;e3e ' I $X$&6&E&T: ' L~ 5 AUG 2002 1 - "166166* HEAT EXCHANGER HA\E{![“@ 2001
CCRRUGATED FINS AND Al R CONDI TI ONER HAVI NG THE SAME BACKGROUND OF
| NVENTI ON 1 W d of the Invention The present invention relates to a heat

exchi‘mﬁm\\mm ing a nunber of fins which are arranged in a nultil ayer
stru refrigerant pipe which is inserted in the nultil aﬁere

fins so aw®y be extended in a neandering form and an ai rmmﬂ mmm’m mﬂ

havi ng the heat exchanger. 2. Description of Related Art onal
heat - punp type air conditioner, durinng cooling operation refriqgsant is
circulated through a conpressor, a heat exchanger at a heat source side (
outdoor side ) , HEXNIEXZHMANGERNHAVINGICORRUGATED fFRIse aNpunt control val ve
(expansi on devi ce)AlRa CONRITEQRRRMANING THE §3¥E side (indoor side), and the
four-way change-aver valve in this order during cooling operation, and
during heating operation Wﬂﬁgﬁl@!rcul ated in the opposite
direction to th of t e cooli n operation. The heat exchanger at the heat
source stde sFe‘r é{}‘.flﬁ'ﬁ ®r in heating operation, and as a
condenser in 00 'ﬁggeﬁeewen Don! Do PLEST £h0a %@%%ng,?cﬁwﬁ%&re A ngxehange

efficiency of exchanger, vari ous proposa PS ape”of fins

have beeg mﬂ?e Fdf AR cht Qﬁéeabﬁﬁngé@nnk@%ﬁﬂﬂa@e‘%n s\eﬂhe@uwo

protecting portions each having a triangular shape in Section are

cont i NnuOasd Ya keEpRgetrdntibigle’ whi e i(hnvkrtéd ael tha MultilwrereBS iR 2002 -
2 thickness direction of the fin). However, the conventional fin as

descri beso axote baextgndeld tma heiandezdh§i Hommt andr olaint cohnditdbnerr to
pronote thermal diffusion cannot be established on the surface of the fin
when t hehay¥ng | s heRto@RNENAEEY i n whil e heat - exchanged by the refrigerant

pi pe, and thus a thernal ounf %/s}t}%/er of the air still remains, so that
t he heat?excHERFFLECR BACYSTR G A AT icient. In view of the foregoing

problem it ngy be.g ,Q,gg,xntdlf%,%qr Hille PubBf A5pRUTNGE RaREILREL) OBEFEAE

randonty forned on° onote ocC nce of e tur

air passea&wbpbbst%ﬁfz@%lg&r&he fd BirbB1dtes t@.%agn@wamg&esgyfh a
random arrangenent of the projections causes increase of resistance to the

air flows et ehobahger atther hestlwoerceheide Jovdobangede] f icifentywayn
addition, the conventional air conditioner as described above has used a
chen cal changrnanersuyrlye, R-a2 HoWRBOUARE r epniyel aralive bd epahsdonn a
refri gerant circuit. However, such chem cal conpounds have potentiality of

br eaki ng ?Y‘l’éc%)z'or%hﬁaffe?x‘?rﬁ‘lgr?er Sty 2PeReRis SitRe { Rd0e” c‘h‘i%’irné‘“& Bh‘b
therein. .Therefore, for the purggse of th rot ection enV| ron R-11

(chl or odf?‘l’ﬁo"ﬂ}’rretdahr?é‘)gehg\‘/’?ﬁg FrtYfe thI o‘fl e R, vEdRCal <88 l8%ent s
such as B532a &) lé?tﬁoﬁﬁi'ilﬂﬁ)heﬁ:ﬂrﬁ_ﬁ o&ﬁ%ﬁ%§ghu9ﬁ9e}§m@eﬁ?ﬁ Rs/ad48

(tetrafl uoroet hare) whi ch have no | orine group or a mxture of these
conpoundsitdersdatnf 1@r the opposite direction to that of the cooling
operation. The heat exchanger at the heat source side serves as
an evaporator in heating operation, and as a condenser in cooling
operation.
In order to enhance the heat exchange efficiency of such a
heat exchanger, various proposals on the shape of fins have been
made. For example, there has been known a fin on which two

projecting portions each having a triangular shape in section are

continuously formed in an air flow (blow) direction (in the



15 AUG 2002 - 3 referred to as "HFC based refrigerant (m xture
refrigerant)") have been recently used as substitutive refrigerantqq\Wigng
such an HFC-based refrigerant is used as refrigerant, the refrigerant
circuit is necessarily kept under high-pressure and hi ghtenperature state
due to the inherent characteristic of the m xture refrigerant. In order to
prevent the refrigerant circuit to fall into an abnormal high-pressure and
hi gh-tenperature state, the heat exchanger has been required to have higher
heat exchange efficiency. SUVWWARY OF THE | NVENTI ON An obj ect of the present

i nvention {rs kPeR508E #8cifie s N3G, wWhich can enhance its heat
exchange efficiency, and an air conditioner having the heat exchanger.

Accordi ng to aHbwesérasphe! cdnvdntiphaierftin mwentiesdriledicaboeCchagges
conprising a nunber of fins which are arranged in a multilayer structure,
and a ref prpblent thigle ahissifficientertugbulanthdlowl tof agdredo i promtenas to
be arranged in a neandering farm the heat exchanger perform ng heat

exchange Bdexeeh &l ffugirn eprprgérkmestabpérhed M dbei FierEary of Heatfing
operation, .is characterjzed in that each of the fins has a corrugated

et on_f PSR EPR AT aFFOPE GHETYSIL (TR, Tk rgne PRECOTTARRae Horton
havi ng at i |.ons I 0 i | ent ow . of air
having sué%ggﬁﬁgﬁéﬁﬁwﬁﬁé%’QSFgﬁgé%gghF%E%g%%dgg§hpg§griégé%ué¥zﬁ€éi%&r

broken, butin@si sbARERs 20aEHStthLe t Rhedi hefahOWekEnBALe EXELESE VI Nisgh.

