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REFRI GERATCR

Fi el d
[ 0001]

This invention relates to a refrigerator.

Backgr ound
[ 0002]

As a conventional refrigerator, a refrigerator is known which
is provided wi th an accommodat i on contai ner for accommodati ng mai nly
| eafy vegetables at a part inside a vegetabl e conpartnent, wherein a
weak |ight radiation device is arranged above the accommodati on
container, the weak |ight device is a semconductor |ight emtting
device which enmts light in a visible ray region wavel ength, and the
sem conductor light emtting device is a red LED which outputs a

wavel engt h of about 660 nm (for exanple, see Patent Literature 1).

Gtation List
Patent Literature
[ 0003]

[PTL 1] JP 2002- 267348 A



Sunmmary
Techni cal Probl em
[ 0004]

In the conventional refrigerator shown in Patent Literature 1,
however, red light is continuously radiated to vegetables and fruit
such as leafy vegetables (green stuff) for twenty-four hours a day.
On the ot her hand, plants such as green stuff performactivities such
as photosynthesis in a cycle of about twenty-four hours. This cyclic
activityisreferredtoas acircadianrhythm |n photosynthesis using
sol ar energy, |ightness and darkness of |ight significantly influences
the circadian rhythm Further, in the case of natural light, a
wavel engt h of prom nent |ight changes according to tinelapse of a day.
Therefore, in a state where red light wth the sane wavel ength is
conti nuously radi ated, vegetables and fruit such as | eafy veget abl es
(green stuff) cannot efficiently use energy of radiated |ight.
Specifically, since, at the tine of performng photosynthesis, pores
of the vegetabl es and fruit donot sufficiently open, and carbon di oxi de
requi red for phot osynt hesi s cannot be sufficientlytakenin, efficiency
of phot osynthesis nmay deteriorate.

[ 0005]

Thi sinvention has been nade t o sol ve such a probl em and an obj ect
istoobtainarefrigerator capabl e of accel erati ng phot osynt hesi s of
stored vegetables and fruit such as green stuff (especially |eafy

vegetabl es) utilizing the circadian rhythmof plants and in
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consi deration of the state of pores of plants.

Sol ution to Problem
[ 0006]

A refrigerator according to the present invention includes: a
storage conpartmnent configuredto store food; alight emtting portion
capable of radiating visible light to an inside of the storage
conpartment; and a control portion configured to control operation of
the light emtting portion to alternately repeat a visible Iight
radi ati on process of causing light including visible light to be
radiated fromthe light emtting portion and a non-radi ati on process
of causing the light including visible light not to be radiated from
the light emtting portion, the light emtting portion conprising: a
first light sourceconfiguredtoradiatelight havingafirst wavel ength
of avisiblelight region as a central wavel ength; and a second |i ght
source configured to radiate |ight having a second wavel ength of the
visible light region different fromthe first wavel ength as a central
wavel ength, the control portion configuredto control, inthe visible
[ight radiation proces, thelight emtting portionto performa first
radi ati on process of causinglight toberadiatedfromboth of the first
['ight source and the second |i ght source and a second r adi ati on process

of causing light to be radiated only fromthe first |ight source.

Advant ageous Effect of Invention



[ 0007]

Inarefrigerator according to this invention, an advant ageous
effect is obtained that it is possible to accel erate photosynthesis
of stored vegetables and fruit such as green stuff (especially leafy
veget abl es) utilizing the circadian rhythmof plants and in

consi deration of the state of pores of plants.

Brief Description of the Draw ngs
[ 0008]

Fig. 1is afront viewof a refrigerator relating to First
Enbodi nent of the present invention.

Fig. 2 is a longitudinal sectional view of the refrigerator
relating to First Enbodi ment of the present invention.

Fig. 3 is a diagramenl argedl y showi ng a veget abl e conpart nent
portion in Fig. 2.

Fig. 4is adiagramshowi ng a configuration of alight emtting
portion which the refrigerator relating to First Enbodi ment of the
present inventiois provided wth.

Fig. 5is a block diagramshowi ng a configuration of a control
systemof the refrigerator relating to First Enbodi ment of the present
i nventi on.

Fig. 6isatinechart of light radiation control of each Iight
source which the light emtting portion of the refrigerator relating

to First Enbodi ment of the present invention is provided wth.
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Fig. 7is aflowhart showing a flowof |ight radiation control
of the refrigerator relating to First Enbodi ment of the present
i nventi on.

Fig. 8is adiagramshow ng an exanpl e of conpari son anong anount s
of vitamn Cin a case where cabbages are stored for three days under
a plurality of light radiation conditions.

Fig. 9is atinme chart of the light radiation control of each
'ight source which the light emtting portion of the refrigerator
relatingto First Enbodi nent of the present i nventionis providedwth,

and open/cl osed states of a vegetabl e conpartnment door.

Descripti on of Enbodi ment
[ 0009]

An enbodi ment for practicing this invention will be described
wi th reference to acconpanyi ng drawi ngs. |n each of the draw ngs, the
same or correspondi ng portions are given the sane reference nureral ,
and over | appi ng descriptionw || be appropriatelysinplifiedor omtted.
The present inventionis not l[imted to the enbodi nent bel ow and can
be variously nodified within a range not departing fromthe spirit of
t he present invention.

