DESCRI PTI ON HEAT EXCHANGER AND REFRI GERATI NG CYCLE DEVI CE PROVI DED THE
Techni cal Field [0001] The present invention relates to a heat
exchanger disposed in an air conditioner, |owtenperature equi pnent, water
heati ng equi pnent and the like, for perform ng heat exchange with air. The
present invention particularly relates to a technology in which a region of
frost formed on a heat transfer face and a formation tenperature are
controlled, and even if frost is forned on the heat transfer face, tine
until an air path becones cl ogged ledQJayed, and devi ce performance can be
mai ntained for a long time by providi'ng a plurality of holes in the heat
transfer face with air of a fin constituting the heat exchanger. Background
Art [0002] In a prior-art refrigerating cycle system if a surface
tenperature of a fin constituti Ms&RIEAION ansfer face of a heat exchanger
used therein falls to OC or below, a phenonenon called frost formation
occurs i n WRAEhEXSEBYGHRPHND i REFREGEARAT I NG condehsedv bhtt RROVLAEBuUr f ace so

as to becone water droplets, which subsequently cooled to formice - 2 -
THEREWITH

Technical Field
[0001]

The present invention relates to a heat exchanger
disposed in an air conditioner, low-temperature eguipment,
water heating eguipment and the like, for performing heat
exchange with air. The present invention particularly
relates to a technology in which a region of frost formed on
a heat transfer face and a formation temperature are
controlled, and even if frost is formed on the heat transfer
face, time until an air path becomes clogged is delayed, and
device performance can be maintained for a long time by
providing a plurality of holes in the heat transfer face
with air of a fin constituting the heat exchanger.
Background Art
[0002]

In a pricr-art refrigerating cycle system, if a surface
temperature of a fin constituting a heat transfer face of a
heat exchanger used therein falls to C°C or below, a
phenomenon called frost fermation occurs in which water
vapor in the air is condensed on the fin surface so as to

become water droplets, which subseguently cooled to form ice



dropl ets and becone frost as a result. [0003] If frost is forned on
the fin surface, the thicker the frost becones, the greater heat resistance
on the fin surface is raised, and as a result, a heat exchange anmount with
air is decreased, which leads to deterioration of the device perfornmance.

[ 0004) If the frost further grows, a gap between the fins becones

cl ogged, an air path resistance is increased, and the device perfornmance is
| argely deteriorated. [0005] Also, in order to elimnate the frost
adhered to the fin surface, the device needs a periodical defrosting, which
al so markedly deteriorates the device performances. [0006] I n order

to cope with this frost formation probl em

t here has been a techni que of

frost formation delay in which plasma irradiation to the fin surface is
per f or MEEPREC % #ied nakerthel FeRt suf faceesuper hydrophilic and to inprove a

wat er d

for exaL@@@? [ 0007]

If frost is formed on the fin surface, the thicker the
frost becomes, the greater heat resistance on the fin
surface is raised, and as a result, a heat exchange amount
with air is decreased, which leads to deterioration of the
device performance.
f00c4;

If the frost further grows, a gap between the fins
becomes clogged, an air path resistance is increased, and
the device performance is largely deteriorated.

[00C5)

Also, in order to eliminate the frost adhered to the
fin surface, the device needs a periodical defrosting, which
also markedly deteriorates the device performances.

[00006]

In crder to cope with this frost formation problem,
there has been a technique of frost formation delay in which
plasma irradiation to the fin surface is performed soc as to
make the fin surface super hydrophilic and to improve a
water discharge property by hydrophilic treatment (See
Patent Document 1, for example).

[COO0T]
[Patent Document 1] Japanese Unexamined Patent

Appiication Publication No. 2002-90084 (Figs. 2, 4)

rge property by hydrophilic treatnment (See Patent Docunent 1,



[ Patent Docunent 1] Japanese Unexam ned Patent Application Publication No.
2002-90084 (Figs. 2, 4) - 3 - Disclosure of Invention Problens to be

Sol ved by the Invention [0008] As mentioned above, in a general prior
art heat exchanger, heat resistance and air path resistance becone | arge
due to frost formation, and it has a problem of perfornmance deterioration
when frost is formed. [0009] Al so, with the heat exchanger di scl osed
in Patent Docunent 1, if the heat exchanger is not hydrophilic to frost
formation, the frost formation delaying effect cannot be exerted, and a
surface state should be maintained over a long time so as to keep

hydr ophilic properties. [0010]

Disclosure of Invention
Problems to be Solved by the Invention
[0008)

As mentioned above, in a general prior art heat
exchanger, heat resistance and air path resistance become
large due to frost formation, and it has a problem of
performance deterioration when frost is formed.

F0009]

Also, with the heat exchanger disclosed in Patent
Document 1, if the heat exchanger is not hydrophilic to
frost formation, the frost formation delaying effect cannot
be exerted, and a surface state should be maintained over a
long time so as to keep hydrophilic properties.

[C010]

The present invention pays attention to the following
two phase changes in a formation process of frost, which
will be described later:

(1} phase change from water vapor to condensed water
droplets; and

{(2) phase change from condensed water droplets to ice
droplets,

and by providing a large number of heles in a fin of
the heat exchanger, a frost formation area is to be

restricted and a condensation temperature is to be lowered



The present invention pays attention to the follow ng two phase changes in

a formation process of frost, which will be described |ater: (D
phase change from water vapor to condensed water droplets; and (2)
phase change from condensed water droplets to ice droplets, and by

providing a |large nunber of holes in a fin of the heat exchanger, a frost
formation area is to be restricted and a condensation tenperature is to be
|l owered -4 so that the performance is maintained for a long tinme even if
frost is formed and to pronote energy, saving. [0011] A radius of the
holes to be provided in the fin is of nanosize, and since it is
sufficiently smaller than a dianeter of dust and dirt usually presuned to
be present indoors and outdoors, the hole is not clogged and the
per f or nethcld &lan- e nfai T diaieee overtal honiged nkor Meahend of 11Ss| Ve t he
Pr obl ens

1f frost is formed and to promote energy saving.

[0011]

A radius of the holes to be provided in the fin is of

nanosize, and since it is sufficiently smaller than a

diameter of dust and dirt usually presumed to be present

indoors and outdoors, the hole is not clogged and the

performance can be maintained over a long time.

Means for Solving the Problems
[0012]

A heat exchanger according to the present invention
restricts a region where condensed water droplets are
generated by providing holes on a surface of a fin for heat
transfer constituting the heat exchanger and by setting a
radius ¢f the holes to be smaller than a critical radius of
the condensed water droplets (or condensed liquid droplets)
determined by an air condition and a surface temperature of
the fin.

Also, a hole that creates the Gibbs-Thomson effect is
provided on the surface of the fin for heat transfer
constituting the heat exchanger so that a freezing point of
the condensed water droplets (or condensed liquid droplets)
is lowered to 0°C or below in the hole.

Also, hcles are provided only on one side of each of



[ 0012] A heat exchanger according to the present invention restricts
a regi on where condensed water droplets are generated by providing holes on
a surface of a fin for heat transfer constituting the heat exchanger and by
setting a radius of the holes to be smaller than a critical radius of the
condensed water droplets (or condensed liquid droplets) determ ned by an
air condition and a surface tenperature of the fin. Al so, a hole that
creates the G bbs-Thonson effect is provided on the surface of the fin for
heat transfer constituting the heat gxghanger so that a freezing point of

t he condensed water droplets (or condensed liquid droplets) is lowered to
OC or below in the hole. Al so, holes are provided only on one side of each
of - 5 - the fins for heat transfer arranged in plural in parallel

const i s dg nehd tedie adx dianger s @ @ e ddlirayp e It iie Gaeguli el f or

cl oggi ng between the fins due to a frost |ayer and further to shorten the
time ré&qUisted \ter adéfrodeiftg S EFFEGe S e 15 &litlitoh oo izyme Accor di ng
to the heat exchanger of the present invention, on thezéin surface, actions

such t K& FFode ™ GlfgGeN ReigesTs thar dug bt FHariBifanount s
b i (75, 168 ‘678N 5T THE Frodts & P ot Shidt ot ¢ St rigan be o
pr onot ed.

Effect of the Invention

[0013]

According to the heat exchanger of the present

invention, on the fin surface, actions such that a frost

formation range is narrowed, a frost formation amount is

reduced, and frost formation is delaved, are generated, and

performance can be maintained even if the frost is formed,

and energy saving can be promoted.

