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1 DESCRIPTION Title of Invention REFRI GERATOR
Technical Field 5 [0001] The present invention relates
to a refrigerator configuredlto control the shape of
frost adhered to a cooler or the thickness of a frost
| ayer to inprove performance when frost is forned,

t hereby achi eving energy saving. 10 Background Art

DFQQQELT by some refrigerators of the related art, a
P used in a cooler is surface-treated for | mprovi ng

TE%&E°E¥BEE%en en frost is fornmed. However, since the
shape of the peri phery of the cooler fails to nmatch

the i AprRYEERALoAf the performance when the frost is
fornmed, the performance in a state in which the frost

.S, Not h formed remains uninproved (for exanpl e,

Tgégnﬁgﬁgﬁﬁlﬁﬂ erature 1). The frost fornmation on the
68 Ler hinders heat 20 exchange between a refrigerant
[ang ?he

air. Therefore, when the anount of frost

f or maThenpkreskentr easedtibeatrelesiest anca reff rtike redarer

is increased, and heat exchange performance is
cbodégededwiier eoytdetletiner athape off domlsthgdfdiad deya cooler
is resulted. 25 In addition, when the anmount of frost
orothat thackaesisnefegdsddost] dRviey rtesiigbe degfermance
flowng in the o ,
when froést i1s formed, thereby achieving energy saving.
Background Art

[0002]

In some refrigerators cof the related art, a fin used
in a cooler is surface-treated for improving performance
when frost is formed. However, since the shape of the
periphery of the coocler fails to match the improvement of
the performance when the frost is formed, the performance in
a state in which the frost is not much formed remains
unimproved (for example, see Patent Literature 1).

The frost formation on the cooler hinders heat
exchange between a refrigerant and the air. Therefore, when
the amount of frost formation is increased, heat resistance
of the cooler is increased, and heat exchange performance 1is
lowered, whereby deterioration of cooling efficiency is
resulted.

In addition, when the amount of frost formation is

increased, flowing resistance of air flowing in the

periphery of the cooler is increased due to an action of a
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peri phery of the cooler is increased due to an action
of a 2 refrigerator fan. Therefore, the air volune is
reduced, and a refrigerator body cannot maintain a
specified cooling capability, whereby the inside
tenperature rises. In this event, there arises a
problen1in terns of 5 quality nmaintenance of

cEPPEhER B, 200 hoBfer el SEPRIBIPL SoaliR 8! i¥eflcen, ana
|.at fn

2 %?é%gﬁgr%lﬁg% 853y, ARYRE R 3 sR P Rt

cRBLEEL 09t RhRYLES chel WeRn ddhe il et ARl Aie 0 heat

i nsul'ating box, so that a certain anount of frost can

be acennuhat eévéhﬁf etRerknatrigegase pebra efefiti gesradsOrof
in the range of 500 liters, a capacity which

q&ﬁﬂ:Qmﬂa&ﬁieaﬁncam&ntfo@ﬁsftmfﬂs f @nathieorcooftidie
order of 500 cc while maintaining the inside
reénpgeattpe is peguilded wifH CetfedsRefrey erecesi. The
[Patent Literature] [0003] [Patent Literature 1]
dgPras200y- 882854 igpprrovifey in a Seatarinseflativentiaon for
20 Technical Problem [0004] |In the refrigerator of
thRePHEPasedoar fedaeydriobéds rrepicddon iafertditurde 1 vahgne, a
fin used in the cqooler is surface- treated f

dpRpEETEHGPPRE LREr £6r RERYE desheRdtiested %&?‘%??ra&q the

heatf 1nsu9atl£|?1\ée %rx, g n%% t.he Sh%ealq atm%eu el Ifohte c}/st can

be accumulated therein. In the case of a refrigerator in
the range of 500 liters, a capacity which accommodates an
amount of frost formation of the order of 500 cc while
maintaining the inside temperature is required.

[Cited References]

[Patent Literature]

[0003]

[Patent Literature 1] JP-A-2001-31785%4 (p. 1, Fig. 1)
Summary of Invention
Technical Problem
[0004]

In the refrigerator of the related art described in
Patent Literature 1, the fin used in the cooler is surface-
treated for improving the performance demonstrated when
frost is formed. However, since the shape of the periphery
of the cooler fails to match the improvement of the

performance when the frost is formed, the performance in the
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of the cooler fails to match the inprovenent of the
performance when the frost is forned, the perfornmance
inthe 3 state in which the frost is not nuch forned
remai ns uni nproved. [0005] In order to solve the
above-described problem it ig 5 an object of the

pr esent invention to provide a refrigerator 'n mhich

eat fr S forned an alr uct_p S Ur
88 1e' PBAbedhoharPat e dinan T detted PR
v and energy saving i s achieved. Solu tion to
uBgRB? %gd 10 [0006] A refrigerator conprising: a
[bﬁ geratlon cycle which is configured in such a way
at "a refrigerator body constituted by a heat

i nsul ghi gggbex+bi khedewrhb @bBQ%Ldb@%ﬂrﬂéa'ﬁﬁa$lem, it is
provided 15 with an opening is connected with

aGO0BPRESEObL @heOpderRsel, indRrmXpandic@wesde,a atmifxalgerator
cooler by a pipe and a refrigerant is made to

iaei watlbat @ neathd ripispe,l ayred disoviioygnatgares tdiat ddawspressure
out a cold air generated in said cooler, wherein 20
lansalisosedaned;, e peunfioarengfe atfam forost Hemtf aumad i

tube of the cooler is formed with a plurality of

ippreyed, Adnaneagedys sEiViaa isf adieavdention [0007] In

the refrigerator according to the invention, since
Solution to Prcblems

[0006]

A refrigerator comprising:

a refrigeration cycle which is configured in such a
way that a refrigerator body constituted by a heat
insulating box filled with a heat insulator and provided
with an opening is connected with a compressor, a condenser,
an expanding device, and a cooler by a pipe and a
refrigerant is made to circulate in the pipe, and

blowing means that blows out a cold air generated in
said cooler, wherein

an almost entire surface of a fin or a heat transfer
tube of the cooler is formed with a plurality of pores.
Advantageous Effect ¢f the Invention
[0007]

In the refrigerator according to the invention, since
a number of the pores are provided over the nearly entire
surface of the fin or the heat transfer tube of the cocler

in the freezing cycle. Therefore, the surface of the fin or
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25 a nunber of the pores are provided over the nearly
entire surface of the fin or the heat transfer tube
of the cooler in the freezing cycle. Therefore, the
surface of the fin or 4 the heat transfer tube hardly
all ows water droplets formed 4thereon due to
condensation of water content in air to coal esce and

| i d | i
ehE" Bt aRe Ryt ube” Tt E{a&;’fc?‘nfso%éan o2 Mol fite 2! formed
tgga?{%%ﬂuglw Yo &08a% a8 'oafy%faﬁqesf f%rrr@e%f and an-aig
uc pr essure T osSs iIs re uced, ere y per or nrmnce

e hyo IS 1 d il # , d
CHATBsE 80 AL S 00 IS i Bilece, an

thkeWi $RoWrNg han waRReA afs Andrefidioff at@¥zen is reduced.
accordi ng to Enbodi nent in the present invention.