[ 0010]
Fi rst Enbodi ment
Figs. 1to9relatetoafirst enbodi ment of thisinvention. Fig.

lisafront viewof arefrigerator; Fig. 2is alongitudinal sectional
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view of the refrigerator; Fig. 3 is a diagramenlargedly show ng a

veget abl e conpartment portionin Fig. 2, Fig. 4 is a di agramshow ng
a configuration of alight emtting portion which the refrigerator is
provided with; Fig. 5 is a block diagramshow ng a configuration of
a control systemof therefrigerator; Fig. 6 is atine chart of |ight

radi ati on control of each|ight source whichthelight emttingportion
of the refrigerator is provided with; Fig. 7 is a flowhart show ng
aflowof light radiationcontrol of therefrigerator; Fig. 8is adiagram
showi ng an exanpl e of conpari son anong anounts of vitamn Cin a case
wher e cabbages are stored for three days under a plurality of |ight

radi ati on conditions; and Fig. 9is atinechart of thelight radiation
control of each |light source which the light emtting portion of the
refrigerator is provided with, and open/cl osed states of a vegetable
conpart nment door.

[ 0011]

In each figure, a dinensional relationship, shape and the |ike
of each constituent nmenber may be di fferent fromactual ones. Further,
positional relationships (for exanple, vertical positional
rel ationshi pandthelike) among constituent nmenbers are, i nprinciple,
those when the refrigerator is installed in a usable state.

[ 0012]
(Configuration of refrigerator)
Arefrigerator 1 according to the first enbodi nent of this

i nvention has a heat insul ating box body 90 as shown in Fig. 2. The
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front of the heat insulating box body 90 i s open, and storage space
is formed inside. The heat insulating box body 90 has an outer box,
an i nner box and heat insulating material. The outer box is nade of
steel. Theinner boxis made of resin. Theinner boxis arranged i nsi de
the outer box. The heat insulating material is, for exanple, urethane
foamor the like and is filled in space between the outer box and the
i nner box. The st orage space fornedinsi dethe heat i nsul ati ng box body
90 is partitioned into a plurality of storage conpartnents for
accommodat i ng and storing food by one or nore partition nmenbers.

[ 0013]

As shown in Figs. 1 and 2, here, the refrigerator 1is provided
with, for exanple, a refrigerating conpartnment 100, a sw tching
conpartment 200, an i ce nmaki ng conpartnment 300, a freezi ng conpart nment
400 and a vegetabl e conpartnment 500 as the plurality of storage
conpartmments. These storage conpartnents are arranged in a vertical
four-stage configuration in the heat insulating box body 90.

[ 0014]

The refrigerating conpartnent 100 i s arranged at the top stage
of the heat insulating box body 90. The swi tching conpartment 200 is
arranged on one of the left and right sides below the refrigerating
conpartmment 100. A cooling tenperature zone of the swtching
conpart ment 200 can be switched by selecting any of a plurality of
tenperature zones. The plurality tenperature zones which can be

sel ected as the cool i ng tenperature zone of the switching conpartment
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200 are, for exanple, a freezing tenperature zone (for exanpl e, about
-18°C), a refrigerating tenperature zone (for exanple, about 3°C), a
chilling tenperature zone (for exanple, about 0°C), a soft freezing
t enper at ure zone (for exanpl e, about -7°C) andthelike. Theice making
conpartment 300is arranged | ateral |y next tothe switching conpart nment
200 in parallel to the swtching conpartnment 200, that is, arranged
on the other of the left and right sides below the refrigerating
conpartment 100.

[ 0015]

The freezing conpartnment 400 is arranged bel ow the sw tching
conpartment 200 and the ice making conpartnment 300. The freezing
conpartment 400 is mainly for use at the time of freezingly storing
astorage object for arelativelylongtinme. The vegetabl e conpartnent
500 i s arranged at t he bottomst age bel owt he freezi ng conpart nment 400.
The veget abl e conpartnent 500 i s for acconmodati ng mai nl y veget abl es,
a large-sized PET bottlewith alarge capacity (for exanple, 2L or the
like) and the I|ike.

[ 0016]

An opening portion formed in the front of the refrigerating
conpartment 100 is provided with a rotary-type refrigerating
conpartnment door 7 for opening/closingthe opening portion. Here, the
refrigerating conpartrment door 7 is of a double swing type and is
configured with a right door 7a and a |l eft door 7b. (On an outer side

surface of the refrigerati ng conpartment door 7 (for exanple, theleft
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door 7b) on the front of the refrigerator 1, an operation panel 6 is
provi ded. The operation panel 6is provided with an operation portion
6a and a di splay portion 6b. The operation portion 6ais an operation
switch for setting a cooling tenperature of each storage conpart nment
and an oper at i on node (a defrosting node or thelike) of therefrigerator
1. The display portion 6bis aliquid crystal display for displaying
vari ous kinds of information such as the tenperature of each storage
conpartment. Further, theoperationpanel 6 may be provi dedw thatouch
panel whi ch serves as both of the operation portion 6a and t he di spl ay
porti on 6b.

[0017]

Each of the storage conpartments other than the refrigerating
conpartent 100 (the sw tching conpartmnment 200, the ice naking
conpartment 300, the freezing conpartnment 400 and the vegetabl e
conpartment 500) is opened/closed by a drawer-type door. The
drawer-type door can be opened and closed in a depth direction (a
front-back direction) of the refrigerator 1 by causing a frane fi xedly
provi ded on the door to slide relative to rails horizontally fornmed
on left and right inner wall surfaces of each storage conpartment.