Brief Description of the Drawings
f0014]

[Fig. 1} Fig. 1 is a configuration diagram of &
refrigerating cycle device illustrating an embodiment 1 of
the present invention.

[Flg. 2} Fig. 2 is a perspective view of an evaporator
(heat exchanger) illustrating the embodiment 1 of the
present invention.

[Fig. 3] Fig. 3 is a schematic diagram illustrating a
formation process of condensed water droplets.

[Fig. 4] Fig. 4 is a graph illustrating & radius r



Brief Description of the Draw ngs [0014] [Fig. 1] Fig. 1is a

configuration diagramof a refrigerating cycle device illustrating an
enbodi ment 1 of the present invention. [Fig. 2] Fig. 2is a
perspective view of an evaporator (heat exchanger) illustrating the

enbodi nent 1 of the present invention. [Fig. 3] Fig. 3 is a schematic
diagramillustrating a formati on process of condensed water droplets. [Fig.
4] Fig. 4 is a graph illustrating a radius r - 6 - dependency of a nucl eus
of an formula (1). [ Fig. 5],fi@.m5 is agraph illustrating a

critical radius r* dependency of a nucleus of pressure ratio.

dependency of a nucleus of an formula (1).

[Fig. 5] Fig. 5 is a graph illustrating a critical
radius r* dependency of a nucleus of pressure ratio.

[Fig. 6} Fig. 6 is a schematic diagram illustrating a
process in which condensed water droplets are formed on a
surface having holes and a surface without a hole.

[Flg. 7] Fig. 7(a) is an explanatory diagram
illustrating a frost formation state onto a fin in a prior
art.. Fig. 7{b) is a schematic diagram illustrating a fin of
the evaporatcocr (heat exchanger) of the embodiment 1.

[Fig. 8] Fig. 8 (a) is a temperature distribution
diagram in the vicinity of a heat transfer pipe of the fin
of the evaporator {(heat exchanger). Fig. 8 {(b) and 8 {¢) are
schematic diagrams illustrating a fin configuration example
1 (b) and a fin configuration example 2 (c¢) according to an
empodiment 2 of the present invenltion, respectively.

[Fig. 9] Fig. 9 is a graph illustrating a critical
radius r* dependency of freezing point depression.

[Fig. 10] Fig. 10 is a diagram illustrating a behavior
of condensed water droplets at a positicn having a hole and
a position without a hole on the fin surface.

[Fig. 11] Fig. 11 is an outline wview illustrating
opposing fins of the evaporator (heat exchanger) showing an
embodiment 3 of the present invention.

[Fig. 127 Fig. 12 is a schematic diagram of the fin of



[Fig. 6] Fig. 6 is a schematic diagramillustrating a process in which
condensed water droplets are forned on a surface having holes and a surface
wi t hout a hol e. [Fig. 7] Fig. 7(a) is an explanatory di agram
illustrating a frost formation state onto a finin a prior art. Fig. 7(b)
is a schematic diagramillustrating a fin of the evaporator (heat
exchanger) of the enbodi nent 1. [Fig. 8 Fig. 8 (a) is a tenperature
distribution diagramin the vicinity of a heat transfer pipe of the fin of
the evaporator (heat exchanger). Fig., 8 (b) and 8 (c) are schematic

diagrans illustrating a fin configuration exanple 1 (b) and a fin
configuration exanple 2 (c) according to an enbodi nent 2 of the present
i nvention, respectively. [Fig. 9] Fig. 9 is a graph illustrating a

criticalh® aliaRoratgep hosx@iadgeeyzi hg poimt deprassidgrmdiment §Fig. 10]
Fig. 10 js a diagramillustrating a behavior of condensed water droplets at
a posi tont Haw S hol & eiHdl @ posi tion without a hole on the fin surface.
[Fig. 11] Fig,, 11 is an outline view illustrating opposing fins of the

evapor at or ([%éét' éxahdnder )* s howith G AFTEHBGdiHsH 23 6 tthe drigsent

invention. [Fig . 12]. Fig. 12 is a schematic diagramof the fin of - 7 -
the evapor Ci‘()rbgl( tefcat'l']e]i%hfaﬂbtelrﬁgﬂ}?%s‘m FHEEN erivbdiMem TSPt t he present
inventian, ..

invention.

Reference Numerals
[0015]
11 outdoor unit
12 indoor unit
21 COMPressor
22 condenser (heat exchanger)
23 fan for condenser
24 expanding means
25 evapeorator (heat exchanger)
26 fan for evaporator
31 fin
32 heat transfer pipe
41 surface on cooling face
42 water vapor
43 nucleus
44 condensed water droplet
45 condensed water droplet after amalgamation
46 ice droplet
47 needle~like frost

50 untreated fin surface



[Fig. 13] Fig. 13 is a schematic diagramof the fin having slits
illustrating the enbodi nent 4 of the present invention. Reference Nunerals
[ 0015] 1loutdoor unit 12indoor unit 2lconpressor 22condenser (heat
exchanger) 23fan for condenser 24 expandi ng neans 25evaporator (heat
exchanger)

51 fin surface having a hole with a radius of not more

than 1 nm on the surface

52 hole with a radius of not more than 1 nm

53 nucleus

54 condensed water droplet

61 fin

62 heat transfer pipe

63 hole of not more than critical radius r¥* in
embodiment 1

64 frost

71 fin surface

72 heat transfer pipe

73 hele offered for freezing point depression of
condensed water droplet by Gibbs-Thomson effect

81 fin surface

83 hole offered for freezing point depression of
condensed water droplet by Gibbs~Thomson effect

B4 condensed walter droplet

91 fin

92 slit

Best Modes for Carrxying Out the Invention
{0016} Embodiment 1
An embodiment 1 of a healt exchanger according to the

present invention will be described using & refrigerating



26 fan for evaporator 31fin 32 heat transfer pipe 4lsurface on cooling face
42 wat er vapor 43nucl eus 44condensed water droplet 45 condensed water
dropl et after amal gamati on 46i ce dropl et 47needl e-1i ke frost

cycle device in which the heat exchanger is used as an
example, referring to the attached drawings. Fig. 1 shows a
refrigerant circuit of a refrigerating device. This
refrigerating device is a device used for refrigerating
indoors by carrying out a vapor compression type
refrigerating cycle operation. In Fig. 1, reference numeral
11 denotes an outdoor unit and reference numeral 12 denoctes
an indoor unit. The outdoor unit 11 is provided with a
compressor 21, a condenser 22, and a fan 23 for the
condenser for feeding air into the condenser 22, and the
indoor unit 12 is provided with expanding means 24, an
evaporator 25, and a fan 2¢ for the evaporator for feeding
alr into the evaporator 25. The compressor 21, the
condenser 22, the expanding means 24, and the evaporator 25
constitute a refrigerating cycle circuit, and a refrigerant
for circulation is filled therein. This device is of a form
mainly found in low-temperature equipment such as a unit
cooler and a showcase.

f0017]

The refrigerant inside the refrigerating device is
cempressed by the compressor 21 to become of a high
temperature and high pressure and flows into the condenser
22. Then, the refrigerant radiates heat in the condenser 22
to become a liguid refrigerant and then, it is expanded by

the expanding means 24 to become a gas / ligquid two-~phase



S50untreated fin surface -8- 51 fin surface having a hole with a radi us of
not nore than 1 nmon the surface 52 hole with a radius of not nore than 1
nm 53nucl eus 54condensed water droplet 61fin 62heat transfer pipe

refrigerant. The refrigerant absorbs heat from ambient air
in the evapcrator 25, becomes a gas and returns to the
compressor 21. Therefore, the refrigerating cycle device
carries out a cooling coperation for coocling an inside air.
[0018]

Fig. 2 shows details of the evaporator 25 shown in Fig.
1. The evaporator 25 shown in Fig. 2 is a fin-tubular heat
exchanger widely used for refrigerating devices and air
conditioners. The condenser 25 1s mainly constituted by a
plurality of fins (heat transfer fins) 31 and a plurality of
heat transfer pipes 32. The plurality of fins 31 are
stacked with a predetermined interval therebetween, and the
heat transfer pipes 32 are provided so as to penetrate
through holes provided in each fin 31. The condenser 25
absorbs heat by evaporation of the liquid refrigerant
flowing in through the heat transfer pipes 32 and carries
out heat exchange with the outside air through the fins 31.
Aluminum plate and the like which is easy to be processed
and has good thermal conductivity is suitable for the fins
31. In order to perform an efficient heat exchange process
with air, as shown by an arrow in Fig. 2, air is fed into
the evaporator 25 toward the fins 31 in parallel from an
evaporator fan 26.
[0019]

