DESCRI PTI ON REFRI GERATION UNI T 5 TECHNI CAL FI ELD The present invention
relates to a refrigeration apparatus fornmed by a heat exchanger that has a
heat exchangi ng surface. 10 BACKGROUND ART In a refrigeration apparatus in
whi ch a heat exchanger is operated as an evaporator, frost usually forns
on a heat 15 exchanging surface of the heat exchanger when the tenperature
of air with which the heat exchanger exchanges heat is |ow or when the
evaporation tenperature of the evappgakeprisyl ow. The frost formation

| owers the heat exchanging capability of the heat exchanger, and 20
consequently lowers the refrigeration capability of the refrigeration

apparatus. For exanple, in the %ﬁﬁﬁgg%ﬁﬁggﬁﬁflﬁgﬁp type air conditioner,
which is one type of refrigerati ) t he evaporation
tenperature of an outdoor heat exchanger operating as an evaporator
decreases when the outdoor air tenperature decreases during operation. As
a result, frost forns on the out8B6iNRheAt EXERBnger. The frost formation
| owers the evaporation capability of the outdoor heat 30 exchanger, and
consequently lowers the heating capability of the air conditioner. To
prevent this, th&haipresaditionentipertoilaseca def aosetifndgepetabnon when
necessary to renpve frost fromthe outdoor heat exchanger, However, the 1

def r ost i ng®BBAFaFFSnEREPeEuBYeRdERE RESPPRYSEpEPALi 8RSof PERE air
condi tioneexehahgWek therheating capability of the

10
BACKGROUND ART

In a refrigeration apparatus in which a heat exchanger
is operated as an evaporator, frost usually forms on a heat
15 exchanging surface of the heat exchanger when the
temperature of air with which the heat exchanger exchanges
heat is low or when the evaporation temperature of the
evaporator 1s low. The frost formation lowers the heat
exchanging capability of the heat exchanger, and
20 consequently lowers the refrigeration capability of the

refrigeration apparatus.

For example, in the case of a heat pump type air

conditioner, which is one type of refrigeration apparatus,

25 the evaporation temperature of an outdoor heat exchanger
operating as an evaporator decreases when the outdoor air
temperature decreases during operation. As a result, frost
forms on the outdoor heat exchanger. The frost formation
lowers the evaporation capability of the outdoor heat

30 exchanger, and consequently lowers the heating capability of
the air conditioner. To prevent this, the air conditioner
performs a defrosting operation when necessary to remove

frost from the outdoor heat exchanger. However, the
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air conditioner depending on the type of defrosting operation. This may

| ower the heating confort of the air 5 conditioner. Thus, it is required
that the refrigeration operation (particularly, the heating operation for
the heat punp type air conditioner which is a typical refrigeration
apparatus) be extended by delaying frost formation on the heat exchanger
and that the tinme taken by the defrosting 10 operation be shortened. To

nmeet theseqkedyubt eABNESerAB1 BRUSa05uapRhY i BBeaheht 08 bperation pfevention
| ayer on a heat exchanging surface to reduce the amount of frost formed on
a heat 15 thehahyeroongeraenay as aAvevapbraherthadeCpedRlplbposedtFhe

met hods for.arrangi a fr cptlon. pre [ yYeLstPrgvent frost
formation %?ri%g?gég?ﬂae{hgéé%%§%H§I?%pggé gﬁ@& ?Eehéate? regellency of the
heat exchapgingtsunf acehi 2GnPat enteputiié caddtoimd destoibest oree ex@npl e of a

method for applying a frost formation prevention |ayer._A coatin filmis
for ned by GPPAYEARGRETconUsT 1 ibhn Jc%nlf%ﬁilhﬁﬁg3tli%t 7ng%‘ﬁrb§/e{/\%trjg of a

speci {1 ¢ 0Lgang,pehysbhoxane, ayinoche Abbanal gpauR:ienl@@rpant hyavei ght
of specific organo 25 polysiloxahe to a heat éxchangi ng surface and

har deni ng phep appki edrconpdsktiporr Whéchr st af sYRAERSNTBEELERTREAC Payer
i ncreases the water sl|lippage an he ter repellen - e
exchangingaEBFFQEE?)vhgng?ggnaggtnggﬁgﬁaépg PEoLFoEb bR ofibShe

operateS as an evaporator in

this statepcWat ekclhapket sntihahahavae3@isendenrsadbguicbkl viefunstddwy on t he
heat exchanging surface. As a result, the amount of frost formation on the
heat ¥Xchargiragisor bacehpsteagdeed. 2 Fig. 15 is a cross-sectional view
schematically showing the structure of a heat exchanger. A heat exchanger

To meet these requirements, methods for applying a
frost formation prevention layer on a heat exchanging
surface to reduce the amount of frost formed on a heat

15 exchanger operating as an evaporator have been proposed. The
methods for arranging a frost formation prevention layer
prevent frost formation by increasing the water slippage and

the water repellency of the heat exchanging surface.

20 Patent publication 1 describes one example of a method
for applying a frost formation prevention layer. A coating
film is formed by applying a composition containing 3 to 70
part by weight of a specific crgano polysiloxane having a
silanol group to 100 part by weight of specific organo

25 polysiloxane to a heat exchanging surface and hardening the
applied composition. The frost formation prevention layer
increases the water slippage and the water repellency of the
heat exchanging surface. When the heat exchanger coperates as
an evaporator in this state, water droplets that have

30 condensed gquickly run down on the heat exchanging surface.
As a result, the amount of frost formation on the heat

exchanging surface is reduced.



42, which is the so-called cross fin and tube heat exchanger, includes
many plate fins 43 and a heat exchanger 5 pipe 45. The plate fins 43 forma
heat exchanging surface, and are arranged in parallel at intervals in a
direction perpendicular to an air circulation direction 44. Each plate

fin 43, which is arranged in a manner that its longitudinal direction
coincides with the vertical direction, forns a fin 10 line. In Fig. 15 two

fin lines are f0fﬂ§d 18 1hey cioshlabioNofhl e6tépnsddenThecheay exchanger
pipe 45 is conventionally arranged to neander and extend through t he

pl ate f|n58ﬂ6w1wgr9h6|géraﬂtucer@ﬁlatbeatnexﬁban@@rhedi1“%%% Ngfithe 45.
" The heat exchan pi pe,_45 has a, pIurall o] o] n at extend in a
: . %% hap h? Fh?os?h%a cros %xn £ 8 £& Q ﬁeéﬁ

di rection CII’CU alt'l on |rec 1 on These

portions Oéxéhgn@@at @%@maaggrmahpepﬂétarelasraageﬂdaa heegukachangerval s
in the longitudinal direction of the plate fins 43 between |ower ends and

upper eéndsPepet he- pl e Biafe iR 4 A §oBsta frAdats oM PrEEht T 3Srer
uhich I's TohqeXlPLe .hhed! 8YCpaleesLh Ded ahouevals anPhiag-bocibe surface

of the Iate I NS I'ncrease the water slippage and the water
repellencypefpehelphaae tbnsn43ir26iAcdiatnopadidéctoonr édei VEagh viat&te

droplets that drip . fromthe heat exchanger 42 a har gi ng.the ter
droplets i 518r#f ng@Hlﬁalbﬁ/?ﬁEaﬁgﬁg é?cﬁaﬁ@@?e£29giﬁ gﬁeﬁgnggFPalna

ce 46a of

the drain paped46ibs EB¢hingdstQidhsehar gertwaherdifbetheal esehangefid2 is
arranged substantially 30 horlzontallﬁ relative to the drain pan 46 of

whi ch itthe upper Emrffﬂa@ée Uea two i higt | hteescafhaforamedwer @Rl of the heat
exchanger c1rcuia%?88' g%‘ YohNgal OWeL ends; of éﬁﬁh%&ﬁiﬁapé'$§ 3,
partially comes In con w't h the upper surt
conventionally arranged to meander and extend through the
plate fins 43. A refrigerant circulates inside the heat
exchanger pipe 45. The heat exchanger pipe 45 has a
15 plurality of portions that extend in a direction
perpendicular to the air circulation direction 44. These
portions of the heat exchanger pipe 45 are arranged at
regular intervals in the longitudinal direction of the plate
fins 43 between lower ends and upper ends of the plate fins
20 43. A frost formation prevention layer, which is for example
the layer described above, is applied to the surface of the

plate fins 43 to increase the water slippage and the water

repellency of the plate fins 43.

25 A drain pan 46 for receiving water droplets that drip
from the heat exchanger 42 and discharging the water
droplets is arranged below the heat exchanger 42. An upper
surface 46a of the drain pan 46 is inclined to discharge
water. The heat exchanger 42 is arranged substantially

30 horizontally relative to the drain pan 46 of which the upper
surface 46a is inclined so that a lower end of the heat
exchanger 42, or specifically the lower ends of the plate

fins 43, partially comes into contact with the upper surface
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46a of the drain pan 46. Wen the heat exchanger 42 of this structure
operates as an evaporator, water droplets 48 that condense on the 5 plate
fins 43 run down as indicated by arrow 47. The water droplets 48 that have
run down nmay accunul ate and freeze at portions of contact between the

| ower ends of the plate fins 43 and the upper surface 46a of the drain pan
46. If ice 49 fornms at the |Iower ends of the plate fins 43, the water 10

droplets 4 r d .and.reagh the ice 49 and freeze. As a result,
frost 51 mggggxgrgaFug$E%§ g?on1the | ower ends of the plate fins 43 as

indicated by arrow 50. In this way, the frost 51 grows fromthe ice 49
formed at the | ower end o

t he heat exchanger 42. Thus, . even | wat er
sl i ppage and 15 WHEHMEFErL?QEeFFEﬁEQgSF ?2e8§uFPé8enguFE8r§|8F%r%?§§ 43 is
i ncreased, 53 Lef Bi@pb2ki0R, AaRRRERt HSoPSERE tReteafveshdenak oheaheexchanger
42 woul d not sufficrently benefit fromthe resulting formation reduction

ef f ect .5 20pRatent ipgbkiBcaunodovn 3apanddeakgiddbopaesrPt 8dt PHBFi ¥atFHbn  No.
2002- 323298 D} SO OSURE, OF  THE. LNVENTLON, 25, BRCBILENG) T0.B5 506 VED, BY . THE
TRE présent de

| NVENTI ON I'nventl on prov s a‘refrigeration apparatus that
reduces thecatbuat of toastcthaktierns tikelowerheatisexchahgeplisgeogénst ed
as an evaporator. 30 MEANS OF SOLVI NG THE PROBLEMS One aiﬁect ff.the
present i n¢entnenthEoVPHES &UTEarEf APGePdt ThR SA5Garardd i*Rel ulifnycs hdat

exchanger and;a -4drakR Rafer!RedRedt %%%h%ﬂ%%% Fas sa 4heat nexeharg ng
surface and exchanges heat between air circul ating al ong the heat
10 droplets 48 may run down and reach the ice 49 and freeze. As
a result, frost 51 would grow upward from the lower ends of
the plate fins 43 as indicated by arrow 50. 1In this way, the
frost 51 grows from the ice 49 formed at the lower end of
the heat exchanger 42. Thus, even if the water slippage and
15 the water repellency of the surface of the plate fins 43 is
increased, a refrigeration apparatus using the conventional

heat exchanger 42 would not sufficiently benefit from the

resulting formation reduction effect.

20 Patent Publication 1: Japanese Laid-Open Patent Publication

No. 2002-323298
DISCLOSURE OF THE INVENTION
25 : PROBLEMS TO BE SOLVED BY THE INVENTION

The present invention provides a refrigeration
apparatus that reduces the amount of frost that forms when a
heat exchanger is operated as an evaporator.
30
MEANS OF SOLVING THE PROBLEMS

One aspect of the present invention provides a
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exchangi ng surface and a heating mediumcirculating through 5 the heat
exchanger. The drain pan is arranged bel ow t he heat exchanger. A space is
formed entirely between a | ower end of the heat exchanger and an upper
surface of the drain pan. Another aspect of the present invention provides
a 10 refrigeration apparatus including a refrigeration apparatus includes
a heat exchanger and a drain pan. The heat exchanger has a heat exchangi ng

surface ange§§g§§gg@g%§e§§%aP§£&§e9n@iad9£§cglﬁéaegeﬁbﬁaﬂgébeaﬂsaé

exchangi ng sSur eating mediumcrrcul ating through the heat
exchanger . dtsifhpadt aiTheparedts exclaargper bed Dve thes hest clexthiarmerur fare heat
exchanger is arranged in a nner that . a | ower egd of &he gﬁgthgéghanger
partial |y 8BfeS*FieBIesnEeRt WPEHCSR fbper iSUIfacBIof PHE aF&i ASPan. A
pfOJ?Ct'0“ekéhéﬁg§nggu99a&86anhoweﬁese@ngfmébeumeair@&mhamggrthaadghhe
partial contact 20 between the | ower end of the heat exchanger and the

upper Ssurfheeheétt hecengarparThes perforpanl by arARId mPwitigdieat
projection_comng in contact wtht pper . he | dral nepan, e 25 A
further asﬁégg]aggeifhec%rse%ae%ef T hvER |eoéjn eg?%l\/’}sééieiq%eet‘?ée Itrli ger atél?%n appar at us
i ncl udi ng anhbeataexehangager Thedheat upprehangéncbasfatheatirexchpagi ng
surface and exchanges heat between air circul ating along the heat

exchangi ng surface and a heating nediumcircul ating through the heat
exchanger. 30 A high tenperature_portion is_arranged.bel ow tF eat
exchanger and heﬁ?gtae ﬁPeGEoBFegRFhgfeésﬂgeﬁgggngﬁggrﬁﬁg%ggggngthe heat
exchangj ngregrfigeeat9oRCappabbbher inkendiRg aheatreyehangen appeatessas an
evaporator. 5 A further aspect of the present invention provides a

refriger at iBAlagpar at bsatneraipnRges RBSt 2eLERARAGEAN - ThERRhEat
exchanger has a heat exchanging surface and exchanges heat

between air circulating along the heat exchanging surface
and a heating medium circulating through the heat exchanger.