15 A U G 2002 - 4 In the heat exchanger of the first aspect of the present
i nventi on)inish€feoiengat ed portion may conprise three wavelike portions
which are forned in the air flow direction on each of the fins, each

wavel i ke porti &n niew f &heuboregeing [problem, it may be considered that

a large number of projections are randomly formed on a fin to
promote occurrence of the turbulent flow of the air passing over
the surface of the fin. In this case, however, such a random
arrangement of the projections causes increase of resistance to
the air flow, and thus it rather reduces the heat exchange
efficiency.

In addition, the conventional air conditioner as described
above has used a chemical compound such as R-12 or R-50 as
refrigerant to be filled in a refrigerant circuit. However, such
chemical compounds have pqtentiality of breaking the ozone layer
in the sky because they have chlorine groups therein. Therefore,
for +the purpose of the protection of environment, R-11
(chlorodifluorometane) having little chlorine group, chemical
components such as R-32 (difluorometane), R-125
{pentafluoroethane) and R-134a (tetrafluoroethane) which have no

chlorine group, or a mixture of these compounds (hereinafter



/

triangul ar section. According to the heat exchanger as descri bed above
since the three waveli ke portions are forned along the air flow di ﬂécAUGoZQUZ
on the fin of the heat exchanger, a turbulent flow enough to break the
tenperature boundary | ayer can be forned, resulting in enhancenment of the
heat exchange efficiency. In addition, the turbulent flow thus fornmed does
not excessively increase its resistance to the air flow, and thus the
pressure loss is not increased. Therefoge, the heat exchange efficiency of
t he whol e heat exchanger can be enhanced. In the heat exchanger as

descri bed mifereedt e gt THRT-beaeld ofefirigerans (migebré oréfpidgarddy ey ti nes
of the pipe dianeter of the refrigerant pipe, the width of each wavelike
portion i hayet begnsgesenhly apsed tas ssuhstgtutivef rafridemantndihdre swilght of
sai d wavel i ke gorti on is set to one-seventh to one-eighth of the width of

sai d wavelFxEFhoPRFeh. A IIRRE 1D 1R RSaf B aREREr AbederErigrsdndvove,

since the fin wdth is set to.two to three tines of the pipe_dianeter of
Che ref 11 GAFRHE o B8) T TR ¥ o hokbn “BaeH Moy BT SHRre + AT hdshon-
exchange oY b 0 e r LTI n,th ir and
R R i e S 15l e
fin w dthpistheesréfpigdinrdonhl 6r@ér tie ppepenti tHE keErehet bt r&fvdgar ant

pi pe, a sufficient heat exchange area cannot be obtained. On the other
hand, if tHee faXil widtd ias nabsreornedn bhigh-tgressuriereandf higie- pengserdituiret er of
the refrigerant pipe, the fin wdth is excessively large irrespective of a
smal |t emsdeieur thei heat grahangerebast beeni reqnidedh&of have Fukghey heat
according to_the heaé_exchanger as descri bed above, the width of the

wavel i ke FFPPBAC €TEEE1¢F X ubst antial ly trisectioning the fin width (i.e.,

the width of the wavelike po &!-n%- t Lal equal to one-third of
the fin wdth), and the hei g%t Of ‘{?fm%euiu uN'f;%)(ryr{Iion is set to

one-sevent h toAH“%b?bght BeOfeneh§rlsdhl iRGEARLon ATSORD DY abNEr fetgN be
produced a turbulent flow of air with which the tenperature boundary | ayer
of the ai lexchahgekeaihidhicancehRAREE & Y ReAt! ekchdrie @fFithiencgarnade an
mnimzed. In the heat exchanger of the first aspect of the present

i nvent i onairheonditigeerchparg dherheatoepchawgdanvo wavel i ke portions which
are fornmed in the air flow direction on each of the fins, and a flat
portion i nter pBSEErBERGEEh at - Sia PEPPRE Pbriheonkesenk Hryenthaen: raheadi dal
wavel i ke porki ons_havi ng{)a. tri an&ajnl‘gér s&ct%’ionng WAI\&% rding to the _heat

exchanger “A5"889EF | GRUPEHETVRE TN are’ arranged in a

multilayer structure, and a refrigerant pipe which is inserted

<
|3

in the multilayered fins so as to be arranged in a meandering
form, the heat exchanger performing heat exchange between air and
refrigerant to perform cooling and/or heating operation, is
characterized in that eacﬁ of the fins has a corrugated portion
formed in an air-flow direction thereon, the corrugated portion
having at least two wavelike portions for producing a turbulent
flow of air having such strength that a temperature boundary
layer of the air is broken, but resistance against to the air

flow is not excessively high.
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corrugated portion conprises the two waveli ke portions, and the fl at
portion interposed between the waveli ke portions, so that a turbul e é {hgm/
enough to break the tenperature boundary | ayer 1 5 AUG 2002 - 49 8610

air can be produced in air flowing along the surface of the fins, so that a
heat exchange efficiency can be enhanced. In addition, the resistance to
the flowng air is not excessively |arge. Therefore, the heat exchange
efficiency of the whole heat exchange cgn _be enhanced. Further, the flat
portion of each fin itself enhances a drainage effect to prevent the

surface of the ] nfd qluheidgfigeteds ke @13aR! @.sp@e@nokh%haegkeséﬁ%anger

as descri bed above I's used as an outdoor heat exchanger, defrosting

operation tarndiad,f atld @Wrrparkar prethesamsg Hoapeikdoehrbeala0sthrager
has an excel |l ent drainage effect, and an effect of the latent heat of water

on t he outpootidieatwhdxbhatiee fotaad bin Stipprass et owl kerelorien ewerawvheaft he
defrosting operation is switched off to return to heating operation, the
heat exchatlyer fdifs,ci enegcharvakelddsr pPoeriipnghhaelrg . a n substaagially

exchanger as, descri bed above, the width of each of the fins is set to two
to three tiREPBLALECHLIBNdi aneter of the refrigerant pipe, the width of

the flat portiqn is set to hal f_pof _the width of. the. el ike portion, and
t he hei ght of 3ﬁ§xﬁg989i%8 SB?tFS%Qi%”éER“%%¥<ﬁﬁy§ﬁ%ﬁﬁﬂ$% oaéﬁggniﬁ%ﬁc%f t he