For example, while under a cold storage condition, an



63hol e of not nore than critical radius r* in enbodinment 1 64frost 71fin
surface 72heat transfer pipe 73hole offered for freezing point depression
of condensed water droplet by G bbs-Thonmson effect 81fin surface 83hol e
of fered for freezing point depression of condensed water droplet by

G bbs- Thonson effect

ambient temperature is 0°C and an evaporation temperature of
the refrigerant is approximately -10°C, under a
refrigerating condition, the ambient temperature is -20°C
and the evaporation temperature is approximately -30°C.
Under such conditions, the surfaces of the fins 31 are (0°C
or below for both cases, and frost is formed on the fins 31.
If frost is formed, an air volume flowing through the
evaporator 25 is reduced, a heat exchange amount with the
air is lowered, and the cooling performance of the
evaporator is deteriorated.
[CG20]

From the above, if an amount of the frost generated cn
the fins 31 can be reduced, air path resistance caused by a
frost layer can be decreased. Then, in the embodiment 1,
holes with a radius derived from the following formulas (1)
to (4} are provided on the fin 31 so as to decrease the
frost amount and to reduce the frost height. By delaying
the time to the clogging of the air path, the performance
deterioration of the device is suppressed even 1f frost is
formed.
[G021]

Next, the process of frost formation will be described
in detail. Here, a generation / growing process of the
frost will be described using Fig. 3. When the air of a

temperature 0°C or above is in contact with a cooled surface



84condensed water droplet 91fin 92slit Best Mdes for Carrying Qut the

I nvention [0016] Enbodi nent 1 An enbodi nent 1 of a heat exchanger
according to the present invention will be described using a refrigerating
- 9 cycle device in which the heat exchanger is used as an exanpl e,
referring to the attached drawings. Fig. 1 shows a refrigerant circuit of a
refrigerating device. This refrigerating device is a device used for
refrigerating indoors by carrying out a vapor conpression type
refrigerating cycle operation. In Fig., 1l reference numeral 11 denotes an
outdoor unit and reference nuneral 12 denotes an indoor unit. The outdoor
unit 11 is provided with a conpressor 21, a condenser 22, and a fan 23 for
t he condenser for feeding air into the condenser 22, and the indoor unit 12
i s provi‘ded Wt hDExPRAARRE FEERSTR41TrEN 16vapoiatonr250 4he defian 26 for the
evaporator, for feeding air into the evaporator 25. The conpressor 21, the
condens8P193, “ERECERPERGI RY REaRY J8LciRdnERe ey aper deaperstegnseintut e a
refrige&atng_cycLe“%ircuit, and a refri%erant for circulation is filled

t her ei n ' MHS e vt cEPPs 2df - a"RORR FEPAFY “PouRd TR Fdw- f-EnpePatdr érequi prent

such ast%eughgfggglgﬁ gg %o%gg%g% eﬁnkgo%ELlei 43 on the surface
41 so that condensed water droplets 44 are formed. On the
surface 41 which is not treated, this condensation may occur
everywhere. The condensed water droplets 44 amalgamate with
adjacent condensed water droplets 44 to lower surface anerqgy
and continue growing. Since this amalgamation occurs at
random, there are condensed water droplets 45 having
different diameters on the surface 41. When the Temperature
cn the surface 41 falls to 0°C or below, the condensed water
droplets are cooled to 0°C or below and condensed to become
ice droplets 46. From the ice droplets 46, frost 47 is
generated in a needle state and a frost layer is formed as
the whole,
[o022]

If the air temperature is 0°C or below, it has been
reported in the literature that frost is formed by
sublimation, but it has also been reported that over-cooled
liquid water exists up to -40°C. However, essentially, the
frost formation process is not different from that of 0°C or
above. The cendensed water droplets or ice droplets formed
on the cooled surface amalgamate together, the needle-like

frost is generated from the ice droplets, and the frost



The refrigerant inside the refrigerating device is conpressed by the
conpressor 21 to becone of a high tenperature and hi gh pressure and fl ows
into the condenser 22. Then, the refrigerant radi ates heat in the condenser
22 to beconme a liquid refrigerant and then, it is expanded by the expandi ng
means 24 to becone a gas / liquid twd-phase - 10 - refrigerant. The
refrigerant absorbs heat fromanbient air in the evaporator 25, becones a
gas and returns to the conpressor 21. Therefore, the refrigerating cycle
device carries out a cooling operaLig@ for cooling an inside air. [0018]
Fig. 2 shows details of the evaporator 25 shown in Fig. 1. The evaporator
25 shown in Fig. 2 is a fin-tubular heat exchanger w dely used for
refrigerating devices and air conditioners. The condenser 25 is mainly
constit bpgdrbysafprueal fsyaofhblas (heat transfer fins) 31 and a plurality
of heat transfer pipes 32. The plurality of fins 31 are stacked with a
predet ek APAéd i nterval therebetween, and the heat transfer pipes 32 are
provided so as to penetrate through holes provided in each fin 31. The
condenser 25'HbhsHrbE HERWHY Riaporati ot ofatwe YaRRy dte ef¥egerant f1ow ng
in through the heat transfer pipes 32 and carries out heat exchange with
the out $rdBaFFotAY ouh Phesfi RBa3385 A UMunt gt at'e? Shd=1HeI ¢ i Keohni ch i s
easy to be processed and has good therpal conductivity.is suitable for the
fine 31931 REOP Dt b° porF of HAR-GFFi GRBRE HEAP EkEnaNbe:br b6 e ai r.
as shown_b n_arrow.in Fig. 2 ir is fed into_the evaporator 25 toward
the 11 ne® 31 F P BaTal For FF off & BUZpEPATSroFanTa6°" [ 00161 <For exafpl e,
while u _col d- st.orage. .condition ie e ture is 000 and an
evapor et oh EEfperdt e o T e T er ME T 5 Shprol et 108, under a

ref Tl 9eLabbng CoRdLL0Dn DR, 3001 enl LEBRERaLUr Bl 200 andahe, o

evaporation tenperature 1s approxi mat er such conditions, the

surfaceﬁo.%aw@nf%@sa?»&i@f@rg&%ggggpw i OF tbffém&gle‘&&t@%&ﬁp hdS formed

on the fins 31. frost is forned, an air volume flow ng through the
evapor af pge 28né 5oy edusedsna Beal rexghangenapmunt oWhkhibherahr 1's | overed,

and the cooling performance of the evaporator is deteriorated. [0020]
thermodynamically, and its change amount dG is given by the
following fermula (1) when a nucleus with a radius r is
generated:

[0024]

dG = - (4nr?/3v)dp + 4dnriy .. (1)
[C025]

Where, v denotes the volume of one molecule, du denotes
a change amount of chemical potential per molecule, and ¥y
denotes the surface energy density. When G is lowered by
the growth of the nucleus, r is increased so that dG is
decreased. The r dependency of formula {1) is shown in Fig.
4. The vertical axis in Fig. 4 represents a value of dG,
and the horizontal axis a radius r of the nucleus., The
first term on the right-hand side is decreased to be

negative with an increase of r, and the second term is



From the above, if an anount of the frost generated on the fins 31 can be
reduced, air path resistance caused by a frost |ayer can be decreased.

