" #$%e3et C<<=D?j F@6 CTtCp 1 DESCRI PTI ON REFRI GERATOR 5 TECHNI CAL FI ELD
The present invention relates to defrosting for a refrigerator enployi ng;é‘ .
conmbustible refrigerant. BACKGROUND ART As a prior-art refrigerator, (:/r
Japanese Patent Non-exam ned Publication 10 No. H8-54172 discl oses a
refrigerator using a conbustible refrigerant. First wll be described the
prior-art refrigerator with reference to drawings. Fig. 31 s g al
sectional viewillustrating the essential _oaié of a prior-ar Hmmwm\mmmmmr
In Fig.31 refrigerator 1 has freezerDE%QBJP? N 2 and col d-storqgglsgl,S
conpartment 3 therein, and to which, freezer door 4 and storage door 5 are
fixed, respectively Freezer conpartnent 2 and col d-storage conpartnent 3
are separated by dividing wall 6. The air _in freezer conpar [
captured through inlets 7, and the BEFRIGERATOX; o age corrpwmmmummmmm"
captured through inlet 8. CQutlet 9 blows cold air into freezer goppartnent
2. The cold air is 20 circulated by fan 11. Evaporator dividing wall 12 is
di sposed between_ freezer conpartnent 2 and evaporator 10. d ass-tube heater
15 for def r SHGHNIEAL FIELDuct ure in which a coiled nichrome-wire is
covered with a glass tube. Roof 16 protects heater 15 frombeing directly
hit by a drip of Thelnresent izyentinairelgies tolokosting fon @ refstagataypmploying a
evaporation. Metallic bottomplate 17 is disposed, in 25 insulation,

bet ween dri gpmhysble redrigexpiteat er 15. Accunul ator 18 is di sposed at the
exit of eva&orat or 10. Now wi |l be described how the aforenenti oned
prior-art r AGE&&@UND@%WS. When cooling the freezer conpartnent 2
and col d-storage conpartnent 3, evaporator 10 is coqQled by a refrigerant

fl owi ng through 8¢apdriaroartixeirigeratpy tanamese r%ateflhﬁ\’%e%&w%d mﬂé@uwr
in freezer mpartment 2 through inlet 7, 5 simlar]y, expels warnmed_air in
col d-st &Y  adlo. B4 dedisclosesn porririgerater wing & eprabpstibly vefugerantooFirphe
warmed air is_cooled at evaporator I‘J‘.?&%by heat ,eigchange, and then sypplied

t hr ough out Mall ke described the nigomartitelngeratonwith, geferance tp frawingsy 18n3by
the cooled ajr is fed fromfreezer, conpartnent % throutgh a corgirtmni cation
openi ng (notSthYévﬁh)Veﬁ‘BC%]oﬁ%ﬁtsqlt?ﬂa‘@@wcgﬁkﬁéﬁt%tt 8. esppatial parp of i prigyert
heat - exchange at evaporator 10 has high noisture due to the air flown from
out si de i nt defrkgeratary | gerator each tine door 4 or door 5 is opened) and due

to evaporation of ,is‘gure fromstored fqods in both conpartnent
Therefore, the nbRskigreli FRfrigErHEF nbd1agi frepghih sompastmenls < agﬁe@%@w@gﬁ% 10

where the tenperature is |lower than th ir. Accunul ator 18 rks to

const antPy rewwartment pithereanian {ochicn gre@m fiowe%fi stonage Aroiiare fiser
accunul ator 18 protects_a conpressor from danpge caused by direct refurn of
liquid refrP§eReshvelyor Hweszes £empRringht % q{’g‘a geldfﬁtom’ee © ma&ﬁlﬁw{% 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 is captured through
inlet 8. Outlet 9 blows cold air into freezer compartment 2. The cold air is

20 circulated by fan 11. Evaporator dividing wall 12 is disposed between freezer
compartment 2 and evaporator 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 evaporation. Metallic bottom plate 17 is disposed, in

25  insulation, between dripping pan 13 and heater 15. Accumulator 18 is disposed
at the exit of evaporator 10.

Now will be described how the aforementioned prior-art refrigerator



The nore increase the anobunt of the frost on evaporator 10, the |less

i ncrease the efficiency of heat-exchange between the surface of evaporator
10 20 and the air to be cooled. Further, the buildup of the frost bl ocks a
smooth airflow, inviting insufficient coobing. To elimnate said

i nconveni encies, the application of heat has been enployed for defrosting -
passing an electric current through the nichrone-wire in the glass-tube
heater 15 and, with heat rays emtted therefrom nelting the frost into

wat er aroundm€$§porator 10, 25 dripping pan 13, and drainage hole 14. The

water is collect into drippipng pan 13; the dripping water partly goes
directly down inggh%ﬁoqlmgﬁmﬁgwwmﬂ%mfs%?a Céegd-atogag? gowpariaand3, 15
3 and then down into Ban 13. ;E)g’e vva%_er collected in pan 13 is drai ngd

t hrough dr aievageraier 40 1a ceeled hy 2 gelzigezantflovme thyoughaviaparator flat At thee
of the heat rays radi ated fromheater, 15 tgoward dripping pan 13 are

refl ected ofSemiptimemipn ddexpelsawarmed aix in dreszerjcqmpartaiantad through 1nlet 7
However, such structured conventignal_ refrigeration cycle enploying a
combust i Bl e sieflarlyepspals W@gm;ﬂdoWé%d@ewewg%cwgﬁrm%threﬂgh@élﬁgﬁtmﬁas
relatively Iarge | atent heat. | n pipe arrangenent of evaporator 10 where

t he conbust i%PENE etharpkeragl. stThes wagmed 9aF 15 qcoodask Rtaeyrparqry 181by heat
refrigerant i ni;/‘i tes insyfficient defrosti nH, t her.eby | eavi n% frost in Lhe
pi pe ar r angeé¥ehange anssthensipplied theaugh gutlabd to fresper compartment 2s &t the
resulting in poor, refrigeration. Besides, t, only the nichrone-w re, but
al so the sursfaé%%tlé?e’@H@T&PQQIEQB@OEI%&‘%@S fggérqmém%ehwgarwm&@gpu%e
fact has been facing a.problem jf a. co usti]gle refrigerant Ieaksggﬂ@ )
somewher e i rit EBIPIHEAIOR SPeRIREHMObEhaR) &P sPldrsterage epmprEtmesd ver AR r om
heater 15 can trigger catching fir e. 15 DI SCL RE OF THE, | NVENTI ON, The
pr esent 1Pnvdhat daenberte ngﬁé‘%?ﬁ’éb?@’f%%?@.sﬁg F%Olﬁwé?gf%rf@ paItlovER ¢

to provide refrigerator equipped with defrosti ng ans. capabl.e of _not
only pr eventaﬁrwa entdlognie éeiﬁaer?@éreaﬁ tipe fopn A ‘ﬂ%rfq PePRopgd, amfi flHe 20
defrosting operation.is perfornmed in an &ri]viqrQnr{)r%g}t1 wher e | eakage, of fIhe
conbust i bl e PFEAPGERIRR © Rturetrony, FARA St SPERAFEDERL- t gerefore,

defrosting ans, . but also inproving a poor. refrigeration due o residyal
frost. The ?*E’ler S HF S AR et&gnﬁﬁésf’éﬁtt“i'fﬂ%émq S BHt%m‘i%i’é’r%tqreiQ moerethen

cycle and a defrosting. neans.  The refrigeration cycle h uccessi ye
Cynnect one GRIEBAPHE FoPRBR g Roliar el S Qo S oTs 36 faenaaty fed
pressure_redugt.i on nechanj,sm and an evaporator,. A conbustihle _refrjgerant

i s seal gé i rFegﬂéeliaé‘ftrng“é’Pié’E‘g &we ezatigy dﬁ‘r ?é@ﬁoﬁ‘g aﬁ%&ﬁgi*’rtgr flérR’FBt? b 24
plurality of gl ass-tuhe 4 heaters. The structure aboye. can s ress an
Pt for eeompeas fome dmage tavisad: e sforeien Shdiqnd WREYRH fBs
are heated ts)]éit.he. gl ass-tube heaters ip.the gefrosti ng operation. This

al l ows the IIZE] B RN EE BOCHT RECYTIHEE™5 t ube heater to maintain bel ow

t t t ich th nmbust i bl frj t tch fire. .As
another plus, ef LA mrenisoRts Bie aouiteat HIR gt &3 srepemaiuil Bie tossst

Can Brov 0o B L RS e R DAL DG B A Bl 10
CrAN N0 Sy (FISHE 3.5 BETEL St LhEBEERATILIE LA e ©
present airflow, inviting insufficient cooling. To eliminate said inconveniencies, the
application of heat has been employed for defrosting — passing an electric
current through the nichrome-wire in the glass-tube heater 15 and, with heat
rays emitted therefrom, melting the frost into water around evaporator 10,
25  dripping pan 13, and drainage 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



i nvention. Fig. 2 is a vertical sectional view show ng the essential part
of the 15 refrigerator of the first exenplary enbodinent. Fig. 3 is a
schematic view illustrating the essential part of the refrigerator shown in
Fig. 2. Fig. 4 is a sectional view of a glass-tube heater, with the
essential part enlarged, of the refrigerator showmn in Fig. 2. 20 Fig. 51is
a vertical sectional view showing the essential part of a refrigerator of a
second exenpl ary enbodi nent. Fig. is a vertical, sectignal_ vie how ng
the essent iand than dewndniepands: at’lgw water ‘Mlteﬁtﬁade%ﬂ?ﬂ‘ alwsmgm\ﬁf@wuglm g.
7 is a vertjcal sectional view show ng the essentjal part of a 25

refri ger at slragnage helarthte therpniside.c ng8diheemnphoatipn ]il%atas%letq%éhﬁ heat
sectional view show n%rt he, essent.i al pag of a refri geraté')d of a fifth
exenpl ary diRp8deaiated rom heajer d5; towardguipping par (13oneg reflected plhotpm he
essential part of a refrigerator of si xth exenpl ary enbodi nent. Fig. 10
is a verti d&ﬁt%]37:?!16rﬁhﬁn\?%‘&ﬁm%ﬁteﬁép%?st%ﬁpal part of a refrigerator
of a seventh exenplary enbodi nent. Fig. 11 is g .vertjcal sectiqnal view
showi ngdt he essdpeweyerpsuchgitructueed icgayentymalrresrigeiatipnmce %rﬁmlﬁpwg a
enbodinment. Fig. 12 is a view, partially in perspective,_of a refrigerator
of a ninth @rehustibly refngerantrhas preplems below. f b spmpustibly seftigesant, hape
direction of _arrow B of Fig. 12. 10 Fig. 14 is a view, partially.in

per spect i verelgfivelyderger labonpbeak orlnapipe Arygneempat ﬁgavworaﬁoraw &thergdhat or
of the ninth exemplary enbodinment. Fig. 15 is a front view,  |ooking in the
direction dgorzhusiible rgfn@r&_nt phays for a period, such a property of the refrigerant

invites insufficient defrosting, thereby leaving frost in the pipe arrangement.
10  As a result, residual frost hampers heat transfer, resulting in poor refrigeration.
Besides, not only the nichrome-wire, but also the surface of the glass-tube
heater has highly heated surfaces. 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.
15
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
20  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.
The refrigerator of the present invention contains a refrigeration cycle
and a defrosting means. The refrigeration cycle has successive connections of
25 the following elements: a compressor; a condenser; a pressure reduction
mechanism; and an evaporator. A combustible refrigerant is sealed in the

