[ . REFRI GERATOR [err Abstract: As a defg s for
-zla-lnt la\?aporat or - havi ng[ a anbusti ble refr iﬂerant seal ed thergsmggdzaﬁgl uded .
inarefriger- ating cycle, a plurality ®of glass tube heaters are installed
in the vicinity of the evaporator. And, the electricity passing tine or the
applied voltage is controlled such that the surface tenperature of the

| ass tube heaters is | ess than t hBESERIPTIONenperature of the
gonbusti ble refrigerant. Further, the glass tube heaters and the evaporator
tins are brought into contact with each other to | ower the

REFRIGERATOR

TECHNICAL FIELD

The present invention relates to defrosting for a refrigerator empldying a
combustible refrigerant.
BACKGROUND ART

As a prior-art refrigerator, Japanese Patent Non-examined Publication
No. H8-54172 discloses a refrigerator using a combustible refrigerant. First
will be described the prior-art refrigerator with reference to drawings. Fig. 31
shows a vertical sectional view illustrating the essential part of a prior-art
refrigerator.

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

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



surface tenperature of the glass tube heaters. Further, the gl a.sﬁ ARdZ[]Qll.
heaters are of multiple construction and a sealing menber is installed on
the end surface. Wth such arrangenent. Zn a refrigerator using a -
combustible refrigerant, even if defrosting is effected in a conbustible
refrigerant-|eaking environment, firing of the combustible refrigerant can
be preventwdrlend so can be non-cooling due to the residue of the frost.
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Evaporator dividing wall 12 is di sposed between freezer
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Wil grve from oﬁtside into the refrigerator each time door 4 or door 5 is opened, and due
to evaporation of moisture from stored foods in both compartments. Therefore,
the moisture in the warmed air turns into frost on evaporator 10 where the
teﬁperature is lower than the air. Accumulator 18 works to constantly feed
refrigerant in cooling cycle operations'. In addition, accumulator 18 protects a
compressor from damage caused by direct return of liquid refrigerant, or
minimizes a flowing noise of the refrigerant.

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

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

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



a sputter sound on evaporation.. Metallic bottomplate 17 is di Eﬁﬁﬁ znm_
I nsul ation, between dripping pan 13 and heater 15. Accumnul at or=

di sposed at the exit of evaporator 10. Now will be descri bed how t he

af orenentioned prior-art refrigerator - 5 MAR 2004 2 works. Wen cooling
the. freezer conpartnent 2 and col d-storage conpartnment 3, evaporator 10
Is cooled by a refrigerant flow ng thro ggh evaporator 10. At the sane
time, fan 11 expels warmed air in freezér conpartnment 2 through inlet 7,
simlarly,

vvarrred air ol d- stor e c art t. 3 thr h|n et 8,
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to the air therefrl erat or eachtlrre door 4 or
door 5 ié’lﬁ{?eﬁzgndatﬁanéﬁ eqe t@\‘fvé‘ﬁareé'taPSF@ 8f lgm sture from stored foods in
bot h conpart Therefore, . the noisture in the vvarrred tyrns into
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been errpll%/ %dregtglrt %%Ic{ueﬁ fr(:?s? hanppae%g 'hrégt &Qngfler, resuﬁmg in poor refrigeration.
Besides, not only the nichrome-wire, but also the vsurface of the glass-tube
heater has highly heated surféces. The fact has been facing a problem; if a

combustible refrigerant leaks at somewhere in the pipe arrangement of

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

DISCLOSURE OF THE INVENTION

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

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

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

reduction mechanism, and an evaporator; and



current through the nichrome-wire in the gl ass-tube heater 15 an A
heat rays emtted therefrom nelting the frost into water arou'n'gi mwzoo‘"
evaporator 10, dripping pan 13, and drai nage hole 14. The water is
collected into dripping pan 13; the dripping water partly goes directly
down into pan 13, and partly hits roof 16 as a guard of heater 15 -5 MAR
2004 3 and then down into pan 13. The water collected in pan 13 is drained
t hrough drainage hole 14 to the outsi dd. on the application of heat, sone
of the heat rays r didat ed fromheater 15 toward dripping pan 13 are
reflected of f IBEANSIRL defrostingthe fyaporat.scat t ered toward evaporator 10.
However, such strugture onventional, refrigeration cycle enplqying a
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refrigerant i.nvites insyfficient defrosting, therehy |leaving frost in the
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resulting in poor refrigeration. Besides, not only the nichrome-wre, but
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to provide a refrigerator egui pped wi.th a defrosting ns .capabl e of. not
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defrosti nl% n][aans, ut .al so i nprovi nP a pooy refrigeration due to residual
frost. duction thechanism, and ah evaporator; an

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

evaporator.

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

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

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

behind the evaporator.



According to a first aspect of the invention, there is provided
refrigerator conprising: a conmbustible-refrigeration-seal ed r¥f MA&Z&%’”
cycl e havi ng successive connections of followi ng el enents: a conpressor, a
condenser, a pressure reduction mechanism and an evaporator; and -5 MAR
2004 4 neans for defrosting the evaporator, wherein the defrosting nmeans
Is formed of a plurality of glass-tube heaters disposed in an upper
section and in a |lower section of the é%porator havi ng any one of

i n-cont act and, out - of - cont act rangenents with the evaporator. According
to a second ashetdrds (tRe 3 EQ‘éﬂa{li aspect het dhes ipyafiatedthgre s proeidedon
conpri si ngé a caonbustib) e-refrigerant-sealed refrigeration cycle having
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gl ass-tube heaters, nr%l, at, | east one of the plurality of glass-tube
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conbust i bieMckiopirgechamys, aud AR EVERPFatgBrad on cycl e having successive
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wherein, t.he defrosting.means s forned a plyrality of
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heaters | 5 p%'rfo%o ﬁﬁgugﬂywﬁﬂ:% 2?1{ eigct}ig Sirrent is applied to the plurality of glass-
tube heaters is controlled so that a surface temperature of the heaters is kept

below an ignition temperature of the combustible refrigerant.

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

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

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

the combustible refrigerant.

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

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

reduction mechanism, and an evaporator; and



| ower section of the evaporator and ii) bel ow the evaporator, and renaining

gl ass-tube heaters are di sposed any one of iii) in front of t’hﬁ MAR)%@QQJ
and iv) behind the evaporator. 5 MAR 20 4 4a According to a fourt ect

of the invention, there is provided a refrigerator conprising: a
conmbusti bl e-refrigerant-seal ed refrigeration cycle having successive
connections of follow ng elenents: a conpressor, a condenser, a pressure
reducti on nmechani sm and an evaporator;4band nmeans for defrosting the
evaporator, wherein the defrqsting nmeans is fornmed of plurality of
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applied to the plurality_of glass- tybe heaters is controlled so that a
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gl ass-tube heaters,.and an application of voltage.to the plurality of
gl ass-t ube hodh UG dn r st APegha Q‘%dﬂ?%@@:eﬁlﬁﬁal%rpé%’ldyeﬂhé

heaters is ﬁlgegéaébel ow an. iéni tion tenperature of the conbustible
ref ri ger afIBBESr 6PHETSH & si xth aspect of the invention, there is

AR S o N R M e
connections of following elements: a compressor, a condenser, a pressure
reduction mechanism, and an evaporator;

a glass-tube heater disposed in a lower section of the evaporator;
a plurality of fins disposed in the evaporator; and
a shield plate disposed between the glass-tube heater and the fins,

wherein the shield plate makes contact with the fins.

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

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

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

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

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



reducti on nmechani sm and an evaporator; and 5 MAR 2004 4b a g

heat er di sposed bel ow the evaporator; and a plurality of fins disposed in
t he evaporator, wherein an outer wall of the glass-tube heater makes
contact with each bottom end of the fins. According to a seventh aspect of
the invention, there is provided a ret&{gerator conprising:. a

conmbusti bl e-refrigerant-seal ed refriger&tion cycle having successive
connections of follow el ements: a qonpressor, . a candenser, a_ pressure
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the fins, wherein the shield plate nakes contact with the fnms. According
to a eighth aspect of the invention, there is provided a refrigerator
conprising: a conbuystible-refrjigerant-sealed refri.gerati on cycle having
successive ¢ %H%stoo@ frﬁm}bvasﬁsc%lcganéﬁ? SVENHSRp r@§ED 1S é’r‘éﬂﬁﬁéns“er, a

pressure reduction nechani sm and an evaporator; a gl ass-tube heater with

a t ube- i t{TIBETaLPT CRWMBFISH&| sposed in any one of in a lower section of the
evaporator and bel ow t evapor at or; ,and .sealing me r di sposed at an
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i nclude an i nner tub d an oujer tube, the sealing marrber integrally
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hol der sulp or%.s t he .i nner tube and the outer-tube hol der
uction mechanisim, and an evaporator;

connections of follow ng elenents: a conpressor, a condenser, a fQress 2‘26[]04
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a glass-tube heater with a tube-in-tube structured disposed in any one of in
a lower section of the evaporator and below the evaporator; and

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

an outer wall of the outer tube, respectively.