Then, in the enbodinent 1, holes with a radius derived fromthe follow ng
formulas (1) to (4) are provided on the fin 31 so as to decrease the frost
amount and to reduce the frost height. By delaying the tine to the cl ogging
of the air path, the performance deterioration of the device is suppressed

even if frost is formed. [002].] Next, the process of frost formation
will be described in detail. Here, a.,generation / grow ng process of the
frost will be described using Fig. 3" Wien the air of a tenperature 0OC or
above is in contact with a cooled surface - 12 - 41, and the surface

tenperature is cooled up to the dew point tenperature or bel ow determni ned
by the tremperstdrieo and bepd divy with hehai incwager vapbr 429 ke air is
cooled on the surface 41 and condensed into nuclei 43 on the surface 41 so
t hat cohdeflsedi watela dfbpliets a4leapal ferpEdtOpethe 3urfac@ 43ihhich is not
treated, this condensati on may occur everywhere. The_condensed water
dropl ets ¥4 awd gdrete WERCadFAceht! chhtiehdetciat eP” df opf et s<4% to | ower
surface energy and continue &éomﬁng. Since this anmal gamation occurs at
random © t het'e! b e bohdensed wat & dropPetsd 48l hvihg GTEFe7 &Rt ©di Aneters on
the surface 41. Wen the tenperature on the surface 41 fall 0_0C or
bel ow, {Wﬁﬁcb%de%%%ﬂ V%ﬁe?u%f%%?eY%LErgh%oﬁ?%ﬂ“?oro%?%?gb%?gmﬁ%ﬁa condensed
to become ice droplets 46. Fromthe i droplets 46, frost 47 is generated
1 & neddre St aTe st b TiBeT Thyar | IO ed ae ¢ hE WONS To02] '
the air_ e t .i C o el ow, Jt, has epgrted in the literature
C} {PE. ? Péglu%yPSUb%m %. o b? $%8ﬁ§9e5 Bg

that frost 1s Torfed i mation, bu as al so been reported that

over - cogl e, | .gul d Wl e exSER, UP 19) - A0C. Houeyer i esgentiabby, the frost

formation process | erent hat of OC or above. The condensed
water diop| &t s,Qr«iee, diopbets formed on the cool ed surface amal gamate
together, the needle-l1ke frost is generated fromthe ice droplets, and the

frost rodBst

r* o= 2yv /odp o (2)
[0027]

Next, control of the phase change from water vapor to
condensed water droplets will be described. Here, a case is
examined where the above formation process is from water
vapor to condensed droplets. When considering a change in
the gas phase, dp in the formula (2) is given by the
following formula (3} using a pressure in each phase:
[0028]

dp = kTlog(p/pe) .. (3)

[C029]

Where, %k denotes the Roltsmann constant, T denctes a
temperature of the fin surface (or a temperature of
condensed water droplets), p denotes walter vapor pressure,

and pe denotes an egquilibrium vapor pressure of the



| ayer is formed as a whole. [0023] The above growth process from wat er
vapor to frost is generated by two phase changes. One is a phase change
fromwater vapor to the condensed water droplets, while the other is the
phase change fromthe condensed water droplets to ice droplets. In the
phase change, nuclei are generated in a stable environnment phase, and
gromh of the nuclei leads to formation of a different phase. For the
nuclei to grow, the free energy G of the entire phase needs to be | owered

t her rodynam cal ly, and its change anggnL dG is given by the follow ng
formula (1) when a nucleus with a radius r is generated: [0024] dG =
-(47r3/3v)41, + 47-cr27(1) [0025] Where, v denotes the volune of one
nol ecul e, di.t denotes a change anount of chem cal potential per nolecule,
and 7 deistesehe'aiff qtecrerdiyy density. Wien Gis |owered by the growth
of the nucleus, r is increased so that dGis decreased. The r dependency of
fornulanQ3ois shown in Fig. 4. The vertical axis in Fig. 4 represents a
val ue of dG_ and the horizontal axis _a radius r of the nucleu The first
termon the ¥ GAPSatd tinge tb”? J@é%daﬂo BE- iVEW-th & i ncrease of
r, and thezgeﬁpnd.tern1is - ﬁ4 -.increaseqdyo be positive with the

i ncrease of LT RO P e t Y 167 mifA (15%has a | ocal maxi mum val ue at a
certain dOfﬁf*’ and dGis increased with the increase of r at 0 <r < r*,
whi | e a& > r*, dGis decreased with the increase of r. That is, only the

nucl eus wt e _radius - i R |l e than r* can continue growi ng. This
r is referr 4%%6 agggHéFﬁFFZAPQFaZ§U§ ?32 and r* can be acquired by

?;;feuwﬁd§§jng the formula (1) by r and is given by the follow ng fornula

| Fig. 5 is a diagram illustrating p/pe as a function of
r* when the condensed water droplets are assumed to be 0°C.
Where, v = 76 [erg/cmz] and v = 3 x 107% [am’) {physical
property values of water at 0°C) are used. A value of the
r* dependency of p/pe shown in Fig. 3 does not largely
change even 1f T is changed (even i1f T = 263,283 [K], for
example). That is, the phase change from the water vapor to
the condensed water droplets can be examined by this diagram.
[0033]

For example, when the air conditions are temperature

7°C, relative humidity 85%, and the fin surface temperature
~10°C, the difference in the frost growing process is shown
using Fig. 6 between a fin surface 51 (Fig. 6B) in which
holes 52 are provided on the surface and a surface 50 (Fig.
6A) without holes. When the temperature is 7°C and the
relative humidity is 65%, water vapor pressure in the air is
p = 854 [Pa]. Since the temperature of the condensed water

droplets is considered to be -10°C, which is almost equal to



[0026] r* = 2yv [/ di! ... (2) [0027] Next, control of the phase change
fromwater vapor to condensed water droplets will be described. Here, a
case is exam ned where the above formation process is fromwater vapor to
condensed droplets. \Wen considering a change in the gas phase, 4 in the
formula (2) is given by the following fornula (3) using a pressure in each
phase: [0028] kTlog(p/pe) ... (3) [0029] Where, k denotes the
Bol t smann constant, T denotes a tenperature of the fin surface (or a
tenperature of condensed water droplets)., p denotes water vapor pressure,
and pe denotes an equilibriumvapor pressure of the - 15 -

the surface temperature, the equilibrium vapor pressure of
the condensed water droplets at ~10°C is pe = 286 Pa, and P
is approximately 3 times of pe. Under the above conditions,
the critical radius r* is r* = 1 nm from Fig. 5. That is, a
nacleus 53 with r > 1 nm can grow. Therefore, as shown in
Figs. 6A and 6B, the nucleus 53 with r > 1 nm continues
growing, amalgamates with an adijacent condensed water
droplet to become a larger water droplet 54. On the other
hand, 1f the hole 52 with the radius of less than 1 nm is
opened on the surface, since a condensed water droplet with
a radius of more than 1 nm cannot be formed inside the hole
52, a condensed water droplet is not generated inside the
hole 52, and there will be a region where the water droplets
can be easily amalgamated and a region otherwise on the
surface as shown in Fig. 6B. As a result, as shown in Fig.
6B, amalgamation of the condensed water droplets is
suppressed on the fin surface 51 on which the holes 52 are
opened, the frost formation amount is reduced compared with
the untreated surface 50, and the frost height is also
lowered.
[C034]

A reference value of the diameter of the hole 52 is
changed in accordance with a state in which the device is to
be used. However, if the hole radius is toc small, the

above effect cannot be expected unless countless number of



condensed water droplets. [0030] By substituting the fornmula (3) into
the formula (2), the following fornula (4) is acquired: [0031] p/pe -
exp((27v)/ (kTr*)) ... (4) [0032] Fig. 5is a diagramillustrating

p/ pe as a function of r* when the condensed water droplets are assuned to
be 0C. Were, y - 76 [erg/cn2] and v = 3 x 10-23 [cnB] (physical property
val ues of water at 0C) are used. A value of the r* dependency of p/pe shown
in Fig. 3 does not largely change even if T is changed (even if T - 263, 283
[K], for exanple). That is, the phasg-change fromthe water vapor to the
condensed water droplets can be examned by this diagram [0033] For
exanpl e, when the air conditions are tenperature 7C, relative humdity 85%
and the fin surface tenperature -10C, the difference in the frost grow ng
processPPe8hdWA BEPHEIEgon6thet WeensarfRrAesurface H1L¢ RGEh68) in which
hol es 52 are provided on the surface and a surface 50 (Fig. 6A) w thout

hol es. V@@hthgft%ﬁBé?éiﬁﬁéeﬁg 9C5aﬁﬂ PReMPERal FvBPRUATdI £ F8165% wat er

vapor presaﬁie inthe air [Pa]. Since the tenperature of the
condens®d“Hat 8F BPBB?%Fsa?§ %BHQFHé?BﬁrFoaBQ redELIRKRPERLPs al nost equal to

[0035]

The diameter of the hole provided on the fin is of
nanosize and since it is sufficiently smaller than the
diameter of dirt, dust and the like usually presumed to be
present indoors and outdoors, the hole does not become
clogged and the performance is maintained over a long time.
[0036]

