[ Name of Docunent] SPECIFICATION [Title of the

I nvention] REFRI GERATOR [Technical Field] [0001] The
present invention relates to a refrigerator having a
plurality of partitioned conpartnents and a plurality
of ducts for leading cold air produced by an
evaporator to the plurality of partitioned
conpartnents. [Background Art] [0002] Fig. 11 is a
schematic front view of the conventional refrigerator
shown in Patent Docunent 1 in a state of the
refrigerator without a door. In Fig. 11, reference
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[0002]

Fig. 11 is a sqhematic front view of the conventional
refrigerator shown in Patent Document 1 in a state of the
refrigerator without a door.

In Fig. 11, reference numeral 1 denotes a refrigerator
body having a plurality of compartments divided into a
refrigeration compartment 2, an interchangeable compartment
4 variable relative to temperature zone, a vegetable
compartment 6, and a freezing compartment 5; numeral 14 a
- cold air circulating fan for circulating the cold air
produced by an evaporator 13 by the operation of a
compressor through each compartment; numeral 43 a discharge
duct of the refrigeration compartment 2, with one end opened
to the evaporator 13 via a refrigeration compartment damper

unit 39 and the other end opened the refrigeration

compartment 2; numeral 44 a refrigeration compartment



suction duct with one end opened to the refrigeration
conpartnent 2 and the other end communicating with the
vicinity of the |Iower portion of the evaporator 13;
nunmeral 50 a first interchangeabl e conpartnent danper
unit provided in the internediate of the
refrigeration conpartnent suction duct 44 for feeding
a necessary anmount of the cold air to the
i nt erchangeabl e conpartnent 4 in nodes other than the
freezing node set at the interchangeabl e conpart nent
4; nuneral 51 a discharge duct, wth one end
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in 4ndURf 4nd3i 2 ¥eget ehkerceonparhieph dbmghacgendushiction
(not shown) with one end comunicating with the

dudtef44 gesat Fead cegparhsest sdappenountt of30handotiReair to
ot her end opened to the vegetabl e conpartnent 6;
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fraer ithe modé esebaagedbt einbapahangatbdewbenpbhément 4;
i nt erchangeabl e conpartnent 4 is set at the freezing
numeptel  ahda ndieclakrgd dncti nvétbhangeabfieconmpaitatang with
di scharge duct, with one end opened to the vicinity
th@freﬁel%e@bmmoq’—omavteenheseemmd duct 44 via the first

interchangeable compartment damper unit 50 and the other end
opened to the interchangeable compartment 4, for the
interchangeable compartment 4 set in modes other than the
freezing mode; numeral.52 a suction duct communicating with
the refrigeration compartment suction duct 44 for the
interchangeable compartment 4; numeral 53 a vegetable
compartment discharge duct (not shown) with cone end
communicating with the refrigeration compartment damper unit
39 and the other end opened to the vegetable compartment 6;
numeral 60 a second interchangeable compartment damper unit
for feeding a necessary amount of the cold air to the
interchangeable compartment 4 when the interchangeable
compartment 4 is set at the freezing mcde; and numeral 61 an
interchangeable compartment discharge duct, with one end

opened to the vicinity of the evaporator 13 via the second



i nt erchangeabl e conpartnent danper unit 60 and the

ot her end opened to the interchangeabl e conpart nent
4, for the interchangeabl econpartnent 4 when the

i nt erchangeable conpartnent 4 is set in the freezing
node. [0003] The operation/working of the
conventional refrigerator described in Patent
Docunent 1 will be described below. Part of the cold
air passing through the refrigeration conpartnent
danmper unit 39 is discharged to the vegetable
conpartnent 6 via the vegetabl e conpartnent discharge
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di scharge duct 61 and returns to the evaporator 13 so
comp@ ritmemdl ”iagiped henittefferiat Wriesoldtged tthe the vegetable
compartment 6 via the vegetable compartment discharge duct
53 and returns to the evaporator i3 via a vegetable
compartment suctioh'duct 54 (not shown) to maintain the
vegetable compartment 6 at 6°C. On the other hand, when the
interchangeable compartment 4 is set in the freezing mode,
if the temperature within the interchangeable compartment 4
is higher than the ON setting temperature, the second
interchangeable compartment damper unit 60 is opened; and if
the temperature within the interchangeable compartment 4 is
lower than the OFF setting temperature, the second
interchangeable compartment damper unit 60 is not opened.
That is, the cold airlcooled in the evaporator 13 is
discharged by the cold air circulating fan 14 to the
interchangeable compartment 4 wia the interchangeable

compartment discharge duct 61 and returns tc the evaporator

13 so as to maintain the temperature within the



I nt erchangeabl e conpartnent 4 at about -18C. On the

ot her hand, when the interchangeable conpartnent 4 is
set in nodes other than the freezing node, the second
i nt erchangeabl e conpartnent danper unit 60 is fully
~closed; if the tenperature within the interchangeable
conpartnent 4 is higher than the ON setting
tenperature relative to the setting tenperature, the
first interchangeabl e conpartnment danper unit 50 is
opened; if the tenperature within the interchangeable
conpartnent 4 is |lower than the OFF setting
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[0004] Fig. 12 is a side sectional view of the
higher ntiynofha oSupettonbi ngmperpanteentlatitheto the
refrigerator described in Patent Docunent 2. In Fig.
seliRing ef enpacat nueer Ahe4Aidenoipserahnageatdilechamgertment
port; nuneral 21 a danper for directly cooling an
damnpeerehahge@bl ® coepedt nbAt theandenprertlirg0wathin the
i nt erchangeabl e conpartnent case |id having
inf e ehangpefebd| eompartnent 4 is lower than the OFF setting
temperature relative to the setting temperature, the first
- interchangeable compartment damper unit 50 is not opened.
Namely, part of the returning cold air from the
refrigeration compartment 2 is discharged to the
interchangeable compartment discharge duct 51 and returns to
the evaporatoer 13 via the interchangeable compartment
suction duct 52 so as to be maintained at individual setting
temperatures (at 4°C in the refrigerating mode, and at 0°C
in the chilled mode).
[0004]

Fig. 12 is a side sectional view of the vicinity of a
supercooling compartment of the refrigerator described in
Patent Document 2. In Fig. 12, reference numeral 4A denotes
a rear discharge port; numeral 21 a damper for directly

cooling an interchangeable compartment; and numeral 20 an

interchangeable compartment case lid having interchangeable



conpartnment tenperature detection neans 19 di sposed at
its center. An interchangeabl e conpartnent case
(supercooled container) 17 is arranged within the

i nt er changeabl e conpartnent (supercool ed conpartnent)
4. Al though not shown, in the interchangeable
conpartnent 4, a heater is provided for controlling

t he supercooling. Due to the interchangeable
conpartment case lid 20 arranged in the

I nt erchangeabl e conpartnent case 17, the cold air does
not directly flowinside, so that the interchangeable
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by the Invention] [0005] - 5
interchangeable compartment case 17, the cold air does not
directly flow inside, so that the interchangeable
compartment case 17 has a function as an indirectly cooled
compartment. By the damper for directly coecling the
interchangeable compartment 21 cpen/close controlled by
controlling means {(not shown) using the temperature detected
by the interchangeable compartment temperature detection
means 19, the supercooling freeze is achieved within fhe
interchangeable compartment 4.

| [Patent Document 1] Japanese Unexamined Patent
Application Publication No. H11-211319 (Figs. 1 to 3, Pages
5 and 6)

[Patent Document 2] Japanese Unexamined Patent
Application Publication No. 2007-271152 (Fig. 6, Pages 5 to
8)

[Disclosure of the Invention]

[Problems tc be Solved by the Invention]

[0005]



However, in the conventional refrigerator enploying

the technique of Patent Docunent 1, for indirectly

cooling the interchangeable conpartnent 4 to

elimnate the tenperature unevenness, even using the

second i nterchangeabl e conpartnent danper unit 60,

since the returning cold air fromthe refrigeration

conpartnent 2 is used, if the refrigeration

conpartment 2 is continued to have a tenperature

hi gher than the setting tenperature (when the door is

frequently opened/closed in sumer, for exanple), the
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coqggrinent 6 requires a hot insulation heater for - 6
the refrigeration compartment damper unit 39 is continued to

open, the temperature of the interchangeable compartment 4
is lowered than the sefting temperature even by the indirect
cooling. Also, even by reducing the opening of the second .
interchangeable compartment damper unit 60 for indirect
cocling, when the refrigeration compartment 2 is continued
to have a temperature lower than the setting,temperatﬁre,
the refrigeration compartment damper unit 39 is.continued to
close, the cooling and also indirect cooling are impogsible,
leading to quality defects such as cooling defects. Since
the return cold air from the refrigeration compartment 2 is
used for cooling the vegetable compartment 6, the
temperature of the vegetable compartment 6 cannot be
controlled. In particular, at low ambient air, such as at
an atmospheric temperature of 10°C or less, tﬁe vegetable

compartment 6 requires a hot insulation heater for



preventing the tenperature from|l owering bel ow 0C
wasting the electric power consunption. If a

veget abl e-conpart nent danper unit (not shown) is
provided for controlling the tenperature of the
veget abl e conpartnent 6, the tenperature of the
veget abl e conpartnent 6 can be controll ed; however,

t he nunber of the danper units is increased to be two
for the interchangeable conpartnent 4, one for the
refrigeration conpartnment 2, and one for the

veget abl e conpartnent, increasing the cost. [0006]
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comfeair teEnA iy tamel one/ for the vegetable compartment,

increasing the cost.

[0006]

Also, in the conventional refrigerator employing the
technique of Patent Document 2, although the supercooling
freeze can be achieved within the interchangeable
compartment 4, during ordinary cooling within the
interchangeable compartment 4, the cooling speed is low,
ieading to the waste of the electric power consumption.
[0007]

Even when Patent Document 1 is combined with Patent
Document 2, the supercooling can be achieved within the
interchangeable compartment 4; however, the waste of the
electric power consumption cannot be avoided, thereby
increasing the cost and disabling the controllability of the
vegetable compartment to be improved.