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

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

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

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

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



supports the outer tube, the inner-tube hol der has a | apping se_ggi M;Athgg‘t
end of -5 MAR 2004 4c an outer wall of the inner tube, and the bu ‘M

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

heater with a be-in-tube structured di sposed in any one of in a lower
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of the invention, there | provi de refrjgerator .conprising:
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evapor at SrISKRGCH ﬁ%“%@&g@ 18’(%?““%%‘/&? ‘ﬁlaég%sf ‘ng menber disposed at an
end of the glass-tube heater, wherein the sealing nenber is fornmed of a
plurality of supporting menbers. -5 MAR 2004

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
mvention.

Fig. 2 is a vertical sectional view showing the essential part of the
refrigerator of the first exemplary embodiment.

Fig. 3 is a schematic view illustrating the essential part of the refrigerator
shown in Fig. 2.

Fig. 4 1s a sectional view of a glass-tube heater, with the essential part
enlarged, of the refrigerator shown in Fig. 2.

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

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

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

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

refrigerator of a fifth exemplary embodiment.



4d The structure above can suppress an input for each gl ass- t Mg?%nl*
when the evaporator and its surroundings are heated by the glass-t

heaters in the defrosting operation. This allows the surface tenperature
of the glass-tube heater to maintain below a tenperature at which the
combustible refrigerant can catch fire. As another plus, effective heating
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vertical sectional view show ng the essentia erator of

the firstreopmphamofelREhIEBkembidy eﬁmmeﬁ@heﬁatlc view illustrating the
essential part of the refrigerator “shown in Fig. 2. Fig. 41is a sectlonal
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Fig. 6 is a vertical SEC?I onal view show ng the essential part of a
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essential part refrigerator of a fifth exenplary enbodinent. -5 MAR

2004 5 Fig. 13 is a front view, looking in the direction of arrow B of Fig. 12.

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

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



Fig. 9 is a vertical sectional view showing the essential part of) MAR 2004

refrigerator of a sixth exenplary enbodinent. Fig. 10 is a verti cal
sectional view showing the essential part of a refrigerator of a seventh
exenplary enbodinment. Fig. 11 is a vertical sectional view show ng the
essential part of a refrigerator of an eighth exenplary enbodi ment. Fig.

12 is a vifem'teéﬂt}iéﬁéﬂ:@aﬂr?egﬁ;@ﬁ%hitye, of a refrigerator of a ninth
exenpl ary- enbodinment. Fig. 13 is a front view, looking in the direction of
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evaporator and glass-tube heater of a refrigerato | ary

enbodi ”E”treﬁﬁeﬁfatdf’oﬂtﬁeafoﬁftﬁéhtﬁ’éfégbﬁ%a‘%?‘&ﬁ%dhﬂm}ﬂeﬁ direction of arrow C of

Fig. -14. Fig. 16 is a view, parti n perspective, of an evaporator and
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Fig. 17 is a front view, |looking In I'rectron of~ arr ow

Fig. 18 i gefisdravér ¢ahkl ' i evaporator and a gl ass-
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tube heater of a refrigerator o exenpl ary enbodi nent. Fig. 19
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of a refripfarftcdnthiex@nt éﬂbg?ﬁﬁ@ﬁﬁry enbodinment. Fig. 21 is a front
view, |ooking in the di rﬂei%#on of arrow F of Fig. 20. Fig. 22 is a view,

partially in p@isparid & : A0 - - tube. heater of a
refrigerator of 1% t hi rtgg\t h 3i)gzeec;‘%rpiélﬁ%rqy en%ggg%é%tgb%is%a%%%%r$¥?wrvi ew,

| ooki ng i of bhexi@bhBSEx QAP Ry @MIIMIGR. Fi 9. 22. Fig. 24 is a partially
enl arged sectional view of a glass-tube heater of the refrigerator shown

in Fig. 22. Fi Hig. 280 isSa paMi bddtidsian 4d ef hi.gerali cvele of a
refrigerator of g0 1] aZO%% v of & R dsSbb SR OFh réﬁigera&or
of a seventeenth exemplary embodiment.

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

refrigerator.

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

hereinafter with reference to the accompanying drawings.

FIRST EXEMPLARY EMBODIMENT

Fig. 1 shows a schematic view illustrating the refrigeration -cycle of a
refrigerator in accordance with the first exemplary embodiment of the present
invention. Fig. 2 is a vertical sectional view showing the essential part of the
refrigerator of the first exemplary embodiment. Fig. 3 is a schematic view
iﬂustrating the essential part of the refrigerator shown in Fig. 2. Fig. 4is a
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



6 fourteenth exenplary enbodinent. Fig. 26 is a partially sect i-eﬁaMﬁ(Remglr
a gl ass-tube heater of the refrigerator of the fourteenth exenplary

enbodi ment. Fig. 27 is a partially sectifonal view of another gl ass-tube
heater of the refrigerator of the fourteenth exenplary enbodiment. Fig. 28
is a partially sectional view of a glass-tube heater of a refrigerator of
a fifteentbllexegpl demeathodbipibssori B0229chiidehsBAr B0A! | re%,%ﬁ{-é Oﬂﬂr%;ﬁéﬁw of
a gl ass-tube heater of a refrigerator of a sixteenth exenplary enbodiment.
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acconpanyi ng draw ngs. FI RST EXEMPLARY EMBODI MENT Fig. | shows a schematic
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with the first exenplary enbodi nent of the present Sis a
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sectional view of a glass-tube heater, with the essenti part en
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successi ve connections of the -5 MAR 20
Fig. 1. Each heater has a structure in which heater wire 24 made of metallic

material, such as nickel chrome, is formed into a spiral shape and then inserted
in a glass tube. Heaters 19a and 19b are placed below evaporator 1 in a side-
by-side arrangement; more specifically, heater 19a is disposed close to
lowermost pipe 21 of evaporator 10. In explanations will be given from now on,
glass-tube heaters 19a and 19b may often be referred to glass-tube heater 19 és
a unit.

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

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

After the expiration of a ﬁredetermined time interval, fan 11 stops to
remove frost from evaporator 10, and a refrigerant stops flowing through
evaporator 10. After that, the electric current is supplied through glass-tube
heater 19 for generating heat to melt the frost on evaporator 10, When a
defrost-completion detector (not shown) detects the conipletion of defrosting, tﬁe

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



foll owi ng el ements: conpressor 302, condenser 303, pressure redd’tﬁl M‘AR 200’!’
mechani sm 305, and evaporator 306. A conbustible refrigerant is sealed in
refrigeration cycle 301. Besides, def rosti ng means 307 is disposed close to
evaporator 306. Here will be described the structure of an exenplary
refrigerator having the refrigeration cycle showmm in Fig. 1, with

reference to Filyhen2farhrldughmds fonaFi@p, thet bspbaititle %éﬁig%?%ﬂﬂiggﬁg% (?léanf
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the refrigerant moved from the lower section is now cooled by the pipes and the
fan and changed into liquid. For turning into liquid, the hot gas radiates the
heat toward frost deposifed on the upper section of evaporator 10, Defrosting is
thus carried out. In the proéess, the gaseous combustible refrigerant, due to its
high latenf heat, radiates a large amount of heat required for changing into
liquid, whereby the defrosting is accelerated. In this way, a thermo-siphon
effect facilitates the defrosting of evaporator 10. At the same time, direct
radiation of the heat generated from heater 19 melts the frost on evaporator 10
and peripheral cdmponents and walls. Besides, the ambient air warmed up by
the heat moves around. All the actions above contribute to a thorough
defrosting of evaporator 10,

On the other haﬁd, second glass-tube heater 19b is disposed, next to first
glass-tube heater 19a, below evaporator 10. That is, by virtue of the structure
having plural heaters, the application of an electric current per heater can be