The depth of the hole provided in the fin does not
preferably penetrate the fin in view of strength of the
actual fin. Methods of opening a hole of nanoorder in the
fin include an anodization method. In the anodization
method, a metal is treated as an anode, an insoluble
electrode is made to be a cathode and a direct-current
electrolysis operation is conducted in an electrolytic
solution. When the anode and cathode are electrified, a
surface of the anode metal is oxidized, and a part of the
metal is ionized to be dissolved into the electrolytic
solution. In particular, aluminum, niobium, tantalum and
the like are given an oxidized film by the anodization
method. Since the oxidized film has poor electric
conductivity, as the anodization processing progresses, a

metal oxide is formed on a base metal, and a thin hole



- 16 - the surface tenperature, the equilibriumvapor pressure of the
condensed water droplets at -10Cis pe = 286 Pa, and p is approximtely 3
times of pe. Under the above conditions, the critical radius r* isr* =1
nmfromFig. 5. That is, a nucleus 53 with r > 1 nmcan grow. Therefore, as
shown in Figs. 6A and 613, the nucleus 53 with r > 1 nm continues grow ng,
amal gamates with an adj acent condensed water droplet to becone a | arger

wat er droplet 54. On the other hand, if the hole 52 with the radius of |ess
than 1 nmis opened on the surface, since a condensed water droplet with a
radius of nore than 1 nm cannot be formed inside the hole 52, a condensed
wat er droplet is not generated inside the hole 52, and there will be a
region where the water droplets can be easily amal gamated and a regi on

ot her wi slerontthe swrfaceeas! shbwni $ nf Figed 6B.A Aerdlr edultthe dasiighown in Fi g.
6B, amal gamati on of the condensed water droplets is suppressed on the fin
sur f ace®lie ohs whit edrnheethobest 52 aree opentdd wheck rastofor@mtidn anount is
reduced conpared with the untreated surface 50, and the frost height is

al so | oWREHEA] 00341t is pregeedeheetbal dePbh Phes@raneher BFethe hole 52
is changed in accordance with a state in which the device is to be used.
However o4 495 Hotle Parfpbsate tod Shal#5 Trebhpesd @Pfeet dHrifot be
expected, unl ess count| es Pug%er of holes arengroyided on the fin surface.
It a hot&'Wr th'a P& LeSOf T hgprok? et af y* 0P8 hnh oF & noPedP st bpenéd, it can
be used ﬁorhc rEent air c ndi%ion rs an refrigeéators.f%OOSS% The

di anet et 6" tHet Fot @8 pr BV Hed o T ha ¢ T n°F 5V BF naosT2eT AR SPAcEFt s
sufficiently. smaller, than the djangte irt, t_a he li ke usually

o esunil 1o be b7 edent F TS bha ourieers, Lehe il e oet et tbecons

cl ogge e f ce-LS.maint alne : n I -0036]

The degﬁﬂﬂg?éﬁheyﬁél%g%?%v$%%%6?ﬁ1$h§$€i%S%%gél%%%ypgg %gg%lggge%etrate t he
fininyiewol.sireaplh of,the %%Lugéxéﬂéhgé\@tmﬁq@fmpr@w@@yol e of
nanoorder 1n the fin include an anodi zation nethod.” I n the anodization

met hod, . @ et al, i s t&eated @s @ anade, panohagekubl e el ectrode is made to
be a cathode and a direct-current electrolysis operation is conducted in an
el ectrojydit; solution. Wien the anode and cathode are electrified, a
surface of the anode netal is oxidized, and a part of the netal is ionized
to be di ssolneechdtididie £IBed,r Adyid€os0lttd an.hd e pand i cat afhaml um num

ni obium tantalumand the |ike are given an oxidized filmby the

anodi zath®n et hoell Sidaces tbhetoxhtheédofi thehasrpoondét éctsi ancdondyctivity,
as the anodi zation processing progresses, a netal oxide is fornmed on a base
net al , fad sutfhiaoe hoteoled face) temperature condition on an upwind

side of the fin, the condensed water droplets can be
generated only in a region other than the holes on the fin
surface, the frost formation amount on the fin can be
reduced, and the frost height can be lowered. With this
arrangement, even if Lhe air passes on the upwind side, the
water vapor is not condensed but flows to a downwind side.
As a result, clogging of the fin can be delayed, and
performance deterioration caused by the frost formation can
be delayed. Alsc, by using this effect, an interval between
the fins can be further narrowed so that a small-sized heat

exchanger with good performance can be cbtained.



- 18 - structure grown regularly is formed. A depth of the thin hole is
determ ned by the tine during which a voltage is applied, but it is
preferable the depth be such that the hole does not penetrate the fin as
menti oned above. Al so, since the oxidized filmalso has a poor heat
conductivity, which deteriorates heat exchange between the surface and the
air, it is not necessarily favorable to open a deep hole. However, the
above effect is not essentially changed for a penetrated hole. For a heat
exchanger having an extrenely thin_fig, _a penetrated hole nay be opened.

[ 0037] As mentioned above, by pfoviding a hole smaller than the
critical radius determned by the air conditions and the fin surface

(cool ed faceg tenperature condition on an upwi nd side of the fin, the
condensEd’wat er droplets can be generated only in a region other than the
holes on the fin surface, the frost formation anmount on the fin can be
reduced, andtIfe firbstrdfei gift ICHIT B9 st da tWeeEioe amcaigenent, even
if the ajr passes on the upwi nd side, the water vapor is not condensed but
flows to & dowWhvd b 51 e PE2ROF RS t (nedlo g AP BFCE he' $¢h tanbe del ayed,
and performance deterioration caused by the frost formati on can be del ayed.
Al so, BV usTAS el ects SFETint @r vale bet hebht hed £i e &% be furt her
narrowed so that_.a snall-sized heat exchanger w th good performnce can be
obt ai ned. "9 EhT%S@?&T‘ ot gh%l%%{le}f‘?‘nfgmg‘é} T T H Y Base 'hédt exchange
amount W the air in, an evaporator (heat.exchanger sed in.an, air

condi ti%ﬁfge% Jflgr}‘a% anﬁi\b,w?fﬁ% %%? Vfé?@a%l?% %%%g&]%r %"\‘?\%‘Fl?%aﬁl fat of

the general cReal, SXCNANOGKoLTDUSy A5, SOOMD FOGRLE ol AndNgD, 10E uPwi nd side

and the downw nd side are conparéd, anh anmbun fro rmed on the

upwind sige is larger, and (he height of the trost o4 is higher o the

upw nd side and becones | ower towa w nd si de. ecause

since st ofyihe WBEETaVAPEchfed heoddf DEGCORRS cONdensed, MRt ey dr opl ets
in the upwi nd side, the water vapor anount contained in the air decreases

toward e doywnwd el $é deinFOmssicho 8 heatyexehangsesy by €ecreasi ng the

frost formation anobunt on the upwi nd side, the height of the frost forned

on the wpybrigs Sicled €ase dewd oner @top aads byn hawé ngot hea f £ 08¢, ferged uniformy
on the entire fin, the tine to an air path clogging can be del ayed.

Ther ef ora; e asvshownanhouki geofBaidyd provilde ngi a8 et ecH3eof t 0srH0tRt han t he
above-nentioned critical radius rk on the upwind side of the fin 61, the
frost atoumidorsiede on Rove supli rd rsiade ecamabeyedecrgasked; reandiitchec thei ght  of
the frost fornmed on the upwi nd side can be | owered. Reference nuneral 62 in
Fig. dehores foiestion ansdwrt phpethg 00391 nEnbbdi neblbe 2hdexlh i af helat
exchanger of an enbodi nent 2 of the

frost formed on the upwind side can be lowered, and by

having the frost formed uniformly on the entire fin, the

time to an air path clogging can be delayed. Therefore, as

shown in rig. 7B, by providing a hole 63 of not more than

the above-mentioned critical radius r* on the upwind side of

the fin 61, the frost amount formed on the upwind side can

be decreased, and the height of the frost formed on the

upwind side can be lowered. Reference numeral 62 in Fig. 7

denotes a heat transfer pipe.