Wi dth of g WEKELLKGRANLMAN. el NBrl O dhheliCali SHFNARECTa S desgT i bed

above, since the fin w IS set totw to three tines of the pipe

di amet er odidiailoRf ldrgefrdt £k P& the heAtWedthafigdr peamtiicbuzedt WaiLbe t he
heat exchange efficiency based on the tenperature difference 1 ~ AUG 2002
bet ween t henaigh ad brtemlf | the ntenperdatatrecbobadgeyi 3apexi oanetle Thameds, if
the fin width is |l ess than the double of the pipe dianeter of the

refri ger artepilydnga iquf enhanganendytof xebinheatr eschang®t eféiebeneniedInOn
the other hand, if the fin w.dth iﬁ no&&ﬁth%n ths three tines of the gipe
di anet er A9 et e rBHPYERS, THRY APNSWEGTRCRs d8REe SOy EFXFerSiYyeY

irrespectiye Ol ST reb§IRERALULS Bhd T FNERPCNRETHRE Rlf pRRAshPE T1 N
loss is not increased. Therefore, the heat exchange efficiency
of the whole heat exchanger can be enhanced.

In the heat exchanger as described above, the width of each
of the fins is set to two to three times of the pipe diameter of
the refrigerant pipe, the width of each wavelike portion is set
to substantially trisection the fin width, and the height of said
wavelike portion is set to_one-seventh to one-eighth of the width
of said wavelike portion.

According to the heat exchanger as described above, since
the fin width is set to two to three times of the pipe diameter
of the refrigerant pipe, the fin width can be minimized while the
heat exchange efficiency based on the temperature difference

between the air and the fin in the heat exchange is maximized.



i
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According to the heat exchanger as descri bed above, the w dth of the1‘§]lh@mm

portion is set to the half of the wdth of the wavelike portion, and

hei ght of the waveli ke portion is set to one-eighth to one-ninth of the

wi dt h of the wavelike portion. Therefore, the air flowng along the fins
forns a turbulent flow enough to break the tenperature boundary | ayer.,
however, the resistance to the air flow can be mnimzed. In the heat
exchanger of the first aspect of the present invention, the corrugated
portion may conprise two trapezoidal wavel i ke portions which are formed in

the air flgy.dijrect; 'foanﬁreﬁ ﬁ@,cmlefmt he hib@s, tAAH @nk! é&uBPétbP”thé‘tﬁagé’sed

bet ween the trap€zoid wavel i ke portions, each of the trapezoi dal vel i ke
portions h@admited SHDHARREREGYrdkERADR, dal siFGidient RSO eHoh@nke Afes heat
exchanger as described above, on each fin are formed two trapezoi dal

wavel i ke pmariricandeanttaiheédt @ortheowthetrehaodedif hidree fdtnweedthni s heowe r
flow direction, whereby a turbulent flow enough to break the tenperature
boundary |tyasy tdfe tHhres rtiees tef pheeluptee i dlanetes oof ngheal srfrigerantk face
15 AUG 2002 - 8 of the fins to thereby enhance a heat exchange effici ency
In addi ti diP-h&bpetivwitid 45 ereeFFHifIYy 1aree; %rﬁ%ﬁp%&*c’é’%io&eiaysm

Therefore, the h at exchange effl enc f the V\/n | & heat exchange can be
enhanced. TSFESEE f’FSné ?g% TPeHER w(fﬁrva/g've ike pacrife'?onﬁhas an upper flat

portion, and b Be, uRR&S dilrdf +8Ad ﬂeae@(éﬂg%gféxassmgarq@,eheéw the

trapezoi dal wave e portions Serve to enhance the drainage effect

Therefore)tﬁéﬁewiaastldrg e t RavEl Ifie C Portaopl evenked rmfesazsgeshemwy I'n
t he heat exchanger as descri bed above, the width of each of the fins Is set

to two to trhiseetiondsgofthehefipi petdtihan(st.er. ,oftheaiviidtdf rofyetlaat wavekikd he
ratio of the width of the flat :POI’tIOI’l to the width of ‘the trapezoi dal
wavel i ke pontion is svbstanpial rﬁﬂ‘%anle qﬁelcﬁm’t&ﬁrﬁ‘heft thpefdndetidtalel i ke

portion is set to onefourth to on gth of ,.the, width of the tra e20|daI

wavel i ke B14 88, PRLEBF PhgthD "faP(@lPr gt PRXERENgEF s%t FOs CPEREEVERBY €5° si nce

the fin wdth . o] di r t
refrigeran neplepéh%E éfl Ir'% éﬁn can é<a]'lén1‘3|.=f'rs1| mi‘(z:%%evwi}kéig "t hg e%t %&chtgenge
ef ficiencyrdiieed A thepdrdmer alsw codli hfier ghas hﬂ{ﬂ@?ntﬁé‘etéhﬁe%febe fin
in the heat exchange is maximzed. That is, if the fin width is |less than

t he doubl eciindaltre peperdbaneherabf t Heoradar Jénantregigeanaesafainsento heat
exchange area cannot be obtained. On the other hand, if the fin wdth is
nor e than thee aifr §dovi aes b niwimdized.di aneter of the refrigerant pipe) the

fin wdth is excessively large irrespectjve of a snall 1 5 AUG 2007?.
In the heat exchanger of the first aspect of the present

invention, the corrugated portion may comprise two wavelike
portions which are formed in the air flow direction on each of
the fins, and a flat portion interposed between the wavelike
portions, each of the trapezoidal wavelike portions having a
triangular section.