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

temperature of a glass-tube heater to keep lower than the ignition temperature
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i defrosting efficiencies, as well as eliminating residual frost. Besides, disposing

a plurality of glass-tube heaters (19a, 19b) can save the operating time per
heater 19a (19b); accordingly, the radiating period of each heater is shortened.
This ensures that the surface temperature of the heaters 19a and 19b is kept
enough below the ignition temperature of the combustible refrigerant.
Furthermore, a pair of supporting members holds glass-tube heaters 19a and
19b so as to be an integrated structure, providing not only a simple structure but
also easy assembling work,

The refrigerator of the first exemplary embodiment, as described above,
provides a structure having a plurality of glass-tube heaters for defrosting the
evaporator. Thereby, the temperature of each glass-tube heater during the
passage of an electric current can be kept lower than the ignition temperature of
the combustible refrigerant. That is, defrosting can be carried out at
temperatures below the ignition temperat_ure of the refrigerant, without

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



- 5 MAR 2004 9 of the conbustible refrigerant; in the case of en'plﬁ))MAR ?[]0’1-
| sobutane as the refrigerant, the surface tenperature of the heater can be
kept bel ow 460 C. Generally, an amountl®f radiation is proportional wth
the surface area of a hot body. Conpared to a structure with a single
heater, a structure fornmed of a plurality of heaters 19 has | arger surface

area, accebémraly rgnheaiveht ansdabusidhlcemERerAiRr frdb i ! 4
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enhancing defrosting efficiencies, as well as elimnating residual frost.
Besi des, disposing a plurality of glass-tube heaters (19a, 19b) can save
the operating time per heater 19a (19b); accordingly, the radiating period
of each hBHACONDEXEMPERRY ENMBODEVENES that the surface tenperature of
the heaters 19a and 19b is kept enough below the ignition tenperature of
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provi di ngrefoigepaioy of thé spdoRdsdeuGilHfR e RiBodiAbSO €asy assenbling work. The
refrigerator of the first exenplary enbodi nent, as described above,
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sandwiching evaporator 10 therebetween. To be more specific, first glass-tube

heater 25a is disposed at a position lower than evaporator 10; on the other hand,
second glass-tube heater 25b is disposed at a position higher than evaporator 10
and close to accumulator 18.

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

As is the description in the first embodiment, the combustible refrigerant
liquid in evaporator 10 flows down, by its own weight, to lowermost pipe 21 that
collects higher amounts of the refrigerant than other pipes in evaporator 10.
After that, heat generated from glass-tube heater 25a heats up the combustible
Irefrigerant collected in the lowermost pipe and its vicinity. With the
appiication of heat, the combustible refrigerant is changed into hot gas, moving
up toward the pipes disposed in the upper section of evaporator 10. The hot gas
of the refrigerant carried from the lower section is now cooled and again changed
into a liquid by the pipes and radiation fins of the evaporator. For changing
into liquid, the hot gas radiates the heat fowérd frost deposited on the.upper



degradation in the efficiency of defrosting. The refrigerator of tﬁmeMAR ZUUII'
enbodi ment -5 MAR 2004 10 not only can prevent a conbustible refrigerant
fromcatching fire even if the defrostllih_g operation is performed in an
environnment where | eakage of the conbustible refrigerant occurs at
sonewhere in the area having defrosting neans, but also can inprove a poor
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t he evaporator. For changing
and therefore eliminating residual frost. Furthermore, defrosting completes in
a shortened operation-time of the glass-tube heater, which contributes to a
power saving.

According to the refrigerator of the second embodiment, as described
above, the glass-tube heaters have an opposing location via the evaporator; one
is disposed above, the other is disposed ﬁnder the evaporator. The
arrangement of the 'heéters allows the evaporator to be uniformly heated up
from the top and the bottom. Besides, the structure having plural heaters
allows an individual heater to have small beating value, thereby keeping the
surface temperature of the heater below the ignition temperature of the
combustibler refrigerant. The uniform defrosting enhances the efficiency of
defrosting, contributing to energy conservation. Furthermors, the accumulator,
which is located above the evaporator, can be properly defrosted without
residual frost. In this way, the refrigerator of the embodiment not only can
prevent a combustible 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



into liquid, the hot gas radiates. the heat toward frost deposite‘tlSoMAPeZUU‘l'
upper --5 MAR 2004 11 section of evaporator 10. The refrigerant liquid

flows down to lowernost pipe 21. In thld way, repeating the

t her no-si phoned cycle thus carries out defrosting of the evaporator. Due
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the heater below the ignition tenperature conbu

The uni f oberdgiovedtidia tBoBaReesrd he efficiency of defrosting, contributing
to energy conservation. Furthernore, the accunulator, which is |ocated
above the evaporator, can be properly defrosted without residual frost. In
this way, the refrigerator of the enbodi nent not only can prevent a

conbust i bITEITRID EXEMPTARY EMVBODOVENTI re even if the defrosting

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

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

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

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

In the defrosting operation, an electric current is fed through heater 261),
as well as heater 26a. Most of the heat from heater 26a by the passage of
electric current directly heats up, as radiant heat, evaporator 10. The hot
surface of the glass-tube heater 26a warms up the ambient air to go upward, as
an upward-moving stream, along evaporator 10. The upward-moving hot air
warms up frosted evaporator 10 from the bottom toward the upper sections. At

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



operation is perfornmed in an environnent where | eakage of the ¢b§bhhﬂRb2@04
refrigerant occurs at sonewhere in the area having the defrosting neans,

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

' = : be
close to heuts apeslowhtarapératate BEEFiSiHe mid eowhAPE: H@?eﬂ%%%hﬁ g can be
pl aced in an opposite arrangenent in a w dthw se (ﬁr ction o#—l t he

evapor at or ;- orlef radinnt beanith. hodik 26 cRPBEd Ik Ebrarhf %'b,';%gv%qu'

evaporator. The arrangenent can protect glass-tube heater

direct dr inppliated dewh diectls viaen ap%&%&ﬁ%ﬂ@mﬁg 5@%&%#@&%@ 16

can be renoved fromthe structure. | RD EXEMP Is a

tical seathente &vabrafanhsgeliRidRssE Hrii 95 20, ghd LASLaLor 4 of
Yﬁ; Ithi rd exenpl arey eﬁﬁgdi ment . eThe1 structru@énggairhe third enﬁo%@ﬁﬂ

' f rhoeat iaf Nt d Qg S .l ol owi ng
SBT L?r SI nr Fi g{?m?bi‘ ?frirsl%dqg? algs%z{cﬁﬁt;% E%%tagre 26a ?gdfgirig’pgégdaggf%hee ,gp’dﬁat or

10; on t heapbhmor Do npseeanth DA SyhHD &S@g%@%\&i ﬁ?éﬂgvg&gzgggﬁ?t‘é@gsﬁt he

I nternmedi ate position in evaporator 10. Herein _
' ' t | tagy.e l.0:.kh f4 0sti ng
wor ki ngs dheaateheegendtofrehdaéqidrd Ben prblide eeg\?egér%\f:g%qg, Q’ltglsg \Xgﬁd aad

operation, an electric current is fed through
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way, 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 combustible refrigerant occurs at somewhere

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

refrigeration due to residual frost.

FOURTH EXEMPLARY EMBODIMENT

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

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

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

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

structure above.



warns up frosted evaporator 10 fromthe bottomtoward the upper 'S&MA%ZDUII'
At the sane tinme, heat radiated from heater 26b di sposed within evaporator
10 -5 MAR 20n4 13 heats up a lowtenperbture area in the nid toward the
upper sections. O radiant heat from heater 26a di sposed bel ow evaporat or
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27b that phaskdobéelehiqgber7bhandhe@bebe®bA the ignition temperature of the
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
combustible refrigerant occurs at somewhere in the area having the defrosting
means, but also can improve a poor refrigeration due to residual frost.

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

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

barrier to air course when fan 11 is in operation.

FIFTH EXEMPLARY EMBODIMENT

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



Hereinafter will be described the workings of a refrigerator ha\uﬁgMAnE 20[]4
structure above. -5 MAR 2004 14 The defrosting operation begins wth the
application of an electric current to hEaters 27a and 27b. Heater 27a,

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

t he behi nebfrigbratozpdthe Gifthl Oxemap by enlbdigént! enperature area - the area
having a slowrise-in tenperature despite of the therno-siphon effect in
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having a | arge amount of frost, thereby enhancing the defrost efficiency.
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course when fan. 11 is in operation.
of voltage to heater 19, thereby keeping the surface temperature of heater 19
below the ignition temperature of the combustible refrigerant. The defrosting
is thus performed with reliable thermal control. R600a (isobutane), which is a
known combustible refrigerant, has an ignition temperature of 460 °C. In
employing R600a for the refrigerant, the surface temperature of heater 19 is
kept below the ignition temperature, for example, 450 °C or lower while current
is applied to the heater in defrosting.

