 storing conpartnments (for exanple, the refrigerator
conpar t ABAPSE, 1PcasnaRFRGIChHpE & RS ar Lkefverel el & ocbhpatvnepenad) -

bl.e .cor 5.and fr. .6 ich th
1 or oEed DY CPRECLG8) B FERUGR Cht TRE URESSLAb S0l PR RREEELCPLe
the di | - i.ndi t i duct 16B
i ch o 8rEaa R 4 55 A0F ALk SRt ERBREEE G R i i 2 ror-
| i b t 4) .t he; gal.d. ai t
G ot ng RORA Reni CePar PRI el EREGormaT bl o Eorphi et ed

an air gHaRti tyer egubatiingg W&%@ﬁjﬁ5F%%paQb%vQLﬂEﬂ§fQinﬁbﬁﬁ&r%ﬁ@atoris

cooling ducts into the state of at |east both opened, one opene
both cl pgeds e drid s ﬂ}@%@hvéﬁ@iﬁﬁétc&ﬁﬁgﬁtﬁgn@v tﬁk%ifszt;&ﬁZ R0 ; Gagt
e

be set 5 according to the using circunstance of the user.
the temperature higher than the prescribed temperature T;,°C),

the convertible compartment damper 15 is fully opened to send

15 the coldair to both the direct 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 is
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 cooling from the

direct cooling duct 16A, in step S25, it is determined whether
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super-cooling freezing can be al so done. Further, the air
gquantity regulating nmeans 15 includes a single inlet and two outlets.
The inlet is connected to the (-duct 16C fromthe cool er room where
the cooler is located. The 10 one of the two outlets is connected to
the indirect cooling duct 16B and the other thereof is connected to
the direct cooling duct 16A. The direct cooling duct 16A is opened at
t he pospti optwhbeeihlficacekddsansors 2@di Lecht yrlapplredct tbélhetdapdrature
within the storing conpartnent (e.g. convertible conpartnent). The
15 i ndi FectC coolliong uctTHkbBriess apened atmpbeapasict TorfoMier e .the ~aokcd
air is not directly applied to the food within the storing

conpart nent (&rgm cdrarertll el sonpachmeht )irorottiercabd sdigrt sthe slow
indirectly applied to the food, At |east one of the storing

conpar t FERES NG a WRrieRvebhpaLenerrreafa et clamrerl Fngst apepgd by
super-cooling freezing permtting the free2|ng by way of the

super - cbBrean gt gt&: f%@f@@@hﬁ%ncﬂb@lﬁ Ho°Succlbs probalfikity asf angée

- | f the f |
Froezi n8) GRRTHGE hbPGodd FowRe USPPLy SEaRbet pf 691 Bod. Sszgtmu : .ﬁ:gﬁg%g??ﬁ
th f t di to.thi t .
Sori ngELORIA FBR SLEAS e BRANGRA T b oPne. RBHer ERLTeL L %:Bﬁp%%%miy
4 fr
coor ai A5 EB° RIS B e rARe iy Bt (R L e R e %§ ProdsEleys
ﬁtablhs.ﬂegh'en idaiRast o8 of 4t A gt QFGIBHQ %%rg)%roorga c%&'ﬁ?d oy the

nverti bl e conpartnent 4 or the super-cooling conpa

cover Nemher 20ca8z60Ver hAgeat J;Ea hé& DPg (.IllPécwr:hgtf&pPﬁé%Qpen@EgnOfthe

the storing conpartneént case ein |rect cooling doct 1

opened gémpke apesid b@nm@en_r@fw@ea@@h@éf 2;8hglsrsé&bmea@h%'ﬁdeé@rm§d
cover nmenber 20 so that the cold air is not applied to thef

temperature T;,°C or lower, the convertible compartment damper

15 is opened by the prescribed angle 8:y (fully opened). The
prescribed temperature T;;,°Cise.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 hour if there is not
opening/closing of the door. The prescribed angle, as

C 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 food (e.q.

