- 1 - DESCRI PTI ON HEAT EXCHANGER AND REFRI GERATI NG
CYCLE DEVI CE PROVI DED THEREW TH Technical Field
[0001] The present invention relates to a heat
exchanger disposed in an air conditioner,
| owt enperature equi pnment, water heating equi pnent
and the like, for perform ng heat exchange with air.
The present invention particularly relates to a
technology in which a regign_of frost forned on a
heat transfer face and a formation tenperature are
controlled, and even if frost is forned on the heat
transfer face, time until _an air path becones cl ogged
i s del ayed, and deV|@§568FFEFﬁﬁnce can be mai ntai ned
for_ a Ion%$t|ne roviding a plurali I% of holes in
Y
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t he heat exchanger Art [0002] 1In a
prior-art refrlgeratlngﬁggﬁﬁgg ystem if a surface

tenperature of a fin constituting a heat transfer face
of a heat exchanger used therein falls to OC or
TeChmE%gw rd1phenonmenon cal l ed frost formation occurs in
water vapor in the air is condensed on the fin
[ooogyrface so as to becone water droplets, which
subsequently cooled to formice

The present invention relates to a heat exchanger
disposed in an air conditioner, low-temperature equipment,
water heating equipment 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 prior-art refrigerating cycle system, if a surface
temperature of a fin constituting a heat transfer face of a
heat exchanger used therein falls to 0°C or below, a
phenomenon called frost formation occurs in which water

vapor in the air is condensed on the fin surface so as to

become water droplets, which subsequently cooled to form ice




- 2 - droplets and becone frost as a result. [0003]
If frost is fornmed 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
amount with air is decreased, which leads to
deterioration of the device performance. [0004] |If
the frost further grows, a gap between the fins
beconmes cl ogged, an air paph_resi stance is increased,
and the device performance is |largely deteriorated.
[0005] Also, in order to elimnate the frost adhered
go the fin surface, the device_needs a periodica
dropdef P&t ng e “Whrch T O5lts 6 Smér KEGPY “det eri or at es t he
[Ooogﬁvice performances. [0006] 1In order to cope wth
is frost formation problem there has been a
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cunent 1] Japanese Unexami ned Pat
with air is decreased, which leads to deterioration of the

device performance.
[0004]

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.

[0005]

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.

[0006]

In order 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 so as to
make the fin surface super hydrophilic and to improve a
water discharge property by hydrophilic treatment (See
Patent Document 1, for example).

[0007]
[Patent Document 1] Japanese Unexamined Patent

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




Application Publication No. 2002-90084 (Figs. 2, 4) 3
- Disclosure of Invention Problens to be Sol ved by the
I nvention [0008] As nentioned above, in a genera
prior art heat exchanger, heat resistance and air
pat h resi stance becone |arge due to frost formation,
and it has a problemof perfornmance deterioration
when frost is forned. [0009] Also, with the heat |
exchanger disclosed in Patgnt Docunment 1, if the heat |
exchanger is not hydrophilic to frost formation, the |
frost formation del aying effect cannot be exerted,
and a surface state should be maintained over a |ong
time so as to keep hydrophilic properties. [0010] The
sent %n%enti%n pays attention to the following two

. r
Dlscgﬁgggecﬁangggep 3" or mati on process of frost, which

il | SGL Later: ¢ phase change from wat er
PrObggbgrQ?o%%oﬁgéﬁggdb&éggF Iéﬁgﬁfépg; and (2) phase
roocghange from condensed water droplets to ice droplets,

and by providing a | arge nunber of holes in a fin of

the heat:6xchanggle, aihrostehorgmt onoargaci gelp be
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.
[0009]

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.

(001071

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 holes in a fin of
the heat exchanger, a frost formation area is to be

restricted and a condensation temperature is to be lowered



restricted and a condensation tenperature is to be
| owered - 4 so that the performance i s maintained for
along 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
usual ly presuned to be present indoors and outdoors,
the hole is not clogged and the perfornmance can be
mai nt ai ned over a long tinme. Means for Solving the
Probl ems [0012] A heat exchanger according to the
S invention restricts a region mhere condensed
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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 of 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, holes are provided only on one side of each of



Al so, holes are provided only on one side of each of -
5 the fins for heat transfer arranged in plural in
parall el constituting the heat exchanger so as to
delay the time required for clogging between the fins
due to a frost layer and further to shorten the tine
required for defrosting. 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
anount is reduced, and frost formation is del ayed,
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(S
ustrating the enbodi ment 1 of the present
invention. [Fig. 3] Fig. 3 is a schematic diagram
illustrating a formation process of condensed water

Effe@droplretse [Rvent4bnFig. 4 is a graph illustrating a

radius r
(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 delayed, are generated, and

performance can be maintained even 1f the frost is formed,

and energy saving can be promoted.

