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(37} Abstract: As a defrosting means for an evaporator having a combustible refrigerant scaled therein and included in a relriger-
ating eycle, a plurality ol glass tbe heaters are installed in the vicinity of the evaporator. And, the electricity passing time or the
applied voltage is controlled such that the surface temperature of the glass tube heaters is less than the ignition temperature of the
combustible refrigerant. Further, the gass tube heaters and the evaporator fins are brought into contact with each other to lower the
surface lemperature of the glass tube heaters. Further, the glass tube heaters are of multiple construction and a sealing member is
&= installed on the end surface, With such arrangement, in a refrigerator using a combustible refrigerant, even if defrosting is clfected

in a combustible refrigerant-leaking environment, firing of the combustiblc refTigerant can be prevented and so can be non-cogling
@ duc to the residue of the frost.
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surface tenperature of the glass tube heaters. Further, tbs Mﬁﬁzgp!ge
heaters are of nultiple construction and a sealing nenber i’s™l I'ed on

the end surface. Wth such arrangenent. In a refrigerator using a
conbustible refrigerant, even if defrosting is effected in a conbustible
refrigerant-I|eaking environnment, firing of the conbustible refrigerant can
be prevented and so can be non- cooDESCRIFEION the residue of the frost.

-5 MAR 2004 1 DESCRI PTION REFRI GERATOR TECHNI CAL FI ELD The present
invention relates to defrosting for a refrigerator enploying a conbustible
refrigerant. BACKGROUND ART As a prior-art refrigerator, Japanese Patent
Non- exam ned Publication No. H3- REFRIGERATOYRS a refrigerator using a

conbustible refrigerant. First will be described the prior-art
refrigerator with reference to drawings. Fig. 31 shows a vertical
sectional view illustrating the essential part of a prior-art

refriger atlECHNICAG FIELD ef ri gerator | has freezer conpartment 2 and
col d-storage conpartnment 3 therein, and to which, freezer door 4 and
st orage door 5 Threepfdssntlinvergipesdhies iy deBroRGa8 fof QRALLIER ﬂﬂ'
col d-storage conpartnment 3 are separated by d?vi di ng \Agﬁpa %r gl?%e arfan
freezer conophustibld réfrigerampt ured through inlets 7, and the air in
col d-storage conpartnment 3 is captured through inlet 8 Qutlet 9 blows
cold air BAGKGROIBNDcGRPartment 2. The cold air is circulated by fan 11.
Evaporator dividing wall 12 is disposed between freezer conpartnent 2 and
evaporator  10. ASl agsitnbe refeigeratds J @arﬁé;%ferpéﬂeh@qv&%xﬁmiﬁé& inflchtiod
which a coiled nichrome-wire is covered with a glass tube. Roof 16
pr ?lt ects MbmtEB8-54970r dischebng thfrigetdtyr Nidingl 8oMbhiptile FELiRehAT 03 dihat
Wi give . ) _

will be descrzbed the prior-art refrigerator with reference to drawings. Fig. 31

shows a vertical sectional view illustrating the essential part of a prior-art
refrigerator.

In Fig.31, refrigerator 1 has freezer compartment 2 and cold-storage
compartment 3 therein, anci to which, freezer door 4 and storage door 5 are fixed,
respectively. Freezer compartment 2 and cold-storage compartment 3 are
separated by dividing wall 6. The air in freezer compartment 2 is captured
through inlets 7, and the air in cold-storage compartment 3 ié captured through
inlet 8. Outlet 9 blows cold air into freezer compartment 2. The cold air is
circulated by fan 11. Evaporator dividing wall 12 is dispoéed between freezer
compartment 2 and evapdré.tor 10. Glass-tube heater 15 for‘defrosting‘ has‘ a
structure in which a coiled nichrome-wire is covered with a glass tube. | Roof 16
protects heater 15 from being directly hit by a drip of melted frost that will give
a sputter sound on e{}éﬁbraﬁon._ Metallic bottom plate 17 is disposed, in
insulation, between dripping pan 13 and heater 15. Accumulator 18is d:isposed

at the exit of evaporator 10,

Now will be described how the aforementioned prior-art refrigerator -



a sputter sound on evaporation.. Metallic bottomplate 17 is dl&?)MAR Q@[M.
i nsul ation, between dripping pan 13 and heater 15. Accunulator 18 i's

di sposed at the exit of evaporator 10. Row wi Il be described how thle_

af orenentioned prior-art refrigerator - 5 MAR 2004 2 works. Wen coo mgo
the. freezer conpartnent 2 and col d-storage conpartnent 3, evaporator

is cool ed Wwyrls.refrigerant flow ng through evaporator 10. At the same7
time, fan 11 expels warned air in freezer conpartnent 2 through |EI _etl t o
sinilarly, expelhenedootidgahe fidbz60t6nphABAR f&ﬁ&%&d{!&%}a%e 60%@;%3“ hg;?h :
into cooling chanber 20. The warned air 1s cooled at evapor ea

exchange, evaborhnr KupddoRE b ra%éﬁﬂg&‘&ﬂt%ov%ilmg’cr]%éﬁglﬁ %’{rﬁaﬁ (ﬁ)lggi%alrei(ﬁrg %’&)éﬁ Al

the same tinme, a portion of the cooled air ment
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frost on evaporator 10 where the tenperature 1s |ower
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cooling. To elimnate said inconveniencies, t ~app
been enpl dyed dusiddeitoslid fefrigepaft HhHMme! ®oL'd &r door 5 is opened, and due

to evaporation of moisture from stored foods in both compartments. Therefore,
the moisture in the warmed air turns into frost on evaporator 10 where the
teﬁperature is lower than the air. Accumulator 18 works to constantly feed
refrigerant in cooling cycle operations'. In addition, accumulator 18 protects a
compressor from damage caused by direct return of liquid refrigerant, or
minimizes a flowing noise of the refrigerant.

The more increase the amount of the frost on evapc;rator 10, the less
increase the efficiency of heat-exchange between the surface of evaporator 10
and the air to be cooled. Further, the buildup of the frost blocks a smooth
airflow, inviting insufficient cooling. To eliminate said. inconveniencies, the
application of heat has been employed for defrosting — passing an electric
current through the nichrbme-wire in the glass-tube heater 15 and, with heat
rays emitted therefrom, melting the frost into water around evaporator 10,
dripping pan 18, and drainage hole 14.

The water is collected into dripping pan 13; the dripping water partly

goes directly doﬁrn inte pan 13, and partly hits roof 16 as a guard of heater 15



current through the nichrone-wire in the glass-tube heater 15 a '
heat rays em'gtted therefrom nelting the frost into water aro‘anR’Rtﬁoolf
evaporator 10, dripping pan 13, and drai nage hole 14. The water is
collected into dripping pan 13; the dripping water partly goes directly
down into pan 13, and partly hits roof 16 as a guard of heater 15 -5 MAR
2004 3 and then down into pan 13. The ter collected in pan 13 is drained
t hrough drainage hole 14 to the outside. On the application of heat, sone

Cef | oot odiéh AP i | 37 Thadvalre Pl v o darohry Bouser drBREho
conbust | BEas g JroHEE PR eranHEE RPTK S 0S B SORF 1B dathas
the  comddyt TeiE e ERmdae: L6 dgbpS CHas o 1305 16 5Cse Ly OB OThe.
bi pe. ar r dgsmkhand then 3eptecrst SWasd YaRPIPBL0. namper s hoat Cranster,
ol 50 ¢ he surt Adgvsvernat SobShised ConsanbeTRREHESMSON SXCLR CETIPHEE2 The
soneuhor SHROEHD S et geF g BB AOBIomE A at r coBPUSHETh EatigABF hesd

pr csent - RIRRY SIS a5ty 36 HPhke B Pibe NSRS T SYADRENET JILESES (D8] oot
onl ' pr evaHEP G BteC BB St HAPSRPT SePSripds b GxPEMG O BeareHErfithe
defrosting.oper.ati . S, perfor.ned in an environnent. ere | eakage of the
combust | BR¥TEEAFuTciRgt BERoRtng, tagsBiER s, HaSE 1n,108 Mg H5aTgRment.

et 05U g o TRRIN, eBith Sk HARASS F8afcBSfer LI RY B PO MR budisT 01
Besides, not only the nichrome-wire, but also the vsurface of the glass-tube
heater has highly heated surféces. The fact has been facing a problem; if a
combustible refrigerant leaks at somewhere in the pipe arrangement of

evaporator 10, the heat generated from heater 15 can trigger catching fire.

DISCLOSURE OF THE INVENTION

The present invention addresses the problem above. It is therefore the
object to provide a refrigerator equipped with a defrosting means capable of: not
only preventing a combustible refrigerant from catching fire even if the
defrosting operation is performed in an environment where leakage of the
combustible refrigerant occurs at somewhere in the area having the defrosting
means, but also improving a poor refrigeration due to residual frost.

According to a first aspect of the invention, there is provided a refrigerator
comprising:

a combustible-refrigeration-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure

reduction mechanism, and an evaporator; and



According to a first aspect of the invention, there is provided
refrigerator conprising: a conbustible-refrigeration-sealed reT'S MR 299
cycl e havi ng successive connections of followi ng el enents: a conpressor, a
condenser, a pressure reduction mechanism and an evaporator; and -5 MAR
2004 4 neans for defrosting the evaporator, wherein the defrosting nmeans
Is fornmed of a plurality of glass-tube heaters disposed in an upper
section and in a |lower section of the eéaporator havi ng any one of

i n-contact and out-Qf-contact arrangenents with the evaporator. According
to a second a§B@%ﬁS§¥Tf Sﬁ#@éﬁ?ﬁﬂﬁpoﬁﬁﬁhe is provided a refrigerator
conprising: a conbustible-refrigerant-sealed refrigeration cycle having

successive coRREEIn Brsdeirosiing svaang isfemaed of aplutaly of glass-tibedmaterser , a

pressure _reduction nechanism and. an evaporator; and neans for defrosting
the evapofPeped Hhan SPRCE AeCtifdt Al i AJOMEA FeChian P& he §veporaton Rinang epyof
gl ass-tube heaters, and _at |east one of the plurality of glass-tube

heat ers i9ngP HB§QHtW?H¢@WT€§“CWW%em%§6Y HY €Tt d aspect of
the invention, there is provided a refrigerator conprising: a

conmbusti bl e-refrigeration-sealed refrigeration cycle having successive

connections of, foll.ow ng elenents: a conpressqQr, a,condenser, a pressure
reduct i on neciﬁ?ﬁ(gﬁ}ngaﬁg &ns BgPeFt CAnHedBKentHQs}, Bokt ibigvided a
evapor at or, .\gherei n the defrosting nmeans is formed of a plurality of

gl ass- t ubBTHESTALPSCOMPAISING: | east one of the plurality of glass-tube
heaters is di Sap%%%%és?%lg-?gﬁ?gferiaﬂt-isé]algd refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator; and
means for defrosting the evaporator,
wherein the defrosting means is formed of a plurality of glass-tube heaters, and
at least one of the plurality of glass-tube heaters is disposed within the

evaporator.

According to a third aspect of the invention, there is provided a
refrigerator comprising:

a combustible-refrigeration-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator; and

means for defrosting the evaporator,
wherein the defrosting means is formed of a plurality of glass-tube heaters, and
at least one of the plurality of glass-tube heaters is disposed any one of i) in a
lower section of the evaporator and ii) below the evaporator, and remaining
glass-tube heaters are disposed any one of iii) in front of the evaporator and iv)

behind the evaporator.



| ower section of the evaporator and ii) bel ow the evaporator, .a I eyoN
gl ass-tube heaters are di sposed any one of iii) in front of th‘é’rg\Mmm

and iv) behind the evaporator. 5 MAR 20 4 4a According to a fourth aspect
of the invention, there is provided a refrigerator conprising: a
conmbusti bl e-refrigerant-seal ed refrigeration cycle having successive
connections of followi ng elenents: a conpressor, a condenser, a pressure
reducti on nmechani sm and an evaporator;49and nmeans for defrosting the
evaporator, wherein.the defrostjng neans_.is forned, of a plurality, of

gl ass-t ube heabes¥ding,do & Sepitbqaspacsugh ti%ﬁi apveariaa, ethere cisc prpiised ¢
applied to the plurality.of glass- tube heaters is controlled so that a
surface t CEAIOF EOBPTISHIZ heat ers is kept bel ow an ignition tenperature
of the combustible refrigerant. According to a fifth aspect, of the

i nvention, thér £AmRbWtHRIcHeRIgeranEsealed  EfTigaTatinn rqysih ghaving successive
conbusti bl e-refrigerant-sealed refrigeration cycle having successive
connect i oﬁ%HQﬁCtlfoélg Ba/i ){%lsog( @geﬁ{eér:l Iggb@nﬁpéﬁgéﬁﬁora & FIOEISEEST, @ PHCSSWSr e
reducti on chani sm., and an evaporator; and neans for defrosting the
evapor at o?efﬁe%ﬁspénﬁcfiamémaew §¥1i‘?{&Pﬁ’é€’éﬁ§¥$ formed of a plurality of

gl ass-tube heaters, .an an. application of voltage to the plurality of

gl ass-t ube hedPeams for SP&gHBa CY8PORAeE, a surface tenperature of the

heaters is, kept bel an. ignition Lenperature of. the .conbystjble
refriger aWth.er&BctBP Stigemepys 1 Oé? Iﬁﬂ@h%\ﬁ&ﬁb%@%@i@?@ﬁ% and
| ded fri I Si ng: ti -refri t- |.ed
1 9o GG e Ar S L BREaR S
tube heaters is controlled so that a surface temperature of the heaters is kept

below an ignition temperature of the combustible refrigerant.

According to a fifth aspect of the invention, there is provided a
refrigeration comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator; and

means for defrosting the evaporator,
wherein the defrosting means is formed of a plurality of glass-tube heaters, and
an application of voltage to the plurality of glass-tube heaters is controlled so
that a surface temperature of the heaters is kept below an ignition temperature of

the combustible refrigerant.

According to a sixth aspect of the invention, there is provided a
refrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure

reduction mechanism, and an evaporator; and



connections of follow ng elenents: a conpressor, a condenser, a pressure
reducti on nmechani sm and an evaporator; and 5 MAR 2004 4b a’g@’@%&gg[}#
heat er di sposed bel ow t he evaporator; and a plurality of fins di S i'n
t he evaporator, wherein an outer wall of the glass-tube heater makes
contact with each bottom end of the fins. According to a seventh aspect of
the invention, there is provided a refrigerator conprising: a

conbusti bl e-refrigerant-sealed refri gerdth i on cycl e having successive
connections of follow ng el enents: conpressor, a condenser, a pressure
reducti on rrecﬁ’aglﬁ§$ﬁuv¥éﬁ1geaéﬁf @lﬁﬁ@é@%ﬁ@h‘”ﬂ%ﬁ‘é@rﬁ[ﬂiéahgater di sposed in a
| ower section of t%ﬂe ev orator; a plurality of fans disposed in the
evapor at or ; arfdPHralHyiding dispoged g WOk, t he gl ass-tube heater and

the fins, _wherein the shield plate kes contact with the fns. According
to a ei ghVHCHPA: OBler ¢ liwbﬁtg?@sﬁ;hnﬁweh%atﬁsmﬁ@si%aaca W}tﬁfqaicaé?catfan
conpri si n%r:l a ﬁopngUSti bl e-refrigerant-sealed refrigeration cycle having
successi verd g6 PP-ons of followi ng el enents: a conpressor, a condenser, a

pressure reduction nechanism and an evaporator; a gl ass-tube heater with
a tube-in-tube structured disposed in any one of in a |lower section of the

evapor at or and, bel qw the evaporator; and seal i ng.menher djspose t an
end of the gl AIRE Heat eroveneraspect 1l Ff InveRtiol: there 5 BSeVideRes

i nclude an J.nner tube and an outer tube, the sealing nenber integrally
cont ai ns IERALPL COIBPTIBI&er and an outer-tube hol der, the inner-tube

hol der supports the inner tube and the outer-tube hol der, . .
i a comebustlb?e-refij'lgerant-sea ed refrigeration cycle having successive

connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator;

a glass-tube heater disposed in a lower section of the evaporator;

a plurality of fins disposed in the evaporator; and

a shield plate disposed between the glass-tube heater and the fins,

wherein the shield plate makes contact with the fins.