the surface temperature of the food) can be detected, thereby
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(-within the storing conpartnent case 17. 10O herw se, the
refrigerator according to this invention includes the storing
conpartnent case 17 established in at | east one of the storing
conpartnments (the convertible conpartnment 4 or the super-cooling
conpartnment 4) and the cover nenber 20 covering at |east a part of

t he upper opening of the storing 15 conpartnent case 17. In this
case, tbrhiamdiirect wosel ingcdests 1pBobabapdnsd atf t tposupon-ebol heg
upper opening of the storing conpartnent case 17 not covered with the
cover nEmbkerzi2y.covefhng,attheasfraepany opreberupper opamnawy ¢bel enf
so that the food within the storing conpartnent 17 can be cooled |ike
20 t he fnéerdagicodl vihggbyhehgoos daid @tahitygweeoolbeng spetded.
substantially equal to natural drop. For this reason, the success
probabi | ity oRstirdetipepodobf PndHe desiariniion be. tdrietre e dsThas, th he
freezing preserving (super-cooling freezing) giving the good food
25 auawwee&%% pPovitegrigerateyineluding & Blirgeddnopt divided
according tq this invention includes a terrperature detecting neans 19
for det®cPrigs heCOF“BG‘&tt“Eerﬁ)J%? at Ui t B5FR1 ¢ eastthme drefimigerator

storing co art t he con er bl e conpartpent 4 o
supelr-g%% PRg Eﬁ?&a nt 3436?\;1?’13 Illﬁg cont B‘F‘rgrgﬁﬁ‘g 30£for Conts ot iR hy

he baf h 15

on'tho G2 39‘% '?%eqe%%%?ﬁ?aﬁgea%#éa i hare&?é”wpee E e thA g
ans 169 JCB mlllcsh dﬁq{gr(g@)fgd Qaii: Qhetoe r@ﬁgrg tect ed b ‘%,heth
rrperature det'ectl ng nmeans 19 £57 prescr|

ter_merae&ﬁa 19, both tdhe dgdgrﬁgviﬂeﬁogﬂléngowcg }_6/%1:%99 e ddiLecty, ot

cool ing duct 16B are opene
least one 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-coocling 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
one of the storing compartments (for example, the convertible

compartment 4} to send the cold air to the storing compartment
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10 prescribed time to elapses after both the direct cooling duct 16A
and the 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

i ncludes a tenperature detecting neans 22 for detecting the food
tenperature within at |east one of the storing conpartnents (the
convert il blogr eaaparltavetrth el convehet Supercoood r tgenanpar t apndid) qaadt i be
control neans 30 for controlling the baffle opening degree of the air
quant i t yegedu Hrin grareahsl 95 Reohe the desising the temperat ing ducts
detected by the tenperature detecting neans 22. If it is determ ned

t hat thentenpee fthinle adt 2Etlar oy b opapedat one akered imgbmsansleged.
is a second prescribed tenperature T22C or |ower, the direct cooling
duct 16173\0Ffstgéiﬁs¥§ﬁf5p§|rl yhel 638d, frreréby exesloWn§rendingdicracke set

5 according to the using circumstance of the user. The
super-cooling freezing can be also done.

Further, the air quantity regulating means 15 includes

a single inlet and two outlets. The inlet is connected to the

C‘ duct 16C from the cooler room where the cooler is located. The

10 one of the two outlets is connected to the indirect cooling

duct 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

compartment (e.g. convertible compartment) or the cold air is

( indirectly applied 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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25 cooling. Further, if it is determ ned that the tenperature
detected by the tenperature detecting neans 22 is a third prescribed
tenperature T22C or |ower, the direct cooling duct 16A is opened,

t hereby executing the direct cooling for fast cooling. (In this case,
the indirect cooling duct 16B nay be either opened or closed
according to the specification of the air quantity regul ati ng neans
15 (si ngbedsaffiientr t @bebafdfesyeraboSpaenidocdlhy, tion tites cageedtion
the single baffle, the indirect cooling duct is opened. In the case
of two bafcflugies the $hdriagtconphihgeddctasayibecettbdrl siiabéd o least
opened. In short, only the direct cooling may be done, or both direct
cool i ngeasd cifndihee Gt W19 ermRs L baeddre)( thien comive ninibl i peepahened t
infrared sensor is used as the tenmperature detecting neans 22 thereby
t o measfir 8Tt hBEesERPEEE Qe @it P8P oF LIBA L 4ddanghEheeApEerat neaber 20
nearer to the food (e.g., surface tenperature) can be detected, and.

t he %succ8Y¥§Prhat |%%%385fatﬂ@r§u5§r TRGoMPRG 1 i g WP F I thhe storing
enhanced. Thu the freezjng preserving 15(super-coqling_freezing)

gi vi ng CREPESSRTUoEHTaI 11y o PGt bOFRedoO FIREnERCL AES 15 obened
refrigerat accor.di.ng tq this_.invenfion, has a, plur Lit oa.divideg
stori ngago%lgr?ﬁesﬁ%sl o "Whi'ch e %%#‘i’i T Y e%flé%cg Yt%gp 86Fe i) §he
sent. 3880e§ ﬁg&g@&e5%t85 fﬂgkugﬁé cold air is not applied to the food
(j within the storing compartment case 17.