Brief Description of the Drawings
[0014]
[Fig. 1] Fig. 1 is a configuration diagram of a
refrigerating cycle device illustrating an embodiment 1 of
the present invention.
[Fig. 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 a radius r




6 - dependency of a nucleus of an fornula (1). [Fig.
5] Fig. 5is agraph illustrating a critical radius
r* dependency of a nucleus of pressure ratio. [Fig. 6]
Fig. 6 is a schematic diagramillustrating a process
i n which condensed water droplets are fornmed on a
surface having holes and a surface w thout a hole.
[Fig. 7] Fig. 7(a) is an explanatory diagram
illustrating a frost formati an state onto a fin in a
prior art. Fig. 7(b) is a schematic diagram
illustrating a fin of the evaporator (heat exchanger)
of . t he enbodi nment Fig. 8 (a) is a
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art. Fig. 7(b) is a schematic diagram illustrating a fin of

the evaporator (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 (c) are
schematic diagrams illustrating a fin configuration example
1 (b) and a fin configuration example 2 (c) according to an
embodiment 2 of the present invention, respectively.

[Fig. 91 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 position having a hole and
a position without a hocle on the fin surface.

[Fig. 11] Fig. 11 is an outline view illustrating
opposing fins of the evaporator (heat exchanger) showing an

embodiment 3 of the present invention.

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




[Fig. 12] Fig. 12 is a schematic diagramof the fin of
7 the evaporator (heat exchanger) illustrating an
enbodi mrent 4 of the present invention. [Fig. 13] Fig.

13 is a schematic diagramof the fin having slits
illustrating the enbodi nent 4 of the present

i nvention. Reference Nunerals [0015] 11 outdoor unit
12 indoor unit 21 conpressor 22 condenser (heat
exchanger) 23 fan for congenser 24 expandi ng nmeans 25
evaporator (heat exchanger) 26 fan for evaporator 31
fin 32 heat transfer pipe 41 surface on cooling face
42 wat er vapor 43 nucl eus 44 condensed wat er dropl et

the ﬂEaESHGEﬁ§eéhﬁéFe?XGP659§F aﬁ@éPséﬁﬁF@Eﬁaﬁpoﬁmb@@lW§€t 4
dropl e

of the resent invention.

[Fig. 13] Fig. 13 is a schematic diagram of the fin
having slits illustrating the embodiment 4 of the present
invention.

Reference Numerals
[0015]

11 outdoor unit

12 indoor unit

21 compressor

22 condenser (heat exchanger)

23 fan for condenser

24 expanding means

25 evaporator (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




47 needle-like frost 50 untreated fin surface - 8 51
fin surface having a hole with a radius of not nore
than 1 nmon the surface 52 hole with a radius of not
nore than 1 nm 53 nucl eus 54 condensed wat er dropl et
61 fin 62 heat transfer pipe 63 hole of not nore than
critical radius r* in enbodinent 1 64 frost 71 fin
surface 72 heat transfer pipe 73 hole offered for
freezing point depression @f - condensed water dropl et
by G bbs-Thonson effect 81 fin surface 83 hole offered
for freezing point depression of condensed water

dropl et. by G bbs-Thonson ef fect 84 condensed water
d%gpl et TN 9TUF T AC92"_Y +19 BRskOMBdBS R o ERF+YF ngt qupt more

thag enkP%EPHhﬁ?‘sJé%%%? Enbodi ment 1

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 hole 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

84 condensed water droplet

91 fin

92 slit

Best Modes for Carrying Out the Invention
[0016] Embodiment 1
An embodiment 1 of a heat exchanger according to the

present invention will be described using a refrigerating




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 exanple, 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. 1, reference nuneral 11
denotes an outdoor unit and reference nuneral 12
denotes an indoor unit. The outdoor unit 11 is
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equi pnent” such as a unit cooler and a showcase.

11 dRQIds stheyefddgerant dside e Jefhingerat ing denotes
device is conpressed by the conpressor 21 to becone

an i@fdahigh ¢ .t emper atursoandnhighipressuneiand Ghewsa
into the condenser
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 26 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.
[0017]
The refrigerant inside the refrigerating device is
compressed 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 liquid refrigerant and then, it is expanded by

