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1 DESCRIPT[CN Title of Invention REFRI GERATOR Techni cal Field 5[0001)
The present invention relates to a refrigerator configured to renove frost
adhered to a cooler using a heater. Background Art 10[ 0002] As a
defrosting apparatus in a refrigerator in the related art, there is a type
configured to nelt frost adhered to an evaporator (which is the sane as
"cooler") using a glass tube heater andl a pi pe heater. For exanple, 15there
is proposed a configuration such that "A glass tube heater 29 is arranged
bel ow an eESQRIPTDON 13, while a pipe heater 41 is arranged so as to
continue substantially in parallel to fins 27 of the evaporator 13 in a
state of Bethg ¢hH Brvecticontact therewith. The tenperatures of the 20pipe
heater 41 and the gl ass tube heater 29 are controlled to be a preset heater
t enperature by BE HRATQRR 43" (For exanple, see Patent Literature 1).

Defrosti i t hou neven heating is achieved by operating the pipe heater
and the 3?%%@“%%%% ﬁ%%&gr dependi ng on places on the basis of 25whether the

a nt oft formation is large or snall. Citation List Patent
Literature 03]
The present invention relates to a refrigerator

configured to remove frost adhered to a cooler using a
heater.
Background Art

LO [0002]

As a defrosting apparatus in a refrigerator in the
related art, there is a type configured té melt frogt
adhered to an evaporator (which is the same as “cooler”)
using a glass tube heater and a pipe heater. For example,

15 there is proposed a configuration such that “A glass tube
heater 29 is arranged below an evaporator 13, while a pipe
heater 41 is arranged so as to continue substantially in
parallel to fins 27 of the evaporator 13 in a state of

| being in direct contact therewith. The temperatures of the

20 pipe heater 41 and the glass tube heater 29 are controlled
to be a preset heater temperature by a controller 437 (For
srample, see Patent Literature 1). Defrosting without
uneven heating is achieved by operating the pipe heater and
the glass tube heater depending on places on the basis of

25 whether the amount of frost formation is large or small.
Citation List

Patent Literature



[Patent Literature 1] JP-A-2000-121233 (p. 5, Fig. 10) Summary of Invention
5Techni cal Probl em [ 0004) In the technology in the related art, a
plurality of heaters are controlled by determ ni ng whet her the anount of
frost is large or not on the basis of detected val ues 100btai ned by a
plurality of frost anmpunt detection sensors. However, generated heat is not
necessarily used for defrosting efficiently if determ nation is made only
on the basis of whether the actual anobunt of frost is large or small. In
contrast, {ohese arises a problemthat wasteful 15power is consuned. [0005]
Before starting defrosting, the peripheral tenperature of the evaporator is
as low as nore Dfatesls LRd€ratien 1he Ip-asdubeldemd®r (mnds t heig| pe heater
are heated, the 20tenperature of the periphery of the glass tube heater
becones q @ kIy hi gh, but the tenperature in the periphery of the pipe

heater, t iin the_ periphery of the fins does not becone high quickly

because o) T%%r%h%#a EFP5tPRs of these heaters. Therefore, the periphery
he fi éch bﬁ% defrosted quickly, and hence the fins are cl ogged
t he rost %% Bn tine even after energization. A large

tenperaturgb@gfference is generated between abruptly

In the technology in the related art, a plurality of
heaters are ¢ontrolled by determining whether the amount of
frost is large or not on the basis of detected values

10 obtained by a plurality of frost amount detection sensors.
However, generated heat is not necessarily used for
defrosting efficiently if determination is made only on the
basis of whether the actual amount of frost is large or
small. In contrast, there arises a problem that wasteful

15 power is consumed.

[0005]

Before starting defrosting, the peripheral temperature
of the evaporator is as low as more or less ~24°C. When the
glass tube heater and the pipe heater are heated, the

20 temperature of the periphery of the glass tube heatéx
becomes quickly high, but the temperature in the periphery
of the pipe heater, that is, in the periphery of the fins
does not become high quickly because cof the characteristics
of these heaters. Therefore, the periphery of the fins

25 cannot be defrosted quickly,_and hence the fins are c¢logged
with the frost for the mean time even after energization. A

large temperature difference is generated between abruptly



3 heated air by the glass tube heater and cold air fromthe evaporator, and
causes convection. The air heated by the glass tube heater rides on the
convection and hence ascends, but is reflected froma wall of the fins

cl ogged 5by the frost and is returned downward. The returned warm air
passes through a freezing conpartnent returning air duct, and flowed out to
a freezing conpartnent and other conparinents in the refrigerator.
Consequently, there arises a problemthat the tenperatures in the freezing

10conpar teate@rai Pep Pt e &Qﬂ@@riﬁsétﬁehBekhgnﬁeEbﬁgeé§E0¥r%%eL%%ﬁe”
There is also a fear of damagi ng foodstuffs sinultaneously due to this

t enper at ueeaposetof 006 tausedecohvesdlun.t MEhprabt e asedeaserihed above,
it 15is an object of the present invention to provide a refrigerator in
whi ch heaflaged-thor hpttestrides sonvbhdedohrentibowang hatoea freezing

conpartnent or the interior of a refrigerator, a defrosting quality is
mRi Nt ai net® CHME potielr tHNEERbEFERC | SrPRdackdll2oolhei dansockeelidm [ 0007]