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

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

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



FI FTH EXEMPLARY EMBODI MENT Fig. 8 is a vertical sectional view shei MARZ004
essential part of a -5 MAR 2004 15 refrigerator of the fifth exenplary

enmbodi ment. The structure of the fifthlénbodi nent differs fromthose of the
af orenenti oned enbodi nents in the following points. In Fig. 8, tenperature
sensor 29 detects the surface tenperature of glass- tube heater 19.

Cont r ol | SIXDH EXEASPDARYERMBODIMNERF controlling the application of
voltage to heater 19. Heater 19 has heating wire 31 therein. Hereinafter

will be describRd 9 hie wokkitngs Qcti%nlﬁ?fﬁéﬁe%ﬁbﬂiné‘%ﬂeng?stéa &i f%éﬂﬁ&ﬁrae

above. In defrosting operation, an electric current 1s t ug eating

wire 31 defrigeniter ofithie SREADMKIhBlark VPSSR RIYR, Sensor 29 detects the surface
t enperature Eof t he gl ass tube,ﬁgﬁg controller 30 performs ON OFF control
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heater in defrosting. In this way, the refrigerator o | can

prevent aodesEesiob! Heat®! 19 BES BRAtHE HT-EB1GRLRGLT i re even if the ]
defrosting operation is perfornmed in an environnent where | eakage of the
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defrosting means. For exanple, the risk of catching fi can vol ded
even in tdteudtageabbi@it undesired high voltage is applied to the glass-tube
heater for sone reasons, or that unnecessary defrosting is carried out

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

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

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



because the conpletion of defrosting is not properly detected fo'rssMrAR 20[]4
reasons. -5 MAR 2004 16 SI XTH EXEMPLARY EMBCDI MENT Fig. 9 is a vertlcfal
sectional view showing the essential pa¥t of ~a refrigerator of the sixth
exenpl ary embodi nent: The structure of the sixth embodiment differs from

t hose of the aforenentioned enbodinents in the follow ng points. In Fig.
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defrosting. In this way, the refrigerator of the I ren

conbust i bkefrigeedtor @€ tRE beden®e&BipMh % hbb@ity@n i f the defrosting
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| eaks at somewneFg.ilD, koRigdkfr 103VoRsaind® S ERSII0RY ilRa s 185, £X2TP! €
the risk of catching fire can be
rigid polyurethane foam-made heat insulating material 104. The space
between outer case 103 and inner case 102 is filled out with insulating material
_104. Cold-storage compartment 105 and freezer compartment 106 are
separated by partition wall 107. Evaporator 108 is disposed at the rear of
freezer compartment 106. Polystylene foam 109 is disposed at the front of
evaporator 108 so as to provide electrical insulation between freezer
compartmeni: 106 and the chamber accommodating evaporator 108 therein.
On the outside of polystylene foam 109, molded-resin decorative laminate 110 is
disposed. Cold-air outlet 1_11 is integrally formed with decorative laminate 110.
Cold-air inlet 112 is formed between the bottom edge of laminate 110 and inner
case 103.
Cold-air mixing fan motor 113 is fixed at a section of decorative laminate
110. Fan motor 113 spews out cold air, which has been cooled in evaporator
108, into freezer 106 and other chambers having different temperatures (not
shown). Dripping pan 114 is disposed under evaporator 108. The upper
opening of pan 114 is formed slightly larger fhan the bottom shape of evaporator

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



avoi ded even in the cases that undesired high voltage is appli ed-ﬁoMAR 20@!,
gl ass- tube heater for sone reasons, or that unnecessary defrosting is
carried out - 5 MAR 2004 17 because thel&onpl etion of defrosting is not
properly detected for some reasons. Furthernore, the high/low control of
the application of voltage can minimze variations in tettrerperﬁture of the
heating wing, Wiagbr£dth prRlEW atds 418Gk ctidd OBt Raulki _
accordigngl Y, protagg]fi ng ?1;11% c?n%ustlnb e rle%relcgerﬁbréb?rgm ]ﬁ%gg?‘lf’l}{g%r?ﬁrk :
caused by theealel ng of wire. SEVENTH EXEMPLARY EML30DI MENT Fig. 10 is a
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Evaporator 108 i1s at the rear reezer ~co 6.
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108. The upper Cold air cooled in evaporator 108 is spewed out by fan motor 113 from

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

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

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

The refrigeration cycle contains a combustible refrigerant to circulate



opening of pan 114 is fornmed slightly larger than the bottom shé'bg M‘AR 200‘\‘
evaporator 108. d ass-tube heater 115 i, fixed between evaporator 108 and
dri pping pan = 5 MAR 2004 18 114. Evapor1 tion pipe 116 and fin 117 are
secured by press fitting, caulking, or the |like. Evaporation basin 119 is
| ocat ed u;&er dripping pan 114 so as to collect water dripped in receiver
114. Radi deiesethappeba2@he gitugtureinivbpdshenten 1basontatiOwitiean sndipf ihe wat er
collected in basin 119 and evaporates it. In the structure, the outer wall
of heat er Hogcamilefrastidiesvanprator bydead ttamsforned firomn heatiyel 16t af woll ks by Fi n
117 is formed of vertically arranged continuous fin. In addition, N -Cr
wire is ersidéywivhearfromethedsiatenriberebiyrienrovirpetdteatelidd offidsniynait ehe Wi | |
be described the workings of a refrigerator having the structure above.
Col d air canetine raditrmefectieguited fmanbdabtitanaferf tarfimb08 keddsdter om
cold-air outlet 111. After used for heat exchange in freezer conpartnent
106, t he sirfacgdesoanerabughofadask-hibe hedtet 114 2odlawkth theevapanabitieat 08.
Repeating the air circulation above cools freezer conpartment 106 at a

pr edet er nmnaddateddnparkmater 11 Anpontiinad of Thiealborstlad sufae) RhpdragMaRgr at or
108 is distributed, via a duct and danper (not shown), to col d-storage
conpar t merheaters 1khdo bede beloshantignisionabemmprat e eniscbammes Bhyss iGafees .,
wher eby each chanber is kept properly cool. Wth the passage of tine,
evapor at orteng®ratuxgrefdiéfl 16) dfeavenmeliustilila réfripatrant.| MThdreforef thea@fadtign
cycle, an electric current is periodically applied to heater 115 to
defrost sdasae dehger oinatdiingtieredul theaivent shatot cdrhbakigblehy fiifa@abtidatisup of
frost. Evaporation basin 119 collects the water fromnelted-frost via

dri ppi ng perfomewhergrin theewfirigeliadot. on pi pe 120 heats up the water to
evaporate. According to the refrigerator of the seventh exenplary

embodi ment , t hdesides, fin 117 disposed in evaporator 108 is formed of vertically

arranged continuous fin; the structure enhances radiation effect resulted from

. heat-transfer to fin 117, increasing the efficiency of defrosting. Furthermore,
the structure can lower the surface temperature of heater 115, with the amount
of heat radiated from the heater maintained. Thereby, the surface temperature
of the heater can be kept below the ignition temperature of a combustible
refrigerant.

In addition, Ni-Cr wire is employed for the resistance wire for heater 115.

Even in the use of the heating wire at low temperatures, the Ni-Cr resistance
wire has no brittle fracture that would be ohserved in a Fe-Cr resistance wire at

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

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

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

embodiment in the following points.



refrigeration cycle has successive connections of the follow ng 52 @al*
conpressor, a condenser, a pressure reduction nmechanism and an evaporator.
The refrigeration cycle contains a comffstible refrigerant to circulate -5
MAR 2004 19 therethrough. The structure in which heater 115 contacts with
an end of fin 108 can defrost the evaporator by heat transferred from

heater 115, asimeAddifisnbio th@d!sﬁﬁbttﬁ%%f fihemdhsmiheahflo glﬁleﬁf eeh %Pr ving
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danger of catching fire in the event that a ustl le re rigerant | eaks
at somewh@ggtdrihe refrigerator. Besides, f| n 117 di sposed i n evaporat or
108 i.s formed of vertically arranged continuous fin; the structure
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I ncreasing the efficiency of defrosting. Furthernore
| ower thegiychiaessdoeaper ature of heater 115, with the anount of heat
radi ated fromthe heater maintained. Thereby, the surface tenperature of
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heating wire froma break. El GHTH EXEMPLARY EVBODI NENT %Fﬂﬁ%@tﬂg hteQFer
vertical se&rinpd;, éﬂlﬁ\ﬂcﬁﬁoﬂhéqgfﬁfc%c?ﬁq{ga't 3haRétet, Of‘ht,ﬁlmproved efficiency
further accelerates defrosting. With the amount of heat radiated from heater
115 maintained, the surface temperature of the heater can be kept sufficiently

lower than the ignition temperature of a combustible refrigerant.