[ 0018]

Further, inside the switching conpartnment 200 and inside the
freezi ng conpartment 400, a sw tching conpartment acconmodati on case
201 and a freezing conpartment accommodati on case 401 capabl e of

internally acconmodati ng food and the |ike are housed in a drawabl e
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manner, respectively. Simlarly, insidethevegetabl e conpartnent 500,
an upper - st age acconmodati on case 11 and a | ower - st age acconmodati on
case 10 capabl e of i nternal | y accommodat i ng food and t he | i ke are housed
in a drawabl e manner.

[ 0019]

(Cool i ng nmechani sn)

Therefrigerator 1isprovidedw thafreezingcyclecircuit which
cool sair tobesuppliedtoeachstorageconpartnent. Thefreezingcycle
circuit is configured with a conpressor 2, a condenser (not shown),
athrottle device (not shown), a cooler 3andthe like. The conpressor
2 conpresses and di scharges refrigerant inthe freezingcyclecircuit.
The condenser causes the refrigerant discharged fromthe conpressor
2 to be condensed. The throttle device causes the refrigerant which
flows out fromthe condenser to expand. The cooler 3 cools theair to
be supplied to each storage conpartnment by the refrigerant expanded
by the throttl e device. The conpressor 2 is arranged, for exanpl e, at
a lower part on the back side of the refrigerator 1.

[ 0020]

Intherefrigerator 1, an air passage 5 for suppl ying air cool ed
by the freezing cycle circuit to each storage conpartrent is fornmed.
This air passage 5 is arranged nmainly on the back side inside the
refrigerator 1. The cooler 3of thefreezingcyclecircuit isinstalled
inthis air passage 5. Further, inside the air passage 5, a bl ower fan

4 for sending air cooled by the cooler 3 to each storage conpart nent
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is also installed.
[ 0021]

When t he bl ower fan 4 operates, air cool ed by the cooler 3 (cold
air) issent tothe freezing conpartnent 400, t he sw tchi ng conpart nment
200, the ice maki ng conpartnent 300 and the refrigerati ng conpart nent
100 through the air passage 5 to cool the insides of these storage
conpartnent. The vegetabl e conpartment 500 is cool ed by introduci ng
return cold air fromthe refrigerating conpartment 100 into the
veget abl e conpartent 500 via a return air passage for refrigerating
conpartment. The cold air which has cool ed t he veget abl e conpart nment
500isreturnedintothe air passage 5 wherethe cool er 3 exists, through
a return air passage for vegetable conpartnent (these return air
passages are not shown). Then, the air is cool ed agai n by the cool er
3, and the cold air is circulated inside the refrigerator 1.

[ 0022]

At a position on the way to each storage conpartnment fromthe
ai r passage 5, a danper not shownis provi ded. Each danper opens/cl oses
a position of the air passage 5 whi ch comruni cates with each storage
conpartment. By changi ng an open/ cl osed st at e of t he danper, the anmount
of coldair tobe suppliedto each storage conpartnent can be adj ust ed.
Further, tenperature of the cold air can be adjusted by controlling
operation of the conpressor 2.

[ 0023]

The freezing cycle circuit configured with the conpressor 2 and
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t he cool er 3, the bl ower fan 4, the ai r passage 5 and t he danper s provi ded
as descri bed above constitute cooling nmeans for cooling the insides
of the storage conpartnents.
[ 0024]

For exanpl e, at an upper part on the back si de of therefrigerator
1, acontrol device 8is accommodated. The control device 8is provi ded
with a control circuit or the like for performng various controls
required for operation of the refrigerator 1. As the control circuit
which the control device 8 is provided with, for exanple, a circuit
for controlling operations of the conpressor 2 and the bl ower fan 4,
and degrees of openi ng of the danpers based on tenperat ure i nsi de each
storage conpartrent, informationinputtedto the operation panel 6 and
thelikeisgiven. That is, thecontrol device 8 controlsthe operation
of the refrigerator 1 by controlling the cooling nmeans and the |ike
descri bed bef ore. The tenperature inside each storage conpartnment can
be detected by a therm stor (not shown) or the like installed in the
st orage conpart nent.
[ 0025]
(Configuration of vegetable conpartnent)

Fig. 3 is a cross-sectional view of the vegetabl e conpart ment
500 part which the refrigerator 1 is provided with. The vegetable
conpart ment 500 i s a storage conpart ment which stores food, especially
veget abl es. The | ower-stage accommodati on case 10 i s supported by a

franme (not shown) of a vegetabl e conpart nent door 9. On the upper side
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of the | ower - st age acconmodat i on case 10, t he upper - st age acconmodat i on
case 11 i s pl aced. Wen t he veget abl e conpartnent door 9 i s drawn out
forward, the | ower-stage accomrodati on case 10 and the upper-stage
accommodat i on case 11 are drawn out forward being conbined with the
veget abl e conpartment door 9. Wen only t he upper - st age acconmodat i on
case 11 is slid backward while the vegetabl e conpartment door 9is in
the state of being drawn out, a state where only the | ower-stage
accommodati on case 10is drawn out i s obtained. Inthestatewhereonly
t he | ower - st age accommodati on case 10 i s drawn out, food can be taken
out fromor put into the | ower-stage accomodati on case 10.

[ 0026]

I nsi de the vegetabl e conpartnent 500, a door opening/cl osing
detection switch 12, a thermstor 13 and a light emtting portion 14
are provided. The door opening/closing detection switch 12 is for
detecting an open/cl osed state of the vegetabl e conpartnent door 9.
The door openi ng/ cl osi ng detection switch 12 is provided at a position
faci ng the vegetabl e conpartnent door 9 on an edge portion of a front
openi ng of the vegetabl e conpartnent 500.