According to the heat exchanger as described above, the
corrugated portion comprises the two wavelike portions, and the
flat portion interposed between the wavelike portions, so that

a turbulent flow enough to break the temperature boundary layer



_ g _ tenperature difference between the air and the fin. Further,
according to the heat exchanger as described above, the ratio of thé¢ 5w\ H02
of the flat portion to the width of the trapezoidal waveli ke portion is set
to 2/3, and the height of the trapezoidal wavelike portion is set to
one-fourth to one-fifth of the width of the trapezoidal wavelike portion.
Therefore, the air flowng along the fins forns a turbulent flow enough to
break the tenperature boundary Layer, however, the resistance to the air

fl ow can be mninized. According to a 3ond aspect of the present
invention, an air conditioner in which refri gerant is cirgulated in

a
refri ger anPIcFrR AT RIS IRFPINCESnpPe 8L T1gWIRE 219 SUHEERENGEr, an
expansi on vi ge and_ a t- i eat - £xC j cterized in
Char at | ed0t Gmsorol St Rl o FORATERD bS SIRBEE KR e
heat exchapggf+ fOPriReSeeiitidee b thasrbithy b er afd aRfedaideRively
mul tilayer structure, and a refrigerant pipe which is inserted in the
mul til ayer gdrgé NrreFore) bRe didan@adhanga ¢effitlitmcyyofotie wiulechehtof
the fins has a corrugated portion formed in an air-flow direction thereon,
t he corr ugekechiange tgagn beaenhgngedl east two wavel i ke portions for producing
a turbulent flow of air having such strength that a tenperature boundary
Layer of the aiFuythesi.okere t reer&iomcef agarhsfinoitrelfi PrhRBGRS sanot
excessiveléghi h. In the air conditioner of the second a?Eect of

he

present i nJEAtTAE ¢HEETHr FugRT &b thonS npti EBe Peérﬂﬂvglefiﬂg 1
5 AUG 2002_- | partion [ch.are r i ir_fl disnection on
~each of fth_gr?lsﬁes : %ghg\’/\‘gvﬁ?%kew%& ttlL %nﬁﬁgsierq{gcth%?\gr Faﬁ%u‘?%%rcélebcﬁ%lt &n-'Tn the
air condit i @ngLe®fad hen SEERIYLATRRG! th:hEBEePf egePtod MR dgthatiBR can
corrugated portion may conprise two wavelike portions which are forned in
the air flpw &ffeaetivelyopeeobmed Bedcashdd the anddeot | Béatp anidhamngettt Raposed
bet ween the wavel i ke portions, each of the trapezoidal wavelike portions
havi ng a t anaexgesbkente driaimagen efifecti r andnahn t ¢ Hfrat off tthe Jadent hepbtct of
the present invention, the corrugated portion may conprise two trapezoi dal
wavel i ke pBft "GFETWHRR h thee PHYIRF | Rethe SXChapPBR FdTecPP oFUBRTESERIOf t he

fins, dafl [ ' d b h . i dal | i

por ] one, EREHEITTng BPpRSI I CRETEPT B SURTTI Rag Pre SoS IS0 B
ti on: 5 780 e _ i

xchange of 1E bty et dpezatdah. 286 BRn L R M TR AR S Blher

can be al speedcRs Pnilghe 1epeeial structure of the fins of the heat
exchanger used in the air conditioner. Further, HFC based refrigerant which

necessarily keeps tthee heekr egehangerciascdescuiilsi dhoye-, ptheswidtlad each
hi gh-tenperature state can be used as refrigerant. BRI EF DESCRI PTION OF THE
DRAW NGS FP§.the ifdng d€hemhtte WoagrakhseR it ipsafathe coirp tdigmetegcedr di ng

he present invention;
to the p e%ﬁetre rf%éré%%’pipe, the width of the flat portion is set to a

half of the width of the wavelike portion, and the height of the
wavelike portion is set to one-eighth to one-ninth of the width
of the wavelike portion.

According to the heat exchanger as described above, since
the fin width is set to two to three times of the pipe diameter
of the refrigerant pipe, the fin width can be minimized while the

heat exchange efficiency based on the temperature difference



Fig 2 is arefrigerant circuit of the air conditioner shown 15 AUGHRQIR
- 11 inFig. 1, Fig. 3 is a diagramshowing a control circuit for the
refrigerant circuit shown in Fig. 2; Fig. 4 is a perspective view showi ng a
first enmbodi ment of a heat exchanger used in the refrigerant circuit shown
in Fig. 2; Fig. 5is a plan view showing a fin used in the heat exchanger
of the refrigerant circuit; Fig. 6 is an enlarged cross-sectional view
showi ng the body of the fin of Fig. 4, which is taken along a |ine Al-Al of
Fig. 4, Fig. 7 is a plan view showing-a”art of the fin body of Fig. 4;

between the air and the fin in the heat exchange is maximized.
That is, if the fin width is less than the double of the pipe
diameter of the refrigerant pipe, a sufficient heat exchange area
cannot be obtained. On the other hand, if the fin width is more
than the three times of the pipe diameter of the refrigerant
pipe, the fin width is excessively large irrespective of a small
temperature difference between the air and the fin.

According to the heat exchanger as described above, the
width of the flat portion is set to the half of the width of the
wavelike portion, and the height of the wavelike portion is set
to one-eighth to one-ninth of the width of the wavelike portion.
Therefore, the air flowing along the fins forms a turbulent flow
enough to break the temperature boundary layer, however, the
resistance to the air flow can be minimized.

In the heat exchanger of the first aspect of the present
invention, the corrugated portion may comprise two trapezoidal
wavelike portions which are formed in the air flow direction on
each of the fins, and a flat portion interposed between the
trapezoidal wavelike portions, each of the trapezoidal wavelike
portions having a substantially trapezoidal section.