Syai e i naridiny TR s EorRFBE covBVEbipr CUE BRI GACHREE 5 |
cont | gur G T o expand TrateS P cREgE: MY FEubaREhelh - Eradhter 68 furea to
evapor at eqiide, Qﬁﬂﬁnﬂﬁﬂﬁé&ﬁéﬁﬁeiéné’freezlng compartment and other
compartments in the refrigerator. Consequently, there
arigses a problem that the temperatures in the freezing
10 compartment or the other compartments in the refrigerator
are rigsen. There is also a fear of damaging foodstuffs
simultaneously due to this temperature rise,
[0006]
In oxder to solve the problem as described above, it
15 is an object of the present invention to provide a
refrigerator in which heat used for defrosting is avoided
from flowing into a freezing compartment or the interior of
a refrigerator, a defrosting guality is maintained, and
power consumption ls reduced.
20 Solution to Problem
[ogo7l
A reflrigerator according to the present invention
comprises: a freezing cycle including a compressor
cenfigured to compress a refrigerant, a condenser
25 configured to condense the refrigerant, a thﬁottling device
configured to expand the condensed refrigerant, and a

cooler configured to evaporate the expanded refrigerant,



4 being arranged in a | oop and connected by piping; a pipe heater disposed
in abutnment with or in the vicinity of the cooler; a radiant heater

di sposed bel ow the cool er; and control neans configured to control

energi zati on of the 5pi pe heater and the radiant heater, and the control
nmeans energi zes the pipe heater and starts energization of the radiant
heater after having started partial defgosting, thereby defrosting the

cool er. Advant ageous Effects of Invention 10[ 0008] In the present
i nventionygt n t ngkgj LANLOf »iRenRL P er first
in order ?35ﬁ§|§gg§§?E%P§§h§ ?%g%tég ogggﬁéég%gc%g Begmggn %egggétive

adj acent hiaseofdl oggalgﬁ.a@m@ﬁ@emtu,okh@ncenérohcmﬁaaz slrakhe
15energi zation of the radi ant heater when the clogging of the fins is

det er m nedotdebe parsdiyanesovbyedr dhepoadtiantlbeatke dbsiepat esdheat by
radiation to nmelt the frost on the cooler and heat up peripheral air. The
heat ed ai Fopassésnbansectnfheufedstonheretrhé shoggingtienrefokhed, and

20ascends _toward the cooler, Reduction of air flow ng backward to the
freezi ng EoRpaiembar ardtHeei rtdiror BPatRE, raPdi ferarertdné rearse

I i f the fi i but to | t of I ffici f
Che fr cazPHE-ECRPAr THenbOF RRCPhLBHoF CBT CENEnpERs Fasiatops AH8 (o)
25|nproveg§§£a${ ﬁggié£ya§?épt§£9¥§§ Qéa%9883é32§$a1 §ef ost‘I%?
refrigerator of "the present Tnvention achreves effects of Teducing power

consunptiQweygﬁ#edgggégfiﬁ@gtﬁgecgggégf and inproving the quality

mai nt enance of Toodstuffs. Brief Description of Draw ngs 5[ 0009]
Fig. 1 isagviheneyhevidfearsebsri gevahoioaccording to Enbodinent 1 of the

present invention.
10 fooog]

In the present invention, the control means starts
energization of the pipe heater first in order to melt part
of the frost clogging spaces between respective adjacent
fins of the cooler. Subsequently, the control means starts

15 energlzation of the radiant heater when the clogging of the
fins is determined to be partly resolved. The radiant
heater dissipates heat by radiation to melt the frost on
the cooler and heat up peripheral air. The heated air
passes between the fins where the clogging is resolved, and

20 ascends toward the cooler. Reduction of air flowing
backward to the freezing compartment or the interior of the
refrigerator due to the clogging of the fing contributes to
improvement of cooling efficiency of the freezing
compartment or the interior of the refrigerator, and to

25 improvement of gquality maintenance of foodstuffs,



Fig. 2 is a cross-sectional view of the refrigerator according to
Enbodi nent 1 of the present invention. 10Fig. 3 is a side cross-sectional
view of a cool er conpartnment of the refrigerator according to Enbodi ment 1

of the present invention. Fig. 4 is a schematic explanatory draw ng
showi ng defrosting neans of the refrigerator according to 15Enbodi ment 1 of
the present invention. Fig. 5isga flow chart of defrosting contro

using a cooler tenperature sensor of the refrigerator according to

Enbodi nent 1 of e Lpyentl . g ' i_de
cross-sectionaITE?ea?£$§§%ga%§glg% gg%oﬁﬁg??ﬁgnﬁnggh?ﬁggré???&@%%ior
accor di nget@gebrBodiEneatudiak %B@e@r eSalm-RY St wrl-leD%\%%rﬂo%ttiiQﬂ;T Qfhe
Enbodi ment [ 0010] Enbodi nent 25Fig. 1 is a front view of a réefrigerator
accor di ngerolErbediiménprbvahat haepyeadnt: vi nedntticomnced of fooddtufig,. 1, a
refrigerator 11 includes a refrigerating conpartnment 12 on the top, an ice
nmeki ng coRparfnBascainhdoa ofi Pehabhgsconpartment 4 arranged side by side
undgr theiagggggerating conpartnment 12, a freezing conpartnent 5

Fig. 1 iz a front view of a refrigerator according to
Embodiment 1 of the present invention.