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




22. Then, the refrigerant radi ates heat in the
condenser 22 to becone a liquid refrigerant and then,
it is expanded by the expanding neans 24 to becone a
gas / liquid tw-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 cool{@g-operation 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 ,
refnbiofdlap tusedlfor eFEf PRYBPAL PR§OHBYI BB§TaRgOHj pibient air
. ondi tioners. TQF ondenser 25 is i nly constituted
in 4P SVARAURLIT y bf TS TheatAT FSF S TTY WL a
lurality of . heat transfer pipes 32. .The plurality of
comtiaiet Yo' ToPaBkelcw thon B CadrorhiRaa Y RLE bl oS
t. ebet wee and the eat transfer, .pi pes 32 ar .
carﬂ%%%f%§6%§5:§§%Q9;ﬂﬁ%ﬁ%ﬁiﬁ? ﬁ ﬁcﬁﬁﬂ%¥%$églﬁf5Vi§é§ﬁﬁi
[001%qch fin 31. The condenser 25 absorbs heat by
evaporation of the liquid refrigerant flowng in

t?&eugb Ehgwge@EtgﬁngBQrtHEp%%aggrg@grcé%rEﬁ%wnpgh Fig.

heat’ exchange with the outside air through the fins

1. Bke ohhyBi-pUBYPbatgnand therhijkeowhisch irspeasyutgrbeeat
processed and has good thermal conductivity is

exchsideablvg Jaary thed ims rilde ordely e perdordnamir

ef ficient heat exchange process wth air, as shown by
conddmn iaie@W . NThiegcoRdeakeri $5f ed mAtAly 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




t he evaporator 25 toward the fins 31 in parallel from
an evaporator fan 26. [0019] For exanple, while
under a cold storage condition, an - 11 anbient
tenperature is OC and an evaporation tenperature of
the refrigerant is approximtely -10C, under a
refrigerating condition, the anbient tenperature is
-20C and the evaporation tenperature is approxi mately
-30C.  Under such conditions, -the surfaces of the fins
31 are OC or below for both cases, and frost is
formed on the fins 31. |If frost is forned, an air
b.volume flow n thro&gh the evaporator 25 is reduced,
AP He ot CECHANYGES ahbunt® vith The™ VT s Poviererpranre of
t he_cooling performance of the _ eyvaporator is
the(ﬁﬁ%ﬁ%QﬁﬁﬁékilT(ﬁﬁﬁﬁox%ﬂ?ﬁﬁ%%e_ﬁidSé,uq$e%ﬂaannunt of
J st generated on ., the fins 31 can be reduced, .
reféigé%%?rl &ﬁ%§é§ﬁ%@t&ﬁ§%fﬁ%&%ﬁtfﬁ?ﬁﬁe¥%ﬁ&ﬁecﬁ%"O c
q degr eas The ' ﬁgFo %P . hol Wi £ ho
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Und&¥ &paovidied onthe fid 31 40 dger °
! frost anount anJ{to reduce t(ggfrost %i%ﬁﬁszﬁg%we 0-c

or wlelaying ddhe tdimed 0 1he €logging af dde alrepathng 31,
the performance deterioration of the device Is

If St essedhevel, idn faostvd sumd of mmghing through the
evaporator 25 is reduced, a heat exchange amount with the
air is lowered, and the cooling performance of the
evaporator 1s deteriorated.
[0020]

From the above, if an amount of the frost generated on
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 if frost is
formed.
[0021]

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




[0021] 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 OC 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 deternined by the tenperature and
hum dity of the air, water jgapor 42 in the air is
cooled on the surface 41 and condensed into nuclei 43
on the surface 41 so that condensed water droplets 44
a1 argdforned. gh thg surface 41 mhi&ﬂ .S not treated,
tRTS CORdRRERTTON"FEYShRLhTe BVer JRheretP The tbndenrted
. Wat ets 44 amal ganate with,  adjacent condensed
eoi {8 SFrEFERI EHE G o rEndr St ace Sherty TaMGECSCate and
i,n i ng. Si s _apml fion.occurs a
humf@f&%ngft%ﬁgmépg, é%@gﬁ 5%%866 ergﬁngh?e?%r4%s coo%ed on

rand ere are condens rop havi ng
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tenperature on the surface 41 stoO ow,
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bel ow and condensed to becone ice droplets 46. From

surffigcice dopheis 46; frosted/ 181is9e988ALEI i Bnanay occur
needl e state and a frost layer is forned as the

evemhohere [ 0022 cdriddhe AivataMmeicibtes i5 Qe0lg el t@Wiwith
it has been reported in the literature that frost is
adjdoemedcdydensed water droplets 44 to lower surface energy
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
on 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.
[0022]

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 condensed 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




sublimation, but it has also been reported that
over-cooled |iquid water exists up to -40C. However,
essentially, the frost formation process is not
different fromthat of OC or above. The condensed

wat er droplets or ice droplets formed on the cool ed
surface amal ganate together, the needle-like frost is
generated fromthe ice droplets, and the frost - 13 -

| ayer is formed as a whole;3[0023] The above growth
process fromwater vapor to frost is generated by two
phase changes. One is a phase change from water vapor
to .t he condensed ter droplets, while the other is