According to the heat exchanger as described above, on each
fin are formed two trapezoidal wavelike portions and a flat
portion interposed therebetween in the air flow direction,
whereby a turbulent flow enough to break the temperature boundary

layer of the air can be produced in air flowing along the surface



Fig. 8 is a cross-sectional view of the fin shown in Fig. 4, Fig. 9
graph showi ng the rel ationship between the wwdth of the fin and the

'T5 Aus 200

tenperature of air passing over the fin; Fig. 10 is a perspective view
showi ng a second enbodi nent of the heat exchanger of the refrigerant
circuit; Fig. Il is a plan view showing a fin used in the heat exchanger of
vi ew of the
fin of Fig. Il, which is taken along a A-Aline of Fig. 11; Fig. 13 is a

the second enbodinent; Fig. 12 is an enlarged cross-sectional

pl an view showing a part of the finof-Hg Il; Fig. 14 is a

cross-sectignal view of the fin shown in Fig. 1 AUG 2002 -
2 TRk (O i EAEREXC haRger

15 is a pePEp&Bei TEn%i X SheLERY SPRMTT 2

12

13; Fig.

of the ref559§£fg“,(¥ﬂén¥é§istance to the flowing air is not excessively

large. Therefore, the heat exchange efficiency of the whole heat
exchange can be enhanced. In addition, the trapezoidal wavelike
portion has an upper flat portion, and both the upper flat
portion and the flat portion between the trapezoidal wavelike
portions serve to enhance the drainage effect. Therefore, the
frosting on the fins can be prevented more excellently.

In the heat exchanger as described above, the width of each
of the fins is set to two to three times of the pipe diameter of
said refrigerant pipe, the ratio of the width of the flat portion
to the width of the trapezoidal wavelike portion is set to 2/3,
and the height of the trapezoidal wavelike portion is set to one-
fourth to one-fifth of the width of the trapezoidal wavelike
portion.

According to the heat exchanger as described above, since
the fin width is set to two to three times of the pipe diameter
of the refrigerant pipe, the fin width can be minimized while the
heat exchange efficiency. based on the tempera£ure difference
between the air and the fin in the heat exchange is maximized.
That is, if the fin width is less than the double of the pipe
diameter of the refrigerant pipe, a sufficient heat exchange area
cannot be obtained. On the other hand, if the fin width is more
than the three times of the pipe diameter of the refrigerant

pipe, the fin width is excessively large irrespective of a small



Fig . 16 is a plan viewof a f in used in the third enbodi nent of th e{;ﬁ@émm
exchanger shown in Fig. 15; Fig. 17 is an enlarged cross-sectional vi -
the fin shown in Fig. 16, which is taken along a line Al -Al of Fig. 16;

Fig. 18 is a plan view of a part of the fin shown in Fig. 16; and Fig. 19

is a cross-sectional view of the fin shown in Fig. 18. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS Preferred enbodi nents according to the present
invention will be described with reference to the acconpanyi ng draw ngs.

Fig. 1 is a perspective view showing & gqener al donestic air conditioner.

This type f a i condi ner _co SES ser s ni ndoor unit A
V\/n: ch Iyg df€ I Y r?dgt&rgerg ”Eﬁt % ueal§| o EH I%h tldoor unlutl) H)

whi ch is di spogﬁg__&}g]po @m? t gg%i h% P uni t
H are connecte eachgégﬁr :)c%ug gj%rég‘qg?g%?h%f S?p % %&’ggg a
refrigeranthgifftid o AHARNITOWoRI thBer1 &f rp&eF a8 Wb BHe & idfeht Be 2hk
conditioner showmn in Fig. 1. As shown in Fig. 2, the refrigerant circuit

i ncl udes attapercisk(r wavediRe i rtg.oh Bttt por 2y BN @i theChaPgles DfNghe
portion which is driven by the notor portion, a nuffler for suppressing 1
5 AUG 2002trapezoidadr saved ixedpasties dsesed pulengifowrdh rtef ongefafith

di scharged fromthe corrPressor 1, a_ four-way change-over valve 3 for

swi t chi ng PEfEEILE oF ovhs ﬁré"‘BSFPﬁG?ﬁe‘%ﬁ‘f‘-’rﬁkﬁpBPEH% 'la‘er%aﬁor&cﬁﬁﬂger

?LXLQﬁJﬁﬁta%Of‘fce g $5obd ot 2hpr Bl B P ertt Aoclroudhiba BeFan: an
user side { 1@%%%%5} Zayér m‘rfxc%éUezs He %‘ig‘&'a%gr 3 %ﬁg an

el ectrorragnetlc pen/ cl ose val ve™ 10. 2, the flo rection o

refrigerangi#di sichac@gad b’ afhih€ze@pr essor | s selectively determ ned on the
basis of one of three nodes ( a cooling operation node as indicated by a

solidline arrowcopriddag g apeseabhdnaspeet ast | thk qatexcbnlyy iaveattiod| | as
arrow and a defrosting operation node as indicated by a solid-line arrow

with a dotaih mesdddeeervi iR (Weidhwi cefrigepastt | vd ctizadatedr - day a

change over ve 3 and t he eI ectrQqmagneti c open/cl ose valve 10_1n_coolin
opergtl on, %’é‘ CHER Yo TR Eﬁgg ?erc\%'gr§§58rcoﬁdé‘ﬁ§§r sidgqheak °

i ndoor hea&g@@g&peraxz WRLAR18R ALAAPOLA 06 Kb R 0LRC NN dn oL

heat i ng oper ‘t he i ndoor heat anger serves as a condens er, and

the out doogxdieRigedX CRENGIRArdb581i%RY 88 B tCURPER Olone! H daid Qx%b'rﬂglde
operation (under heating operation), a part of the refrigerant di scharged

fromthe ciospt esebangeirSand raet hpasupphires didid heatudtindw@aconpehasger 4
to increase the tenperature of the outdoor heat exchanger 4) whereby the
t enper at ura mimheare dfutfdesr Wikdgh are Brag@medOon a multilayer structure,

and a refrigerant pipe which is inserted in the multilayered fins
so as to be arranged in a meandering form, and each of the fins
has a corrugated portion formed in an air-flow direction thereon,
the corrugated portion having at least two wavelike portions for
producing a turbulent flow of air having such strength that a
temperature boundary layer of the air is broken, but resistance
against to the air flow is not excessively high.