CbhBeglen$ 1§, SkhdeeanoFsosactliagnal ¢ ewmfed hearshnn air duct
refrigerator. 15 Fig. 3 is a refrigerant circuit
pdeasumg dbsa fiseezidug ety cvtherabyt e sanmnarefe ierrattdre frost
Fig. 4 is an explanatory drawing relating to
igefieraeidomay ¢eovimproyeal.escence, and freezi ng of
wat er droplets on an untreated cooling surface of a
BroslfePeisgrilpg ioame f2Preafimdgerator. Fig. 5. is an
explanatory drawi ng relating to generation of water
[Gpgﬁﬂets (condensed |iquid droplets) on the untreated

COO'E”S surface of .the ﬁpoLer in the sane £
Fﬁgfrig Faﬁoﬁyont view showlng an appearance ol a

refrigerator according to Embodiment 1 in the present
invention.

Fig. 2 is a side cross-sectional view of the same
refrigerator.

Fig. 3 is a refrigerant circuit drawing of a freezing cycle
of the same refrigerator.

Fig. 4 is an explanatory drawing relating tc generation,
growth, cocalescence, and freezing of water droplets on an
untreated cooling surface of a cocler in the same
refrigerator.

Fig. 5. is an explanatory drawing relating to generation of
water droplets (condensed ligquid droplets) on the untreated
cooling surface of the cooler in the same refrigerator.
Fig. 6 is another explanatory drawing relating to generation,
growth, coalescence, freezing of water droplets on the

cooling surface of the cooler in the same refrigerator.
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Fig. 6 is another explanatory drawing relating to
generation, 25 growth, coal escence, freezing of water
droplets on the cooling surface of the cooler in the
same refrigerator. 5 Fig. 7 is another explanatory
drawing relating to generatiog of water droplets
(condensed |iquid droplets) on the cooling surface of

h I h I
Fhflot flod SoRBPaRECo P EAPARES o1 %iw"l&lgqt Fradid & idgperation
o?fwﬁ@g§rdg g@%%gs(%%%%%%% %Pf'ﬁﬁf#i §¥§v 6H]tﬁémhoollng
cool 1l ng surrace of e CO

sﬁ?E?b@eFﬁt Che c’é‘og_er inS t@meo%%%%e&téf\ﬁ@@reé’i’_@f‘ow ng a

configuration of the cooler in the sanme refrigerator.

FEEQ 81Qsi sra1pehePRGkrY @ XY1QWaTRAW RE Ay iStcAt e 14t WY atb
the 10 surface of the cooler in the sane refrigerator

gefierBtabn offl abged sigapeetl gcohbidnseal pelfpettdmeplets) on
vi ew showi ng the cooler and the periphery thereof in
thhecsai®ngeburgeacat of. tBes coigiteiron roft entsethienmard Sriddrator.
[ 0009] Enbodinent 1 Fig. 1 is a front view show ng an
Fagpelr dace pkrapecéfivegeriavonshasdogdiengand iBmyediimntot the
1in the present invention, Fig. 2 is a side
cepbss- sacthenarmei ewisf oeiateodne 20 refrigerator, and
Fig. 3 is arefrigerant circuit drawi ng of a freezing
Fe9c| é0of st ﬁep§éﬁé’eF§ﬂf"iegé’ll§f”0|Sh°IWr+nﬁ & Sfaatr?d i grhich the
a refrlg% %g &% l.is_.constitut o) t eat,
SPﬁEath 9 Ex PP gdlﬁlFﬁe SREw: re ri era or is in an
enlarged scale.
Fig. 11 is a perspective view showing the cooler and the
periphery thereof in the same refrigerator.
Description of Embodiments
[0009]
Embodiment 1

Fig. 1 is a front view showing an appearance of a
refrigerator according to Embodiment 1 in the present
invention, Fig. 2 is a side cross-sectional view of the same
refrigerator, and Fig. 3 is a refrigerant circuit drawing of
a freezing cycle of the same refrigerator.

In Fig. 1 and Fig. 2, a refrigerator body 1 is
constituted by a heat insulating box filled with a heat
insulator and provided with an opening.

The refrigerator body 1 is provided with a

refrigerating compartment 2, an ice making compartment 3, a

switchable compartment 4 which allows temperature setting to
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i nsul ator and provided with an opening. 25 The
refrigerator body 1 is provided with a refrigerating
conpartnent 2, an ice making conpartnent 3, a

swi tchabl e conpartnment 4 which allows tenperature
setting to 6 be changed, a fgeezing conpartnent 5,
and a vegetable conpartnent 6 fromthe top. The

. ent 6 fromthe top.
bk EBa Rt Sa0ror 8 STBTE Hoars ST AT TR Rk
e s T

iggghdelg,r@&@i@e%%&qhgbE%nggﬁﬁﬁk&ﬁﬁqu990¢ dal phite doors

ow a user to open and cl ose the openings of the

TReSRACHRVEn €RRPAENEMS., ArCAHY e&Sding kdrpditigasedioor 8,
in the refrigerator body 1 10 at the | ower rear

apetwtitenabher edhpadtaeoltedod? i%5 & shesed ngrednimabasdnt door
surface of the freezing conpartnment 5, and a

10ef engenavenefaib 123 dosmpdirgresed davavd I héhiggolall®Rp.a Alser
defrosting heater 12 is disposed bel ow the cool er 22.

tpoopeh and kAokiegth®, opewic@eprodsddre ZEspedoitenser

25, a restrictor 24, and the cooler 22 are connected

comRapitpengs. and constitute a refrigerant circuit of a
freezing cycle. Cbld,air_generated by the cqol er 22 1
by anPaEPPBRSEFCOLhEL LFediFRGSEfcE toecirrdfiigedqtor body
within the refrigeratqr by.the O cefri era% r.fan.