15 The drain pan is arranged below the heat exchanger. The heat
exchanger is arranged in a manner that a lower end of the
heat exchanger partially comes into contact with an upper
surface of the drain pan. A projection is arranged on the
lower end of the heat exchanger, and the partial contact

20 between the lower end of the heat exchanger and the upper
surface of the drain pan is performed by a distal end of the
projection coming in contact with the upper surface of the

drain pan.

25 A further aspect of the present invention provides a
refrigeration apparatus including a heat exchanger. The heat
exchanger has a heat exchanging surface and exchanges heat
between air circulating along the heat exchanging surface
and a heating medium circulating through the heat exchanger.

30 A high temperature portion is arranged below the heat
exchanger and heats a water droplet that condenses and runs
down the heat exchanging surface to 0°C or higher when the

heat exchanger operates as an evaporator.
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exchanger has a heat exchanging surface and exchanges heat 5 between air
circulating along the heat exchanging surface and a heating nedi um
circulating through the heat exchanger. The heat exchanger is a cross fin
and tube heat exchanger including a plurality of fins that formthe heat
exchangi ng surface and a heat exchanger pipe through which the heating 10
medium circul ates. A projection is formed on | ower ends of sone of the
plurality of fins, and the projection projects nore downward than | ower
ends of the other fins. A further aspect of the present invention provides

a 15 refrigerat hofuappairatepecackbidichg drheahteiakangepnapdoaiddsabn pan.
The heat exchanger has a heat exchangi_ng surface and exchanges hea%
bet ween ai Fe&irA@GratiLog APEAGLNE A& UOdRShanGERG SHFhaggeind ARReRtfhg

medi um ci r gyl ati t hrqugh e (changelr, -Lhe (dr iR 1RAR IS hakikanged
bel ow t he %ggﬁg ék@ﬁ%n%e??% hgagﬁgﬁﬁ&pgﬁ hasagn ugperXSurfggg sugjected
to a wat ebeshicppi rd rand rwafler ingpellloent tiheefitementexchangrinigesuagpeet of the

present invention praovides a refrigeration_ apparat i ncl udi ng,a heat
exchanger ARG & 23 &% 58 MrTHe Tda? e h Ahgéerd agig ﬁ@&# EXChERGEhg
surface ang¢eexehangesrheat hbekbwaer @dds Gikntunat ithgeOomdhe eiedlangexchangi ng
surface and a heating nediumcirculating inside the heat exchanger. The
drai n pan iigcdndinged Malawlite ledatf insxdhatgdormThded giat SHTIRRSIRY upper
surface subj t 0 r S t . E LRTHQN +QF THE
DRAW NGS ul%%.%%l B 27 N B %\ahtpg\?vn%’ﬁc?%%hg E’é‘qﬁ‘?ﬁhc? 1 ikl
out door 0 heatedexeharigerulusesd .i nAapraieceandi isofieekmedcoor dbrgrt endsf pEst
enbodinent; Fig. 2 is a circuit dia%;an1shomjn a refrigerant .

some  of the plurality of Tins, and the projection projects

more downward than lower ends of the other fins.

A further aspect of the present invention provides a
15 refrigeration apparatus including a heat exchanger and a
drain pan. The heat exchanger has a heat exchanging surface
and exchanges heat between air circulating along the heat
exchanging surface and a heating medium circulating through
the heat exchanger. The drain pan is arranged below the heat
20 exchanger. The drain pan has an upper surface subjected to a

water slipping and water repellent treatment.

A further aspect of the present invention provides a
refrigeration apparatus including a heat exchanger and a
25 drain pan. The heat exchanger has a heat exchanging surface
and exchanges heat between air circulating on the heat
exchanging surface and a heating medium circulating inside
the heat exchanger. The drain pan is arranged below the heat
exchanger. The drain pan has an upper surface subjected to

30 hydrophilic treatment.

BRIEF DESCRIPTION OF THE DRAWINGS



5 circuit of the air conditioner; Fig. 3 is a cross-sectional view show ng
a portion of an outdoor heat exchanger according to a second enbodi nent;
Fig. 4 is a rear view showi ng the outdoor heat exchanger as viewed froma
downstream side in an air 10 circulation direction; Fig. 5(a) is a
cross-sectional view showng an inclined portion formed in the outdoor
heat exchanger, and Figs. 5(b) and 5(c) are cross-sectional views show ng

proj ections formadynqthe autdogi Reak @XCRARGRL, kBTG o6 gok e dredsy Vi ew
showi ng a portion of an outdoor heat éxchanger accordimg to a thir

enbodi ment aas outewed Haaomeax dtamysir esmdsiide am anr aiandditricuweat i on
direction; Fig. 7 is a craoss-sectional view showing a portion of an

out door he&°EHI L & ddrdFinFHORE ™Gt h enbodi ment: 20 Fig. 8 is a

cross-sectional vijgw shqw ng 3 Jhigh EEREHA WiHRWANG 10dGlededd n the
out door heat exchanger; Fig. 9 is a cross-sectional view show ng a high
t enper abur eipoiitored rthe fairstcomeditfiicecstrion; Fig. 10 is a cross-secti onal

vi ew showi ng a higqh §5 .t enperat ure p(%r.ti on i.n a second rr%di foir atoinor(l);f Fi g.
11 is a circuit iggr mlsgh&mcr‘?é)sg et ilé’élra nt” - AT IEF Fa B gl

t enper at ur erPittidad d heatt Rixddhanedi fdCalidng Fid.a k2 dohd «aiessiraeat;i onal
view showi ng a portion of 30 an outdoor heat exchanger; Fig. 13 is a rear
vi ew showi ng an &dt9dodr Ufedt res¥cHafieshaeddYdithg ot oR ¥ adnbodi nent as

vi ened from.an dunstreamside d.0an Adddalhatdon dif e¢tian 7 Fig. 14
IS a cross-sectional view show ng a portion of

10 circulation direction;

Fig. 5(a) is a cross-sectional view showing an
inclined portion formed in the outdoor heat exchanger, and
Figs. 5(b) and 5{c¢}) are cross-sectional views showing
projections formed in the outdoor heat exchanger;

15 Fig. 6 1s a rear view showing a portion of an outdocor
heat exchanger according to a third embodiment as viewed
from a downstream side in an air circulation direction:

Fig. 7 is a cross-sectional view showing a portion of
an outdoor heat exchanger according to a fourth embodiment;

20 Fig. 8 is a cross—sectional view showing a high
temperature portion included in the outdoor heat exchanger;

Fig. 9 is a cross-sectional view showing a high
temperature portion in a first modification;

Fig. 10 is a cross-sectional view showing a high

25 temperature portion in a second modification;

Fig. 11 is a circuit diagram showing a refrigerant
circuit of a high temperature portion in a third
modification;

Fig. 12 is a cross-sectional view showing a portion of

30 an outdoor heat exchanger;

Fig. 13 is a rear view showing an outdoor heat
exchanger according to a fifth embodiment as viewed from a

downstream side in an air circulation direction;

7



t he outdoor heat exchanger of the fifth enbodinent; and Fig. 15 is a
cross-sectional view show ng a portion of a conventional heat exchanger. 5
BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON A heat punp type air conditioner,
which is one type of refrigeration apparatus, according to a first

enbodi mrent of 10 the present invention will now be described with
reference to the draw ngs. (First Enbodinent) Fig. 1 is a cross-sectional

vilew show ng & pogLd om o 015 an,out door heat exchangst, 2, used. 1 a0 ok

conditioner 1 acco dlng i ment o Thvention.
" Fig. 2is atnerﬁutdodra@éaﬂ1ehOMangea befthgefﬂﬂthcembudim@ﬁt,t@ﬁdalr
conditioner 1. 20 |n the air conditioner, 1, the, outdoor heat exchanger

an expansion val v&'®; &% }%d%o?r%%%fS%&Eﬁ%ﬁ@%rvﬁ%w shov g - %ﬁ@ogﬁi?%hogalve

11, and a cgn@5§§§9{lgga§rgeggngggggggepy a refrigerant pipe to forma
refrlgerant circuit as shown in Fig. 2. During a cooling operation of the

air conditioner 25 1, the four-way switch valve 11 is set as indicated by

medi um di schar ged 7 ofFehe o ote srri THE Bl YN der of the
four-way switch valve 11, the outdoor heat exchanger 2, the expansion

valve 9, the indoor heat 30 exchanger 10, and the four-way switch valve 11,
and is sucked i Mk di¢dle RFADreERDralD. CARARtFRRETt WRiEhr £8l @8¢ ohvR® Of he

refrigerant  gh 8&‘&99% Q%érrg%ﬁga”%&o%de r@£e§ ?%r?% %ﬁﬂégﬁﬂﬁ fragd the

i ndoor heat EXC nger ates as an vapor at or. OUt oor eat
exchandér 2thaaprepenatesvastion will now be described with reference

to the drawings.

(First Embodiment)
Fig. 1 is a cross-sectional view showing a portion of
15 an outdoor heat exchanger 2 used in an air conditicner 1
according to a first embodiment of the present invention.
Fig. 2 is a circuit diagram showing a refrigerant circuit of

the air conditioner 1.

20 In the air conditioner 1, the outdoor heat exchanger
2, an expansion valve 9, an indoor heat exchanger 10, a
four-way switch valve 11, and a compressor 12 are connected
by a refrigerant pipe to form a refrigerant circuit as shown
in Fig. 2. During a cooling operation of the air conditioner

25 1, the four-way switch valve 11 is set as indicated by solid
lines in Fig. 2. 1In this state, a refrigerant serving as a
heating medium discharged from the compressor 12 circulates
in the order of the four-way switch valve 11, the outdoor
heat exchanger 2, the expansion valve 9, the indoor heat

30 exchanger 10, and the four-way switch valve 11, and is
sucked into the compressor 12. As a result of circulation of
the refrigerant, the outdoor heat exchanger 2 operates as a

condenser and the indoor heat exchanger 10 operates as an

8



a condenser, a gasified refrigerant exchanges heat with the outdoor air
and becones a liquefied refrigerant so that the refrigerant rel eases heat
into the outdoor air. In the 5 indoor heat exchanger 10 that operates as an
evaporator, a liquefied refrigerant exchanges heat with the indoor air and
evaporates to beconme a gasified refrigerant. As a result, the refrigerant
absorbs heat fromthe indoor air and cools the indoor air. 10 During a

heati ng operation, of t i.r conditione , r i ve, 11
is set as ?‘ﬁﬁ?%ﬁ?garbykﬁr} 0 heen Ol{%loedsrog}séa}s%o%él n %3%’92‘3@%’&}%"}% %es/étaéat% t he
refrigerant céhaehaegedaf gosithedcospregsoani2erthenyasesean whehotler of
15 the four-way switch valve 11, the_indogr heat _exchanger 10 athe
expansi on 98F9@CD, aihe2Bit HBEPMABat eXEHEAGER BSfLhEeTARL FBuFRARY“BGitch

val ve 11, 9@9¥5§ﬁggﬁ?e?éﬁggségtHegbeinEQHPﬁgséﬁfdégr Asra resutie of

circulation o rigerant, the i1ndoor heat exchanger 10 operates as a
20 condensendand hbetoakdbengheal Oekbhangeeratepesat @83 g¥aparagvspodat or.