[ 0027]

To a back portion inside the vegetabl e conpartnent 500, the
thermstor 13 and the light emtting portion 14 are attached. The
therm stor 13 detects tenperatureinsidethevegetabl econpart ment 500.
The light emtting portion 14 is capable of radiating visible |ight

to the inside of the vegetable conpartnent 500 which is a storage
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conpartment. Here, an opening portion 15 is formed at a part facing
thelight emttingportion 14 on a back of t he | ower - st age accommodat i on
case 10. The light emtting portion 14 is adapted to be capabl e of
radiating visible light totheinside of thelower-stage accommodati on
case 10 through thi s opening portion 15. Material with a property of
causing visible light radiated fromthe light emtting portion 14 to
be transmtted nay be used for at l|east a part corresponding to the
openi ng portion 15 of the |ower-stage accommodati on case 10.

[ 0028]

(Configuration of light emtting portion)

Next, a configuration of the light emtting portion 14 will be
further described with reference to Fig. 4. As shown in Fig. 4, the
light emtting portion 14 is provided wi th two kinds of |ight sources,
afirst light source 16a and a second |ight source 16b. As descri bed
before, the light emtting portion 14 i s capabl e of radiating visible
light. Therefore, the light emtting portion 14 is provided with
visible light sources which radiate visible light. The first light
sour ce 16a and t he second | i ght source 16b arethevi si bl elight sources.
[ 0029]

The first light source 16a radiates |light having a first
wavel ength as a central wavel ength. The second |ight source 16b
radi at es | i ght havi ng a second wavel engt h as acentral wavel ength. Both
of the first wavel ength and the second wavel ength bel ong to a visible

l'ight region. The second wavel ength, however, is different fromthe
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first wavel engt h.
[ 0030]

Specifically, the first wavel ength which is the central
wavel ength of the first light source 16a i s between 500 nmand 700 nm
i ncl uding 500 nmand 700 nm preferably between 600 nmand 700 nm
i ncluding 600 nmand 700 nm That is, light radiated fromthe first
light source 16a is red. Specifically, for exanple, a red LED can be
used as the first light source 16a.

[ 0031]

Further, the second wavel ength which is the central wavel ength
of the second |ight source 16b i s between 400 nmand 500 nmi ncl udi ng
400 nmand 500 nm That is, |ight radi ated fromthe second | i ght source
16b is blue. Specifically, for exanple, a blue LED can be used as the
second |ight source 16b.

[ 0032]

These first light source 16a and second |ight source 16b are
confi gured sothat each of themcan be i ndependent |y turned on andt urned
of f.

[ 0033]
(Control systemof refrigerator)

Fig. 5is a block di agramshowi ng a functional configuration of
acontrol systemof therefrigerator 1. InFig. 5 especially portions
related to control of the vegetable conpartmnment 500 are shown. The

control device 8 is provided with, for exanple, a m croconputer and
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is provided a processor (CPU Central Processing Unit) 8a and a nmenory
8b. By the processor (CPU) 8a executing a programstored inthe menory
8b, the control device 8 executes a process set in advance to contro
the refrigerator 1.

[ 0034]

To the control device 8, adetectionsignal of tenperatureinside
t he vegetabl e conpartrent 500 is inputted fromthe thermstor 13.
Further, tothe control device 8, an operation signal fromthe operation
portion 6a of the operation panel 6is alsoinputted. Furthernore, to
the control device 8, a detection signal fromthe door openi ng/cl osi ng
detection switch 12 is al so inputted.

[ 0035]

Based on an inputted signal, the control device 8 executes a
process of controlling operations of the conpressor 2, the blower fan
4 and the like so that the inside of the vegetabl e conpartmnent 500 is
kept at a set tenperature. Further, the control device 8 outputs a
di splay signal to the display portion 6b of the operation panel 6.

[ 0036]

Furthernore, the control device 8 outputs a control signal to
the light emtting portion 14 to control light-emtting operation of
the light emtting portion 14 as well. As described before, the |ight
emtting portion 14 is provided with the first |light source 16a and
t he second | i ght source 16b. Each of these two kinds of Iight sources

can be independently turned on and turned off. The control device 8
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can control on/off states of the first |ight source 16a and t he second
['ight source 16b which the light emtting portion 14 is provided with
i ndependent |y from each ot her

[ 0037]

(Control of light emtting portion)

Next, descriptionw || bemadeonlight em ssionoperationcontrol
of thelight emtting portion 14 by the control device 8 with reference
toFig. 6. Thecontrol device 8control s operationof thelight emtting
portion 14 to alternately repeat a visible light radiation process of
causing light including visible light to be radiated fromthe |ight
emtting portion 14 and a non-radiati on process of causing |ight
including visible light not to be radiated fromthe |light emtting
portion 14. Inthe visiblelight emssion process, at | east one of the
first light source 16a and the second light source 16b is turned on
In the non-radiation process, neither the first |ight source 16a nor
the second |ight source 16b is turned on
[ 0038]

The visible light radiation process is further dividedintotwo
processes. Inthe visiblelight radiation process, afirst radiation
process is perfornmed first, and then a second radiation process is
perfornmed. That is, the control device 8 controls the light emtting
portion 14 to performthe first radiati on process and the second
radi ati on processinthevisiblelight radiationprocess. Inthefirst

radi ati on process, the control device 8 causes light to be radiated
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fromboth of the first |ight source 16a and the second |ight source
16b. That is, both of red light and blue light are radiated. In the
second radi ation process, the control device 8 causes |light to be
radiated only fromthe first light source 16a, and the second I|ight
source 16bisturnedoff. That is, onlyredlight isradiated, and bl ue
light is not radi ated.