10 Otherwise, the refrigerator according to this invention
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 of the storing

15 compartment case 17. In 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 so that
the food within the storing compartment 17 can be coocled 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 guality can be provided.

Further, the refrigerator according to this invention

includes a temperature detecting means 192 for detecting the
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20 a direct cooling duct which is connected to at |east one of the
plurality of storing conpartnents and is opened at the position where
the cold air supplied fromthe cooler is directly applied to the food
within the storing conmpartnent; an indirect cooling duct which is
connected to at | east one of the plurality 25 of storing conpartnents
and is opened at the position where the cold air supplied fromthe
cool er ifsorbtetpreatthy-cappbhecd 40 lihesf oad o tthienstbeisyafdm@artments
conpartment or indirectly applied to the food; and an air quantity
regul at il eneansnvapablbd ecof abmpeasimesd] ecti ngprei t hee omumérbodbbling
opened, one opened and both closed of the two cooling ducts of the
direct €esPayfmart 4hdande thediocgdircbohéagsdadt foBy welteoel vehy the
changing the two 5 cooling ducts, the storing conpartnment is nmade
capabl ePaf T e OmETHE 4 e EiRRIa £ dd1e gl i raen it perede ahgngheeans 15
freezin b¥ of the super-cooled state. Therefore, the tenperature
nearler 86‘ the fykl?tfd“ieoﬁ thar fEP Taiprat 4P eCEad by ddredipenature

t he suc s probability of the s er-coollng free2|ng will 10 be
enhanced® % 09 fededz ng or é{gli\ﬁ Ag tesmbared ddtatng-he temperature

detected by the temperature detecting means 192 is higher than
a first prescribed temperature To, both the direct cooling duct
(j 16A and the indirect cooling duct 16B are opened. When a
10 prescribed time ty elapses after both the direct cooling duct
16A and the indirect cooling duct 16B have been opened, the
direct cooling duct 16A is substantially closed, thus executing

the indirect cocling.
Further, the refrigerator according to this invention
15 includes a temperature detecting means 22 for detecting the
food temperature within at least one of the storing compartments
(the convertible compartment 4 or the super-cooling
C‘ compartment 4) and the control means 30 for controlling the
baffle opening degree of the air guantity regulating 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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freezing) giving the good food quality can be provided. In
accordance with this invention, since at |east one of the storing
conpartnents has both direct cooling duct 16A and indirect cooling
duct 16B, a refrigerator or storage house 15 capabl e of sel ecting
fast freezing, normal freezing or super-cooling freezing can be

provi ded. Further, since the indirect cooling and direct cooling can
be sel etbRhvelsy ophanged, thyrspleekkengttimey ithd ricte €0tdHAVinkh€or fast
refrigerator or storage house which can be enployed as a vegetable

st or agecoodpard Jrefiin 2th tancheepr ohedéddirect cdal aegoddancee®i nhy be
this invention, since changes in the tenperature distribution within
a secti easdest obiempd onparitamsd asfcehdinegf to geratspecanibetieduoddtha
refrigerator or storage house permtting high quality food preserving
can 25 Bpérpieangédy requlatipgaeeanddricésihohetim EflaventivoraEfhee) .
changes in the tenperature distribution of the food or the Iike

pr eser veBe Ciftiifian the 5% ofAgcesfpalt et séhdtliee badiiligerthorirdhreet
reduced, a_refrigerataor or storage house permtting high quality food
preser viRG LAY bRUpEovitedPePR%ccortakhle iddet Rifs F¥wekeitddess hhe
hi gh qual i.t f [ funﬁtion er-cooling freezing functjon