Fig. 2 1s a cross-sectional view of the refrigerator
according to Embodiment 1 of the present invention.

10 Fig. 3 is a side cross-sectional view of a cooler
compartment of the refrigerator according to Embodiment 1
of the present invention.

Fig. 4 is a schematic explanatory drawing showing
defrosting means of the refrigerator according to

15 Embodiment 1 of the present invention.

Fig. 5 is a flow chart of defrosting control using a
cocler temperature sensor of the refrigerator according to
Embodiment 1 of the present invention.

Pig. 6 is alside cross—sectional view of the cooler

20 compartment of the refrigerator according to Embodiment 2
of the present invention.

Description of Embodiment
[OGLOY
Enbodiment 1
25 Fig. 1 is a front view of a refrigerator according to

Embodiment 1 of the present invention.



5under the ice nmaking conpartnment 3 and the swi tchable conpartnent 4, and a
veget abl e conpartnent 6 under the freezing conpartnent 5. The presence or
absence or the positions of the respective conpartnments do not limt this
enbodi ment as a matter of course. The refrigerator 11 10i ncl udes a
refrigerating conpartnment door 7, an ice nmaking conpartnent door 8, a

swi tchabl e conpartnent door 9, a freezigg conpartnent door 10, and a

veget abl e conpartnent door 13 which are able to open and close respective

openi ngs of thelﬁeﬁiégeiaté”QeﬁPﬂ?éféHEPt1121n5@§db§ea1§E?Eh53r%QER tment
3, the switchabl e Conpart nent he freezing conpartnent 5

veget abl ecenppatharot 18 bneehy. t¥penahheceempeshipveosparsmane gpenerd,
putting in and taking out of foodstuffs or the |like therethrough are

enabl ed. 20f001dhalFlg. c@mpsramsntdedcrossngedt Badal by ewdef unkiexr eftvd ger at or
according to Enbodinent 1 of the present invention. In Fig. 2,

t he refrl@@Fé%@?riﬁlFﬁcpﬁﬁégrﬁmﬁﬁéei?ngaf§ﬁ62532gaﬁ@m@aﬁﬁ@éﬂtn@ cycle 20 on

thesback side thereof. The freezing fan 32_is configured to deliver cold
ai r° gener 4P8g* ?h%ylFﬁemﬁkéﬁglﬁ@megEF@e§§ Po2PRe thEs FHATFPPEPdENpar t nent s i n

the refriggralofndde k0042 INGalLeSR) 09 GYSLEn20:! BOLUGRS §ugompressor 21
freezing compartment 5. The presence or absence or the
positions of the respective compartments do not limit this
embodiment as a matter of course. The refrigerator 11

L0 includes a refrigerating compartment door 7, an ice making
compartment door 8, a switchable compartment door 9, a
freezing compartment. door 10, and a vegetable comparitment
dooxr 13 which are able to open and close respective
openings of the refrigerating compartment 12, the ice

15 naking compartment 3, the switchable compartment 4, the
freezing compartment 5, and the vegetable compartment 6
freely. When the respective doors are opened, putting in
and taking out of foodstuffs or the like therethrough are
enabled.

20 [0011y

Fig. 2 is a side cross-sectional view of the
reflrigerator according to Embodiment 1 of the present
invention.

In Fig. 2, the refrigerator 1l includes a freezing fan

25 32 and a freezing cycle 20 on the back side thereof, The

freezing fan 32 is configured to deliver cold air generated



5 . configured to conpress refrigerant gas, a condenser 22 configured to
condense and |iquidize the conpressed refrigerant, a throttling device 23
configured to deconpress the liquidized refrigerant, a cooler 24 configured
to evaporate the deconpressed refrigerant, being 10arranged in a | oop and
connected by piping. The cooler 24, in which a refrigerant evaporates, is
cool ed by heat absorbing action of the vefrigerant evaporated in the
interior thereof. [0013] 15Subsequently, a cooler conpartment in which the

cool er 24b&$tﬁb°%§@e%ﬁhb Q?c@@sﬁﬁiQ%dthe respé@ﬂiveBAd%ﬁ%ﬁ%ﬂg%ts in
cross-sectional view of "the cool er conpartnerit of the réfrigerator

accordi ngthe Eslfedyeeatot 0fi.the present invention. 20A pipe heater 41 is
di sposed in abutnment with or in the vicinity of the cooler 24, and a
freezing ¢6ApAAt ment return port 42 which allows air to flow fromthe
freezing conpartment 5 to the cooler 24 is provided bel ow the cooler 24 and
a wal | surface Bhethectrbegi agctonplr trehtdss a5poopirgsgdoat 2tthe | ower nost

portion of t?e cool er conpart ment ari a drain pan 33 for receiving drain
wat®r as fBRCEE RAt el Cof ORPEEESafE T aPEPRtNEIPE 34 FONAENSEHardfi ng 8 the

dr ai ter, A radiant heater 15 is di, d b t he draj 33 and
the cool ef *D IHAG aC ReHEBr SR P M6 - 8opFOViIt et HB el r ath ant heat er

15 and theegooLeragd, IhenbERLSInGOUEL 108 BROLRES Al 3 ant heater 15 so

decompress the liguidized refrigerant, a cooler 24
configured to evaporate the decompressed refrigerant, being

10 arranged in a loop and connected by piping. The cooler 24,
in which a refrigerant evaporates, is cooled by heat
absorbing action of the refrigerant evaporated in the
interior thereof.