1ay§hd HHEE Charge f %he condensed water droplets to

[Oaige droplets. In the phase change, nuclei are
generated in a stable environnment phase, and growth

h | ei | ead f ti f diff t .
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radius r is generate = - (471r3/3v
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one nol ecul e, d denotes a change anount of chem ca
drogietent i ah pae pBheeULBandBY Yuclei are generated in a
stable environment phase, and growth 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 lowered
thermodynamically, and its change amount dG is given by the
following formula (1) when a nucleus with a radius r is
generated:
[0024]

dG = -(4nr’/3v)dp + 4nr®y .. (1)
[0025]

Where, v denotes the volume of one molecule, dp denotes
a change amount of chemical potential per molecule, and 7y
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




denotes the surface energy density. When Gis |owered
by the gromh of the nucleus, r is increased so that
dG is decreased. The r dependency of forrmula (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 termon the
right-hand side is decreased to be negative with an
increase of r, and the secondtermis - 14 increased
to be positive with the increase of r. FromFig. A4,
the formula (1) has a |l ocal maxi numvalue at a certain

. r =r*, and dG.is increased wi.th the increase_of r_at
incrgagef £o ﬁe’ PR VAt ertg Fg‘,e &écir§a&§cr°%a§ed Weh The
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xt, control

phase nge f er;: VapeH, it >Qnd d \wat.en
o T R O

thanWB@r%ahh%o%QQ%%ef%&%@H%&E PrRcEss ks beearvakero ¥aper
to condensed droplets. en considering a change in
critibelgasdphasex,dana the her mel ad@) dest giywen by the
differentiating the formula (1) by r and is given by the
following formula (2).
[0026]

r* = 2yv / dp .. (2)
[0027]

Next, control of the phase change from water vapor to
condensed water droplets will be described. Here, a case 1is
examined where the above formation process 1s 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)

[0029]

Where, k denotes the Boltsmann constant, T denotes a

temperature of the fin surface (or a temperature of

condensed water droplets), p denotes water vapor pressure,

and pe denotes an equilibrium vapor pressure of the




following formula (3) using a pressure in each phase:
[0028] d = kTlog(p/pe) ... (3) [0029] Were, k
denotes the Boltsmann 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 equilibrium vapor
pressure of the - 15 - condensed water droplets.
[0030] By substituting thesfornmula (3) into the
formula (2), the followng formula (4) is acquired:
[0031] p/pe = exp((2yv)/(kTr*)) (4) [0032] Fig. 5is
cond? di a raqyllgystratlng p/ pe as a function of r* when

Ve Condended Watér Sdroplets are assumed to be OC.

roo3phere, y = 76 [erg/cnmR] and v = 3 x 10-23 [cnB]
hysi cal property values of water at 0C) are used. A

guguggt Qﬁtlﬁg gﬁ%e@g?R%XaOf ?/+%t%h% e %gagkgeegZRF

S not ar ge ange even | ange

the Foil%@%m%s%tk%hl Ofg) %ﬁ?QQLfQ }ﬂ is, the phase

change fromthe mater vapor e condensed wat er
[oo3dropl ets can be exami ned by this diagram [0033]

p/pe = exp((2yv)/(kTr*)) .. (4)
[0032]

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, y = 76 [erg/cm®] and v = 3 x 107%° [cm®] (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 if T is changed (even if 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




For exanple, when the air conditions are tenperature
7C, relative humdity 85% and the fin surface
tenperature -10C, the difference in the frost grow ng
process is shown wusing Fig. 6 between a fin surface
51 (Fig. 6B) in which holes 52 are provided on the
surface and a surface 50 (Fig. 6A) w thout holes.
When the tenperature is 7C and the relative humdity
is 65% water vapor pressuriei-n the air is p 854 [Pal
Since the tenperature of the condensed water
droplets is considered to be -10C, which is al nost
e - 16 the surface tenperature, the
e Ak, St Oepor TPt iPectr Lt he UbndaRogdPagEar e OF
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theTheref ore, ragighowm ko Figs; 6A §9gm6§iﬁthg.nufﬂgysﬁs, a

53 wwth r > 1 nmcontinues grow ng, amalFganates wt

nuc@Buddpacgntnhcendensgg wate groptel 4o P@Fo & '
| arger water droplet 54. Cgr?he othe? %and,g?f t%%n e

Fighol eA52nw th, t beer adtusyuef skegsthhans1linpni sonepgned
on the surface, since a condensed water droplet wth

groainadi asabdfametest hanhlannmueganehtbechaeredqdi Nsikde the

hole 52, a condensed water droplet is not generated
drophsitdeot hecohel @ 52rgandwtheredwbblebesa.r egh orhavheriger

the water droplets can be easily anmal gamated and a
han@egiéntb@hépﬁﬁséZonithethe 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.
[0034]