[0008]

The present invention has been made for solving the



probl ens described above, and it is an object of the

invention to provide a refrigerator having a plurality

of conpartnments, and ducts for leading cold air

produced by an evaporator to the zoned conpartnents,

in which tenperatures can be finely distributed and

the supercooling is enabled as well as the

refrigerator is excellent in controllability of a

veget abl e conpartnent and is suppressed in cost and

further electric power consunption. [Means for Sol ving

the Problens] [0009] A refrigerator according to the
pris bseat désyenbe@nabbie) uded; ianigvapobaeetf ©F the

producing cold air by cooling air around its
inpentpieryo prosidand secondedivbdetdavonpakt pROkrslidy of
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comyaponanbs, tanthéuttssfororpadtingntpltiheiti psbdduetld by an
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further electric power consumption.
[Means for Solving the Problems]
[000C9]

A refrigerator according to the present invention

includes;
| an evaporator for producing cold air by cooling air
around its pefiphery;

first and second divided compartments;

a first duct for leading the cold air produced by the
evaporator to the first compartment, the first duct having a
directly cooling duct for directly cooling the first
compartment and an indirectly cooling duct for indirectly
cooling the first compartment, the directly cooling duct
being provided.with first air-flow regulating means,

a second duct fér leading the cold air to the second
compartment, and

a second air-flow regulating means dividing the cold

alr intc the indirectly cooling duct and the second duct,



and regul ating the respective air-flow of the divided

cold air. [0010] The refrigerator of the present

invention may further include; a first sensor for

detecting the tenperature of a food wthin the first

conpartment; a second sensor for detecting the room

tenperature of the second conpartnent; and

controlling neans for controlling the first air-flow

regul ati ng neans and the second air-flow regul ati ng

means based on the tenperature detected by the first

sensor wher ei n when deternining that the food

erature et ect he first se S e

aLndt pr et S e %n‘%er at ItJrPel 0 ﬁcl%%léasdm?? 4 COld
alrt.he tenperature detected by the second sensor is
hi gher than a predeterm ned tenperature of T10C, the
[OUQ%ntrolling means closes the first air-flow

regulating nmeans, and opens the second air-fl ow

a re n l.e,.0 ,
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inc@Q@ld ng duct of the flrst conpartnment and the second

duct of the second conpartnent; when determ ning that

t he, fooekt espesst Urer dlet 86t By byhd heefih£ 841 8L8SOF 4Sfood

hi gher than a predeterm ned tenperature of T11C as
withelh tas tfie-dterpeisdtymeertet ected by the second sensor

is lower than a predeterm ned tenperature - 9

a second sensor for detecting the room temperature of

the second compartment; and

controlling means for controlling the first air-flow
regulating means and the second air-flow regulating means
based on the temperature detected by the first sensor,

wherein when determining that the food temperature
detected by the first sensor is higher than a predetermined
temperature of T11°C es well as the temperature detected by
the second sensor is higher than a predetermined temperature
of T10°C, the controlling means closes the first air-flow
regulating means, and opens the second air-flow regulating
means at a predetermined angle of 61, so that the cold air
is divided into both the indirectly eooling duct of the
first compartment and the second duct of the second
compartment; when determining that the food temperature
detected by the first sensor is higher than a predetermined
_temperature‘of T11°C as well as the temperature detected by

the second sensor is lower than a predetermined temperature



of T10C, the controlling neans closes the first
air-flow regulating neans, opens the second air-flow
regul ati ng neans at a predeternined angle of 02, and
cl oses the second duct of the second conpartnent, so
that the cold air is supplied only to the indirectly
cooling duct of the first conpartnent so as to
indirectly cool the first conmpartnent. [0011] The
refrigerator of the present invention may further
include; a first sensor for detecting the tenperature
of a food wthin the first conpartnent; a second
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so fag sto aitidftent 1yegubating feanss, cangaepaastthe second
air-flowregulating neans at a predeterm ned angl e of
[0@1,] so that the cold air is divided into both the
indirectly cooling duct of the first conpartnment and
t h&hseowmid idiscta fr tdfe Wercqgrdeserd) invention may further

include;
| a first sensor for detecting the temperature of a food
within the first compartment;

a second sensor for detecting the room temperature of
the second compartment; and

controlling meaﬁs for controlling the first air-fiow
regulating means and the second air-flow regulating means
based on the temperature detected by the first sensor,

wherein when determining that the food temperature
detected by the first sensor is higher than a predetermined
temperature of TO°C as well as the temperature detected by
the second sensor is higher than a predetermined temperature
of T2°C, the controlling means opens the first air-flow
regulating means, and opens the second air-flow regulating
means at a predetermined angle of 81, so that the cold air
is divided intec both the indirectly cooling duct of the

first compartment and the second duct of the second
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conpartnent; when determ ning that the food
tenperature detected by the first sensor is higher
than a predetermined tenperature of TOC as well as
the tenperature detected by the second sensor is

| ower than a predeterm ned tenperature of T3C, the
controlling nmeans opens the first air-flow regulating
nmeans, and cl oses the second air-flow regul ating
nmeans, so that the cold air is not supplied to the
second duct of the second conpartnent so as to
directly cool the first conpartnent. [Advantages]
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duckne@nth@nlsecohl compartment so as to directly cool the
first compartment.
[Advantages]
[0012]

According to the present invention, a refrigerator
capable of storing foods with high quality can be provided
in that electfic power consumption during ordinary
refrigeratidn as well as cost are suppressed; the
temperature in a vegetable compartment is finely controlled;
and the unevenness of temperature in one zoned compartment
(an interchangeable compartment) is reduced.

[0013]

According to the present invention, superccoling is
enabled in one zoned compartment (an interchangeable
compartment) in that electric power consumption during
ordinary refrigeration and cost are suppressed; and the

temperature in a vegetable compartment is finely controlled.

[Best Mode for Carrying Out the Invention]
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[0014] First Enbodinent Fig. 1 is a front view of a

refrigerator according to a first enbodi nent of the

present invention; Fig. 2 is a side sectional view of

the refrigerator according to the first enbodi nent.

In Fig. 1, reference nuneral 1 denotes a refrigerator

body. The refrigerator body 1 is provided with the

refrigeration conpartnment 2 arranged at the top. Bel ow

the refrigeration conpartnment 2, an ice conpartnment 3

and the interchangeabl e conpartnent 4 are provided.

At the bottomof the refrigerator body 1, the
[0VEget abl e compartnent 6 is provided and a freezing

conpartnent 5 is arranged on the vegetable
Ficonpahibsente®t The enbodi ment does not limt this

arrangenent of individual conpartnents. Reference

nurieiral 17 idenot &sorat refew gef at ore flobgecapabl ecobrding to a

freely opening/closing the opening of the
firef regeodinent cofpanenpneself invehitdbnnuiegal 27As a side

represents a left refrigerator door and nuneral 7B a '
secigtmalefiégerat bhedoefrigerahar eheordéfudi gor &her first

door 7 is a so-called double door. It nmay also be of
embodinent. si iyl Eidoot i hefendnok nH@ededblle dgpotes a

Ref erence nuneral 8 denotes an ice conpartnent door
retapaeretonfbediel ypreﬁ?ﬁgwﬁé@ﬂ:ﬁg treYopedisn§refidesl with

i ce conpart nent ; nuneral 9 an interchangeabl e
th%oﬁ%%?%%%ﬁ?ta%ﬁrC@%EQBF@eéF 2f pEEPPISFeRitnGl e d&Png Below

the openi ng of the interchangeabl e, conpartnent

Ehehet Jrgﬂﬁa’él’f’Pe%%“H@rE‘BﬁBEr el 466y compariment 3 and

the interchangeable compartment 4 are provided. At the
bottom of the refrigerator body 1, the vegetable compartment
6 is provided and a freezing compartment 5 is arranged on
the vegetable compartment 6. The embodiment does not limit
this arrangement of individual compartments. Reference .
nume;al 7 denotes a refrigerator door capable of freely
opening/closing the opening of the refrigeration compartment
2, in which numeral 7A represents a left refrigerator door
and numeral 7B a right refrigerator door, so that the
refrigerator door 7 is a so-called double.door. It may also
be of course a single door instead of the double door.
Reference numeral 8 denotes an ice compartment door capable
of freely opening/closing the opening of the ice compartment
3; numeral 9 an interchangeable compartment door capable of
freely opening/closing the opening of the interchangeable

compartment 4; numeral 10 a freezing compartment door

_12...



capabl e of freely opening/closing the opening of the
freezing conpartnent 5; and nuneral 11 a vegetable
conpart nent door capabl e of freely opening/closing the
openi ng of the vegetabl e conpartnent 6. At the rear
bottom of the refrigerator body 1, a conpressor 12 is.
arranged. The conpressor 12 is one conponent
constituting a refrigerating cycle included in the
refrigerator body 1, and has a function to conpress
refrigerant within the refrigerating cycle. The
refrigerant conpressed by the conpressor 12 is

i d
cap?agldeewdffébgy ?%%ﬁﬁ&fcﬁ@@fnih%)opgﬁﬁng C(?JF‘ ensed

fri gerant | ced’in pressure in a capillary

frddg § NSO« Ref efenceuiirer & 1 13 9&?‘9{%1@“
evaporator that Is one conponent constituting the
corpffigatatd g cygh i ach pdeded Ny thseh ef§f ges a8t 0y gy
. The refrigerant reduced pressure is evaporated in
opdie1 g VAP atVLgdBab 5O d¢habathife@@sSei N AbetNéciaht Yboftom
the evaporator 13 is cooled due to a heat absorbing
of fTHCti Ofr i gletfd Gr VEPPT BY | ONcolief € encel huner akrddged.
denotes a cold-air circulating fan for feeding the
The dah@tds ool B 19 dhe comsdmétly ofnsbetevaporator 13
to the individual conpartnments of the refrigerator
re fhddye 3 t imgrer at 1 @ 1i mol wak @r thatigeabé rigonpact neody 1, and
directly cooling danmper for regulating the anount of
hag ke Twidtn fedodnpytdes | ne&r thangeablethtonpaet mrent 4
by the cold-air circulating fan 14; and nuneral 16A
refan devtat orangeabt e chapare hehyedirecePYrEedfeaghy3the

compressor 12 is cdndensed in a condenser (not shown). The
condensed refrigerant is reduced in pressure in a capillary
tube (not shown). Reference numeral 13 denotes an
evaporator that is one component constituting the
refrigerating cYcle included in the refrigerator body 1.