[0013]

15 Subsequently, a cooler compartment in which the cooler
24 is stored will be described.

Fig. 3 is a side cross-sectional view of the cooler
compartment of the refrigerator according to Embodiment 1
of the present invention.

20 A pipe heater 41 is disposed in abutment with or in
the vicinity of the cooler 24, and a freezing compartment
return port 42 which allows alr to flow from the freezing
compartment 5 to the cooler 24 is provided below the cooler
24 and a wall surface of the freezing compartment 5.

25 Provided at the lower most pcrtionrof the cooler
compartment are a drain pan 33 for recelving drain water as

melted water of frost and a drain hole 34 for discharging



5as to prevent the drain water dripped fromthe cooler 24 fromstriking

t hereon. [0014] The pi pe heater 41 includes a pipe portion which
forms an outline thereof, and a heater provided in the interior 100 the

pi pe. The pipe portion is preferably an alum numtube in terns of cost and
wor kability, and the heater in the interior thereof is preferably a silicon
heater coated with silicon in terns of dheat resistance. However, the
invention is not limted thereto. 15[ 0015] Fig. 4 is a schematic

expl anat ot e daaui Hoy $00Y N dElJ 08 Ngs SRS, Of i hgitgbeLgeataL gecordi ng

to Enbodinent 1 of the present 1nvention. , control neans 45 is

connect edthe arADhopar02iaapk the eespeessar 2kd a hbrebhl kBgdevige 23,
the pi pe heater 41 for defrosting, the radiant heater 15, and a

t enper at uke seasbie@bheThecsohheokadibans Abaicerablbe ahd Chet celoltdie pi pe
heater 91 and the radi ant heater 15 independently by determ ning the
driving sPate Bfe thRatmt groRER 16 drratecheative edadeaperbeaterol Sascool er
temperature sensor 25. Although a single piece of the pipe heater 41 and a
S| % e pi BEetof PERECRhdFARt dRedPeratisTaflelnped Tromgthli §oedsadidtent, two
or nore egch of_thgse hegters may be provided. However, in the sane manner
as the case”WheFE* BRI ehBRTBPt hese heaters are provided, control means
which is ?@bfdfo control a plurality of the heaters provided in

The pipe heater 41 includes a pipe portion which forms
an outline thereof, and a heater provided in the interior
16 of the pipe. The pipe éortion is preferably an aluminum
tube in terms of cost and workability, and the heater in
the interior thereof is preferably a silicon heater coated
with silicon in terms of heat resistance. However, the
invention is not limited thereto.
15 [0015]

Fig. 4 is a schematic explanatory drawing showing
defrosting means of the refrigerator according to
Embodiment 1 of the present invention.

In Fig. 4, control means 45 is c¢onnected to a motor

20 2la of the compressor 21, a throttling device 23, the pipe
heater 41 for defrosting, the radiant heater 15, and a
cooler temperature sensor 25. The control means 4% iz able
to control the pipe heater 41 and the radiant heater 15
independently by determining the driving state of the motor

25 2la or the measured temperature of a cocler temperature
sensor 25. Although a single pilece of the pipe heater 41

and a single piece of the radiant heater 15 are used in



S5abutnment with or in the vicinity of the cooler 24 and a plurality of the
heat ers provi ded bel ow the cool er 24 independently is required. [0016] The
control neans 45 starts defrosting control under 10certain conditions such
as a case where a predeterm ned accunul ated operating tine of the
conpressor 21 has el apsed. In addition, there is other defrosting start
conditions such as a case where the facd that the anount of the frost
formati on exceeds a predeterm ned anount is 15detected using a frost anount

sensor. HeuweMebxpbbAlReREDOL|;BEBL h8rBOLakA! 8RIEHEE hblkkrENEaST
conditions. Wien the defrosting is started, the control means 45 firstly

ener gi zespkbeipege hemderedl. idhehpi pandapdicdladi testdysbeghs bhgnbr ost
adhered to the cooler 24, and 20nelts the sane partly. Wien it is detected
that the eaoktofidheesd heathescookepr2didsdpekted ratdmspaceshtiehalisow air
to flowto the cooler 24 is fornmed, the control neans C5 starts

ener gi zat fBheof Ot fenthdl apt Pheaeeitysof the heaterpepgemidati dm of whet her

t he_spaces, is fornmed or not 25 ncludes, for exanple, determ nation using
the5frostagﬁ%ﬂﬁ?£dﬁfEﬁt?Bn1§eE§%rYiﬂgP%FﬁiﬁEtFBﬁ 6ROLRE BAsPr&%R el apse of