In the indoor heat exchanger 10 that operates,as. ndenser .gasj.f;i ed
refrigerant 8¢ éﬁae§egééaeﬁPPg ?ﬁERaP§88o&eaFrwéﬁg ggﬁdéﬂéggF gégt%gg t he
i ndoor aircigpheated thBypbesher 8l gaseditunorethegeekntgermnta taesithe, out door
heat 25 exchanger 2 that operates as an evaporator, a |iquefied

refri ger anthexchangesrhsht ahpprbehacatt 856m Ahe aRdCCEvapsr aPEsCPElBecone a
gasified refri nt. a result, the refrigerant absorbs heat fromthe
out door ai?LGSggégoéhgé%'in Fig. 1, the outdoor heat exchanger 2, which is
a so-cld led cross fin and tube heat exchanger, includes many plate fins 3
and a single heat exchanger Elge 5. The Rla%e Lins.S for .%.heat 1
exchangi ng sur f aPBTARE argea ing operatioh of the air conditioner i,

the four-way switch valve 11 is set as indicated by broken
lines as shown in Fig. 2. In this state, the refrigerant
discharged from the compressor 12 circulates in the order of

15 the four-way switch valve 11, the indoor heat exchanger 10,
the expansion valve 9, the outdoor heat exchanger 2, and the
four-way switch valve 11, and is then drawn into the
compressor 12. As a result of circulation of the
refrigerant, the indoor heat exchanger 10 operates as a

20 condenser and the outdoor heat exchanger 2 operates as an
evaporator. In the indoor heat exchanger 10 that operates as
a condenser, a gasified refrigerant exchanges heat with the
indoor air and condenses, so that the indoor air is heated
by heat released from the refrigerant. In the outdcor heat

25 exchanger 2 that operates as an evaporator, a liquefied
refrigerant exchanges heat with the outdoor air and
evaporates to become a gasified refrigerant. As a result,

the refrigerant absorbs heat from the outdoor air.

30 As shown in Fig. 1, the outdoor heat exchanger 2,
which is a so-called cross fin and tube heat exchanger,
includes many plate fins 3 and a single heat exchanger pipe

5. The plate fins 3 form a heat exchanging surface and are
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9 arranged in parallel at intervals in a direction perpendicular to an air
circulation direction 4. The heat exchanger pipe 5 is fornmed to neander
and extend through the plate fins 3. Arefrigerant circul ates inside the
heat 5 exchanger pipe 5. In the outdoor heat exchanger 2, each plate fin 3,
which is arranged in a manner such that its longitudinal direction
coincides with the vertical direction, forns a fin 10 line. Al though two

fin lines a d.jin Lfcul ati jrection.4 j ig. 1, one fin

| ine or thr%%r%ggggr%ﬁf?%P§+?%£sg%ay$§£r¥%$%Eﬁ% %h%lﬁég%fégchanger pi pe 5
has a plurpéirpyndficpdstionsaihairexiendl 4tidhedtireecioonsd . pameendiacul ar to
the air circulation direction 4. The 15 portions of the heat exchanger pipe

5 are arrangea’aRoeT egiiar i hE eF VEIRY| TP tHRATORGI udi At SO r BE P49 of N he
plate fins,3,petween sovwel ends and ypper &Nds&f the H atR fHag 3. A

coating film having water slippadge and water repellency is applied to the
surface Sof ¢hehpha¢r Pims 3.so that the 20 surface of the plate fins 3 has
hi gh water slippage and high water repellency. Exanples of the plate fins
3 include all plate-like fins, such as flat fins, slit fins, and waffle

fins. 25 A drain panke fOitdesei e dat®inge PPt etSathat 1 gtd prid rpm the
outdoor heat exchanger 2 and discharging the water droplets is arranged
bel ow t he otftHebrifeatraxghdnyeramamper yppel et ates6hoBFitR@idRbi n pan 6

i2s iTRg' ggegﬁ%g%géfﬁlgg%glgg}%ﬁ@%grW.IL ﬁ.ttﬁéi@ér{{zgmtgfr%{?& 1r P@%Es exchapger
. ger i S arranged substantially orizontal ly
to theldraibipan GlofhoMylrchwippern sunfecerta ficemddicln ngce circulation
direction 4 in Fig. 1, one fin line or three or more fin
lines may be formed. The heat exchanger pipe 5 has a
plurality of portions that extend in the direction
perpendicular tc the air circulation direction 4. The
15 portions of the heat exchanger pipe 5 are arranged at
regular intervals in the longitudinal direction of the plate
fins 3 between lower ends and upper ends cf the plate fins
3. A ccating film having water slippage and water repellency
is applied to the surface of the plate fins 3 so that the
20 surface of the plate fins 3 has high water slippage and high
water repellency. Examples of the plate fins 3 include all
plate-like fins, such as flat fins, slit fins, and waffle

fins.

25 A drain pan 6 for receiving water droplets that drip
from the outdoor heat exchanger 2 and discharging the water
droplets is arranged below the outdoor heat exchanger 2. An
upper surface 6a of the drain pan 6 is inclined to discharge
water that drips from the cutdoor heat exchanger 2. The

30 outdoor heat exchanger 2 is arranged substantially
horizontally to the drain pan 6 of which upper surface 6a is

inclined.

10




10 In the first enbodi nent, space is forned between the entire | ower end
of the outdoor heat exchanger 2, or nore specifically, |lower ends 3a of
the plate fins 3, and the wupper surface 6a of the drain pan 6. Thus, water
droplets 8, 5 which condense when the outdoor heat exchanger 2 operates as
an evaporator, run down the surface of the plate fins 3 and drip fromthe
| ower ends 3a of the plate fins 3 onto the wupper surface 6a of the drain

pan 6. With thistEHE vies, Lhe.qukdaor Bsaloexshanug.2ugbdebhecdealn pan

6 have no 10 congactlng porFions. #ﬁe wat e ave run down

do not accundlatelatiepoehdons ehecontdebrbakweenxthangetrdagr orhaate
exchanger 2 and the _drain pan 6. This prevents_frost r§n1fornigg from
W I

 f
wat er dr opPBESIARGGA W AGVEPWEPEST PBNPENENS Bl CehdES3d  oPPhENRI ate fins

3. 15 The {rst eubedicaent Basihheqedyanpages.depcss begat b8l @bp(dids ! @, the
first enbodlinment, the outdoor heat 20 exchanger 2 and the drain pan 6 have

no cont@act whgcpocbnorsse Whes, thheowatlerrdhepiteescBanbatr Baveeranedoad t he
surface of __the glat% fins 3 go no% accun%Iate zt Bortﬁogs %tnpogt%%t

bet ween t h8"ofva88r 284y EXBhIRYBr tBCafd tRESAPAI fipak 16 - oAS 175 Pedlift
frost is pagvgntredn§ te@ flewBirngntisorbVatetn25pdaepl €tissand ogtowicthg upward
fromthe |ower ends 3a of the plate fins 3. This reduces the anount of
frost fornBBP6H tHELagst @éopfhég? dxghangen 2. ThethiFBisechbbarHeRE: nay be

o ok A b, I0CEEL 2 LR Shpshysthothaen poegsnace S

10 contacting portions. The water droplets 8 that have run down
do not accumulate at portions of contact between the outdoor
heat exchanger 2 and the drain pan 6. This prevents frost
from forming from water droplets and growing upward from the
lower ends 3a of thg plate fins 3.

15

The first embodiment has the advantages described

below.

(1) In the first embodiment, the outdoor heat

20 exchanger 2 and the drain pan 6 have nc contacting portions.
Thus, the water droplets 8 that have run down the surface of
the plate fins 3 do not accumulate at portions of contact
between the outdcor heat exchanger 2 and the drain pan 6. As
a result, frost is prevented from forming from water

25 droplets and growing upward from the lower ends 3a of the
plate fins 3. This reduces the amount of frost formed on the

outdoor heat exchanger 2.

The first embodiment may be modified in the following

30 form.

In the first embodiment, a space is formed entirely

between the cutdoor heat exchanger 2 and the drain pan 6.

11



11 Thus, air may circulate through the space and | ower the heat exchanging
efficiency of the outdoor heat exchanger 2. To reduce the anmount of air
circulating through the space, a shielding nenber may be arranged on the
upper surface of the 5 drain pan 6. In this case, the shielding nenber is
arranged outward fromthe plate fins 3 so that the shielding nenber does
not cone into contact with the plate fins 3. (Second Enbodi nent) 10 A

d enbodi 0 | O : - : :
eference. Lo P e faf SAREN ] REERAN 1] SR 6 SEBAEIE MG WA
sane as thessthamgjinege «ff idieendy reaft @ adivdidr excaptedahdiyesitapeTof t he

out door heat exchanger 2 and the positiaonal, relationship between the 15
~out door hedieB&hdritfera™HHd tthet idr &3F PR BN THE TBHPb e SPadiert Ife second

enbodi ment oMM 4P dditbdd ety SRedhBYedidd tHOu s deaprded di et ail.
Fig. 3 is a cross-sectional virew show ng a portion of 20 an outdoor heat
exchangér xcigormimg t o Inhéhdeconde, etrbedismrildafot hempegsént airmeagedon.

Fig. 4 is a rear_ yiew show t he. .out dpor at changer, 2 as viewed from
 Siownst r CHREIR $HPm R SRR on 3R rEES Gie e AT R g
4, the out dpsds heat @rchangey drifact hetgecod wbodinend 3s arranged in a

manner such that its |lower end partially conmes into contact with an upper
surface 6a of a drain pan 6. Thus, the | ower end of the outdoor heat

exchanger 2.ds. sHp : he drain pan 6. The upper 30 surface 6a of the
drai n pan 6(g|s mc%t;ecgj,%%rm})t he outdoor heat exchanger 2 cones into

contactOwi th an uppercoat terdfod e tuppfert lsundrecer8a. i rverfiign 441 tlhenaut door
heat eXChar}:gee rdeszcr%%de& hwej_t ra].jenf raenncee CtoonEFjignsF .O f Otncst aé:t wihteh s%?':%gt%trger at
cf the second embodiment is the same as the structure of the
first embodiment except in the shape of the outdoor heat
exchanger 2 and the positional relationship between the
15 outdoor heat exchanger 2 and the drain pan 6. The components
of the second embodiment common to the first embodiment will

not be described in detail.

Fig. 3 is a cross-sectional view showing a portion of
20 an outdoor heat exchanger 2 according to the second
embodiment of the present invention. Fig. 4 is a rear view
showing the outdoor heat exchanger 2 as viewed from a

downstream side in an air circulation direction 4.

25 As shown in Fig. 4, the outdoor heat exchanger 2 of
the second embodiment is arranged in a manner such that its
lower end partially comes into contact with an upper surface
ta of a drain pan 6. Thus, the lower end of the outdoor heat
exchanger 2 is supported by the drain pan 6. The upper

30 surface 6a of the drain pan 6 is inclined, and the outdocr
heat exchanger 2 comes into contact with an upper part of
the upper surface 6a. In Fig. 4, the outdoor heat exchanger

2 and the drain pan 6 come into contact with each other at

12



12 region R fornmed at the left side as viewed in the drawing. In the
second enbodi nent, the partial contact between the |ower end of the

out door heat exchanger 2, or 5 specifically the |Iower ends of the plate
fins 3, and the upper surface 6a of the drain pan 6 occurs at distal ends
of inclined portions 3b, which are forned as projections, on the |ower
ends of the plate fins 3 that cone into contact wth the upper surface 6a

of the draj e Mok 84 10 speci fd£al § Yde the wpoesd siki face dwawing he drain
pan 6 is a#%% ?ﬂe@ t%ggfscharge wat er, and the outdoor heat exchanger 2 is
arranged substantially horizontally so that the |lower end of the outdoor

heat exchanger 2 _partially conmes into co t W h Saface 6a of
the drain pan 6.1 h%hﬁSS?géﬁénﬁﬁb?é%T?%%%ngﬁg %iég%#iﬁ%d reiative to the
air circulpti ppyairesti 68 dhe Asushown heafigxcBangde 2ncdbined portion 3b

of the plate fin 3 in the left line is inclined dommmarg fr0ﬁ1£he out er
si de t dwarspehefrrdlle bhet hevelit dooF Pbatnexehahgefids And*PHe Phcl i ned

portion 3b of th | gte Ei thephhobt okifgsi ati AgktABdenpgwasd from
t he niddl%pP%ﬁagarfgggog e?Es?%% g%atﬂepoutdogr heat exchanger 2. The
inclined pontioned3porayche Boynmediby dragbnameg asuprPngcthenPowel ends of

the plate fins_3. 25 In the outdoor heat exch r 2 sh i | 3, the
shape of tkBeplarersPRAS gt tRE Hg@??egﬁp§igeggggtﬁ%meagﬁ??o§fgggcghe | ef t
plate fin @ithsFPQeuEBE? asrkheeshaper efiet Reaphapenfen Matethe downstream

side of the airflow, or the right plate fin 3. The left and right plate
fins 3l@resBOcafiangéd,i hha nanAsr SubARCPNERi AEJTEAr FE84E BPA"t ReLfpst r eam

nelined portion 3b.and;Lhg.dgungLeeam Lag! tRedoRerbbenndlr bacaangaesite

2 is arranged substantially horizontally so that the lower
end of the outdoor heat exchanger 2 partially comes into
contact with the upper surface 6a of the drain pan 6. The

15 inclined portions 3b are inclined relative to the air
circulation direction 4. As shown in Fig. 3, the inclined
portion 3b of the plate fin 3 in the left line is inclined
downward from the outer side toward the middle of the
outdoor heat exchanger 2, and the inclined portion 3b of the

20 plate fin 3 of the right line is inclined upward from the
middle toward the outer side of the outdoor heat exchanger

2. The inclined portions 3b may be formed by diagenally
cutting the lower ends of the plate fins 3.

25 Tn the outdoor heat exchanger 2 shown in Fig. 3, the
shape of the plate fin 3 at the upstream side of the
airflow, 6r the left plate fin 3, 1s the same as the shape
of the plate fin 3 at the downstream side of the airflow, or
the right plate fin 3. The left and right plate fins 3 are

30 arranged in a manner that inclined surfaces of the upstream
inclined portion 3b and the downstream inclined portion 3b

face opposite directions.