The refrigerant reduced pressure is evaporated in the
evaporator 13, so that the gas in the vicinity of the
evaporatof 13 is cooled due to a heat absorbing function
during evaporation. Reference numeral 14 denotes a cold-air
circulating fan for feeding the cold air cooled in the
vicinity of the evaporator 13 to the individual compartments
of the refrigerator body 1; numerai 21 an interchangeable
compartment directly cooling damper for regulating the
amount of the cold air fed to the inte;changeable
compartment 4 by the cold-air circulating fan 14; and

numeral 16A an interchangeable compartment directly cooling
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air duct arranged in the downstream of the danper 21
for directly cooling the interchangeabl e conpartnent.
The cold air passing through the danper 21 for
directly cooling the interchangeable conmpartnent is
di scharged into the interchangeable conpartnment 4
fromthe rear discharge port 4A (not shown.) of the
i nt erchangeabl e conpartnment 4, so that the cold air
is to be directly fed into the interchangeabl e-
conpartnent case 17 arranged in the interchangeabl e
conpartnent 4. [0015] Fig. 3 is a side sectional view
aiffghbe LetLhgenalar enel BELHAL0G.3 d3REE (per 21 £o
IndirectlTy cooling an i nterchangeabl'e ~conpartiment and

dif@étﬁyVSSSE§9&eﬁﬁ@”@ﬁ%&?@ﬁ%mg@%ﬁQEdE%%REth%%%.fiﬁ%% cold

enbodi nent of "t he present 1 nvention. rection of

; kO g ' S A4t i-g -5 s
e er T RaoQuEhPnd HanpRE 2R E R H ey, Ppain The

intbecssslbopak §Bﬁ9§§tﬁéﬁtd:ifsf a&%e&fafr@%@ gach other.

Fig. 5 is a side sectional view of the vicinity of

intéechingeschangeaphetmenpant Feah ehet hearetiis@®adlQr port
according to the first enbodi nent of the present

4A1 (went §Rown) NoFi gEe 3ntapehingeabecereapiuibleat 3] so that
denotes a danper for indirectly cooling the

theé ntel dhahgeabl eocbapdireent yaniddf anhtbhehevegekabhangeable-
conpartment; nuneral 31A a first baffle of the danper

coidafonenndcaget Ly soobkhpgdt he theediahargkablbeable
conpartnent and for the vegetable conpartnent; and

compaermént 44

[0015]

Fig. 3 is a side sectional view of the refrigerator,
including a damper for indirectly cooling an interchangeable
compartment and for a vegetable compartment, according to
the first embodiment of the present invention. The
directién of the section of Fig. 3 is the same as that of
Fig. 2; however, the section position is different so that
the sectional shapes are different from each other. Fig. 5
is a side sectional view of the vicinity of the
interchangeable compartment of the refrigerator according to
the first embodiment of the present invention. In Figs. 3
and 5, reference numeral 31 denotes a damper for indirectly
cocling the interchangeable compartment and for the
vegetable compartment; numeral 31A a first baffle of the
damper 31 for indirectly cooling the interchangeable

compartment and for the vegetable compartment; and numeral
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31B an opening of the vegetable conpartnent for the
danper 31 for indirectly cooling the interchangeable
conpartnent and for the vegetable conpartnent, which
is an inlet of an air duct (not shown) for |eading
the cold air to the vegetable conpartnent 6. The
conpartnents provided in the refrigerator body 1 are
provided with refrigeration conpartnent
tenperature-detecting neans, ice conpartnment

t enperature-detecti ng neans, interchangeable
conpartnent tenperature-detecting neans, freezing

eSS, APTHE YS AT AN, A9 fng dnes
o1 G 00 AN SRR L B SOOI en
and 151 VGRANR SO LEAN (A1 A00 Y00 RIS, o o
ek il SHEARARRD &, CMBANA P d e apgek vt @

ve%ﬁ?ﬁ%ﬂ%} a ﬂgu%‘(xﬁﬁkzﬁdmﬂEE%ﬂéﬁkétﬁ%dhﬁaedﬁﬁﬁﬁﬁhe

rough t ceiling i1nsulation 18 for the

refdll@hGhangeadl e compard eptad te il omesdiydherion

I nt"er changeabl’e conpartnent 4 froma ceiling bl owhol e

compAtnldhi e efchangeabl & comaddmentidk @hpartment
i nt erchangeabl e conpartnent case Iid 20 is arranged.

t empPh& a el dhtangeiahl ensomPAar inedtt cleasgedib e 2bnsartment
arranged directly below the ceiling blowhole 18A so
t eniptata thlte-cd ttk &l ind newans 1 her eet 1nggedmmnwhiohenti 8A
indirectly flows in the interchangeabl e conpart nent
temperidmeddttectciolgl éand r camd ddgetable compartment
temperature-detecting means (all not shown), respectively.
In the downstream of the damper 31 for indirectly cooling
the interchangeable compartment and for the vegetable
compartment, an air duct 16B for indirectly cooling the
interchangeable compartment is arranged within a ceiling
insulation 18 for an interchangeable compartment, and the
cold air passing the duct passes through the ceiling
insulation 18 for the interchangeable compartment 4 to flow
in the interchangeable compartment 4 from a ceiling blowhole
18A. In the interchangeable compartment 4, an
interchangeable compartment case lid 20 is arranged. The
interchangeable compartment case lid 20 is arranged directly
below the ceiling blowhole 18A, so that the cold air from.
the ceiling blowhole 18A indirectly flows in the

interchangeable compartment 4. Namely, the cold air from
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the ceiling bl owhol e 18A abuts the interchangeabl e
conpartnent case lid 20 to be dispersed in al
directions on the upper surface of the

i nt erchangeabl e conpartnent case |id 20, and after
sliding over the interchangeable conpartnent case |lid
20, the cold air is substantially wuniformy routed
into the interchangeabl e conpartnment 4 via the gap
bet ween the interchangeabl e conpartnent case 17 and
the interchangeabl e conpartnment case |lid 20 fromthe
peri phery of the interchangeabl e conpartnent case lid

th@®ei FELENSIGE HUTR] g4 é—&éégneﬁssihtlsri;ﬂgﬁggﬁﬁ@geab' e

Con‘pa_rt nent t enper at .Ur e- et ect | ng neans. S . as a
condF RSO ca OO0L6) 2 Figo ﬂe!éi@p@f&éBeQE'M@lVHQW%gEi%ns on

twi n-danper that can be driven wth one notor an

thé'Hﬁpé&*%@kﬂ@@@eéfzﬂhéOintgkéﬁgh?¥a59@lEBﬂpEB%ment case
i nterchangeabl e conpartnent and the danper for

lid ndi J ecid Ya £00F 1 80id heyi HteFchRRgeabkecheaRRaRY RENT
and for the vegetable conpartnent. Wen the first

corif firger8d Acd Se hpl d - Dpenelle thedopeni g SdBsebknthally
veget abl e conpartnent is opened, so that the cold air
unifoielly foutde iegetald einbepantngsbbbe YhRpathaechitr 8t via
baffle 31A is fully-opened, the opening 31B of the
the/agat di evecmnplae t et¢rcsacyesetle somphatmthé cakd air and
is not led to the vegetable conpartnent 6. Hence,
thevigrt evhaimndeab 1 ot conpangeabt ecgpaphitdn@it £4oms the
indirectly cooled, the tenperature of.the vegetable
perdianpary meht tlse | sncorchonyedble 1gompartment case 1lid 20.

Reference numeral 19 denotes the interchangeable compartment
temperature-detecting means such as a thermistor.
 [0016]

Fig. 4 is a perspective view of a twin-damper that can
be driven with one motor and includes a damper 21 for
directly cooling the interchangeable compartment and the
damper for indirectly coecling the interchangeable
compartment and for the vegetable compartment. When the
first baffle 31A is half-opened, the opening 31B of the
vegetable compartment is opened, so that the cold air is led
to the vegetable compartment 6. When the first baffle 31A
is fully-opened, the opening 31B of the vegetable
compartment is closed, so that the cold air is not led to
the vegetable compartment 6. Hence, even when the |
interchangeable compartment 4 is indirectly cooled, the

temperature of the vegetable compartment 6 is controlled
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according to the setting tenperature. If the first
baffle 31A is closed, the cold air cannot enter the
vegetable conpartnment 6 as well as the air duct 16B
for indirectly cooling the interchangeable
conpartnent. The danpers shown in Fig. 4 have an
advant age of | ow cost due to the reduced nunber of
notors smaller than that of individual nmotors. [0017]
Fig. 6 is a block diagramof the control of the
refrigerator according to the first enbodi nent of the
present invention. In Fig. 6, reference nuneral 71

I I
ccofSAH5° 15, SO0 9 UL robpSlng 2 TGOS s
S, B SRAB S oA A e

coméér P ! 2LRYY %lés ’thteh 2349 Um‘@“ﬂ f?r |0 QR 1 COW
OU

entlre components ’1s exchange the contr

coogg.h\%{. H‘x’e qgl%rr%ha%e%mer fd@aqrtn@ﬂtv' n@ﬂ@%ﬁ 5 shown

ing a openi ng/ closing a baffle

in fs'ﬂat 4l %aaz'er afn! QU89 1919 1RANS, B duie Wamry Eluced
for directly cooling the interchangeabl e conpart nent

nurndBd Lirendamer skhlifedr digi rectd b aeldikd 8 motors.

i nt erchangeabl e conpartnent and for the vegetable
[oogonpartment; nunmeral 76 fan notor driving neans for

driving a fan notor 82 for rotating the circulating

f apid4; endugerabléékcanpgessobfmher cdhitribngofnears for

driving a conpressor notor 83 for rotating the - 17
refrigerator according to the first embodiment of the
present invention.

In Fig. 6, reference numeral 71 denotes a control unit
including a microcomputer and a DSP; numeral 72 a memory
storing various data and tables; numeral 73 an ROM stering
programs and fixed data to be executed by the control unit
71; numeral 74 an input/output bus, .through which the
information about entire compenents is exchanged with the
control unit 71; numeral 75 damper-motor driving means for
driving a damper motor 81 for opening/closing a baffle that
is air-flow regulating means of the damper 21 for direétly
cooling the interchangeable compartment and the damper 31
for indirectly cooling the interchangeable compartment and
for the vegetable compartment; numeral 76 fan motor driving
means for'driving a fan motor 82 for rotating the

circulating fan 14; numeral 77 compressor-motor driving

means for driving a compressor motor 83 for rotating the
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conpressor 12; nuneral 78 input controlling neans for

converting results detected by a therm stor 19 that is

the interchangeabl e conpartnent tenperature-detecting

means into digital signals to feed the signals to the

control unit 71; and nunmeral 79 input controlling

nmeans for converting results detected by a therm stor

23 that is the vegetable conpartnent

tenperature-detecting neans into digital signals to

feed the signals to the control unit 71. [0018] Fig.