is adopf@gl¥ﬁ%ﬁiéggigggkgﬂ9 ﬁ??%ﬁﬁ?éigg?ITQ%ﬁﬁ?ﬂdﬂf?ﬁ@nﬁﬂgh dhafheyt,
et g byl enerau ey Dol o te enetoy aaved Meri g o,
FET i gegAkon BRGUM NG9 hY $1dMEL 48%e) . In this way, since the
10 infrared sensor is used as the temperature detecting means 22
thereby to measure the surface temperature of the food, the

temperature nearer to the food (e.g. surface temperature) can

be detected, and the success probability of the super-cooling

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 céoling 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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10 adopts a tenperature-controlled cooling structure in which the
cold air is introduced in the space causing the super-cooling and the
cooling tenperature can be changed to plural values. Thus, in the
structure and control of the refrigerator which is not greatly
different fromthat of the conventional 15 refrigerator, the
super-cooling of the neat or |like can be realized. In

accor dahce thiet Ifddu;s dment | oy guaneiay rebudrad sen&odins Scasedlasof
the tenperature detecting neans, the surface tenperature of the food
can be atadured, shHearebingeehiheirngn20otthdotténpgratat ¢ owearepehedt had
food (e.g. surface tenperature) to be detected and the success

pr obabi PPthh 6foske afpele dodd idnp fFirmedunt s o héhentlaneed. cFhlspat fect
freezing preserving (super-cooling freezing) giving the good food
qual i t y2B8nthe gl eiel.cosl indcisidandy wetlie athiee I nedrtrioimg Whiechwo
has a super-cooling freezing function of freezing by way of the

super - co5IPdd "k HCLEhe THiGhS ERALNLY GGy HEENA Wit cha8fe cipadlerof
shape of the  ice crystals created in freezing is not prone to_destroy

the essBHECHLEF JOUSHRAT THROT 6B, TEGPERET, PSEALd tH | dee cFyReal R

Cl oo 1B ABVoPE gh kel S SRRt coBAN b CHBE B nod g TIRES  dilis A Hob:Fe
f ' h its tast t ext d
ctato oazared SrTafatid S e Al afe v epaPlicaorrRp 7 cint degedy

ate _ CodUse tpere £ e
0 or o PEP 900 S SR S s "R TP e 2 o B BHb T 28R b L

as 130 Q9gp%ﬁﬁ$ﬂﬁéélth@hﬂgﬂmﬁhérffééggnBrﬂfggegéfﬁéiQ%uﬂgyicooling

resultant food quality 1s satisfactor
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 of selecting fast freezing, normal freezing or
super-cooling freezing can be provided. Further, since the
indirect cooling and direct cooling can be selectively changed,

C_ by selecting the indirect cooling, the refrigerator or storage
house which can be employed as a vegetable storage compartment

20 can bhe 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
ox storage house permitting high quality food preserving can

25 Dbe provided.

In accordance with this invention, since changes in the

temperature distribution of the food or the like preserved
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In accordance with this invention, by nodifying the specification of
a general refrigerator, the refrigerator capable of executing the
super-cooling freezing can be provided. 15 The expl anati on has been
mai nly given of the structure of the home use refrigerator. The idea
of this invention resides in the control, for exanple, that after the
food is stored, the tenperature is lowered at a prescribed cooling
speed twiittsirdf rekei g oqaimg ; cohiplse trten it esperaiauree f 51 geadtdld Yecan be
| owered 20 using the air flow entirely uniformy distributed, cooling
keep t heesuperd.coel eteStageratoa hoghertdrepzi hg usenppeahdrte jirsy daneh
for the food to be frozen; after a prescribed tine el apses, the cold
air at aufddttherfoohepreeaparacurean sbeipecvlidedppl ied to the food to
fast freeze the food, thereby canceling the 25 super-cooling; and
thereafter, the Respidapreswivdd Hia tormpotdtom.e dower ign ghelity
tenperature of providing the super-cooled state, e.g. at the freezing
t enper at HEEZMY 18CNCL v s ialeSURAT teoal Badapht ¢eding afraegéoscals
very low-tenperature _industrial freezing house. Thus, the energy can
be greatPPPLeredt N FRIERS O F t CoRvRdtel ¥tr bclppé tHage@hiPe t 1§ obéoh
is carried_hy a_l owtenper re carrying vehicle as 5 a refrigerator,
L is cAUSAd ol FRERINA Yhendurt eSHINACBeRIEE et the ¢ one ai Sared

| t t i s_di lied to the food during the ..
Cupor - COBPBH SUAE 18 CHRELR ERY REIS ool PAGIES CHA Hnet T obiedn