13



13 In this manner, the distal ends of the inclined portions 3b at the

| ower ends of the plate fins 3 cone into contact with the upper surface 6a
of the drain pan 6 in the second enbodi nent so that the area of contact
between the 5 plate fins 3 and the upper surface 6a of the drain pan 6 is
reduced as conpared with when the plate fins 3 have flat |ower ends that
cone into contact with the upper surface 6a of the drain pan 6. Water

droplets 8, which.condense_ when he oqut door heat ex n erates as
an evaporator, ru "1 hﬁ%m%a%%e?hd%%%t§HS€§Pa??oﬁ/%f ?ﬁgFggﬁléggghen, t he

wat er droppetsi8ndi BECALYtHEI PowBtOchle dfathepphabe HONe 3l obge iheo
inclined surfaces of the inclined portions 3b as indicated by arrow A2 and
drip onto tRENBREFNYpER BhBeFBPEr FBREATRgORhEL dfBEafir@hlsPal fhei hEfi ned

portions 3bg.0K,45-fBY&; LOnENE d£§é9|t35d§ 8f BﬁeCEHEEEEeQePQééhoﬂﬁe3b
unt i | reacﬁlng the drain pan 8. a resuft, t he amobunt of water
accunul &t i nglatet hénsoBt actli hjepoppeonsunfathetaubtiobhehdasinegghahges 2

and the drain _pan 6 decreases. This decreases _the anoun f ice.fornmed at
fhe cont act FREGREH PoncotBo Rt 1t8 HihoEBE oy aPE E7B5a s BaTFoRkr oy ev
showi ng prohLReti enssheMbhndcehbeinshapeathbat wate tREMBEpeR theraoyt dgor
heat exchanger 2. The projections shown in Fig. 5(a) are forned in a

manner that ©anthAcAraed pert fon Brted Erasleiatl v ch gfordrngtiein si de
and an 'nCltﬁgdoBQEEBPQ?ggt %Lcﬁa %g%eif?§e§a9gsaagoﬂﬂsé5§?8}§£9§,“&ﬁ?ned

respect to crrcu ron direc rma single continuous [ nc
porti orL0 Mbdewspesi ihaathyedtbg hwpownali hadrpgrt BonsTiden artehe fvateed in a

manner that an inclined surface of the upstream 30 inclined ortion 3c and
an inclinedd§9P#§E§ gfd%ﬁgctly drip onto the drain pan 6, move along

the inclined surfaces of the inclined portions 3b as
indicated by arrow A2 and drip onto the drain pan 6 before
reaching the distal ends of the inclined portions 3b, or

15 move to the distal ends of the inclined portions 3b until
reaching the drain pan 6. As a result, the amount of water
accumulating at the contacting portions of the outdoor heat
exchanger 2 and the drain pan 6 decreases. This decreases
the amount of ice formed at the contacting portions.

20

Figs. 5({a) to 5(c) are cross-sectional views showing

projections having other shapes that are formed on the
outdoor heat exchanger 2. The projections shown in Fig. 5(a)
are formed in a manner that an inclined portion 3c of a

25 plate fin 3 of an upstream side and an inclined portion 3c
of a plate fin 3 of a downstream side with respect to the
circulation direction 4 form a single continuous inclined
portion. More specifically, the two inclined portions 3c are
formed in a manner that an inclined surface of the upstream

30 inclined portion 3¢ and an inclined surface of the
downstream inclined portion 3c lie along the same plane. In
this modification, a distal end of the inclined portion 3c

of the plate fin 3 in the downstream direction comes into

14



downstreaminclined portion 3c lie along the sane plane. In this

nodi fication, a distal end of the inclined portion 3c of the plate fin 3
in the downstreamdirection conmes into 14 contact with the upper surface 6a
of the drain pan 6. The projections 3d shown in Fig. 5(b) are each
rectangul ar and are forned on plate fins 3 at downstream 5 positions
relative to the circulation direction 4. The projection 3d is forned by

cutting a portion of wer._end _of h_ plate _fiLn i pt ect angul ar
shape. Thegoﬁﬁgfch%Sﬁstgﬁ EHB?FeﬁufﬁgggeﬁgtﬁEoFLFh%§3%ﬁtggﬁi%g portions
of the outdoor heat exchanger 2 and the drain pan 6 in the 10 circul ation

direction 4, and reduce the area_of contact between the plate fins 3 and
the upper surfacBh8absfierbionfadd RAYE. 1ThE1Gr op £Eti B8RE S8Bhown in Fig.

5(c) are f 5 e a LN$ 4 ht BragsepLz eLEgUl ar
Cross- sec?%gﬁgngﬁéaéeggﬁgggﬁbgg?ﬁgﬁtBhagﬁsﬁg géggﬁ?aggsdgescFibed bel ow.

20 (1) 3 n pheisécondreibodiveent, thhecimchilpédopodtirensi8h 4andl®e and the
proj ections 3d agd 3e 8f.th% out ogr he% . exchanggr 2 came 'g%orcoH act

wi th the uBp&PeslrPicddedSof °*PRE G¥afH %éHgG§ PROSI PR afea®8F "contact
bet ween thgrpkats B%akingid andntbeauppetasyufiagesfapel tiwgedrain pan 6 is
reduced as conpared wth the conventional structure in which the |ower end

of the out B5eDcheapnexéHagferteni shentppalty of| AheaRANERELLBHCPOERYCBF t he
out door he h r S_..I nt,a i HPReR gukfacgeba of
the drain %gn?ég §89$98§,8§ e Sﬁ%ﬂ%ﬁggg ?cékpgﬁhgdhgglﬁhggportﬁons Sf
contact0 <circulation direction 4, and reduce the area of contact

between the plate fins 3 and the upper surface 6a of the

drain pan 6.

The projections 3e shown in Fig. 5(c}) are formed on
15 lower ends of plate fins 3 with a semi-circular cross-

section,.

The second embodiment has the advantages described
below.
20
(1) In the second embodiment, the inclined portions 3b
and 3c and the projections 3d and 3e of the outdoor heat
exchanger 2 come into contact with the upper surface 6a of
the drain pan 6. Thus, the area of contact between the plate
25 fins 3 and the upper surface 6a of the drain pan 6 is
reduced as compared with the conventional structure in which
the lower end of the outdoor heat exchanger 2 is entirely
flat and the lower end of the outdoor heat exchanger 2 comes
into contact with the upper surface 6a of the drain pan 6.
30 Thus, the amount of ice formed at the portions of contact
between the lower end of the outdecor heat exchanger 2 and
the upper surface 6éa of the drain pan 6 decreases, and the

amount of frost growing upward from the contacting portions

15



between the | ower end of the outdoor heat exchanger 2 and the upper
surface 6a of the drain pan 6 decreases, and the anount of frost grow ng
upward fromthe contacting portions 15 may be reduced. (2) The inclined
portions 3b and 3c serving as projections are forned easily by diagonally
cutting the 5 lower ends of the plate fins 3. (Third Enbodinent) A third
enbodi nent of the present invention will now be described wth reference
to Fig. 6. The ruct f the 10 third enbodinment is the same as the
structure of ?% e%%# odi ment except in the shape of the outdoor heat
exchanger 2. The conponents of the third enbodi nrent common to the second
enbodi nent will not be described in detail. 15 Fig. 6 is a rear view

showi ng a portion of ﬁh%mrwdrne%mr@mﬁgera@ atroradivigia @2 he third

enbodi nent V. o] front S|de in an
~air circul gélécjr?dl rpcgargstslea[cg\e Afbrg'gé# &t%sl)%/h &glan%onaa ntm;ér o] |ons are
formed ob |lowerr ends$s off sdre glate fims BL in such a manner that t he
proj ections extend nore downward than | ower ends of other plate fins 3S.
More specifically, two types of plate fins 3L and 3S that differ in
vertical |engiy & eousedif{drfier ence 25 nuneral 3 refers generically to the
two different plate fins), and each of the plate fins 3L with the |ong
vertical |engt h is ‘Cehlrrait@ftbcadlr@reﬂr y fpridaetrerarerad mume:rloof wal 1alt elow‘l ns

3S with the gt vertl engt p BSad

plate fins ﬁ areesca et na"t eﬁy theté]earngrecae 1%?) E6Jhg‘th \Lﬁgﬁ s&lr r&n&% the

proj ectilons fhormekmbdiment is the same as the structure of the second
embodiment except in the shape of the outdoor heat exchanger
2. The compcnents of the third embodiment common to the

second embodiment will not be described in detail.

15 Fig. 6 is a rear view showing a portion of an outdoor
heat exchanger 2 according to the third embodiment of the
present invention as viewed from a downstream side in an air

circulation direction 4.

20 In the third embodiment, projections are formed on
lower ends of some plate fins 3L in such a manner that the
projections extend more downward than lower ends of other
plate fins 3S. More specifically, two types of plate fins 3L
and 3S that differ in vertical length are used (reference

25 numeral 3 refers generically to the two different plate
fins), and each of the plate fins 3L with the long vertical
length is arranged at every predetermined number of plate
fins 38 with the short vertical length. In Fig. 6, the plate
fins 38 and the plate fins 3L are alternately arranged.

30

In this way, distal ends of the prcjections formed on
the lower ends of the plate fins 3L, that is, distal ends of
the lower ends of the plate fins 3L having the long vertical

16



the lower ends of the plate fins 3L, that is, distal ends of the |ower
ends of the plate fins 3L having the long vertical 16 length cone into
contact with the upper surface 6a of the drain pan 6 in the third

enbodi mrent to enabl e the outdoor heat exchanger 2 and the drain pan 6 to
partially come into contact with each other in the same manner as in the
second 5 enbodinent As conpared with when all the plate fins 3 in the

cont act reEéH@ ﬁe out§£8 8§H£§8£ M%£ﬂ Lhe QgﬁéP Qﬁef§ce EQ€oRT £ Of

contact betwe oor heat exchanger drain pan 6 is
reduced. Adrainepaht6 ihetheDUhirdfemabélmeathuuéaabhg Bhet hetgooti ons of
contact between the outdo %AOngat exchan rain

6
decr eases. PGAF s YelPRASES tﬁ Gntr et B fgrﬁgdp%ﬁtfﬁéggoﬁ?ﬁgﬁgﬂbo

portions. tpnthettpitd @H@Hdbﬁﬁ8£1lﬁh€h8| §Eﬁefh3§n§§ 89 0t thaveecdhaany
portions arranged between the |ower ends of the adjacent plate fins 3L.

This erfl argebodhecatr g cidmrd p3f pasHagadien alhdlowratend bs thelbut door
heat eXChagﬁgrgﬁntAQ fPé§/8§S§ c?ﬁQelﬁkéfE8H%5§$'%R@H0€p§fd% ?ngggﬁage

decr eases Vel oci i Ncréases ace 20

t enper at urehef atbe pkatenthos Betnééﬁasﬁs olbusporchadensedhangter 2i sntiess
likely to freeze at the | ower ends of the plate fins 3. Further, even if

the conden§R8 WARER PRBeSesS AEAHAEIL oVt 2MERSWET1 HE $I2RBRT af F3LRF t he

ice 13 is aé@ﬁﬂggagﬂnﬁhgtpkﬁéepgk9§o§s ?ecbﬁgaég Hoese8At t8L0s8tHBEr 25
ai rfl ow passage because the airflow passage 1s large. The third enbodi nent

has theé adveatageshdegeri Bedndbeéhewdr30n(ppnl A theredsed- eﬁﬁmu$nent, t he

lower endsof only. the ghate.hps;3L baving thechengoxesbiegl 'ength in

portions.