According to a eighth aspect of the invention, there is provided a
refrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator;

a glass-tube heater with a tube-in-tube structured disposed in any one of in
a lower section of the evaporator and below the evaporator; and

a sealing member disposed at an end of the glass-tube heater,
wherein the multi-structured glass tubes include an inner tube and an outer tube,
the sealing member integrally contains an inner-tube holder and an outer-tube
holder, the inner-tube holder supports the inner tube and the outer-tube holder

supports the outer tube, the inner-tube holder has a lapping section at an end of



supports the outer tube, the inner-tube holder has a | apping sec |on t an
end of -5 MAR 2004 4c an outer wall of the inner tube, and thggu

hol der has an alignment section for proper positioning of an end of the
outer tube. According to a ninth aspect of the invention, there is provided
a refrigerator conprising: a conbustible-refrigerant-sealed refrigeration
cycl e havi ng successive connections of, follow ng el enents: a conpressor, a
condenser, a pressure reduction nmecha Sm and an evaporator a gl ass-tube

heat er W|th t ube- | n-t ybe. structured .di.sposed i on in..a |lower
section ofl t%%%@éh mrb@tbgwap ethey Eﬁré%lBF’ah%lﬁSr i@e%‘?@lﬁ%‘?ﬂier
di sposed at a nd of the | ass-tube h ater wher ej n the multi-structured
gl ass t ub¥RSIORCHON PEORST PesiEPn ath8nd 9T 8¢ QPISr IR, the seal | ng nmember
integrally contains an inner-tube hol der and an out er-tube hol der, the

I nner -tube hol der supports t he i nner tube and the outer-tube holder have a

| appi ng section at .an end of .an outer of . the .inner tube and end of
an outer wall "g‘F CQring, foe @ t%@‘ arSB%% \ﬂe‘? ymv,&E‘ElSFldl%rq o'Sa Pi'e da@pect

of the inv tIOaE there. is provided a refrlgerator conprising: a
conbust i biEAIBEFIPHEPIRTISEE | ed refrigeration cycle having succe55| ve
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t ube-i n-tube s ructu di spose n any one of in | ower section of the
evapor at of° IHW(S“’ 19@?’0 élo BoPLERIIS s fy QUYEEPIHy %ﬁ?&@%ﬂﬁ% PO SRIESHICan
end of the I ss tuq_f heat e Wnere t he sealing nmenber is fornmed of a

pluralityF BBHB‘F‘E %S‘He%@rag eVﬁBOWt 52004
a glass-tube heater with a tube-in-tube structured disposed in any one of in

a lower section of the evaporator and below the evaporator; and

a sealing member disposed at an end of the glass-tube heater,
wherein the multi-structured glass tubes include an inner tube and an outer tube,
the sealing member integrally contains an inner-tube holder and an outer-tube
holder, the inner-tube holder supports the inner tube and the outer-tube holder
have a lapping section at an end of an outer wall of the inner tube and an end of

an outer wall of the outer tube, respectively.

According to a tenth aspect of the invention, there is provided a
refrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator;

a glass-tube heater with a tube-in-tube structured disposed in any one of in
a lower section of the evaporator and below the evaporator; and

a sealing member disposed at an end of the glass-tube heater,

wherein the sealing member is formed of a plurality of supporting members.



4d The structure above can suppress an input for each gl ass-tups mezomt
when the evaporator and its surroundi ngs are heated by the gl ass¥*t
heaters in the defrosting operation. This allows the surface tenperature
of the glass-tube heater to maintain below a tenperature at which the
conmbustible refrigerant can catch fire. As another plus, effective heating
on the area having a |arge anount of frost can provide a uniform
defrosting, thereby enhancing the effi® ency of defrosting and elim nating
residual frost, BRI EF DESCRIPTION OF THE DRAWNGS Fig. 1 shows a schematic
view illustratilh§ StRCIHES BDQ¥EEITDFUPPESSS &1 1BDUE dPF cgeRagigssitwbadsittance
with a first exenplary enbodinment of {he present inyention. Fig. 2 is a
vertical WoeR ths syapoiaer ts gurieandingsmaneieated bydneglass-tubre higptetsisr of
the first ex | ary enbodi ment. Fig. 3.is a. schematic view.illustrating the
essent i a|thsaff€trg)fb‘iﬁmgh@p¢r@fipng diis ol ensuiacs fpmperapyrg, o thes glassdbieonal
vi ew of gl ass-tube .heater, wth the essential part. enlarged, .of the
Fefri ger NGHEENINMANEY. BOlo ga. demperapurs | 2t whish | B SomtmssHle ng
the essenti.al part of a, refrjigerator of a_second exenpl ary enbadi nent.
Filg. 6 i SRt eal caichiliisnAS FRSMEE s, ﬁéfsepﬁxegﬁaﬁgm thsapieagtaving a
refrigerator of a thi exenpl ary. enbodi.nent, Fig.. 7 is vertical
sect i onallatESe AmABh gg'f’ﬁec aAVidel a guniforsh ‘defrodiing; &@rgbﬁbren@@n@ngomet h
exenpl ary enbodi t. Fi.g. 8.is a vertica ctional view show ng the
essent | alefﬁﬁﬁmﬁg%geﬂpéﬁg gad g lg}m%};pn%rqs;(*qai%gggnm ary enbodi nent. -5 MAR
2004 5
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a schematic view illustrating the refrigeration cycle of a
refrigerator in accordance with a first exemplary embodiment of the present
invention.
Fig. 2 is a vertical sectional view showing the essential part of the
refrigerator of the first exemplary embodiment.
Fig. 3 is a schematic view illustrating the essential part of the refrigerator
shown in Fig. 2.
Fig. 4 1s a sectional view of a glass-tube heater, with the essential part

enlarged, of the refrigerator shown in Fig. 2.

Fig. 5 1s a vertical sectional view showing the essential part of a
refrigerator of a second exemplary embodiment.

Fig. 6 is a vertical sectional view showing the essential part of a
refrigerator of a third exemplary embodiment,

Fig. 7 is a vertical sectional view showing the essential part of a
refrigerator of a fourth exemplary embodiment.

Fig. 8 is a vertical sectional view showing the essential part of a

refrigerator of a fifth exemplary embodiment.



Fig. 9 is a vertical sectional view show ng the essential part 4
refrigerator of a sixth exenplary enbodinent. Fig. 10 is a v_ert_iﬁaﬁAR ?nn

sectional view showing the essential pabt of a refrigerator of a seventh
exenplary enbodinment. Fig. 11 is a vertical sectional view show ng the
essential part of a refrigerator of an eighth exenplary enbodi ment. Fig.

12 is a view, 1igakd ya IverfesS ReGidA, vRlw &HoRihkY jalP il |
exenpl ary enbog?gmant. F%g. 1:13 is a fronr Vi ew,oﬁlggkﬁleg%?’%e%%l H?ir’ﬂ;té’?i%n of

arrow B otefrighradod offd SixtHéxdfipBiryle@hodi@ehtal |y in perspective, of another
evaporator and gl ass-tube hea]taer of a refrigerator of the ninth exenplary

enbodi nent. Fi Figlioi & @ fréﬁiﬁalvée%‘ﬂlolnhp%éﬁgsﬂd%ﬁl%?tﬂé re&%%&ﬁﬁgl hr@logoy C of

Fig. -14. Fig. 16 is a view, partially in perspective, an evaporator and

a gl ass- BRARERASE DlevantIbri@BlAy Ymblditehnt h exenpl ary embodi nent
Fig. 17 is atront view, looking in"the direction of arrow D of Fig. 16.

Fig. 18 is a vigew 1pajst habbdidal éé%fiﬁﬁ?Ptx)ié/@’slﬂjwﬂl ?P{@pe%rﬁgﬁo@%a n@% %Ig?%ass'

tube heater of a refrigerator of an el eventh exenplary € . 19

is a fronteftjgatdrAfidd\dghth Ef\ﬁnﬂia&?%&ﬁ%ﬂiﬁfenﬁ”ow E of Fig. 18. Fig. 20 is
0

a view, partially in perspective, an evaporator and a gl ass-tube- heater

of a refrigerafgs 95 i8 4 Welv,! PaiATPERDE bITept, é:ft%g i hpnt

vi ew, | ooki ng }Eﬁéthe di recti’oﬁaof arroﬁélgg%gf&&%i’g. %)Or [ e.lg%)f ??sge{{‘%}l w,
partial | yekémpBi§Raabb¥iger®l an evaporator and a gl ass-tube heater of a
refrigerator of a thirteenth exenplary enbodinent. Fig. 23 is a front view,

| ooking in NeFus bRl v WG eIn Ehddingltiof barrdh BlorFipafd il |y

enl arged sectional view of a glass-tube heater o e refrigerator shown

in Fig. 22. FiBig2P4iis 2 WeRWphlisiey it h&Gpbhtdvd, elf LAGIRY Qhd¥Lof Hla 2
refrigerator of a -5 MAR 2004 7
glass-tube heater of a refrigerator of the ninth exemplary embodiment.

Fig. 15 is a front view, looking in the direction of arrow C of Fig. 14.
Fig. 16 is a view, partially in perspective, of an evaporator and a glass-
tube heater of a refrigerator of a tenth exemplary embodiment.
Fig. 17 is a front view, looking in the direction of arvow D of Fig. 16.
Fig. 18 is a view, partially in perspective, of an evaporator and a glass-
tube heater of a refrigerator of an eleventh exemplary embodiment.
| Fig. 19 is a front view, looking in the direction of arrow E of Fig. 18.
Fig. 20 is a view, partially in perspective, of an evaporator and a glass-tube—
heater of a refrigerator of a twelfth exempléi'y embodiment.
Fig. 21 is a front view, looking in the direction of arrow F of Fig. 20.
Fig. 22 is a view, partially in perspective, of an evaporator and a glass-tube
heater of a refrigerator of a thirteenth exemplary embodiment.
Fig. 23 is a front view, looking in the direction of arrow G of Fig. 22.
Fig. 24 is a partially enlarged sectional view of a glass-tube heater of the
refrigerator shown in Fig. 22.

Fig. 25 is a view illustrating the refrigeration cycle of a refrigerator of a



6 fourteenth exenplary enbodinent. Fig. 26 is a partially secti-effalAR@00%
a gl ass-tube heater of the refrigerator of the fourteenth exenplary
enbodiment. Fig. 27 is a partially sectifonal view of another gl ass-tube
heater of the refrigerator of the fourteenth exenplary enbodiment. Fig. 28
Is a partially sectional view of a glass-tube heater of a refrigerator of

a fifteentfbustsentt axemplPodniBitimeRitd- 29 is a partially sectional viewo
a gl ass-tube heater ofﬁa ?ef ri ge}rngt or of a sixteenth exenplary enbodi nent.

Fig. 30 is a p&igi ald Vs secpaapaly \GebMoREl il 356 =t g?fﬁgplgﬁ@tegﬁflel %rgogé;@{ei onal

refrigerator of a seventeenth exenplary enbodi nen

i i ' ' | OL i DETAI LED
vi ew i | | ugfigddator EheTseRbbAth Balhn Rl Rt refrigerator.
DESCRI PTI ON CARRYI NG QUT OF THE IR@I%KI%P%\? §e exenpl ary enbodi nents of

[ ' ' ' ] fenenge to
the present inWptpoNsa Baftesly isBESo LT e-?%gg-ﬁ NEE L0 |
apcorrpftlnyl gg o Z\é\g ?ﬁh@%ﬁﬂ@ﬁﬁfﬁgﬁ@ @?ﬁg&ﬁf E:Irl Qeﬁr altéo? i ngaCEErEgg;l:g
ewillu fri . . .
://vz th the ?:i r‘g%érexelnpl ary enbodi nent g%é&%he gr esgn? invention. Fig. 2 is a

vertical secti Gial o8/ i paROINSedRASSaNoE Bl Ral fuQind e, of elligerator of
¥ 3 At oL € pethider

the first exenplary enbodi nen Fig. I's a schenatic fng

t he essenifalfifpaddthh &b LQ¢ shown in Fig. 2. Fig. 4is a
sect i onal tosiaew of tg §|egisi§?{fb% ﬁggtﬂer, with the essential part enlarged, of

the refrigerat @higsip, bﬂrt'i:é]%r séctiddal Fidly o%a gﬁfgstétﬁ)%rl%taitgp ofd (r% 1g§19a o? as
successi ve connections of the -5 MAR 2004 :
of a sixteenth exemplary emhbodiment.
Fig. 30 is a partially sectional view of a glass-tube heater of a refrigerator

of a seventeenth exemplary embodiment.

Fig. 31 is a sectional view illustrating the essential part of a prior-art

refrigerator.

DETAILED DESCRIPTION OF CARRYING OUT OF THE INVENTION
The exemplary embodiments of the present invention are described

hereinafter with reference to the accompanying drawings.

FIRST EXEMPLARY EMBODIMENT

Fig. 1 shows a schematic view llustrating the refrigeration cycle of a
refrigerator in accordance with the first exemplary embodiment of the present
invention. Fig. 2 is a vertical sectional view showing the essential part of the
refrigerator of the first exemplary embodiment. Fig. 3 is a schematic view
illustrating the essential part of the refrigerator shown in Fig. 2. Fig. 4is a
s;actional view of a glass-tube heater, with the essential part enlarged, of the

refrigerator shown in Fig. 2.