refrigeration cycle. The defrosting means is formed of a plurality of glass-tube



Fig. 16 is a view, partially in perspective, of an evaporator and a gl ass
tube heater of a refrigerator of a tenth exenplary enbodinent. 15 Fig. 17
is afront view, looking in the direction of arrow D of Fig. 16. Fig. 18 is
a view, partially in perspective, of an evaporator and a glass tube heater
of arefrigerator of an eleventh exenplary enbodinment. 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 gl ass-tube 20 heater of a
refrigeratdheﬁﬁwﬂa twel fth exenplary enbodinent. Fig. 21 is a front view,

| ooking in the direction of arrow F of Fig. 20. Fig, 22 s a view,
partially in perERestiycturepbaye conpBipRress andinpuyl fet cachpelageduks heater
refrigerator_of a thirteenth exenplary enbodinent. Fig. 23 is a_front view,
| ooki ng i n Vhenghe evaperater and dtswreandings are hepted-py the glass-tubgheatens| y
enl arged sectional view of a glass-tube heater of the refrigeratqr shown in
Fig. 22. Fiig thesdefyosting epeyationst rlhip adommwethecsunface tamparatyrq of tye glass-
refrigerator of a 6 fourteenth exenplary enbodinent. Fi.g. 26 is_a .
partial 19 siethe dgateritewmspntalg Belovt qdetnaraturst af pwhick rihge cambnsighle; he
fourteenth exenplary enbodinent. Fig. 27 is a partially sectional view of
anot her gl axedrigerantitasm @tclfire.nAsangher phusiefiective gﬁ%e;’fléepttbéﬁﬂ'ﬁa BR¥m8 ary
enbodiment. Fig. 28 is a partially sectional view of a gla s-tybe heater of
a refri ger at darggfamonnt eixpstiranmioyide 8 s fafresting, gherebyjenhangmg the | y
sectional view of a glass-tube heater of a refrigerator of a sixteenth
exenpl ary epfibsiemesof defngsting andelimingating yesidyal f8esé+ | onal vi ew of a

gl ass-tube heater of a refrigerator of a seventeenth exenplary enbodi nent.
Fig. 31 is a sectional viewillustrating the essential part of a prior-art

10 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
15 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 is a sectional view of a glass-tube heater, with the essential part
enlarged, of the refrigerator shown in Fig. 2.
20 Fig. 5 is 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
25  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.



refrigerator. 15 DETAILED DESCRI PTI ON OF CARRYI NG OQUT OF THE | NVENTI ON The
exenpl ary enbodi nents of the present invention are described hereinafter
with reference to the acconpanying draw ngs. FI RST EXEMPLARY EMBODI MENT 20
Fig. 1 shows a schematic view illustrati the refrigeration cycle of a
refrigerator in accordance with the first exenplary enbodi nent of the
present invention. Fig. 2 is a vertical sectional view show ng the
essential part of the refrigerator of the first exenpl ary enmbodi nent. Fig.
3 is a schemati d&'igi vip| pueartigel mgchippak yiem $ Wlﬁ&??h%festsﬁ%“?]eﬂ)tairbé}fa?or
shown in Fig. 2. Fig. 4 is a 25 sectiopal, view of a glass-tube heater, with
t he essent irafrlg%nattomﬁ%ﬁ!@réhpxwpi&we@ 9%@tor shown in Fig. 2. In Fig.
1, refrigeration_cycle 301 has successivye connections of the  _7 follow ng
el ements: conpr d8igorl(309,a vertiealseectzoml yews shewing dhet ewsental mat oh 305,
and evaporatqor 306. A conbustible refrigerant is sealed in refrigeration
cycl e 301. @@QE@@@?I@ﬁ@@ﬁthgxﬁm&%@ﬁm@lf@@posed cl ose to evaporat or
306. 5 Here will_be described the structure of an_exenplary refrigerator
havi ng Phe ref riljgr akli on ayerdcahsegiianal pyigw showing, ther essential (rarkigfsa 2
through 4. In Figs. 2 through 4, the refrigerator of the first enbodi nent
cont ai ns tvuefrggmﬂe%@nnghgtb@em&arah@nbg mentan exanpl e of the defrosting
means shown in Fig. 1. Each heater has, a structure jn whiich heater wire 24
made of metal | i d'igo WZaiseniWpw, pacHaly in prespeetiye i, 2 irefrignater phacnimth
spiral shape and then _inserted in a glass tube. Heaters 19a and 19b are

pl aced bel cweaplpsy gmhodiment.a sj deby- si de arrangenment; more specifically,
heater 19a is disposed close to | owernost pipe 21 of, evapqQragtor 10. In
expl anati ons wi |118pd3ds adrrtrdavnionking mg‘lhﬁégrﬁtqﬁ!?é‘ Qfé‘éif‘éﬁ’g QQﬁ gahé 19b may
often he referred to glass-tube heater 19 as 15 a unit. ] n cooli ng chaH‘oer
20, as 18hown i n gy .19 1s @ Kisah pagtiadly, in fergpectivgopt another; eypperaler ga
heater 19 are disposed. A _pair . of supporting nmenbers 22, each one is

di sposed atglasshukehester pfarefrigeratey Qfetileﬁéaﬂé?xe@afatrw@t mgntn heat er
19b. 20 Hereinafter wll be de_scrﬂ' bg,d t he workings of a reér]ibg_erat or having
af orement i oned s¥igudpds @ fmtrrews lopkingineths F‘S‘Ftlﬂ'ﬂtﬁ(ﬁrﬁ%‘ﬁt s ol Figed44 he
expiration of a predetermned tine_interval, f_anogfl stops to renpve frost
from evapor at or H¥g: 18ni8 & viedr. rpayéiadla insperspestiviai gl 41 aYaRATA b apb R 81888 10.

After that, the electfic gurrent i s supplied through gl ass-tube 25 heater
19 for gené elwgatﬁ%a a Fefrigerstor ot arteBLh cxpme mﬂgl?%ﬁmf&%- When a
defrost-conpl etign t.ector (not shown), detects the conpletion.of

def rostlPng, the ]glﬁ‘ ﬁgr’r? adrom ‘S}eWOI%HgH’cge’rn ti'!? Cﬁge%{oepﬁé'a?g@ﬁs pﬂﬁ{g. d6f rosting
operation conpletes.. .8 Wien fan. 11 cones to.a at.o t he conbusti bl.e
refrigerant |iquite il® A S RATtAST I RETSPEGHVe: (1 EFI{ ngaﬁ%ri 6‘?1‘% a glgss-

| ower nost pj pe 21 thag collects hi.gher, anounts of the refrigerant than
Phfle Bt Pl Spig vh (ol Am ey SOt e Y SERAHERERG 11 ot

ot her pi pes
o ess- e et e, 198 SYARRLALE, LR AMoRTRUDSE o St SPRRLTH! O ©
Fig. 20 is a view, partially in perspective, of an evaporator and a glass-tube—
20  heater of a refrigerator of a twelfth exemplary 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.
25 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



In the process, heater 19a, which is |ocated near by | owernost pipe 21,
encourages to evaporate the high anounts of the conbustible refrigerant in
the pipe at the | ower section of evaporator 10. Wth the application of
heat, the conbustible refrigerant is changed into hot gas, noving up toward
the pipes in 10 the upper section of evaporator 10. The pipes in the upper
section of evaporator 10 are kept cool due to the frost on evaporator 10.
The hot gas_of the refrigerant. npved fromthe | ower section is now cool ed
by the pi pefousirgnthexemplaryembedigemti nto 1iquid. For turning into liquid,
the hot gas radiates the heat toward frost deposited_on the upper section
of evaporator 10Figpe?6 gst anpartialls segtignahvigwdobwt glass-tuhe hestarsef thee
gaseous conbustible refrigerant, due to its high |atent heat, radiates a

| ar ge anounxefsigeratar Of&mf%ué@enbh e&mn@am@mmcgmeinqui d, whereby the
defrosting is accelerated. In this way, a therno-siphon effect facilitates
the defrosting ofigedpisraigrtially sactional vigiweof pretheti glass-tubgibaatespfghet he
heat generated from heater 19 nelts the frost on evaporator 10 20 and

peri phePal raftgeraiar of theofonnteenth premplary emeodimenént air warmed up by the
heat noves around, All the actions above contribute to a thorough.
defrosting of evBigol8tisa prgtially sepliomaliadewid sglasebahaihentes of aupkrigezatasr
19b is disposed, next to first gl ass-tube heater 19a, bel ow evaporator 10.
That is, byofa fiftgentlt exeraplogy gm ®Bthavi ng plural heaters, the
application of an electric current per heater can be smaller than that in
the prior-art stFige28riea ppatiellyseetignalidewpiraaglass-bihrcheater of afrefrigerator

gl ass-tube heater to_keep lLower than the ignition tenperature 9 of the
conmbust i bl eokapixtepthmxemplaphembadisnentt.- enpl oyi ng i sobut ane as t he
refrigerant, the_surface tenperature of the heater can be kept bel ow 460 C
Gener al¥)) an anBi04s arpmtiadlyssctiengl vpwraficoglapsfnbmhester of prafégerptox of
a hot body. Conpared toQ a structur% ith a single heater, a structure
formed of aoba geYaHPeRth eenMlareembedimgnt.| ar ger surface area, accel erating
heat-transfer to_evaporator 10. Furthernore, the structure with plural
heaters can eff eEig 8l 8 Aectippal vieeillugdzating the exsentehparhobp proes-#g
hi gh amounts of frost, ensuring a uniformdefrosting. This enhances
defrosting Bairigeraingi es, elimnating residual frost. 10 As descri bed above,
t he therno-siphon effect of the conmbustible refrigerant in the pipes, and
heat directly radiated from heaters 19a and 19b contribute to uniform

def t] th t i face f , i i

eff1 o elityes. oL AriBRSHifbSoN S CtbRinS: o D SRLAEIFVEREON oy o
D5 hoat of 30a°( 1085 | CHRBIAGY fURYOTRIRRIE A0f ARe RepERt davRUGh Ao detesibods |
shortened. This epsures that th ur f ace ter;rper ture of the heaters 19a and
10b is kept heFIngienBRthreiRence, by P ACKOMBAIIRE ALSI® e combust | bl e

refrigerant. Furthernore, a pair of supporting nenbers hol ds gl ass-tube
heaters 19a and 19b so as to be an integrated structure, providing not only

a sinple structHr nbling work. The refrigerator of
the first e %&Mwm&]f@mi bed above, provides a structure
havi n lurali o] | ass-tube heaters for defrosiing.the evaporatof.
Ther eby20 Che ¢ enpli-al GRERgra dermana-ger HEHars TorrPP RO BRSERyet B an
combust | bl oX{BREFGRF dRiaccignes Sty EhF Juet AP BRI Y b P PRR ol hg prosent
tenperatures_bel ow t ignition,.t erature. of the. refrigerant, w.t t
ogr adat | on TERERE- oiELs ooy B AuREber hgio v ABOY ite b e gRiab phdt  the

enbodi nent

b

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
25  sectional 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