[ 0039]

Adurationtime of each process i s set in advance. The duration
time of the first radiation process, the duration tinme of the second
radi ati on process and the duration tinme of the non-radiation process
are assuned to be AT1, AT2 and AT3, respectively.

[ 0040]

Thus, the control device 8 controls the light emtting portion
14 to performthe first radi ati on process, the second radi ati on process
and the non-radiation process in that order. Then, after the
non-r adi ati on process ends, each process i s repeat edl y performed agai n
i nthe order described before fromthe visiblelight radiation process,
that is, the first radiation process. Therefore, time AT required for
one cycl e of perform ng each process once in order is a sumtotal of
AT1, AT2 and AT3. Further, the duration tine of the visible |ight
radi ati on process is a sumtotal of ATl and AT2.

[ 0041]
The control device 8 controls the light emtting portion 14 so

that the visible light radi ati on process and t he non-radi ati on process
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are alternately repeated in a cycle of twenty-four hours or shorter.
That is, AT is set to be twenty-four hours or shorter. Further, the
duration tine AT3 of the non-radiation process is set to be equal to
or shorter thanthedurationtineof thevisiblelight radiationprocess.
That is, the duration tinme AT3 of the non-radiation process is set to
be equal to or shorter than the sumtotal of the duration time AT1 of
the first radiation process and the duration tine AT2 of the second
radi ati on process. Furthernore, the duration tinme AT1 of the first
radi ati on process is set to be equal to or shorter than the duration
time AT2 of the second radi ation process. As an exanpl e of the duration
time of each process sati sfying the conditions as descri bed above, AT1,
AT2 and AT3 are specifically set totwo hours, ten hours and ei ght hours,
respectively. In this case, AT is twenty hours.

[0042]

Description will be nmade on a series of flows related to the
control of thelight emtting portion 14 of the vegetabl e conpart nent
500 which the refrigerator 1 configured as descri bed above i s provi ded
with, withreference to a flowhart of Fig. 7. Wen the refrigerator
1 is powered on, the control device 8 causes the first |ight source
16a and the second |ight source 16b of the light emtting portion 14
to be turned on at step S101 first. At the next step S102, the control
device 8 resets a value of a tiner t which measures elapsed tinme to
0 and starts timng by the tinmer.

[ 0043]
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Then, at t he next step S103, the control devi ce 8 confirns whet her
the el apsed tinme t of the timer has reached AT1 or not. |If the el apsed
timet of the tiner has not reached AT1, the control device 8 repeats
the confirmation at step S103 until the elapsed time t of the timer
reaches AT1. Then, when the el apsed tine t of the timer reaches AT1,
the control device 8 proceeds to step S104. The above steps S101 to
S103 are the first radiation process.

[ 0044]

At step S104, the control device 8 causes t he second | i ght source
16b of the light emtting portion 14 to be turned off. Therefore, a
state where only the first light source 16ais onis obtained. At the
next step S105, the control device 8 resets the value of the tiner t
whi ch nmeasures el apsed tine to O and starts timng by the timer.

[ 0045]

Then, at the next step S106, the control devi ce 8 confirns whet her
the elapsed tinet of the tiner has reached AT2 or not. |f the el apsed
tinmet of the tiner has not reached AT2, the control device 8 repeats
the confirmation at step S106 until the elapsed time t of the tiner
reaches AT2. Then, when the el apsed tine t of the timer reaches AT2,
the control device 8 proceeds to step S107. The above steps S104 to
S106 are the second radiati on process.

[ 0046]
At step S107, the control device 8 causes the first |ight source

16a of the light emtting portion 14 to be turned off. Therefore, a

20



statewhereall of thefirst |ight source 16a and t he second | i ght source
16b are off is obtained. Then, proceeding to step S108, the contro
device 8 resets the value of the tiner t which neasures el apsed tine
to O and starts timng by the tiner.

[ 0047]

At the next step S109, the control device 8 confirns whether the
elapsedtinet of thetiner has reached AT3 or not. If the elapsedtinme
t of the tinmer has not reached AT3, the control device 8 repeats the
confirmation at step S109 until the el apsedtinmet of the timer reaches
AT3. Then, whenthe el apsedtinet of thetiner reaches AT3, the control
device 8 returns to step S101 and repeat edl y execut es t he above st eps.
The above steps S107 to S109 are the non-radiation process.

[ 0048]
(Qperation by light radiation control)

Next, descriptionw || be nade on operati on expected by the | i ght
radi ati on control of thelight emtting portion 14 as descri bed above.
First, a circadi an rhythmof pl ants autononmously continues a cycl e of
about twenty-four hours even under a condition that time information
suchas alight/dark cycle of light isnot given. Inthecaseof storing
vegetabl es and fruit such as green stuff (especially vegetabl es and
fruit) under adark environment i nwhichlight isnot radi ated, however,
phot osynthesis is not performed, and, therefore, an effect of
storability i nprovenent, anincrease in the anount of nutrients or the

i ke cannot be obtained. On the other hand, in the case of storing
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vegetabl es and fruit under a light environnent in which light is
conti nuousl y radi at ed, phot osynt hesi s i s perfornmed, but probl ens, such
as that nutrients cannot be sufficiently generated and that

phot osynt hesi s speed or photosynthetic ability deteriorates, nmay be
i nduced.