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

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



refrigerator of the eighth exenplary enbodi ment. The structure.oﬁ WR 2004
ei ghth enbodi nent differs fromthat of the seventh enbodinent in
following points. -5 MAR 2004 20 In add¢tion to the structure of the
sevent h enbodi nent, each of a plurality of fins 121 of the structure in
the eighth enbodi ment has half round indent 122 conformng to t;e outczar1
wal | of ghasswhil 8¢Sty 13804A4 ! '

make contg'.gac'?(ﬁ ‘gtu |Ebn ent ?Lz%elﬁsma?ﬁ ?Ee outtg? ev'f—\l/adlg]ila&l%lglﬁa ”!E?T@r.t_ b hab
Her ei naf t ¢L.sidld bdyed gigscri bed the workings of a refrigerator having the
structure above. In addition to the structure of the seventh enbodi nent,
the structure Now Wif 1o AlibeRg g oF S EREASH HAgiantyd 22 ices
contact with the outer of heater 5, can 1'ncrease con rea
bet ween t hggfdn and the heat er, accor d| ngly, enhancing the efficiency of
heat transfer. The inproved efficiency further accel erates defrosting.
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gl ass-t ubg&cheabsferlii, Fin 123

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

| further improving the efficiency of heat transfer.

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

retained below the ignition temperature of a combustible refrigerant.

TENTH EXEMPLARY EMBODIMENT

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

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



is arranged, as shown in Fig. 13, so as to have interval 125 be-t-ﬁeM*ARhg[ml,,
edge of bend 124 and adjacent fin. The fin also can have a structure as
that shown in Fig. 14 -- each fin 126 4fas hal f-round indent 127 at an end
so as to conformto the -5 MAR 2004 21 outer wall of glass-tube heater 115,
and the end having indent 127 further has L-shape bend 128. Now wi || be
descri bed 18Aghabikiispesat om thebideganéiceroffthvievapit@ost IUGIHY ReABPYES t4S i S
shown in Figs. 12 and 13, each fin 123 has an L-shape bend at an en

havi ng cohpl 184 pravidesocirtactisdtiveeh theajuger Whll of he KdattiChHA @adh bAYS

each fin 123 to couple to the outer wall of heater 115 through Iine
contact, offinalldi.ng the efficiency of heat transfer. Besides, interval 125
formed between an edge of bend 124 and adjacent fin can upwardly transfer
t he radi ant hedNow fwillibehdmateibed the workidrs &td1ﬁﬁ'ig@fhior hhdfhe dft GRskthre ShowW
anot her structure in which an end of each fin 126 has half round 1 ndent
127 so asaboveonformto 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 wildldef 128 P mbdSMtPuroddy wteked PaRAN HanktTBAYF | P5IQ¥L NI
the efficiency of heat transfer. The structure of the enbodi nent, ‘as

descri bed180chet isalispsedi detdsideesurfhdsOuies e ol rasdr. ef'Ifﬂe%ﬁ?&,yh 1ALy t he
same tinme, the surface tenperature of heater 115 can be kept _urt%er
| over, wi lR9tche saomeedy hofd heatr 188 wdtleto dnapes @ﬁ‘aﬂf@@&@&nﬁh@ﬁ?’(}ﬂf ds
Thereby, the surface tenperature of the heater can be retaine el ow t he
i gni tion tétpehasterereffi@dconiheshidlibe rBidt igesaM a sTENTHEEXEMRLARYY for
EMBODI MENT Fig. 16 is a view, partially in perspective, of an evaporator
and a gl aprepauihe duktitienalofixing ederhber ah Odsseinble ek eermhary 169hedi ment .
Fig. 17 is a

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 resuit, the defroéting effect is preferably
increased. At the same time, the advantage can enhance the defroéting effect.
As a result, the surface temperature of heater 115 can be kept lower, with the
amount of heat radiated from the heater .mai.ntajned. Thereby, the surface
temperature of the heater can be retained below the ignition temperature of a

combustible refrigerant.

ELEVENTH EXEMPLARY EMBODIMENT

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



front view, looking in the direction of arrow D of Fig. 16. In E%Aﬂi%
17, both ends of gl ass-tube heater 115 2aate fi xed by holder 129. der

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

heater and eaciNeedgell befddscribdd The Mawkirdsl ofterataigeratoe habvhies M kirngeref a
refrigerator having the structure above. Holder 129 is formed of partially
not ched vabbveal flange 131 of side plate 130 that is disposed on the side
surface of the evaporator. Therefore, holder 129 can securely hold heater

115 wi th no daWjken ah dielthicrartawis appad hetRaendsl 5, MHeat B €RE BEaREgsf i Xed
to the holder. That is, such a structure has no need for preparing

addi t i onakofvesiedgronstiiblel plate a82enPheowl the BirhdctioRthAweeW188%hp sRFadECt -
In addition, the consistent positional relation of the structure can

est abl i shofishield ghite 12nnetéddnbiigsmenid 18RbLAn 117, dhbinarddh/heREPYLEI NY
consi stent heat transfer. As a result, the defrosting effect is preferably

i ncr eased caibel Retistedeol fiird 17! hThadvathaGRweas teRl}RAE furehst Kiake0sis Bgn
effect. As aresult, the surface tenperature of heater 115 can be kept

| ower, w bb lidpg loasPbhin ehe higaiticnatindh QA thiont 4 RentRatdle PBi-Heth e Fith
Thereby, the surface tenperature of the heater can be retained bel ow the

i gni tion teepeididtre ldatarooioUsditbl endiatainger al adBkEENHbIPEMA A8Y
EMBODI MENT Fig. 18 is a view, partially in perspective, of an evaporator

and a gl aseceitese digadfaneéd frosefirdng evap aatef 1@81,&11@&&&6@&&@@%%1@@{ of
enbodinment. Fig. 19 is a front view, looking in the direction of arrow E

of Fig. 1&he watkt iom 1Be avdpdiditos Airektly ploatretd Baates 15)S €THiE GaRedleiRA te
evaporat or 108 and
the noise, suchr as a sputter, which is produced when drippings instantly

evaporates on hot heater 115.

TWELFTH EXEMPLARY EMBODIMENT

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

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

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

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



gl ass-tube heater 115. The top surface of shield plate 132 makesfHcMARC2004
with each bottomend 133 of fin 117. Both ends 134 of shield plate 132 are
integrally fixed to side-end fin 135 b%4caul ki ng or the like. - 5 MAR 2004
23 Now wi || be described the workings of a refrigerator having the
structure above. When an electric current is applied to heater 115, heat
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adj acent Fé\%ﬁllﬁgﬁg |ns I'S 33% i ned | onger than interval "b" between |ong
fin 136 and short fin 137. Nowwill be described the workings of a
refrigerator having the structure

THIRTEENTH EXEMPLARY EMBODIMENT

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

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

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

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

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



above. Each long fin 136 has an L-shape bend at an end having ce %ARMZU@‘[ :
the outer wall of heater 115.° The structure allows each long fin 6 to

couple to the -5 MAR 2004 24 outer wal B5of heater 115 through |ine contact,
t hereby enhancing the efficiency of heat transfer fromheater 115 to | ong
fin 136. Long fin 136 and short fin 137 of the evaporator are arranged so
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structure, outer tube 141 of heater 139 Is S mai ntal ned in contact
wi th eachagehiliimerdriefl fin. 117. Now will be described the workings of a
refrigerator having the structure