233t Ben LpRB ) GPrrQgPaNT o8 FAHESr- t hooPPABE A dycrasPosed

of tB%fBE%Sr%ﬂEf%%%pE%S%%% B L8 P U Y mete 3 and a
urned-rnto

refrigerator fan 23 is disposed above the cooler 22. A

defrosting heater 12 is disposed below the cooler 22.

[0010]

In Fig. 3, the compressor 21, a condenser 25, a
restrictor 24, and the cooler 22 are connected via piping,
and constitute a refrigerant circuit of a freezing cycle.
Cold air generated by the cooler 22 by an action of the
freezing cycle is circulated within the refrigerator by the
refrigerator fan 23.

In the refrigerant circuit of the freezing cycle, a
refrigerant compressed by the compressor 21 and turned into
a high-temperature high-pressure state is condensed by the
condenser 25, becomes a low-temperature low-pressure
refrigerant in the restrictor 24, is evaporated by an action

of the refrigerator fan 23 in the cooler 22, and then

returns back to the compressor 21 again.
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a high-tenperature high-pressure state i s condensed by
the condenser 25, becones a | owtenperature

| ow- pressure 25 refrigerant in the restrictor 24, is
evaporated by an action of the refrigerator fan 23 in
the cooler 22, and then returns back to the
conpressor 21 again. 7 For exanpl e, when the

"SR B S B Tl R o e

B S e rﬁ Her a0 8 R4 ¢ PRI RIS S of the
pfi(r? él‘ul ate Ientc:’o %rtl}azt O]?a}?oé'ré erCh%rglzlov}esr which

“he perlp ery he cool’er

afrﬁaoibwetrh%%ad SthJ e i MRt Qlerle F RS €fha [919@-]3%1ow the

The frost formation on the cool er 22 hi nders heat

fexehange peatwsend R dtefwd e apdpandit hehaligir Wien the
anmount of frost formation is increased, heat

acesimsflaneel dn thee peodlpdre A2 ofS thereaskesl; tkeads frost, that
exchange performance is |owered, and cooling

ief, f ifaiostic formadetoar iier atesdiltad.addi ti on, when the

amount of frost formation is 15 increased, flow ng

[08dadt ance of air flowing in the periphery of the

cooler 22 due to the action of an refrigerator fan 23

i's in@F@a§§83ttﬁér@P¢1@@l@ﬁet$§ F@GG@édz fhgnders heat

r tor body 1 cannot maintain ecific_coo
e&‘&%éﬁ‘ Iel RGeS S R GRS IR él%r %raelrn s & e“zéh%

a%LP%]ﬁ%] S SYSNL there PSS AL WA IS MRoe of
the cooler 22 is increased, heat exchange performance is
lowered, and cooling efficiency is deteriorated.

In addition, when the amount of frost formation is
increased, flowing resistance of air flowing in the
periphery of the cooler 22 due to the action of an
refrigerator fan 23 is increased, the air volume is reduced,
the refrigerator body 1 cannot maintain a specific cooling
capability, whereby the inside temperature rises.

[0012]

In this event, there arises a problem in terms of
guality maintenance of foodstuffs, and hence the
refrigerator 1 is provided with a defrosting device. The
defrosting heater 12 shown in Fig. 2 corresponds toc the
defrosting device.

The defrosting heater 12 is provided in the heat

insulating box 32 for the purpose of delaying reduction of
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qual ity mai ntenance of foodstuffs, and hence the
refrigerator 1 is provided with a defrosting device.
The defrosting heater 12 shown in Fig. 2 corresponds
to the 25 defrosting device. The defrosting heater 12
is provided in the heat insugating box 32 for the

pur pose of del aying reduction of 8 the air volune, a

tion 31 ded bety
<58 555" FreSfen o AEhrsee pr&"%ﬂ'& 2 G i, P Hetween

+R2°48 ggf 5505&1&%&%@%%0 etqr}mogzogéz,ﬁa 'aehat a

a refrigerator € range 0 Iters,
?rEQ@ﬁC'afa)SuW@' el %Qggwa%t 82 AAIRUN RS dHsdin,
ormati on on the or 50 cc while maintaining the

i nsi dent eRPeraLyr8ri § regWifedatbirdinlthieS radnge of 500
perspective view of the cooler in the refrigerator

1andrkheaperppbety Whekeokhcaeomicdiar@d anlGniothadicentrost
1. In a case where the cooler 22 is not surface

foreatedn andtaepictraderobft & Of iars wiridve ded rare itrtigng the
cooler 22 is 5 nmm the maxi mum anmount of frost

theidat tenpetrathreansbeedudlreedai t hout causi ng cl oggi ng
on the lower portion of the cooler 22 is the _sum of
the cFdgs- sécibBonaresappatavar #deyr ofs te COSIISET iy the
multiplied by 5 mmand the capacity of the depressed
rsérw@ﬁamr P&F—i Ekgnpre PRy HSE SiferdE X MMt T L)

of the cooler 22 is 40cm and a

EpRediBRBnt - of IRr 3sE2FBr ?FSntaﬁPSHOEV% 82 %EF&%g;surface
C PSR, 8% g R 1R A, AL p S A 22
is 5 mm, the maximum amount of frost formation which can be
held without causing clogging on the lower portion of the
cooler 22 is the sum of the cross-sectional surface area of
the cooler 22 multiplied by 5 mm and the capacity of the
depressed portion 31. For example, in a case where a width
(L) of the cooler 22 is 40cm and a depth (W) is 7.5 cm, the
amount of frost formation which can be held by the cooler 22
is about 400 cc. Therefore, a capacity of 150 cc is
required for the depressed portion 31.

[0013]

The frost accumulated on the surface of the cooler 22
is a porous layer including ice and air. A process of
formation of the frost in the periphery of the cooler will
be described below with reference to Fig. 4 and Fig. 5.

When the air is cooled by a cooling surface (the

surface of the cooler) and is cooled to a dew point
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[0013] The frost accunul ated on the surface of the
cooler 22 is a porous layer including ice and air. A
process of formation of the frost in the periphery of
the cooler will 25 be described below with reference
to Fig. 4 and Fig. 5. Wen tQe air is cooled by a
cooling surface (the surface of the cooler) and is

coogl ed t,o a dew point 9 (saturation, tenperature), or, .