[ 0049]

Therefore, in the refrigerator 1 according to this invention,
thelight emttingportion 14 of t he veget abl e conpartment 500 perforns
thevisiblelight radi ati onprocess of radiatinglight includingvisible
light to the inside of the |ower-stage acconmodation case 10 of the
veget abl e conpartnment 500 and the non-radiati on process in which the
light including visible light is not radiated, alternately repeating
t he processes as described before.

[ 0050]

Therefore, the inside of the | ower-stage accommodati on case 10
i sswtchedbetweenalight periodduringwhichvisiblelightisradiated
to obtain the light environnent and a dark period during which visible
light is not radiated to obtain the dark environnent as tine el apses.
That is, inside the | ower-stage acconmodati on case 10, an envir onnent
in which change in quantity of light in the natural world caused by
the sunrising inthe norning and setting in the evening i s simulated
is created. Therefore, it is possible to encourage plants such as
vegetabl es and fruit put in the | ower-stage accommodati on case 10 to

performactivities such as photosynthesis according to the circadi an
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rhyt hm
[ 0051]
Her e, phot osynthetic reaction of plants will be described. The

phot osynt heti c reacti on can be expressed by the fol | owi ng expression

(1).
[ 0052]
600,+12H,0+688kcal - CsH,Os+6H0+60, ... (1)
[ 0053]
Inthis expression (1), GO, HO 688kcal and GH,Q; are carbon
di oxi de, water, |ight energy and gl ucose, respectively.
[ 0054]

By the photosynthetic reaction of this expression (1), plants
gener at e oxygen and sugar from carbon dioxide in the atnosphere and
wat er whi ch the plants have, using light energy. This reaction is
dividedintwo stages. The first stage deconposes water into hydrogen
and oxygen usi ng | i ght energy absorbed by pi gnents included i n | eaves
and the |i ke, such as chl orophyl |, and stores chem cal energy with the
function of enzyne protein. The second st age synt hesi zes gl ucose usi ng
el ectrons, hydrogen ions and carbon dioxide in the atnosphere. In
veget abl es i n whi ch gl ucose has i ncreased, its storabilityisinproved,
and vitamn Cis generated fromthe gl ucose.

[ 0055]
In order to cause photosynthesis to be actively perforned, it

is necessary to nake light radiated to the inside of the vegetable
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conpart ment 500 ef fective for photosynthesis. An absorption spectrum
of chl orophyl| has two |ight absorption peaks in red (near 660 nm and
bl ue (near 450 nn), and it is known t hat t he wavel engt hs are especi al | y
effective for photosynthesis. As for green (500to 600 nm, thoughthe
rate of absorption by chlorophyll islow |ight scattersinsidealeaf,

and f requency of encount eringw thchl orophyl | becones high. Therefore,
absorptivity of the whole |eaf becornes high.

[ 0056]

Further, blue light has a function of openi ng pores of plants.
Therefore, it is possibleto, by radiatinglight including blue at the
initial stage of the |light period during whichlight is radi ated, open
pores of vegetables and fruit. By continuing the light period after
openi ng t he pores of the vegetabl es and fruit, the vegetabl es and fruit
can sufficiently take in carbon dioxide inthe air and can efficiently
per f orm phot osynthesis. On the other hand, blue light al so has a
function of accel erating germinationandflowering. Therefore, inthe
case of i ntendi ngl ong-termstorage of vegetabl esandfruit, itisbetter
to shorten tinme to radiate blue Iight as nmuch as possi bl e.

[ 0057]

In the visible light radiation process of accel erating
phot osynt hesi s, the second | i ght source 16bisturnedonfirst toradiate
light including blue inthe first radiati on process, and, after that,
t he second | i ght source 16bis turnedoff toradiatelight not i ncludi ng

bl ueinthe secondradi ati on process. Thereby, it is possibleto, after
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openi ng pores of vegetables and fruit inside the |ower-stage
accommodat i on case 10, cause photosynthesis to be perfornmed, and it
i s possi bleto further accel erat e phot osynt hesi s of t he veget abl es and
fruit inside the | ower-stage accommodati on case 10. Further, at this
time, by causing the first radiation process of radiating |ight

i ncluding blue to be shorter than the second radi ati on process of
radiating light not including blue, it is possible to prevent
germnation and fl owering frombei ng accel erated, as far as possi bl e,
and obtain a sufficient pore opening function.

[ 0058]

The circadi an rhythmof plants has a cycl e of about twenty-four
hours corresponding to hours frommnorning till night, and then till
norni ng again. The circadian rhythmof plants, however, has a
characteristic that the phase of the rhythm changes in response to
i nfl uence of anbi ent |ight. For exanple, whenlight isradiatedinthe
dark environnent to obtain the light environnent, the rhythm phase
shiftstothenorningside. By usingsuchacharacteristictomaketine
for the non-radiati on process shorter than that of the visible |ight
radi ati on process, that is, naking the dark period in which light is
not radi ated shorter than the light period in whichlight is radiated
sothat alight radiationcycleis equal toor shorter than twenty-four
hours, it is possible to increase the rate of tine during which
vegetabl es and fruit inside the | ower-stage acconmodati on case 10

per f or mphot osynt hesi s whil e bei ng stored. By increasing the rate of
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the ti me duri ng whi ch veget abl es and fruit performphot osynt hesi s whi |l e
being stored, it is possible to inprove efficiency of generation of
nutrients of vegetables and fruit, such as sugar and vitamn C

[ 0059]

Here, description w |l be nade on what difference will occur in
the amount of nutrient (vitamn C) included in vegetables and fruit
when t he veget abl es and fruit are stored under aplurality of different
light radiation conditions as described above by giving a specific
conpari son exanple, with reference to Fig. 8. F g. 8 is a graph
conpari ng anmount s of vitam n Cafter cabbages are stored for three days
under aplurality of different |ight radiati onconditions. The anounts
of vitamn Care indicated by rates of change when the initial anmounts
of vitamn C before storage are 100. As for the light radiation
conditions, light intensity is equal, and col or included in radiated
light and radiation tinme per day are changed.