FOURTEENTH EXEMPLARY EMBODIMENT

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

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

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

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



above. Wen an electric current is applied to heater 139, heat f'rErrMAR 20[]4
resistance wre heater 143 is radiated fromthe surface of outer tube 141
via inner tube 140. - 5 MAR 2004 25 | n26he heat transfer process, the space
bet ween i nner tube 140 and outer tube 141 serves as an insulator, so that
the surface tenperature of the outer tube becones |ower than that of the

i nner  t ubBeafingt wire, 21h6s sailkadenitbmead Mureief215 Q@j’éifx{e f'ziéﬁaﬁ&'leﬁf-oh%pt
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properly naintai ned. Such a structure not only mnimzes variations in the
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assenbl i ng work. FOURTEENTH EXEMPLARY EMBODI MENT Fig. 25 is a view
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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-tubé heater is transmitted, through inner tube 211 and
outer tube 212, to evaporator 206 to remove frost therefrom. Glass-tube heater
207 has a tube-in-tube structure. In the heat transfer process, the space
between inner tube 211 and outer tube 212 serves as an insulator, so that the
surface temperature of the outer tube becomes lower than that of the inner tube.
That is, fhe surface temperature of outer tube 212 can be kept lower than the
ignition temperature (e.g. 460.°C for isobutane) of a combustible refrigerant,
with the amount of heat from the heater maintained.
Disposing sealing member 208 at the end of the glass tube ensures the
positioning of the glass tube in the tube-in-tube structure, thereby properly

maintaining the interval between the inner tube and the outer tube: accordingly,

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



the tube-in-tube structure, respectively. Heating wire 213, whi dﬁlMARlcEUUJ}
of iron-chrone, nickel-chrome, or the like material, is accommpdated in

i nner tube 211, with a predeterm ned iZt erval fromthe inner wall of tube
211 mai ntained. -5 MAR 2004 26 Heating wire 213 is caul ked with | ead-out
wire 215 at joint 214, and |ead-out wre 215 goes out fromthe |ower side
or the boinmen-ofbeseapporgee0demPotterfivbe dfppcrtar P20t waldhy aﬁe(iﬁﬂe%%.llyv' ew
of another glass-tube heater of the refrigerator of the fourteent

exenpl ar y femabimitintealing Fignba? 208 ealipigssraiiRw Zbén Bassias 'ﬂﬁfo‘ﬂliéb%agé’l der
217 and outer-tube holder 218, which are integrally forned of rubber.

| nner - t ubtulbm| dBiis2h% mSnipEaE the HRRST cbmpgmeimtﬁ@edhﬁumetreﬁi §Rt 221

| aps over inner tube 219 by length "c", simlarly, outer-tube % er 218
supports baslerinttheaef2geraforsuch a way that |ap 222 | aps over outer tube

220 by length "d". End surface 224 (i.e., plane "I" in Fig. 27) of l|lap 222
i s outwardly | Sealigg nidiabeedU SO FIACKT dohialds Biner-tabaM8lddd 91704nd ARte221-
Now wi I | be described the workings of a refrigerator having the structure

above. | ntieholder 03BiRBPHACESS stidftt @t &647191'1%15r 6 ddcRe R | ating
wire 213 of glass-tube heat e%%O? to pe?i odi c I;‘/z rermvee froésl‘taii“u%tgarn{tia

evapor at oreldile addeatblni@®nrvdrke deleass thitieniReRBiridtfodd FSHhd RGond N AYIN
i nner tube 211 and outer tube 212, to evaporator 206 to rem)vel%rost

t her ef r omad@tiss ihnbetiieahelder 2007 Aa6 cuitbnbErd RoldeP D I8t LM Bip 2%1&&2113 heat
"transfer process, the space between inner tube 211 and outer "tube 212

serves aslan 2285 ubaleotiveBD at Ak ddik of SHER afifted SPAIEIRUHE &188s tesO Ul t UbE
becones | ower than that of the inner tube. That is, the surface

t enper at ugrueturewasrpropbely 2LPpeeds L@ Frorh 3WE butdlds ihfdQhel M tBB. _
tenperature (e.g. 460. C for 1sobutane) of a conmbustible refrigerant, wth
the amount of Feathehrone! badheatele P24 i8] fene “T” in Fig. 27) of lap 222 is
outwardly located than end surface 223 (ie., plane “H”) of lap 221. The
posiﬁonal relationship allows the radiant heat from inner tube 219 to be easily
- transferred, enhancing the efficiency of defrosting. At the same time, the
structure invites an easy attachment of outer tube 220 to sealing member 2186,
enhancing the efﬁciency of assembling work.
Although the structure of the fourteenth embodiment employs a rubber-
made sealing member, iﬁ is not limited thereto; the similar effect will be

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

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

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



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

out er - t ubwagughpodae 232 18ps ekdratutar eube229 b 1bygthi@r MeEnWsbf-2682k5Rg 1B Nber
208, suppress airflow fromoutside into the glass tube. This can mnim ze

the risk 28leahtdined plame (k. tglane SIUIhilod WRh dPEafhce R82MT 12%151 2?'@)?
refrigerator. Sealing nenber 216 of Fig. 27 contains inner-tube holder 217

and out er InmeeutioRd8radl Suts fibd PLBGhadsiib thet drBe 1RMNBKEA Nhefl end of
cost -decreased product and reliable assenbling work due to mnim ze8

vari ati onwhich &b lveatdidosisa chmmaeitigldnedne., pM¥e! “FCUREFfobder 217 and
outer-tube hol der 218 contain |ap 221and |ap 222, respectively, at the end

of each outer Nektwill behls@liBsd the!RREkinBRF aStefMEEMt6r ﬁavin%fe ] esrtfﬁ’c]j;ﬁi"(?press

airflow fromthe outside into the glass tube. Furthernore, surface 224
(i.e., plabeve.r, in Fig. 27) of lap 222 is outwardly |ocated than end
surface 223 (i.e., plane "H') of lap 221. The positional relationship
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enhancing the efficiency of defrosting. At the sane tine, the structure
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enhancing the efficiency of assenbling work. Although the structure of the
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limted thereto; the simlar effect will be expected as |long as the
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28 is a partially sectional view of a glass-tube heater of a refrigerator
of the fi22¢dytiheesanpllangthesfu®l] priViding good sealing between the glass-tubes.
The structure effectively suppresses airflow from outside into the glass tube,
thereby minimizing the risk of catching fire if the combustible refrigerant leaks
in the refrigerator. In addition, inner tube 228 and outer tube 229 are identicai

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

an easy manufacturing of glass tubes.

SIXTEENTH EXEMPLARY EMBODIMENT

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

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

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



In Fig. 28, sealing nenber 225 has inner-tube hol der 226 and ou.Lﬁ'MNngUOJ*
hol der 227, which are integrally forned of rubber. Inner-tube hold

supports inner tube 228 in such a way t#4t |ap 230 | aps over inner tube 228
by length "e", simlarly, outer-tube holder 227 supports outer tube 229 in
such a - 5 MAR 2004 28 way that |lap 231 | aps over outer tube 229 by Iength
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with end surface 232 of lap 230. |Inner tube 228 and outer tu rreasure
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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 seAa]ing

- member. At the same time, employing materials that differ in heat resistance

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

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

SEVENTEENTH EXEMPLARY EMBODIMENT
Fig. 30 is a partially sectional view of a glass-tube heater of a refrigerator
of the seventeenth exemplary embodiment.
In Fig. 30, sealing member 241 has inner-tube holder 242 and outer-tube
holder 243, which are integrally formed of rubber. Inner-tube holder 242
| supports inner tube 244 in such a way that lap 246 laps over inner tube 244 by
| ,length. “P’, similarly, outer-tube holder 243 supports outer tube 245 in such a
way that lap 247 laps over outer tube 245 by length “g”. End surface 249 (e,
plane “M” in Fig. 30) of lap 247 of outer tube holder 243 is mwardly located than
end surface 248 (i.e., plane “L”) of lap 246 of inner-tube holder 242.



supporting member 235 holds an end of the outer wall of inner tedp IAR %[]cplr
Simlarly,. outer-tube hol der 238 of outer-tube supporting nmenber 236 hol ds

an end of the outer wall of outer tube3840. CQuter-tube supporting nmenber
236 fits snugly against a part of the exterior of inner-tube supporting
menber 235. -5 MAR 2004 29 I|nner-tube supporting nmenber 235 is forned of
material havi naNbwahilnbatos s BHiRREAs b8 10RARARAK BN EY ohiRBy
supporting member 236 is formed of materral having heat -resPstance Iower
than that alfoweenber 235. Now will be described the workings of a
refrigerator having the structure 'above. Sealing nmenber 234 is forned of

i nner -t ube suppPid ighétsreabb ke3P @16 ar?ét‘ﬁf'l_erd' fﬂﬁ%e?ﬁé‘@ﬁi)fa%{a :%g%;lra%gga to

each of which has a separate structure. his all ows sea

| oy- diddteren &y BELNRBRAN R ch YRl tHRTREHSs 2322895 2364, 110G €aSi ng
gggi 8% flexibil i?‘;r}%}‘l s}egjll? ng lnenbgryh2§4. | Aner -t Ube s%f)egor§| ng ?relﬁée??ZSS

is formed phenBtibs haldhp4ong Thdhrhe@knles iaﬂb?v@(:(ﬁxteﬂ *Qﬁoﬂfe?%t% N8%ve
0 avi ng

out er-tube supporting nmenber 236 is fornmed materi a eat

ot i , . .
o515t ancenisent 1oppink Tshetll b eicodingTBIONLIccD, salipg babwosn fheng
menber. Atglbbet e ThERir@#RtOYhAS TR ELLN Sy tsﬁ?gr%srsg ?frﬂo@r ﬁgﬁtoutﬁide
resi stance can decrease the use of a hﬁft-res‘j S nO maﬁeriil, whi c%il can
i nvi t hiigbo d isORub& 0% ezl : i

e 0bt 8 g A b herehy FaivEiing, oo AP A SRRAL I She

sectional coen@ywstibl@ @rﬁggaﬁ@%kQQﬁttﬁé ehriRraRlr i gerator of the seventeenth
exenplary'enbodinenf. I'n Fig. 30, seafingéne er 241 has inner-tube hol der