~ f i ng- d. LfEcall t fish, 1 i.ch wat i
Sontai ned i LREREREE R L ERb LYo R aiod Al ahnd i Hiritisn
flLLL i ¥ s 1S,
cuner s PEaPRs=oe eerreabe ot YA Fas il BB o R on e
CarrY'nglhnaﬁgdié'PﬂtrBBﬁc%%PQHn%%ebngE%r@%g%ﬁigh29%¥%gﬁgﬁg%%5ﬂiﬂ&

and cooled at a tenperature not excessively

freezi ngnferner abune Y- hp &t a fRst 20GBUELRAL AL & VAR SXIFLIRLY.
| ow t enperature of -60C adopted in the industrial freezing house.

Thus, wWhheyt iusthe emei@t 18 tded cashytpy ¥yehiake -ame i i whech
carrying tine, the super-cooling freezing can be done, thereby

contri hiusi ngpt 0o eneaigyy sald fife 20nbef premanthaf t erf t ey CaioHthtional

Accordingly, the food with good freezing quality can be delivered to

a tonsimméerigAsartegar dsh¢ hseubpead csullj iaod edft ahkhenestpes r cQalkiengGan be

freezing in the refrigerator according to this invention, its

realized.

In accordance with this invention, since an infrared

C'. 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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super-cool ed state is given at a |l ow cooling speed. Therefore, 25
after the tenperature uniformy drops to the interior of the food,
simul taneously, the ice crystals start to be created. The ice crystal
created partially will not grow non-uniformy and the size of the
ice crystals created within the food becones m nute, thereby keeping
the food quality. As regards the rel ati onship between the cooling
speed and tsheysi e afhd Hed carytysl @l Sreasefihencbpéep@gngpeednot prone
i ncreases, the size of the ice 5 crystals created within the food
tends t boi deseasy. the esseThealeftigetatrerofdter flbng .t oFulither, since
invention includes a freezer conpartment capable of continuously or
st epwi sé&heegd@leatiryy tehles taarmyet ad uree ohinheef oedenoi betbeoied ¢rpstCs
to the tenperature in a freezing tenperature zone by the cold 10 air
ci rcul aB&EE PFokra, clgor &itate ed6isiente ddfparimine las Fahgeehn bet dletained.
freezer conpartnent for taking in the cold air jet froma cold air

bl owout Th&St ¥hathé e d0A% IoMeriamaR ahe steR@dIeaéiEynsiehkaspits
the foo its super-cooled state mhere the food is not frozen even
at a teﬁﬁéﬂl&trur &S YR Prreefnrﬁ@eﬁaﬁﬁ 5 30re | HIRGTOMSS t siRdek Bt aEkory -

setting_.neans fo ting the te erature of the freezer conpartnent
2t the PERBeRR OF A T0e B RS DIAE GRGR ShitE PYSERbo i GReTRe T Fiabl ed

the f d.in the. cool ] t falls i th :
stZte""gt%tﬁ%re 8.1 oBfiedng SRBaHe R ar ey dund diriny £RE Wit Spod

30 aroupd La daadh steredeho Lhes ggoua@%ﬁoampag @&tf{m%ebyat%%s, s

ul at & £he ol iT Jet reezer conpar nent

thqocooébfag %%’EE%EEE“%EQ trr@fmgfeoﬁﬁé)déizsfﬂ r%q- ' @afstae f?&laEggg, the

conpart men ept in Its super-co fate.

confi gurakh9Rantthedb@hggyak by ifsr %%Zﬁlrkgfgélﬁopg real I Zed with 25
saved energy.

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.