[0039] Embodiment 2

Next, a heat exchanger of an embodiment 2 of the



- 20 -

havi ng

71. As

present invention will be described. Fig. 8 shows a fin 71 and a
heat transfer pipe 72 constituting the evaporator (heat exchanger) 25. As
been al ready described, the condenser (heat exchanger) 25 conducts
heat absorption by evaporating a liquid refrigerant flowng in through the
heat transfer pipe 72 to heat exchange with the outside air through the fin
nment i oned above, the refrigerating conditions are the anbient air

tenperature of -20C, the evaporation tenperature of about -30C, and t
71 surface becones 0C or below to cayse frost formation. Al so, as shown in
t he periphery of the heat transfer pipe 72 can be considered to

particularly have a low tenperature on the fin 71 surface. In the
enbodi ment 2, by providing holes 73 offered for dropping the freezing point

Fig. 8,

of the
foll ow

Riontans ed v o ropl etlye e tdiel @ dbs FEgondorsheffsect fiim the
ng formulas (5), (6) on the entire fin 71 or around the heat

he fin

transf et PipdIerrt §iawes oy tthied r'bst oot el o g st | @y ralher per f or mance

deterioration of the device is suppressed. [Q040

Next, control

phase chiftife FFoimtdhdensed Wt & Vdiehlses P&%@@%%ﬂ@p‘%t@%d Ithse

descri bed. . Consi der a case that the

phas

enbodi MEM RIS f HHiAt He  CottEhsed %@%ﬁ%rg%%ﬁré@?é% %%ﬁw%mar%w ets.

consi derin

foll ow

BT (5T VBTG TeHpe Htur i g ant 1 Hir e phass Y ohy)
transfer pipe 72 to heat exchange with the outside air
through the fin 71. As mentioned above, the refrigerating
conditions are the ambient air temperature of -20°C, the
evaporation temperature of about =-30°C, and the fin 71
surface becomes 0°C or below to cause frost formation. Also,
as shown in Fig. 8, the periphery of the heat transfer pipe
72 can be considered to particularly have a low temperature
on the fin 71 surface. In the embodiment 2, by providing
holes 73 offered for dropping the freezing point of the
condensed water droplets by the Gibbs-Thomscen effect in the
following formulas (5), (6} on the entire fin 71 or around
the heat transfer pipe 72, time toc the frost formation is
delayed, and performance deterioration of the device is
suppressead.

{0040]

Next, contreol of the phase change from condensed water
droplets to ice droplets will be described. Consider a case
that the phase generation process shown in the embodiment 1
is from the condensed water droplet to the ice droplets.

When considering the change in a melt ligquid phase, dp is

of the

rocess shown in the

When

iven by the



L(Tm- T) / Tm _ (5) [0042] Where, L denotes a | atent heat of nelting,
and Tma freezing tenperature. [0043] By substituting the formula (5) for
the formula (2), the following fornmula (6) is obtained: [0044] Tm- T =
(2yvTm L) (1/r*)(6) [0045] The | eft-hand side of the fornula (6)
represents a tenperature difference between the freezing tenperature and
the liquid phase.

- D] -

given by the following formula (5) using a temperature T of
a liguid phase.
(0041]
du = L{Tm - T) / Tm .. {5)
[0042]

Where, L denotes a latent heat of melting, and Tm a
Lreezing temperature.

[0043]

By substituting the formula (5) for the formula (2},
the fellowing formula (6} is obtained:
[0044]

Tm - T = (2yvTn/L) - {(1/x*) .. (6)
{0045]

The left-hand side of the formula (6) represents a
temperature difference between the freezing temperature and
the liquid phase.

[0046]

FFig. 9 is a diagram illustrating the r* dependency of
Tm - T of water. Tm = 273 {K] and L = 9.97 x 1074 [erg]
(physical wvalues of water) are used. From Fig. 9, when r*
is sufficiently large, Tm - T is asymptotic to ¢, and the
liguid phase temperature corresponds to Tm. This is a state
of freezing found in a bulk system. On the other hand, with
the decgrease of r*, Tm - T increases. That is, the smaller

r* is, Tm does not become a freezing pcoint and freezing



[0046] Fig. 9 is a diagramillustrating the r* dependency of Tm- T of
water. Tm- 273 [K] and L - 9.97 x 10-14 [erg] (physical values of water)
are used. FromFig. 9, when is sufficiently large, Tm- T is asynptotic to
0, and the liquid phase tenperature corresponds to Tm This is a state of
freezing found in a bulk system On the other hand, with the decrease of

r*, Tm- T increases. That is, the smaller r* is, Tm does not becone a
freezing point and freezing - 22 - point depression occurs. This effect is
called the G bbs-Thonmson effect. [0047] _ As shown in Fig. 10, for
exanpl e, consider a case in which a 'arge nunber of holes 83, each having
the radius of 10 nm are opened on a surface 81. If the hole 83 is filled
with a condensed water droplet 84, the radius of the condensed water

dr opl etp@Y Tt adelbes cohsh deredrs 0 B ik0 afiecthers ddid 4 dér gl tienper at ure of
t he condensed water droplet 84 in the hole 83 is known fromFig. 9 to be

cl ose thomse: Thescteven if the surface 81 is cooled to -10C, the
condensed water droplet 84 in the hole 83 is not frozen but becone the ice
dropl et!®526hly in a region other than the hole 83. As a result, the frost
formati on anmount is reduced. That is, in the hole with the radius of r* in

the fornul a®®)5 e Y de# ng PoiTit* FF=aHe Corfd8hsét: wat 6137 ot et in the
hole b 0 bel ow. B j di th I 83 havi th

G bbs- TRONZoMT o 1668 eHe SRS LT (R (FECS| SO6THG Lhm ¢atsBa by | rost

f ti i s del d_ A b i di f. h h 83

oot 20 S Y o6 B R DL 00, IR MR S e Pl oo 22

vater dranlets.io.become, lce dioplets @foupd. the,fieat fransfer pipe are
ecreased. en the device i's oOperated at a T ow enperature at 0OC or bel ow,

the frosy,foramyion. aroynt, aroups the beat franstes pipPs.cay R,

Then, the freezing temperature of the condensed water
dreplet 84 in the hole 83 is known from Fig. 9 to be close
to -15°C. Then, even if the surface 81 is cooled to -10°C,
the condensed water droplet 84 in the hcecle 83 is not frozen
but become the ice droplet 85 only in a region othexr than
the hole 83. As a result, the frost formation amount is
reduced. That is, in the hole with the radius of r* in the
formula {6), the freezing point of the condensed water
droplet in the hole becomes 0°C or below. By providing the
heles 83 having the Gibbs~-Thomson effect on the entire fin,
the clogging time caused by frost formation is delayed.
Also, by providing a large number of such holes 83 around
the heat transfer pipe of the evaporator (heat exchanger),
condensed water droplets to become ice droplets arcund the
heat transfer pipe are decreased. When the device is
operated at a low temperature at 0°C or below, the frost

formation amount around the heat transfer pipe can be



- 23 - reduced. An interval between the holes 83 is preferably an
interval of approximately in the order of several nm which is equal to the
hol e di anmeter, and at | east 200 holes 83 are needed on a plane of 200 nm x
200 nm so that an optiml effect cannot be expected with the nunber of
hol es of approxi mately 50. [0048] By providing the holes 83 having
t he above effect on the fin, reduction of the frost formati on anount can be
expected. As a result, even in the case of operation with a tenperature of
t he evaporator to becone |ower, the %én@ to cl oggi ng between the fins can
be del ayed, which |eads to performan i nprovenent of the device and energy
savi ng. [0049] The di anmeter of the hole 83 provided on the fin is of
nanosi ze, and since it is sufficiently smaller than the dianmeter of dirt,
dust andedivecdli ke usual ly presunmed to be present indoors and outdoors, the
hol es are not cl ogged, and the performance is maintained over a |long tine.
[ 0050] Enbodimenttedval beNesaen tihe donfdsguiiatiomofferpleibodi ment 3 of the
present invention will be described. Fig. 11 shows an exanple of a
wel | - knowre o | Gurae o gralanl evipotat op r¢head’ exehanger Y | Whifils
evaporat or (heat exchanger), a - 29 -
is equal to the holé diameter, and alt least 200 holes 83 are
needed on a plane of 200 nm x 200 nm, so that an optimal
effect cannot be expected with the number of holes of
approximately 50.
[0048]
By providing the holes 83 having the above effect on
the fin, reduction of the frost formation amount can be
expected. As a result, even in the case of operation with a
temperature of the evaporator to become lower, the time to
clogging between the fins can be delayed, which leads to
performance improvement of the device and energy saving.
[0049]
The diameter of the hcole 83 provided on the fin is of
nanosize, and since it is sufficiently smaller than the
diameter of dirt, dust and the like usually presumed to be
present indoors and outdocrs, the holes are not clogged, and
the performance is maintained over a long time.
[0050] Embodiment 3
Next, the configuration of an emboediment 3 of the
present invention will be described. Fig. 11 shows an