10 not only can prevent a conbustible refrigerant fromcatching fire even
if the defrosting operation is perforned in an environnent where | eakage of
the conbustible refrigerant occurs at somewhere in the area having
defrosting neans, but also can inprove a-poor refrigeration due to residual
frost. 5 SECOND EXEMPLARY EMBODI MENT Fig. 5 is a vertical sectional view
showi ng the essential part of a refrigerator of the second exenplary

enbodi nent e.second enbodi nent diff fromthe rst enbodi ne n the
0 ol v HTiging colbfig cosnpla%%riﬁ tyoeﬁ? AeEs S0 pEFeRr e Eoduction

| ocated in op sed tio san WI c 10,.t her ebet ween, To be
nmor e speci f’int? §{)9’§$’a§§ t&Yi8Bo Bﬁ?‘?&)’%@%d’egfgeéaﬂﬁ)éq ??%ﬁdllﬂwer
t han evapor at on the_ o han cond gl ass-tube heater 25

di sposed atr%rlg%%qtfqrbﬁngﬁi@ telﬁ%ﬁﬁ %‘e Foiie Tosoms A is Gwored slose to
accunul ator 18. Hereqogafter wi || be described the worki ngs of a

refrigerat cfVaPbag Phe structure above. As is the description in the first

by i 15 Ban wel ghiiord Bl belaraabec LB SBichpih obRn St ¥ Oéfa% ARG BATES of
égﬁeigzghgfmﬁlggé ’?"E?B‘S’%}FE%]{)OSYSHIE‘Q %Zlgf“él bef{e%%m@Aft §1 Fal?e‘oiugﬁatgerant
hoat - the conbuski BIE. F kPRl LiibeTelierAbELol the SrRbempadim GRbcangas Tover d
the Fefr: gebBnE-Cebe hreigry ﬂﬁ%aﬁﬂhefﬂ A AD SSEmRAOf Ht 8#%%@%2&6%23238%3&35 o
e L
[ o d 0 oVt BBt aw%@tcﬁ%érﬁg B forHA Spfes fiel ?Q{Eea%ﬁ%gﬁe?ﬁbasgﬁted
et R R e
bosi t{'on wht 8 dteh”Zatrr%I?%V@ﬁ%? ﬁ?ﬂ%ﬁ%ﬁ%lﬁ%‘iyay Hsates ri[bsabe@' Qe loss e

area. In thg struc

ure he enb h e% Pﬁ r 25b di sposed
above evaporPXGrRCEHP 8 ?VaLPSr‘? aJ c?ﬁp%&ﬁ {95 "eg’é’ﬁ? 58 & thg
t he def t th t form f t
from the 10EBasbBPE Pertenn dOR AU 1Y Biwcateihe rere %Qémg%ev%ﬁ tter 19as

ef fici eJ%y of defrostlng and therefore elimnating residual frost.
Fur t heriior e a upa- rosting conpl etes in a shortened operation-tine of the
gl ass-tube heat

refrigerator of e{rh%\’\égk%gﬂf?% t?:sfﬁﬁoc‘)‘gg Igg\i\g %g’\éi’g%t% {;an[ ﬂg oo ﬂ?e
gl ass-tube DERLALR-fIBY hedles i’é’%%é W oREat | Rt 8F LlihotAROLEkDEts 28 %ach
one is disposed at each end of heater 19, fixes heater 19a together with heater
19b.
20 Hereinafter will be described the workings of a refrigerator having
aforementioned structure of the first exemplary embodiment.

After the expiration of a predetermined 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

25  heater 19 for generating heat to melt the frost on evaporator 10. When a

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

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



i s disposed above, the other is disposed under the evaporator. The
arrangenent of the heaters allows the evaporator to be uniformy heated up
fromthe top and the bottom Besides, the structure having plural heaters
allows an individual heater to have smallg heating val ue, thereby keeping
the 20 surface tenperature of the heater below the ignition tenperature of
t he conbusti bl e refrigerant The uni form defrosti ng enhances the efficiency

of defrostin , tri i to e er conservation. .. Eurt
accumul at or, ’ 32? el W@Pﬁﬁﬁ&%‘%ﬁ“@% ’é‘gﬁ’r*’d’sef‘“ﬂ‘}lﬁ in

defrosted vvrthout fros he refr f

enbodi ment SYZPOBHP ﬁ@éf?%dwevéﬁ#saovgaméfiy P dO¥ e RpSfaliE cell{ai ng
fire even if. the defr ration, is perfarned in an enV|ro ere
| eakage of WRboCemIuats of B eRtedand tha cHituMRes BurRARIER N 19. | ADeR that
e 1o ﬁgg,lgﬁ;;{g%@gd?axgm I O T RN AR R SR LA o
structure o ato In this c t he second gl ass-tube heater can
be di sp8sed ICB g‘ aa%ka‘eng%@i I%ng’gﬁm @Wegl ass-tube

heat ers can be edin an op i e in a t hwi se direction
of the 1evapo_r|_ ﬁt chsﬁi{ nhqag tlgﬁf WE‘écﬁflj%tﬁg tﬁt‘)ih%?ali Y afWEERPS dflp?f?el’
evapor at or e arr ngement c ec as ube ai ns

di rect dri FICAYE O&rvaner%tsiﬁﬁﬁegil SRS bt embuohblepreingatint sadhe 16
o e I S R O OO i
the third exe odirre The ) e of the third e di ment

LTt ers ' crorRestible FORRE B! it chasatkings bat B gmpias W FAvERL O P PERR g
ornt n Fi firs | ags-tube heater a i s dispo dbeloweva or at or
o 0 fhet%%hélppfsn%fcflgg ioevapaggtoigiﬁ h?:-@feerilt@% 1B Flﬁ? spoR FHhy ?
merrrerae oSiti na ervvi ribe
wor ki ngs ofevaRpERter J0) e ke emigﬁiehf@ s Bbst 08 by ebomiovn 107 1 TRR Hohfe gt T ng

el ectri t hr ough. heat er

26a Npst | oeE R fnr%‘rﬁﬁﬁa%ﬁ*ezﬁawwem b%%%‘aggoéﬁbf@r @Letripes S T
G rectly Mgt il 85, L aiw i Ml B LS
e oA SRR B R (B, e ™
15  thus carried out. In the process, the gaseous combustible refrigerant, due to its
high latent 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
20 and peripheral components 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 hand, second glass-tube heater 19b is disposed, next to first
glass-tube heater 19a, below evaporator 10. That is, by virtue of the structure
25  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



the sane time, heat radiated from heater 26b di sposed within evaporator 10
13 heats up a lowtenperature area in the md toward the upper sections. O
radi ant heat from heater 26a di sposed bel ow evaporator 10, upwardly

radi ated heat directly warns up evaporatgy 10; while downwardly radiated
heat reaches the evaporator as reflection off dripping pan 13. On the other
hand, 5 heater 26b, since it is |ocated inside evaporator 10, can directly
heat up evaporator 10 in_ upward and downward (or, froptward and backwar d)

di rect i ons.ofTHe &pwiw&%mre gengathathe case, of ppypiayang HeoRIaARS 38 dhewi t h
a rapid and uniformdefrosfing, allow ng the surface tenperature of t]

gl ass- t ube lesHgetant, the su aget Wﬂeﬁétqrﬁrﬂftqh@nh%%éﬁa&bﬁn%%?%@ 460 °C.
conbustible refrigerant. In this 10 way, the refrigerator of the enbqdi nent
not only cdAeperaliynan anegmhefinadiationess pryperiienal g c,%r??@efare% okadpt 1
the defrosting operation is performed.in an epvjronnment where | eakage, of

t he conbustbqﬁ%’e F@mnag@flaﬁ%a@&emtgream@bﬁre%ﬁgﬂehﬁﬁteﬁha streckurmfarmed; pba
defrosti_ng means, b al so can i nprove a poor refrigeratjon due to residual
frost. 95 nd@milﬁméﬁopem F bl RERRT EREface area,acelenabing BevkiransleT dPew

showi ng the essential part of a refrigerator of _the fourth exenpl ary
embodi nent . CVARSTSIOF A L Htshermare; Ghe PHUSHBSTHENPIR] ReRters cameliRen eelsr

the 20 af orenenti qned enbodi ts in the foll ow,ng points. Fig. 7, first
gl ass-tube ]Pl%f’eftt&heolQ"Yﬁr sectigny ggjewoaw%\}wép%% REROUgES Phgmé‘i’ REFUHAR,
second gl ass-tupe heater 27b is_djsposed either in fropt, of. or behi nd of
evapor at or %0?“#9%038&%“&6- ha'gﬂ’rsn&g‘@n%s ef’éPS;S‘é?& “ggc‘?ﬁ'é‘e?’i fEMigahngce
heater 27b. Be iqes, heat er 27a di sposed bel ow evaporator 10 has a 25

capacity | af4§Eti& REQ¥tt hat of heater 27b that is |ocated hi gher than heater

27a. Hereinafter will b escri bed t he workings of refrigerator. havjng
the strifcture apdyedescry %Tr?g’oéf@f r et | thgTeRa ?Ibnegéﬁﬁ i %ﬁ? hCqrpBustible

PRI RSN T TR O o e
the. behi nd) SRR 6 BRUPTRIS BT 1S P1ET P Bf T thgatrolD. enfracibea
T et SURRL S LBy e TGP e
eat or - 27b, 2 RBHFBI2oh ELAR 49D Rat5T 60O 8K T b6 IOPEVARSEY dithe DS
e L haRe TRl b s PSR oA b
Lemper at ur TGS EREBEHHHG AP Puiege A GBPHTEC AL tae hrayre, 198 HaRp igdieRtor
o e eToCERL BaboTik SPRB MR EREDE LR RAG et
o e B8 8352 MG ERABLRS SASELRA R Fofhod
Phe 11 ns. of Tabapar &1 B o Bgnkealee torultRiprn Btk a0 gulld SR sPipefu®itncr
in the ont, of or behi t he evaporator. The arrangenent can mnim ze
wast e %cea](?gﬁ?é%aﬁifmﬁg?%molrﬁg heater 27b. 20 In addition, the
at' the beni nd of PPRABVamarR o o PestaRp B ROCebofPaE i gl b
the meed t 0P BREGHRE et iRy drale Gl BT B SRR b
air course whgl L 1 hetely! tABSLhpture® of bhdh! AR N AE RN The
passage of an electric current can be kept lower than the ignition temperature of
25 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



Fig. 8 is a vertical sectional view show ng the essential part of a 15
refrigerator of the fifth exenplary enbodi nent. The structure of the fifth
enbodi nent differs fromthose of the aforementi oned enbodi nents in the
follow ng points. In Fig. 8, tenperaturejgensor 29 detects the surface
tenperature of glassy tube heater 19. Controller 30 is responsible for