15 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 the air flow entirely uniformly 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-cooling; and thereafter, the fcod is preserved at a

temperature lower than the temperature of providing the

super-cooled state, e.g. at the freezing temperature of -18°C.
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The refrigerator according to this invention includes a super-cooling
conpartment for keeping the food stored inits not -frozen
super-cooled state at the setting tenperature between the freezing
point or |ower and the -15C or higher by the cold air supplied from
the cooler; a cold air regulating neans for changing the tenperature
of the cold air jet into 5 the super cooling conpartnent and

circul aThig t Hetesd n;can suer -Clood | ngpsaneel i bg neansatge canseki Ngery
t he super-cool ed state of the food by supplying the cold air at the

t enper al ome Heowez r 2 banet hedset-triirg tergez aterieobye aborhu?, t ohe degree
to the food stored in the super-cooling conpartnment and kept in 10

t he supepncbel gdestdvesdyody ofurhbecol dtais moegukitfiend ivmanhat while
such a configuration, the frozen food with good quality can be easily
obt ai nefihe food iheawirddivire bevtiagreraisifocamying vakicle as
freezer conpartment or cooling conpartnent in this invention sets the
15 cool #nige Spe8@LiRh oF r afghS f¢AF 3. Brrmsh dn- e/ diiraheacohedf sbdtatr

conpartnent tenperature stored_in the cooling conpartnment is cool ed
so t hat aPﬁe ti’l.ﬁ’ f%f%leét%?'r’f)e?gt ér dC4E % H’eeI‘FEJ%HagPéﬁs 160 4 Heagighy f 2BR 3ed
to 0C, hereﬁ) o uos' ng the food to surely rysh in the super-cool ed
state. 28The %ol & é’ir Fégiiat gﬁa r%%%fiéOPieEr ovidkd it eFPR&Slonkhe
o o e SR UL Part [ O Shthe cOldl Lot DL0. U0
SOy BB BN P, choB) Byok A LRGP SIALILENAOR
10 no gap in each of the cells and among the cells, corresponds
to a vessel filled with water with no gap. 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-cooling
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 cocling speed. Therefore,

25 after the temperature uniformly drops to the interior of the

food, simultanecusly, the ice crystals start to be created.

The ice crystal created partially will not grow non-uniformly
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25 and the duct between the cold air blowut port and the cold air
take-in port. By regulating the cold air using the cold air

regul ating nmeans thereby to restrict the wind speed around the food
to be fallen in the super-cooled state to 0.1 to 0.5 m's. Thus, the
super-cool ed state can be kept. The cold air regul ating
means 15 and duct 16 in this invention constitute plural curves in

t he i ndiengctheodl Eag Hudte 5ce68rpstpilovideateduct thiengthe food becomes
corresponding to the depth of a convertible conpartnment serving as

t he stofiad tconpahereity oteepdnionghronpartinental Ot her whse, rasangst hae
baffle 15A, the cold air regulating neans restricts the w nd speed of
the col dediatignshéPrtwarpk Brewerelpogtspeerh awnilcihhe ol zeolaf dhe ise
jet 10 into the freezer conpartnent or cooling conpartnment to 1.0 to
1.2 m sCTYRIS LI h S et -t vag stReedchncbeaResy. the size of the ice

Addh;ionall¥7 in this,_enbodi nent n exanple of the storing
2l £5

conpar t fiENt BHpaT £ é’&&thij'r?g’tir?é Qper Leaasi ¢ doutregse -
i e 15 convertible

- | i [ fast f . Ih . .

conpar trent 47R8s® SRATGRER - Hodtet: IS GF hoh L S eNSBbhBAr L REARISACH
th t t abl t t.5, I