In Fig. 1, refrigeration cycle 301 has successive connections of the



follow ng el enents: conpressor 302, condenser 303, pressure red-ugtw 2(]04
mechani sm 305, and evaporator 306. A conbustible refrigerant is sealed Th
refrigeration cycle 301. Besides, defrodting means 307 is di sposed close to
evaporator 306. Here will be described the structure of an exenpl ary
refrigerator having the refrigeration cycle showm in Fig. 1, with

r ef er ence foldowirgs . elemehtougbmpressdrFigds, eorndbrResh sha, t i .or. of
the first enbodi ment contains two glass-tube heaters’ 1@59%%%& 18%&25518%%

exanpl e ofmedbandahr308, gl seaRsastoB06] N A Eb@buliibkae i i
structure in which heater wire 24 made of netall ilc rr%cfrl:egr%?éﬁ{ 1528%%@%5%11

ni ckel chrefrégerasiofosywhd 300t 0 Besidis! AefiTRARS AMEnkN8H7 i8S ' | ass
tube. Heaters 19a and 19b are pl aced bel ow gvapornator 11Qi %Sggés%ddglgsegf-%si de
arr angenertvapomiter S@pgci fically, heater 19a is disposed close to | owernost
pi pe 21 of evaporator 10. In explanations will be given from now on,

gl ass-t ube heafthrs willcha@dsckfedhe Sl rgf @;Eerngﬁlga&{a Zt%g@%%&r#aﬁ?%dr}ggger

19 as a unit. In cooling chanber 20, as shown In

fan 11, rohé réigeratich ovas Bl &l wi ' Lén 9
rdfdiger gi-éle shbwhen PRl erwikd Rtsredls @ﬁﬁggsd Zgl‘flﬂﬁ‘g%lg g'r 10,

supporting nmenbers 22, each one is disposed at eac

fixes heater 19a Figgotthetuih UntiealfsporaBP of U ALAAUAEEMI: DErGS L, DO

t he workings of a refrigerator having aforenentioned s

first exeghdsartyibeteatirgea artf 19p akh& %ﬁﬁtéﬁﬂleefﬁos@{t%%ﬂégﬁgjsﬂ&gn%m
and a

interval, fan 11 stops to renove frost from evaporator :

refri ger aiig.st.opBadd heateg Hdy @ deuctaMARPGHIN héQter At 24 Blde 6{5ﬁe€alt]ﬁ§ tric
eat to

current is supplied through gl ass-tube heater 19 for generating

I e O b ok L 05 Bl
19 is stoppedlasotubrat Hiefters 198 anaPEIRhtoBlRIN«t® ovapsrd®R 12004 side.
by-side arrangement; more specifically, heater 19a is disposed close to
lowermost pipe 21 of evaporator 10. In explanations will be given from now on,
glass-tube heaters 19a and 19b may often be referred to glass-tube heater 19 és
a unit.

In cooling chamber 20, as shown in Fig. 2, evaporator 10, fan 11, roof 16,
and glass-tube heater 19 are disposed. A pair of supporting members 22, each
one is disposed at each end of heater 19, fixes heater 192 together with heater
19b. |

Hereinafter will be described the workings of a refrigerator having
aforementioned structure of the first exemplary embodiment.

After the expiration of a ﬁredetermined time interval, fan 11 stops to
remove frost from evaporator 10, and a refrigerant stops flowing through
evaporator 10. After that, the electric current is supplied through glass-tube
heater 19 for generating heat to melt the frost on evaporator 10, When a

defrost-completion detector (not shown) detects the conipletion of defrosting, the

current-supply to heater 19 is stopped, 8o that defrosting operation completes.



8 When fan 11 cones to a stop, the conbustible refrigerant quui‘ﬂSi MAR 200’!’
evaporator 10 flows down, by its own weight, to | owernost pipe 21 that

coll ects higher amobunts of the refrigerfant than other pipes in evaporator
10. After that, heat generated fromfirst glass-tube heater 19a evaporates
t he high anbunts of the conbustible refrigerant having high latent heat in

the pipe. In tH&hpnofaesdl bmbertolaastoﬁlpitﬁb émb%l@dr%@%gﬁt hla}gﬁ remst

pi pe 21, encourages to evaporate the high amounts of t ust

refri ger arfivaporatoe 10piqves downDby libnewn Sesibh o AbwEMABSY B %r%llﬂnat\%ﬂgs%éshe
ge §)

application of heat, the conbustible refrigerant is cha I nto gas,

movi ng up higher ambhatpofide refrigélagt tAne thé%‘Sﬁib@é‘irP@vaeﬁfﬁgg{raféﬁ A Agf%rttﬁg%,f  ost

pi pes in the upper section of evaporator are kept c

on evapor dteat gkferskhé fruh 86 ghfss-tube Heafdi DB M pdFRYE . it wer
section is now cool ed by the pipes and the fan apnd char%e ré}hnapgoﬁluﬂa’u(?fd.

For turni riheicobabustibld rhirigbeaitoiadas Hadi AR hbiein f}f'egﬁi Loward frost
deposited on the upper section of evaporator 10. Defrosting is thus

carried out. |idntthe gpooess heatdie19aswBih FOBBARY fiLd t to
its high latent heat, radiates a | arge anmount of %%a?frwedg]gﬁle 1?18?%'1,

changi ng ientowtdgauitd evaberabht heckl efidReits Bﬁtﬁéc@ﬁ?ﬁ&ﬁf)ﬁtl‘% ig%}l%f%%i gay, a

t her no-si phon effect facilitates the defrosting of evapora ®t he

ti ipk aédhe lvadi akition @f - f ts th
same ti mepipk nédhe lowdi akttion OF dvapolRat 19eNVRLS%e m%@%&egelé?a&”ﬁ]es €

frost on evaporator 10 and peripheral ceonponents an es, the

anbi ent aicombastible refringrazitie dealzedIMRSheY gam%%?&&%ﬁ:@ﬁdﬁ%ﬁ@?&%@ d

contribute to a thorough defrosting of evaporator

second gl dks- yuber seatien dOkvhsoritsPOREd, TheXbiged fih' & S5 ater
19a, bel ow . evaporator 10. That is, by virtue gfﬁthe st'reuclgd%z S‘%?gf\%?lnlga?

pl ural heavaperatith0 applliepatcoohdaé tarhefemt onCeipor8ftlr REN TRALSE «52R¢ePe
smaller than that in the prior-art structure. This allows the sur Face

t enper at utke véfrigeghatsmovatdrimaheriowor ket BWRRy QRS HIAHEPhd HH the
tenperat u%a?n and changed into liquid. For turning into Liquid, the hot gas radiates the
heat toward frost deposifed on the upper section of evaporator 10, Defrosting is
thus carried out. In the proéess, the gaseous combustible refrigerant, due to its
high latenf heat, radiates a large amount of heat required for changing into
liquid, whereby the defrosting is accelerated. In this way, a thermo-siphon
- effect facilitates the defrosting of evaporator 10. At the same time, direct
radiation of the heat generated from heater 19 melts the frost on evaporator 10
and peripheral cdmponents and walls. Besides, the ambient air warmed up by
the heat moves around. All the actions above contribute to a thorough
defrosting of evaporator 10,
On the other haﬁd, second glass-tube heater 19b is disposed, next to first
glass-tube heater 19a, below evaporator 10. That is, by virtue of the structure
having plural heaters, the application of an electric current per heater can be

smaller than that in the prior-art structure. This allows the surface

temperature of a glass-tube heater to keep lower than the ignition temperature



- 5 MAR 2004 9 of the conbustible refrigerant; in the case of ey ARI2004
| sobutane as the refrigerant, the surface tenperature of the heater can be
kept bel ow 460 C. Generally, an ampunt $f radiation is proportional wth
the surface area of a hot body. Conpared to a structure with a single
heater, a structure fornmed of a plurality of heaters 19 has | arger surface

area, accelfetha icnpbhestible refisfemanto in edlRPRAR OF éﬁpld:ﬁ'ﬁé NEEERAGe %%‘gtr‘gleof

structure with plural heaters can effectively heal the”lower Sséec

t he evaporrefiigeraay) thye bughcarempesatdfre fdfatl. h&RSH daA%e ieé?ibfﬁ%wéégfaf&m

defrosting. This enhances defrosting efficiencies, elimn

frost. As Gesemallpesn ahoumt dfhﬁdidtﬁfﬂ%‘ﬁﬂopbﬁﬁbrﬁﬂfv@&h dﬂ%% rstg%?gg,[qgg §}» %%Oe“an g

refrigerant in the pipes, and heat directly radiate

19b  cont rhiddyt eCompanedlaom dafucostd with BeigRll E&asY' § 2685.+0fe RraRA 5t 3 10,
enhancing defrosting efficiencies, as well as elininating resl it Post .

Besi des, dilspaifynef heatehrsiridl by lafedt afFadd Qﬁeatwééc%][e%aéiglﬁ%ea{'%%#fgg 82T o

the operating tinme per heater 19a (19b); accordingly; era

of each headpordter 1001 Fertitbrmokd] theeRFUERRWRR emperat yre of
the heaters 19a and 19b is kept enough QeFow tﬁguﬁgﬁy‘%%t%gsefée%@g% & of

t he conbudienblthe ieter getisntof thEWvapeFrIBF BavihLPRidh L9 JBber s
hol ds gl ass-tube heaters 19a and ?9b S0 as tggﬁiggl ano?‘%%ggf;%t)%deﬁ%?gure,
provi di ng anotniforhy defsostilgs SITHIST ehilRakiek deho8tiRas i pgowork. The
refrigerator of the first exenplary enbodi ment, ag ég%?:r. egd g%%‘\%a}tmg
provi des #esitdnakfroste having a plurality of glass-tube heaters for
defrosting the evaporator. Thereby, the tenperature of each gl ass-tube

heat er during #ke depasbadeabivean thé eflidrinto-SihbaNte AR t wer..than
the ignition tenperature of the conbust: bl EPSt 1S geraﬁits.ﬁ]%ﬁa(ioh distible

def rost i ngefcigerat bathe gdpeaytamal heitedRerdy wadmtb! P¥t NG tbAN 184 Q0a 19b
tenperature of the refrigerant, wthout
contribute to uniform defrosting the entire surfaces of evaporator 10, enhancing
defrosting efficiencies, as well as eliminating residual frost. Besides, disposing
a plurality of glass-tube heaters (19a, 19b) can save the operating time per
heater 19a (19b); accordingly, the radiating period of each heater is shortened.
This ensures that the surface temperature of the heaters 19a and 19b is kept
enough below the ignition temperature of the combustible refrigerant.
Furthermore, a pair of supporting members holds glass-tube heaters 19a and
19b so as to be an integrated structure, providing not only a simple structure but
also easy assembling work, |
The refrigerator of the first exemplary embodiment, as described above,
provides a structure having a plurality of glass-tube heaters for defrosting the
evaporator. Thereby, the temperature of each glass-tube heater during the
passage of an electric current can be kept lower than the ignition temperature of
the combustible refrigerant. That is, defrosting can be carried out at

temperatures below the ignition temperature of the refrigerant, without

degradation in the efficiency of defrosting. The refrigerator of the embodiment



degradation in the efficiency of defrosting. The refrigerator of‘tstAR 2004
enbodi nent -5 MAR 2004 10 not only can i)revent a conbustible refrigerant
fromcatching fire even if the defrosti®g operation is performed in an

envi ronment where | eakage of the conbustible refrigerant occurs at
sonewhere in the area having defrosting neans, but also can inprove a poor

refriger atniobrmnﬂiacle:ahopfeeahﬂmboﬁbﬁ%blesﬁ%&a@é%hﬁﬁ%cm%%nF{E'Q;P85 I's
& refrrgera

a vertical sectional view showi ng the essential part o r of

t he, secondefsting asperativadisatforhed fEGaNEnerBAd b4 f r he
first enbodinent in the foﬁTF’OWi f\g poi nts. Inn F?lgié}%%ggiﬁ% l}g%%éeyﬁgg}the

gl ass- { ubeonbabEbis irefrigeeainethobitrPRPREAELWRSI! LEWhe A SANIVEN AgaGYARET al Of

10 therebetween. To be nore specific, first glass-tu

di sposed ateamspbat hlsdrahGwesrodahRyY aBaE&ationd it hand, ~ second
gl ass-tube heater 25b is disposed at a p%ésli tlioon uF1ei0'g)hlte@rERitLﬁigt;;lei)g\’i\-’iaporator 10

and close to accunul ator 18. Hereinafter will be described the workings of
a refrigerator having the structure above. As is the description in the

first enbSHCEND EXEMEPOARE EMBODEENEr ant  liquid in evaporator 10

flows down, by its own weight, to |owernost pipe 21.that collects higher
amount s of theme! 51 GernNertiban siltialpyRRE SHBvANEPRIA Lokl pAl 8 LN
us e

heat generated from gl ass-tube heater 25a heats u e Co

refri ger ardfrigetdteetofdhé Beddil &:@MeS1HPS brdboRfmangd its vicinity. Wth the
application of heat, the conbustible refrigerant is changed into hot gas,

moving up tovilihd shwnd pesbstinpaseditidts! honiphes S86tbARAMAKARYT hor 10

The hot gas of the refrigerant carried fromthe | ower sectron 1S no
cool ed anfpllegang pobmisged into a liquid by the pipes and radiation fins of
t he evaporator. For changing
In Fig. 5, a plurality of glass-tube heaters is located in opposed positions,
sandwiching evaporator 10 therebetween. To be more specific, first glass-tube
heater 25a is disposed at a position lower than evaporator 10; on the other hand,
second glass-tube heater 25b is disposed at a position higher than evaporator 10
and close to accumulator 18.
Hereinafter will be described the workings of a refrigerator having the
structuré above. |
As is the description in the first embodiment, the combustible refrigerant
liquid in evaporator 10 flows down, by its own weight, to lowermost pipe 21 that
collects higher amounts of the refrigerant than other pipes in evaporator 10.
After that, heat generated from glass-tube heater 25a heats up the combustible
Irefrigerant collected in the lowermost pipe and its vicinity. With the
appiication of heat, the combustible refrigerant is changed into hot gas, moving
up toward the pipes disposed in the upper section of evaporator 10. The hot gas
of the refrigerant carried from the lower section is now cooled and again changed

into a liquid by the pipes and radiation fins of the evaporator. For changing
into liquid, the hot gas radiates the heat toward frost deposited on the upper



into liquid, the hot gas radiates. the heat toward frost_deposﬂegﬁMAR‘nQUUll'
upper --5 MAR 2004 11 section of evaporator 10. The refrigerant Iiquid

flows down to |owernost pipe 21. In thild way, repeating the

t her no- si phoned cycle thus carries out defrosting of the evaporator. :Jue

to structural difference in evaporator 10, an amount of the conbustible

ref ri ger artection of@tvapemter aocumﬂeqteﬁigé&ﬂt%qﬁawﬁagvgﬁg&go%%%ﬁ&egd

position where the refrigerant tends to stay-on w

area. In t3lk sinuchisr evef fd@amoﬂhémfﬂemmlg‘ﬁ)‘h%hedh@ﬁ%lﬁgt cgk%%oze‘f .

above evaporator 10 can heat up the stay-on position, reby s

rasdiric ' ' my renove frost
the def r alstfrastinigi ofethe leRapbifomay , the structure can unifor €1
fromthe evaporator and |pt s surroundi ngs, thereby enhancing the efficiency

f defrosting Iawme tohesteiqueale!diffbitaichNeh ' &oditator 195t an FULIIGEMD
gefrgsti ng cgrrpl etes in a shortened operation-tine of ft“ﬁe %‘Télsg-?{]&gle

wroontbustibls irbftiRyah® niay BOVREa UL UBREPRE 138 15 b6 &L LI gpr ator

gfaz ﬁre’ second uesrrbodi ment , ags deys?ri be% above, tﬁe_ gl ass;% Sérgoete%zlpﬁrgf?ﬁ\e/re
osi rBpdhos pobitionvivheid 6he YERMAAAE teiltfio biys PR e &3 ety

?2 gﬁgposrgf undg? t he evaporator.@rhe aerrangerregguo he %eaot efi% gﬁ?tleaws

' i i he bat t,om
the evaporatar hothesttachoerifthbeaiinsiifnt! hoMidentafand s bathon,