ON OFF controlling the application of voltage to heater 19. Heater 19 has

heating wire 31 therein. Hereinafter. will_ be descgribed the r ki ngs,of a
refri ger at GIOUHRRIY @ RESVORE & combustiblperefrigerat ﬁ@tf@lp%sﬁﬁm’@ alf the

electric current. is fed thrqough heating wire 31 10 in heater. 19; negnwhile,
t enper at ur SefEsking operptian. ig hitoraiad e i SHYSTONTEFRE B e@ﬁeleaﬁ%gs of Jgé
and controller 30 _perfqrms OV OFF control of the application, of vqgltage to
heater 19, Rhusbiplg efrigerantcory AbeSABARELER dRetlsr akemthaving dsdrosiinghe
ignition terrperaéure of the conbustible refrigerant. The delf osting is thus
per for med wWReansdutalsecaminprovedneersreirigeation due b reidya ch is a 15
known combustible refrigerant, has an ignition tenperature of 460 C. In
enpl oyi ﬁg R600a for the refrigerant, the surface tenperature of heater 19
is kept bel [WoTaTHN! for exanple, 450 C or lower while
current is %ﬁh@a* B t ﬂﬁ‘hﬂéﬁmlﬂ ting. In this way, the
refrigerator of I%.he nbodi nent can prevent a conbustible 20 refrigerant
from catching fit'é evefl afvgqgg:aie‘?fe,c Spst d"l%‘ﬁe?]g?‘i"g}g it8e R§SepPALIRTE (Pla A
envi r onment ere | eakgge of the combustible refrigerant occurs at

somewher e il'r?\?l{]lﬁ‘éra&?’éa ﬂ'&\ﬁ%@néﬁée‘HE 3@85%41&@}%%5. For exanple, the risk of
catching fire c be avoi ded even in t. cases that .undesired high, voltage
's applied to t Rbhg secend  gmbediment itfes omeégﬁn&rsforen? mgRheltbsthar y
defrost.i nge{oﬁecarri ed out 25 because the conpletion of defrosting is not

proper I¥ d Ve PBIt&one reasons. 16 SI XTH EXEMPLARY EMBODI MENT Fig. 9
essential_ part .of a refrigerator

of the sixin eig‘rc?:)i’gﬁ? , arBES ! Elaeiie bea b lobeRg 1Biopprel Betnan:
poi Nt 8. | n AR ISR RARORR el G ORBPe et A0 THHEe SUPRGECLTS RAFaRe of
o “vol 1 age REAREGPRAS dGPoRelrbh POGTRBIONERLTAY SHRPG AT 10 @rciti CCHEr BATAT ¢ o
Bbove. I n_ GHePBLELIR BETEETGR2 i UPBRISA & LhPERD TIEHPL A SRe RELP! ng
9;: nean tenperature sensor 29 detects the surface

wire 3 'nhetﬁ)r%, ilgi
t enper atur e2BF c1ofe o peunplater 18nq control ler 32 increases or decreases the
application of

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

20  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

refrigerant collected in the lowermost pipe and its vicinityy. With the

application 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

25  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



voltage to heater 19, thereby keeping the surface tenperature of heater 19
15 below the ignition tenperature of the conbustible refrigerant. The
defrosting is thus perforned with reliable thernmal control. R600a

(i sobutane), which is a known conbustiblgsrefiigerant, has an ignition
tenperature of 460 C. In enploying R600a }or the refrigerant, voltage to be
applied to the heater is properly controlled so that the surface
tenperature of heater 19 is kept below 20 the ignition tenperature, for
exanpl e, 45gctioprof exyapprator 18- ca‘rheewﬂfnggrawdm@a floyvs dewndatlewermost pipe
defrosting. In this way, the refrigerator of the enbodi pent can prevent a
conmbust i bl e2kef dngdhitniway onerestiog thef therma siphoned heydie f vyt icaFriep et i on
is perforned in an environment where the conbustible refrigerant |eaks at
somewher e i fefrofding elthesvieReratgrt he defrosting means. For exanple, the risk
of catching fire can be avoided even in the cases that undesired high

vol tage is appliPyet to t sfeughiurel diffseenceatinr eyaporatnte 10za88ngmoynty ﬁgtthe
unnecessary defrosting is carried out 17 because the_ conpl etion of

def r ost ing” ¢ambustible gedriggranstmay awtileave ggeumulatond 8 fourlowermostepipenl.

hi gh/1 ow control of the application of voltage can mninze variations in

t enper at ur eSu¢h ahrosifden iwherei the refiigerant dendy o stay-emavildt f wlpw-dafrpeteflr om
a break; accordingly, protecting the conbustible refrigerant fromb5
electric spﬁ?qa-celustéa ssyugipeairf e embogdimentshomryer, hrefam Kby dEnsEd aEve
Fig. 10 is a vertical sectional view show ng the essential part of a

refri ger at opvagoratpy d8yvearnhhesknin dihg sksoen neptitiong tharehyy shpgtening the
refrigerator 101 contains outer case 102, inner case 103, and rigjd

pol yur et hangefrostingrtiame. nda: thin waydihefirostiueg rap ungfarmihremove frosfromehe
outer case 103 and inner case 102 is filled out with insulating materi al
104. Colly- sevarmgataramshitefawrounslings therehy enhanmpg thereHicianry afrdefrastingat ed
by partition wall 107. Evaporator 108 js disposed at the rear of 15 freezer
conpar t nent andgheysoseqlimmatingrasidud fresty; Fystheamore  dpfrestiig comppletes in
evaporator 108 so as to provide electrical insulation hetween freezer
conpar t ment 2189®rianed: RRexatiamEmea et dhaoglass-Hape hepbaramdiich opntributesnto an

t he outside of polystylene foam 109, nol ded-resin decorative |am nate 110

i s di sposedPO¥sY §APE- outl et 111 is integrally fornmed with decorative

| am nate 110. 20 ,Col q-air inlet 112 is fornped between the bottom edge qof
anminate 110 andAFREEME be dheoteiigaraion, ff'fxeexﬁwn&mhegwelmaaﬁ dosciibed at
a section of decorative |lam_ nate 110. Fan notor 113 spews_out cold air,

whi ch bakfvesd Pgh)aﬁsﬁ‘&’@a}rﬁ?ﬁ%’ts aveORY) OPReNg deration igghg Ryapprater; one

charbers hoy] gL ) SR AL &8 (001,23 Shon) DL peLag ban A4 1
11555 11 xoarGOERBERt s heSra BORACENG FORAaSHie 0o HITETRY M4 291 on
Pipe 116 ang Il The thphaa 05 hotony HeSifes the 'slfictirs hsvit pliral Koatbree:
allows an individual heater to have small heating value, thereby keeping the
20 surface temperature of the heater below the ignition temperature of the
combustible refrigerant. The uniform defrosting enhances the efficiency of
defrosting, contributing to energy conservation. Furthermore, 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
25 prevent 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



Evaporation basin 119 is |ocated under dripping pan 114 so as to coll ect
wat er dripped in receiver 114. Radiation pipe 120, which is disposed in
basin 5 119, heats up the water collected in basin 119 and evaporates it.
In the structure, the outer wall of heatg¢y 115 maintains at-all-tinmes
contact with an edge of fin 117. Fin 117 1s fornmed of vertically arranged
continuous fin. In addition, Ni-Cr wire is enployed for the resistance wire
for heater 3115. Her ei nafter Wielﬂigi[gbe desgri bed t,gg v§rki ngs of a

refri ger at GHSPSIN HHPEGe 4 poek refEigaratihaye to resmdual frogteol ed in evapor at or
108 is spewed ouf by fan mptor 113 fiomcold-air outlet 111. After used for
heat exchange i i f§lawdairosting, aragnmayoqary haccardingode the cigretiey efapp
inlet 112 back to evaporator 108. Repeating the air circulation above cool s
freezer corfVRPORRIE. 1bTthis case,dhectespid ghassityibeinsdencan be dispesediclasedp t he
cold air coqgled in evaporator 108 is distributed, via a duct and danper
(not shown)t etfl‘}'eé‘d’}’]éle@tféffség@r%]é%artnent 105 and ot her chanbers having
different tenperature ranges, whereby each chanber is kept properly cool.
Wth the passageﬁé‘? gfa%et,u e\agaieEY 6a0 hegp @egrlaomwow%%wrmsﬁmwtf%m.
20 In the refrigeration cycle, an electric current is periodically applied
to heater IVHtbFigRiTogEen ohthnayanasatar auP o i fent of ains the athapis ¥ Hered
by the build-yp of frost. Evaporation basin 119 C(illects the water from

mel t ed- f r osef {heevapoptiong 'Hhs arnangemant: hanpiofentalpsntihebeatey 2ha #g81ngd t he
water to evgporate. According tqQ the refrigerator of_ the seventh exenplary
enmbodi nent , J¥ae dmppiag qy@aa? mlt%iygrpét fraw syararatan, 10.c ohhesebygive! &6 cape
foll owi ng el enents: conpressor, a condenser, a pressure reduction

mechani sm e‘é%ﬂe%ﬁv%ivgﬁg’f ottrugiiiges ef ri gerati on cycle contains a
conbustjible refrigerant to circul ate 19 therethrough. The structure in
whi ch Hater 115 contacts with an end of fin 108 can defrost the evapor at or

neater, ol BT RENPRALY ERBOIMER i cncy A Che same time,

radi ation effect_resyulted fromheat-trapsfer to fin 108 keeps the 5 surface
tenperature of gF&séJ tifbd H%’%HQ@E SerEiopab| vViey showme &ﬁﬁu%ﬁseaﬁlai]d%trt of a

refrigerator of the third exemplary embodiment.

The structure of the third embodiment differs from those of the
15  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 at an intermediate
position in evaporator 10.

Hereinafter will be described the workings of a refrigerator having the

20  structure above.

In the defrosting operation, an electric current is fed through heater 26b,
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

25  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



radi ated from heater 115 maintained. This allows the surface tenperature of
heater 115 to keep below an ignition tenperature (e.g. isobutane has an
ignition tenperature of 460 C) of a conbustible refrigerant. Therefore, the
structure has no danger of catching firejgn the event that a conbustible
refrigerant | eaks 10 at somewhere in the refrigerator. Besides, fin 117

di sposed in evaporator 108 is fornmed of vertically arranged continuous fin;
the structure enhances radi ation effect resulted fromheat-transfer to fin
117, i ncr eckgats uprelox-teraperabiire Arepeiy i mid) towaxd the weper, sechHenst r uct ur e
can lower the surface tenperature of heater 115, with the anmount 15 of heat
radi ated from t QE radignsheadifram; hrader 26@ disppsed helew evaperaterdy wpwaedlys

t he heater can be kept _below the ignition tenperature of a conbustible

r ef ri ger anttadiateddiiat idévectlyj wgrmeupevaporatpr gB:ewhﬂ@rdwa@éy sadinted hgate
for heater 115, Even in the use of the heating wire at |ow tenperatures,
the Ni-COr reesichesblaeeyapoyater pagefectinn off| drippingt pae I8haOmdbe gthas kandr ved
in a Fe-COr resistance wire at approx. 470 C, thereby protecting the heating
wire frém ahéeateni26he pve xEMvincated Ensidpl MEPRrRLer 101 dan dinestly keat up
sectional view showi ng the essential part of a 25 refrigerator_of the

ei ght h exengianoyaterdOdnitnwardmved dowowaaddonfronteard gnd hadswar) divectiand.f er s
fromthat of the seventh embodinent in the follow ng points. 20 In

addi ti on t olhpartangementeohthe heatars canrprovidsithe svapenstor vithhapapidhpndy of
fins 121 of the structure in the eighth enbodi mrent has half round i ndent
122 conf or nitpHoxm defrostinge pllaring she gnefase temperatare of the glags-tyheheatersr g.
11. Continuous fins 121 nake contact, at indent 122, with the outer wall of
5 heater 1180 keqn belawrther igpition pemperatire of the compburiinlesredrigarants  Iyshist or
having the structure above. In additiqon to the structur a of the seventh
embodi méht , weeths refsiggratossof the embedimenbaat Yy camnpigveat asembusidlat
122 nmakes contact with the outer 10 wall of heater 115, can increase the
contact ar eeeibigeradiromecatehing fireraven fbthecdeirofting epergtipn 18 prefeemed in pa
efficiency of heat transfer. The inﬁroved efficiency further accel erates
def r ost i ng. enVirenmppt wheie leakaggafithe sepmbustible xairigeranirocqurs pasomeyhazg,
the surface tenperature of the heater can be kept sufficiently | ower than
the igniti ol tibepares Jhavigg she ofaftesting dneans i EBF aiE0 QAN NPV XENPIOARY
EVMBODI MENT F%g. 12 is_a view, p;i ially in perspective, of a refrigerator
of the nint¥ W@ﬁ%}%‘}u‘éﬁ%mﬁlﬁiﬂé T0§i g. 13 is a front view, looking in the
directi%{ of arrow B of Fig. 12. Fig. 14 is a view, partially in

perspeék ve, of another 20 evaporator and gl ass-tube heater of a

ook ng 1 n FRUBFACEREMPLAIY RafplrfpbRRg ™1, T 0 e B Trom view

Fig. 7 is a vertical sectional view showing the essential part of a

refrigerator of the fourth exemplary embodiment.
The structure of the fourth embodiment differs from those of the
20 aforementioned embodiments in the following points.