In the air conditioner of the second aspect of the present

invention, the corrugated portion may comprises three wavelike



- 14 exchanger is increased to defrost the frosted outdoor heat exchanger.
If the defrosting operation as descri bed above does not work effectﬂ{ﬁ\lug 2002
(when the outside tenperature is very low, for exanple), the defros gis
forcedly perforned by an inverse cycle defrosting operation (the
refrigerant flows in the direction as indicated by the solid-lIine arrow).
Fig. 3 is a diagramshowng a control circuit for the air conditioner of
the present invention. The circuit diagramof Fig 3 is mainly divided into
two diagrans at right and left sides w #8 respect to a one-dotted |ine at

th t thereof . The |eft_side di h tro] ci it f th
i ndoor uni PORELAB oV IAFR 675 R 2o HE SERAbPY CORTErL (PLIPP, g

the right shdeedhad’ ALSD WA 168N bbRLsGh il ind Y .ty;)%pgggggogﬁ%iéﬁ

(hereinafter reterted to as u r-contro cui € 1ndoor and

out door control 15i £dlidiS YMmaaeRBREEEHE tthEadraRldN8EpbBE 048N YPrladahg | i ne
100 and a control line 200. The indoor control circulit for the indoor unit

A conpri sesn@ehtCén f Yithg Gorduigatdd, pordilodl moMeEoRpPPLy &wbCUidveldked
control power supply circuit 13, a notor driving circuit 15, a switch board
17, a recepbroiogs rehich ke fomhesipliay theandlr 181awddrdd @pmuiroreat®. ofhe
rectifying circuit 11 rectifies an alternating voltage of 100V which is
suppl i ed fFekflafppsg 204. aThdakoPBFtieReinterRNSedihaiNaen Xhee piavatldkea DC
vol tage supplied to a fan tor 16 tqQ_.a_ voltage of 10 to 36V, and the DC
fan motor BBTHTONE. hiash of shR Grasesolats’ VayBhiKg crorEbonaarsr thdateq)

air into a e_aiJ.conditioned in accordance with a signal
transm'tteai?gér#gaﬁi%e?o%o%gn‘ﬁuter | 4. The control power supply circuit 13

generates a DC yol &i&iqf ceMaWiii6het Sof e sl 8dptltide (A& ReeBBYt er
14. The notor driving circuit 15 controls a current supply timng to the
coi|l of a sheentidd, ttre RodAiyatedopolrtibnSpay SComer Bses i PRl tfapaBdoibal

m croconputer 14, the signal being transmtted on the basis of rotational
posi ti on i wavehiite @prifianse wbEchaareoformeds inTitbesait childwatiketiion bnxed
to an operation panel of the indoor unit A and it is provided with an

ON OFF swi e8fr 9ft &de frinm.ngendy ® chlagt porthen, dpsprrefedi Petreengihe
recei ves various r te cqntrol sipgnals (far I on/of f .signal .

Cool | ngl heaf PRt E erRgThE prBbaPRemstn oF S0P o Fepbliidat™ B At ay
board 18 dLsptf¥iss Ah WGy A t@Apakaidsl ofeddi®rpi I conditioner. The flap
notor 19 operates to nove a flap for changing the air flow direction of
cool ed or heat esc@drdinghecd NeOraLO Nt i tione tad Adadrtibed pbovedednhwi th a
roomtenperature sensor 2D for detecting the tenperature in a room (room
t enper at ur b¢at aerehbengecledifigeiebeypernat lee exdrsaed?] i’ tmdecthagatiie
tenperature of the indoor heat exchanger, and a tenperature sensor 22 for
det ecti ng FRRIKEIPRENG PoWer eabRg 236 ARhRAFed by ‘r&gpu%@e%lﬁféﬁcﬁyrﬁhese

sensors are_subjected to A/ D conversion, and thep s lied to the
micr ocorrpu?grg%,.gﬂ‘%o rgte ﬁeﬁr?ale"f#‘éﬁ'??ﬁeuﬁ? r bR oMt P HEPRATN tt ed

through a §8£{:ﬁér, :L!F'é-ﬁyg’eaoozzefrigerant which necessarily keeps the

refrigerant circuit under high-pressure and high~temperature
state can be used as refrigerant.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing an air conditioner
according to the present invention;

Fig. 2 is a refrigerant circuit of the air conditioner shown



- 16 circuit 23 and a termnal board T3 to the outdoor unit H The indoor
control circuit is further provided with a Triac 26 and a heater e“a%\ Eéﬂl
The Triac 26 and the heater relay 27 are controlled through a drive R yu
the m croconputer 14 to stepwi se control the power to be supplied to a
heater 25 for reheating cooled air which is used in dry operation.

Ref erence nuneral represents an external ROMin which special data
indicating the type and the characteri stl cs of the air conditioner are
stored. These special data are read out 1dr 6m t he ext ernal ROM just after a
power SWItCh S mgut and the operation is stopped. Wen the power swtch
i's Input, tfro i nput of acomrandfromthe W reless renote

control ler. 60 a{as‘! degecid op eflabbsms [Houin &Jc\lé Fosypbh£f 2b-! 4o
driving switch ?s operation w | esc bed ater) are not performed
until the resadigotant ém@ee@}@kmdahamg_cpﬁpl eted. Next, the control
circuit for the outdoor unit Hwll be described with reference to Fig.3.