7 1is a flowhart of the controlling of the control
comybt és ddr abppt nthergont g OhnFﬁtt Bendaaneh nkohedn:egblry

cooling the interchangeabl e conpartnent and the
comtagpeind oresnlt eatt¥ceoal bpgat BReirRtietehangeablze is the

conpartnent and for the vegetable conpartnent, during
intdecloadgaan e f cerperohehbetenpbragaratdetecting means into

i nt erchangeabl e conpartnent according to the first
dignbodi segha b tbhefpeéseht bhyeaftoho AheSteptSiol tpet 71;

control unit 71 determ nes whether the conpressor 12
andarinéias dpermpubncenhdolildng. mEFhesoferaticomerting

conditions are that the tenperature detected by the
regiphperdtueetedebecai thempanso2323f thhe fiseéhengegetable

conpartnent 5 is a predetermned tenperature or nore,
ComRRLignenp| eenppeat the-dgbeek imaafEonsi $nNO digstep siignals

the process returns to Step Si. Wen the
to %$n?%%t$b%n@%5YE$ 5@98€@bt891 ¥Rétprécess proceeds

to Step S2. The control unit 71 determ nes whet her

[OQ}R | nt er changeabl e conpartment therm stor 19 is a 18

Fig. 7 is a flowchart of the controlling of the control
unit 71 about the control of the damper for directly cooling
the interchangeable compartment and the damper for
indirectly cocling the interchangeable compartment and for
the vegetable compartment, during the ordinary freeze of the
refrigerator interchangeable compartment according to the
first embodiment of the present invention. At.Step S1, the
control unit 71 determines whether the compressor 12
satisfies operation conditions. The operation conditions
are that the temperature detected by the temperature
detection means 23 of the freezing compartment 5 is a
predetermined temperature or more, for example. When the
determination is NO at Step S1, the procéss returns to Step
S1. When the determination is YES at Step S1, the process
proceeds to Step S2. The control unit 71 determines whether

the interchangeable compartment thermistor 19 is a
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predeterm ned tenperature TOC or nore at Step S2. Wen
the control unit 71 determ nes the interchangeable
conpartnent thermistor 19 to be the predeterm ned
tenperature TOC or less at Step S2, the process
returns to Step S2. When the control unit 71

determ nes the interchangeabl e conpartnent therm stor
19 to be the predeterm ned tenperature TOC or nore at
Step S2, the process proceeds to Step S3. At Step S3,
the control unit 71 opens the danper 21 for directly
cooling the interchangeabl e conpartnent, and then the

\ ds t St At St , h t
or SRS PILRESI S A L RPE b £ Wen the
L nent t 1St i s i
corf GBS AR 4 SR IR M e Compa: tnens
i_nt. rm st i o
thdpl AP AN R TR TN R ndhadire To°C or

les%eajntes‘stscheg thez,prfgﬁegaparecf NS Bt 6, %t“%ep“tszs.t eRin¥én the

i nt'er abl e conpart nent ermstor 19 is

rgAy ey
L T RO A TS LT, e

the%tnﬁps’t%":b tdhe-£ad role Untdadde ah 080 tdigpamere 20°¢ asx

directly cooling the interchangeabl e conpartnent. Wen

mordd& tedesgri gt i I SrodES atp e d tadepandent | yaf romp
Step S2 to Step S5, the process proceeds to Step S6.
33, Thehcardrotol wiiit 711 depaidr ttes adeidwer2 1 heo v ediet exdot By

conpartnent therm stor (not shown) is a predeterm ned
codlemuertiarentf@feHfhgeable compartment, and then the
process proceeds to Step S4. At Step S4, the control unit
71 determines whether the interchangeable compartment
thermistor 19 is a predetermined temperature T1°C or less.
At Step S4, if the interchangeable compartment thermistor 19
is determined not to be the predetermined temperature T1°C
or less, the process returns to Step S4. At Step S4, when
the interchangeable compartment thermistor 19 is determined
to be the predetermined temperature T1°C or less, the
process proceeds to Step 55.
[0019]

At Step S5, the control unit 71 closes the damper 21
for directly cooling the interchangeable compartment. When
the determination is YES at Step S1 independently from Step
S2 to Step S5, the process proceeds to Step S6. The control

unit 71 determines whether the vegetable compartment

thermistor (not shown) is a predetermined temperature T2°C
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or nore at Step S6. Wien the control unit 71
determ nes the vegetable conpartnent therm stor (not
shown) to be the predeterm ned tenperature T2C or
less at Step S6, the process returns to Step S6. At
Step S6, when the control wunit 71 determ nes the
veget abl e conpartnent therm stor (not shown) to be
the predeterm ned tenperature T2C or nore, the
process proceeds to Step S7. At Step S7, the contro
unit 71 opens the danper 31 for indirectly cooling
the interchangeabl e conpartnent and for the vegetable
or cagpar tgeptept s&@. pr pHehethicnednnglie 1@fi t00. Therrdif®s the
process proceeds to Step S8. At Step S8, the vegetable
vegoupal & mediphhenghst ehetRok tsROWRL ti SHAGHST Foned the
whether to be a predeterm ned tenperature T3C or
prédsserMinStiepepBerhturth@2vegetrahles scarparticredts, the
therm stor (not shown) is determned not to be the
preresiet eehiined tenpecnt 86e TAE otepl %5, whke phecesntrol
returns to Step S8. At Step S8, when the vegetable
ungonphrdetarmi hesntbeorefrttbsdkowonpias tdeher mihrethi stter (not
be the predeterm ned tenperature T3C or |ess, the
shgwpess peotkedsredeSeepised AemSeepts®e TBECcomt molre, the
unit 71 closes the danper 31 for indirectly
Pree®’s ngrenecsdpnter Ehangédbl eAsofpart fEnt thrd chart rode unit
vegetabl e conpartnment. [0020] Since the danper 31
71 ipenpdipecepryPesobi ngorhéndifeetdiasgedbns the

,_conmpartnent and for the vegetable - 20
interchangeable compartment and for the vegetable

compartment at a predetermined angle of 60. Then, the
process proceeds to Step S8. At Step 58, the vegetable
compartment thermistor {not shown) is determined whether to
be a predetermined temperature T3°C or less. At Step S8, if
the vegetable compartment thermistor (not shown) is
determined not to be the predetermined temperature T3°C or
less, the process returns to Step S8. At Step $8, when the
vegetable compartment thermistor (not shown) is determined
to be the predetermined temperature T3°C or less, the
process proceeds to Step S9. At Step S9, the control unit
71 closes the damper 31 for indirectly cooling the
intérchangeable compartment and for the vegetable
compartment.

- [0020]

Since the damper 31 for indirectly cooling the

interchangeable compartment and for the vegetable
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conpartnent is opened at Step S7, the indirect cooling
air duct is communicated with the interchangeable
conpartnent 4; however, if the angle of the first
baffle 31A is set rather small, the velocity of the
cold air led to the ceiling bl owhol e 18A after passing
through the ceiling insulation 18 for an

i nt erchangeabl e conpartnent is reduced, so that the

| arge part of the cold air that has passed through the
danper 31 for indirectly cooling the interchangeabl e
conpartnent and for the vegetable conpartnent flows in

Con%%tmo erc ?E%l CP: coln‘p rtsﬁgﬁf&% %ﬁ%ie%&;n%?flm% alr
duc‘(;',‘tO%: r:ﬁtﬁ%mdjrgf %qulheap %anp% E%H eI r ect#ﬁ“ coo T%Iglgt 4

howe& d ntier %ﬁﬁ@ ofopar{iEnt Lo ding {9 éé‘@ rather

flmmhmt own in Fig. 7, the tenperature can b

smaCaNt Qld %M&Wto@eﬁw ddd L@mepe@yt@p&t@té@mmg
conditions of the interchangeable conpartnent 4.

blohae e et tb Rigad g hasrpags ethd heOUDmd hﬁlﬁ@l@ﬂon 18

21 for directly coollng t he i nterchangeabl e

forCAatEthdigdis B tddmpd Nfeet €0i § ntedid®d, so that the
i nt erchangeabl e conpartnent case 17, the -

larigd erohangeaiie colpaiirettiatd lcan pesedd i chendly the

cool ed, thereby suppressing the waste of the electric
dampewer3l cimsuimpdioscoly tdm Yieig | ges ainrebhothndeap DH21]

On the other hand, Fig. 8 is a flowhart of the
compamthnEn i rapdyfehethomepttainie Jdmpdotrenhef bowms roh the
opégiggugfg: Hence, a temperature influence on the
interchangeable compartment 4 is very small, so that the
interchangeable compartment 4 can be controlled by only the
damper 21 for directly cooling the interchangeable |
compartment. According to fhe flowchart shown in Fig. 7,
the temperature can be controlled without being influenced
by operating conditions of the interchangeable éompartment 4,
Since the cold air that has passed through the damper 21 for
directly cooling the interchangeable compartment is directly
injected into the interchangeable compartment case 17, the
interchangeable compartment 4 can be efficiently cooled,
thereby suppressing the waste of the electric power
consumption cof the refrigerator body 1.