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

25  capacity larger than that of heater 27b that is located higher than heater 27a.

Hereinafter will be described the workings of a refrigerator having the

structure above.



In Fig. 12, each fin 123 has L-shape bend 124 at the bottomend of the fin.
Bend 124 nakes contact with the outer wall of glass-tube heater 115. Fin
123 25 is arranged, as shown in Fig. 13, so as to have interval 125 between
t he edge of bend 124 and adjacent fin. Thﬁ 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 conformto the 21 outer wall of glass-tube heater 115, and the end
havi ng i ndent 127 further has L-shape bend 128. Now wi I | be described the
wor ki ngs of a rekhe defrasting eperatignibesing witk: theanplisationof ag electrip girrent
Figs. 12 and 13, each fin 123 has an L-shape_ bend at an end havi ng cont act
with the oubeheatgrs 24p andhldb. 1Hsaterneras whichyisedigposassbelawnevaperaten G
couple to the outer wall of heater_ 115 through |ine contact, enhancing the
ef fi ci ency dfraséathe exarenator pawprlly fromitbehattoms Pay vtheqotber haed. heateage
of bend 124 and. adjacent fin can upmardl§ﬁbra sfer the radiant heat 10 from
heat er 115.2%nhdispesed fdrtheafrent fpxyshe behipd) abevappyatorodevammns wix arlewin
which an end of each fin 126 has half round i ndent 127 so as fo confor mto
the out & VigMPe3AtHERkaa 1 the AR hayang foslpw-¥ise dndpmperaturaagspite I9f§5i$9pe.
The structure allows each fin 12Gto couple to the quter wall_of heagter 115
t hrough ar edhezmersiphon pdfectin geaparatrroll) mpanh efiesiyely asmpves the drost fxamf er .
The structure of the enbodi ment, as descri bed above, can provide further

i nproved deftheowirfagerofgvapeyatontd O nén sddition, hy, vickke ofhavins & eapseitudargsr of
heater 115 can be kept further lower, with the anmount of heat radiated from

the heater thamhbeatesR7briheaser 27a san orppes dedvast the hobtom of pyapeter 10an

be 20 retained below the ignitjon tenperature of a _copbustible refrigerant.
TENTH EXENPRARYE ASOEE e, @éfrqsé,t rsLme@ia,ansmgﬁhﬁ fi%oﬁrqsfﬁ Sgé?l%“é’cti t of
an evapgrator and a _gl ass t,¥be heater, of a refri gergtor f a tenth

exenpl & eitpble gk apfguniform defrosting qamy SWPRARSS the isustnce tempergiure &fi on

O oW D O e Moantels o5 i B Bl SARd eBBematan oL
combustible refrigerant. As a result, the refrigerator of the embodiment not
only can prevent a combustible refrigerant from catching fire even if the
defrosting operation is performed in an environment where leakage of the

15 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 evaporator. The
arrangement can minimize waste space caused by installing heater 27b.

20 In addition, the arrangement — regardless of whether heater 27b is
disposed at the front, or at the behind of the evaporator — is effective in
protecting heater 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.

25
FIFTH EXEMPLARY EMBODIMENT

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



129. Holder 129 is forned of partially notched vertical flange 131 of side
pl at e 22 130 that is disposed on the side surface of the evaporator.

Fi xi ng heater 115 to hol der 129 provi des contact between the outer wall of
the heater and each edge of fin 117. Nowqwill be described the workings of
a refrigerator having the structure 5 above. Holder 129 is formed of
partially notched vertical flange 131 of side plate 130 that is disposed on
the side surfgce of t e orator. Therefore, holder 129 can securely hold
heater 115 Xff¥IgeTAdoR Eé@gggﬁ‘ﬁmﬂ?@’%&ﬁ& both ends of the heater are

fixed to the holger. That is re has d for preparin
addi tional fixi nghoresBactyrs éz£st'iwo éﬁﬁo e@nalwgf%am Wlbo@'tosﬁr%u@le
addition, the consistent positional rel ation of the structure can establ i sh
a reliable %f@m;eemlene%emb@éimhe@ﬂert effsllawing peinis7, providing a

consi stent heat transfer. aresult, the defrosting effect is preferably
i ncreased. At thid Ens, ﬁmﬁerattﬁee senaon 29gleteets tha wariaee terapaeatine of glgss-

ef fect. result, th surface tenperature of h 15 can be kept

| ower, \f\'ithAiWehﬁ?f'r‘ﬁ}'ntlgof lﬁea-‘dl S0t & repRARYible f%aﬁﬁ/a%ﬁlrﬁ% tralling ¢ the

Ther eby, urface erat t he _heat er be retai ned bel ow the

i gnition te‘?ﬁizli%[tmneo 30 f&g@&ﬁgwgfqrblﬁ‘e efal?@qeaéﬁleﬁﬁ 1easmery poEhTHharsanypL ARY

EMBODI MENT Fig. 18 i, Vi e 1y in perspectjv of an eyvapor at or

and a gl ass tubetREing eéf‘wﬁbeae g?%i/ the B‘fori‘lﬁegse?fe%é”ﬁf peERithaypg t the

enbodi nent. Fig. 19 is a front view, looking in the direction of arrow E of

Fig. 18. InStFPgéu'e O¥Ad 19, shield plate 132 is inserted between

evaporat or 108 aﬁg 2f§ gl .ass-tube heater 115. The tqp, surface of shield
fefxes

pl ate 132 nakes ting pRexaiion, pBelentrisuraesy ig edf through hegting wirg$1134

of shield e 132 are in rally fixed to side-end fin 135 by caul ki ng or
the |i KO pan ater 19; meanw 1? temperature sensor 29 detects the surface %emperatureg

of the glass tube, and controller 30 performs ON/OFF control of 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
15 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 embodiment can prevent a combustible
20 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. 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

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



Now wi || be described the workings of a refrigerator having the structure
above. Wien an electric current is applied to heater 115, heat fromthe
heater is conveyed to shield plate | 32. Through the connection between the
top surface 5 of shield plate 132 and ea bottomend 133 of fin 117, the
heat from heater 115 can be radiated to fin 117. That is, the surface
tenperature of heater 115 can be kept |ower than the ignition tenperature

of a combusf,i efri ' nmount of heat fromthe heater

mai nt ai ned%ﬁfi@iﬁmﬂ}w@m@Z receives a drip of nelted frost
from evapor at or 108, thereby avpidin spl ash of, 10 . the water. from the
evapor at or di re(ﬁigy W2 ¢ Yerkiea (—?PthgI.‘a TH eswcngﬂpgnfli’%teés?‘h‘éahé’?%,&s%ch

as a sputter, .which is_produced en drippings,instantly evaporates on hot
heat er 115.1'9{1‘\7@_1]&??4"@5 "EB%W/ERHBO@B‘“%PE. 20 is a view, partially in
perspective, of ,an evaporator,apd a, g| ass-tube heater of ,a refrigerator of
a twel fth exenp@rep SRHTReRh te; a!x%glepgbélwahtéﬁfeé%v, frpabkﬁ'thq@ei?#a the
directign of, arrow . F of Fjg.. 20. I.n Fi 20 and 21, each long fin 136 has
L- shape béﬁfﬂr%%mé?n%{%mbg@]t‘%?ﬁtéHB.tﬁBgﬁth‘ﬁ%’gI?Pé‘k@s contact with the outer
wal I of gl ass-t heater 115, On 20 the other hand,,K each short f<ia_;tn 137 is
formed shorter tiRhet gnigrepsratus ﬁ%SPéﬁgtdﬁ,teqtﬁéh%mféC% FranpeRatig edasst the
short fin haye no conéac{:; W t ths,heater. Iaterval "a Rt;étwe_en dj acent
two | ong fitH8eiReadet &7ni HeBEIPEREEr IRfEeASeh PR Ageheases theeanpitsation Ry voltaed 36
and short fin 137. Wi | | descr .ibed t wor ki ngs of a refrigerator
havi ng t he tg'ﬂﬁ%?’iﬂgo e%%\)g%@d SRR Y 1¥S gfi%@eﬁhs an L-shape bend at an
end having contagt with the quter |1, Qf heater 115. The structure | ows
each Tong fin 13gerenaiiemmallie ftrotibesthe Forkingsiot gt s&eé?{%cﬂsﬂwggﬁah

l'i ne C‘iﬁt act, ther eBX enhancing the efficiency of heat transfer from heater
115 t o PondtFistui88P%Y%ng fin 136 and short fin 137 of the evaporator are

arranged so that, t i nt erval hetween, adj.acent fins jin th er sectpon is
oo o { hatln deTrsa ratp: s AloephiE Cmtont 11 g theigieh HRRBRE 3AREAT N,
interval "h"., The range t protects the | ower, sectj.on of, the evaporator
Tom bai ng dartey 100 eREN Bl Rrmiatore Angen.eD de et e e tace A rRer Ay
covers the evaporator, .thereby regli zi a less frequent defrostin

oper ati on. SHITE FRsE G SHRGORLE s es Tedatt et doiaades tha aRaicaton of
defrosti ng’vo‘itoangter {ob'}lxtelapeqr 58, ”&2% ]gga\f)lirli]g'théosurface temperature of heater 19

15 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 temperature of heater 19 is kept below

20 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 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 somewhere in the area

25 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



THI RTEENTH EXEMPLARY EVMBODI MENT Fig. 22 is a view, partially in
perspective, of an evaporator and a gl ass-tube heater of a refrigerator of
a thirteenth exenplary enbodinent. Fig. 23 is a front view, |ooking in the
direction of arrow G of Fig. 22. Fig. 24y4s a partially 15 enlarged
sectional view of a glass-tube heater of the refrigerator shown in Fig. 22.
In Figs. 22 to 24, glass-tube heater 139 has a tube-in-tube structure

formed of i.nner tupe 140, and &g&%{r tube, 141. CQute ée( ]d4fijf> acconmpdat es
t deteghedstog

i nner tube %u% @ Completion ?ﬂteeretserl% REAPeF FOMRregaens:
wal | of 20 r t ube 140 Bganer tub cont |ns re i sfance wire heater
143 therei thél?ﬂist h ﬁwt'Eﬂﬂ-% the, apg %ql?,n W@ Ag§ EHPMINIZLY as

to be set in posrtron In the stru outer tupe 141 of heater 139 is
al ways mai YaH4{Eens M COMPSEATURY plﬁ tﬁsﬁrﬁa&m& BitFeefBlish ¢ampyatect rdw,hmitmg be
described the rkings of, are rator having the str ture 25 abqv

When an el e‘t‘f%rremg'oéhrarzﬁ?ak’sa('&ﬁ 1F1§ , tRYOFREAING; t nli%@‘) ¢ gpirigarpat dvpoe

wire heater 143 is radi ate cij gomthe ?urface of outer tube 141 via inner
tube 140, eleetricspagk cauged by Fgéfképgﬁ #Ess, the space between inner 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 inner tube.