In the third embodiment, the plate fins 3S do not have

15 any portions arranged between the lower ends of the adjacent
plate fins 3L. This enlarges the air qirculation passage at
the lower end of the outdoor heat exchanger 2. In this case,
the airflow resistance of the passage decreases and the
airflow velocity increases. As a result, the surface

20 temperature of the plate fins 3 increases. Thus, condensed
water is less likely to freeze at the lower ends of the
plate fins 3. Further, even if the condensed water freezes
at the lower ends of the plate fins 3 and the ice 13 is
formed on the plate fins 3, the ice 13 does not close the

25 airflow passage because the airflow passage is large.

The third embodiment has the advantages described

below.

30 (1) In the third embodiment, the lower ends of only
the plate fins 3L having the long vertical length in the
contact region R come into contact with the upper surface 6a

of the drain pan 6. Thus, the area of contact between the

17



contact region R cone into contact with the upper surface 6a of the drain
pan 6. Thus, the area of contact between the 17 outdoor heat exchanger 2
and the drain pan 6 is reduced as conpared with the conventional structure
in which all the plate fins in the contact region R cone into contact with
the drain pan 6. As a result, the amount of ice 13 fornmed on 5 the
contacting portions of the | ower end of the outdoor heat exchanger 2 and

the upper sy ofo%er 82.qf Lhe g 'r“ b Q}aﬁ £ r%‘l‘ftc%gn g ne %%%%1[ e

anount of frost grow ng upwar contacti portlons her, the
proj ect i ongcattarddomirt el Iqommntgdnta& tawdr udtpes din pihdtoh failds tile and 3S
10 havi ng dlfferent vertical lengths. (2) In the third enbodi nent, the

plate finsPi8tdo e Rar&eafPadt ie9ienT &n Gofeefider @ toeitlends of

the adjacenfe pI,ali¢ fJaps 3L Ihhsr@@hf’t"&get‘%héhSméhBthVfC%@t honsdpmpASEATE
at the I ower end of the outdoor heat exchanger 2. his case, the

ai rfl owr edihst Ma@éon@ammst toef aihref Ilmwervelrmblqzil umcroelats@@r Asad
result, the _surface tenpe re _of the i ncreases. us,
Condensed FAPTET dednd 8 Jefies PR Sehoh o IS SR o at e
fins 3, an(ieZQchercDStTﬁ@é”&bﬁ@@e@nth@“@ﬁtoﬁﬂttéfOfErbBQ gkatiengi 0pwdris
suppressed. As a result, the anmount of frost formation on the outdoor heat

exchanger fqﬁﬂ/qﬁ?IQQ$P%Q11WQﬁPQQ¥HQﬂ§ttﬁ?ﬁtéﬁﬁodFH@nproﬂﬁ@tapﬁs are
circul ati ng t%%cp%%ss% Iu?s t a:rh%egenseé)?;%é %"fe €hd %flntsh% ou tnlqlo%'rs heat

exchanger eve e con Wat er freezes at ower ends
of thelpl ate+fiirgs dGIf feaneinntg vare ilcarlg Iwergtingal | ength and the ice 13 is
formed on the plate fins 3L, the ice 13 does not close the passage. As a
result, the airflow 30 resistance is prevented from i ncreasing.

(2) In the third embodiment, the plate fins 35S do not
have any portions arranged between the lower ends of the
adjacent plate fins 3L. This enlarges the air circulation

15 passage at the lower end of the outdoor heat exchanger 2. In
this case, the airflow resistance decreases and the airflow
velocity increases. As a result, the surface temperature of
the plate fins 3 increases. Thus, condensed water i1s less
likely to freeze at the lower ends of the plate fins 3, and

20 frost formation on lower parts of the plate fins 3 is
suppressed. As a result, the amount of frost formation on

the outdoor heat exchanger 2 may be reduced.

{(3) In the third embodiment, the air circulation
25 passage is enlarged at the lower end of the outdoor heat
exchanger 2. Thus, even if the condensed water freezes at
the lower ends of the plate fins 3L having the long vertical
length and the ice 13 is formed on the plate fins 3L, the
ice 13 does not close the passage. As a result, the airflow

30 resistance is prevented from increasing.

The third embodiment may be modified in the following

forms.
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The third enbodi rent may be nodified in the followng forns. 18 Portions
arranged at |large pitches, or nore specifically, the surfaces of the
projections of the plate fins 3L having the long vertical |ength, my be
subjected to 5 hydrophilic treatnent. The projections of the plate fins 3L
are portions of the plate fins 3L that project nore dowward than the
plate fins 3S having the short vertical direction. The hydrophilic
treatment may, for exanple, be perforned by applying a hydrophilic agent,
such as polyacrylic acid, to 10 the plate fins 3 when the plate fins 3 are
made of al um' numPoriemst ke reingtesl faitnd a3 gar @ iguthjesct ed tﬂ@r@ wat er sl i pping
and water ent. treatnent d the rophi l.i c .t.reat net ter
sl i ppi ng and q%d‘téé'r 1| %ﬁt Sturr%%tcr?ésnt ‘{’]ﬂi D& SIFOAET aF er Eﬁb ore the
hydr ophi | i gitneatimetviry the peorEae.1ddl tlmrfg’dw,y,makgﬁwss@kijfwztw fraces
of the prol ections are subjected to the hydrophilic treatnent,

condenséd wateroRpridads aevtmeton The §ﬁ|€>ﬂ8€él@flst RéE phst BlaFPn§l§S Elen
when the ¢ ti f a
| ow hei ght Q%}% %%%ﬂ;e surfoafi t%eefzepslh 62§l esz'tgeL ft:?%st Iq{?r%%tic{&em&ﬁdg%ﬁ?ﬁie ice

resul ting fatam ttiee p‘]ra:ezlm@sgrmaxmw ok Feed  seeerit v;mlraile:afh nﬁﬁ:moyl by a
smal | amount. Thus, the air circulation passa “2% I ose 5 t he
ai rflow resiig AW GRS ditsed g miaier r‘?‘g‘ Al t LPgG}'F Oﬁfénet iTd
enbodi nent AeSIGriRES & kBSHHIN i Middht hesiid deopdigatcwxchangard,2 teones
into contact with ~the 'drain pan 6,” a space nay be forned entlrely bet ween

t he oihﬂdoctrhehedta’f@(cﬂ'ﬂmﬁge} whemndhehe lrta rf ipeen 5 ane e e alvghineim-as in
the first Wodl

TR plé% fins 3 are subjected to a water slipping and
water repellent treatment and the hydrophilic treatment, the
water slipping and water repellent treatment may be
performed after or before the hydrophilic treatment is

15 performed. In this way, because the surfaces of the
projections are subjected to the hydrophilic treatment, the
condensed water spreads thinly on the surface of the plate
fins 3. Even when the condensed water freezes, ice resulting
from the freezing has a low height from the surface of the

20 plate fins 3. In other words, the ice resulting from the
freezing grows toward adjacent plate fins 3 only by a small
amount. Thus, the air circulation passage is not closed, and

the airflow resistance is prevented from increasing.

25 Although the third embodiment describes a case in
which the outdocr heat exchanger 2 comes into contact with
the drain pan 6, a space may be formed entirely between the
outdoor heat exchanger 2 and the drain pan 6 in the same
manner as in the first embodiment.

30
(Fourth Embodiment)

A fourth embodiment of the present invention will now

be described with reference to Figs. 7 to 12. The structure
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(Fourth Enbodi nent) A fourth enbodi nent of the present invention will now
be described with reference to Figs. 7 to 12. The structure 19 of the
fourth enbodinment is the sanme as the structure of the second enbodi nent
except in the structure of the outdoor heat exchanger 2. The conponents of
the fourth enbodi nent comon to the second enbodi nent will not be
described in 5 detail. Fig. 7 is a cross-sectional view showing a portion

of an outdeertheatogxehaBgBbdZmaReor di Pt Qamef QYr theeBboditBRAL cof thBe
present invention. In the fourth enbodi nent, the 10 | ower part of the

out door heafeexefangepd2nentl adesph highhet ehpuranueecporheonutidooThe hi gh
t enperat ure t] 4 eats e opl e t 0 ) . down
on the sur?ggé %?Q%%%%’%pf ?hs @@%o(gcﬁ@%%rﬁ}ggh%r %nf?%%ﬁguﬁ%ﬁ%glﬂ%at

exchanger 2copmoates BhcaBeeyapoembotiméhe high #btteeEpEeatutbepoihi on 14
corresponds to |lower parts of the plate fins 3 of the outdoor heat
exchangé@ 298halki ch a heat exchanger pipe 5 is not arranged. The high
tenperature portion 14 includes only the plate fins 3. The high
tenperature portion 14, which includes only the plate fins 20 3, has a

pi ped structure hBvgng7thsoaghrhetesedbibénahedise shhatngha beantiexchénger
pi pe 5 can be extended through the plate fins_ 3 although e heat, .
xehanger pReShLRORCRBAT | § L oRBISPRod: FaaoEREBlghOt et DHF bGRTRGTEESRE, 5
In the exanpketsbophekdnti gnvéntibe. heml Exshangern dmgped fimdist hothd nserted
t hrough the first and second through- holes 15 fromthe | ower ends of the
plate fiths 8owg¥tRathi ef shpuevntfeorahpali encirdnggni éningladepnadhiebm t he

lover ends +QhpbhgeREA Bobt8n3140 thfe WL {0l 4 N\E i liESE o 0 NEy Of

heats water droplets 8 that condense and run down on the
surface of plate fins 3 to 0°C or higher when the outdoor
heat exchanger 2 operates as an evaporator. The high

15 temperature portion 14 corresponds to lower parts of the
plate fins 3 of the outdoor heat exchanger 2 in which a heat
exchanger pipe 5 is not arranged. The high temperature
portion 14 includes only the plate fins 3. The high
temperature portion 14, which includes only the plate fins

20 3, has a piped structure having through holes 15 formed so
that the heat exchanger pipe 5 can be extended through the
plate fins 3 although the heat exchanger pipe 5 is actually
not inserted through the through-holes 15.

25 In the examplie shown in Fig. 7, the heat exchanger
pipe 5 is not inserted through the first and second through-
holes 15 from the lower ends of the plate fins 3. With this
structure, a region Wl, which is defined from the lower ends
of the plate fins 3 to the vicinity of the highest one of

30 the through-hole 15 free from the heat exchanger pipe 5,
functions as the high temperature portion 14, and heat
exchange is mainly performed in the remaining region W2

excluding the region Wl. Because the heat exchanger pipe 5
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30 the through-hole 15 free fromthe heat exchanger pipe 5, functions as
the high tenperature portion 14, and heat exchange is mainly perforned in
the remaining region W2 excluding the region WL. Because the heat
exchanger pipe 5 20 is not arranged in the high tenperature portion 14, the
tenperature of the high tenperature portion 14 is higher than the
tenperature in the upper region W2 in which the heat exchanger pipe 5is

arranged when hBe awtdpgedheat theekehangemnpdrapakat gsrasoanigvapgeator. The
size of the region W in which the heat exchanger pipe 5 is not arranged

i s appropri &eBPpraénrencd hhanbighhiemphsatenpepartienofi4t he hioher ends of
the plate fji 3.1 |.east. . OC or higher. 10 _The hi te ratu portion
507 RhBn 2t 2ihare Ph PhPotbrst rqdTeP BPopherb sht hir

14 is arrang s nanner. have

condensed BhedtrercHawgear pipeatedst ar@&ngedhivibar thy bliedbbghnhebenperature
portion 14 in the |ower part when the outdoor heat exchanger 2 operates as
an evapot at BXCPABIGT esQPErass\aseANdEBBPRT3t8Tt hath®aveze i ddvh do not

freeze at they;LaWRhk gﬂdwﬂigﬁhﬁhBUhQQQVeQ8ﬁ5n§é9h?998rszithgt 8rtSnfed
cross-sectional view describing a high tenperature portion having another
structure. im egherhpghat20yt espeiat er mapoeti bhat4ahshbempienaFige 8f the

surface of plate fins 3_.ip . a region_W carrespondi ng. tqQ.the hjgh
tenperatureEBBFFi8H8T48figh§u8§gt?ealpﬁ ﬁyaﬁoggiﬁ?égttﬁeétﬁﬁnbggVﬁEn t he
surface of the high tenperature portion 14a is subjected to the

hydrophilic treatnent, water 25 droplets 8 that have run down from above
and readhed the Rhghhighperaperetpset Portign spréadarhpnggdonnt Heisurf ace

of ~the hi gﬂﬁfuﬁ???rafrw&f)é)rc}éé)@, lf?ﬁﬁd% T wad ey A qpl 8L s &, o &ONDE ne
and spread thinly on the surface o e hi
and run down are heated to 0°C or higher by the high
temperature portion 14 in the lower part when the outdoor
heat exchanger 2 operates as an evaporator. As a result,
15 water droplets 8 that have run down do not freeze at the

lower end of the outdoor heat exchanger 2.