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 too small, the

above effect cannot be expected unless countless number of




surface as shown in Fig. 6B. As a result, as shown in
Fig. 6B, amal gamation of the condensed water droplets
is suppressed on the fin surface 51 on which the

hol es 52 are opened, the frost formation anmount is
reduced conpared with the untreated surface 50, and
the frost height is also |owered. [0034] A reference
val ue of the diameter of the hole 52 is changed in
accordance with a state iniwhich the device is to be
used. However, if the hole radius is too small, the
above effect cannot be expected unless countless

nb f -.17. hol ided he fi.n surface.
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' d, it d f rrent _air.
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[oodiyt, dust and the like usually presuned to be present
i ndoors and outdoors, the hol e does not becone

clogged And d/he parfonmmnce, i, M tal ned Foal A | ang
time. [0036] The depth of the hole provided in the

nands z&lo@sd noincPref er abbyr peactrat ¢ the1fdp {Mayieneof

strength of the actual fin. Methods of opening a hole
diamétemaneprdert j dide 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. 1In 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




fin include an anodi zati on nethod. In the anodi zati on
nmet hod, a netal is treated as an anode, an insol uble
el ectrode is made to be a cathode and a direct-current
el ectrolysis operation is conducted in an electrolytic
sol ution. Wen the anode and cathode are electrified,
a surface of the anode netal is oxidized, and a part
of the netal is ionized to be dissolved into the

el ectrolytic solution. Lnygarticular, alum num

ni obium tantalumand the |ike are given an oxidi zed
filmby the anodi zation nethod. Since the oxidized
film has poor electric  conductivity, as

t he
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the above effect is not essentially chang for a

air,panretirated holesdz0ri 18 healo @XERANGLLAYINGAD hole.
extremely thin fin, a penetrated hol e may be opened.

HoweRA3 7]t heAspmRRt icaited rabey eyo thye o idiing, ahol®d for a
smal [ er than

penetrated hole. For a heat exchanger having an extremely

thin fin, a penetrated hole may be opened.

[0037]

As mentioned above, by providing a hole smaller than
the critical radius determined by the air conditions and the
fin surface (cooled 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 the air passes on the upwind side, the
water vapor 1is 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. Also, 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 obtained.




the critical radius determ ned by the air conditions
and the fin surface (cooled face) tenperature
condition on an upwind 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
formati on anount on the fin can be reduced, and the
frost height can be lowered. Wth this arrangenent,
even if the air passes on the_upwi nd side, the water
vapor is not condensed but flows to a downw nd si de.
As a result, clogging of the fin can be del ayed, and
erformance deterioration caused by the frost

[003%r mation can be del ayed. Al so, by using this effect,
an.interval hetween. the fins _can be further narrowed
ShiEfar L SigEr SPpdlCREALS LRERBRGE: ChFPRTgS0ATENNT
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. 1 1. vapor at eat C r I air
air é%gﬁéillt”cllao%eef RefA eg!ar(rr(ﬁ A ﬁi‘r?% *]ﬁ'}gﬁn tee%dl i gL o

oner,’” for exa e, e fin i's made
P ONEY tne, er eal 9€rh s,
narThus, ag' S o&%hﬁit%%bﬁﬂaA, ené¥£e G%&%l si de gﬁd =8

shoﬁm%rﬁ%\’w\ﬁ Ny siy@en & GUPHED: &N APUHe HoldiPstd 64 de

ornmed on the upw nd side is |larger, and the hei ght

are Horthe d4,08dn Gddumdhigher-on dhedpwdddside apdiind

becones Ipmer toward the downw nd side: That is
s1iddbecause o Mc et ath ofhdihg wad ere nea o d i dhe Aidigher on

becones condensed water droplets in the upw nd side,
the thevind side and becomes lower toward the downwind side.
That is because since most of the water vapor in the air
becomes condensed water droplets in the upwind side, the
water vapor amount contained in the air decreases toward the
downwind side. For such a heat exchanger, by decreasing the
frost formation amount on the upwind side, the height 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 Fig. 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




wat er vapor anount contained in the air decreases
toward the downw nd side. For such a heat exchanger,
by decreasing the frost formation anount on the
upwi nd side, the height of the frost fornmed on the
upw nd si de can be | owered, and by having the frost
formed uniformy on the entire fin, the tinme to an
air path clogging can be del ayed. Therefore, as shown
in Fig. 7B, by providing-a2hole 63 of not nore than

t he above-nentioned critical radius r* on the upw nd
side of the fin 61, the frost anount forned on the

upw nd si de, can . he .decrease nd t.he hei ght of the
pref i I RS SE T 18 S e e BN D W siBhes e 1% 71