That is, th 115 can be kept |ower than the
ignition tﬁ%&%ﬁ@ﬁé@m&ﬁéﬁﬁﬁ@ rigerant, with the amount of
heat fromthe h;ﬁt er_ mai ntai ned.. This al so, i rrpiloves d frosti ng efficiency
Besi des, i ntegraf1gy ¥baked V@atacalzrge%mlewwhe awing thecerpential pagt of 239,
vvherebythe |t|ona}; rel ati qnship hetwotubes is properly

mai nt ai ned. re%ﬂéﬁr afor oF the eventvexeypp B’@n@arr ations in the surface
tenperatures of ihe glass tubes al sQ offers a |l e 10 as enblrng

wor k. RTEEf\rrrfxEﬁ'gvriﬁAr@fﬂsﬁm iéirroﬁagns ontereage 39? noer Gasg 195 4gd he
refrigeratian. refri era or of f.ourt eent xe enbodi nment .
Ho So s SRR Oy ardtheBectibinie hew Brulntint ik eeaﬁ@é Eb BPadr ¢ he
e R A S S5 TR o e

el enents: ¢ r 202; condenser ressure drier 204 a |IIary t ube
205 as a re t.@ﬁlﬁn%er%%@mpagh@eetiﬁgﬂgﬁﬁe%ecompe ttﬁc 8% of i ger ant
IS sealedrnther eration G ass-t heat e 520
defrosting PREHE ‘?ds 3(:IP %%%Wﬁé‘rﬁﬁ e Wé@@ru@gésﬁbsﬂ?éfa 3§1t ¢ keatdfapor at or

ntervals. In F 8 has, i t upe, hol der

359@%@%&#%%@%%&@@%?66 ?@E rgegf%n%"gﬁérrz 8@8?%@3 the frapbe;

| nner -tube hol der 209 and out er-tube hol der 2 0 su ort the ends of inner
tube 211 an@’BINAIOT eSOZﬁSZ O(ﬁroﬁ”:ffjeteﬁgaf “}Sﬁl ttVY?fé’t FETr espect i vel .
macerial r§°f§é§%tm“$@t§§'t é"aafr e ’e‘trga??cg%%‘%ttf?é %V%%Oéagftrg'r%nth%ré%ﬁlr nterval
(romthe i ert&%’?fl ﬁff%éeat e S pdefip i Bt ifutiae H0de ou
part ol 1y sSEprrh (3413599*%?& . rma? eilrﬁten%@gs%rg%@rttr% e 10 or
pas. i -t GBE R BIEE B3 S lber b sty S8 b i e L0 ate S 1y

formed of rgabs%ez,go | nner - tube hoI der 217 supports inner tube 219 in such a
way that |ap qaps over inner tube 219 by | ength "c", simlarly,
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20 surface tenperature of the outer tube becones |ower than that of the
inner tube. That is, the surface tenperature of outer tube 212 can be kept

| ower than the ignition tenperature (e.g. 460 C for isobutane) of a
conbustible re~igerant) with the anount heat from the heater naintained.
Di sposi ng sealing nenber 208 at the end of the glass tube ensures the 25
positioning of the glass tube in the tube-in-tube structure, thereby
properly maintaining the interval hetween the inner tube and the oguter
tube; accortlthgl Evanoratipnipipe b6 anditin 1bhare secuped by presssiitting spukking orof
the gl ass tubes. Besi des, 27 inner-tube supporter 209 and outer-tube
supporter othe likghi ch are integrally formed with sealing nenber 208

suppress airflow fromoutside into the glass tube. This can mnimze the

ri sk of catchi ngbvaparatipnthasine k9 isslocates weder dyapping nasnk4 seas trecollect
refrigerator. 5 Sealing nenber 216 of Fig. 27 contains inner-tube hol der
217 and outwatendupprsl Herecgiver dd4an Radiadion piperl2: wihich jsr digpesedgndasin
cost-decreased product and reliable assenbling work due to m nimzed

vari ati éns 119.diesénypdhe water gellictedin basinek1Xansbevanaretesit7 Bntheout er - t ube
hol der 218 contain |l ap 221and | ap 222, respectively, at the end of each
outer wal | @#ruetywegihesontenwadl ofieatanl 1y maintaias atnalliimes cpytanh ppthean
airflow fromthe outside_into the glass tube. Furthernpore, end surface 224
(i.e., planedeqoffimliyg Fiy]lpis fosmedns vestiealnwiranged sentinountdn. ek
surface 223 &i,e.,bplane_"hr) of lap_ 221. The positjional relationship

al | ows the pddigionnNifanwireds gmpiaed foythe zegstancp avize don heateradder r ed,
enhancing the efficiency of defrosting. At the same tin?e, the 15 structure
invites an easy Hereipafienwillfbedesgribaghthe sorkingseef # 1gn r bagng the
enhanci ng the efficiency of assenbling work. Although the structure of the
f ourt eeMt h @Wﬁ@ﬂﬂﬁéﬁPV@nploys a rubbernmade sealing nenber, it is not
limted thereto; the simlar effect will be expected as |ong as the

mat eri al has heafoldedir spolad ipesprorajor 308 /N sormEdreNtEEfm mRYCTEMSADPWENT
Fig. 28 is a partially_sectional view of a glass-tupbe heater of a

ref ri ger at ofolgraiy ﬁetlﬁfy ke n@ﬁ%}&éﬁfogrlsﬁaé@ﬁ ngeqin freezericgmppatmenty] 06, g
nenber 225 has jnner-tube_hol der 226 and ouyter-tube 25 haol der 227, which
are i nt egr athsair@oge shysrugh gobdsair indefol 12 baghctaryageratey d 08up Bspeatingithe t ube
228 in such a way _ that |ap ZSgaggps over inner tube 228 By | ength "e",
simlarly, 8it@rculaien appvfsoolnireqzarrompargment 10098 aprgdeteraunpda 28 way

that |ap 231 | aps over outer tu 229 by lepgth "e". End surface 233 of |ap
231 corffzai ntergpeaiee. (A gortign aﬁ@e@ﬂ?ﬂ} amegqﬁimwp@ﬁat%dpﬁdé gnbuisd, | ap
230. Inner tube 228 a out er tuhe 229 neasure the same in | ength, each end
of which isViaR éfleﬁa%&ﬂar%m%w %roavé tq ?f@.ﬁzstwagﬁéom@arrrﬁem 399 opd othqyyy

w ||l be described the workjngs of a refrigerator havjng the structyre
above. The é‘l‘ ex Vlﬁséﬁ’!é?rgeeéz?@mﬁgaﬁ%ﬁg?ﬂ%%évlﬂstségadb@faem[%ﬁ epbg.
Seal i ng nmenber 225 holds the two tubes so that the end surface 233 of the
out er -t ube REMREELY €%-ap contains a plane common with the end surface 232 of

the 10 i -tubg..holder's |ap.. Lappi i -t ube hol 226

out o7 -t Ube. hol dofViSB 9% pasRse SE ST EBRRHPE 108 I Brasbialfies et th rashy

bet he. gl -fubes. The. st t ffectivel) irf f
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manuf act ur | G ABPraaeaTR Idd collpsty ehamatescEnis mabe N R PR T,
tiall t,i | yi f. -t ube, heat f [ t 20 of th

Tt conth oRBPaRyatiaBt Hiph 1201 obt 5 T8 VALEh I RYIRERIser 234 | < formed of
I lit f ti mbers: | 1tub ti 235

e b B o S e B ER 3 e

| nner -tibe hol der 237 oﬁ inner-tube sugﬁg%tingfqgngﬁﬁ 235 qolds an end of

the out®l wATTIESFALREYCIe fAR SUYESSYE CANRPetigns ol thf ROV gL GHPALY 2238 of

outer-tube supporting nmemnber 236 _hol ds an end of hhe.outer wal | of futer

Cube 240, CLUBPReLiE AROGRrT A Eremutr agudin Sechafiept a5 #Eevastpafl o

the exteri OFI‘h%fre ri]gne%ré’_citoxl{%?fd%l{:%ggz{i%% %gcorﬂlebnltl)s%{blg §<§frigera%r?t to circulate



| nner -tube supporting nmenber 235 is fornmed of material having high heat
resi stance, on the other hand, outer-tube supporting nenber 236 is forned
of material having heat resistance |lower than that of nenber 235. Now will
be described the workings of a refrigerajgr having the structure 5 above.
Seal i ng nenber 234 is forned of inner-tube supporting nenber 235 and

out er-tube supporting nenber 236, each of which has a separate structure

This all ows_seal i ng menher 234 to enp %dlfferent materlaL1 bet the two
menbers 23Fhgxerhroagh.i n@hea@mgum‘@ |hsaten; 119 ?PItPPCESe‘& n 234,

10 I nner- tube sup menber 235 (s forne avi ng h. heat
resi st ance, 1Q&heath &Ef(% er‘i’é(ﬁﬂor%efg)’lhﬁﬁbgaé’ﬁ dfga Er §%W‘Q—lgbpﬁed
of rraterlal haV|n resi_stance Io r. t han tht of menper 235. Enpl oyi ng
a hi gh-t enpé@da ﬁeaté??ettgﬁt %&%th%ﬂ rtmpéa‘élegt dedtost piieieneys HAL heal i ng
menber. At the same ti me, e | s that differ_in heat

resi stance W%W?jé‘é‘d@éw? ttrge'%égﬁro %‘atr'é’§F1§fe£r§9 ﬁr?alQﬁ kagps thei ch
invites high production cost. As a_result, _a |O\i\l— seal i ng nber can be
obt ai ne@. SEvEReeeermerEiEorf gasetberioatrir 1 F epolauit; h& %’&?‘E‘Pta?ﬁ';?a%ectr onal
view of a gl ass-tube heater of a refri erﬁ“ﬁr 20 of the seventeenth

exenpl ary eifsiateddrem heatey 416 BfEﬁmE%&P o sthe syfacetsameratyge Rb| der

242 and outer-tube_hol der 243, which, are |ntegrally fogned o% rubber, .
| nner - t ube PeAteed1549 §%bé%am&@rmptps@pzza fyrg (@:gclpolu AN Jepptions

| aps over inner tube 244 by |length " larly ter- tub hoI der 243
supports outeénpqraberezof%ﬁon @Lﬁfﬁl @@@u%ﬁg}eg tgeF%t 2 Akhergfore stherstyigtare ¢ ube

245 by | engt End surface 249 |.ane " in. Fig. .30) of 247
of outer- tg‘aes ﬁerdaegelza artg linrgvé‘?edwlhﬁ?é’ﬁflgH‘%trﬁa?PIEhHSfé}B}Pfréﬁ%geZ% 1@?%@
pl ane "L") of ﬁ46 of r-tube hol der 242. 30 Now wi | | be described
the worll ngdt egmgw %’fer’ingté}ea?te AgeLalPhg t he structure above The gl ass-tube
heater is so arranged t i Hd surface 249 of tlgt ut er - fube hol der
243 is inwardly Peated Lhdisngsed it araposaer lﬁémlné 8F VeFrticRREr - t ube

hol der 242. The arrangerrent al |.ows outer - t be hol der .242_t0 have‘ﬁﬂ{lffr ci ent
| appi ng | en@’flﬁmgﬁd cgntingeusfin; thy ru@ﬁ"‘fr%reln gRefedd o1 gifedtereibed AR gl ass

nto the ol Beat BB G ob. ﬁrﬁe%?%g‘ SPRGIeTonttng ng PHGTIRO ne
combusti bl e ﬁeegtrr{l t%rlgré%n'k?\%rs t}|1enSLttr gce”%fnrql)eqra{%eoof heater 115, with the amount
15  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

20 wire has no brittle fracture that would be observed 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
25  refrigerator of the eighth exemplary embodiment.
The structure of the eighth embodiment differs from that of the seventh

embodiment in the following points.