[0021]
On the other hand, Fig. 8 is a flowchart of the

controlling by the control unit 71 about the control of the
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danper 21 for directly cooling the interchangeabl e
conpartnent and the danper 31 for indirectly cooling
the interchangeable conpartnent and for the vegetable
conpartnent, during the supercooling freeze of the

i nt erchangeabl e conpartnent 4 according to the first
enbodi nent of the present invention. The supercooling
freeze means a freezing node achi eving a supercooling
state that neans an entirely not frozen state even a
substance is at a tenperature below its freezing
point. The freezing point neans a tenperature at

daip £2 1 heo SUBSEBREEySEBLY $ngf EBBZE RGeriRBRBL KAl RE
supercooling state is the s?ate of not entirely

cotp QZeRegYeindl tAet @ARpEAt U1 efbe Shaftekreqzichelingorthe
i nstance, the freezing point of water is OC. Various

in &bk angesbhaveorpkromsntr eaal fgrpehat segandbillke

freezing point in.foods wwth a large salt or sugar
coedat efénhasdarihgndracyuperkowkinghd@ne@Ce Yorthe

describing the freezing in the supercooling state or
intéechsegzilbpe atbrpagonagtt Ar aughrdtihe sopéheodlimsg

state with reference to water, the supercooling state
enpedisen hat £ whea pateentsiowehédpnevefheheupeempeddtug e

is | owered bel ow OC, which is the freezing point,
fra@osomates st Ayseinnti nodd wahéevilbe angupPercogdiingg state

the supercooling state may also be frozen later on to |
thae meéges apbweRbiredrynsti Aupasni stpéguieved &t stipis§ance 1s

time. The stinulus na% be stinmulatigon in tenperature
atop peEYRPEAFUBAePelPH dGEhIZCREARGr POLRE -f r d8Fi AgeCannd

be started b¥ the - 22 ,
point means a temperature at which the substance starts
freezing. Namely, the supercooling state is the state of
not entirely frozen even at a temperature to start freezing.
For instance, the freezing point of water is 0°C. Various
substances have various freezing points, and the freezing
point in foods with a large salt or sugar content has a
tendency to lower than 0°C. Upon describing the freezing in
the supercooling state or the freezing after going through
the supercooling state with reference to water, the
supercooling state means that when water is cooled, even the
temperature is lowered below 0°C, which is the freezing
point, 100% water stays in liquid water. The water reaching
the supercooling state may also be frozen later on to be
ice; however, any stimulus is required at this time. The
stimulus may be stimulation in temperature or physical one.

In such a manner, the freezing can be started by the
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stinmulation. The transient period of time fromthe
supercooling state to the start of freezing is severa
seconds and nonentary; however, the rate of the ice
nonmentary freezing during the starting freeze is
several percentages out of the whole and for having
the 100%ice, the cooling tine is further required.
[0022] The difference between the ordinary freeze and
the supercooling freeze will be described herein with
reference the conparison. The nost distinct
di fference between the ordinary freeze and the
- oqlin i ' mhet her i0hg the
st HEEERR | norid SEEm Rl PR o e R
» I r [ i ng, freezl v ts
R B o 1 e e parsbol The st S Aty
secdintd notg didd St enee; bedweed: I he, ordinarys fiieezece and
the supercooling freeze is the state during the
monfdl 4 N r d& £BZQ. GhEN@MBNa SE# thith & Ner &4 26 ti ¥ &ezP
wi Il be described herein with reference to an exanple
pereVBl ®fs SONtEF Negl | Whal PEInDOEd+ eha Ui NEhd hL00% ice,
ordinary freeze, upon start of freezing, the freeze
thd s Bi@d from st erthér thequyiednity of the surface
wat er contained in the PET bottle to have thin ice on
[0aXEe] surface; then, the ice spreads toward the inside
so as to finally freeze entirely. The ice grows
ar Gtwed carf fieom e [beisvadratties car ddinestierf neigtde @nd the
predeterm ned size or nore devel oped with water
supmi el B3y Breethevikk be 28escribed herein with reference

the comparison. The most distinct difference between the
ordinary freeze and the superccoling freeze is the point
whether becoming the supercooling state or not. During the
ordinary free:ze, below the freezing point, the freezing
starts without becoming the supercoocling state.

Another distinct difference between the ordinary freeze
and the supercooling freeze is the state during the starting
freeze. Phenomena during the startiﬁg freeze will be
described herein with reference to an example of water
contained in a PET bottle. During the ordinary freeze, upon
start of freezing, the freeze is started from water in the
vicinity of the surface water contained'in the PET bottle to
haﬁe thin ice on the surface; then, the ice spreads toward
the inside so as to finally freeze entirely. The ice grows
around an ice nucleus that is a cluster with a predetermined

size or more developed with water molecules, and the ice
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nucl eus i s devel oped during the starting freeze.
Accordingly, during the ordinary freeze, alnost al

the ice nuclei are formed on the surface, from which
the ice may grow toward part in a water state. [0023]
On the other hand, during the supercooling freeze,
upon starting freeze, the ice nuclei are uniformy
fornmed over the entire water in the PET bottle. The
ice grows in every part, the inside as well as the
surface, of the water in the PET bottle, so that the
ice does not growin a predetermned direction. As

nu f%uérE% éé&igﬁ&& ghieh CQHB'%EEgEiBE EQSeEEeeZ'”g

et ween t e or nary rreeze an per cooli ng

Acécgl_ec?fﬁglfueduff’n&h@hg'5£§§ﬁ992 @?eé?@ CQQhLaY Q‘i@c%ﬁ% ice

|nary freeze arg needl e ice crysta S are

nudeyel opede FREut bE tﬁHrEQEEaE@“ﬂfgoﬁhﬁhhﬁﬁ'@ﬁe ice may
whereas, in the supercooling freeze, snal

gpﬁ@fﬁéﬁﬁféiﬁarﬁelﬁfysﬁékéraé@a@@'f0f”1y developed bot h
in the surface and the inside. Also, in rapid

[odx®epzing, the states in the starting freeze and after
conpl etion of the freezing are identical to the

or dmahe fotgeze adnd hedwoimg thatswedetod5if@pfdéyze, upon
frozen by abutting cold air on the surface. First, the
stattfragefteapey athieeits napidiyaredunedprsdyt fiatmeHeover
freeze starts fromthe surface. However, as the point
thaidritrentwateoninheher HERabytfieezeThehéceoglrpng dpeedery
to cool the 24
part, the inside as well as the surface, of the water in the
PET bottle, so that the ice does not grow in a predetermined
direction.

As for the difference after completion of the freezing
- between the ordinary freeze and the supercooling freeze, due
to the difference of the cooling process, in the ordinary
freeze, large needle ice crystals are developed from the
surface toward the inside, whereas, in the supercooling
freeze, small particulate ice crystals are uniformly
developed both in the surface and the inside.

Also, in rapid freezing, the states in the starting
freeze and after completion of the freezing are identical to
the ordinary freeze at the point that water is rapidly
frozen by abutting cold air on the surface. First, the
surface temperature is rapidly reduced, sc that the freeze

starts from the surface. However, as the point different

from the ordinary freeze, the cooling speed to cool the
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inside is large, so that the ice nuclei tend to grow
even in the inside and the large ice crystal nay not
grow in conparison with during the ordinary freeze.,
When considering food freezing, the size and shape of
the ice crystal after conpletion of the freezing have
a great influence on the food quality during
defrosting. Mst foods are conposed of cells,

protein, and glucide, so that if the structure is
once destroyed by the ice crystal, the structure may
not be recovered perfectly. Hence, when the size and
shape, of the ice crystal produced during freez%%gw even in

ingigte dest kaRae heSoriitp hath st icR (el F FeRs

thar g L AR BV oS ks (VST it 3{3%&?%&% %902‘”
freezing fo ds MAIh t he rcool i freeze w

COTRAHF PR e PR P S T I beot g

ercoolln freeze

cor;ﬁlgcﬂ m%.faéa'fr%%ez A S e 7h e ice
CriSGRE Tove HeP R T e e o %&%‘irﬁ?o‘gél% SPEEL G
ok L BL OS85 T PESEC00 L {46, BUPSASARLL I St s SPooas

i e nuc ar e over the

areergdlﬁﬁ?éé)@déft eEIQWﬁ\J_SQ@QPﬂ' MQ&H&%@ 'é:@ that if the

cryst i ncteasi ng difference between fhe
st I EaHF89i POhRte ads £ ey ba N ¢ enper at gk €a Wheghe

reachi ng the supercooling state, the nunber of ice
stiuet efe fRE b Atbd hee SRt e OrdF€BZE 1Bence 2Swhen the

size and shape of the ice crystal produced during freezing
do not destroy the original structure of foods, the freezing
excellent in quality may be achieved,

[0024]

_Then, the advantages and innovative properfies in
freezing foods Qith the supercooling freeze will be
described. The most significant merit of the freezing foods
with the supercooling freeze is the high-quality freezing.
As described above, in the freezing after going through the
supercocling étate, foods have been sufficiently cooled up
to the inside in a process proceeding to the supercooling
state, so that ice nuclei are uniformly formed all over the
entire foods to grow as small particulate ice crystals.

With increasing difference between the freezing point and
the minimum temperature when reaching the supercocling state,

the number of ice nuclei formed at the starting to freeze is
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increased to formnore fine ice crystals. Wen the
supercooling is sufficiently achieved (W th decreasing
tenperature reaching the supercooling state), the
state of foods nearer to that before freezing can,
therefore, be maintained even after defrosting from
freeze. [00251 When considering the food cooling and
the size/shape of the ice crystal, the transit tine
through the tenperature zone of -1Cto -5C, which is
the maxi mumice crystal form ng band, has been
conventionally taken into account. This is a concept
inéiﬁﬁsé§e¥%c§o§ﬁy§%9£ k?n%egﬁsegrggt%pé? waen tapidly
passi ng roug e maxi mumrce crystal form'ng band.
e. of Sl oLi eze, +t.h L f
s 0 b S AR R S D PS5 S Esararar e
Lpgl udi pg-t he Xi ' SLYS rm
e e ey R e e P s s tever s fre e of

FoSWPer£oPL £t o SERLE béf@r@o!ﬁrEE%gB ehat ethé?etftB%Tg ,3%e

l ong as being in the supercooled™state, even

maid@NSheAt e PRI 88 0E HbFBoEREAYIRohhirgcboaperature
zone is long, the ice crystal 'is not increased in

[os2%e after freezing and fine ice crystals can be
formed. To freeze foods with high quality in the
neivgldrordwoad denpeg at his ef gofecod HTLtgi Agdt bike "BXE8YBhape of
ice crystal formng band by formng fine ice crystals
the si@e quirvetal nnokat tyentieezing ohtrbadh Ypenteapeehkicnge
t he supercool ed 26
zone of -1°C to -5°C, which is the maximum ice crystal
forming band, has been conventionally taken intc account.
This is a concept that the ice crystal is reduced in size
when rapidly passing through the maximum ice crystal forming
band.