Ref.erence nuneral 62 i Fig. .7. enotes a heat
amdtarahnesetertrpalmpse.e 0%13%‘? nb%cg?sn%lnu rk%xttsr}e ae‘ff"lepa?r"’ltor
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I nvention” w e descri bed.

h i i .
con e R (P AL SR L e Miorpeion by
evapd FLady; descidbed, r 4 he goondenses, {heatn W{jﬁh@%eat

conducts heat absorption by evaporating a liqu

trad&fdd gerpnt7 £ laowimosd nestdnough dhe, head oddansd eripi pe

72 to heat exchange with the outside air through the
thrdidh Hhe Asidrent i oned mabevenddhedeld,i gefatidTyigerating

conditions are the anmbient air tenperature of -20C,
condinel oreyv apos athomriteinger ai ur ec @fipabotiire 3OC, -ant t hene

fin 71 surface beconmes OC or below to cause frost
evagoramtimon.emdesigture 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-Thomson effect in the
following formulas (5), (6) on the entire fin 71 or around
the heat transfer pipe 72, time to the frost formation is
delayed, and performance deterioration of the device is
suppressed.
[0040]

Next, control 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




as shown in Fig. 8, the periphery of the heat transfer
pi pe 72 can be considered to particularly have a | ow
tenperature on the fin 71 surface. In the enbodi nent
2, by providing holes 73 offered for dropping the
freezing point of the condensed water droplets by the
G bbs- Thonson effect in the followng formulas (5),
(6) on the entire fin 71 or around the heat transfer
pipe 72, tinme to the frost ofhormation is del ayed, and
performance deterioration of the device is
suppressed [ 0040] Next, control of the phase change
om condensed water  dro Iets toice droplets will be

glV%%s%Y. bledl. TConsTHe? HOEASe? fhhatUthed phasemgehet affoh OF
1 H§SS shown in the enbodinent 1 is fromthe
a %ﬂ nRed°Gat er droplet to the ice droplets. Wen
[OO§€PS|der|ng the change in a nelt liquid phase, dis -
given by the following forrmula (5) using a

T?H?QI%fHﬂﬁ gﬁ [ iquid phase. [0041] d = L(Tm -

42] ere, L denotes a | atent heat
oo@i nmel ting, and Tma freezing tenperature. [0043] By
%stituting the forrmula (5) for the formula (2),

Where, L denotes a latent heat of melting, and Tm a
freezing temperature.
[0043]

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

Tm - T = (2yvIm/L) - (1/r*) .. (6)
[0045]

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

[00406]

Fig. 9 is a diagram illustrating the r* dependency of
Tm - T of water. Tm = 273 [K] and L = 9.97 x 107! [erg]
(physical values of water) are used. From Fig. 9, when r*
is sufficiently large, Tm - T is asymptotic to 0, and the
liquid phase temperature 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 become a freezing point and freezing




the following fornula (6) is obtained: [0044] Tm- T
= (2yvTmL) (2/r*) ... (6) [0045] The |eft-hand side
of the formula (6) represents a tenperature

di fference between the freezing tenperature and the
liquid phase. [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, whepor* is sufficiently |arge,
Tm- T is asynptotic to O, and the |Iiquid phase
tenperature corresponds to Tm This is a state of

ot df SEELIBIGUTLN 2 DU YL O 10 LT P

Thoése sng%ler r* is, Tmdoes not becone a freezing

"ht andd?ree2|ng - 22 point depression occurs. This
Oogﬁfect is called the G bbs- Thonmson effect. [00471 As
own in Fig. 10, for exanple, consider a case in

‘MA C'%h%d ar; %8 barg Of¢ Jolg ggsanﬁ;iae each fiayd g, tJ?aese in

I us o are opene ‘surface 81.

wm&olae B3rds ﬁa&@&d oMM L & condensed ey er dm@lﬁsd%s of
he radius of the condensed water drople % 84 can
10 r@r@,nSAP@r@&eﬂ@db@le $iMface 81. If the hole 83 is fllled
with a condensed water droplet 84, the radius of the
condensed water droplet 84 can be considered to be 10 nm.
Then, the freezing temperature of the condensed water
droplet 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 hole 83 is not frozen
but become the ice droplet 85 only in a region other 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
holes 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 around 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