10 Besides, lapping length "f' of |lap 246 of inner-tube hol der 242 can be
rel atively decreased, accordingly, holder 242 considerably escapes from
bei ng affected by radiant heat fromheating wire 213. The fact can protect
the innertube holder fromundesired riseghn tenperature caused by the

radi ant heat when an electric current is applied to the glass tube.
Therefore, there is no need to 15 enploy an extra

hi gh-tenperature-resistant material for sealing neagfr 241, wherehy the
producti on cost Jafddiion drethe strugiprsiat phe sependnsmbodment, pach jferat or
of the present jinvention has a plurality of glass-tube_ 20 heaters as a
means for deraliei elgiingd2d\efgheastsnctupein jthe @i e pﬂmae%foﬁ%b@lfﬁpgnd
refrigerant-seal ed refrigeration cycle. ﬁhc rrent-carrying_period or an
appl i cat i oningeny dLReateraningetogthesautey yea @gtgéassr@%@ohﬁatex 1éd apshoysR 1ppe
tenperature_of the heater is kept bel ow the ignition tenperature of
combust i bl eFigedl; g@PHﬂPPO%E@Sﬂ&l make CHiatle af indend KZnHith thy erteemallpd: ant
25 fromthe risk of catching fire, but also avoids poor refrigeration
caused By rBeatgndiSfrost. In a structure of the invention, a glass-tube
heat er makes confact wth fins of the evaporator to, decrease the surface

t enper at ure of tH@rems:?Ee’gNaHst dpecrihes: the wogkingst et refgrratarchanng be

i nvention, the glass-tube heater has a tube-in-tube structure, and a

seal i ng nenﬁ@PdW§eéb§ﬁ%sed on an end of the glass tube. Such structures can

protect a conbustible refrigerant fromthe risk_of catching fire even if
the defrosting opeadditionnto %ﬁtrrppféae&éttﬂﬁ R dneM 95%@1@13, @LM@Pétur@anfage
of the combuystible refrigerant. occurs. _Sé CLAIMS 1. A refrigerator

conpri si ng: the eighbyembedameat, ipgehighreash dndepty 144 StPBFAGt Yt thg oyiey

successjve 5 connections of follow ng el enents: a conpr ﬁé}or) Fcondenser,
Hsan

a presskt e Wedlfhegterblh sandncreane thmcautapirteadretwesy t hejkeatgst i ng
A A N R R N e R
Pect fon ot Fudhe Apslenin apaotins bVl Mo BouperhBaRt rdiated g heater
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15
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
20 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
25  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



20 evaporator and ii) disposing above the evaporator, and any one of iii)
disposing in a lower section and iv) below the evaporator. 5. The
refrigerator of daim1l, wherein at |east one of the plurality of

gl ass-tube heaters is disposed within thgyevaporator. 25 6. The
refrigerator of daim1l, wherein at |east one of the plurality of

gl ass-tube heaters is disposed any one of i) in a |ower section of the
evapor at or 33 and ii) below the evaporator, and remajnjn | ass-t uhe
heat ers ar OWpEpedbat éﬁ@;?s'éﬁbe deatar; 115, and, thet end hagingaipdss égarfuémrihﬂﬁ
behi nd the evaporator. 7. The refrigerator of Claim6, wherein the

gl ass-tube kshape bepil28. i s 5 di sposed any one of i) in front of the evapor
ator and ii) behind the evaporator, is located ip.an indent, forned in a
part of the evapdputwHl bgdesgabedsthe warkings el ametyigarator hawrag dhe stysture
gl ass-tube heater any one of i) located in a | ower section of the

evapor at or ahnyei 1) | ocated bel ow the evaporator 10 has capacity greater

t han the gl ass-tube heater any one of iii) |ocated in an _upper section of
the evaporator aMlis showndatlBigsabdnadt hy eaghdin d2grhassan fnshapa bendbphesr of

Claim1l, wherein a period through which an electric _current is applied to

t he pl ural i esd davipssentaghevithather eutes walitafoheatar dd5¢ hdtheastrvctye radlows
tenperature of the heaters is kept bel ow an ifgnition t enperature of the
conmbust i bl eeaa¥f fingd23te. conple tﬁet%ﬂewﬁegewaﬂdr beater gi15 throyghrking cgntact,
application of voltage to . the plurality of glass-tube h?aters Is_control |l ed
so that a stRhancng gheelficiency ohephraxiplare s Besidessintarial dep doymed befvaemon
tenperature of the conbustible refrigerant. 11. A refrigerator conprjsing:
a conbust i biR-edge rqfd@ﬁ’élniz‘é@é!deél‘%ﬁé‘?mi Harcam Bﬁwéyéllg’etlﬁﬁ e fhe radaany heat
connectjions_ of follow ng elenents: a conpressor, a condenser, a pressure 25
reduct i16n nfemsbeater 1dad an evaporat or; and

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 L. shape. The structure allows
each fin 126 to couple to the outer wall of heater 115 through area contact,

15  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 maintained. Thereby, the surface temperature of the heater can be

20  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
25 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 notched vertical flange 131 of side plate



a gl ass-tube heater disposed any one of i) in a |lower section of the
evaporator and ii) below the evaporator; and 34 a plurality of fins

di sposed in the evaporator, wherein an outer wall of the gl ass-tube heater
makes contact with each end of the fins. 12. The refrigerator of Claim
11, wherein an indent conformng to the outer wall of the gl ass-tube heater
Is forned at each end of the fins. 13. The refrigerator of Caim 11,
wherein a bend conformng_ to the outer wal| of the glass-tube heater is
formed at ekibhthatds dispogsed ppthe side gurfagmel tl@fervla@@wgpsr Kixing bealgrildsiny
one of Cains 11 through 13, wherein both ends of the gl ass-tube heater are
fixed to a halder p2Amsovres pentagh beivegean thejontes wall olthe heatar and @sehedgeng:

a conbusti bl e-refrigerant-seal ed refrigeration cycle having successive
connect i onPfdn 487 owi ng el ements: a conpressor, a condenser, a pressure
reducti on mechani sm and an evaporator; .a glfss-’%ube heater di sposed in a

| ower section ofNewevdlbedesarihed the workingaet a yelsigerator having theisirychne
evaporator; .and a shield plate di sposed between the gl ass-tube heater and
the find V#hkovein the shield pl ate makes contact with the fins. 16. The
refrigerator of CJaim11l or C aim 15, when ein_the fins are 25 continuously

arranged fins i nHaldesli29ds formedef partiallyrnotohed verticaldlanasr 13k ofgide late,

wherein the fins are disposed in such a 35
130 that is disposed on the side surface of the evaporator. Therefore, holder

129 can securely hold heater 115 with no danger of falling down, when both ends
of the heater are fixed to the holder. That is, such a structure has no need for
10 preparing additional fixing member in assemble work, providing a low-cost
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 defrosting effect is preferably
increased. At the same time, the advantage can enhance the defrosting effect.
15 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.

20 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. 19 is
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
25 glass-tube heater 115. The top surface of shield plate 132 makes contact with
each bottom end 133 of fin 117. Both ends 134 of shield plate 132 are integrally
fixed to side-end fin 135 by caulking or the like.



way that an interval between adjacent fins in a | ower section neasures
greater than that in an upper section. 18. The refrigerator of Caim1l or
Claim 15, wherein the glass-tube 5 heater has a tube-in-tube structure. 19.
The refrigerator of Claim1l or Caiml5ggwerein a resistance-wire of the
gl ass-tube heater is a NN-Cr wire. 10 20. The refrigerator of C aim 18,
wherein a cap fixes an end of the glass tube of the heater having the

tube-i n-tube stryctur 21 A.refrigerator cqnps.i.sing: .

Conbust: bl ocr of 1 NGt Wil b& Gap@ibed e gorkibis o Ay aalvm b gedbe st
connecti ons gf follow ng el enments: a conpressor, a condenser, a pressure
reducti on nmBB®¥%hi sm and an evaporator; a gl ass-tube heater having
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section of the e ¥,
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| appi ng section of the inner-tybe holder. 25 The refrigerataor of i m 23,

wherein a t FeFeAvRSA gpptqfén&é%%?rﬁét 00} erﬁporator ﬂ)eB, tﬁereb avmd?mga Sp%'ﬁl (r)’r%
10  the water from the evaporator directly down to heater 15. This can eliminate

the noise, such as a sputter, which is produced when drippings instantly

evaporates on hot heater 115.

TWELFTH EXEMPLARY EMBODIMENT
15 Fig. 20 is a view, partially in perspective, of an evaporator and a glass-tube
heater of a refrigerator 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 136 has L-shaped bend 138 at the bottom
end. Bend 138 makes contact with the outer wall of glass-tube heater 115. On
20  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 longer than interval
“b” between long fin 136 and short fin 137.
Now will be described the workings of a refrigerator having the structure
25 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



of the outer-tube holder is disposed to share a plane common with a tip
face of 10 the | apping section of the inner-tube holder. 26. The
refrigerator of Caim23, wherein a tip face of the | apping section of the
outer-tube holder is located inwardly tha‘%]a tip face of the |apping
section of the inner-tube holder. 15 27. e refrigerator of Caim?21,
wherein the sealing nenber is forned of a plurality of supporting nenbers.
28. The refrigerator of Caim27, wherein the urality of supporting 20
menbers is Pytersvalbof heatesddp thieesh ling spntast tﬁem&m enhancing b eficiepse of
supporti ng menber separately st ruct ured fromthe inner-tube_ support
menber . hep treaprardeemchsater 18 & tangifin JA6r elangdin Litand ﬁb@@ﬁrbﬁ? 1
heat er 25 haV| ng the tube-in-tube structure are identical jn len
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Now will be described the workings of a refrigerator having the structure
25 above.
When an electric current is applied to heater 139, heat from resistance

wire heater 143 is radiated from the surface of outer tube 141 via inner tube 140.
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O heater 115 can be kept lower than the ignition temperature of a combustible
5 refrigerant, with the amount of heat from the heater maintained. This also
improves defrosting efficiency. Besides, integrally formed cap 142 securely
holds both ends of heater 139, whereby the positional relationship between the
two tubes is properly maintained. Such a structure not only minimizes
variations in the surface temperatures of the glass tubes, but also offers a simple

10  assembling work.