In the case of the supercocling freeze, the period of
time is long to remain in the neighborhood temperature zone
including the maximum ice crystal forming band (-1°C to -
10°C}) in a supercooled state. However, the supercooled
state is a non-frozen state, so that as long as being in the
supercooled state, even the transient period of time through
this temperature zone is long, the ice crystal is not
increased in size after freezing and fine ice crystals can
be formed. To freeze foods with high quality in the
neighborhood temperature zone including the maximum ice

crystal forming band by forming fine ice crystals is a quite

innovative freezing method. Upon canceling the supercooled
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state, the freezing starts and is conpleted after
going through a phase conversion state, in which the
tenperature is not changed; and it has been confirned
that as long as going through the supercool ed state,
even if the transient period of time through the

maxi mumice crystal formng band is long after that,
the ice crystal is not increased in size. Hence, in
view of this point, this may al so be an innovative
freezing nethod. As |ong as going through the
supercooled state, even if the transient period of

ok W PR, R R
thr%?% b §§q%ﬁrs§2%“%taptredcri‘? w‘%ih S e
3% WERrORE R LY, Bl PR il T T U e
gm.%%aghtr%%ﬁhbcc%fe?{%ﬁ?e@ca%?%o?s?ﬂ?:h e ae\ﬁ%l dgq_:, s tLJ]iaaInSLent

S ca |nproved gual
perli 3026 -Elﬂ% rE'?lrr’otu fHee?er qh saing f.tch:@nlng band
supercoo cance |ng t he supercool i ng has

is Q%%@ %@@éfkﬁﬂﬁﬁbqguaaﬂg¥ecr ovevels fopdsnreaghibAdin size.

he "supercool ed state are no necessarily frozen. The

Hen@%r' ti nOfy 1R r&h‘ﬁ't@il@éﬁd’l £, SuparLer et At i tidlovative
the structure of foo cooled at a | ow t enperature

freeannet e naff ected by the ice crystals, because
al though the foods are stored at the tenperature of 27

As long as going through the supercocled state, even if
the transient period of time through the maximum ice crystal
forming band is long after that, the ice crystal forming
state is scarcely affected; however, 1f rapidly freezing
when proceeding to the freezing prdcess, the possibility of
the ice crystal increasing in size is further reduced as
well as the reducing factor of fo@d quality other than the
ice c¢rystal can alsc be avoided,'so that foods can be frozen
with further improved quality.

[0026]

" The merit of freezing foods reaching the supercooled
state by canceling the supercooling has been only described
above; however, foods reaching the supercooled state are not
necessarily frozen. The merit of maintaining the
supercooled state is that the structure of foods cooled at a

low temperature cannot be affected by the ice crystals.

because although the foods are stored at the temperature of
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the freezing point or_below at which the foods

ot herwi se becone frozen, the foods are perfectly not
frozen in this state to formno ice crystal. It has
been generally known that storing foods at | ower
tenperature is effective for preserving the freshness
because of suppressing various chem cal changes of
the foods; this method may be referred to a nethod
achieving both nerits of the |owtenperature storage
and the non-frozen. Al so, the foods need not being
defrosted. However, the non-frozen state also has a

thdli §§@Ia§nﬁ@g§mhhabrl BelBAN- hEO%BACWALRE ¢0BHAI Befehihise
the foods can be used for bacteria breeding and

be¥aht OBSc£88M €Ak r6PaRYESe peREectil, hetheeessarYnt @his
pay attention to this point nmuch nore than the frozen

std0edto NagEhYnof 0kcachiyeybng thehsypeeeaohengrhneezenown
foods need to be uniformy cooled and this is

thposstbtenbyrovder act Lyweookiefigetrheuteods asreneive for
met hod. [0027] Then, the flowhart of Fig. 8 will be

prelescvibedthét fr8sbpe530hecausaperfceappngssiedg various
started. Main starting neans for starting the

chaupeatoohangerpdé tBet 6cabbowthiaseethtd operakereferred
provi ded di spl ay panel/sw tches (not shown). After

to St epeS10d, achéevontrbbthnineritsf pfsthy ébwsésmpregature
danper 21 for directly cooling the interchangeabl e

steoapar apenthat nSpeproior. ThLsoecobhs foeds weehi nothdeing

i nt erchangeabl e conpartnent 4 uniformy for achieving
defpesbgd. However, the non-frozen state also has a

disadvantage; that is, non-frozen water contained in the
foods can be used for bacteria breeding and various chemical
changes. Hence, it is necessary to pay attention to this
point much more than the frozen food. Namely, for achieving
the supercooling freeze, foods need to be uniformly cooled
and this is possible by indirectly cooling the foods as one
method.
[0027]

Then, the flowchart of Fig. 8 will be described. At
Step S101, a supercooling mode is started. Main starting
means for starting the supercooling mode is to allow a user
to operéte provided dispiay panel/switches (not shown).
After Step S101, the control unit 71 firstly closes the'
damper 21 for directly cooling the interchangeable
compartment at Step S102. This cools foods within the

interchangeable compartment 4 uniformly for achieving the
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supercool ing freeze by avoiding to directly inject
cold air into the interchangeabl e conpartnent 4.
After Step S102, the process proceeds to Step S103
for determ ning whether the conpressor 12 is
operating. Wien the conpressor 12 is determned to be
stopped (NO at Step S103, the process returns to
Step 3102. Wien the conpressor 12 is determned to be
operating (YES) at Step S103, the process proceeds to
Step 5104. At Step 5104, the control unit 71

determ nes whether the result detected by the

bl 23 |
SURSEEENOR e ApH AL G BT TG S P G 21F
det ect d | t b
it S Enhr#%}ﬁwtn&spaae% i ”edﬁrl?m o NG R B
S104, t d
en AT e SEETE Y BRSPS 00 O ocsner
thel MG 0,000 109 gé&eaermgg Changeanle camAl g@ﬁtlz is

veg e eterm ned

deﬂ@ﬁﬂfﬁ%ﬁségx#én% ggkﬂgfgénﬁx%§ 3oL hed vd 09

exanpl e,” the openi ng

reteB Oft 4 @%é@%Z 31 Dﬁ%n Il reald Yes £9O1 1 NG 4 N termined

|nterchangeab e conpartnent and for the vegetable

to GRRYIIENLd S(Psat Witdb tdeod] riste bafddes SIdvocdds to

that 'the cold air cannot flow in the vegetable

Ste‘i‘prﬂl&mﬁ menit G tdi Ve i NthdNMBSESSANYh £ 01 1 et deines
the result detected by t he veget abl e conpart nent

whelthemmtdHeorr a1t sdeiaderad ned tloe bee ddiealpl € dedmpat treeh t
tenperature of T10C or nore (YES) at Step S104, the
thepmaicess @Dceeds grediteprmiRO temperature of T10°C or
more. When the detected result is determined not to be the
predetermined temperature of T10°C or more (NO) at Step S104,
the process proceeds to Step S106. At Step 5106, the
control unit 71 opens the damper 31 for indirectly ccoling
the interchangeable compartment and for the vegetable
compartment at a predetermined angle of 611 by controlling
the damper-motor driving means 75. When 011 is 90°, for
example, the opeﬁing 31B of the damper 31 for indirectly
cooling the interchangeable_compartment and for the
vegetaﬁle compartment is élosed with the first baffle 31A,
so that the cold air cannot flow in the vegetable
compartment 6, preventing unnecessary cooling. When the
result detected by the vegetable compartment thermistor 23

is determined to be the predetermined temperature of T10°C

or more (YES) at Step 8104, the process proceeds to Step
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5105. At Step 5105, the control unit 71 opens the
danper 31 for indirectly cooling the interchangeable
conpartnent and for the vegetable conpartnent at a
predeterm ned angle of 010 by controlling the
danmper-notor driving neans 75. Wien 010 is 45, for
exanpl e, the opening 31B of the danper 31 for
indirectly cooling the interchangeabl e conpartnent and
for the vegetable compartnment is not closed with the
first baffle 31A so that the cold air is injected
into the vegetable conpartnent 6. Accordingly,
gargdl e f er.n h O e 4,..th
Sy St (o Pb e BB b ae Bt cCpSAS e Bamper 2
0 n n n
o ek oo RO PO b Bobge Ry ana

fort €fe 5408t 89Ye PLOGES St RERECEHS At Or ShEPe PhPhe P hingPLeR £
et 6r i RES Rt

S107, thé control unit 7 term er the

01d esdldondet ectgd QMet@£m§@£3ﬁ59$99§§9b§n&0ﬁE§£E”??t When

thermstor 19 iS the predetermned tenpérature o

P1014L 52 ) essry Manpolde thesybindelesigdobychbedanper 31
i nt erchangeabl e conpartnent ~therm stor 19 is

fodeli N o€l {ocbelihg PredehettNgEgehBIRer3hPRe tREnt and
T11C or nore (NO at Step 5107, the process returns

fot otitt epe HdOdb 1 Wesnphetnestl tsdebectedsby wheh the first

i nt erchangeabl e conpartnent thermstor 19 is
bafitterdisedst othbe the poedehernipednteapedatute ahe

T11C or less (YES) at Step S107, the process proceeds
vedqotl8tbp Sd0Baritmest ef. SIB8cordhrgtpnt rebaudiesélodpehs

the danper 21 for directly cooling the
de{eyrinhbhgeadt eSteppit  Aenthbyceohingl binghehwedatpbile