Then, the freezing tenperature of the condensed water
droplet 84 in the hole 83 is known fromFig. 9 to be
close to -15C. Then, even if the surface 81 is cool ed
to -10C, the condensed water droplet 84 in the hole
83 is not frozen but becone the ice droplet 85 only
in aregion other than the hole 83. As a result, the
frost formation anount is reduced. That is, in the
hole with the radius of r*>gn_the fornmula (6), the
freezing point of the condensed water droplet in the
hol e becones 0OC or below. By providing the holes 83
havi ng the G bbs-Thonson effect on the entire fin
redyqsdciogging time caused by frost formation is

del ayed. Also, .b roviding a |arge nunmher of such
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nee reduced. I nterva Bétmeen tﬁ% hgﬁés 83 i§1 &5%1ma

efrefenally an oigiaraaly, of, appr oxidmd.elys iny the oF der
of several nm which is equal to the hole dianeter,

apprd it d18asfo 200 holes 83 are needed on a plane of

200 nm x 200 nm so that an optiml effect cannot be
[00sxpected with the nunber of holes of approximtely

5%§ 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 hole 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 outdoors, the holes are not clogged, and
the performance is maintained over a long time.

[0050] Embodiment 3

Next, the configquration of an embodiment 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




[0048] By providing the holes 83 having the above
effect on the fin, reduction of the frost formation
anount can be expected. As a result, even in the case
of operation with a tenperature of the evaporator to
beconme |l ower, the tine to clogging between the fins
can be del ayed, which |eads to performance

i mprovenent of the device and energy saving. [0049]
The dianmeter of the hol e-83sprovided on the fin is of
nanosi ze, and since it is sufficiently smaller than
the dianeter of dirt, dust and the |ike usually

resuned. tqQ be . present indoors and outdoors,. th
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ty of the fins 31 are arranged 1 n paralle

froé@td}$%8Fﬁﬁﬁkﬂﬂgﬂﬂrﬁﬁké§“d¥wﬁﬂe pbdhey heats tyansheter
pi pes 32 penetrate them In such a heat exchanger,

somamiennd he fd sy 3k narg ol do e ofi el oW webd Hst

formati on begins, the frost grows fromboth faces of
cloddwl apposidngr fddts, Fhe A trer 350 thurei &l apsed, cide

gap between the fins 31 becones

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 general defrosting
method 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 to the surface
of the fin 31 in the prior art fins, in the embodiment 3,
the holes 52, 63, 73, 83 described in the embodiment 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-mentioned process, but
on the face with the holes 52, 63, 73, 83, the condensed
water droplets are hard to 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.




cl ogged 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 general 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 hgat exchanger for
defrosting. [0051] Though special treatnent is not
applied to the surface of the fin 31 in the prior art
fins, in the enbodinent 3, the holes 52, 63, 73, 83
[003¢dscribed in the enbodiment 1 or the embodiment 2 are
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the prior art fins, alnost the sane anount of ftrost

requadhel st Qdotdsiofnd hes opposidiged, nenddn dtctheuddh co
31 having the holes on one face described in the
ene@fpodiveng. 1 or the enbodi ment 2 supports the frost

only by one face.
[0053]

The diameter of the hole provided on the fin is of
nanosize, and since it i1s 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 f£in 31 of the condenser (heat exchanger) shown in
the embodiment 1. As mentioned above, 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]




Therefore, the frost can easily drop in defrosting,
and tinme required for defrosting is shortened, which
contributes to energy saving. [0053] The diameter of
the hole provided on the fin is of nanosize, and
since it is sufficiently smaller than the dianmeter of
dirt, dust and the |ike usually presuned to be

present indoors and outdoors, the hole is not clogged
and the performances are pgintained over a long tine.
[ 0054] Enbodi ment 4 Moreover, a configuration of an
enbodi nrent 4 of the present invention will be

descri bed. Fig. 12 shows the heat transfer fin 31 of
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Thereby, the holes to be provided on 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 alsoc to other embodiments.
[0056]

As mentioned above, by providing the holes 52, 63, 73,
83 of nanosize on the fins, it is 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 slit 92 portion, as shown in the




direction in the fin 31. Wth this arrangenent, even

if the gap between the fins 31 is clogged, a passage

for wwind is ensured, and drop in wind velocity can be

del ayed. Thereby, the holes to be provided on the fin

31 are preferably arranged cl ose together with a

small pitch or located close to each other in plura

rows. This applies not only to the enbodi nent 4 but

al so to other enbodi nents. »7[0056] As nentioned above,

by providing the holes 52, 63, 73, 83 of nanosize on

the fins, it is found that a frost formati on del ay

ef fect can_be obtained. Al so, s effect ve to
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arge. \Wien the anount of frost is increased, the
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frost formation in the slit 92 portion, as shown in
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providing the h 52, 63, 73, 83 in the slit 92

abopof thon, alhe {4 0sthdof natéRingen hheisyid O2rpegiten fin
is reduced, and the effect of the