[ 0060]

In non-radiation in which light is not radiated at all during
t he whol e day, the anount of vitamn C after storage decreases in
conparisonwith the initial anount (the |l eftnost graphinFig. 8. In
conpari son, under all of conditions in which light is radiated, the
amount of vitamn C after storage increases in conparison with the
initial amount. Wen a conparison is made between conditions in which
['ight iscontinuouslyradi atedall day, the amount of i ncreaseinvitamn

Cafter storage is larger in the case of conbining red |ight and bl ue
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light (thethirdfromtheleft inFig. 8 thaninthe case of radiating
only red light (the second fromthe left in Fig. 8).
[ 0061]

Furthernore, when tine during whichlight is not radi ated, that
is, thedark periodis providedtoperformlight radiation correspondi ng
tothecircadianrhythm aresult i s obtainedthat the amount of i ncrease
invitamn Cafter storage i s nuch larger (the rightnost graphinFig
8). Thus, by radiatinglight with an appropri ate wavel engt h accordi ng
to the circadi anrhyt hmof vegetables andfruit, it is possibleto cause
phot osynt hesi s and gener ati on of nutrientstobeefficiently performned,
and it is possible to obtain an effect of storability i nprovenent and
an increase inthe anount of nutrients of stored vegetables. That is,
with the refrigerator 1 according to this invention, it is possible
to utilize the circadian rhythmof vegetables and fruit to contro
activities of the vegetables and fruit such as photosynthesis by
performng light radiation sirmulating |ight nmovenent in the natural
world. Thereby, it is possible to, by accelerating generation of
nutrients by photosynthesis or suppressing excessive transpiration,
store vegetables with a high quality.

[ 0062]
(Anot her exanpl e of control of light emtting portion)

Inthe control of thelight emtting portion 14 descri bed above,
it is not especially nmentioned which tinme slots of a day the visible

l'ight radiation process, the non-radiation process and the |like are
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to be perforned in. Here, as another exanpl e of control of the |ight
emtting portion 14, an exanple of performng control of the |ight
emtting portion 14, such as for atime slot inwhichthe non-radiation
process is to be perforned, according to a detection result of an
open/ cl osed st at e of t he veget abl e conpartnment door 9 wi || be descri bed
with reference to Fig. 9.

[ 0063]

As descri bed before, the vegetabl e conpartmnent door 9 is a door
capabl e of openi ng and cl osi ng t he veget abl e conpartnent 500 which is
a storage conpartment. Further, the door opening/closing detection
switch 12 i s detecti on neans for detecting opening and cl osi ng of this
veget abl e conpartnent door 9. The control device 8 counts the nunber
of times of openi ng/ cl osi ng of t he veget abl e conpar t ment door 9 det ect ed
by t he door openi ng/ cl osi ng det ection swi tch 12 per predetermnedti e,
that is, per referencetime set inadvance. Thereferencetinme at this
tineis, for exanpl e, thedurationtine AT3of thenon-radiati on process.
The control device 8 controls thelight emtting portion 14 to perform
the non-radiation process inatime slot in which the nunber of tines
t he veget abl e conpar t ment door 9 i s opened and cl osed per predet erm ned
time is equal to or bel ow a nunber of times set in advance.

[ 0064]

The door of therefrigerator 1is often opened and cl osed bef ore

and after preparation of meal s or shoppi ng and i s not opened or cl osed

while a user is sleeping or out. Therefore, indaily life, change in
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t he nunber of tines of opening and cl osing the door can be patterned
during a day and predi cted. Therefore, the control device 8 counts the
nunber of tines of openi ng and cl osi ng t he veget abl e conpart nent door
9, and stores a tine slot in which the nunber of tines of opening and
cl osi ng t he door per predeterminedtineis small into a storage portion
or the l'i ke not shown. Then, by starting the non-radiati on process in
the storedtineslot onthe next and subsequent days or after twenty-four
hours after the tine slot is stored, the non-radiation process can be
performed in the tine slot in which the nunber of times of openi ng and
closing is snall.

[ 0065]

Wien t he veget abl e conpart ment door 9 i s opened and cl osed duri ng
the non-radiation process, there is a possibility that the phase of
the circadian rhythmof stored vegetables and fruit changes because
of influence of light outside the refrigerator 1. Therefore, by
performng the non-radi ati on process inatimeslot i nwhichthe nunber
of times of opening and cl osing the vegetable conpartnment door 9 is
small, it is possible to secure the dark period in which light is not
radi ated to veget abl es and fruit inside the | ower-stage accomodati on
case 10, and it is possible to efficiently performlight radiation
control according to the circadian rhythm
[ 0066]

It isalsopossibletoenabletheuser toswtch between execution

of control of light radiation fromthe light emtting portion 14 and
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termnati on of the control (causing the light emtting portion 14 to
be continuously off) by operating the operation portion 6a of the
operation panel 6 installed on the refrigerating conpartnent door 7.
By enabling the user to select whether or not to performcontrol to
turn onthe light emtting portion 14 by the operation panel 6, it is
possi bl e to select termnation to cause the light emtting portion 14
to be continuously off when not many vegetables and fruit are stored
or are unused for along tine to reduce energy consunption, and it is
possi ble to provide usability simlar to that of an ordinary
refrigerator.
[ 0067]