R i GBS 45 ST o T 11 fePREAt el in the
0Ql i.ng surface, i.ch is deposited. gn the | i

Sarld 3 et B R B iR SaT i g5 e

AR 5 Zsr dered %ﬁt%éNEPébﬁlfrbetg"aFfiné*ér?@éﬁtfi £d

gener on the coollng ace, ey serve a

dHp1eMses A Al Fedpldegrown in size. In this
case, as shown in Fig. 4, if the cooling surface is

not spgehf kel kiatlireatremh dtfte el ferrtled ordltthe cooling
generated arbitrarily here and there on the cooling

ssthaee thdysee e ai awdigusds iandFi gre YJradlel Bf ogeown in
there exist short distances and | ong distances anong

stike .waler tdiepkebs, ¥Wheshble vat éigdr dpl etfs ther eogriowy
into sizes which cause the adjacent droplets to cone
siurfeset det neitt IPreactf istaildry, tivedvatidre dfaptetdraplets are
coal esce and becone a |arge water droplet (see the
agnekehgs sl taedride) Nersriand Hheypomythpveeeling surface
since there exist the short distances and the |[|ong

(Fe&t dhCeSraoRY 1178 vt éi%r dhiets on the cooling

Therefore, there exist short distances and long
distances among the water droplets. When the water droplets
are grown into sizes which cause the adjacent droplets to
come in contact with each other, these water droplets
coalesce and become a large water droplet (see the drawings
(b} and (c) in Fig. 4).

[0014]

However, since there exist the short distances and the
long distances among the water droplets on the cooling
surface, the water droplets at the short distance are likely
to coalesce and hence generate the large water droplet.

The water droplets are further cooled on the cooling
surface and hence are frozen to be ice droplets. Then
needle-like frost is generated from the ice droplets,
thereby forming a frost layer (see the drawing (d) in Fig.
4). In this case, assuming that the amount of frost

formation is the same, if the sizes of the ice droplets (or
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20 surface, the water droplets at the short distance
are likely to coal esce and hence generate the | arge
wat er droplet. The water droplets are further cool ed
on the cooling surface and hence are frozen to be ice
droplets. Then needle-like fpost is generated from
the ice droplets, 25 thereby formng a frost |ayer

h i d) in.Fi e i ,

cBECHRT G 8%%‘?“1?%5‘&%@%@@'5%1%% o PRI, are large, a
sSPPELe! Lt Fﬁ SEZSHe .ffyczgt' ie dr.op| %toﬁle_(s%so&% it gular

wat er “drop efs rimedi at e y before Free2|ng are | arge,

c@rrégéﬁﬂagngﬁyghSnEOEH%de&Q§hm|%ﬁ%%ﬂ%%%@“%% ML frost
Irregular ofrespondi ngly, and the maxi mum thi ckness

19%ethgebbpat 1hayer beconmes large. 5 Since draft
resi stance of thé cooler 22 is determned by the

maxi nyhEE OgtakayeesiBteknessf the evalierr @9 dsanie¢ermined
of the cooler nade up of untreated fins is |large, so
biyhahe hheimum ¥ebsenelalethehieknieger,attdre fdaraf23 nedicdtance
is delivered to the cooler 22 being operated as the
ofobher cpsleedmedd, up0odndncoekiteg paenSorimadeadss sy £hat
likely to be deteriorated. [0015] In contrast as .
thpoamri Hokhge §f ®henrigdrdgeraitont £arhdiledhish s splivered
the surface of the cooling surface, water . droplets
tar Bhej REPyer02BePréPRe APEEEHEChESpiHEs SR8 ke el Ssstuasds
detai |l ed description w.ll be given_later). n t.he
aéﬁrSQOIAPE RPFER @GnﬁﬁiF&rﬁp§eo&l?ﬁ&yb561%ﬁb¥¥§h%§%§§at6d'
léﬂﬁé ter droplets are forned substantially at the
di stance (see the drawing (a) in Fig. 5), the

CoalefgeggthLSthsmgkgan.in Fig. 5, when pores {minute

holes) exist on the surface of the cooling surface, water
droplets are likely to be formed from the pores as nucleuses
(detailed description will be given later). When the pores
are arranged uniformly on the cocling surface, the water
droplets are formed substantially at the same distance (see
the drawing (a) in Fig. 5), the coalescence of the water
droplets are unlikely to occur, and small water droplets are
formed (see the drawings (b) and (c) in Fig. 5).

The water droplets are further cooled on the cooling
surface and hence are frozen to be ice droplets. Then
needle-like frost is generated from the ice droplets,
thereby forming a frost layer (see the drawing (d) in Fig.
5). In this case, assuming that the amount of frost
formation is the same, if the sizes of the ice droplets (or

the water droplets immediately before freezing) are smail, a



10

15

20

25

droplets are unlikely to occur, and small water
droplets are 20 forned (see the drawings (b) and (c)
in Fig. 5). The water droplets are further cool ed on
the cooling surface and hence are frozen to be ice
droplets. Then needle-like frost is generated from
the ice droplets, thereby formng a frost |ayer (see

d d). i t hi
bhse C%ﬁgf”ﬁﬁ% csfrerl do%Y s i1t he S ToTLar
CE)IJ?%e %l% é/he aln%f %r ol?na%ﬁnu thlcp%l V@ ec;f dEI?éjl £ Sst
er fore freezing) are surface

lggeEhSeEg ned fragst layer becones |ess |rregular
rrespon I'ngly, "and the nmaxi mum t hi ckness of the

[bbggq | ayer beconmes snmall. [0016] 5 Since the draft
resi stance of the cooler 22 is determ ned by the

mexi ngihEeoshel ayaktt hegkRessicet ke dhaf icodles stance
of the cooler 22 made up of fins 43 each having a

deugbeatd netl bhe ther esxdmunhe reeal ilayeurtfracssdss Sneld ,draft
so that reduction of the blowing air volunme of the
reefisicgecat of thef @wodd Wi madse del ioferfecha ot 3 heech having a
cool er 22 being operated is prevented, and the
ngebkirngIpéhopemsse oof thiee aswdliag Funfacesegs |sneal y, so

to be deteriorated and hence energy is saved_ nore

thRknredectdos wetder e oMilng 4514 §HsMme (Qfartde Il‘erfifrlgerator
s I SRR LAl S AL S
S N R T KK KGN LR
EQS El%@&yl%%eke deteriorated and hence energy is saved
more than the case where the fins 45 is not treated.