Besi des, the structure having plural heaters ws an ‘1 ndi

. . i ¢
to have srmhporteted i T osal Ussatt Ger ¢hy gﬁ§m1{1 diGon SYREASS LRORSLALULE O
t he heater bgl ow the ignition tgrrperat ure o1gpt E% COIT%USS'I _bﬁe gglfnr‘i ngf)ﬁtnltn
The uni f odefmetingsirhag Bnbkigeesy, the safulcheieeRGyy orngﬁrflre%&}egﬂostoéﬁor}:e&bg q 9
to energy conservation. Furthernore, the accumul ator); Ich isTo

. - Wi . i frost. In
o, et st v i 4
combust i bedrtbkréfyes eliihating eadidanfrobt. " F@MBBribrd, HRAYSELEShin Sk tes in
a shortened operation-time of the glass-tube heater, which contributes to a
power saving.
According to the refrigerator of the second embodiment, as described
above, the glass-tube heaters have an opposing location via the evaporator; one
is disposed above, the other is disposed ﬁnder the evaporator. The
arrangement of the 'heéters allows the evaporator to be uniformly heated up
from the top and the bottom. Besides, the structure having plural heaters
allows an individual heater to have small beating value, thereby keeping the
surface temperature of the heater below the ignition temperature of the
combustibler refrigerant. The uniform defrosting enhances the efficiency of
defrosting, contributing to energy conservation. Furthermors, the accumulator,
which is located above the evaporator, can be properly defrosted without
residual frost. In this way, the refrigerator of the embodiment not only can
prevent a combustible .reﬁ'igerant from catching fire even if the defrosting

operation is performed In an environment where leakage of the combustible

refrigerant occurs at somewhere in the area having the defrosting means, but



operation is perfornmed in an environnent where | eakage of the con'bESMA%ZUD‘I'
refrigerant occurs at sonewhere in the area having the defrosting neans,

but -5 MAR 2004 12 also can inprove a pbbr refrigeration due to resi dual
frost. ‘A slowdefrosting area may vary according to the structure of an
evaporator. In this case, the second gl ass-tube heater can be di sposed

close to aldtecai Bapmiver£pddraetriP&ationt due Em%sgitﬂﬁ% be heaters can be
pl aced in an opposite arrangenent in a w dthw se d| rectlon of the

evaporator; on@ ls%wJaeﬁfoQﬁthEre@rkﬂairheaﬂ} %Eofcﬁ.ggt eat e 8 {_)ua e of

evaporator. The arrangement can protect dlass-t againsf

direct dr iepRbAtig WInOfhidTBAddhE daind I&@b 4 BY r1ds89%, 16
can be rem)\ged fromthe structure. RD E%%@Ii@%g%%% OtS IOfS a
vertical 3$hebir@ndlheyd BWsBhOMEiNRg t he essentla part of a refrigerator
the third exenpl ar;? enbgdPrrent The structure of the third enbodi ment

i nein B, e ki MR B be ISR M B ke b e or
10; on thadghRRe HAionSTIRBLVE @Feﬁ;o%% 1|§€iﬁ @@3 ahﬁltﬂgscﬁggr 1 Erg%rxlt he

i ntermedi ate position in evaporator Her el na er’w

wor ki ngs  of the b9hhdiaesat ThvhAgebRt c2h 338%\4,% glzfééoc@g Hehths §5£"r%f [9sting

operation, an electric current isS fed t as we

heater 26girdbakipd %aswhc%ﬁtm@rtemf%@tﬁnét?e@agwa&il%pa*?r%gﬂstpgfro%ﬁé%é{}'ranCE

current di rectly S up, as radiant vapor at or
of the gl ags:em&}gdljﬁgﬁehegﬁqmwer_m up the anmbient air to go upward, as an

upwar d- novi ng stream al ong evaporator, 10. The upward-noving hot air
THIRD EXEMPLARY EMBODIMENT

Fig. 6 is a vertical sectional view showing the essential part of a
refrigerator of the third exemplary embodiment.

The structure of the third embodiment differs from those of the
aforementioned embodiments in the following point.

In Fig. 6, first glass-tube heater 26a is disposed below evaporator 10; on
the other hand, second glass-tube heater 26b is disposed ai: an intermediate
posttion in evaporator 10.

Hereinafter will be described the workings of a refrigerator having the
structure above.

In the defrosting operation, an electric current is fed through heater 261),
as well as heater 26a. Most of the heat from heater 26a by the passage of

 electric current directly heats up, as radiant heat, evaporator 10. The hot
surface of the glass-tube heater 26a warms up the ambient air to go upward, as
an upward-moving stream, along evaporator 10. The upward-moving hot air
warms up frosted evaporator 10 from the bottom toward the upper sections. At

the same time, heat radiated from heater 26b disposed within evaporator 10



warns up frosted evaporator 10 fromthe bottomtoward the upper“EeMARnE[]ﬂ!,
At the sanme tine, heat radiated from heater 26b di sposed within evaporator
10 -5 MAR 20n4 13 heats up a |l owtenperdBure area in the nid toward the
upper sections. O radiant heat from heater 26a di sposed bel ow evaporat or
10, upwardly radiated heat directly warns up evaporator 10; while

downwar dl yhesds upteeldwheahperaaed ased RELRVARP LAY 2Fd LigRs of f dripping
pan 13. On the other hand, heater 26b, since it Jlﬁzeflgé:éalféeégt@ﬁssl de :

evapor at or 10,0f eadidit @ehit ¥rdie dHeadidr 26Y %E’é?o@é&'bel&v ie@aﬁ@ﬂ’ﬁé?ﬂlﬁ&%@%@‘&? d

(or frontward and backward) directions. he arrangenent can

i de t hmdeaddieat dircei i i | | owiing th
provi de t fdicat Qiredily Rvarmh @ap Gvapsrathd lﬁ%g}gg%fggv%%%déﬂ%r@ﬁé%ﬂglﬂ%t €

surface tenperature of the glass-tube heaters I on

t enper at urreacliest tie. eI R4 Sefl&itionISH Qﬁ‘ippihgtglﬁ%} 23. ; tﬁ@gt}{e?f%iggcﬂ ator

of the enbodi ment not only can prevent a corbust efrigeran
cat chi ng fheagere\P6b, idinédet dsf Idéﬁﬁédngnﬁﬂg_ré"}dp%?affosr. RB' fc%ﬁ”ﬁﬂeh@géah%tat up
s a

envi ronment where | eakage of the conbustiblé refrigéerant occu

somewher e evapotdier 20 @R dpairdhrid& ' , n.Lprove a
p up v@ﬁs‘vﬁ?&tdr"]%) %M&%\?

poor refrigeration due to residual frost. Fi g.

7 is a verTheatrapgeinconalf thieeMeABANCAE Jrb6i Nty t i
refrigerator of the fourth exenplary er?%odid%{??r%ft%.Ie eorgﬁruvgﬁ%r%rgpdtﬁgd

fourth enmtodforendeflodties, salldvemst fips {.&ﬂs | spodiments in
the fol |l owi ng poi?\ts. ]ig% Fig. 7, fiﬁlg&(:gelttaé?g%ﬂage eg]tt'ﬂeefg%g%l[@e g‘fe 08ed

bel ow evaporatpheld the igiitRnotdiepe aan 0%%&5%%83&%&%.er1n2&?}6i S

di sposed either in front of or behind of evaporator aporator

i ndent 28 vedy, ahpawefrigérathe of iths dboBhaGR HERLATy 4R Ldgs n{ﬁfs he2/@

di sposed ' bel ow evaporator 10 has a capacity Iyar gerprt@ﬁ%'rl\éjtgh%) 0 tt%é%t er:

27b t hat wefrigecabeftohi ghtehiddare baat Bthe B@frosting operation is performed in an
environment where leakage of the combustible refrigerant occurs at somewhere

in the area having the defrosting means, but also can improve a poor

refrigeration due to residual frost.

FOURTH EXEMPLARY EMBODIMENT

Fig. 7 is a vertical sectional view showing the essential paﬂ: of a
refrigerator of the fourth exemplary embodiment.

The structure of the fourth embodimeni; differs from those of the
aforementioned embodiments in thé following points.

In Fig. 7, first glass-tube heater 27a is disposed below evap_orator.lo; on
the other hand, second glass-tube heater 27b is disposed either in front of or
behind of evaporator 10. Evaporator 10 haé indent 28 at a part of the fins to
place heater 27b. Besides, heater 27a disposed below evaporator 10 has a
capacity larger than that of heater 27b that is located higher than heater 27a.

Hereinafter will be described the workings of a reﬂ:igeratdr having the

structure above.



Hereinafter will be described the workings of a refri gerator hav-r-!&;MAR 20[]4
structure above. -5 MAR 2004 14 The defrosting operation begi ns with the
application of an electric current to hkhters 27a and 27b. Heater 27a,

which is disposed bel ow evaporator 10, defrosts the evaporator upwardly
fromthe bottom On the other hand, heater 27b disposed at the front (or

the behind) of Theadufr@stare dﬁérﬂﬁbﬂbegﬂns&vitﬁ‘@heta?gﬁ%%ﬁ%# Eg?,g:'eﬁ%tfic E,Tﬁ',&é% e;'in

having a slowrise in tenperature despite of t phon e

evapor at orto Heatemngl7 e fahdc2 Tiy.el Nedtetovas viieh fis Qﬁépés%ﬂ%el&v@eqvﬁﬁ&ﬁ%? lgj
evaporator 10. In addition, by virtue of having a capacity larger than

heat er 27ldeflost e @vaparatbrhispaldly feh LRS hotide P O(t)ﬁg:ﬁ}a cel{tlrlgfs' ﬁglglg aﬁégtg% gy _

having a | arge anount of frost, thereby enhancing t el

That is, 20bedigpbsdd abdheni-ber Brdffd BEhiHAY FFORAHORRIESH WYL Sovw-
e e t1on

tenperature of glass-tube heaters 27a and 27b ow t 1 'gni

t enper at utempérdtee eAbUSKA k& h&led8 MW -ridtSi tdifisMldburd 8. if! bk gEL At or
r ePr % ?‘n

of the enbodi nent not only can prevent a conbusti rigeran

cat chi ng theene¥ihdd b ind&faﬁgﬁtbﬂ A OP At éi?ébtiv%hpf-‘é&@{réﬁhé ﬂ'ogtn{from

envi ronment where | eakage of t “conbustible refrigerant occurs a

somewher e the sttfacabpaviporabs: 101° MefddisbhNhy (RABSE HlinRh S9,£41, I1BLOVe @

poor refrigeration due to residual frost. I'ndent or e

the fins ehawleposaloh, Roxee 575 & BRARRYY dDEBLCELLRObRAN bourl Byl ter

in the front of or behind the evaporator.” The arrangenen

wast e spabavirgus dsrddyaimbahabf FRg:, RBaidy dfthndifs HEHERBS: ofFde 30" aPgeent -
 the fr t the

regardl ess of whether heater 27b is disposed a ont, of

behi nd of ig, tthe eyaplratdunifols &fEaetiayead @up?fé%rseﬁfei Mg&&a{e%yp%?#e[ pna

drip of nelted frost. Accordingly, the structure can do away W th 1
to additi glmb-tiubst hehteent 204 bhe 2UBT beldd CtheCABnRRA teldrhfilret Bf UK

course when fan 11 is in operation.
combustible refrigerant. As a result, the refrigerator of the embodiment not
only can prevent é combustible refrigerant from catching fire even if the
defrosting operation is performed in an environment where leakage of the
combustible refrigerant occurs at somewhere in the area having the defrosting
means, but also can improve a poor refrigeration due to residual frost.

Indent 28 is formed at a part of the fins of evaporator 10 so as to accept
heater 27b that is placed either in the front of or behind the evaporétor. The
arrangement can minimize waste space caused by installing heater 27b.

In addition, the arrangement — regardless of whether heater 27b is
disposed at the front, or at the behind of the evaporator — is effective in
i)rotecting heatef 27b from a drip of melted frost. Accordingly, the structure
can do away with the need to additional installment of the roof, which can.be a

barrier to air course when fan 11 is in operation.

FIFTH EXEMPLARY EMBODIMENT

Fig. 8 is a vertical sectional view showing the essential part of a



FI FTH EXEMPLARY EMBODI MENT Fig. 8 is a vertical sectional view shBu\AR: PB04
essential part of a -5 MAR 2004 15 refrigerator of the fifth exenplary
enmbodi nrent. The structure of the fifth odinment differs fromthose of the
af orenenti oned enbodi nents in the following points. In Fig. 8, tenperature
sensor 29 detects the surface tenperature of glass- tube heater 19.

Cont r ol | eref8iyerstorefpha fifth exdmopladNeModighto! | i ng the application of
voltage to heater 19. Heater 19 has heating wire 31 therein. Herei nafter

will be descri'hd tsheictordi sfoshef fikkH edmbo@mad d*i'ﬁ’é’ﬂs”%érge tﬁééer
above. In defrosting operation, an electric current is f roug heatlng

wire 31 afmhmheionb&elﬂ‘@@lﬁﬂynltﬁmﬂ@éfﬂﬂlo%hﬂ? GopgRsor 29 detects the surface
tenperature of the glass tube, and controller 30 perfornms OV OFF control

of the appli caln dig. S)fteﬂiﬂei*éﬁﬁets@n&ﬂaﬁgﬂeﬂe%ts Eﬁkﬁétﬁ?ﬁcekﬂéﬁﬂieg}gtl#é%gmgsace

tenperature of heater 19 below the ignition tenperature ustibl e

refri ger ahibe HeateefIost CBAtrollsy tSD’Ss pfés&@h@ﬁﬂ’e Vit 'UNWBFFb k &Qﬁf }tle has

control. ‘R600a (isobutane), which is a nown conbus r| géra

an 1gnit appkermar of wiladdf toifhey 19 HRABLON Rs HBORA. (ke %*ﬂ%h&%ﬁﬁ' gerant,

the surface tenperature of heater 19 is kept below the ignition

tenperature, fHeredaffirewiltbe deseFibb@WRE WHILifS Uf %efb%utgh?atﬁplﬂ hﬁ%&ﬁ the

heater in defrosting. In this way, the refrigefator o e enbo can
prevent asieoshiustddHave, refrigerant fromcatching fire even if the
defrosting operation is perforned in an environnment where | eakage of the

conbusti bl e r el dgfbatihg @peHtford lanSABEMIEO B re A islNE tBF AR HAVANG: 1k 31
defrosting nmeans. For exanple, the risk of catching fire can avoi ded

ﬁven i n thehestee 19t itbanwldes ité@gdetittite COhEATD AsteaRRhE 8t Qe tt@:ﬁpe%t -tube
eater for sonme reasons, or that unnecessary defrosting is carr ou
of the glass tube, and controller 30 performs ON/OFF control of the application
of voltagé to heater 19, thereby keeping the surface temperature of heater 19
below the ignition temperature of the combustible refrigerant. The defrosting
is thus performed with reliable thermal control. R600a (isobutane), which is a
known combustible refrigerant, has an ignition temperature of 460 °C. In
employing R600a for the refrigerant, the surface temperature of heater 19 is
kept below the ignition temperature, for example, 450 °C or lower while current
is applied to the heater in defrosting.