10 plurality of the heatexs provided below the cooler 24
independently is required.
[0016]
The control means 4% starts defrosting control under
10 certain conditions such as a case where a predetermined
accumulated operating time of the compressor 21 has
elapsed. In addition, there is other defrosting start
conditions such as a case where the fact that the amount of
the frost formation exceeds a predetermined amount ig
15 detected using a frost amount sensor. However, this
embodiment. is not intended to limit the start conditions.
When the defrogting is staxted, the control means 45
firstly energlzes the pipe heater 41. The pipe heater 41
directly heats the frost adhered to the cooler 24; and
20 melts the same partly. When it is detected that the frost
adhered to the cooler 24 is melted and spaces to allow air
to flow to the cooler 24 is formed, the control means 45
starts energization of the radiant heater 15.
Determination of whether the spaces is formed or not
25 includes, for example, determination using the frost amount

detection sensor, determination on the basis of elapse of



certain tinme | ength, and determ nation on the basis of the tenperature of
the cooler. [0017] By causing only the pipe heater 41 to generate heat on
5ahead, the frost adhered to the cooler 24 can be partly slipped off first,
so that the clogging of the fins of the cooler 24 due to the frost is
partly resolved and the spaces are forned. Then, heat convection generated
by energizing the radiant heater 15 cirgul ates through the 10fornmed spaces
to the cooler 24, so that defrosting with efficiency is achieved. The

radiant heaheciASe heat §%5§ehfrgﬁg th%gﬁlgﬁgicseen o"eht BOdidebioshs as a

matter of course cor fothis e I ment controll'rng ™t hé

150f the tagphaphtheat er gﬁetgoghgwllnto t he spaces formed on ahead, an
effect to reduce heat flow ng backward through the freezing conpartment

return potooa2)and entering the freezing conpartnent 5 is achieved. By
extension, the tenperature rise of the foodstuffs in the freezing
20conpart nent 5BY scawsimai cwebly alnel mpﬁtlemmee 61 toodeneabieyhest on
relatively eIongated [ one ig, is a flowhart of defrosting
control udPhgd ththOGFQFtt%ﬁb@Fa@uF@ §Bﬁs6poéﬁrtﬁé ?éﬂrb@epéﬁéﬂyaccordlng

to 25Enbodi pent 1 resen |nve tion. The co ans 45 is
connect ed”t tPPHg %gé t}r§ np@?a%ﬁ?é E8RsELoggtpgr © Eeggﬁrgﬁﬁstﬁg t&fper at ur e
of the cooler 24 due to the frost is partly resolved and the
spaces are formed. Then, heat convection generated by
energizing the radiant heater 15 circulates through the
10 formed spaces to the cooler 24, so that defrosting with
efficiency is achieved. The radiant heater 15 heats the
frost by radiation as well and defrosts as a matter of
course.
According to this embodiment, by controlling the heat
15 of the radiant héater 15 to flow into the spaces formed on
ahead, an effect to reduce heat flowing backward through
the freezing compartment return port 42 and entering the
freezing compartment 5 is achieved. By extension, the
temperature xise of the foodstuffs in the freezing
20 compartment 5 ls restrained, and maintenance of food
quality 1s relatively elongated.
[6018]
Fig. 5 is a flowchart of defrosting contrel using the
cooler temperature sensor of the refrigerator according to
25 Enbodiment 1 of the present invention.
The control means 45 1s connected to thé cocler

temperature sensor 25 for measuring the temperature of the



11 cooler 24, and the pipe heater 41 and the radi ant heater 15 are
controlled by the tenperature of the cooler 24. Fig. 5 shows a procedure of
controlling the defrosting (all the steps). 5[ 0019] The control neans 45
starts the defrosting control under certain conditions in step Si. In Step
52, the energization of the pipe heater 41 is started, and the pipe heater
41 starts to generate heat. Wth this hegat 10generation, the frost adhered
to the cooler 24 is partly nmelt, and the cooler 24 is heated and hence the

t enper at urg 4yt Iagg PeLiPRELY \ﬁ%@t *ﬂl%a%%%‘ o 2hd hr.%%s 'ralc{la%tegl%gﬂ%%% 2ng ‘rom

X
control means 45 “dét erm nes ther the méasured tenperat ur

the cool erareemRRRALUNS S 8RS he2? chpleath@RLH 1t halk UoAQAl240 &ig. 5
predeterm ned tenperature Ti. The predeterm ned tenperature Ti IS

pref er abl whadwgi weproakdarien o wange AREMAX iU elef fdamndl 3G 10 e Wen the
measured tenperature is determned to be | ower than the predeterm ned

t enper at urs&eBs)(:N), the control :procedure 20goes back to Step 53 again,
and _when the neasured tenperature is determ ned to be higher than or equal
to Phe prd®®&dni ned tenperature Ti (Y), the control procedure goes to Step

S4. In Step 54, energization of tgg radi ant heater 15 is started, and the
radi ant heater 18%sERPFECEMBHENEParERRESt PN FRIERPS IRGaCgerietat i on, the

e O e IS UL BoROBLEE B2 S S, PRSP b3, ERPeripery o
energization of the pipe heater 41 is started, and the pipe
heater 41 starts to generate heat. With this heat