In this manner, when the fins 43 (cooling surfaces) of
the cooler 22 having a number of the pores is used, water
droplets, and by extension, ice droplets having uniform size
and shape are formed neatly, and hence the frost layer
having less surface irregularity and small maximum thickness
is formed, whereby the cooler 22 having a small air duct
pressure loss and less lowering of the cooling performance,
and contributing to the energy saving is achieved,

[0017]

Referring now to Fig. 6 to Fig. 8, the fact that if

the pores (minute holes) exist on the surface of the fins 43

(cooling surfaces) of the cooler 22, the water droplets are

formed with these pores as the nucleuses.
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having | ess surface irregularity and small maxi mum
thickness is forned, whereby the cooler 22 having a
small air duct 20 pressure | oss and | ess | owering of
the cooling performance, and contributing to the
energy saving is achieved. [00l7] Referring nowto
Fig. 6 to Fig. 8 the fact that if the pores (mnute

holes%restt on é@g sukkgce oﬁﬁthe fi 43 eg%ibecomes
(cool Thg <8r FRELSY &Y (e SO D5 RS StatBt

I f i.t h t.hese. t .
et efrle¥eps i Ui LIRIG RO AR [ ISoling qurface,

I .1 i Vi A &Y, ;
S TR R B IS VA ool mixed

i Bdhe Fhi %%EQé%th|etS mxed in aerial current. 5
Part of the mst is flowed by the aerial current, is

di schengedofr emeanp@it ii@n fildwiedie by ey taerdfal urrent, is
cooling surface, and remaining part is condensed as
AM@t-dE rdfeelplfatosn  20pdrte arpaln nheurf@iaeity mf hilse casel ing
positions where initial water droplets 10 (condensed
shirdaice , deopl etesiaiaviend @ramrd i eadelersgdets wiependingplets
on E?rt-toipart difference in the state of the
ogioghiengoodiiingcsuatfadee micro | evel (minute

irregularity or the like). In contrast, in the

unt r edRe§hégs 6288, s tiRnsEwhers inHd ifdsiwateis droplets
where the initial droplets (condensed 15 liquid .
(SPBFEBEER AMEHGr FBP RS Ukt O TS 1 =S TE The
posi ti,.ons where .the water lets are f.orned are

d?ﬁ&@?ﬁﬁ@d%ﬁqﬂﬁﬁ§iﬁﬁﬁﬁﬁﬁ(u?igééience in the state ogoéhe

cocling surface at the micro level (minute irregularity or
the like). In contrast, in the untreated case as shown in
Fig. 6, the positions where the initial droplets {(condensed
liquid droplets) are formed are unknown.

Therefore, since the positions where the water
droplets are formed are not specified in the untreated case,
water droplets are generated at random and the distances
among the water droplets are not uniform, the coalescence in
association of the growth of the water droplets is likely to
occur, and hence large droplets are likely to be generated.
[0018]

In contrast, when the pores exist on the cooling
surface as shown in Fig. 7, the initial droplets (condensed
liquid droplets) are likely to be formed at positions of
ridge lines of the pores. When the size of the pore is

smaller than, or not sufficiently larger than the sizes of
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wat er droplets are generated at random and the

di stances anong the water droplets are not uniform

t he coal escence in 20 association of the growth of the
water droplets is likely to occur, and hence |arge
droplets are likely to be gengyated. [0018] In
contrast, when the pores exist on the cooling surface

h in Fi.g.,. 7, the initial_.d I d
55 BAQHR MchbBselpr 18d Mkl IO £ L PRt o
B L8  (HLIGR LGS 1 A0 B Sor T 101 28

1hakgernt han ttlg)% %ﬁ%eofpo]x?és_t he water droplets or the
anplitude of the vibrations of water vapor, the water

dropl eherakgrkor A8d 10Ruibe rf kbdgehd | Ondhedophgfd at
the pores. Therefore, if a nunber of the pores are

ragtangednalervalise@l ahd RicMales <fr fdee caté ngpsitions of
surface, the positions of the water droplets are

thpewiaticed daboptllet sr age @pdaaitfdredales; trendedwencer aintervals,
nunber of small water droplets having the uniformsize

aade heocred numblee rfosasd lofwagraanidnphet s gu st ridee

of the water droplets. 10 As shown in Fig. 8, when the
wpiiferaf sthe pacedoryeds iy itdice oL S FHERL ALY

sizes of the water droplets aor the anplitude of the
CORBEECEHRE OF the Water Waphletfater content in air

Is generajed on the ridge %%ne on the t f the .

hol 6sAandnEHB it ErPor £7oPhERe thEY 66.58 1 NS FREESd

1% wel.l ,  if nunber_.of the pares. ar range

PREGEAPRt i APV G ROt o 12k Ve droplets or
thsbhbqq%u%% E&etﬁﬁi%&brations of the water vapor, water
content in air is generated on the ridge lines on the top of
the holes and the interiors of the holes. In this case as
well, if a number of the pores are arranged at regular
intervals on the cooling surface, the positions of the water
droplets are specified at the regular intervals, and hence a
number of small water droplets having the uniform size are
formed in the process of growing by coalescence of the water
droplets.

[0019]

However, it is necessary to generate small water
droplets in comparison with the water droplets formed on the
untreated cooling surface, and if the distance among the
pores is toco far, water droplets may be formed also on the

untreated cooling surface between the pores by condensation,

so that large sized water droplets are formed. Therefore,
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droplets are specified at the regular intervals, and
hence a nunber of small water droplets having the
uniformsize are formed in the process of grow ng by
coal escence of the water 20 droplets. [0019] However,
it 1S necessary to generate Il water droplets in
conparison with the water drop ets formed on the

AR 3 SO LA, £ b A, S 8- AR xtene.
I%l%%o zgy%qﬁ”gﬂéﬁﬁﬂgkfuﬁg%égaﬁ%éjfgf%Pet N3] D€ance among

y condensati on rge si 7ed water

?,h oqztes.s are 6{510 Jm;eg SEE%.’ efOrey . m%que%t A AR pore

e pores sh to sonme extent.

dBReGInzR! i dHLI MR Fesiard ey dateie rﬁ;b;elrﬁimﬁtﬂ@qect too

anong the pores is on the order of 20 nm However,

1p@He- P Formidics ttanc el roi: itdie wartder dfod DOt dm atd thige most
maxi mumis not too 5 large for formng the initia

aefifieert idreopleatid,t ard dxdpeeamst. effective result is
expected. The sane can be said to the size of the

por es Then sagguicaal det sdilgnttcerther stitee |ghdgthe gforzes (an
smal | est side). Generation of the small water

edivgpledent] sigaedias] @ ashonEi-aot e MaklepessHE) -

exceeds val ues on the order of 0.1 mm (100 m and, if
GERETFGIED 1pdvdhe 288 1dn HHE HrHAP It S.085 mRsaiblgeas long

AP R GO GO (CTRAP (4R (O MU R YASF 2Bl Q-1 ™
(H%O %ﬁle%&Eﬂ %?tloozores have sizes on the order of 100 nm
at the maximum, they are not too large for forming the
initial water droplets, and the most effective result is
expected.