The out door uni Fi@. i aclaice peirepecnive botew sshbwlingT az £fandt Témbadineh ta e
connected to termnal boards T1l, T~ and T3 of the indoor unit A) a varistor
31 which i & beptcerehergey isadkrif e Fefrdgerant apdirquit i shqwy dinl dlig.a
noise filter 32, a reactor 34, a voltage doubler for doubling an input

vol t age, a2noise filter 36, and a ripple filter to obtain a DC voltage of

about 280 V froman AC voI ta I | n the outdoor ence
nureral 39 reprgls%nts %&RBGVQI%IZ holwfngse?l %Immursc |t“?o‘r' g\?&ttl ng

a control éh&ﬂéﬁ ,?;foreqrplbgeah@dgﬁtc { A through the termnal T 3,
and the converte SI gnal Is transmtted to e mcroconmputer 41. Reference

nunmeral 40 represghtes id &HIéTErdgivt eebek- fs@d‘:tﬂ&iaﬂl;tdﬂé@l HbWERG EPolagd to
a load in the outdoor unit H and a current transformer (CT) 33, and
rectifyi ngofhtheufiremif Fiilge 4, Déhvoht fgetdakers ajping dhiibe ADIAlage Fdga
m croconputer 41. Reference nuneral 42 represents a switch power supply
circuit fofs generatl ng operation pOV\er of the m croconputer 41) and
ref erence nuner 38 represents .a or . driver which perforns PWM contr ol
of the power togb%’ ? g5 PRI ViRY & ﬂ’ﬁ?'é%saoPaftoﬂg *ﬂ’ge 48 Body a5, &180nt r ol
signal frogithe mcroconputer 41. The notor driver 38 has six power
transi stors which are connected to one another in the formof a three-phase
bridge to constiigl es afk i @I -elithi onBEl QL 8NCEE BT Al n ShdWRPlieS RS a
conpressor notor for driving the conpressor 1 of the refrigeration cycle,
and referedece nuneral 44 represents a discharge-side tenperature sensor for
detecting the tenperature of the refrigerant at the discharge side of the
conpressor 1. REi@r &hée aanaph showingrthecneiationghimbetwehnsthe etddthonal
i se_controlled in three stages, and serves to the outside air

d
tS(IC;et(:aheI zuf%gg}%‘ﬁeﬁn e@&%é’ﬁ’&ertem?ﬁeaFBﬁ? P Ch&RFEIPEr OVEFVEPS G t he
el ectromagnet i cgpyal Vf'(f 10 & ‘}CHrb Lz%dvtigw S\Slns ée% SIS %nf?o%a%%%%e of
ycC

the refrigerati on c € as d above weve Swtc
operation gk theSkesl eemmeaﬁaxfbeh@efépﬂ&&m ¢gB@i¥ari ous manners.

Fig. 11 is a plan view showing a fin uéed in the heat
exchanger of the second embodiment;

Fig. 12 is an enlarged cross-sectional view of the fin of
Fig. 11, which is taken along a A-A line of Fig. 11;

Fig. 13 is a plan view showing a part of the fin of Fig. 11;

Fig. 14 is a cross-sectional view of the fin shown in Fig.



15 AUG 2002 - a The outdoor unit His further provided with a outdoor
tenperature sensor 48 for detecting the tenperature of the outside whi CIB hlﬁ
di sposed in the vicinity of an air intake port, and an outdoor 15 A6 1
heat - exchanger tenperature sensor 49 for detecting the tenperature of the
out door heat exchanger. Detection val ues obtai ned by these tenperature
sensors 48 and 49 are subjected to A/D conversion, and then transmtted to
the m croconputer 41. Reference nuneral 50 represents an external ROM

havi ng the same function as the exterrall2ReM 30 of the indoor unit A Data
whi ch are inherent to the outdoor unit Hand simlar to those stored in the
external ROBF30 are stored in the external ROM 50. Reference character F in
each of the indoor and~outdoor units A and H represents a fuse., Each of the
ni cr oconput er s {idntiof Sn@rberspectdvenyigy shRingkd IhiReh shhehingyy £
progr ans i? ad%anceéé?é‘ RAM v\/nifchhstorgrsi reelt erence dzi a, and a CPU for -
oper at i ng~FRg Brd%r IFhE I SRE RSt I o &Thtsr e, 87C196MC (MCS- 96
series) of Intel: Conpotati ) .t frigear i air
condi ti oner w Ie%l(‘ge) lgeégr?gégﬁ?kgggt%#\%dfﬁgt ﬁ&?‘ﬁ ﬁlg letﬂrge?lﬁlliag%gl'%ddalﬁngn%

m xture rebfi g0 HtlatkdIRing®edshBwh hén pFRpents;i nventi on. The fol | ow ng
description is representatively nade when the m xture refrigerant is used
in the present Fiwenli vs.ar enlhirgedpamds-caidtdonal nvikéw iof thé rfige chnivh
means refrigerant which is obtained by mxing two or nore Kkinds "
b5~0~~Y~2 in1Big oflG.eMiiigdy 4/t taKpRM2 ai¥iner ddr-Adhafakbieri L84 cs.

Fig. 18 is a plan view of a part of the fin shown in Fig.
16; and

Fig. 19 is a cross-sectional view of the fin shown in Fig.
18.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present invention
will be described with reference to the accompanying drawings.

Fig. 1 is a perspective view showing a general domestic air
conditioner. This type of air conditioner comprises an user side
unit (indoor unit) A which is disposed indoors, and a heat source
side unit (outdoor unit) B which is disposed outdoors, and both
the indoor unit A and the outdoor unit B are connected to each
other through a refrigerant pipe 300. Fig. 2 is a refrigerant
circuit diagram showing the refrigeration cycle of the air
conditioner shown in Fig. 1.