In this way, the refrigerator of the erﬁbodiment can prevent a combustible
refrigerant from catching fire even if the defrosting operation is performed in an
environment where leakage of the combustible refrigérant occurs at somewhere
in the area having the defrosting means. For example, the risk of catching fire
can be avoided even in the cases that undesired high voltage is applied to the

glass-tube heater for some reasons, or that unnecessary defrosting is carried out

because the completion of defrosting is not properly detected for some reasons.



because the conpl etion of defrosting is not properly detected fomBSddAR 2004
reasons. -5 MAR 2004 16 SI XTH EXEMPLARY EMBCDI MENT Fig. 9 is a vertlcfal
sectional view showing the essential pabft of ~a refrigerator of the sixth
exenpl ary embodi nent: The structure of the sixth embodinment differs from
those of the aforenentioned enbodinents in the follow ng points. In Fig.

9, tenper3lXFTH EKEMPLARVEMBODIMENTU' f ace tenperature of glass- tube
heater 19. Controller 32 increases or decreases the application of voltage

to heater 19. Frat®rislg bagida®addcb@ni Hewl sl B@[ﬁghe"'%s%iﬂf’afltﬁé%%f |, be

described the workings of a refrigerator having structure above.  In

def r ost i n@feperatbl 6Nthedixeh BEdmbRarg Wnisiindentf €d through heating wire 31
i n heater fg@ meanwhi | e, tenperg%élf?e- sensor 29 detects the surface

tenperature Jfhéhergbiags bELGe %ﬁthc@ﬁﬁwihgnégy' ey %aﬁﬁstﬂésed%?r%ses

the application of voltage to heater 19, t eeping the surface

t enper at uiferéhehtiohed egl%odgﬁéﬂﬁgﬁl%eifgmﬁv'l?@ngﬁﬁ@erat ure of the conbustible

refrigerant. The defrosting is thus perfo with reliable thermal

control . RGOOaIdFﬁgobytéﬂﬁérat&%E géh%omd&a&mhsggg%ggtg%@egg&%f‘gl;’ag%., has

an ignition tenperature of 46 . I'n enploying ere rant,

vol tage timbecheuipt 190 ContldBlel 8aliBkrdates BE AREFda¥es P LOLLER SO of Dalad e
el ow e1g

surface tenperature of heater 19 1s kept t ron tenperature,

for exantocheatbP 15 OHehfMETo MM heaGHE WAL 31 $haRphi ed  to the heater in
def r ost rﬁt}) eIn this vvgy, t he refr?ge?ator of té%g enbodi mnent can prevent a

conbusti bl e rHEbfdisefaPwillrHeatHENehd wo%kﬁa’g%noﬂ'hé rbﬁ%n%&%ftélgf%%glgfthe

operation is perforned in an environnent where t e conbusti rigerant
| eaks at stpni@whetbBovs) t he area having the defrosting neans. For exanpl e,
the risk of catching fire can be :

In defrosting operation, an electric current is fed through heating wire 31
in heater 19; meanwhile, temperature sensor 29 detects the surface temperature
of the glass tube, and controller 32 increases or decreases the application of
voltage to heater 19, thereby keeping the surface temperature of heater 19
below the ignition temperature of the combustible refrigerant. The defrosting
is thus performed with reliable thermal control. R600a (isobutane), which is a
known combustible refrigerant, has an ignition temperature of 460 °C. In
employing R600a for the refrigerant, voltage to be applied to the heater is
properly controlled so that the surface tempefature of heater 19 is képt_below
the ignition temperature, for example, 450 °C or lower while current is app}ied
to the heater in defrosting. | |

In this way, the refrigerator of the embodiment can prevent a combustible
refrigerant from catching fire even if the defrosting operation is performed in an
environment where the combustible refrigerant leaks at somewh_e_arp in the area
having the defrosting means. For example, the risk of catching fire can be
avoided even in the cases that undesired high voltage is applied to the glags- -

tube heater for some reasons, or that unnecessary defrosting is carried out



avoi ded even in the cases that undesired high voltage is appli ed—ﬁnMAR 20[]4
gl ass- tube heater for sone reasons, or_that unnecessary defrosting is
carried out - 5 MAR 2004 17 because thelTonpl etion of defrosting is not
properly detected for some reasons. Furthernore, the high/low control of
the application of voltage can minimze variations in tenperature of the
heating wheeaushiliosaplepbaldf defiddeinBaatidibropbily detOmB:a 1 Ealic reasons,
accordingly, protecting the conbustible refrigerant from electric spark
caused by Flureladsinigre thaviti M&E\éﬁmﬁl@f%%ﬁﬁkﬁ%o% M?Mg& ;pgn difhibz&
vertical sectional view show ng the essential part of a ec’lt(r)tl:hgera.o_r of
the sevenvhriefionBlinl ten@fiiaMnEESt thd hehtife wite WATEH 36535k ctOhCAM R BS
outer case 102, inner case 103, and rilglgd pol yur et hangﬁl%o%m madg heat -

[ I N§yi ' . t 0] |.nner _case
10" o 11 ey e eh ek, RRiaRans, RRACHERD i SmBRSsLE Bt fhpt oot

105 and f eRe#gs Sﬁ@@@gﬁg@g%&ggkﬁ{geof@ﬁgar ated by partition wall 107.
Evaporator 108 is disposed at the rear of freezer conpartnment 106.

Pol ystyl ene foam 109 is disposed at the front of evaporator 108 so as to
provi de el ectrical insulation between freezer conpartnment 106 and the.

chanber aSEVENIH EXEMPIREAEMBUISINEXNEI 0. On the outside of polystylene
foam 109, nol ded-resin decorative lamnate 110 is disposed. Cold-air

outlet 111 is Figeynalsl ¥ &R Wctibnsle Rk B MRSl oS dral !

a
inlet 112 is fornmed between the bottom edge o nat e I~ case

103. Col dréfirigeittor 08 théBevEtR oxdhdlhsy dh k6 t2 section of decorative
| am nat e r110g.e Fan m)tor3113 ggeé\igp olért co?lguﬁgf'nr, whi ch has been cooled in

evaporator  108a Fifitl®, k6RREe4tor 4D 1806 tRtRYutShAREGD *ﬂxgd/é' sdhpheLEd!

tenperatures (not shown). Dripping pan 114 is dispoSed under "evapor at or
108. The uigikpolyurethane foam-made heat msulating material 104. The space

between outer case 103 and inner case 102 is filled out with insulating material
_104. Cold-storage compartment 105 and freezer compartment 106 are
separated by partition wall 107. Evaporator 108 is disposed at the rear of
freezer compartment 106. Polystylene foam 109 is disposed at the front of
evaporator 108 so as to provide electrical insulation between freezer
compartmeni: 106 and the chamber accommodating evaporator 108 therein.
On the outside of polystylene foam 109, molded-resin decorative laminate 110 is
disposed. Cold-air outlet 1_11 is integrally formed with decorative laminate 110.
Cold-air inlet 112 is formed between the bottom edge of laminate 110 and inner
case 103.

Cold-air mixing fan motor 113 is fixed at a section of decorative laminate
110. Fan motor 113 spews out cold air, which has been cooled in evaporator
108, into freezer 106 and other chambers having different temperatures (not
shown). Dripping pan 114 is disposed under evaporator 108. The upper
opening of pan 114 is formed slightly larger fhan the bottom shape of evaporator

108. Glass-tube heater 115 is fixed between evaporator 108 and dripping pan



opening of pan 114 is formed slightly larger than the bottom sha.p MR zgg!,
evaporator 108. d ass-tube heater 115 is fixed between evaporator

dri pping pan = 5 MAR 2004 18 114. Evapol&tlon_ pipe 116 and fin 117 are
secured by press fitting, caulking, or the |ike. Evaporation basin 119 is

| ocat ed under dripping pan 114 so as to collect water dripped in receiver

114. Radi a140n Fiaperaedch pifi Cile 45d fhsPesgad ée@%ﬁegfﬁg P}és% SRR P%lg hg’ﬁ’m\,\;ﬂ

collected in basin 119 and evaporates it. ructure, :
of heater thaFksmi ntains at-all-tinmes contact wt h an edge of fin 117. Fin
117 is formed of vertically arranged continuous fin. In addition, N -Cr

T enor S 0Y BlaBla il AR PAARIECMER Srldk ABGRLEE b1 B S 030 hg%toye"

be described the workings of a re era

Cold air GPfleedripheBARBEGLSY 1148 'E%cﬁﬁfi}%ﬁgn é’iz@war}fc?l lgé%l?}c’s&%ﬁ‘bb??‘ﬁ?ent

cold-air outlet 1. After used for C ange’ [

106, the 1aior heRRS fﬁ@ﬁﬁfbl%hgc 'drm'HHSE% li%%nﬁae%pm aitpﬁ‘ﬁht 108.

Repeat i ng the air circulation ove Ccoo reezer co fo6 at a

predet er msBﬁfEtu}eeﬁIH@Bﬁiéfrvga &H@é&gﬁggmer ?ﬁf At-%ﬁ wgsog%l {EYX t&aafor at O_r

108 i s distributed ¥|a 0 o anggg
Wher by eacg® SRIANAT] TR 11TRETREAS PV AR AR LIRS Y 1R
evapor at Oadiiod NECRMA eaiplteEad, dej\%:HaGﬁ doldithor wiih R BB fLI1 B2 at 0”

cycle, an electric current Is p r|o

def 1050 t N A 1ENecbbe 306, y51Rks BEOCKAR BV 0. byl ] oo of

frost. Evaporation basin 119 collects the wal €t 1tom o t .
dri plng Révuchirh abeded then radiation pipe eats up e water
evagorate. Aé;cor'dzi1 ng to the refrigerator of the seventh exenpl ary

enbodi ment, t h€old air cooled in evaporator 108 is spewed out by fan motor 113 from

cold-air outlet 111. After used for heat exchange in freezer compartment 106,
the air goes through cold-air inlet 112 back to evaporator 108. Repeating the
air circulation above cools freezer compartment 106 at a predetermined
temperature. A portion of the cold air cooled in evaporator 108 is .distributed,
via a duct and dampér (not shown), to cold-storage compartment 105 and other
chambers having different temperature ranges, whereby each chamber is kept
properly cool.

With the passage of time, evaporator 108 is gradually covered with frost.
In the refrigeration cycle, an electric current is periodically applied to heater 115
to defrost so that the flow of the cold air is not blocked by the build-up of frost.
Evaporation basin 119 collects the water from melted-frost via dripping pan 114,
and then radiation pipe 120 heats up the water to evaporate.

According to the refrigerator of the seventh exemplary embodiment, the
refrigeration cycle has successive connections of the following elemenis: a
compressor, a condenser, a pressure reduction mechanism, and an evaporator.

The refrigeration cycle contains a combustible refrigerant to circulate



refrigeration cycle has successive connections of the follow ng "éﬁeMARsZOﬁ‘f
conpressor, a condenser, a pressure redﬂg)tion mechani sm and an .evapor at or.
The refrigeration cycle contains a conbustible refrigerant to circulate -5
MAR 2004 19 therethrough. The structure in which heater 115 contacts with
an end of fhl n 108 can defrost the evaporator by heat transferred from
heat er 115hezethgepgbasThy styuainemin which heatar { he cometaces witthen ebd of finr ovi ng
the defrost efficiency. At the sane tine, radiation effect resulted from
heat - t r anskQ canpdeirastithe avappratondy heat transfareed froa heeataf11d, aswell ubdy
heater 115 cool, with the anount of heat radiated fromheater 115

mai nt ai nedadiamnisheat ow thiecheniet, sberdbgripeyravimgethef defiettoficidddy, t At keep

bel ow an ignition tenperature (e.g. isobutane has an ignition tenperature
of 460 C) ssimeticembrasiatbineffedtriegaitad fronTheattiamafert toeiis 108 keusethehas no
danger of catching fire in the event that a conbustible refrigerant |eaks
at sonewhdiafaee tempearetwiegdrglass-tulelséates 115 covl Idfhdilennaednt of lRa@por at or
108 is formed of vertically arranged continuous fin; the structure
enhances rradiateddnomslieader 115 maiathihedm Thiodlldwatlss eirface fonpekifre of

I ncreasing the efficiency of defrosting. Furthernore, the structure can

| ower the tnd b tekpep gelwmeanﬁglhﬁéh)mdlenﬂﬁwatuaﬂet(h.gt isvbav®ud has b ididéibn
radi ated fromthe heater maintained. Thereby, the surface tenperature of
t he heat ertemperbtuieeft460c1(Owftaheomlgmitible meframantit Uleerefors, Eiyedmsdtid e
refrigerant. In addition, N-C wre is enployed for the resistance wire
for heat erhasigp dangeneef datching firsendhetevenhéiatti ngombuetiblle tefMedranpRadiur es,
the Ni-Cr resistance wre has no brittle fracture that woul d be observed
in a Fe- Catrsomesyhenednibegefiigerappr. ox. 470 C, thereby protecting the
heating wire froma break. EIGHTH EXEMPLARY EMBCDI MENT Fig. 11 is a
vertical secti drsides, éin Bhodispgsedin exsgeomaion1084s fomhediof vertically

arranged continuous fin; the structure enhances radiation effect resulted from
heat-transfer to fin 117, increasing the efficiency of defrosting. Furthérmore,
the structure can lower the surface temperature of heater 115, with the amount
of heat radiated from the heater maintained. Thereby, the surface temperature
of the heater can be kept below the ignition temperature of a combustible
refrigerant.

In addition, Ni-Cr wire is employed for the resistance wire for heater 115.
Even in the use of the heating wire at low temperatures, the Ni-Cr resistance
wire has no brittle fracture that would be ohserved in a Fe-Cr resistance wire at

approx. 470 °C, thereby protecting the heating wire from a break.

EIGHTH EXEMPLARY EMBODIMENT

Fig. 11 is a vertical sectional view showing the essential part of a
refrigerator of the eighth exemplary embodiment. )

The structure of the eighth embodiment differs from that of the seventh

embodiment in the following points.



refrigerator of the eighth exenplary enbodiment. The structure NStMﬁR 2[]04
ei ght h enbodi nent differs fromthat of the seventh enbodinent in the
fol I owi ng points. -5 MAR 2004 20 In addi®ion to the structure of the
sevent h enbodi nent, each of a plurality of fins 121 of the structure in

t he ei ghth enbodi nent has half round indent 122 conformng to the outer

wal | of gl ass- Iwbgidigisheto kha. s@Hical@Wss ithe Eé&ntﬁlenﬁ%m&ﬁﬂpuéacflﬂ Re 421
'l of e 15.

make contact, at indent 122, with the outer wa ater 1

Her ei naf t gluility oPEREBET bPelk bhechekin gt Sfhth &hbd ARl asgﬁ'%lf-?@uﬂ@e

structure above. In addition to the structure of the sevent odi nent ,

the strucindéntof22 Eé}?foﬁhﬂtgit :Bo b RdidERLI 148k Sihe Rehtd) étaéé%%ﬁﬁgfea

contact with the outer wa of heater 115, can I ncrease t

bet ween t g 1110 WihthltdulAiera) nBkEbALN fybinﬂaﬂm'g,ﬂaiﬂa%egﬁé@ér%gﬂ%_ of

heat transfer. The inproved efficiency rther accelerates rosti
Wth the agrit11gf heat radiated -fromheater 115 maintained, the surface
tenmperature of the heater can be kept sufficiently lower than the ignition

teper at ur e of HRxEREAR L Bol@EHBE b w MATEL EXEVELARY, ENBROLNENT, i 0.