- 30
compartment 6 can be controlled independently from the
cooling of the interchangeable compartment 4. After Step
S105 and Step S106, any process proceeds to Step S107. At
Step S107, the control unit 71 determines whether the result
detected by the interchangeable compartment thermistor 19 is
the predetermined temperature of Tl11°C or less. When the
result detected by the interchangeable compartment
thermistor 19 is determined to be the predetermined
temperature of T11°C or more (NO) at Step S107, the process
returns to Step S107. When the result detected by the
- interchangeable compartment thermistor 19 is determined to
be the predetermined temperature of T11°C or less (YES) at
Step 5107, the process proceeds to Step S108. At Step S108,

the control unit 71 opens the damper 21 for directly cooling

the interchangeable compartment by controlling the damper-
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notor driving neans 75. By Step 5108, foods within the
i nt erchangeabl e conpartnent 4 are stinul ated by
directly injecting cold air into the interchangeabl e
conpartnent 4, so that the supercooling is achieved.
By the way, the predeterm ned tenperature of TIICis
mai nly the freezing point of neat, which is about
-5C. Depending on the sizel/shape of the neat, poke
rib with a wei ght of about 100g can be perfectly
frozen, for exanple, achieving the frozen state wth
hi gh quality. [00281 Second Enbodinent Fig. 9 is a
side sectional view of the vicinit

motpgt grdiange5ed Sc drpar Biverttedr 4 O%f (rj‘w'fogg%gaff“&thin the
it L SR LY
iR SR 2950 Lo b IS e .
50 LBnCor Mo HERET S He ST ave Temit dith oo Th%od
prefferdeliif RN £ R ity P (ka2 ing

poif Itogglmgfaftef Milsc& iinstaldatiopd .OC%F%&%&L&# e

ins t'he er changeabl e conpart nent ‘case 1/ can

sizkégs?x\égnrel Qaked, f rm+ theigeiling; @nd R 38 about 100g

represents input controlling neans for converting the

canl 8EPYAAWA 1 nfrargml] orelet8ehfd Yy adievitg ad frozen
radi ati on sensor 22 into digital signals to - 31

state with high quality.
[0028]
Second Embodiment

Fig. 9 is a side sectional view of the vicinity of an
interchangeable compartment of a refrigerator according to a
second embodiment of the present invention. Fig. 10 is a
block diagram of the control of the refrigerator according
to the second.embodiment of the present invention. In Fig.
9 or 10, reference numeral 22 denotes an infrared radiation
sensof for measuring the surface temperature of a food
within the interchangeable compartment 4, and the ceiling of
the interchangeable compartment 4 may be suitable for its
installation location because the inside of the
interchangeable compartment case 17 can be overlooked from
the ceiling; and numeral 88 represents input controlling

means for converting the temperature information detected by

the infrared radiation sensor 22 into digital signals to
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feed the signals to the control unit 71. According to
the enbodi nent, since the infrared radiation sensor
22 is used, the tenperature nearer to the food can be
detected in conparison with the interchangeable
conpartnment therm stor 19, which detects air
tenperature, so that the supercooling achieving
probability can be increased. The reason why the
tenperature nearer to the food can be detected is
that while the interchangeabl e conpartnment therm stor
19 onIy detects the tenperature nearest to the

redJLhangenpl & comparLaROLof hgrpl shor 19, the

rare |on Sensor S"the infrared

ra%' glg{nf%mttot efén%B&i%@‘rfﬁ e°ftr?e Sﬂ?ﬂfﬁ‘& .

separat romthe sensor I’ nce t anount o

radfkf{ﬂ{r?dsér?é%ﬁti? ésuéé‘&reﬁﬁédt%ﬁé‘ratgféeﬁé POr to the

enperature the t enperature I'S neasure

r%@@ewéé af@dcéﬁgéﬂg@ﬂ wf‘?ﬁofﬁéngnt:gr&ﬂgngeable

second odinment, only the role o

comﬂﬂﬁmgﬁ?@fﬁl§%@aié meft: ch hespbstor aif t@mb@@ature, so
first enbodinent is repiaced by the infrared

thd@didd | O SLRSOLiRg; adHRet@nbherweaking t§f ddit be increased.
infrared radi ati on sensar 22 nenti oned above, the

Thd efedsd Uy NERe efehPe Pa f 006 S8arbe et eakedoolieadhnpe
to the success in the supercooling. Al so, according

detter tdie Edrbicoh trewiii 1¢ heheohbht o thaggeibdbacbanpastmehe

control unit 71 is identical to Figs. 7 and 8. [Brief
thdescytiqpt | oh aily hdetransngsé t8Bperature nearest to the
interchangeable compartment thermistor 19, the infrared
radiation sensor 22 detects the infrared radiation emitted
from the surface of a substance separated from the sensor.
Since the amount of the infrared radiation is increased with
increasing temperature, the temperature is measured by the
amount of the infrared radietion. According to the second
embodiment, cnly the role of the interchangeable compartment
thermistor 19 in the first embodiment is replaced by the
infrared radiation sensor 22; due to the working of the
infrared radiation sensor 22 mentioned above, the
temperature nearer to a food can be detected, leading to the
success in fhe supercooling.

Also, according to the embodiment, the controlling

flowchart of the control unit 71 is identical to Figs. 7 and

8.

[Brief Description of the Drawings]
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[0029] [Fig. 1] Fig. | is a front view of a
refrigerator according to a first enbodi nent of the
present invention. [Fig. 2] Fig. 2 is a side
sectional view of the refrigerator, including a
directly cooling danper of an interchangeable
conpartnent, according to the first enbodi nent.
31 Fig. 3 is a side sectional view of the
refrigerator, including a danper for indirectly
cooling an interchangeabl e conpartnent and for a
veget abl e conpartnent, according to the first
[Ooggqodinent of the present invention. [Fig. 4 Fig. 4
i“S-a perspective view of a tw n-danper nounted on the
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I r'st enbodi nent of the present

in Ve b I b r tdht B dScdr bl @fkedliaos am oft t he

control™ of the

emcRMedinent of the

refrigerator according to the first

present invention. [Fig. 7] Fig. 7

control unit

is a flomhart of the controlling of the

[Fh pbaut tiey cantirpla ofiddesserpeial origli recttye - 33
refrigerator, including a damper for indirectly cooling an
interchangeable compartment and for a vegetable compartment,
according to the first embodiment of the present invention.

[Fig. 4] Fig. 4 is a perspective view of a twin-damper
mounted on the refrigerator according to the first
embodiment of the present invention and combining a damper
of direétly cooling the interchangeable compartﬁent with a
damper for indirectly cooling the interchangeable
compartment and for the vegetable compartment.

{Fig. 5] Fig. 5 is a side sectional view of the vicinity
of the interchangeable compartment of the refrigerator
according to the first embodiment of the present inventioh.

[Fig. 6] Fig. 6 is a block diagram of the control of the
refrigerator according to the first embodiment of the
present invention.

7 is a flowchart of the controlling of the

[Fig. 7] Fig.

control unit 71 about the control of the damper for directly
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cool i ng the interchangeabl e conpartnent and the danper
for indirectly cooling the interchangeable
conpartnent and for the vegetable conmpartnent, during
the ordinary freeze of the refrigerator

i nt erchangeabl e conpartnent according to the first
enbodi nent of the present invention. [Fig. 8 Fig. 8
is a flomhart of the controlling by the control unit
71 about the control of the danper 21 for directly
cool ing the interchangeabl e conpartnent. and the
danper 31 for indirectly cooling the interchangeabl e

co§ﬁf98r£ﬂgninéﬁgc58 E981¥e§8§ﬁgk%m%%%p%58”%ﬂ% AU £or

super coo |ng eeze o Frigerato
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thé Sv@gétgﬁlée%inﬁﬁ?k:m%gw BﬁrEBS ¥hel Birlyna® %&eeze of the

i nt ef changeabl e conpar t ment a refrigerat
rePﬁE&éQhBSrt9n€e§@EQHQeEHPdeHEBErQRetha@%%%%ﬂhg to the
i nvention. [Fig. . 10 is a ck diagramof the

flfzwtéﬁﬂaogimehbeoEef:ﬁbggketseﬁta@ﬁ%ﬁtagnt o the second
enbodi nent of the present invention. [Fig. 11] Fig.

lii ys &) schegnt BCikrantlyvenwaet bhetheorvamtioanahng by the
refrigerator shown in Patent Docunent 1 in a state of

cotiheol efirii gerat aboutt byt candeol. ofFitge H2hpkirg211Zdrs

a side sectional view of the wvicinity of a
diseel goodbohingotpar ineatchéntrbebief cogepatoent  and the

descri bed in Patent Docunent 2. - 34
damper 31 for indirectly cooling the interchangeable
compartment and for the vegetable.compartment, during the
supercocling freeze of the refrigerator interchangeable
compartment 4 according to the first embodiment of the
present invention.

[Fig. 2] Fig. 9.is a side sectional view of the vicinity
of an interchangeable compartment of a refrigerator
according to a second embodiment of the present invention.

[Fig. 10] Fig. 10 is a block diagram of the control of
the refrigerator according to the second embodiment of the
present invention.

[Fig. 11] Fig. 11 is a schematic front view of the
conventional refrigerator shown in Patent Documentll in a
state of the refrigerator without a door.

[Fig. 12] Fig. 12 is a side sectional view of the

vicinity of a supercooling compartment of the refrigerator

described in Patent Document 2.
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[ Ref erence Nunerals] [0030] 1: refrigerator body, 2:
refrigeration conpartnent, 3: ice conpartnent, 4:

i nt erchangeabl e conpartnment, 4A. rear discharge port,
5: freezing conpartnent, 6: vegetable conpartnent, 7:
refrigerator door, 7A: left refrigerator door, 7B:
right refrigerator door, 8. ice conpartnent door, 9:
i nt er changeabl e conpartnent door, 10: freezing
conmpartnent door, 11: vegetable conpartnent door, 12:
conpressor, 13: evaporator, 14: cold air circulating
fan, 16: interchangeabl e conpartnent cooling duct,
16A: interchangeabl e conpartnent directly cooling

[Rfqrenes: Nungt et 2hangeabl e conmpartment indirectly
cool i ng duct, 17: interchangeabl e conpartnent case,
[OQ%Q]ceiling i nsul ation for interchangeable
t t 8A: bl bl owh 19:; .
Lt LI ETBEapI RO bt t RERT FEhpes P L BBEBBET bR 3¢ ice
20: ,int h bl [i 1
oo d, obr)EEEPERSSERLAL OB LIEIL e et | dea?
. 22: | T _
GBI % FRLER(ED chadhphen bore oteaduny.

coﬁﬁﬁ&ﬁﬁ%&@f ?Ofré99%%895£8r0885£997A: left E?grigerator

angeabl e-conpartment and for vegeta

doSOPRE L BN e BdA-ibhrstobalibbe, 81BicoPEBhPErehent door,
vegetabl e Conpartnent, 39: refrigeration conpartnent