Fig. 8 is a cross-sectional view describing a high

temperature portion having another structure. In the high

20 temperature portion l4a shown in Fig. 8, the surface of
plate fins 3 in a region Wl corresponding to the high
temperature portion 1l4a is subjected to hydrophilic
tLreatment. When the surface of the high temperature portion
l4a is subjected to the hydrophilic treatment, water

25 droplets 8 that have run down from above and reached the
high temperature portion l4a spread thinly on the surface of
the high temperature portion 1l4a. Adjacent water droplets 8
combine and spread thinly on the surface of the high
temperature portion l4a so as to form a thin film 7 of

30  water. Thus, the water droplets 8 are prevented from growing
on the surface of the high temperaturé portion l4a. This
consequently prevents the airflow resistance from increasing

and enables the surface temperature of the high temperature
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tenperature portion 14a so as to forma thin film7 of 30 water. Thus, the
wat er droplets 8 are prevented fromgrowing on the surface of the high

tenperature portion 14a. This

fromincreasing and enables the surface tenperature of the high
tenperature 21 portion 14a to increase. Fig. 9 is a rear view show ng a
hi gh tenperature portion having still another structure. The high

t enper at ur @oxa iREY tiQn A shawyd n Fig. 9 is forned only by plate fins 3
by setting the distance fromthe | ower ends of the plate fins 3 to the

| owest part of the heat exchanger pipe 5 to be

t he heat exchang%r pi@p.s g;he i nt.erval of. adja%F ortion%_of t he pipe 5

. n
in the 10 Iongitu&ﬁﬁal di-r Ectiv6n 3F9¥h§h8W§P§ fi ng @ )ngpﬁr@

& gh

consequently prevents the airflow resistance

greater than the pitch of

t enper at ur @qraritonomaldhg e ihr cughthael e i Jrey.medhienhigrgtenp¥taehirkhe
plate fins 3. This high tenperature portion 14b functions in the sane

manner

as O tHiogh ldmséosudd Eidk-t i%n L4 gmérh and wriby, pPhatend imisgl?

tenper at ur @, pQrtiqm G148 1.3 RS G AV & Wl § RS %%§h§ W %(ﬁteeg)lta(?:et he

hydrophilic™ treatnment 1 n the same manner as the hi tenpera

l4a shown ifinE @ tB. thieg.lol®@ sts percr ass-tdec heartalexvhawgshowiipg & hicglbe20

t enperature

structure. In the

ure portion

| e shown

ortion. having still another
in Fig. 10,91%6‘}1?@& &afs tlh% AETg & 0 IFE T ISR NGB BR %a(??‘leomer end
surface of iafeauladodt Replceetchrngaion? @Qﬂeoyﬁaep%r i, @heplate fins 3

are heated wwth the heater 16. Region WL heate

by the heater 16 to 0OC or

25 hi ghlr dengdduss na thidghr ecdrper eturtdieparl@ten fi46. 3Thi sTni ghe béaperature
portion 14%eﬂ!%%a&%@ tEQQ;i%ﬁoag%gf%@et%%QHEﬁr@%&e%h%r@ D feapgrature

portion 14 s
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region Wl of the plate fins 3. This high temperature portion

14b functions in the same manner as the high temperature
portion 14 shown in Fig. 7. The high temperature portion 14b
may also have its surface subjected to the hydrophilic
treatment in the same manner as the high temperature portion

14a shown in Fig. 8.

Fig., 10 is a cross-sectional view showing a high
temperature portion having still another structure. In the
example shown in Fig. 10, a heater 16 is arranged to come
into contact with a lower end surface of an outdoor heat
exchanger 2, and lower parts of plate fins 3 are heated with
the heater 16. Region Wl heated by the heater 16 to 0°C or
higher serves as a high temperature portion 1l4c. This high
temperature portion l4c also functions in the same manner as
the high temperature portion 14 shown in Fig. 7. However,
because the high temperature portion l4c is actively heated
by the heater 16, the temperature of the high temperature
portion l4c shown in Fig. 10 can be set higher than the
temperature of the other high temperature portions 14, 1l4a,
and 14b. The high temperature portion l4c may also have its

surface subjected to the hydrophilic treatment in the same
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because the high tenperature portion 14c is actively heated by the heater

16, the tenperature of the high tenperature 30 portion 14c shown in Fig. 10

can be set

portions 14, 14a,
its surface subjected to the hydrophilic treatnent
as the high tenperature portion 14a shown in Fig. 8.

hi gher than the tenperature of the other high tenperature

and 14b. The high tenperature portion 14c may al so have
in the sane 22 manner
Fig. 11 is a circuit

di agram shewimige @ defaHgeriad Engaide dry pott it tienpestadws e rparity .o havi ng
still another 5 structure. Fig. 12 is a cross-sectional view show ng a

portion of

an outdoor heat exchanger 2. The outdoor heat exchanger 2 is

di vided into an yppe ng; %ﬁgﬂgﬁ%§$94$%ﬁf ﬁg%fh il

exchangi ng portion

expansi
order so t

1?Pé%éJ %nd Ftfe &F Re&f OEXCRERGTHRGE pSie

valve 9, and the uéﬂ¢ heat exchanging portion 2a are connected by a
(47§

refrlgépanWQﬁﬁﬁ9%

HR (RN Genamn BRATTEAT VS iy afheat i ng

exch angi porti o e%é and the

" | ower heat @mjtmnglﬁtgr ]aO mﬂgki I e e e qranecitced H}syvarg extpdrisizoottadwve 9.
A refrggera IS supplled Eg t he | ower heat exchan |n% portion 2b, the
p

o '9¥1PH fhe stated

hridihg |omen healdo X ahangidig-eldd 0 2brareratasoashaas¢ondenser
and the upper 15 heat exchanging portion 2a operates as an evaporator. The
| ower heat esdhargfimng pmtdloncmﬁ tieto Gyye e dseaa; ordarsiary fammisiarhe

hi gh tenperature portlon shq 1. n th i condltloner
shown in Flzgl aﬁ a cwoer?:preesastor ngjanaglfno%%or]t e

heat exchangsr ehhdhigidpwirtienat Rxchangiiyg mmem Headb,exdang@xpansi on

dh &4t ve elf an i ndoor

1

?ﬁﬁf‘;‘; 't gg g{/eftﬂeg@garnth%d'stdmﬁred ko e Ffeay SMdeh M) MRy ThiSi et as

15

20

25

30

2b, the expansion valve 9, and the upper heat exchanging
portion 2a in the stated order so that the lower heat
exchanging portion 2Zb operates as a condenser and the upper
heat exchanging portion 2a operates as an evaporator. The
lower heat exchanging portion 2b that operates as a
condenser forms the high temperature portion 14d shown in

Fig. 11.

In the air conditioner 1 shown in Fig. 11, a
compressor 12, a four-way switch valve 11, an indoor heat
exchanger 10, the lower heat exchanging portion 2b, the
expansion valve 9, and the upper heat exchanging portion 2a
are connected by a refrigerant pipe to form the refrigerant
circuit. During a heating operation of the air conditioner
1, the four-way switch valve 11 is set as indicated by the
solid line in Fig. 11. 1In this state, refrigerant discharged
from the compressor 12 circulates in the order of the four-
way switch valve 11, the indoor heat exchanger 10, the lower
heat exchanging portion 2b, the expansion valve 9, the upper
heat exchanging portion 2a, and the four-way switch valve
11, and is drawn -into the compressor 12. As a result of

circulation of the refrigerant, the indocr heat exchanger 10
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solid line
conpr essor

in Fig. 11. In this state, refrigerant discharged fromthe
12 circulates in the order of the four- way switch valve 11

i ndoor heat exchanger 10, the |lower 30 heat exchangi ng portion 2b, the
expansion valve 9, the upper heat exchanging portion 2a, and the four-way
switch valve 11, and is drawn into the conpressor 12. As a result of

circulation of the refrigerant, the indoor heat exchanger 10 23 and the

ower heat exdhangi lgwper hial 3RCAREEAKE BSrd;oRONEACRSELARR.LNE Upper heat

exchangi ng

ortion 2a operates as an evaporator. In the indoor heat

exchanger 18°THA&RSegpapdt EbeaypPreEohaatisekchangaspf pedtiefir Pgepprtrates
exchanges 54he ' i.nd ' condenses_so_ that e_jndoor air
afegh Wb oEQ@aE Ofﬁtgééréﬁﬁiorrhe?t F5C ?ﬁ9e¥o$£rt%%%t

i s heated by heat refease

Q
from rigerant.

t he

exchangi ng pperabas2bst hatonfenates asgasicoadenrserigthentebriaghant al so

r el eases he

| ower heat exchanging portion 2b functions as

t _so that the,
the high 103?%ﬁp8?gﬁuFéep6P9P8ﬁ 344. 2P FABCGPPEF Reathekchhfgingooport i
2a that Opeé@fe§saﬁeéﬂe8VEQOB@59rrefeéggge%ESH tﬁ@ffégfégg%%§§9h%ﬂ9 heat

conpressor
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with the outdoor air and evaporates to
“result, the&oYeFrhgerankchbroihg heatibnofbt hbadbubdepatasras1s During a
cool i ng ope i t air-conditioner 1, he four-way switch valve 11
is set as i%ﬁ%%gggﬁibypﬁﬁere F%ﬂ%ﬁa?ﬁngigﬂoﬁﬁi?ﬂsﬁﬁgheﬁﬁ.S?nt?ﬁFstgFate,
refri gerantlodéschasgedxtnanying 66FPISSSOH #an6tisyLatstihd BP?
20 the four-way switch valve 11, the upper heat exchanging poriion 2a,
‘{}%eﬁ?t?ﬁ% POkt Ohehf d exdinrigingieRsor themt Excharginmloor heat

expansiidn V& . : ;
exchanger lﬁbr@ﬂgngb§ Eﬁyf’&ﬁéra§¥ét§9 X§|¥$a&&ra@89,'§ Pi&%@fi@&o the

econe a gasi

12. As
refrigerant exchanges heat with the outdoor air and

evaporates to become a gasified refrigerant. As a result,

the refrigerant absorbs heat from the outdcor air.

During a cooling operation of the air conditioner 1,
the four-way switch valve 11 is set as indicated by the
broken line shown in Fig. 11. 1In this state, refrigerant
discharged from the compressor 12 circulates in the order of
the four-way switch valve 11, the upper heat exchanging
portion 2a, the expansion valve 9, the lower heat exchanging
portion 2b, the indcor heat exchanger 10, and the four-way
switch valve 11, and is drawn into the compressor 12. As a
result of circulation of the refrigerant; the upper heat
exchanging portion 2a operates as a condenser and the lower
heat exchanging portion 2b and the indoor heat exchanger 10
operate as an evaporator. In the upper heat exchanging
portion 2a that operates as a condenser, a gasified
refrigerant exchanges heat with the outdoor air and becomes
a liquefied refrigerant, so that the refrigerant releases
heat to the outdoor air. In the indoor heat exchanger 10
that operates as an evaporator, the liquefied refrigerant

exchanges heat with the indoor air and evaporates to become
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result of circulation of the refrigerant, the upper heat 25 exchangi ng
portion 2a operates as a condenser and the | ower heat exchangi ng portion
2b and the indoor heat exchanger 10 operate as an evaporator. In the upper
heat exchanging portion 2a that operates as a condenser, a gasified
refrigerant exchanges heat with the outdoor air and becones 30 a |iquefied
refrigerant, so that the refrigerant rel eases heat to the outdoor air. In

the indoor sheptsiexichangeirilerdhiat opeirates s ¥ evApea! tbsddes [Heguef i ed
refrigerant_ exchanges heat with the indoor air and evaporates to becone 24
a gasifi ed T i diidodo afatatchEads itder &mdoé’d%@rlﬁé héat ther darERe

i ndoor air angd coghs 5ﬁﬁ9§L§QQ%H5H'? 'Hhég‘ (35 :@ortlon

2b that operates as rat or |quef|§% refrlgerant exchanges 'heat
with the oulldpmflaad e fandyeenaaporedcdmrige shée@te wa tgasidHe exdhitrdefayd gerrant, so

that th er ant cools he outdoor air.. In this way, the air
i {1 Bner e e B 375 TS GiaeRa 50 ChRkgrrhe

unnecessar y-dyaaty ea_»saqﬁara%l%cwes dutdde |puer hﬁaftm%xqqag-ngltﬂe ReLtion 2b.
10 The high tenperature portion 14d functions in the same manner as the

hi gh terrperf@mﬂdetlpmem dn abRprshgre tied YRiRpr fRrmsTHé ehigge ltiergperremartd qsor ti on
14d, or th I t angi ortlon 2b, JRy, al.so hav |ts urface
j ttvéﬁ{% q%n(?rop % yg Lol anlgr? st th et e ah

subjected reatnen fe 'Same ‘manner as 't he i gh
tenperatur@xmhdngﬂhghﬁbﬁﬂﬂmﬂﬁ2bn Fig. 8. The fourth enbodi nent has the
advantfges described below 20 (1) In the fourth enbodinent, if the water
dropl e

The high temperature portion 14d functions in the same
manner as the high temperature portion 14 shown in Fig. 7.
The high temperature portion 14d, or the lower heat
exchanging portion 2b, may also have its surface subjected
15 to the hydrophilic treatment in the same manner as the high

temperature portion 14a shown in Fig. 8.