FOURTEENTH EXEMPLARY EMBODIMENT

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

fourteenth exemplary embodiment. Fig. 26 is a partially sectional view of a
15  glass-tube heater of the refrigerator of the fourteenth exemplary embodiment.

In Fig. 25, refrigeration cycle 201 has 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

20  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-tube
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

25  the tube-in-tube structure, respectively. Heating wire 213, which is made of
iron-chrome, nickel-chrome, or the like material, is accommodated in inner tube

211, with a predetermined interval from the inner wall of tube 211 maintained.
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Heating wire 213 is caulked with lead-out wire 215 at joint 214, and lead-out
wire 215 goes out from the lower side or the bottom of sealing member 208.

Fig. 27 is a partially sectional view of another glass-tube heater of the
refrigerator of the fourteenth exemplary embodiment.

In Fig. 27, sealing member 216 has inner-tube holder 217 and outer-tube
holder 218, which are integrally formed of rubber. Inner-tube holder 217
supports inner tube 219 in such a way that lap 221 laps over inner tube 219 by
length “¢”, similarly, outer-tube holder 218 supports outer tube 220 in such a
way that lap 222 laps over outer tube 220 by length “d”. End surface 224 (i.e.,
plane “I” in Fig. 27) of lap 222 is outwardly located than end surface 223 (i.e.,
plane “H”) of lap 221.

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-tube 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, the 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,

Y%
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leaks in the refrigerator.

Sealing member 216 of Fig. 27 contains inner-tube holder 217 and outer-
tube holder 218 as an integral structure, providing a cost-decreased product and
reliable assembling work due to minimized variations in dimensions. In
addition, inner-tube holder 217 and outer-tube holder 218 contain lap 221and
lap 222, respectively, at the end of each outer wall of the glass tubes. The
structure can properly suppress airflow from the outside into the glass tube.

Furthermore, end surface 224 (i.e., plane “I” in Fig. 27) of lap 222 is
outwardly located than end surface 223 (i.e., plane “H”) of lap 221. The
positional 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 216,
enhancing the efficiency of assembling work.

Although the structure of the fourteenth embodiment employs a rubber-
made sealing member, it 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-tube heater of a refrigerator
of the fifteenth exemplary embodiment.

In Fig. 28, sealing member 225 has inner-tube holder 226 and outer-tube
holder 227, which are integrally formed of rubber. Inner-tube holder 226
supports inner tube 228 in such a way that lap 230 laps over inner tube 228 by

length “e”, similarly, outer-tube holder 227 supports outer tube 229 in such a
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5 Now will be described the workings of a refrigerator having the structure
above.
The glass-tube heater contains inner tube 228 and outer tube 229.
Sealing member 225 holds the two tubes so that the end surface 233 of the
outer-tube holder’s lap contains a plane common with the end surface 232 of the
10 inner-tube holder’s lap. Lapping inner-tube holder 226 and outer-tube holder
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 identical

15 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
20  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 supporting member
236 separately formed from member 235. Inner-tube holder 237 of inner-tube
supporting member 235 holds an end of the outer wall of inner tube 239.
25  Similarly, outer-tube holder 238 of outer-tube supporting member 236 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.
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Sealing member 234 is formed of inner-tube supporting member 235 and
outer-tube supporting member 236, each of which has a separate structure.
This allows sealing member 234 to employ different material between the two
members 235 and 236, increasing design flexibility of sealing member 234.
10 Inner-tube supporting member 235 is formed of material having high
heat resistance, on the other 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 sealing
member. At the same time, employing materials that differ in heat resistance

15 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
20 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 “f”, similarly, outer-tube holder 243 supports outer tube 245 in such a
25 way that lap 247 laps over outer tube 245 by length “g”. End surface 249 (i.e.,
plane “M” in Fig. 30) of lap 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.
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5 inner-tube holder 242. The arrangement allows outer-tube holder 242 to have
sufficient lapping length of “g”, accordingly, offering good sealing between the
glass tubes. The structure therefore effectively suppresses airflow from outside
into the glass tube, thereby minimizing the risk of catching fire if the
combustible refrigerant leaks in the refrigerator.

10 Besides, lapping length “f” of lap 246 of inner-tube holder 242 can be
relatively decreased, accordingly, holder 242 considerably escapes from being
affected by radiant heat from heating wire 213. The fact can protect the inner-
tube holder from undesired rise in temperature caused by the radiant heat when
an electric current is applied to the glass tube. Therefore, there is no need to

15 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
20 heaters as a means for defrosting the evaporator that is disposed in a
combustible refrigerant-sealed refrigeration cycle. A current-carrying period or
an application of voltage to the glass-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
25 from the risk of catching fire, but also avoids poor 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
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of catching fire even if the defrosting operation is carried out in an environment

5 where leakage of the combustible refrigerant occurs.



FO810% & ()-S#10% & ()-"!!110% & ()-1!10% & () - IJBJEbC
1116-10% & ()-5!10% & ()- 3 10% & ()-110% & ()--10% & ()-

+110% & ()-ijklobC I'11110%& ()-!10% ()-L 10%& ()- 10t 10t 10t:!10% & ()- 8
10% & ()-enXdEbC |11 10%&' ()-!10%& ()- 19% ()- 10%& ()-

109&' () - 4109%& () - X){dEbC

LITL 1109 ()-Y9% 1098 ()-f#: $109%& ()-!109%& ()-yMb10%&' ()-!10%& ()-, MgdEbC
11151 109&' ()-3MLO%&' ()- 1!109%& ()- ,/10%& ()-& t10%& ()-@F

109%& ()-qFGHI LbC 111 10% & ()-Y 10% & CRLAIMS 10 10;

109&' ()-9! 10%& ()-6: $10%&' ()-5dEbC !'! 1] Mb10% & ()- "10% & () - &#10% & () -
110% & ()- 10% & ()-10% & ()-"|: pdEbC

1119':10% & ()-3% 10% & () - @MB10% & ()-L! 10% & ()-f10% & ()-s! 10% & ()
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1
©
-—

a combustible-refrigerant-sealed refrigeration cycle having successive
5 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.
10
2. The refrigerator of Claim 1, wherein the plurality of glass-tube heaters
is disposed any one of 1) in a lower section of the evaporator and ii) below the
evaporator.
15 3. The refrigerator of Claim 1, wherein the plurality of glass-tube heaters

have an opposed arrangement via the evaporator.

4. The refrigerator of Claim 3, wherein the opposed arrangement have a
positional combination: any one of i) disposing in an upper section of the
20 evaporator and ii) disposing above the evaporator, and any one of iii) disposing

in a lower section and iv) below the evaporator.

5. The refrigerator of Claim 1, wherein at least one of the plurality of
glass-tube heaters is disposed within the evaporator.
25
6. The refrigerator of Claim 1, wherein at least one of the plurality of

glass-tube heaters is disposed any one of i) in a lower section of the evaporator
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located in an indent formed in a part of the evaporator.

8. The refrigerator of Claim 4, wherein the glass-tube heater any one of 1)
located in a lower section of the evaporator and ii) located below the evaporator
10 has capacity greater than the glass-tube heater any one of iii) located in an

upper section of the evaporator and iv) located above the evaporator.

9. The refrigerator of Claim 1, wherein a period through which an electric
current is applied to the plurality of glass-tube heaters is controlled so that a
15  surface temperature of the heaters is kept below an ignition temperature of the

combustible refrigerant.

10. The refrigerator of Claim 1, wherein an application of voltage to the
plurality of glass-tube heaters is controlled so that a surface temperature of the

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

11. A refrigerator comprising:
a combustible-refrigerant-sealed refrigeration cycle having successive
connections of following elements: a compressor, a condenser, a pressure
25 reduction mechanism, and an evaporator; and
a glass-tube heater disposed any one of i) in a lower section of the

evaporator and ii) below the evaporator; and
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5 12. The refrigerator of Claim 11, wherein an indent conforming to the

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

13. The refrigerator of Claim 11, wherein a bend conforming to the outer
lwall of the glass-tube heater is formed at each end of the fins.
10
14. The refrigerator according to any one of Claims 11 through 13,
wherein both ends of the glass-tube heater are fixed to a side plate of the

evaporator.

15 15. 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;

20 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.

16. The refrigerator of Claim 11 or Claim 15, wherein the fins are

25  continuously arranged fins in a vertical direction.

17. The refrigerator of Claim 16, wherein the fins are disposed in such a



100 10° 10°
109V& () - S1
1090v& () - 10
109V () - 10
IMLO%VE, () -
109V& () - U2
109V& () - 5!
10% & () - 10
10% & () - 10
& 10% & () -
109 0& () -

1ML0% & () -
10% 0& () -,
0& ()-"10%
1109% 0& () -
b=>?@hC8! 1

10

15

20

25

;110% & ()- &9310% & ()-3710% & ()-,5Gl0% & ()-t R dEmbCS
0%VE () - #10%V&' () -

OMVE ()-! 1098 () -/ cdEnbCSf #9$10%v& () -s! ! 109V () -

OB ()-9$10%VE ()-! 109V () - ! ko rldENDC5310%VE! () -

& " 1008 () - 3+! 1098 () - @ 10%VE () - YUGS

* abexnbC5510% & ()- 10M 10M 10M 109%VE () - 9109%V& () - 6

TO%VE ()-e5| dEmCs 10% & () -mlQ% & () - &#10% & () - :10% & () -

way thatiammiesral pdaeen )a.qu@m)@ me)in 4 Jqyeergsection measures greater
0/%&' ()-10% & ()- V~<dEmbC5/ 10% & () -

3hangbakin an ugpepsgation - ' 110% & () - Y% 10% & () - <r 789: =xnbC5
10: 10: 10::10% & ()-7S10% & ()-510% & () -

=bdEnbC5@L0% 0&' () - 310% o0& ()-L10% o0& () -

109% o0& ()-,!10% 0& () -, sAEMDC5SYYA0% 0&' () -f# $109%.08& ()-s!-10%
o0& () 183w safrigeratyr ook &@1 11 ye s SHY, 16 b Eran  the gfass-tube
9-110% 0& ()- SF+109% 0& (3-8@! 10% o0& ()-9' 10% & ()-
1 has 2 vabg-m-tybe styugture: o

19. The refrigerator of Claim 11 or Claim 15, wherein a resistance-wire of

the glass-tube heater is a Ni-Cr wire.

20. The refrigerator of Claim 18, wherein a cap fixes an end of the glass

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

21. 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 having multi-structured glass tubes that is
disposed any one of i) in a lower section of the evaporator and ii) below the
evaporator; and

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

22. The refrigerator of Claim 21, 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.

23. The refrigerator of Claim 22, wherein the inner-tube holder and the
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24. The refrigerator of Claim 23, wherein a tip face of the lapping section
5 of the outer-tube holder is located outwardly than a tip face of the lapping

section of the inner-tube holder.

25. The refrigerator of Claim 23, 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

10 the lapping section of the inner-tube holder.

26. The refrigerator of Claim 23, 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.

15
27. The refrigerator of Claim 21, wherein the sealing member is formed of

a plurality of supporting members.

28. The refrigerator of Claim 27, wherein the plurality of supporting
20 members is formed of an inner-tube supporting member and an outer-tube
supporting member separately structured from the inner-tube supporting

member.

29. The refrigerator of Claim 21, wherein the glass tubes of the heater

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