10 -generation, the frost adhered to the cooler 24 is partly
melt, and the cooler 24 is heated and hence the temperature
in the periphery of the cooler 24 rises. In Step $3, the
control means 45 determines whether the measured
temperature obtained from the cooler temperature sensor 25

15 is higher than or equal to a predetermined temperature T1.
The predetermined temperature T1 is preferably a given
value in a range approximately from -13°C to 0°C. When the
neasured temperature is determined to be lower than the
predetermined temperature Tl (N), the control procedure

20 goes back to Step $3 again, and‘when the measured
temperature is determined to be higher than or egual o the
predetermined temperature T1 (¥Y), the control procedure
goes to Step S4. In Step S4, energilization of the radiant
heater 15 is started, and the radiant heater 15 starts to

25 generate heat. With this heat generation, the defrosting of
the entire cooler 24 is started, and air in the periphery

of the radiant heater 15 is heated up, and the heated air



12 flow toward the cooler 24 and hence the tenperature in the periphery of
the cooler 24 rises. In Step 35, the control neans 45 determ nes whet her

t he neasured tenperature obtained fromthe cool er tenperature sensor 25 is
hi gher 5than or equal to a predeterm ned tenperature T2. The predeterm ned
tenperature T2 is higher than or equal to the predeterm ned tenperature Ti.
and is approximately 5C. Wen the neasaeed tenperature is determned to be
| ower than the predeterm ned tenperature T2 (N), the control procedure

10goes ba¢kowotSk&pd8bnagaboicandiwhga hhRcREASUr €dnpbeRRELRLULS itSe
determ ned to be higher than or equal to the predeterm ned tenperature T2
(Y), the pentpbkrprofetheecgoksrt 84Srepe56. Im Step 85, tihe enstgbzati on of
the pipe heater 41 is ended. Subsequently, in Step 87, the control 15nmeans
45 det er mMtABBSwARt Aekernénaeasheblder ehper measerebt 4enpdrhicumet he cool er

tenperature sensa{ is higher than or equal to a predeterm ned tenperature
T3. The pPRHBLBFHI hEEMt ERPeFaPieE FOPSIRLYREr SERERY oL Pediahivdethe

L i i | ' I[ly, h ,
P ook e, REPEaAb ok, 1 et et - RS LERLRLEESEE 1201 VERS! enver ot ot o
inth j i -t i | 24 |
ended. | b e e s e CRahadraP Al T o B Tover
than the S?f:@éé‘céfﬂ&ﬁ@é t @mw{-gﬁ@nm 5E%89@ﬁgeglgr gegdurg goes

back to ep 57 again, and when t measured t erature is déternmned to
be hi gherthbaneasuegiatctpet heupeedet getbordnbanper 8kuLewdd than ¢¥k the

control procedure goes to Step S8. In Step 58, the energization of the
radi ant hebhedetdfmiseéndedpeaatutbeTdefl¥pstihg controll psoerndedei N Step $9.
10 goes back to Step 85 again, and when the measured -
temperature is determined to be higher than or equal to the
predetermined tempearature T2 (Y), the control procedure
goes to Step S56. In Step S6, the energization of the pipe
heater 41 is ended. Subseguently, in Step 87, the control
15 means 405 determines whether the measured temperature
obtailned from the cooler temperature sensor is higher than
or equal to a predetermined temperature T3. The
predetermined temperature T3 is higher than or equal to the
predetermined temperature TZ and is approximately 14°C.
20 Actually, however, the predetermined temperature T3 is
preferably set to a given temperature in the cooler 24
which 1s regarded that the defrosting of the cooler 24 is
ended. In Step 87, when the measured temperature is
determined to be lower than the predetermined temperature
25 T3 (N), the control procedure goes back to Step 87 again,
and when the measured temperature is determined to be

higher than or equal to the predetermined temperature T3



[ 0020] 5By energizing the pipe heater 41 until the cooler 24 becones the
predeterm ned tenperature Ti in Step S3 in Fig. 5 +the frost adhered to the
cooler 24 in the periphery of the pipe heater 41 is nelted. However, the
Melting in this case is only the partial nelting of the frost on the cool er
1024 to which the pipe heater 41 is fixed, and the defrosting of the entire
cooler 24 is not achieved yet. Howeverj3zwhen the defrosting proceeds even
partly, the tenperature in the interior of the cooler 24 rises. Wen it

reaches a(pypdekerdbResyt eppPsEatyre Jbest P é@g%aﬁé.heﬁﬁeéﬁ;éé é§frEE2 -

15energi zed ‘and the entire cooler 247is heated Tfrombelowin a s

Step S4. dherad rahbat eslr abiepthyibyt t heatadi abt is bBaatar ihdasgends and
passes the partly nelted space, and flows into the cooler 24. If there is
no parti abernedsiingy ¢hetheht s andedsineftept®d.by the frost clogged in the
20fins of the cooler 24, flows backward through the freezi ng conpartnent
return poFQO%%]into a freezing conpartnent 5, and |lowers the freezing

conpartnent 5. 002%%§?CiencF the freezing 14 and then the frost _on the
entire cool er 2% i DTRIYENUSTHY RHRE R Rt hkdtRbristheiepodeti &é | ag, so

e Rl R 30 G5 S ERL A A, £LLLET PO AR sl g Pt
5, the frost adhered to the cooler 24 in the periphery of
the pipe heater 41 ig melted. However, the melting in this
case is only the partial melting of the frost on the cooler