example of a well-known configuration of an evaporator (heat

exchanger). In this evaporator (heat exchanger), a



plurality of the fins 31 are arranged in parallel with a predeterm ned
interval, and the heat transfer pipes 32 penetrate them In such a heat
exchanger, when the fins 31 are cooled to OC or below and frost fornmation
begins, the frost grows fromboth faces of the opposing fins 31. After sone
time el apsed, the gap between the fins 31 becones clogged by the frost, the
fins 31 are buried, and the performance of the evaporator is deteriorated.
Therefore, defrosting is carried out for the evaporator so as to defrost
the frost between the fins 31. A genegral defrosting nethod is to switch a
four-way valve so as to reverse the direction of a refrigerant flow and to
switch an evaporator heat exchanger and a condenser heat exchanger for
defrosting. [0051] Though special treatnent is not applied to the
surfacerofirghetviaf 3thénfihe priorcaptringed in pavaehbbdvrehta3, the hol es
52, 63, 73, 83 described in the enbodinent 1 or the enbodinent 2 are

provi dedlr ®Rcthemenedir enservace afdohly bRabnerpasécsf PLAesopposing fins 31.
The frost grows on one face of the fin 31 through the above-nenti oned
processPeBEt Lahet heeFace i tHf! e Mot leesage r 73y thg e idvhdehsed wat er
droplets_are hard to be generated on t?e entire fin 31, the freezing point
is furthef FoReredioand®the Growrnbf hestrboet™#5+a8! 858y for ENEhan on the
untreated face. As a result he ti o the air_path clogging.can be

rol ongeto°F-6584E Foaopoth FAEkh ORetBei gprdrindlhent af st it same
anount of frost adheres.to _both of. the posing.fins,3 but the fin 31
naving CREC hOTas "BRTGRETT abBCaustr PBEGSTR FRE ShBOd: hert TP ( he

embodi enbe g SUROLES Ehe.l! ok opl by, onecl ager Thecphiorse, the frost can

easily I'ng, an ine require or defrosting is shortened,

whi ch cQoL £} DL ESt O CDRLOYy SAYL 000 [ 0058 cor s o ThEGdi afiet Ll the hol e

provided on the fin is of nanosize, and since it is suf i Ci ent y smal | er
than the.dianeigr of dirtjodust:apd,-thgel Lkgpysyablyspresuped to be present

i ndoors and outdoors, the hole is not clogged and the perfornmances are
nai nt ai aedroyercBel PRYsti PBrween the fins 31. A general defrosting
methed is to switch a four-way valve so as to reverse the
direction of a refrigerant flow and to switch an evaporator
heat exchanger and a condenser heat exchanger for defrosting.
[0051]
Though special treatment is not applied tc the surface
of the fin 31 in the prior art fins, in the embodiment 3,
the holes 52, €3, 73, 83 described in the enbodiment 1 or
the embodiment 2 are provided on the entire surface of only
on one face of the opposing fins 31. The frost grows on one
face of the fin 31 through the above-menticoned process, but
on the face with the holes 52, 63, 73, 83, the condensed
water droplets are hard tc be generated on the entire fin 31,
the freezing point is further lowered, and the growth of the
frost is delayed more than on the untreated face. As a

result, the time to the air path clogging can be prolonged.



[ 0054] Enbodi nent 4 Mor eover, a configuration of an enbodi nent 4 of
the present invention wll be described. Fig. 12 shows the heat transfer
fin 31 of the condenser (heat exchanger) shown in the enbodi nent 1. As
menti oned above, the fins 31 are arranged in plural in parallel with a
predeterm ned interval, and when the fins 31 are cooled to OC or below, the
frost formation begins. Then, the gap between the fins 31 becones cl ogged
by the frost, the fins 31 are buried, and the performance of the device is
deteriorated. [0055] - 26 - ﬁlégoygh no hole is provided on the
surface of the prior art fin, in the enbodi nent 4, the holes 52, 63, 73, 83
described in the enbodinent 1 or the enbodinent 2 are provided in plura
rows arranged in parallel with a wind direction in the fin 31. Wth this
arrangetertiz) even if the gap between the fins 31 is clogged, a passage for
wind is ensured, and drop in wind velocity can be del ayed. Ther eby,

t he hol es t dnbeéhpr priided agri tfhesf,i @ 13m sdr & hyr efagcalsimp varty arfged-adtose
together with a small pitch or |ocated close to each other in plural rows.
Thi s appiliesenoto antyh taof tiHee eriod ehtf Wputl al et torother &hbodi nent s.

[ 0056] ~As nentioned above, by providing the holes 52, 63, 73, 83 of
nanosi 2e6Ma Hevd ifsles 1o oFoUmEe Hits & Fredt 11 o Mt FERP ¢ETe)t et f ect can
be obtained. Also, it is effective to provide the %?ove holes in the heat
exchandgd? HEViHP A 991 ih THPFI TS 0% hat Ot heP bt %x%%%n%%c%jth air can

be perfqorned efficiently. As shown jn the upper, stage in Fig. 13, for
exanpl €, FRITHE A (a5 152" G2 Bhih G590 O | - oF ety p%% t T VBT y
perform heat exchange with the air. However, ener ation anmount  of

P ohdengST kG o e T Tihe b1 10005 1 P r T LAY b r ost
formati gn _anmount _al so becones | arge. Wen the amobunt of frost is increased,

the ef fect of The"'8fit 92 is lost. In order to reduce the frost formation
in the ﬁjd§3§2 portion, as shown in the

The diameter of the hole provided on the fin is of
nanosize, and since it is sufficiently smaller than the
diameter of dirt, dust and the like usually presumed to be
present indoors and outdoors, the hole is not clogged and
the performances are maintained over a long time.

{0054] Embodiment 4

Moreover, a configuration of an embodiment 4 of the
present invention will be described. Fig. 12 shows the heat
transfer fin 31 of the condenser (heat exchanger) shown in
the embodiment 1. As mentioned abkove, the fins 31 are
arranged in plural in parallel with a predetermined interval,
and when the fins 31 are cooled to 0°C or below, the frost
formation begins. Then, the gap between the fins 31 becomes
clogged by the frost, the fins 31 are buried, and the
performance of the device is deteriorated.

[0055]



- 27 - lower stage of Fig. 13, by intensively providing the holes 52, 63,
73, 83 inthe slit 92 portion, the frost formation in the slit 92 portion
is reduced, and the effect of the slit 92 can be naintained for a | ong
time. [0057] Types of the heat exchanger to which the present

i nvention can be applied are not Iimted to those descri bed above, but also
to a heat exchanger having a corrugated fin used in an autonobile, for
exanpl e. [0058] Thanks to the present invention, condensed water
droplets of water vapor in the air generated on the fin surface can be
generated only in a specific area, "ar® the frost formation amount gener at ed
on the fin surface can be decreased. Al so, by providing the holes 52,
63, 73, 83 on the upwind side of the fin, the frost layer on the fin
surface has mntralumstinconstiants hetghtdad tdh raspectrtocamnt ravel | i ng
direction of the wind. As a result, air path resistance is reduced,
performanceratrt heifiy ost €loenabhbodinsninpyoved, hahdsehfly gg3savidBngscan be

pr onot ed. Al so, since the freezing point of the condensed water

dr opl et gegarihedhoheshd3emi88dament ohepedtbhby eheoGibbst Thoasen effect, by
provi di ng such holes 73, 83 on the entire fin, frost formation on the fin

i s del agedvipen ihepheatl ro®8 arranged in parallel with a wind

direction in the fin 31. With this arrangement, even if the
gap between the fins 31 is clogged, a passage for wind is
ensured, and drop in wind veloccity can be delayed.