Further, while light radiation control is being perforned,
di spl ay such as "during light radiation" nay be shown on the displ ay
portion 6bof t heoperationpanel 6. Furthernore, displaysuchas"light
is on" and display such as "light is off" may be shown on t he di spl ay
portion6bduringthevisiblelight radiati onprocess (thelight peri od)
and during the non-radi ati on process (the dark period), respectively.
Furthernore, display in which states of |ight inside the refrigerator
(inside the vegetabl e conpartnent 500) are replaced w th one day of
light in the natural world may be shown on the display portion 6b.
Specifically, for exanple, according to a process being performed in
the light radiation control, display such as "norning", "daytine" and
"ni ght" may be shown on t he di spl ay portion6bduringthefirst radiation

process, the second radi ation process and the non-radiati on process,
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respectively. By doing so, it is possible to informthe user of the
state of light inside the refrigerator and i nprove conveni ence and a
feeling of satisfaction. Inaddition, it is al so possibleto urgethe
user to pay attention not to unnecessarily open or cl ose t he door while
the non-radiati on process is being perforned.

[ 0068]

The operation panel 6 is not limted to being installed on the
outer side of the refrigerator 1 but may be installed inside the
refrigerator (inside a storage conpartnent). Further, communication
nmeans nay be provided for the refrigerator 1 so that an instruction
may be communi cated to the control device 8 of therefrigerator 1, and
i nformati on about the refrigerator 1 may be received and di spl ayed,
by a nobi | ei nformationtermnal (anobil e phoneincludingasnartphone,
atablet termnal or thelike) viaatel ecommunicationlineor thelike.
That is, the nobile information termnal may be provided with one or
bot h of t he functi ons of t he operati on portion 6aandthedisplayportion
6b of the operation panel 6.

Industrial Applicability
[ 0069]

This invention can be used for arefrigerator which is provided
withalight emtting portionina storage conpartmnent for storing food
andwhi chradi atesvisiblelight totheinsideof thestorage conpart nment

fromthe light emtting portion.
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Ref erence Signs Li st
[ 0070]
1 refrigerator
2 conpressor
3 cool er
4 Dbl ower fan
5 air passage
6 operation panel
7 refrigerating conpartnent door
7a right door
7b left door
8 control device
8a CPU
8b nenory
9 veget abl e conpartnent door
10 | ower-stage acconmobdati on case
11 upper-stage acconmodati on case
12 opening/closing detection swtch
13 thermstor
14 light emtting portion
15 openi ng portion
16a first light source
16b second |ight source

90 heat insul ating box body
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100 refrigerating conpartnent

200 switching conpartnent

300 ice maki ng conpart nent

400 freezing conpart ment

500 veget abl e conpart nment

201 switching conpartnent acconmmodati on case

401 freezing conpartment acconmmodati on case
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d ains

[@aiml]

A refrigerator conprising:

a storage conpartrent configured to store food;

alight emtting portion capable of radiating visible light to
an inside of the storage conpartnent; and

a control portion configured to control operation of the |ight
emttingportiontoalternatelyrepeat avisiblelight radiationprocess
of causing light including visiblelight to be radiated fromthe |Iight
emtting portion and a non-radi ati on process of causing the |ight
including visible light not to be radiated fromthe |light emtting
portion;

the light emtting portion conprising:

afirst light source configured to radiate light having a first
wavel ength of a visible light region as a central wavel ength; and

asecond | ight source configuredtoradiatelight havi ng a second
wavel ength of the visible light region different fromthe first
wavel ength as a central wavel ength;

the control portion configuredto control, inthe visiblelight
radi ati on process, the light emtting portion to performa first
radi ati on process of causinglight toberadiatedfromboth of the first
['ight source and the second |i ght source and a second r adi ati on process

of causing light to be radiated only fromthe first |ight source.
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[daim?2]

The refrigerator according to claiml1, wherein the first
wavel ength is between 500 nmand 700 nmi ncl udi ng 500 nmand 700 nm
[Aaim3]

The refrigerator according to claiml or 2, wherein the second
wavel ength i s between 400 nmand 500 nmi ncl udi ng 400 nmand 500 nm
[d ai m4]

The refrigerator according to any one of clains 1 to 3, wherein
the control portion controls the light emtting portion so that the
visible light radiation process and the non-radiation process are
alternately repeated in a cycle of twenty-four hours or shorter.
[daimb5]

The refrigerator according to any one of clains 1 to 4, wherein
duration time of the non-radiation process is equal to or shorter than
atotal sumof durationtimnmeof thefirst radiation process and duration
time of the second radiation process.

[Aaim6]

The refrigerator according to any one of clains 1 to 5, wherein
thedurationtinme of thefirst radiation processis equal toor shorter
than the duration tine of the second radi ati on process.

[Daim7]

The refrigerator according to any one of clains 1to 6, further
conpri si ng:

a door capabl e of opening and cl osi ng t he storage conpart nent;
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and

det ecti on neans configured to detect openi ng and cl osi ng of the
door; wherein

thecontrol portioncontrolsthelight emttingportiontoperform
the non-radiation process in atinme slot in which the nunber of tines
of openi ng and cl osi ng of the door detected by the detecti on neans per
predetermnedreferencetineisequal toor smaller thana predeterm ned

nunber of tines.
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