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

droplets 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




slit 92 can be maintained for a long tine. [0057]
Types of the heat exchanger to which the present
i nvention can be applied are not limted to those
descri bed above, but also to a heat exchanger having
a corrugated fin wused in an autonobile, for exanple.
[0058] Thanks to the present invention, condensed
water droplets of water vapor in the air generated on
the fin surface can be gepgrated only in a specific
area, and the frost formation anount generated on the
fin surface can be decreased. Al so, by providing the
hol es 52, 63, 73, 83 on the MAnd side of fhe fin,
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operated at a |low tenperature of OC or bel ow
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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 morecver,
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




73, 83 around the heat transfer pipe of the fin,
thermal resistance can be reduced, and performance
deterioration can be del ayed when the heat exchanger
is operated at a low tenperature of OC or bel ow

Mor eover, by providing the above-nentioned holes 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 betweenzothe fins to becone cl ogged
can be del ayed, and noreover, when defrosting, the
frost can be easily peeled off the fin, and tine

requi red for, defrasti ni |s short ened. . [.0059 The
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util1zing the present invention, the probl en1of frost

exci@idmt i o gan he splyedin dhersurdaceofsthe hisaty.
exchanger for heat” exchange with air at OC or bel ow.

Particularly, in the refrigerating cycle system the
air- path clogging is caused by frost formation in the
heat - 29 exchanger, which results in performnce
deterioration such




as thermal resistance and defrosting. However, thanks
to the present invention, the tine to the air path

cl oggi ng can be prol onged, perfornmance deterioration
of the heat exchanger can be del ayed, and energy can
be al so saved. - 30 - CLAIMS 1. A heat exchanger
provided with a heat transfer pipe through which a
fluid passes and a heat transfer fin which said heat
transfer pipe penetrates-apd carries out heat

exchange with air, wherein a plurality of holes having
a radius smaller than a critical radius r* of a

condensed water dropl et gﬁégrgined by an air
tenperature and an air h i3 y around said heat

t d f t t t
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vapor pressure, an eqU| I brium vapor pressure

exckpgné@%lcﬁpdﬁlnlseqdﬂ@@@f droplet, y is surface energy
density, v is a volunme of a S|ngle nol ecule, k is the

Bal {an@an :¢9netramio] «an qiaahln% & sdiace drpmmenatize, of
the heat transfer fin heat exchanger provi ded

critddn a-fieals tFansf e @iRenddd opgthe Whi £dp Bef | @b e rmined
passes and a heat transfer fin which

by an air temperature and an air humidity around said heat

transfer fin and a surface temperature of said heat transfer

fin are provided on a surface of said heat transfer fin.

2. The heat exchanger of claim 1, wherein

sald 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.

3. A heat exchanger provided with 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 having a radius smaller than a

radius r* given by, Tm - T = (2yvTm/L)-(1/r*), are provided

in plural on a surface of said heat transfer fin,




said heat transfer pipe penetrates and carries out
heat exchange with air, wherein a plurality of holes
having a radius snmaller than a radius r* given by, Tm
= (2yvTmL)(l/r*), are provided in plural on a
surface of said heat transfer fin, - 31 wherey is
surface energy density, v is a volune of a single
nol ecule, Tmis a freezing tenperature, L is |atent
heat of nelting, and T is gisurface tenperature of the
heat transfer fin. 4. The heat exchanger of any one
of clains 1 to 3, wherein said holes are provided
only on one face of said heat transfer fin. 5. The
heat exchanger of any one of clainms 1 to 3, wherein
heat .transfer fin on a_surface
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tra@%%%§he5? transfer fin. 8. The heat exchanger of any

4.onenef hebai BBchah8e3, oWhehei Bnesairdchaligs areopsovidedein
inarowin parallel wwth an air passage di recti on.

said holes are provided only on one face of said heat
transfer fin.
5. The heat exchanger of any one of claims 1 to 3, wherein
said heat transfer fin having a slit on a surface
thereof has said hole provided in the vicinity of said slit.
6. The heat exchanger of any one of claims 1 to 3, wherein
said holes are provided in a region on an upwind side
of said heat transfer fin.
7. The heat exchanger of any one of claims 1 to 3, wherein
said holes are provided around said heat transfer pipe
of said heat transfer fin.
8. The heat exchanger of any one of claims 1 to 3, wherein
said holes are provided in a row in parallel with an
alr passage direction.
9. The heat exchanger of any one of claims 1 to 8, wherein
sald 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.

10. A refrigerating cycle device provided with the heat




9. The heat exchanger of any one of clains 1 to 8§,
wherein said 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. 10. A refrigerating cycle device provided with
the heat - 32 exchanger of any one of clains 1 to 9
as an evaporator.

_32._

exchanger of any one of claims 1 to 9 as an evaporator.