The fourth embodiment has the advantages described
below.
20
(1) In the fourth embodiment, if the water droplets 8
that have condensed run down when the outdoor heat exchanger
2 operates as an evaporator, the water droplets 8 are heated
to 0°C or higher by the high temperature portions 14, 14a,
25 14b, 1l4c, and 14d. Thus, the water droplets 8 do not freeze
at the lower end of the outdoor heat exchanger 2. As a
result, frost is prevented from growing upward from the
lower end of the outdoor heat exchanger 2, and the amount of
frost formation on the outdoor heat exchanger 2 1is reduced.
30
(2) The high temperature portions 14 and 14b formed by
only the plate fins 3 are easily formed by the piped

structure or by changing the distance from the lower ends of

25




t hat have condensed run down when the outdoor heat exchanger 2 operates as
an evaporator, the water droplets 8 are heated to OC or higher by the high
tenperature portions 14, 14a, 25 14b, 14c, and 14d. Thus, the water
droplets 8 do not freeze at the |lower end of the outdoor heat exchanger 2.
As a result, frost is prevented fromgrow ng upward fromthe |ower end of
t he outdoor heat exchanger 2, and the anmpbunt of frost formation on the

outdoor heathexphahgeridsi 3 t8duREd1 0wdQt(BbsTRE N ure portions
14 and 14b forngd by énfy t he plateorins % grg 8as?FyE§§P§é§Eby t he pi ped

structure oPXbQappangbhaget he di stance fromthe |ower ends of 25 the plate
fins 3 to the | owest position of the heat exchanger pipe 5. (3) The high
tenperature portion 14a of which surface 5 is subjected to the hydrophilic

treatment prevent $3f hehwahegh de@pbebsuBefpoptgbawing en fhecgushaescef the
hi gh tenperature portion 14a and prevents the airflow resistance from
i ncreasi-hg. 1¥hfePeRgbPEs tehehsuhyaserhéhper hrarémentt heevAngh thaperaeur e

portion l4agt@,hAcLegs I er.at L _the water
droplets 8 inc?easesgngfgﬁ?ﬁg?ﬁgﬁah%8h£Pgn%ggggggeggogbgoﬁlg a. (4) The
hi gh t enper teuperpbntreopotdcohoifedahy heatrengs the howelopartksokthhee

out door hea% exchanger 2 with the 15 heater 16 is easily forned by
arrangi ng t hE“Heal&F 3811 H - t hEM L D RRRTOY S hedte eXehtafert QWA et | OTasthe

conpared W hiighheehpbghattieBPghat Uss POLtEEONSnddeadda, Aand; 1AL for med, by
only the plate fins 3, the tenperature of the high tenperature portion

14¢” cantbe Seirhrghurshelhrhh vehperdropéeper 8i dnceeasds vaneqiickhy heat
the water dnop}etsnb0-9G.0L BLODELy 14a.

{4) The high temperature portion ldc formed by heating
the lower part of the outdoor heat exchanger 2 with the
15 heater 16 is easily formed by arranging the heater 16 in the
outdoor heat exchanger 2. Further, as compared with the high
temperature portions 14, 1l4a, and 14b formed by only the
plate fins 3, the temperature of the high temperature
portion 1l4c can be set high. The high temperature portion

20 1l4c can quickly heat the water droplets to 0°C or higher.

(5) The temperature of the high temperature portion
14d formed by the lower heat exchanging portion 2b that is
obtained by dividing the outdoor heat exchanger 2 into upper

25 and lower parts can be set to be high as compared with the
high temperature portions 14, l4a, and 14b formed only by
the plate fins 3. The high temperature portion 14d can
quickly heat the water droplets to 0°C or higher.

30 The fourth embodiment may be modified in the following

forms.

Although the high temperature portion 14 is formed
26



(5) The tenperature of the high tenperature portion 14d forned by the

| ower heat exchanging portion 2b that is obtained by dividing the outdoor
heat exchanger 2 into upper 25 and | ower parts can be set to be high as
conpared with the high tenperature portions 14, 14a, and 14b forned only
by the plate fins 3. The high tenperature portion 14d can quickly heat
the water droplets to OC or higher. 30 The fourth enbodi nent may be

modi fi ed i nohbhe Hol Lhwi pgatéormes Al EBQHQhth@eﬁbpghekﬁﬁﬁéfé&uéﬁrﬁ)@f&h@n 14
is formed 26 only by the plate fins 3 usin pi pe-extracted structure,

a high tenp@raﬁﬂhetB@PﬁFéﬁuﬁﬁyP@étiéﬁn@éYb?eaﬁ@F@?ﬁgbyCﬁV@@daﬂgon of the
refrigerant £E889%££8HS ff0e beat e§§8 aQHeégP#ESng Sﬁ ?ngﬂ ggrough the

portions of 't ate 5°fins 3" corré spon enperature
portion. Inexthasgeasp;péhé @Eﬁén&édhﬁhgeﬁgplpEe5prt€®h§ﬂdEdth@rpugh@ut

“the plate fins 3, This | ves the strength of the structure of the
outdoorE%eaflﬁﬁcﬁaﬁaﬁFeﬁp ﬁ l@@lF?htﬁﬁbﬁﬂgﬁeﬁ?wpﬁF?FPfﬁ BREBYPENtIDf the

present invept50Ra¥k! | tREVLRE Q§§95h§§ 8 5eigrggesnaedFtH§ou&§oaed 14.
The structure of the fifth enbodi nent is t e sane as the structure of the

first enbodth%nplék@eéLnsn3théthmenMQVQﬁ thtSEIthnh1qﬁutEE The

fi nbod he fi] nbodi il
be Goscri bea-FR-CABEart. iR ThearrF  ROBRoBEF RENEST L e upper surface 6a of a

20 drain pan 6 is subjected to a water slipping and water repellent
treatne%t The _water slipping and water repellent
(F1fth Embodiment
A fifth embodiment of the present invention will now
be described with reference to Figs. 13 and 14. The
structure of the fifth embodiment is the same as the
structure of the first embodiment except in the structure of
15 the drain pan 6. The components of the fifth embodiment

common to the first embodiment will not be described in

detail.

In the fifth embodiment, the upper surface 6a of a
20 drain pan 6 is subjected to a water slipping and water
repellent treatment. The water slipping and water repellent
treatment is performed by applying a coating film having
water slippage and water repellency to the upper surface 6a
of the drain pan 6. In this structure, water dripping from
25 the outdoor heat exchanger 2 flows smoothly on the upper
surface 6a without accumulating on the upper surface 6a of

the drain pan 6.

The drain pan 6 shown in Fig. 13 includes a water
30  outlet 17 in the middle portion of the ocutdoor heat
exchanger 2 in the longitudinal direction. The upper surface
ta of the drain pan 6 is inclined from the two end portions

of the drain pan 6 in the longitudinal direction toward the
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treatment is perforned by applying a coating filmhaving water slippage
and water repellency to the upper surface 6a of the drain pan 6. In this
structure, water dripping from25 the outdoor heat exchanger 2 flows
snoothly on the upper surface 6a w thout accunulating on the upper surface
6a of the drain pan 6. The drain pan 6 shown in Fig. 13 includes a water
30 outlet 17 in the mddle portion of the outdoor heat exchanger 2 in the

| ongi t udi naktair ectiler. 1Theouppear iguthacaideaeobolrleodr, ai Th@amabet S
inclined fromthe two end portions of the drain pan 6 in the Iongltudinal
di recti on Coka&fd ﬂﬁefQYmﬁétéP s0el Bidoter gpmdd opn SEREtRNGdIFEEpBLETERCCThe

water = outleebl FrLORTRACLD LheFhddl 6 POGLI 9B ShoEkeng e disthance, from

t he hi ghest positio the“inclined upper surface to the water outl et
17 as conpapedhm thtwhepud lwat 87 ast kemparies vathtedhen anwenedrpontilen of

the drain pan 6 in the |on |tud|nal directio and enahl es ter to be
drainegé sﬁﬁoFﬁFVedMﬁQnaPhg SpBSFtéﬁpréetgﬁ g§a§GbP§8t difottfie water

slippi ng andn¥atedihapekligrtttibaat ABAt enWdhels Wated 2bned BRhensepoOthly. 10
Further, the upper surface 6a of the drain pan 6 showmn in Fig. 14 is

!ncllned f BERPA lestW@%ﬁ1Ehﬂeupbﬁarﬂuafa@©mﬁ@ti%aﬁﬂ@ﬁ@@tﬁﬁ Bonehder that
o downst LeRILPaLtLOT N LRl Ereshation dikegtion 4l gt the | over

posi tion. e up ace 65 i nchrned i'n the “Crrcdl ation direction 4
shortens theadnetaneeef somotthe yhi ghest position of the inclined upper
surface 6a to the | owest position of the inclined upper surface 6a as

conpar%% with when the upper surface 6a is inclined in a direction
perpendi cul ar toghBeher, the upper surface 6a of the drain pan 6 shown

in Fig. 14 is inclined from an upstream side toward a
downstream side in a manner that its downstream portion in
the air circulation direction 4 is at the lower position.
15 The upper surface 6a inclined in the circulation direction 4
shortens the distance from the highest position of the
inclined upper surface 6a to the lowest position of the
inclined upper surface 6a as compared with when the upper
surface 6a is inclined in a direction perpendicular to the
20 circulation direction 4, and enables water to be drained
smoothly. When the upper surface 6a is subjected to the
water slipping and water repellent treatment, water is

drained more smoothly.

25 The fifth embodiment has the advantages described

below.

(1} The upper surface 6a cf the drain pan 6 is
subjected to the water slipping and water repellent
30 treatment so that water dripping from the outdoor heat
exchanger 2 flows smoothly without accumulating on the upper
surface 6a of the drain pan 6, and the water is drained

smoothly. The upper surface 6a of the drain pan 6 is
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20 circulation direction 4, and enables water to be drained snoothly. Wen
the upper surface 6a is subjected to the water slipping and water
repellent treatnent, water is drained nore snoothly. 25 The fifth

enbodi mrent has the advantages descri bed below. (1) The upper surface 6a of
the drain pan 6 is subjected to the water slipping and water repellent 30
treatnent so that water dripping fromthe outdoor heat exchanger 2 flows

snoot hly widdwdctacse wallatd Rg iy tsﬁei_lptﬂﬂﬁj aridfaes Gaf1tdig drain pan 6,
and the water is drained snoothly. The upper surface 6a of the drain pan 6

is 28 subj éctaadmant mndvdthe &l tEsiaty i diehirgdsdl @ns itiasatafertheand
he di . P '
the distan %ge&ogef&]{ﬁaé'& qest, pc?fe' tl'oQJEbsQJ Ad ‘;ihtolr e SHId %%e?hsg%m%%@%r s

| owest position € upper surface a i's ened soO t

drai ned noréa sipaiHdntendal (s9 XdHa tErmdiverdy) A sirvdiheirbhadiaresido cath ltyhe
present invention will now be described. The structure of the sixth
embodi mént is the same as the structure of the fifth enmbodi ment except in

the 10 strucd;ung, ofddig frain pan 6. The conponents of the sixth
enbodi nent %E)lmmn to C{Eﬁe frl?df)th enbodi ment will not be described in detail.

In the sixth enbddisierith cabagipemts wf dde Geresferd LS vehrdiirprpani 18 inew
subj ected to the hydrophilic treatnment. Th hydr ophi | i ¢ treat nment y, for
exanpl e, b SHStFBrEE by thﬁprsWH&té%rﬁy&}ogﬁﬁ &nge_ﬁ OB Ss Y50l crylic
acid, to thedippercrdird@athaahan dhe mdredh Padbinsnhirade it @ Whaum
Thus, water dripping fromthe outdoor heat ‘
10 structure of the drain pan 6. The components of the sixth
embodiment common to the fifth embodiment will not be

described in detail.

In the sixth embodiment, an upper surface 6a of a
15 drain pan 6 is subjected to the hydrophilic treatment. The
hydrophilic treatment may, for example, be performed by
applying a hydrophilic agent, such as polyacrylic acid, to
the upper surface 6a when the drain pan 6 is made of
aluminum. Thus, water dripping from the outdoor heat
20  exchanger 2 flows smoothly on the upper surface 6a of the

drain pan 6.