[0020]

Fig. 9 is a perspective view showing a configuration
of the cooler in the refrigerator in Embodiment 1.

In Fig. 9, the cooler 22 is of a fin tube type
including fins 45 and heat transfer tubes 46, and the fins
45 are treated so as to have a number of pores b5la.

Although the fins 45 are formed of aluminum and the
heat transfer tubes are formed of copper in many cases, the
invention is not limited thereto, and any materials may be
employed as long as it has a high coefficient of thermal
conductivity. For example, by employing a heat exchanger
having heat transfer tubes formed of aluminum, which is the

same material as that of the fins, and being formed with the
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Fig. 9 is a perspective view show ng a configuration
of the cooler in the refrigerator in Enbodinent 1. In
Fig. 9, the cooler 22 is of a fin tube type including
fins 45 and heat transfer tubes 46, and the fins 20
45 are treated so as to have g nunber of pores 5la.

Al t hough the fins 45 are fornmed of aluninun1and t he

R
tg%é%FIC|en of fhe Eﬁ}q%ggu§§ %%%q?@lé%gré%iﬁg %%peCted

[%b gqploylng a heat exchanger having heat transfer
ges formed of alum num which is the sanme nmateria

aS t heheOk yhhe offi Ree 2RQ 1R8I NG fermad witdy the dhie t%ﬁf

pores both on surfaces of the fins and surfaces of t

deeatr i teaRSRle taHES foxr h:gheil enel BesavdnchSideetin Swhich
expected. [0021] The type of the cooler is not
hkelati tednisd arhedarnfenzesdrd hethmbove mndysfrog £lat heat
exanpl e, a heat exchanger in which heat transfer
tpentderatcdeass wirgbraote ¢ty igsinyy fHeatf heatmay rleeséreployed
tubes without providing the fins my be enployed and,
apdl, t Ais thdse Cager eattmaRtIeoTt (i fnfrel Murberugier of pores
pores_is applied to the outer surfaces of the heat
1t3r aRefldec G@e§hel@“f~"r?éf SfEcest ahitda et stransfer tubes.
nuf a tured i.ng alum numin ses. In terns
Fﬁé’ §tr &frgt I5f SiRE e&m&mﬁ#%@%&%&wg sy r%ﬂrréum in

mpreferably formed so as not to penetrate through the
§liff §88553f the fins. However, the pores 5la

penet&gtkggms of the strength of the ccoler 22, the pores
5la are preferably formed so as not to penetrate through the
surfaces of the fins. However, the pores 5la penetrating
through the fins may alsc be employed, and in this case as
well, the effects of forming small water droplets are the
same.

[0022]

As a method of forming pores 5la on the surface of the
fin 45 as the cooling surfaces of the cooler 22, for example,
anodization (anodic oxidization) is exemplified. Fig. 10 is
a perspective view showing a state in which the surface of
the fin of the coocler, which is applied with the anodization,
is in an enlarged scale.

The anodization (anodic oxidization} is capable of

forming the pores simultaneously on both surfaces of the fin.
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15 through the fins may al so be enployed, and in this
case as well, the effects of formng small water
droplets are the sanme. [0022] As a nethod of form ng
pores 5l1a on the surface of the 20 fin 45 as the
cooling surfaces of the cool efg22, for exanple,

anodi zation (anodic oxidization) is exenplified. Fig.

10 L SRR S SR A B RIS cor

surfa I'S app

e\ga ltehe.i%noa .izaag‘%oqq‘ltiéﬁ élﬂ:f? §U§@iﬂ§9ﬁb‘?g§%$d, nggffc acid,

anodi zdtion (anodi ¢ oxXl zation) 1Is capa

ﬁ%@ﬂﬁ%i@%d&%ﬁ%ﬂdﬁ!ﬂé aNeQus! ¥y Off, Lot P BUréGLEEi1 A such as
the'fin” 16 By performng DC el'ectrolysis in an

SRRMIO B pHYPHNARI &1 [l th$OolAtbRietchudsd as an
sulfuric acid, oxalic acid, phosphoric acid, chromc

a@Qidd, @ uniralnkaldnsolant’pndsssblasd sedinunhacifdn
phosphate with the fins (alum num) used as an 5 anode,
(@lonmiimoom)i eirsd WAl H930lreadtf momt tshe iflim (anodic oxide
(alum num and water (H20) react and a film (anodic
foximde off iallngm igfurmalaxt deint obirdien g Jal s gere Fat e ner at kel

on the alumnumas a base netal. [0023] 10 An
sanedingat iagn & iMaAsEtisl udes a porous |ayer 51 forned
Wi th the pores 5l1a extendi ng perpendicularly, and a
(9923 1er | ayer 52 fornmed at a bottomwall portion which

ORI TR W SN TN R

f%&%%% %%%h.%ﬂgx%égg% 5la extending perpendicularly, and a
barrier layer 52 formed at a bottom wall portion which is in
contact with a base metal 53, and has, so called a hexagonal
cell structure. When forming the pores 5la, since the
thickness of the barrier layer 52 is basically constant,
control of the depth of the pores 5la is achieved
practically controlling the thickness of the film.

Since the speed of formation and the thickness of the
anodization film 50 depend on interpolar current or
potential to be supplied and the duration of the anodization,
the interpolar current or the potential to be supplied and
the duration of the anodization are controlled when forming
the pores 5l1a having a predetermined thickness.

Also, since the number of the pores per unit surface

area {(density) and the diameter of the pores depend on the

interpolar potential, the interpolar potential is controlled
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15 thickness of the barrier layer 52 is basically
constant, control of the depth of the pores 5la is
achieved practically controlling the thickness of the
film Since the speed of formation and the thickness
of the anodization film 50 depend on interpolar
current or 20 potential to be supplied and the

.dur at.i on_of _the aodi zation,. _the interpol
1By OFHB pSPehtrhl b B8 TEipplti Gd P s THE darat o or 20
dg%geﬁggdization are controlled when form ng the pores
a having a predeterm ned thickness. Al so, since the
r of the pores per unit surface 25 area
denSity) and the diameter of the pores depend on the

i nterpokal ROLENEI qhethhembnbebpokae patkent halviing
controlled 17 in order to formthe pores of a

pRbgdetennsnEd rhvaber dnde rtiaAetirrd<pRHing sm the
nold (nmetal nold or the Iike) having 5 projections
ihoemedlat oifntaeyaosecoBiles pendines seal tapmingit érthalsunface of
the pores 5la is pressed agai nst the surface of
adbmimpmm wiviicbh beeooess thiee ffings 45, to Fagmm Feil
depressions on the surface. By performng the , )
dgrogE2aPnen ont kbeestiréace-heBijoPes forminpe ther ppgdization
around the depressions _10 as centers therepf, aqy a .
thegapatese r &PCoPERE pidred s £9edGh theg, dapgessions
hi gh | evel %f control can be perforned i terns_of 51a is
2PhECBERERt § RFROIddPATOR, S it A e Yauth & ih P

a%é?s&%§g§%82¥hﬁﬁhg%%%gﬂ%%%hi%%fééﬁ@ﬂé%“%&ﬂ“%éMﬁékformed in
terms of the density.