Thereby, the holes to be provided cn the fin 31 are
preferably arranged close together with a small pitch or
located close to each other in plural rows. This applies
not only to the embodiment 4 but also tc other embodiments.
[0056]

As mentioned above, by providing the holes b2, 63, 73,
83 of nanosize on the finsg, it i1a found that a frost
formation delay effect can be obtained. Also, it is
effective to provide the above holes in the heat exchanger
having a slit in the fin so that the heat exchange with air
can be performed efficiently. As shown in the upper stage
in Fig. 13, for example, a slit fin has a slit 92 on a fin
91 in order to positively perform heat exchange with the air.
However, a generation amount of condensed water droplets in
the slit 92 portion is large and the frost formation amount
also becomes large. When the amount of frost is increased,
the effect of the slit 92 is lost. In order to reduce the

frost formation in the siit 92 portion, as shown in the



exchanger is operated at a | ow tenperature of 0C or bel ow Simlarly,
by intensively providing the holes 52, 63, 73, 83 around the heat transfer
pi pe of the fin, thermal resistance can be reduced, and perfornance
deterioration can be del ayed when the heat exchanger is operated at a | ow
tenperature of OC or bel ow. Mor eover, by providing the above-nentioned
hol es only on one face of the fin, the frost growh can be limted only to
one face of the fin, the tine required for a gap between the fins to becone
cl ogged can be del ayed, and noreover, when defrosting, the frost can be
easily peeled off the fin, and time @éqﬁired for defrosting is shortened.
[ 0059] The di aneter of the holes provided on the fin is of nanosize,
and since it is sufficiently smaller than the dianeter of dirt, dust and
t he |i keowsnattygpresuneg. t 03 penpr eseatsi ndder srandd ong dolee sphobeshol e 1 s
cl ogged and the performances are nai ntained over a long tine. Industrial
Applicab?2)ity, [0D6033 in thBysuiil P2imngrthenpresenfroaveftioatibhe probl em
of frost formation can be solved on the surface of the heat exchanger for
heat exthahige wiih a2 rpatt 0@ oisbetdwceParsndutiael gffeéntthe teérigerating
cycle system the air-path clogging is caused by frost formation in the
heat -329t.-92 can be maintained for a long time.
[0057]
Types of the heat exchanger to which the present
invention can be applied are not limited to those described
above, but also to a heat exchanger having a corrugated fin
used in an automobile, for example.
[0058]
Thanks to the present invention, condensed water
droplets of water vapor in the air generated on the fin
surface can be generated only in a specific area, and the
frost formation amount generated on the fin surface can be
decreased.
Also, by providing the holes 52, 63, 73, 83 on the
upwind side of the fin, the frost layer on the fin surface
has an almost constant height with respect to an travelling
direction of the wind. As a result, air path resistance is
reduced, performance at the frost formation is improved, and
energy saving can be promoted.
Also, since the freezing point of the condensed water
dreplets in the holes 73, 83 are lowered by the Gibbs-

Thomson effect, by providing such holes 73, 83 on the entire

fin, frost formation on the fin is delayed when the heat



exchanger, which results in performance deterioration such as thermnal

resi stance and defrosting. However, thanks to the present invention, the
time to the air path clogging can be prol onged, perfornmance deterioration
of the heat exchanger can be del ayed, and energy can be also saved. - 30 -
CLAI M5 1. A heat exchanger conprising, a heat transfer pipe through
which a fluid passes and a heat transfer fin which said heat transfer pipe
penetrates and carries out heat exchange with air, wherein a
plurality of holes are provided on a _surface of said heat transfer fin,
each of said holes having a radi us“sfAgl l'er than a critical radius r* of a
condensed water droplet determ ned by an air tenperature and an air

hum dity around said heat transfer fin and a surface tenperature of said
heat trans{aigdt ms spdh£ddd icala rash usermpehasuge ret abfonoofoplpe. =
exp((2yv) [/ (iTT*)), wher e pis a water vapor pressure, pe is an

equi | i bri umaiapar ressur e roferidiercdongensadiiwal ethedriaplest 53, 163 surface
energy density, v is a volune of a single nolecule, k is the Boltsmann
const art3 anB Tadsuad stid aoe t empenafer e ofe the heat Liransfierméiln, and

said holes are provided at an interval that restricts amal gamati on of
condensess vt ercarop éts agthered, omnd hee sivfacechetvbenl adiheent chol es. 2.
A heat exchanger conprising, a heat transfer pipe through which a fluid
passes ahdial higad wranstflee Heat whiehosadd heabre¥ahed edt pi peOpenetrates and

carries out heat exchange with air,
temperature of 0°C or below.

Moreover, by providing the above-mentioned holes only
on one face of the fin, the frost growth can be limited only
to one face of the fin, the time required for a gap between
the fins to become clogged can be delayed, and moreover,
when defrosting, the frost can be easily peeled off the fin,
and time required for defrosting is shortened.

[0059]

The diameter of the holes provided on the fin is of
nanosize, and since it is sufficiently smaller than the
diameter of dirt, dust and the like usually presumed to be
present indoors and outdoors, no hole is clogged and the
performances are maintained over a long time.

Industrial Applicability
[0060]

By utilizing the present invention, the problem of
frost formation can be solved on the surface of the heat
exchanger for heat exchange with air at 0°C or below.
Particularly, in the refrigerating cycle system, the air-

path clogging is caused by frost formation in the heat



wherein a plurality of holes are provided at a rate of at |east 200 per

pl ane of 200 nm x 200 nmon a surface of said heat transfer fin, each of
said holes having a radius smaller than a radius r* given by: TmT =
(2yvTm L) (1/r*), where y is surface energy density, v is a volunme of
a single nolecule, Tmis a freezing tenperature, L is |atent heat of
nmelting, and T is a surface tenperature of the heat transfer fin. 3. The
heat exchanger of any one of clains 1 or 2, wherein said hole is provided
only on one face of said heat transfeyy fin. 4. The heat exchanger of any
one of clainms 1 or 2, wherein said heat transfer fin having a slit on a
surface thereof has said hole provided in the - 31 - vicinity of said

slit.
exchanger, which results in performance deterioration such

as thermal resistance and defrosting. However, thanks to
the present invention, the time to the air path clogging can
be prolonged, performance deterioration of the heat

exchanger can be delaved, and energy can be also saved.



5. The heat exchanger of any one of clains 1 or 2, wherein said hole is
provided in a region on an upwi nd side of said heat transfer fin. 6. The
heat exchanger of any one of clains 1 or 2, wherein said hole is provided
around said heat transfer pipe of said heat transfer fin. 7. The heat
exchanger of any one of clainms 1 or 2, -Wherein said holes are provided in a
rowin parallel with an air passage direction. 8. The heat exchanger of any
one of clainms 1 to 7, wherein a plurality of holes provided in said heat
transfer fin are arranged with a small pitch in a closely collected state
or in plural rows close to each otherCLAIMS. A refrigerating cycle device
provided with the heat exchanger of any one of clains 1 to 8 as an
evaporator.i, A heat exchanger comprising, a heat transfer pipe through which a fluid passes

and a heat transfer fin which said heat {ransfer pipe penetrates and carries out heat
exchange with air,

wherein a plurality of holes are provided on a surface of said heat transfer fin,
each of said holes having a radius smaller than a critical radius r* of a condensed water
droplet determined by an air temperature and an air humidity around said heat transfer
fin and a surface temperature of said heat transfer fin,

said critical radius r* has a relation of p/pe = exp({2yv)}/ (KTr*)), where

p is a water vapor pressure, pe is an equilibrium vapor pressure of the condensed
water droplet, y is surface energy density, v is a volume of a single molecule, k is the

Boltsmann constant and T is a surface temperature of the heat transfer fin, and

said holes are provided at an interval that restricts amalgamation of condensed
water droplets adhered on the surface between adjacent holes.

2. A heat exchanger comprising, a heat transfer pipe through which a fluid passes and
a heat transfer fin which said heat transfer pipe penetrates and carries out heat
exchange with air,

wherein a plurality of holes are provided at a rate of at least 200 per plane of 200
nm x 200 nm on a surface of said heat transfer fin, each of said holes having a radius
smaller than a radius r* given by:

Tm =T = (2yvTm/L) . (1/7),

where y is surface energy density, v is a volume of a single molecule, Tm is a
freezing temperature, L is latent heat of melting, and T is a surface temperature of the
heat transfer fin.

3. The heat exchanger of any one of claims 1 or 2, wherein
said hole is provided only on one face of said heat transfer fin.
4. The heat exchanger of any one of claims 1 or 2, wherein

said heat transfer fin having a slit on a surface thereof has said hole provided in the



-31 -

vicinity of said slif.
5. The heat exchanger of any one of claims 1 or 2, wherein
said hole is provided in a region on an upwind side of said heat transfer fin.
6. The heat exchanger of any one of claims 1 or 2, wherein
said hole is provided around said heat transfer pipe of said heat transfer fin.
7. The heat exchanger of any one of claims 1 or 2, wherein

said holes are provided in a row in parallel with an air passage direction.

8. The heat exchanger of any one of claims 1 to 7, wherein
a plurality of holes provided in said heat transfer fin are arranged with a small pitch

in a closely collected state or in plural rows close to each other.,
9. Arefrigerating cycle device provided with the heat exchanger of any one of claims

1 to 8 as an evaporator.