242 and out er - tBdsded) Qb2 TehgtWirc s ag 24@@9&%4&1;1{?@ HBRePlo45U0RE o

| nner-tube hol der 242 supports inner tube 244 1 n such a way that 1Tap 246
| aps over rehatévely UkereltédPyccordingly, holder 242 considerably escapes from being

affected by radiant heat from heating wire 213. The fact can protect the i_nner;
tube holder from undesired rise in temperature caused by the radiz;lnt heat when
an electric current is applied to the glass tube. Therefore, there is no need to
employ an extra high-temperature-resistant material for éeah’ng member 241,

whereby the production cost can be decreased.

INDUSTRIAL APPLICABILITY

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

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



length 'T', similarly, outer-tube holder 243 supports outer tube 248AF 2004
such a way that |ap 247 | aps over outer_tube 245 by length "g". End . surface
249 (i.e., plane "M in Fig. 30) of | a 247 of outer-tube hol der. 243 is
inwardly | ocated than end surface 248 (i.e., plane "L") of lap 246 of

i nner-tube hol der 242. - 5 MAR 2004 30 Now wi || be. described the workings

of a refriglessatube Heavéng IhhoshstislrueRire VIAKE - inV XIS age- JlHberea SlielS SO
arranged that end surface 249 of the lap of outer-tube holder 243 1Is

i nwardl y umaaﬂ:etmaﬁmb@rmmuf@@m@éaeﬂin%ﬁﬁeﬂlw ﬁfﬁsﬁ@éaroﬁé&?&@ekﬁﬁé 242.
The arrangenment all ows outer-tube holder 242 to have sufficient [apping

| engt h of glas tubecoBdiingtnuct@ict @hhREoaRPd c%ﬁ%dé@ﬂﬂ@leé @aﬁé‘ﬁomgﬂhgﬁ%swbes-
e

The structure therefore effectively suppresses airflowTrom outsi I'nto

the gl ass of vhighiddBfebyedTifithgideligting@pel#oRhs LAY O i P ehdirddifent
conmbustible refrigerant leaks in the refrigerator. Besides, Fapplng Pength
"t of | apiR46 lefkdgendtht ebmbetiBR r2AZesalt dBurd €f ati vel y decreased,
accordingly, holder.242 considerably escapes frombeing affected by

radi ant heat from heating wire 213. The fact can protect the inner- tube
hol der fromundesired rise in tenperature caused by the radi ant heat when
an electric current is applied to the glass tube. Therefore, there is no
need to enploy an extra high-tenperature-resistant material for sealing
menber 241, whereby the production cost can be decreased. | NDUSTRI AL
APPLI CABI LI TY The refrigerator of the present invention has a plurality of
gl ass-tube heaters as a neans for defrosting the evaporator that is

di sposed in a conbustible refrigerant-sealed refrigeration cycle. A
current-carrying period or an application of voltage to the gl ass-tube
heater is controlled so that the tenperature of the heater is kept bel ow
the ignition tenperature of a

f




conbustible refrigerant. This not only protects the conbustible ':r_ﬁ MB‘%ZUU!‘_
fromthe risk of catching fire, but also avoids poor refrigeratio

by residual frost. In a structure of the invention, a glass-tube heater
makes contact with fins of the evaporator to decrease the surface
tenperature of the. 5 MAR 2004 31 gl as$2tube heater. In another structure
of the invention, the glass-tube heater has a tube-in-tube structure, and
a sealingmemasr is disposed on an end of the glass tube. Such structures
can protect a conbustible refrigerant fromthe risk of catching fire even
I f the defrosting operation is carried out in an environnent where |eakage
of the conmbustibple refyr.i gerant occurs. MAR 2004 32 CLAIMS: 1. A
refrigerator cofrpr i‘Astﬁij.g T SRBWPESISE e- ref ri ger ant - seal ed refrigeration

cycl e having successj ¥&np 'Bihﬁifetf}igréelg%@ieafeﬁ'ﬂeﬁ' QidH S Mavin s SOT, @

condenser, a pressure reduction anl sm and an evaporato neans
for defr eshnevgionbheocfviplmdahgr clenfeatsei a tchmpdefkonsti ngnd@aes ias pgrogsimed of a
plurality of glass-tube heaters disposed in an upper section and in a

| over sedtqdusHoBmMgahanisy, ged an Yapokaer@gdany one of in-contact and

out - of - cont act arragﬁ[g%ﬁ%gd&&@ing%? ?ﬁaéﬁf%géft or. 2. Arefrigerator

conprising: a conbu: e-refrigeran refrigeration cycle having
successive congigtinonse Aleffostih@Wnegne!ieMiinsd af CONMLRSSP of FlARdeNser, a
pressure_ reduction nechanism and an evaporator; and neans for defrosting
t he evap@ﬁ&@tﬁr disposed in an upper section and in a lower section of the evaporator

having any one of in-contact and out-of-contact arrangements with the

evaporator.

2. Arefrigerator comprising:

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

means for defrosting the evaporator,

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

the evaporator.

3. Arefrigerator comprising:

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

means for defrosting the evaporator,

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

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



wherein the defrosting nmeans is formed of a plurality of gl ass-tful'jaMAR 2004
heaters, and at |east one of the plurality of glass-tube heaters is "

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

conbusti bl e-refrigerant-seal ed refrigeration cycle having successive
connections of follow ng el enents: a cdhpressor, a condenser, a pressure
reducti on mechanism and an evaporator; and neans for defrosting the

evapor at aemaidigg eglass-ibedbatesd idg dRpoHsed SinkOLABdoPf (il M Ufishi tof Qhe

gl ass-tube heaters, and at |east one of the plurality of glass-tube heaters
i s di spos¥aperaier agddviorehind the exaparalor. section of the evaporator and ii)

bel ow t he evaporator, and =5 MAR 2fl4 33 renai ning gl ass-tube heaters are
di sposed any one of iii) in front of the evaporator and iv) behind the

evaporator. 4. Zhe rehé rGeEa0LRYr cﬁfcﬁhﬁiwvsh?r%ﬁﬂheigiasfsﬂﬁbahea%f,tm%*} ater,

which is disposed any one of 1) in front of the evaporator and ii) behind
t he evapdhisposed any oneoafat)dd frontaof thedevspofaoment i) tehpak theodvapheator, is
evaporatgr. 5.. The, ref rfj ﬁ-ﬁrftor of gai m 1, wherein the glass-tube heater
any one oPcated inqyindenf fofmed 3 part OEthe YAPRRAIThe evaporator and ii) | ocat ed
bel ow t he evaporator has capacity greater than the gl ass-tube heater any
one of iii) located in an upper section of the evaporator and iv) |ocated

above the evapdi.at orThérefAgerefariofeilaimoil, ehogein tengassatube heater any one of
conbusti k]l e-refrigerant-sealed refrigeration _cycle having successive
connect i dhocatedrin Bilowenepcipa b Hiesevaporainndsbdpcated belawdhs evapaiater B8 ur e

cvapor ot GFRGRER et PR RE R BEHR Al o SRR S B R Db

gl ass-t ul the evaporator and iv) located above the evaporator.