In addition, in order to avoid the pores 5la formed by
the anodization from reacting with water content in air and
being clogged thereby, an operation tc remove water content
contained in the film by heating the fins 45 with warm wind
at a temperature on the order of 100 to 200°C immediately
after the formation of the pores and te transform the film
into a stable oxide is performed.

The heat transfer tubes 46 are inserted through the
plurality of through holes of the fins 45 formed in the
manner described above to form the cocoler 22 as the heat
exchanger.

[0025]

In the holes having a minute diameter such as the

pores 5la, a large amount of energy is required for water to

freeze. Therefore, the degree of supercooling of water
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15 being cl ogged thereby, an operation to renove water
content contained in the filmby heating the fins 45
with warmwind at a tenperature on the order of 100
to 200C i medi ately after the formation of the pores
and to transformthe film intp a stable oxide is
perfornmed. 20 The heat transfer tubes 46 are inserted

th h th I | it fot h f th [ 45
A C e A S T A R
wpRQler 22 a5 Jdie AGal, ¢ @HChANgRL: o eOcPZéc% rgépéﬁ‘d{#@]l , and
hol'é$s having a mnute dianeter su as fhe por es %,

t;;fsel A3 VWINPT ST P BAUL & 1252 84 8sd Ochat the

reeze. Therefore, the degree “of supercooling of water

b8 rgyn@aRases W trrdessase of the hole dianeter. In
other words, the frost formation is del ayed

corr egpeAdihgl yporagd 51lbh@aviher salls refeddefaast,| nhemyuantity
be el ongated, so that the energy saving is achieved.

oFf Wattlert he lpbries thika hrdwisngi s drrmgersabptdnd thence frost
guantity of water held in the holes is increased, and
flvemed ionoste 1 afyamegate ffie adelaand idrefdrestgamhtireg exkfegt are
saving effect are enhanced. Wen the depth of the
epbpasesiia Weenf pheedanpheof thenperesotda 4 ssufffdrcicarpmple,
wat er capacity is obtained, and 10 the energy saving

18f pacprj ogrhafc s Licderd] watsEhisehariity 1S tgftained, and

tg%t?ﬁ%%bgggﬂﬁg%ﬁgkg%ﬁ§%g3%aFﬁﬁﬁgﬁggiFr 22 is al um num
[0026]

In Embodiment 1, the material of the fins 45 of the
cooler 22 is aluminum in the description. However, the
material is not limited to aluminum. For example, it 1is
also possible to use so-called valve metal as the material
of the fins 45, and form the pores 5la on the surfaces
thereof by anodization.

The valve metal is a generic designation of metals
which allows formation of an oxide film which exhibits
electrolytic rectification by anodic oxidation, such as
aluminum, tantalum, niobium, titanium, hafnium, zirconium,
zinc, tungsten, bismuth, antimony.

Among these metals, those which can be used
practically as the fins 45 include, for example, aluminum,
titanium, zirconium, niobium, and tantalum. With these
types of metals as well, the same effects as aluminum are

achieved.
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material is not limted to alum num For exanple, it
is 15 al so possible to use so-called valve netal as
the material of the fins 45, and formthe pores 5la
on the surfaces thereof by anodi zation. The val ve
metal is a generic designatiomof metals which allows
formation of an oxide filmwhich exhibits 20
[§I925rolytic rectification by anodi c oxidation, such
3 Fum num tantalum niobium titanium hafnium

FecorATy o U Ve YO

t hese ne S, € use practically as

a%B@iE%%ﬁoﬁst&%gﬂﬁ$ﬁt'%%gb%@ygﬂﬁﬁfﬁgfﬂgl rnrgﬁﬁ%}%?]property

itanium zirconium ni i um tanta ese

Y Bea®k rMelepled 185 tWldopdrts, sams gkheshs ,as nhUMavdmeh
Oare gchféved. 19 | Oé%ﬁr$ﬁ% fins%45 after hag?ng ©

hReeBphuhiiected Jed thhe coateditZ alr e t reaf IR tFyn heors

either a hydrophilic property or a water repellent
ipmepentyl vl afgeretdle tireeytnrans tdrel Shadvwdridphiwater
property (contact angle: smaller than 500)
repatdieate by opktrery t{entaeat rentle ant Hasstt HOVatdter
repel lent property (contact angle: at |east 50) after
edhRFse o8f tiimge. However, since the sizes of liquid
droplets or ice 10 droplets forned on the surfaces of

t he flAYedsTar 8inget EPRi SédeBy ofhd isivis SH@BilMtar vl 1ce

of the pares 5la, the effects are alnost the sane
GPPPASRELEOFESH AP Re i@ et the Eins 45 4TS

determined by the size and interval of the pores 5la, the
effects are almost the same irrespective of whether the fins
45 have the hydrophilic property or the water repellent
property, and the same effects are achieved. In other words,
the method on the basis of the anodization treatment is able
to maintain the energy saving effect virtually unchanged
with time.

Since the pores 5la are necessary, application of
sealing treatment in general anodization has a reverse
effect.

[0028]

By using the cooler 22 surface treated as described
above in order to improve the performance demonstrated when
the frost is formed, the amount of frost formaticn which
results in clogging is different.