12 is a view, partially in perspective, rigere _ _ _
exenpl ary sgadie®dve, Fig. 13 is a front view, . looking in the direction
of arrow B of Fig. 12. Fig. 14 is a view, partially in perspective, of

anot her  evapol it PtRS sttudhsre ' seRbnth eBiBdddfledl OfheOdtr il Ot h
00K

exenplary enbodinment. Fig. 15 i1s a front view, ng 1n the direction of

arrow C oth&bfhth4mBdlifedt, iPwhfACohdh Rdbas 1@2%&%@:%%@@&%%% ditet he

bottomend of “the fin. Bend 124 makes contact wth the outer wall 0 ‘

gl ass-t ubq;NesftiRIatdd P15, Fhf ihéRase the contact area between the fin and the heater,
accordingly, enhancing the efficiency of heat transfer. The improved efficiency
further accelerates défrosting. With the amount of heat radiated from heater

115 maintained, the surface temperature of the heater can be kept sufficiently

lower than the ignition temperature of a combustible refrigerant.

- NINTH EXEMPLARY EMBODIMENT
Fig. 12 is a view, partially in perspective, of a refrigerator of the ninth
exemplary embodiment. Fig. 13 is a front view,. looking in the direction of
arrow B of Fig. 12. Fig. 14 is a view, partially in perspective, of another
evaporator and glass-tube heater of a refrigerator of the ninth exemplary
embodiment. Fig. 15 is a front view, looking in the direction of arrow C of Fig.
14.
In Fig. 12, each fin 123 has L-shape bend 124 at the bottom end of the fin.
'Bend 124 makes contact with the outer wall of glass-tube heater 115, Fin 123
is arranged, as shown in Fig. 13, so as to have interval 125 between the edge of
bend 124 and adjacent fin. The fin also can have a structure as that shown in

Fig. 14 —each fin 126 has half-round indent 127 at an end so as to conform to the



is arranged, as shown in Fig. 13, so as to have interval 125 be;ﬁeMﬁRhggglr
edge of bend 124 and adjacent fin. The fin also can have a structure as
that shown in Fig. 14 -- each fin 126 %hs hal f-round i ndent 127 at an end
so as to conformto the -5 MAR 2004 21 outer wall of glass-tube heater 115,
and the end having indent 127 further has L-shape bend 128." Now wi || be
descri bed otzb® walNkdMassNfy " abLag. ' ; S
Shown i1 Fige T3 gy g e el 900RAL B erothdE g3t YAF FEHRKE e
havi ng coflfgedpehddd 1Pe outer wall of heater 115. The structure allows
each fin 123 to couple to the outer wall of heater 115 through Iine I c
contact, enhaRgwei Lo t . ' | of, 12
formed between angvel%jlg% %s*‘r:%&ﬁ%'ﬂ%ﬁ arn ad?fta%:gén?fg%{%to?g%bgf t}}éd%ﬁ@r{%ﬁsfer
t he radi aghoieat from heater 115. On the other hand, Figs. 14 and 15 show
anot her structure in which an end of each fin 126 has half round i ndent
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further bent into an L shape: e structure eac
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Thereby, the surface tenperature of the heater cdan I'ne
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EMBODI MENT Fig. 16 i% a view, p%tlﬁaﬁl{/ %n er%gg%t?-ve,do@%%{g%@%ohreﬁtor
and a gl agsm e Bater of a refrigerator of a tenth exenplary enbodi ment.
Fig. 17 is a :

On the other hand, Figs..14 and 15 show another structure in which an
end of each fin 126 has half-round indent 127 so as to conform to the outer wall
of heater 115, and the end is further bent into an I, shape. The structure allows
each fin 126 to couple to the outer wall of heater 115 through area contact,

| further improving the efficiency of heat transfer.

The structure of the embodiment, as described above, can provide further
improved defrost efficiency. At the same time, the surface temperature of
heater 115 can be kept further lower, with the amount of heat radiated from the
heater ma_i.ntained. Thereby, the surface temperatﬁre of the -heater can be

retained below the ignition temperature of a combustible refrigerant.

TENTH EXEMPLARY EMBODIMENT

Fig. 16 is a View,. partially in perspective, of an evaporator and a glass-
tube heater of a refrigerator of a tenth exemplary embodiment. Fig. 17 is a
front view, looking in the direction of arrow D of Fig. 16.

In Figs. 16 and 17, both ends of glass-tube heater 115 are fixed by holder
129. Holder 129 is formed of partially notchéd vertical flange 131 of side plate



front view, looking in the direction of arrow D of Fig. 16. In Jﬁgmgmzqgg
17, both ends of glass-tube heater 115 are fixed by holder 129. Hol der

is formed of partially notched verticalzzlange 131 of side plate -- 5 MAR
2004 22 130 that is disposed on the side surface of the evaporator. Fixing
heater 115 to holder 129 provides contact between the outer wall of the

heat er and36dbht ésldmposdd 6n bhd dide Nafuceidfithbevapaerihedrikhes Motk 195 ¢9f 2
refrigerator having the structure above. Holder 129 is forned of partrally

not ched véplderal2d providesl@htadt b?eitdf@enlthb%utéﬁ%aﬂfﬁtthb%éiitéxpﬁﬁ&@aéﬁ‘eH%&’ si de
surface of the evaporator. Therefore, holder 129 can securely hold heater

115 wi t h onbfidaliger of falling down, when both ends of the heater are fixed
to the holder. That is, such a structure has no need for preparing

addi tional fixiNuw meltiberddsoribsd ehbneoriiiids, of Rl fufligh oA hh MOt striitaguct -

In addition, the consistent positional relation of the structure can

est abl i shahovel i abl e connection between heater 115 and fin 117, providing a
consi stent heat transfer. As a result, the defrosting effect is preferably

i ncreased. At thddaab2d id flemeting previallyagfckalvanangankbq 39’ Lﬁl&@e
effect. As aresult, the surface tenperature of heater 115 can <ept
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Thereby, the surface tenperature of the heater can be retal ned ow t he

i gni tion fBfpenabumelphohl heasbuss witiens GhhbersPRinELEVENTHe EXENPLARY
EVMBODI MENT Fig. 18 is a view, partially in perspective, of an evaporat or

and a gl asEthd hbetdreatdixedf toathedidliger Alait i8f sudiea eteicemid heX 85 R84 Yor
enbodinment. Fig. 19 is a front view, looking in the direction of arrow E

of Fig. 1lBredarifg gelditinalnfixiky rsdinbbel ipl Msembd@ wérk, Nsevidts LeUNEEDst

evaporat or 108 and
product. In addition, the consistent positional relation of the structure can
establish a reliable connection between heater 115 and fin 117, providing a
consistent heat transfer. As a result, the defroéting effect is preferably
increased. At the same time, the advantage can enhance the defrosting effect.
As a result, the surface temperature of heater 115 can be kept lower, with the
amount of heat radiated from the heater maintained. Thereby, the surface

temperature of the heater can be retained below the ignition temperature of a

combustible refrigerant.

ELEVENTH EXEMPLARY EMBODIMENT

Fig. 18 is a view, partially in perspective, of an evaporator and a glass-
tube heater of a refrigerator of the eleventh exemplary embodiment. Fig. 19is
a front view, looking in the direction of arrow E of Fig. 18.
In Figs. 18 and 19, shield plate 132 is inserted between evaporator 108 and
glass-tube heater 115. The top surface of shield plate 132 makes contact with
each bottom end 133 of fin 117. Both ends lé4 of shield plate 132 are integrally
fixed to side-end fin 185 by caulking or the like. |



gl ass-tube heater 115. The top surface of shield plate 132 mke&??ﬂ%@o
with each bottomend 133 of fin 117. Both ends 134 of shield pla re
integrally fixed to side-end fin 135 b?gﬁcaul king or the like. - 5 MAR 2004
23 Now wi | | be described the workings of a refrigerator having the
structure above. When an electric current is applied to heater 115, heat

from the heat eiNdve willdevinsedbéd thbivalrllinysaife dIrigedton bakitdehCapi@sirbon
between the top surface of shield plate 132 and each bottomend 133 of fin

117, the hbatefrom heater 115 can be radiated to fin 117. That is, the
surface tenperature of heater 115 can be kept |ower than the ignition

t enperat ure of Wheoahusédthic@uiaditiigepplitd tviHehter 165, HERY Hor@thd Bahtel igM t he
heater maintained. In addition, shield plate 132 receives a drip of nelted

frost froovevard wtdicliOfatd n82 ebThavaidtngcohrRtivsbdtivech 1B W) Blrfaeem t he
evaporator directly dowm to heater 15. This can elimnate the noise, such

as a sput beshicdplbite i 182pmatewdoboien ¢id P38 BO6n 11Tt 4 h¥at B¥APREALLT1HN hot
heater 115. TWELFTH EXEMPLARY EMBODI MENT Fig. 20 is a view, partially in

perspect i ven bef ratiatedapof@tior. amthad ig! ths surBRE tehGRr8Fwef ofthd:REF 1 UPERL O Of
a twelfth exenplary enbodinent. Fig. 21 is a front view, |ooking in the

di rect i onbefkeptriower thin fthe ig@Bion fermp@StuDofs Gobustid réPNErint) with has
L- shaped bend 138 at the bottom end. Bend 138 makes contact with the outer

wal | of gthssmishe dfdedetrfrddStheMeatthendbbsinedanth a@detiors itld platel 8321 S
formed shorter than long fin 136 in length, therefore the bott'omend of

the short rédetivéry dripoofanelied frost ok Beap@ater 108, lthbeebihvoidingde b¥BSR of
adj acent two long fins is determ ned |onger than interval "b" between | ong

fin 136 atle shuiet fifoid the Evaplonsitoi Qirebtly dR%a! tdRatdrel IVOrkiiB s nHlindinate
refrigerator having the structure
the noise, suchr as a sputter, which is produced when drippings instantly

evaporates on hot heater 115.

TWELFTH EXEMPLARY EMBODIMENT

Fig. 20 is a view, partially in perspective, of an evaporator and a glass-tube
heater of a refrigefator of a twelfth exemplary embodiment. Fig. 21 is a front
view, looking in the direction of arrow F of Fig. 20.

In Figs. 20 and 21, each long fin 186 has L-shaped bend 138 at the bottom
end. Bend 138 makes contact with the outer wall of glass-tube heater 115. On
the other hand, each short fin 137 is formed shorter than long fin 136 in length,
therefore the bottom end of the short fin have no contact with the heater.
Interval “a” between adjacent two long fins is determined Ionger than interval
“b” between long fin 136 and short fin 137.

Now W]]l be described the workings of a refrigerator having the structure
above.

Each long fin 136 has an L-shape bend at an end having contact with the
outer wall of heater 115. The structure allows each long fin 136 to couple to the



above. Each long fin 136 has an L-shape bend at an end having oefit MARW2004
the outer wall of heater 115. The structure allows each long fin 136 to
couple to the -5 MAR 2004 24 outer wal|24f heater 115 through |ine contact,
t hereby enhancing the efficiency of heat transfer fromheater 115 to | ong
fin 136. Long fin 136 and short fin 137 of the evaporator are arranged so

that the ioneerwall PBEWRSNIBHIAEEER 1B nbdbt! Hfre B RERa R QR RY ok, a0 98"
.e., 1 erVa a I'S onger é%l yn er val
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are int eg%@ﬁir%ﬂtiﬁ@ﬁb@ﬂex%ﬁ%faibﬁé%so as to be set in position. |In the

structure, outer tube 14 ter 139 is always maintained in contact
with each bottomend of fin. 117. Now will be described the workings of a
refrigerator having the structure

THIRTEENTH EXEMPLARY EMBODIMENT

Fig. 22 is a view, partially in perspective, of an evaporator and a glass-tube
héater of a refrigerator of a thirteenth exemplary embodiment. Mg 23 is a
front view, looking in the direction of arrow G of Fig. 22. Fig. 24 is a partially
enlarged sectional view of a glass-tube heater of the refrigerator shown in Fig.
22.

In Figs. 22 to 24, glass-tube heater 189 has a tube-in-tube structure
formed of inner tube 140 and outer tube 141. OQuter tube 141 accommodates
inner tube 140 therein, keeping a predetermined interval from the outer wall of
inner tube 140. Inner tube 140 contains resistance wire heater 143.therein.
Both ends of both tubes are integrally fixed by cap 142 so as to be set in position.
In the structure, outer tube 141 of heater 139 is always maintained in contact
with each bottom end of fin 117.

Now will be descﬁbed the workings of a refrigerator having the structure
above.

When an electric current is applied to heater 139, heat from resistance

wire heater 143 is radiated from the surface of outer fube 141 via inner tube 140.



above. Wen an electric current is applied to heater 139, heat -f-rﬁmMﬁR 3004 ,
resistance wre heater 143 is radiated fromthe surface of outer tube 141
via inner tube 140. - 5 MAR 2004 25 I n2bhe heat transfer process, the space
bet ween i nner tube 140 and outer tube 141 serves as an insulator, so that
the surface tenperature of the outer tube becones |ower than that of the

i nner tubgn tHO&eat Iratdfer pHickas %h%%'iﬁﬁ?é %ﬂffﬁ%ﬁfinxﬁ%xrglﬂ}efi%é éﬁd%ﬂl?p @%5? pt
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i nner-tube hol der 209 and out 'ielflfetu e Sho‘:deg aflo?bﬁ?&:lkg%roe m?ggsr%glg}%
formed of agdeblifling wopler - t ube hol der 209 and outer-tube hol der 210 support
the ends of inner tube 211 and outer tube 212 of

FOURTEENTH EXEMPLARY EMBODIMENT

Fig. 25 is a view illustrating the refrigeration cycle of a refrigerator of a
_fourl;eenth exeﬁplmy embodiment. TFig. 26 is a partially sectional view of a
glass-tube heater of the refrigerator of the fourteenth exemplary embodiment.

In Fig. 25, refrigeration cycle 201 haé successive connections of the
following elements: compressor 202; condenser 203; pressure drier 204; capillary
tube 205 as a reduction mechanism: and evaporator 206. A combustible
refrigerant is sealed in the refrigeration cycle. Glass-tube heater 207 as
defrosting means is disposed below evaporator 206 to defrost the evaporator at
regular intervals.

In Fig. 26, sealing member 208 has inner-tube holder 209 and outer-tﬁbe
holder 210, which are integrally formed of rubber. Inner-tube holder 209 and
outer-tube holder 210 support the ends of inner tube 211 and outer tube 212 of
the tube-in-tube structure, respectively. Heati.ngr wire 213, which is made of
iron-chrorhe, nickel-chrome, or the like material, is accommodateci in inner tube

211, with a predetermined interval from the inner wall of tube 211 maintained.



the tube-in-tube structure, respectively. Heating wire 213, whi (,-h5i MARdEO[]‘r
of iron-chrone, nickel-chrome, or the like material, is accommpdated in
inner tube 211, with a predetermined i2fterval fromthe inner wall of tube
211 maintained. -5 MAR 2004 26 Heating wire 213 is caul ked with |ead-out
wire 215 at joint 214, and |l ead-out wre 215 goes out fromthe | ower side

or the boHeatingf wieatlPgs erilked A8 leFilbutifirk 21 BE dlhﬁ;zu §ﬁ&t1é%d1€{1t\’i ew

of another gl ass-tube heater of the refrigerator of our t eent
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217ngnd guter tube holder 218, which are integrally forne # rubber .
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220 by Iengtlgé"d". End surface 224Iﬂ(‘iﬁ 3; plane "1" in Fig. 27) of lap 222
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wire 213 of glass-tube heater 207°to periodically renove rom
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Now will be described the workings of a refrigerator having the structure
above.