6. A refrigerator comprising:

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

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

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

7. Arefrigerator comprising:

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

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

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



heaters, and a period through which an electric current is applj_%rwggmm_
plurality of glass-tube heaters is controlled so that a surface t e

of the heaters is kept below an ignition tenperature of the conbustible
refrigerant. 7. A refrigerator conprising: a conbustible-refrigerant-seal ed
refrigeration cycle having successive 3#onnections of follow ng el ements: a
conpressor, a condenser, a pressure reduction nechanism and an

evapor at Qpntraléed FBamst hofurflieb rt@ﬁ?'bmu&h@f EMAROABOFs, kB ROW 4 Sl OSt i ng
means is fornmed of a plurality of glass-tube heaters, and an application

of vol t agemperafuse opcombistibje oifrigérant- t ube heaters is -5 MAR 2004 34
controlled so that a surface tenperature of the heaters is kept bel ow an
ignition tenperature of conbustible refrigerant. 8. A refrigerator

conprising: a gomu%fﬁgérgforr%ﬁ{pgg{ nt-seal ed refrigeration cycle having

successive connections of the follFow ng el enents: a conpressor, a
condenser, a pressur eombgdibid-refrigenantbmidd rafrigedtian ogeploaah® sucasdva
gl ass-tube heate el ow t he evaporator; and a plurality of fins

r disposed b
di sposed PRAEGED v%flpéff‘atfaﬂ9wmereéqrﬁe% BUSEPPIRETAT OF CPREC§FRSs- RigBRIheat er
makes cong & ioﬁ“ﬁécgﬁﬁ%gh%%gggﬁa? di9f e fins. 9. The refrigerator of

Cl aim8, rein an in mng’to the outer wall of the glass-tube

heater is formed ata glashubehtaer disgosell belay tHensapdftorThed ref ri gerat or of
Claim8, wherein a bend conform ng to the outer wall of the gl ass-tube
heater is forned atd Ru@hthef finndispesedfin threeviaparmtor11. The refrigerat or

according to e _of aj 8-throygh 1 erein both ends.of the
gl ass-tube hea eerr&g{r%nfqu%erdv%%@ gt stp%legqgﬁsétf’lge ol?e\%] emaEes contact with " each

bottom end of the fins.

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

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

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

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

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

evaporator.

12, A refrigerator comprising:

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

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

a plurality of fins disposed in the evaporator; and

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

wherein the shield plate makes contact with the fins.



evaporator. 12. Arefrigerator conprising: a conbustible-refri ggﬁam&egoﬂg
refrigeration cycle having successive connections of follow ng &l .

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

shield plate makes TRNtaRigetitdh drheldimnNS or SCMIR 3004w B&eihS thd "hs are
refrigerator of Claim8 or Claim12, wherein the fins are continuously
ar r anged contigueuslnavangedduls idavedidabdiredtion. The refrigerator of O aim 13,
wherein the fins are disposed in such a way that an interval between
adjacent fins in a |ower section nmeasures greater than that in an upper

section. 15. The r | ger b (8 ' , | h

gl ass-tube hégfereﬁ\}?s&gﬁ%g%-r ?)frf\%%éqgi Fﬁﬁ%?%@g a_rréf’]"g%?@%ér?ll glegla?th oar of

d ai m 8 ovayCllzt narl 2ntervad riwitwean mdmicettafing-ini a dowbr sedtéorngnamsutes haeltent er i s
a N-C wre, 17. The refrjgerator of Caim 15, wherein a cap fixes an end
of the g},t\?é%%thﬁﬁb@‘éﬁpefﬁ%“tll’i’é‘at er having the tube-in-tube structure. 18. A
refrigerator conprising: a conbustible-refrigerant-sealed refrigeration

cycl e havi ng successive connections of follow ng elenents: a conpressor, a

condenser, a {Sessulle réfeigeeitdroof nElahang sen Ciaich a2, evageinatied ;glasghiss- t ube
heater with a tube-in-tube structured disposed in any one of 1n a |ower

section dralehBaey Bbsriattebe Sert®sl ow t he evaporator; and

16.  The refrigerator of Claim 8 or Claim 12, wherein a resistance-wire of

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

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

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

18. A refrigerator comprising:

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

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

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

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

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



a seal ing nmenber disposed at an end of the gl ass-tube heat er,'-V\ﬁeMﬁR 2@@1}
mul ti-structured gl ass tubes include an inner tube and an outer tube, the
seal ing nenber integrally contains an inner-tube holder and an outer-tube
hol der, the inner-tube hol der supports the inner tube and the outer- tube
hol der supports the outer tube, the ind@r-tube holder has a | apping section
at an end of an outer wall of the inner tube, and the outer-tube hol der has

an alignment 1@_ectAqeﬁ~{gefat@1r@;ﬁﬁ]?ﬁ§@§i tioning of an end of the outer tube.
'-5 MAR 2004 36 19. A refrigerator conpriSi

ng: a
conbusti bl e-r ef ri gepaambystibledeirigerineealed Gefgri@?rﬂtieﬂmlmlgﬂvs'm&smw‘ee
connections_of. fol Iﬂf\/\tﬂ% el emeg:ts: a conpressor, a condenser, a gressure

reduct i orr*RECHERF s “he e L5 of. COMRESSAl Gn SORBSHSEr i thfessure

t ube-i n-trg&ﬁ;ﬁ%hrrh@cqﬁﬁ@gl’(gh&Qﬁ)g@%,dr&Oﬁny one of in a |lower section of the
evaporat or and bel ow the evaporator; and a sealing nenber disposed at an

end of the gl ass-tubeglhssafube  hoateerwith a Hebevin-tubesttructirad edlsgisad sint alpes
i nclude an inner tube and ag eouter t ube, the ﬁz}gal ing menber integrally

cont ai ns %4f Hh%JQ‘Y‘%fbgéc'ﬁ‘?ﬂB Svaporator 3ud below the enapraior ake i nner - t ube
hol der supports the,igRger %lu Sexa&lgpdﬁsgc?af’#?xﬁldoft‘l’lggrl:{ﬁg—lhglgééh%gﬁportS t he

outer tube, and the inner- e hol'der "an e out t ter have a

| appi ng sect i avhed¢inatheenaultitstatped eglagalthbesfl indhgdd e indenbibeandd agh end of
an outer wall of the outer tube, respectively. 20. The refri gerat or of
O ai m 19, 0u@efben the sping, smengrert integralbpicagtasesc n onenfubenhkoldet andtabe

hol der i t l.y t ha LD face of .the |appin section of the

i nner -t u_tﬁ))é1 k%%ﬁ%{%o?@ef%ﬁ%é@%ﬁﬂ%g}oﬁe& SYRPOE af_hi% Egl,er \%ﬁlg? galnrq ﬁie[ iOBpelrhce of

the | appititge $Rtder Ofuppofist ihe Ontefrtubdlbend ahéeimbsnbeSRORIEE dnd BRALAt- Pl ane

common with a tip face of the |apping section of the inner-tube hol der.
tube holder have a lapping section at an end of an outer wall of the inner tube

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

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

section of the inner-tube holder.

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

the lapping section of the inner-tube holder.

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

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

reduction mechanism, and an evaporator;



22. The refrigerator'-of Caim19, wherein a tip face of the |appi tq
of the outer-tube holder is located inwardly than a tip face of tﬁmmgw

section of the inner-tube holder. 23. A refrigerator conprising: a
conbusti bl e-refrigerant-seal ed refrigeration cycle having successive
connections of followi ng elenments: a cdipressor, a condenser, a pressure
reducti on nmechani sm and an evaporator; '-5 MAR 2004 37 a gl ass-tube heater

Wi th a tube-in-tube stglastiibehedies RASEA fubedRMtub®RBuSrdd dRpbQEn BRFLI ON
of the evaporator and bel ow t he evaporator; and a sealing nenber disposed

at an endnsfoftine lgwessectionef Hsaavaporatirendibelaw thessvaporatorpremder is forned of
a plurality of supportin nenpers. 24, The refrigerator. of Claim 23,
wherein the plurali t?S%ﬁlﬂgd]ﬁ%ng‘?ri(ﬁﬁ)osﬁ%%@?‘qe%{thglgi?éﬁ%&e tenner - t ube
supporting MenbRéreRNdh@NsQing! vhétber $4PRRfEHNGT T MRREHGPrakEbdort;
structured fromthe inner-tuge suppcgrti ng menber. ng5.ra§rtﬁe re%ﬁ%oerlg%or of
Cl ai m 18 oemBkrai m 19, wherein the glass tubes of the heater having the
tube-in-tube structure are identical in |ength.
24, The refrigerator of Claim 23, wherein the plurality of supporting
members is formed of an innmer-tube supporting member and an outer-tube
supporting member separately structured from the inner-tube supporting

member.

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

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