"t i pt SOLAST we ORI o RER R Whote Aha T RARPAdt GBolfhEpRbEe

oo roCaRSATheF IS VaRbaRUR =Rl TP SISGIAS ARTeREPEL 528 B

qompart BNt neatepblind i e L3¢t zsir{r%kﬂé}&aeﬁagﬁ)?brggn%tg 'Pe co1d

conpart nent can be set at a desi rec? t enperat'ure zone or super-cooll ng

freezi ngi rAceeedilnglan #:henrefEdgLLAL 0F 063t ALAGSAUSS M L h 9090 e

operability for the user can be provided.
in the freezer compartment, for taking 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 Jlower; a temperature setting means for setting the
temperature of the freezer compartment at the temperature
between -2°C ox 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 regulating means for restricting the wind speed
20 around 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. In 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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VWHAT IS CLAIMED IS: 1. A refrigerator conprising: a plurality
of divided storing conpartnents 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 | east one of said
storing conpartnents to send the cold air fromthe cooler to said
storing conpartnent; and an air quantity regul ating nmeans
capabl eneft dlraragmhg sswar towo Led| isttpteictes | hhe tdhetsinge édmperbease
bot h opened, one opened or both closed, and the air quantity
r egul at Padweean$heofpeesd i @ aamperr dandéiguared] e efidifCand higher by
each of the two cooling ducts independently. 2. The refrigerator
accor di hfe 6°dchiahy Skt beR 58P Ahe §esdEiyy a gl htd g Pegnsating
includes a single inlet and two outlets, the inlet being connected to
a duct BEARSCIEF (P ELBFeFReo&AIRENHT ehe saf dtBBorerl d ¢ igf rdmetinto
the5one ﬁf sai d tmo(%%ilets bei n conngcted to_saiq i.ndi rect coaling
duct anf™fhe® Pehibr THET RS 58 GhREt &9 oCdLry gt Ehsheg s 2
duct. ...The refrigerator according tao any one.af clainms | to 2,
mhereinggg;g §ioCect cﬁﬁ?%%f ﬁgthgnggﬁédggpcgl&ﬂﬁtﬁhﬁ]%ﬂ&ﬁ%??ﬂ%led
cold ait,Ls dire y | i Lt hi id.stori onpartnent.
4. The %E??Fgg?a§%% ggggf%fﬂﬁﬁﬁgiggggg%%eogo%?agﬁg ﬁtﬂ%%§ﬁ: eref pite
sai d indij.ect :6Q9l ithg g}@ft ﬁ%of’éﬂﬁgréttuar.ep% L, e, t edéf&ge ag
I to food w nment” or

is not directly applie in said storing conpar

. | cLtl Yy appl ) L . . .
tfe colghai Fobd kReiHRCtlY aRp élﬁgefocégflﬁgic’gozsngggtgﬁ&rf eir'icﬂg]%ﬁ'%]?{n

according to any one of clains 1to 4, wher east one

theost ofh 8Os GEEPALLABRISs LS LR BY U4 NG CONRALLMBNY i £3RAPL L2 ¥{ng means.
executing super-cooling freezing of freezing by way of” a super-cool ed

state. If.sdbk 4 efdrfefatot1a8¢0tHeNgrbeanfoOneyPEn @b aBqdat 0t ¢, can
wherein said at |east one of the storing conpartnents is a

conver thdl easddpartitenined7. The refrigerator according to any one of
claims 1 to 6, further conprising:

The temperature setting means for setting the freezer

compartment or cooling 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 alr blowout port from which the cold 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 cooling compartment

25 and the duct between the cold air blowout port and the cold

alr take-in port. By regulating the cold air using the cold

air regulating means thereby to restrict the wind speed around

81



a storing conpartnent case established within said at | east one of
the storing conmpartnents; and a cover nenber for covering at
| east a part of an upper opening of said storing conpartnent case,
wherein said indirect cooling duct is opened to directly apply the
cold air to said cover menber so that the cold air is not directly
applied to the food wthin said storing conpartnent case. 8. The
refri geF&SorfoRE SRy faol kely bt TUReHECROLed7 st Her 0.1 to 0.5
conpri si ng: a tenperature detecting nmeans for detecting the
f ood teWﬁ%%at&h?%Mt?ﬁ% SHPETraCacdd Drrtef ciRebst kemig
conpartnents;Fggg .a control peans for controlling said air

|

quantity regu P HaRd Lok QL Hashs BFaPKe t2npRfaficd det eéRedhiy
sai d tenggrature deteg; inif it is determ ned

i wh .
Chat t hePUSTE S PR et oot 8 Iy Sh CHISaRdtls d MHEag s G5 HodHE opst
hi fi . i d t i | th.th
o Jaer LEENCR TN AL SRR D LRAREN Bl MEADNE Yo SFhk 2b iRy ot

hen wh - [ j . when both.th
et "EEEA SRl I L1 LR AT LODGShoChanere LLSMNCRoRBLD ikt oF

di rect cooling duct rect coo uct ~ar e ope

cool ngcduati s conbatantdl |y ahosedi Lo, exeaut erlnleest £001 1L o094

The refrigerator according to any one 0 urther

conpri shig regulatihd MPL At e detect £RE ﬁ?ﬁass£8EquEeEBEngoﬁQeair
food tenperature within said at | east one of the storing

onpar taentse atld air bAowoR Yo EafSoh OfheeAt kel idg Saldralf et
quantity regul ating neans on the basis of the tenperature detected by

saild t etpepatheefdeteeid R@mRANSuent or cIMEIRiNcdhphtthendeter mi geds

that the tenperature detected by said tenperature detecting nmeans is
a second. pr eger.i b&hus, 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-cooling freezing or fast freezing.