The sixth embodiment has the advantage described
below.
25
(1) The upper surface 6a of the drain pan € is
subjected to the hydrophilic treatment so that water
dripping from the outdoor heat exchanger 2 flows smoothly on
the upper surface 6a of the drain pan 6, and the water is
30 drained smoothly. The upper surface 6a of the drain pan 6 is
subjected to the hydrophilic treatment and the distance from
the highest position of the upper surface 6a to the lowest

position of the upper surface 6a is shortened so that the
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20 exchanger 2 flows snmoothly on the upper surface 6a of the drain pan 6.
The si xth enbodi nent has the advantage descri bed below. 25 (1) The upper
surface 6a of the drain pan 6 is subjected to the hydrophilic treatnment so
that water dripping fromthe outdoor heat exchanger 2 flows snoothly on

t he upper surface 6a of the drain pan 6, and the water is 30 drained

snoot hly. The upper surface 6a of the drain pan 6 is subjected to the

hydr ophi | i cwvdteeatinendraiteed ol sdrdcenfy om the hi ghest position of the
upper surface 6a to the | owest position of the upper surface 6a is
shortened so that the 29 water is drained nore snoothly. In the above
ebodi ment s, the f aSRNtad VS irfen P80 10 APl D dy PG ai ¢
condi ti oner serving as one type of retrigerdtion apparatus wever,
present i nvamﬂmd ney dHehapplpude toypd oriexarpd B, ianaefsd geiral ors arne a
freezer CLA A refrlgeratlon apparatus including: a heat exchanger
havi ng & heta\fp éﬁd??gﬁ %J)Lgichélt‘i’g‘j’er‘{&rhe&theb(?ﬁﬁégﬁl air

circul ati ngue«}é}nglarhenatgeasse ae@gmaéw'ﬁtg stif aces A dead f gy deti o r
circulating through the heat exchanger and a drain pan arranged bel ow t he
heat exchaﬁgéﬁeﬁﬁﬁi refrigeration apparatus being characterized by: 10 a
space is forned entirely between a | ower end of the heat exchanger and an
upper surface of the drain pan.
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2. Arefrigeration apparatus including: a heat exchanger having a heat
exchangi ng surface and 15 exchangi ng heat between air circulating al ong
the heat exchanging surface and a heating nediumcircul ating through the
heat exchanger; and a drain pan arranged bel ow the heat exchanger; wherein
t he heat exchanger is arranged in a manner 20 that a | ower end of the heat
exchanger partially conmes into contact with an upper surface of the drain
pan, the efuliMgerati on apparatus being characterized by: a projection is
arranged on the | ower end of the heat exchanger, and the partial contact
between the I ower end of 25 the heat exchanger and the upper surface of
the drain pan isq perfar ksta tk Lection comng in
contact with theldppergsgg ggéegfg%%% épgggaggﬁ.gg?ﬁ%ﬁ%ﬁ efrigeration
appar at us accor diengiebt ekaehangd® davdihar achericzedchanghat: sulkéabheatind

exchanger is craoss fin _and tube heat _exchanger includin lurality of
fins t%at F&F%@Pﬁénﬁegfate%@ﬁﬁﬁ&?n61§uFF&E& AhdPg Reardetd a%&gF pi pe g

through whiegbhdhdting Reatrheg aRd namh%iart%lgah%a;iuﬁn@itr%lra&angc%%ubﬁ
arranged on a | ower end of each of the plurality of fins and is formed as
an i ncl i nedPgoreirdn exchandes /i Beli ned relative to a direction in which the

air 5 circulates. . Th efrigeration parat us_according to aim 2
characteri zed inatﬁgﬁ}xtﬁghhégkggg%ﬁa§8%§eighg gFSsseFFnagggrfu%éeheat 10
exchanger irechudiengtdopl apahirty uef bkiing thatrakb@emitke hgat exchangi ng
surfaqf and a heat exchanger pi pe through which

0 a space 15 formed entirely between a lower end of the

heat exchanger and an upper surface of the drain pan.

2. A refrigeration apparatus including:
a heat exchanger having a heat exchanging surface and
15 exchanging heat between air circulating along the heat
exchanging surface and a heating medium circulating through
the heat exchanger; and
a drain pan arranged below the heat exchanger;
wherein the heat exchanger is arranged in a manner
20 that a lower end of the heat exchanger partially comes into
contact with an upper surface of the drain pan, the
refrigeration apparatus being characterized by:
a projection is arranged on the lower end of the heat
exchanger, and the partial contact between the lower end of
25 the heat exchanger and the upper surface of the drain pan is
performed by a distal end of the projection coming in

contact with the upper surface of the drain pan.

3. The refrigeration apparatus according tc claim
30 2, characterized in that:
the heat exchanger is a cross fin and tube heat
exchanger including a plurality of fins that form the heat

exchanging surface and a heat exchanger pipe through which
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the heating mediumcircul ates; and the projection is arranged on | ower ends
of sone of the plurality of fins and projects nore outward than |ower 15
ends of the other fins. 5. The refrigeration apparatus according to claim
4, characterized in that the projection has a surface subjected to a
hydrophilic treatment. 20 6. A refrigeration apparatus including: a heat
exchanger having a heat exchangi ng surface and exchangi ng heat between air

circul ati ngtad ongtihey heati urexchangias@ssurdrace and a heating medi um
circulating throu %&125 t he heat exchanger, the refrigeration apparatus

being characterit %Pﬂe&%og’h itSe AFERR0Ge Port ilowedr easyed l?e’llcé\/v(?cﬁwe heat
h t; &
Sl it g P e ol

heat exchanging surfa t he heat exgﬂ}nger operat es
as an evapditaettoris Anclheedefrdigdriatd ar apphnatatsi cacdor dimigh ahed aim 6,
charactgrl zed%&that 32 the heat exchanger is a cross fin and tube heat
exchanger at a plurality of fins that formthe heat exchangi ng
surface and a heat exchanger pipe through which the heating nmedi um
circulates; and 5 the high tenperature portion is formed by only the fins.

8. The refrigerati.on agpar akfsigecardong abpathaiu® acoellahacter iczedn n
that: 10 the heat exchanger includes a heater, the heater is arranged in a

state cont &ot RIGELLETES A &&@t6f the heat

the heat exchanger is a cross fin and tube heat
10  exchanger including a plurality of fins that form the heat
exchanging surface and a heat exchanger pipe through which
the heating medium circulates; and
the projecticn is arranged on lower ends of some of
the plurality of fins and projects more outward than lower

15 ends of the other fins.

5. The refrigeration apparatus according to claim
4, characterized in that the projection has a surface
subjected to a hydrophilic treatment.
20

6. A refrigeration apparatus including:

a heat exchanger having a heat exchanging surface and
exchanging heat between air circulating along the heat
exchanging surface and a heating medium circulating through

25 the heat exchanger, the refrigeration apparatus being
characterized by:

a high temperature portion arranged below the heat
exchanger and heating a water droplet that condenses and
runs down the heat exchanging surface to 0°C or higher when

30 the heat exchanger operates as an evaporator.

7. The refrigeration apparatus according to claim

6, characterized in that:
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exchanger, and the heater heats a |ower part of the heat exchanger to form
the high tenperature portion. 15 9. The refrigeration apparatus according
to claim 6, characterized in that: the heat exchanger is divided into an
upper heat exchanging portion and a | ower heat exchangi ng portion and

i ncl udes an expansion valve, with the upper heat exchanging 20 portion and
the | ower heat exchanging portion being connected by the expansion valve,

and the heating neck umaatbednthauppt i 2d 4 cides | Dweraheatuiex aheatgi ng
portion, the expansion value, and the upper_ heat exchanging portion in

this order SERHMEET e FOHRIN heatP BXERBHgY iyt pbrs o5 athe herth
condenser @Qcﬁebﬁgﬂﬁ)n?eéuf%e %@@%@Qt %@élﬁ;beplp%{vgér e§}hﬂ§ug?}9 vﬂﬁﬂﬁ?r ator;

and the high tenperature portion is forne eat” exchangi ng
portion thathepeeat &sg ased hen cohdanseres 830ardd. The refrigerati on apparatus

according to any gne . of clains 6 to 9, characterized in that: the high
Lenperatur e por i gH HES SPTRAr Gilh) MR o™ 11 of HyERDO |TCLY R ment . 33

11. Arefrigefation apparatus including: a heat exchanger having a heat
exchangi ng surface and exchangi ng heat between air circulating along the
heat 5 exchanging surface and a heating nmediumcircul ating through the

heat exchanger, tdie refyigerati; QRS At ag,e% c(%aor terized. in that:
t he heat exchanger is a croé%l?%ﬁaan q{uﬁﬁﬁ%eatﬂﬂ%f% aﬁ%%?ﬁiﬁé1uding a
plurality of, femsrddadrfosdn ihecthetat 10 exchangi ng surface and a heat
exchanQ%r pi pe through which the heating nmediumcircul ates; and |
the "heat exchanger inclTudes a heater, the heater is
arranged in a state contact a lower end surface of the heat

exchanger, and the heater heats a lower part of the heat

exchanger to form the high temperature portion.

15 9. The refrigeration apparatus acccrding to claim
6, characterized in that:
the heat exchanger is divided into an upper heat
exchanging portion and a lower heat exchanging portion and
includes an expansion valve, with the upper heat exchanging
20 portion and the lower heat exchanging portion being
connected by the expansion valve, and the heating medium
being supplied to the lower heat exchanging portion, the
expansicn value, and the upper heat exchanging portion in
this order so that the lower heat exchanging porticn
25 operates as a condenser and the upper heat exchanging
portion operates as an evaporator; and
the high temperature portion is formed by the lower

heat exchanging portion that operates as the condenser.

30 10. The refrigeration apparatus according to any one
cf claims 6 to 9, characterized in that:
the high temperature portion has a surface subjected

to a hydrophilic treatment.
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a projection is fornmed on | ower ends of some of the plurality of fins, and
the projection projects nore dowmmward than | ower ends of the other fins.
15 12. The refrigeration apparatus according to claim 11, characterized in
that: the heat exchanger includes a |lower part with a surface subjected to
a hydrophilic treatnment. 20 13. A refrigeration apparatus including: a heat
exchanger having a heat exchangi ng surface and exchangi ng heat between air
circulating along the heat exchanging surface and a heati ng nmedi um
circulating through 25 the heat exchanger; and a drain pan arranged bel ow
t he heat exchangetl.theA refrigeration apparatus bathgdtharacterized in
that: the drain pgnhhg§ an 58 er _surface squected 0 a, water slipping and
wat er repel | ent treatfrent>C38"94T A2VLREi e EFFoﬁxﬁbBﬁgéPﬂssEéﬁﬁP?sﬁﬁa: a
heat exchangethhawing BeheabeeweBangipgcsuriiageiagdaisxghangnge.heat between
air circulating on the heat 34 exchanging surface and a"heating nmedi um
circuIaﬁ?nge?ﬁgﬁaglnghéuﬁéaﬁeeiéﬁaﬁgéﬁﬁtané mediainncpanuaatangetdhbehgiy t he
heat exchan , eLej dr aj . an.upper_surface subjected 5 to
hydrophiIicgﬁgegsﬁgn%gbggﬁggﬁé ?é?r?%gFggggﬁtéﬁga?gPﬁ§ag88o?a?ﬂ to any one
of clains 1cherddtechaedciartked:in that: the heat exchangi ng surface has
wat er slippage and

the heat exchanger is a cross fin and tube heat
exchanger including a plurality of fins that form the heat
10 exchanging surface and a heat exchanger pipe through which
the heating medium circulates; and
a projection is formed on lower ends of some of the
plurality of fins, and the projection projects more downward

than lower ends of the other fins.

15
12. The refrigeration apparatus according to claim
11, characterized in that:
the heat exchanger includes a lower part with a
surface subjected to a hydrophilic treatment.
20

13. A refrigeration apparatus including:

a heat exchanger having a heat exchanging surface and
exchanging heat between air circulating along the heat
exchanging surface and a heating medium circulating through

25 the heat exchanger; and

& drain pan arranged below the heat exchanger, the
refrigeration apparatus being characterized in that:

the drain pan has an upper surface subjected to a
water slipping and water repellent treatment.

30
14. A refrigeration apparatus comprising:
a heat exchanger having a heat exchanging surface and

exchangng heat between air circulating on the heat
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10 water repellency. 35

exchanging surface and a heating medium circulating inside
the heat exchanger; and
a drain pan arranged below the heat exchanger,
wherein the drain pan has an upper surface subjected

5 to hydrophilic treatment.

15. The refrigeration apparatus according to any one
of claims 1 to 14, characterized in that:
the heat exchanging surface has water slippage and

10 water repellency.
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