In the defrosting process, an electric current is applied to heating wire
213 of glass-tube heater 207 to periodically remove frost from evaporator 206.
Heat from the glass-tubé heater is transmitted, through inner tube 211 and
outer tube 212, to evaporator 206 to remove frost therefrom. Glass-tube heater
207 has a tube-in-tube structure. In the heat transfer process, the space
between inner tube 211 and outer tube 212 serves as an insulator, so that the
surface temperature of the outer tube becomes lower than that of the inner tube.
That is, fhe surface temperature of outer tube 212 can be kept lower than the
ignition temperature (e.g. 460.°C for isobutane) of a combustible refrigerant,
with the amount of heat from the heater maintained.

Disposing sealing member 208 at the end of the glass tube ensures the
positioning of the glass tube in the tube-in-tube structure, thereby properly
maintaining the interval between the inner tube and the outer tube: accordingly,

it minimizes variations in the surface temperatures of the glass tubes. Besides,



Di sposi ng sealing nenber 208 at the end of the glass tube ensuresStM&R 2001]-
positioning of the glass tube in the tube-in-tube structure, thereby
properly maintaining the interval bet ween the i nner tube and the outer
tube; accordingly, it mnimzes variations in the surface tenperatures of
the gl ass tubes. Besides, 5 MAR 2004 27 inner-tube supporter 209 and

out er - t ubinrserpindret supgitber B0H Cihdbatdrrid@r ShpportdoRIBwhidth a8 #hieBEa1RpTDEr

208, suppress airflow fromoutside into the glass tube. This can mnim ze
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refrigerator. Sealing nmenber 216 of Fig. 27 contains inner-tube ho
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cost -decreased product and reliable assenbling work due to nini zeg

vari at i onkadks iditherstfiofsraté®y addition, inner-tube hol der 217 and
outer-tube hol der 218 contain |ap 221and |ap 222, respectively, at the end

of each outer Hehlin@imdhbeObds sf FUBEG. cot@inSinideltube HeRErOPEI] YyuRYPPr €SS
airflowfromthe outside into the glass tube. Furthernore, end sur‘flace 224

(i.e., pleuiee holdet 21Bixg. ar2ilteSial stmcBi b%oviﬁﬂig’\@rc%t)(déc?&a?&t,reg%rto&%

surface 223 (i.e., plane "H') of lap 221" The posi ti onal ationship
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enhancing the efficiency of defrosting. At the sane tine, the structure

i nvites aadéitiyn, dhhes b holfer RAEENL W2 Abd BoRRA! I 180 HRIRE 4238 an
enhancing the efficiency of assenbling work. Although the structure of the

fourt eent lape@Badkemectienly] @y 3ha sntbbeleachbsifies RdIl B9 tRBMHISEs thibes. S THY
limted thereto; the simlar effect will be expected as |ong as the

material sascheetcangmiopbilyGuppessr divflow FOMEENT ldub{EYVRAARY . EYRARWNENT Fi g.
28 is a partially sectional view of a gl ass-tube heater of a refrigerator

of the fifteentaréwemiray yn@rdioticees24 (ie., plane “I” in Fig. 27) of lap 222 is

217

outwardly located than end surface 223 (ie., plane “H”) of lap 221. The

posiﬁonal relationship allows the radiant heat from inner tube 219 to be easily

- transferred, enhancing the efficiency of defrosting. At the same time, the

structure invites an easy attachment of outer tube 220 to sealing member 2186,
enhancing the efﬁciency of assembling work.

Although the structure of the fourteenth embodiment employs a rubber-

made sealing member, iﬁ is not limited thereto; the similar effect will be

expected as long as the material has heat-resisting property.

FIFTEENTH EXEMPLARY EMBODIMENT
Fig. 28 is a partially sectional view of a glass-fube heater of a refrigerator
-of the fifteenth exemplary embodiment.
In Fig. 28, sealing member 225 has inner-tube holder 226 and outer-tube
hplder 227, which are integrally formed of rubber. Inner-tube holder 226
. supp(A)rts'inner tube 228 in such a way that lap 230 laps over inner tube 228 by

Iength “e”, similarly, outer-tube holder 227 supports outer tube 229 in such a



In Fig. 28, sealing nenber 225 has inner-tube hol der 226 and out-eg-_M,fSR 2004
hol der 227, which are integrally forned of rubber. Inner-tube hol der 226

supports inner tube 228 in such a way t4at | ap 230 | aps over inner tube 228
by length "e", simlarly, outer-tube holder 227 supports outer tube 229 in
such a - 5 MAR 2004 28 way that |ap 231 | aps over outer tube 229 by |ength

"e". End smyfthaé I%QBQHapWerMeﬁM@Q%bg IMERECC] - End sRrBRE 233 of 159MMDN
with end surface 232 of lap 230. Inner tube 228 and outer tube 229 asure

the sanme RAlleentdihs pbineee., gflanetfIYhedrimoacRitBte] sarfaedBn Rlaheso.- €.
plane "K' in Fig. 28. Now wi || be described the workings of a retrigerator
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and outer tube 229. Sealing nenber 225 holds the two tubées 'so that the end
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good seal i ng between the gl ass-tubes. e structure effectively suppresses

airflow fabovqqut side into the glass tube, thereby mnimzing the risk of
catching fire if the conbustible refrigerant leaks 1in the refrigerator. In

addi tion, inneThtupks328barkbaast eontaibe 22%ratehd 3Rt beal ohfer 8O BogThi s
therefore sinplifies manufacturing processes, that iIs, provides an easy

manuf act uBesalingmehdss 3250R6lds IRETHENtHbEXEYRIMARYHENBPLNERT. Fiss. 0128?4; tS ha
(6} e

partially sectional view of a glass-tube heater of a refrigerator

si xt eent hoetezrubahol@sfoldprientaink Hiage c%&m%%‘iﬂﬂ%é‘@ﬂé[’@ﬁri%ﬁézg@o gidred of
a plurality of supporting nenbers: inner-tube supporting nenpber 235,

out er - t ubinruppbethalder@ier LaGnganacateby hbIFERe s/ oUB R A3 der
| nner -tube hol der 237 of inner-tube
227 by the same length of “e”, providing good sealing between the glass-tubes.
The structure effectively suppresses airflow from outside into the glass tube,
thereby minimizing the risk of catching fire if the combustible refrigerant leaks
in the refrigerator. In addition, inner tube 228 and outer tube 229 are identicai

in length. This therefore simplifies manufacturing processes, that is, provides

an easy manufacturing of glass tubes.

SIXTEENTH EXEMPLARY EMBODIMENT

Fig. 29 is a partially sectional view of a glass-tube heater of a refrigerator
of the sixteenth exemplary embodiment. .

In Fig. 29, sealing member 234 is formed of a plurality of supporting
members: inner-tube supporting member 235, outer-tube suppoiting member
236 separately formed from member 235. | Inner-tube holder 237 of inner-tube
supporting member 285 holds an end of the outer wall of inner tube 239.
Simﬂérly,.outer-tube holder 238 of outer-tube supporting member 286 holds an
end of the outer wall of outer tube 240. Outer-tube supporting member 236 fits

snugly against a part of the exterior of inner-tube supporting member 235.



supporting nmenber 235 holds an end of the outer wall of inner tuﬁe%&gpgé
Simlarly,. outer-tube hol der 238 of outer-tube supporting nenbe

an end of the outer wall of outer t ube2®40. CQuter-tube supporting nenber
236 fits snugly against a part of the exterior of inner-tube supporting
menber 235. -5 MAR 2004 29 I|nner-tube supporting nmenber 235 is forned of

materi al Rauentuld ghpbeding HesmbERRIS 19 Tolhed AFNeatH3a0 1ha%§r1ﬁ%1'x' at
supporting nmenber 236 is formed of material having heat resistante [ower

than t hat refisterbeon 2B6.othlowhuht| obigerdeser duppdrting lﬁ@ﬁlﬂe?%h&o{s i%pned 0
I's

refrigerator having the structure 'above. Séaling nmenber or med of

i nner - t ubenatepiad hiavirg; heithesis2afecldter bR khht bemIWARG 449 menmber 236,

each of which has a separate structure. This allows sealing nenber 234 to

enpl oy- di fferNuwmnefeid@JscﬁBéa\@B@“tdikiﬁg&f RIFFBE Pa 6P BatrhGL8aSI NG
design flexibility of sealing nenber 234. Ir?ner-?ube sglgg’g'?%?}geg%ﬁ{é%rg 235
I s formedabbverat eri al having high heat resistance, on the other hand,

out er-tube supporting nmenber 236 is formed of nmaterial having heat

. t | - -- I .
resi stance | owSealilgindhbér 284 1@ fH3eie L3OinnErRLBY 'sﬂgg?llac}l%%/ n%ﬁm%n%r 235 and g

hi gh-tenperature-resistant material increases reli e sea

menber . AbutdretubanBupportingemehthirngseBL s aF SvhiBt hall & Shod
resi stance can decrease tghe use of a heat-resi stﬁalrllgfol ﬁa?é&?%%t?%%%cgﬁre‘

i nvites hlls ploescehling moBber 3450 &8 Bldy. diffekONE PPk can
be obt ai ned. SEVENTEENTH EXENPLARY ENGODI RERTCE g ﬁ%%%%@%‘ﬁ%% ?/;’0

sect i onal merebergf235 Hd336,lubrReat @6siph Mxiiffity QPéé%tlﬁfg m@mpdi9ggevent eent h

exenpl ary enmbodinment. In Fig. 30, sealing nenber 241 has i nner-tube hol der

[ mner-tube. hol der 242 canpor tE T anert ohe g et RPUSEEL it Bt , 1
| aps over heanmssidgtahee, 2hdtheyother hand, outer-tube supporting member 236 is formed
of material having heat resistance lower than that of member 235. Employing
a high-temperature-resistant material increases reliability of the seAa]ing
- member. At the same time, employing materials that differ in heat resistance

can decrease the use of a heat-resistant material, which invites high production

cost. As a result, a low-cost sealing member can be obtained.

SEVENTEENTH EXEMPLARY EMBODIMENT

Fig. 30 is a partially sectional view of a glass-tube heater of a refrigerator
of the seventeenth exemplary embodiment.

In Fig. 30, sealing member 241 has inner-tube holder 242 and outer-tube
holder 243, which are integrally formed of rubber. Inner-tube holder 242
supports inner tube 244 in such a way that lap 246 laps over inner tube 244 by

| ,length. “P’, similarly, outer-tube holder 243 supports outer tube 245 in such a

way that lap 247 laps over outer tube 245 by length “g”. End surface 249 (i.e.,
plane “M” in Fig. 30) of Iap 247 of outer-tube holder 243 is inwardly located than
end surface 248 (i.e., plane “L”) of lap 246 of inner-tube holder 242.



length 'T', sinilarly, outer-tube hol der 243 supports outer"t't'Jbe-ﬁ AR 2004
such a way that lap 247 |aps over outer tube 245 by length "g". End surface
249 (i.e., plane "M in Fig. 30) of |1ap0247 of outer-tube holder 243 is
inwardly located than end surface 248 (i.e., plane "L") of lap 246 of

I nner-tube holder 242. - 5 MAR 2004 30 Now wi || be. described the workings

of a refriger atNowhaill n@dtamméw@wbﬂging@eﬁ-reﬁhgera%%Sﬁ%&ipg%hQg%%ﬁmies S0
arranged that end surface 249 of the lap of outer-tube holder I'S
i nwardly |lgesteed t han end surface 248 of the lap of inner-tube hol der 242.

The arrangenment all ows outer-tube holder 242 to have sufficient |apping

length of "g", Bkeelshisiaby, haitbeié 39 a&@&ﬁgeﬂeﬂiaitn&u?ggwe d43€of t%,le?zaf) ﬁaﬁbe&

The structure therefore effectively suppresses air rom out Si to

eiaing e \ o O
the gl ass dgutbetubd eiobdut M@'ﬁhﬁ‘wﬁgdlyhfbc%\teﬂ t18fn SalC esfg%ée ?flglof thb rlépl %%g th

conmbustible refrigerant leaks in thé refrigerator. apprn

'f' of | apin2é6tabe honRe-d49be Tigl Qfﬂar&é&eﬁ@@]l@?vrsotfnl]&%ﬁi ﬁt(&héjffgggzxggﬁga%ve

accordi ngly, holder.242 considerably escapes el ng

radi ant heaiffitioaasseBnpth @ 248. acEBRIihaG! ogglglngig%toﬁcéeél%% beRRELR fHIDC

hol der fromundesired rise in tenperature Cau the radran

an el ect riglagaitutRRt TheapRldtade %&&ﬁﬁe@k@é&v&lﬁgﬁgﬁgﬁéggﬂrﬁw #L&%ro%gg]l eﬂg

need to enploy an extra high-tenperature-resist material TOr s

member 24 linto Wher e ieher SHRNyO T RORIZBAN L LT AR 35N NOHRTE
APPLI| CABI |_|n-|% The%trpéés%sri gerator of the przésgnt}{h?nventcﬁgn ﬁcélsl %I%p:){i ur%ai%liﬁ[ey of

gl ass- t ubeontlaatibls réigar MRERaLE SR tﬁ@fréﬂfgfek&%r.t he evaporator that is
di sposed in a conbustible refrigerant-sealed refrigeration cycle. A

heat or 15 cont ol led S0t TR Lorparh g ol PH R kChaer 2235 B2,
t he i gnit irehatiwipeleaiddsed Ohcéordingly, holder 242 considerably escapes from being
affected by radiant heat from heating wire 213. The fact can protect the i_nner;
tube holder from undesired rise in temperature caused by the radiz;lnt heat when
an electric current is applied to the glass tube. Therefore, there is no need to

employ an extra high-temperature-resistant material for sealing member 241,

whereby the production cost can be decreased.