For example, in a case where the cooler 22 has a width

(L) of 40 cm, a depth (W) of 7.5 cm, a height (T} of 20 cm,
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45 have the hydrophilic property or the water
repellent property, and the sane effects are

achi eved. In other words, 15 the nethod on the basis
of the anodization treatnment is able to maintain the
energy saving effect virtual ly,unchanged wth tine.
Since the pores 5la are necessary, application of

35 8 e el ahpdaaagn a2 pRusos
AL SOUP {OLEETE A LP Y L Booins or

th%ec%@T@E ?y.ﬁﬂéﬁntﬁéﬂgﬁyfégb LCh et &M dSibdy above is

clogging is different. For exanple, in a case where

ab?q&@oli%r 242 1R3% 1@ tWiH arf lanAint30i e Weptdufd case,
of 7.5 cm a height (T) of 20 cm 20 and a fin pitch

tahtb imm atthe gmd mop ayjmunt of frost formati on which

can be held w thout causing the clogging of the

cool erh22efher,t 5@ caurisaga fifriedienmtnta sdeder idegdhc@lioverf the
is applied is at least twice an anount in the

deptreesteed poate con Bli.hafilibpugh tbascapeCity. of the
Therefore, 50cc is sufficient as the capacity of the
dgppeessed ppattiioon 331 inAttHeugie ashel TR kgr dihamel ¥ with
depressed portion 31 in this case is smaller than 1% ,
LGSPRCLr ESpdbett 0Lt HAe Soalfy ool erf 2% §% G4°% ©B.®oge, 1t
iggEggrgg.galeb&l%sgsﬁh%gaﬁ%ﬁ% %Sf tt?iee Cc?epparcéstgecg fpcglbteion 31.

[0029]

The cooler 22 used as an evaporator of the freezing
cycle of the refrigerator in Embodiment 1 achieves the
energy saving by the provision of a number of the pores 5la
over the substantially entire surfaces of the fins 45 or the
heat transfer tubes 46 to resist water droplets formed by
the condensation of the water content in the air on the
surfaces from coalescing and hence becoming large sized
water droplets, thereby downsizing of the water droplets
when being frozen, forming the neat frost layer to reduce
the air duct pressure loss, improving the performance
demonstrated when the frost is formed, and reducing the size
of the depressed portion 31 to be formed between the cooler
22 and the heat insulating box 32.

The method of providing the pores 5la is not limited
to the anodization treatment, and boehmite treatment is also

applicable. The method of obtaining the hydrophilic
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The cool er 22 used as an evaporator of the freezing
cycle of the refrigerator in Enbodi nent 1 achi eves the
energy saving by the provision of a nunber of the
pores 5l1la 15 over the substantially entire surfaces of
the fins 45 or the heat transfer tubes 46 to resist
mater droplets forned by the condensation of the

ter _content in the air on the rfa es,.from

PEQRPELI! i aid hente ot P4 Mg yarophilic
JRERhE! SonkBELEbYdPUNSIAING Al e vgatcegaﬁdfngqg'%@p&%d
grrrozen ormn e nea I ost ayer

b g c8 flh- duct pressure loss, inproving the
pgr ornghggt genonstrated when the frost is forned,

R@@grgg@gcg@@ntﬁgs§lze of the depressed portion 31 to
fornmed bétween the cooler 22 and the heat

[ODSUUatlng box 32. 25 The nmethod of providing the

pores 5la is not limted to the anodization

treat bentefandebaebim bedyr, eat: nerif riigealasd ngappiriceaiment, 3:
The nmet hod of obtaining the hydrophilic 21 property
ipaymakeng coapamgmearpoudnd swidlaGibig adnermomerit,c 5:
coati ng conpound and a water repellent coating
frempouadcompentaentegdt: h@ﬁgeﬂ@ﬂ@reemlpa@memtst 15

[0030] 1: refrigerator bod 2: refrigerating
rééﬁﬁﬁ??ﬁéﬁﬁg gompﬁéém@% e e tmtmamn%mﬂeﬂﬁaw‘éent
conpartne . _freezing conpartnent 6: vegetable

AEBpaPE et ohab o CoBERATERG. Cotiar iHfen(E AL

chBEA TIPSR, SGTRT LOENY 10, 0000 B SWERRP o, 1
defrosting heater, 21: compressor, 22: cooler, 23:
refrigerator fan, 24: restrictor, 25: condenser, 31:
depressed portion, 32: heat insulating box, 45: fin, 46:
heat transfer tube, 50: anodization film, 51: porcus layer,

5la: pore, 52: barrier layer, 53: base metal
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conmpartnment door, 11: vegetable conpartnent door, 12:
defrosting heater, 21. conpressor, 22: cooler, 23:
refrigerator fan, 24: restrictor, 25: condenser, 31:
depressed portion, 32: heat insulating box, 45: fin,
46: 15 heat transfer tube, 50;,anodization film 51:
porous | ayer, 5la: pore, 52: barrier layer, 53: base
qﬂgﬁﬂs 22 CLAIMS 1. Arefrigerator conprising: a
geration cycle which is configured in such a way
t hat i.ger I Qnstjtuted by a heat 5
lrnsulgt%%ggﬁggrgﬁlFe%%%éﬁiii eat inquator and
provi gegef‘ﬁdig;@r%r&&%e@lf?ﬂel %«h%%@p%g %r}gflt ed in, such a
conpr essor, condenser, an expandi ng device, and a
waQOheathy aHNYAM & PRIy g AMtite 4 Oheat
circulate in the pipe, and bl ow ng neans that bl ows
ighlataelyd by fdaneydtedH i hidhSai ket &F  andes £bided
an al nost entire surface of a fin or a heat transfer
wiitthe aof opesiceplier dahrfearteet with & qdmprdsdyr ofa condenser,
pores. 2. The refrigerator of claiml1l, wherein the
apapapiaryiolg deviSedepressedquaordn doy pr qvipkeceriodtavween
the cooler and the heat insulating box is 1%to 0.5%
reff riige réapadist yaske ttive wawlwrate 3in MHee e gearsd or  of
claiml or 2, wherein the pores are arranged at a .
di st aRdevéngopeass1iharnPloym e adjcsdéhBlnEgwesed in
4., The refri% ratqr of any one of clains 1 to 3, an
S84 CRPARE «di e or a shortest side length of the

ore is . .
P an almost entire surface of a fin or a heat transfer

tube of the cooler is formed with a plurality of pores.

2. The refrigerator of claim 1, wherein the capacity of a
depressed portion provided between the cooler and the heat

insulating box is 1% to 0.5% of the capacity of the cooler.

3. The refrigerator of claim 1 or 2, wherein the pores
are arranged at a distance of 20 to 100 nm from the adjacent

pores.

4, The refrigerator of any one of claims 1 to 3, an
equivalent diameter or a shortest side length of the pore is

100 nm to 0.1 mm.



100 nmto 0.1 nm 25 23 5. The refrigerator of any
one of clains 1 to 4, wherein the pores are fornmed by
appl yi ng anodi zation treatment on the fin or the heat
transfer tube.

23

5. The refrigerator of any one of claims 1 to 4, wherein
the pores are formed by applying anodization treatment on

the fin or the heat transfer tube.