20 In this way, 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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tenperature previously set or |ower, said direct cooling duct is
substantially closed to execute indirect cooling. 10. A refrigerator
conpri si ng: a plurality of divided storing conpartnents to

whi ch a |Ld_air Crﬁﬁéf by a cooler is sent; a cold air duct
for sen&%ﬁﬁ'g%eQﬁﬁI §£%%on1the cooler to at |east one of the

storing conpartnents including two ducts of a direct cooling duct and
i ndirect cooling duct, said direct cooling duct being connected to at

| east ogq of h%é%f¥Q§¥ééﬁyn§g%§E¥%§%fﬁd opened at a position where

the cold air from said cooler Ty applied to the food within

sai d storing %pqgggégﬁg%% g?dt GUféédK%ES¥£n g?%hQQIQ%%%ggehﬂg whichaa

connected to at e storing co nts and opened at

posi ti op whens 1 he «eelth &y d $RAtediredddny applied to food within
sai d storing conpartnment or the cold air is'‘indirectly applied to the

food; and two aBodiinguanhity regul atidg-dmanssapabl e picichangi ngn
two cooling ducts of said direct cooling duct and said 1ndirect

cool i ng i@uGtreicAt G- @id h@hcst ahe cof fHat hoopenetkqone epenesk & BAthor
cl osed, wherein said two cooling ducts are sel ectively changed

SO0 t hat saadd ssbefingg ceafardniRids 1S asSidriing conpasi reptotapabl ecolier
executing the super-cooling freezing of freezing by way of a
super - cool edist atering compartment; and
an ailr guantity regulating means capable of changing
said two cooling ducts into the state of at least both opened,
one opened or both clcsed, and the air gquantity regulating

means comprising a damper configured to open and close each of

the two cocling ducts independently.

2. The refrigerator according to c¢laim 1, wherein said air
quantity regulating means includes a single inlet and two
outletg, the inlet being connected to a duct connected to a
cooler room in which said cooler is arranged, the one of said
two outlets being connected to said indirect cooling duct and

the other thereof being connected to said direct cooling duct.

3. The refrigerator according to any one of claims 1 to 2,
wherein said direct cooling duct is opened at a position where
the cold air is directly applied to food within said storing

compartment.
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4, The refrigerator according to any one of claims 1 to 3,
wherein said indirect cooling duct 1is 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 to

the food.

5. The refrigerator according to any one of claims 1 to 4,
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.

6. The refrigerator according to any one of claims 1 to 4,
wherein said at least one of the storing compartments iz a

convertible compartment.

7. The refrigerator according to any one of claims 1 to 6,
further comprising:

a storing compartment case establighed within said at
least cone 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
apply the cold air to said cover member go that the cold air
is not directly applied to the £food within said storing

compartment case.
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8. The refrigerator according to any one of claims 1 to 7,
further comprising:

a temperature detecting means for detecting the foocd
temperature within said at least one of the storing
compartments; and

a control means for controlling said air guantity
regulaeting means on the basis of the temperature detected by
said temperature detecting means,

wherein 1if it 1g determined that the temperature
detected by said temperature detecting means 1is higher than a
first prescribed temperature previously set, both the direct
cooling 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,
sald direct cocoling duct is substantially closed to execute

indirect cocling.

9. The refrigerator according to any one of claims 1 to 7,
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 quantity
regulating means on the basis of the temperature detected by

sald temperature detecting means,

wherein if it is determined that the temperature detected

by said temperature detecting means 1is a second prescribed
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temperature previously set or lower, said direct cceling duct

is substantially closed to execute indirect cooling.

10. A refrigerator comprising:

a plurality of divided storing compartments to which a
cold air created by a coocler is gent;

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 cocling duct and indirect cooling duct, said
direct cooling duct being connected to at leagst one of the
storing compartments and opened at a position where the ceold
air from said cocler 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 1s not directly
applied to food within said storing compartment or the cold
alr ig indirectly applied to the food; znd

an air 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 1is a storing compartment
capable of executing the super-coocling freezing of freezing by

way of a super-cooled state.
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