INDUSTRIAL APPLICABILITY

The refrigerator of the present invention has a plurality of glass-tube
heaters as a means for defrosting the evaporator that is disposed in a
combustible reﬁigerant-éea}ed reﬁ:igeration cycle. A current-carrying period or
an application of voltage to the élass-tube heater is controlled so that the
temperature of the heater is kept below the ignition temperature of a
combustible refrigerant. This not only protects the combustible refrigerant
from the risk of catching fire, but also avoids poof refrigeration caused. by
residual frost. In a structure of the invention, a glass-tube heater makes

contact with fins of the evaporator to decrease the surface temperature of the



conbustible refrigerant. This not only protects the conbustibleméiﬁﬂﬂ§§@%m&é
fromthe risk of catching fire, but also avoids poor refrigeration caused
by residual frost. In . a structure of tHe invention, a gl ass-tube heater
makes contact with fins of the evaporator to decrease the surface
tenperature of the. 5 MAR 2004 31 gl ass-tube heater. In another structure
of the i ngtadsitwibe Heaterg! dasartother bigathive df%ﬁedniré&ﬁ‘i‘oﬂ,rﬁfeuélﬁsﬁ\wé%éérté and

a sealing nenber is disposed on an end of the glass tube. Suc Struct ures

can prot etiasa tdebinstubel ricthrd, gaidakedliwMldithé BkdisPlsedBnCii \E}\gd bitgeeven
if the defrosting operation is carried out in an.enviTtonnent ere | eakage

of the copbustiubbe Baéh ktticantes @88 Y18techARZINLtIde %éggérr\tll?‘oﬁ the risk

refrigerator conprising: a conbustible-refrigerant-seal efrigeration

cycl e haviofigaightgefitd ¥een ﬁqhe%ﬂo@ﬂaﬁ%fpef@diwu B rRieSRNhSan @mﬁgg%&sa%m , 4

condenser, a pressure reduction mechanism and an evaporator; neans
for def rostlierg lédienge\cTRhe abebusBRY RifFigbRmtdRERASt i g means is formed of a
plurality of glass-tube heaters disposed in an upper section and in a

| ower section of the evaporator having any one of in-contact and

out -of -contact arrangenents with the evaporator. 2. A refrigerator
conprising: a conbustible-refrigerant-sealed refrigeration cycle having
successive connections of follow ng elenents: a conpressor, a condenser, a
pressure reduction nechanism and an evaporator; and neans for defrosting
t he evaporator,



wherein the defrosting nmeans is formed of a plurality of gl ass-t’:uEMAR 2004
heaters, and at |east one of the plurality of glass-tube heaters i*s

di sposed within the evaporator. 3. Arefrigerator conprising: a

conbusti bl e-refrigerant-seal ed refrigeration cycle having successive
connections of follow ng elenents: a c¥hpressor, a condenser, a pressure
reducti on mechanism and an evaporator; and neans for defrosting the
evapor at gqr.AmIsrein the defrosting nmeans is fornmed of a plurality of

gl ass-tube heaters, and at |east one of the plurality of glass-tube heaters
is disposed any one of i) in a |lower section of the evaporator and ii)

bel ow t he evapoyator, .and =5 MAR 2fl 4 33 remai ni ng gl ass-tube heaters are
di sposed any on ofAquﬁgeanPrfCPHWSH\g:the evaporator and iv) behind the

evaporator. 4. The relhORiSlfaifa aldch o Migrsich Lhf BhApsiRaeal or

which is disposed any one o ront o or at or ehi nd
t he evapeoahartions sof | fulkinedng i Bleanentsndentcofipressdr,i a &opdédsenf at eessure
evaporator, 5. The_ refrigerator of Claim1l, wherein the glass-tube heater
any one d&fductipnmgchanigm, Andyan gygoraleEtddn of the evaporator and ii) |ocated

bel ow t he evapor at or I r..Lhan the gl ass-tube heater any
one of iii) located ngé}%goﬁg%g%nééé% g‘r?]atp%(rﬁt&i’he evaporator and iv) |ocated

above the evapoyidrein the ddffsfihg J@eairis CRIMMEISbNG Furality of glass-tube
conbusti bl e-refrigerant-sealed refrigeration cycle having successive

connect | dgatess dispPsesiviii ine Mppeinsestioa awahypines dower seetdord ofisthe, eeaporatesur e
reduction nechani s and.an evaporatos: and. neans for defrosting the
evapor at SAVIOG, iy rr?’lf%eoﬁefrf'fjgl?tgﬁg arpégngﬁ’(gf"f%‘??éd aﬁ’fangelﬁfﬂﬂf?al‘?”?@ ?)tlle

gl ass-t ukeaporator.

2. Arefrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator; and

means for defrosting the evaporator,

wherein the defrosting means is formed of a plurality of glass-tube
heaters, and at least one of the plurality of glass-tube heaters is disposed within

the evaporator.

3. Arefrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure reduction
mechanism, and an evaporator; and

means for defrosting the evaporator,

wherein the defrosting means is formed of a plﬁrality of glass-tube
heaters, and at least one of the plurality of glass-tube heaters is disposed any

one of i) in a lower section of the evaporator and ii) below the evaporator, and



heaters, and a period through which an electric current is appl i'-eﬁ MAR]@OM.
plurality of glass-tube heaters is controlled so that a surface tenperatdure
of the heaters is kept below an ignition tenperature of the conbustible
refrigerant. 7. A refrigerator conprising: a conbustible-refrigerant-seal ed
refrigeration cycle having successive 3%onnections of follow ng el enents: a
conpressor, a condenser, a pressure reduction nechanism and an

evapor at aemaiiigl nglasstiber hdgkrosire Ndishbede\wapoioat obf Wenei frohhefdghé osti ng
means is fornmed of a plurality of glass-tube heaters, and an application
of vol t ag@aperataiangivkbghindthefevapereort ube heaters is -5 MAR 2004 34
controlled so that a surface tenperature of the heaters is kept bel ow an
ignition tenperature of conbustible refrigerant. 8. A refrigerator

conprising: a combusthdleribehldrdst @RimSEal Btk ARALbO ReS¥L ! WhikRYE NY
successive connections of "the follow ng el ements:” a conpressor, a
condenserdispmsed @y ome ofr Bdncfrouinef thectraposator amdl i rbebinapthea¢ appratorg is

gl ass-tuhe heater di,sposed bel ow the evaporator; and a plurality of fins
di sposed%?ﬁt‘?‘ﬂ’é‘ %\/‘é’ﬂﬁ‘%&%ﬁp‘?&)%%P@T‘ F??%}W e(YEP%rtat%l | of the glass-tube heater
makes contact with each bottomend of the fins. 9. The refrigerator of

Claim8, wherein an indent conformng to the outer wall of the glass-tube

heater is formefl at Bactefiphitomod@laind 1] Whefcimthe dlBss-fibe hegter hgeoas of of
Claim 8, ,V\ﬂgrein a bend conformng to the outer wall of the glass-tube
heat er i 4 spigddn aldowscsechHen obmespigparatenpads)decatad belpwethe évapqyaionhas

accordin : ' 1 rein both ends of..the
ac0r o ab AP o, O IR o ERUGI e oIBR8 2
of the evaporator and iv) located above the evaporator.

6. A refrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator; and

means for defrosting the evaporator,
wherein the defrosting means is formed of a plurality of glass-tube
heaters, and a period through which an electric current is applied to the
plurality of glass-tube heaters is controlled so that a surface temperature of the

heaters is kept below an ignition temperature of the combustible refrigerant.

7. Arefrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator; and

means for defrosting the evaporator,
wherein the defrosting means is formed of a plurality of glass-tube

heaters, and an application of voltage to the plurality of glass-tube heaters is



evaporator. 12. Arefrigerator conprising: a conbustible-refri ggﬁm?‘}ﬂ#
refrigeration cycle having successive connections of follow ng a

conpressor, a condenser, a pressure reduction nechanism and an
evaporator; a glass-tube heater disposed in a | ower section of the
evaporator; a plurality of fins dispodéd in the evaporator; and a shield
pl at e di sposed between the gl ass-tube heater and the fins, wherein the

shi el d plaahgonekes hanhagirfask!termpBitdrenst thed hdAEs2R0%ep?Sheldw & Sanition
refrigerator of Claim8 or Caim12, wherein the fins are continuously

ar r anged temperafuie f gembugtile gifrigeranbn. 14. The refrigerator of O aim 13,
wherein the fins are disposed in such a way that an interval between
adjacent fins in a |ower section nmeasures greater than that in an upper

section. 15. Bhe nefdnigahekbnplisidgal m8 or Caim 12, wherein the
gl ass-tube heater has a tube-in-tidbe structure. 16. The refrigerator of

Caim8 or dai m 12 cwhbustible-sefrigeiant-seabesl vifrigerafion tdyelegh@ssg sutuesdieat er i s
a N-C wire. 17. Ttge rﬁj{igerat?r of Claim 15, wherein_a cap fixes an end
of the glCQuRECtORpOhithe Hallpwings clomentyigar FRIMPIFS; R COBEenser, ud t Ricssurag. A

refriger %c‘ﬂfctﬁﬁérﬁfeicﬁélﬂﬁh, an?ﬁp%%ﬁbre]}aﬁgf rigerant-sealed refrigeration

cycl e having successive ' connectrons 6 ol lowi ng el enents: a conpressor, a

condenser, a pressurglassriabebtatondispesed beoWw tiRnsaporaedtaped ator; a gl ass-tube
heater with a tube-in-tube structured disposed in any one of in a |ower

section of the evapgdaradity ahfinpdisposedhie theeysopeter; and
wherein an outer wall of the glass-tube heater makes contact with each

bottom end of the fins.

9. The refrigerator of Claim 8, wherein an indent conforming to the

outer wall of the glass-tube heater is formed at each bottom end of the fins.

10.  The refrigerator of Claim 8, wherein a bend conforming to the outer

wall of the glass-tube heater is formed at each bottom end of the fins.

11.  The refrigerator according to any one of Claims & through 10,
wherein both ends of the glass-tube heater are fixed to a side plate of the

evaporator.

12, A refrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator;

a glass-tube heater disposed in a lower section of the evaporator;

a plurality of fins disposed in the evaporator; and

a shield plate disposed between the glass-tube heater and the fins,

wherein the shield plate makes contact with the fins.



a sealing nenber disposed at an end of the glass-tube heater, w@'rﬁbgthﬁQ4
mul ti-structured gl ass tubes include an inner tube and an outer ,

seal ing nenber integrally contains an inner-tube holder and an outer-tube
hol der, the inner-tube hol der supports the inner tube and the outer- tube
hol der supports the outer tube, the ind&r-tube holder has a | apping section
at an end of an outer wall of the inner tube, and the outer-tube hol der has
an_alignnent i9ect itHe kefigefameof PO GNioRICRHImAN 28 NPh&@bint MEe Ofiiselard Ube.
‘-5 MAR 2004 36 19. A refrigerator conprising: a

conbust i wogtipedusiyerangedSmalied viegial diseetidnon cycl e havi ng successi ve
connections of followi ng elenents: a conpressor, a condenser, a pressure
reducti on mechani sm and an evaporator. a gl ass-tube heater with a
tube-in-tube sty uctiLngisRRsed CiRindNY, whlfiffhd find ahsﬁ\ﬁfsb S&CHh Q.E:hoi the
evapor at or and bel ow the évaporator; and a sealing nenper 8|spose at an
end of t heayllzsarnt ultervaddicbweenMadjaeent fihe inmui tlowst sactianr edkagh@s sgreatbes

i ncl ude i nner tube and an outer tube, the sealing nenber integrally
cont ai ns B {PRALEYAL UARST RRAL8r and an  outer-tube hol der, the inner-tube

hol der supports the inner tube and the outer- tube hol der supports the
outer tube, and the inner-tube holder and the outer- tube hol der have a

| appi ng secti dj. at ®ie esfdigeiat@n odullaim W&l dr flaithel 2 npkdretnuliiee gdapd-tale end of
an outer wall_ of the outer tube, respectively. 20. The refrigerator of

O ai m 19 hegisepas tubetingubggtauaiiret he | appi ng section of the outer-tube

hol der is located outwardly than a tip face of the |apping section of the
i nner-tube holder. 21. The refrigerator of Caim19, wherein a tip face of
the | appi ng sq@t i oThefefiift®ator bEICIAMPE dHatHBh 125 viliepdR Sefbststin®BAdif: 8f P ane

common with a tip face of the | apping section of the inner-tube hol der.
the glass-tube heater is a Ni-Cr wire.

17.  The refrigerator of Claim 15, wherein a cap fixes an end of the glass

tube of the heater having the tube-in-tube structure.

18. A refrigerator comprising:

a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator;

a glass-tube heater with a tube-in-tube structured disposed in any
one of in a lower section of the evaporator and below the evaporator; and

a sealing member disposed at an end of the glass-tube heater,

wherein the multi-structured glass tubes include an inner tube and an
outer tube, the sealing member integrally contains an inner-tube holder and an
outer-tube holder, the inner-tube holder supports the inner tube and the outer-
tube holder supports the outer tube, the inner-tube holder has a lapping section
at an end of an outer wall of the inner tube, and the outer-tube holder has an

alignment section for proper positioning of an end of the outer tube.



22. The refrigerator of Caim19, wherein a tip face of the Iap&MRezﬁm)pn
of the outer-tube holder is located inwardly than a tip face of the | apping
section of the inner-tube holder. 23. A refrigerator conprising: a
conbusti bl e-refrigerant-seal ed refrigeration cycle having successive
connections of followi ng elenments: a c¥mpressor, a condenser, a pressure
reducti on nmechani sm and an evaporator; '-5 MAR 2004 37 a gl ass-tube heater

with a tube-ingt ubgraﬁ{géeatgf@ﬁnﬂﬁﬁﬂg)_sed in any one of in a |ower section
of the evaporator and bel ow the evaporator; and a sealing nenber di sposed
at an end of the gl asombybéblpagefrigeranitsealed mefrigeration|dyaly hasime sudosssive ned of

I it f. ' . ers, 24. The refrigeratqr of Caim 23,
wher of n CRENSigRAT BF T hang SRR e cOBIREEREE t B (R0TG1%En & BT b
supporti '}Qdﬁfﬁi%ﬁ%ec?aaﬂisﬁﬂaﬁ&'hﬁévé;}b@&or,suloporti ng nmenber separately

structured fromthe inner-tube supporting nenber. 25. The refrigerator of
C aim18 or C ai m 19, glatseube rhchive githss tthbastubk sttuveurbé adigyosbhdvinngnyt he
t ube-i n-tube strTcture are % entical in I%ngth.

one of in a lower section of the evaporator and be[ow the evaporator; and

a sealing member disposed at an end of the glass-tube heater,
wherein the multi-structured glass tubes include an inner tube and an

outer tube, the sealing member integrally contains an inner-tube holder and an

outer-tube holder, the inner-tube holder supports the inner tube and the outer-

tube holder supports the outer tube, and the inner-tube holder and the outer-

tube holder have a lapping section at an end of an outer wall of the inner tube

and an end of an outer wall of the outer tube, respectively.

20.  The refrigerator of Claim 19, wherein a tip face of the lapping section
of the outer-tube holder is located outwardly than a tip face of the lapping

section of the inner-tube holder.

21.  The refrigerator of Claim 19, wherein a tip face of the lapping section
of the outer-tube holder is disposed to share a plane common with a tip face of

the lapping section of the inner-tube holder.

22.  The refrigerator of Claim 19, wherein a tip face of the lapping section
of the outer-tube holder is located inwardly than a tip face of the lapping section

of the inner-tube holder.

23. A refrigerator comprising:
a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure

reduction mechanism, and an evaporator;
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a glass-tube heater with a tube-in-tube structured disposed in any
one of in a lower section of the evaporator and below the evaporator; and
a sealing member disposed at an end of the glass-tube heater,
wherein the sealing member is formed of a plurality of supporting

members.

24, The refrigerator of Claim 23, wherein the plurality of supporting
members is formed of an innmer-tube supporting member and an outer-tube
supporting member separately structured from the inner-tube supporting

member.

25.  The refrigerator of Claim 18 or Claim 19, wherein the glass tubes of

the heater having the tube-in-tube structure are identical in length.