9: dﬁﬂ@@fcl&&‘ﬂl%saﬁﬁé dbsghatgent dysbr of 10ef £lgerahion

conpartnment, 44: refrigeration conpartnment suction
colbict tm&PE dbss) 1Dt evehangeabl eompdbtment door, 12:
compressor, 13: evaporator, 14: cold air girculating fan,
16: interchangeable compartment cooling duct, 16A:
interchangeable compartmént directly cooling duct, 16B:
interchangeable compartment indirectly cooling duct, 17:
interchangeable compartment case, 18: ceiling insulation for
interchangeable compartment, 1B8A: ceiling blowhole, 19:
interchangeable compartment temperature detection means, 20:
interchangeable compartment case 1lid, 21: damper for
directly cooling interchangeable compartment, 22: infrared
radiation sensor, 23: vegetable compartment temperature
detection means, 31: damper for indirectly cooling
interchangeable-compartment and for vegetable compartment,
31A: first baffle, 31B: opening of vegetable compartment,
39: refrigeration compartment damper unit, 43: discharge
duct of refrigeration compartment, 44: refrigeration

compartment suction duct, 50: first interchangeable
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conpartment danper unit, 51: first interchangeable -
conpartnent discharge duct, 52: interchangeable
conmpartnent suction duct, 53: vegetable conpart nment

di scharge duct, 54: vegetable conpartnent suction

duct, 60: second interchangeabl e conpartnent danper

unit, 61: second interchangeabl e conpart nent

di scharge duct, 71: control unit, 72: nmenory, 73:

ROM 74: input/output bus, 75: danper-notor driving
means, 76: fan notor driving nmeans, 77: conpressor

nmotor driving nmeans, 78 to 80: input controlling

lco£§§9§me§%:daﬁ%%??ﬁpqggo%ﬁ'8%ﬁf%%n6§@%?éq%§§ﬁgaﬁﬁs

conpressor no Name ~of cumen

cohfFhetfeil éi%%h%&%%r@hg%,cgﬁprEﬁﬂ@%cﬂ?%%?ﬁﬂ%@1g&MbJf%ﬁent
produci ng cold air by cooling air arou Its
supeibahaLyt, f kst vandtasgend odi-wirded %0@%§aﬁ?y&éx B, 54:
first duct for Ieaging t he goFﬁ airnbroduce by fhet
veg¥applat ebnparthenti 8k teemPALIAEN G0 t R Jdst duct
having a directly Cooling duct f or directly cooling
intbechhngkabtenmpafbaehneand damperdiuhaet, | ¥ 1Go@lddagduct
for indirectly cooling the first conpartnent, the
interenbhyeeboki rgmguctmebei Ry syrRMH@edW it h 711 Stontrol unit,
air-flow regul ati ng neans, a second duct for |eading
72t heewokd, ai/B:t BOMhe7decangdutdonpaut-nents, I5d Aasgeartotor
air-flow regul ating neans dividing the cold
driving means, 76: fan motor driving means, 77: compressor

moter driving means, 78 to 80: input contrelling means, 81:

damper motor, 82: fan motor, 83: compressor motor.
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air into the indirectly cooling duct and the second

duct, and regulating the respective air-flow of the
divided cold air. [Claim2] The refrigerator of claim
1, wherein the first air-flow regulating neans and
the second air-flow regulating neans are a

tw n-danper driven by one notor. [Claim3] The
refrigerator of claiml1l or 2, wherein the first
conpartnment is an interchangeabl e conpartnent variable
-37 relative to tenperature zone. [C aim4] The
refrigerator of any one of Clains 1 to 3, wherein the

[Na?r?ec%r}.d [;chmﬁﬂentcﬂﬁn% veget abl e conmpartnent with a

setting tenperature set at- higher tenperature than
(cithat 1of the first conpartnent. [C aim35] The
- refrigerator of any one of Clains 1 to 4, wherein the

fi pstcgonparbrent dagudesa case and a |id menber for
covering the case, and wherein the cold air fromthe

1y s paseoh meSusonas ot L o b s
arceo@ §dheddikiiergonpartment indirectly. [ aim 6]

first and second divided compartments;

a first duct for leading the cold air produced by the
evaporator to the first compartment, the first duct having a
directly tooling duct for directly cooling the first
compartment and an indirectly cooling duct for indirectly
cooling the first compartment, the directly cooling duct
being provided with first air-flow regulating means,

a second duct for‘leading the cold air to the second
compartment, and

é second air-flow regulating means dividing the cold
air intc the indirectly cooling duct and the second duct,
and regulating the respective air-flow of the qivided cold
air.

[Claim 2]

The refrigerator of claim 1, wherein the first air-flow
regulating means and the second air-flow regulating means
are a twin-damper driven by one motor. |
[Claim 3]

The refrigerator of claim 1 or 2, wherein the first

compartment is an interchangeable compartment variable
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The refrigerator of any one of Clains 1 to 5, wherein
the second air-flow regul ati ng nmeans i ncludes two
openi ngs, one openi ng being connected to the
indirectly cooling duct of the first conpartnent, the
ot her being connected to the second duct of the
second conpartnent. [Claim?7] The refrigerator of any
one of Clainms 1 to 6, further conprising: a first
sensor for detecting the tenperature of a food wthin
the first conmpartnent; -38 a second sensor for
detecting the roomtenperature of the second

e cggggrtne t; and controlling neans for controlling the

€ 4i% -F9HRFTARYA &3y neans and the second

[ClaLr-fHOMIregulating means based on the tenperature
6@F%é%ed by the first sensor, wherein when determ ning

t h%hgtr % éft.f%%% tg?‘_ e[ﬁt ﬂ%gir é)g;%t %(ft %q agyns: IgLe tfoi r3st wheé: in

sens han a et ermne nper at'ur e

el SR B A IR LSRR S R M
settt%%ff r&rﬁﬁeﬁaﬁreﬂs% dthe, Gaty ol dni g Jmans wlasesmdhe s
first air-fl ow d

regul ati ng nmeans, and opens the secon

thedlfi-dd OWJgol@lddig neans at a predetermined angle of
01, so that the cold air is divided into both the

[cliaigd regetly cooling duct of the first conpartment and
the second duct of the second conpartnent; when

detraenirRimig detatoirhe ff 00§ terperfatlzéms 1 to 4, wherein
the first compartment includes a case and a lid member for
covering the case, and

wherein the cold air from the indirectly cooling duct
abuts the 1lid member before flowing in the first
compartment ,so that the cold air cools the first
rcompartment indirectly.

{Claim @]

The refrigerator of any one of Claims 1 to 5, wherein
the second air-flow regulating means includes two openings,
one opening being connected to the indirectly cooling duct
of the first compdrtment, the other being connected to the
second duct of the second compartment.

[Claim 7]

The refrigerator of any one of Claims 1 to 6, further
comprising:

a first sensor for detecting the temperature of a food

within the first compartment:
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detected by the first sensor is higher than a
predeterm ned tenperature of T11C as well as the
tenperature detected by the second sensor is |ower
than a predeterm ned tenperature of T10C, the
controlling neans closes the first air-flow
regul ati ng neans, opens the second air-flow regul ati ng
nmeans at a predeternm ned angle of 02, and cl oses the
second duct of the second conpartnent, so that the
cold air is supplied only to the indirectly cooling
duct of the first conpartnent so as to indirectly

COC%J sten:%rfd rdn LHPAYIA mecéﬁ@imég]rc?&? 1% rature of

refrigerator of any one of aims 1 to 6, further

th€ 0P b 1S NompBaf thsht s€asQr for detecting the
tenperature of a food wthin the first conpartnent; a

Sect SANSAlg fidardet et | dhihel Y oam tieaper s tr£i e flow
t he second conpartnent; and controlling neans for

re@@M f Dhd i Mgat Heahdr She abécdh@WaiFegubat keguleansigafdans
the second air-flow regul ati ng neans based on the
badefipat at e et slep ect edrbydébectedsby SensoFirswheenksor,
when determ ning that the food tenperature detected
by whee: fliry sthesensdreirsi rhirgherhdthathea poed et @npe nedure
tenperature of TOC as well as the tenperature detected
detgctedhergetondf sepsosensohi ghenighan bhpnedepeedehedmnined
tenperature of T2C, the controlling nmeans opens the
tenpesatege -¢f ol 1 fegat avehy arabBe bewpepehsrehdesecbad by

air-flow regul ating
the second sensor is higher than a predetermined temperature

of T10°C, the controlling means closes the first air-flow
regulating means, and opens the second air-flow regulating
means at a predetermined angle of 81, so that the cold air
is divided intc both the indirectly cooling duct of the
first compartment and the second duct of the second
compartment; when determining that the food temperatﬁre
detected By the first sensor is higher‘than a predetermined
témperature of T11°C as welllas the temperature detected by
the second sensor is lower than a predetermined temperature
of T10°C; the controlling means cloées the first air-flow
regulating means, opens the second air-flow regulating means
at a predetermined angle of 062, and closes the second duct
of the second compartment, so that the cold air is supplied
only to the indirectly cocling duct of the first compartment
s0 as to indirectly cocol the first compartment.

[Claim 8]
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neans at._a predeterm ned angle of 01, so that the cold
air is divided into both the indirectly cooling duct
of the first conpartnent and the second duct of the
second conpartnent; when determ ning that the food
tenperature detected by the first sensor is higher
than a predeterm ned tenperature of TOC as well as
the tenperature detected by the second sensor is

| oner than a predeterm ned tenperature of T3C, the
control ling nmeans opens the first air-flow regulating
means, and closes the second air flow regul ating

nmeans, that the cqld air ot s I| e t

CeRbRu rels IGRcaTaE e CSRoORE ComARIABN S8 dy dyrther

directly cool the first conpartnent [Cla|n19] The
COTE 1@5{ator of Aaim7 or 8, further conprising a

g R SR A S

efiperat ur

witH AP Y v s 4<:Jompartment ;

a second sensor for detecting the room temperature of
the second compartment; and

controlling means for controlling the first air-flow
regulating means and the second air-flow regulating means
based on the temperature detected by.the first senscr,

wherein when determining that the food temperature
detected by the first sensor is higher than a predetermined
temperature of TO°C as well as the temperature detected by
the second sensor is higher than a predetermined temperature
of T2°C, the controlling means opens the first air-flow
regulating means, and opens the second air-flow regulating
means at a predetermined angle of 81, so that the cold air
is divided into both the indirectly coecling duct of the
first compartment and the second duct of the second
compartment; when determining that the food temperature
detected by the first sensor is higher than a predetermined
temperature of TO°C as well as the temperature detected by
the second sensor is lower than a predetermined teﬁperature
of T3°C, the controlling means opens the first air-flow
regulating means, and closes the second air-flow regulating

means, so that the cold air is not supplied to the second
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duct of the second compartment so as to directly cool the
first compartment.
[Claim 9]

The refrigerator of Claim 7 or 8, further comprising a
third sensor provided instead of the first sensor for

detecting the room temperature of the first compartment.
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