10 24 to which the pipe heater 41 is fixed, and the defrosting
of the entire cooler 24 is not achieved yet. However, when
the defrosting proceeds even partly, the temperature in the
interior of the cooler 24 rises. When it reaches a
predetermined temperature T1l, the radiant heater 15 is

15 energized and'the entire cooler 24 is heated from below in
a stroke in Step S4. The air heated abruptly by the radiant

. heater 15 ascends and passes the partly melted space, and
flows into the cooler 24. If there is no partial melting,
the heated air is reflected by the frost clogged in the

20 fins of the coolexr 24, flows backward through the freezing
compartment return port 42 into a freezing compartment 5,
and lowers the freezing efficiency of the freezing
compartment 5.

[0021]

25 In this embodiment, first of all, the frost is partly

melted by the pipe heater 41, then the melting state of the

frost is determined by the cooler temperature sensoxr 25,



5[ 0022] The reason for determ nation of whether the neasured
tenperature in the interior of the cooler 24 becones higher than or equal
to the predeterm ned tenperature T2 or not in Step S5 is to avoid excessive
heating of the cooler 24 by 10t he pi pe heater 41. Wen the pipe heater 41
is ended to defrost near the pipe heater 41, subsequently, the pipe heater
41 starts to add excessive heat to theqgooler 24. The excessively added
heat becones a | oad of the freezing control after the defrosting control is
ended, an o} L, h ezi,ng,ef Liciepc t »iyS,; <t I unpti on
efficiencgéalﬁﬁéfdégétgré%giéhtgggl%&E%?%gxggﬁggezﬁr%gzpﬁéQ%%$f%%§ﬂ%y, t he
control neasasr48i gRdshéheeenesgkzabi-0n efimkheapi pecheaker Ak idboiteap S6.

[ 0023] 20Enbodi nent 2 Fig. 6 is a side cross-sectional view of the
cool er co?dpacsment offrbstedfwigkrrafficaecnoydivighbotEsbadiviiert hzaf t he
present invention. In Fig. 6, a heater cover 16A is inclined

with respeetfPswolnhe hbei Zoaealingl dowpsstnhat Beat of the radi ant heater

15 reaches the cooler 24 directly. In addition, with the presence of this

inclinati 8%92&] | unp of frost and drain 15 water dropped fromthe cool er 24
i ownward fromthe

e e o et STy e L BEL1 081  PLLES ovuard (o L he
lunp temperature in the interior of the cooler 24 becomes higher
than or equal to the predetermined temperature T2 or not in
Step 85 is to avoid excessive heating of the cooler 24 by
10 the pipe heater 41. When the pipe heater 41 is ended to
defrost near the pipe heater 41, subsequently, the pipe
heater 41 starts to add excessive heat to the cooler 24.
The excessively added heat becomes a load of the freezing
control after the defrosting control is ended, and lowers
15 the freezing efficiency, that is, the power consumption
efficiency. In order to avoid the lowering of the freezing
efficiency, the control means 45 ends the enexrgization of
the pipe heater 41 in Step $6.
[oo23)
20 Embodiment 2
Fig., ¢ is a side cross-sectional view of the cooler
conmpartment of the refrigerator according te Embodiment 2
of the present invention.
In Fig. 6, a heater cover 16A is inclined with respect
25 to the horizontal plane s¢ that heat of the radiant heater
15 reaches the cooler 24 directly. In addition, with the

presence of this inclination, & lump of frost and drain



of frost or the drain water accunul ates on the heater cover 16A, the heat
of the radiant heater 15 is used for nelting the frost on the heater cover
16A and rising the tenperature of the drain water, so that the
defrosting tCeffect of the cooler 24 is |owered. In this enbodi nent,
t he defrosting efficiency of the cooler 24 can be enhanced by making the
heat er cover 16A inclined to renove theslunp of frost or the drain water
fromthe heater cover 16A. 15The angle of inclination is preferably at

least 7. Woweyelro %@é'ﬂgo&hﬁhéua@oﬁérfEQStooﬁhéhﬁegték”c8@E§r1%@ ship off
easily is achieve y formng the heater cover 16A with a water repellent
materi al . tHbeeteheref dbéerapgliegoflipsel dorhwandi sromt thenhbedetro calvelreast 7.
20[ 0025] The heater cover 16A Is needed to have a size which covers the
entire patfbAof the radi ant heater 15 when projecting the inclined heater
cover 16A and the radiant heater 15 in parallel from above. The heater
cover 16AL988f8btects the radiant heater 15 so as to prevent the |anp of

f t t he draj t d d f t I 4 the t] f

deff osting o rdioi i GrT GRR1SE (Heh b, St et eByin48 Fe8t FAPnEAEPa

boi | i I: t when. t h f £ h L0, wat

"nto Touchtw ERSErGt Bt antheareredoeSraabiberapbe i ArbRathy Ehe.
termper at uj g dr op, of o1 he. £ Agh AL, BEAL LT nd B ghiey bos LG guapLakions 8l n this

enbodi ment, effects of restraining the noise and preventing the ring of
effici encw@rﬁx:@gbl&ve@h@yh@ﬂ@flegvéhelmdaﬁatr!ﬂgﬁh?r the Wi th the heater

cover 16A so as to prevent the frost or the drain wafer dropped from above
from strikemgetdeneonot 10Ref erencewStgn, List thQ@026he defrosting

10 effect of the cooler 24 is lowered.

In this embodiment, the defrosting efficiency of the
coolexr 24 can be enhanced by making the heater cover 16A
inciined to remove the lump of frost or the drain water
from the heater cover 16A.

15 The angle of inclination is preferably at least 7°,
However, causing the lump of frost or the drain water to
slip off easily is achieved by forming the heater cover 16a
with a water repellent matexrial. Therefore, the angle of
inclination is not limited to at least 7°.

20 [0025)

The heater cover 16A is needed to have a size which
covers the entire part of the radiant heater 15 when
projecting the inclined heater cover 16A and the radiant
heater 15 in parallel from above. The heater cover 16A

25 protects the radiant heater 15 so as to prevent the lamp of
frost or the drain water dropped from the cooler 24 at the

time of defrosting from dropping directly thereon, thereby



3 ice making conpartment, 4 switchable conpartnment, 5 freezing conpartnent,
6 vegetable conpartnent, 7 refrigerating conpartnent door, 8 ice making
conpartnment 15door, 9 switchable conpartnment door, 10 freezing conpart nent
door, 11 refrigerator, 12 refrigerating conpartnent, 13 vegetable
conpartment door, 15 radiant heater, 16 heater cover, 16A heater cover, 20
freezing cycle, 21 conpressor, 22 condemaser, 23 throttling device, 20 24
cool er, 25 cool er tenperature sensor, 32 freezing fan, 33 drain pan, 34

drain hO'@eséﬁaPﬁPﬁ%h§a$Siliﬂg foeegi ngnepupant WRBL E8LUNQMROLL: 45 contro
means 17 CLAIMS 1. A refrigerator conprising: a freezing cycle

i ncl udi ngfaceONPr esBOr dLaN i guted temesnphesstaukf Liigar @k, radaemdenser
configured to condense the refrigerant, a throttling device configured to
expand t heegbadehSeandeéragerants, aaddaavoatiéngcohki gempdraduevaparat e t he
expanded refrigerant, being arranged in a | oop and connected by piping;

a pi pe heafekhdi spdsedti heabarndht dwit hookhpnevhpovREilARty of the cooler; a
raq%ant heat er di sposed bel ow t he cool er; control nmeans configured to

comtrol energi Z5t | oW DreRpRAHNSRE heat BRChAdOf hees hBPARE HebPEr DOARE a
| t L ing the t - at i t he, | .. Wh

the cont 1ol nBARETRNBIG FB8 LHESHI RS Reaber A SVaPlS BREIGIEA P of the

radi ant hegfer; ?P%Q 9§3§Hﬁgd?é§999r?EuQ§tﬁItBth%QQE§rcB%@Beﬁ%%P%. Sensor

reaches a first edet er m ne enperature-after "having started partial
defrostings 880,+8880NERO! £ PBARS L EEALNALESnCREEELZAkLERE i@ PI Pe

heat er when the neasured

above from striking thereon.

L0 Reference Sign List
{0026]

3 ice making compartment, 4 switchable compartment,

5 freezing compartment, & vegetable compartment, 7
refrigerating compartment door, 8 ice making compartment

15 door, 9 switchable compartment doox, 10 freezing
compartment door, 11 refrigerator, 12 refrigerating
compartment, 13 vegetable compartment doox, 15 radiant
heater, 16 heater cover, 16A heater cover, 20 freezing
cycle, 21 compressor, 22 condenser, 23 throttling device,

20 24 cooler, 25 cooler temperature sensor, 32 freezing fan,
33 drain pan, 34 drain hole, 41 pipe heater, 42 freezing

compartment return port, 45 control means



tenperature of the cooler tenperature sensor reaches a second predeterm ned
tenperature higher than the first predeterm ned tenperature, thereby
defrosting the cooler. 2. The refrigerator of claim11, further conprising:
a heater cover having an inclined surface between the radi ant heater and

t he cool er. 17

CLATMS

1. A refrigerator comprising:

a freezing cycle including a compressor configured to
compress a refrigerant, a condenser configured to condense
the refrigerant, a throttling device configured to expand
the condensed refrigerant, and a cooler configured to
evaporate the expanded refrigerant, being arranged in a
loop and connected by piping;

a pipe heater disposed in abutment with or in the
vicinity of the cooler:

a radiant heater disposed below the cooler;

control means configured to control energization of
the pipe heater and the radiant heater; and

a cocler temperature sensor measuring the temperature
in the cooler, wherein

the control means energizes the pipe heater and starts
energization of the radiant heater when a measured
temperature of the cooler temperature sensor reaches a
first predetermined temperature after having started
partial defrosting, and the control means terminates
energilzation of the pipe heater when the measured
temperature of the coocler temperature sensor reaches a
second predetermined temperature higher than the first

predetermined temperature, thereby defrosting the cooler.

2. The refrigerator of claim 1, further comprising:
a heater cover having an inclined surface between the

radiant heater and the cooler.