As shown in Fig. 2, the refrigerant circuit includes a
compressor 1 comprising 2 motor portion and a compressing portion

which is driven by the motor portion, a muffler for suppressing



For exanple, R-410A or R-410H is used as the m xture refrigerant. E&%@Amms
m xture refrigerant of two-conponents system and it is formed of (9 0
R-32 and 50W % R-125. R-140A has a boiling point of -52.2C and a dew poi nt
of -52.2C. R410H is formed of 45W % R-32 and 55W % R-125. Wen the m xture
refrigerant as described above is used in the refrigerant circuit, the

di scharge tenperature of the conpressor is equal to 73.6C for R 410A (66.0C
for HCFC-22), the condensation pressure is equal to 27. 30 bar for R 41 QA (
17. 35 bar for HCFC-22), and the evaperaBien pressure is equal to 10.86 bar
for RR41OA (6.79 bar for HCFC-22). Accordingly, as conpared with the
convent i ondfibsahipre and maj@esnduef teigrd-saXiomefnrefnigerant | Geaaharged
(R-410A) used in_.the gresent i nyvention 1Erovi des_ hi gh ter‘rPerature and hi gh
pressure t &§TPRe Whfol EOPRISSIRT afit @ r EQPFTWHEr Fﬁéf‘ge\ﬁﬂ‘éﬁ a2@dt’Pop? ¢ Fxt ur e

refrigerant_fornmed of A4l OA and,R-41 OH or. the.like |s .there.is
Tetl 6 var Ui PORER et sment T o psn Enb el B e s st o
the respec Ao RQIP N e P8 tSUBGLANL Bd Y REuBbr! ﬂesec&&mq(er)sg,t hat
such a problemas "tenperature glide"” is not required to be taken in

consi der at api 1Ty efuleS ( hpaneOBhI @bvibWlErs aial gepdeh i H11 fdr QRATALinAR )can
be easily perforned. The values shown in parentheses in the refrigerant
circuit of 6Fi g. h@at egxaisngert hax aot wakrdstdas{ bndadr ridat geraangeirped., That
is) inthe refrigerant circuit of Fig. 2, the dinension of 1 5 AUG 2002 -
20 a refrbgevifitenidhe apeercunulator duranfhprc RARgEr oINS Hl G Oy Fd OBRe

i ndoor heat exchanger 7 is set to 3/8" (inch), the dinension of a

refri geranf’abY‘ﬁelq)'et ween the indoor heat exchanger 7 and the screen filter
(strainer) 6 is . 10,1/ 4 (4 ol han i ger. LRe
bet ween t he capf'?r?talﬁ{i tzﬂbgh% %fr%ﬁ%]ﬁgggg% O?p?g%t r%)%f: %%géeé% |S§W§g§ego
174" (i nch¥rohhgelBRPELSG0PTi A SRYBEE SRl PRIt rhRe@ Wit A%e Bs8ls ¥ hARIEr 4
is set to 1/8" (inch), the dinension of a refrigerant pipe between the
four-way changerew abdesl V£ cbaalngt bperetivilimaterad iindisRiteloby/8B'soaidl/ 2" (
inch ) , and the dinension of a refrigerant pipe between the fourway
change- oveitinel acramnd a Heauirgooperesionxnbdagas indicatsd thy 3 Slotiedeh) .
The di nensi on of each of the refrigerant pipes in the refrigerant circuit
is not |intiBe BETAVWsEREi i defAP§EinGoRROERTIGMeTR{? 88ndrHicAked (REal
exchanger) haying. the highest, effigiengy can b rovid sett.ing.the

di mensi on 8?%‘3‘2%'6‘? the e‘f’ﬂﬂbe?aﬁf’%piléesacgfar?ﬁgc?ef"?‘i%ger t Sé“llrtggilpgto

the above ygluesodn SPn_SitﬂSratfbgﬁ-ngthEhéﬁgl;éuchﬂér}.ﬁgi‘ﬁ%%‘%é ng rgh! Iehan!

pi pe which“Is inserted into the heat™ exchanger. changer t he
present i neesttOonddgndtSied openaBYo88evalvd N heat exchanger at the user side
(i ndoor heat exchanger) 7 and the heat exchanger at the heat source side
(out door heat ekt heowjing Qperawdoer; , thheohbidami mgp tdeswhigrigean 4i senmee
particularly in the case where the heat exchanger of the present invention
is used asathé candersatat apfcihngdpdgorihheatnesabanger gheFeRERs 8RcRBNge

efficiency fromthe viewpoi nt of an 15 AUG 2002 - 21 _ air flow anpunt.
Fig. 4 shof¥°BOFT%- é%ﬁ)&gﬁenﬁﬁ{‘eﬁfh?% HEa B RENGRFT AR i RS £89PRE

present 'nxgg£lggchanger 7 serves as a condenser, and the outdoor heat

exchanger 4 serves as an evaporator. In defrosting operation
{under heating operation), a part of the refrigerant discharged
from the compressor 1 is directly supplied to the outdoor heat
exchanger 4 to increase the temperature of the outdoor heat

exchanger 4, whereby the temperature of the outdoor heat



As shown in Fig. 4, the heat exchanger 7 conprises many fin nmenbers 81
which are arranged in a nultilayer structure (hereinafter referred1toABE2007
"multilayered fin nmenbers”), and a refrigerant pige 82 which is inserted in
the nultilayered fin nmenbers 81 so as to be arranged in a nmeandering form
In this enbodinent, a pipe having a dianmeter of 7mmis used as the
refrigerant pipe, however, the dianeter of the pipe is not limted to this
val ue. For exanple, a pipe having a diLaggter of 9mmor the |ike may be
used. As shown in Figs. 5 and 7, the pitch D of the nmeandered refrigerant
pi pe 82 i sepdtarddt t 84 tidctespeai fid "akuEst henevarosted hostasthowdhaaet ,
the pitch Dis set to about 2l mm because the highest heat exchange

ef fi ci encyexchirigede exfpaherdeifablyiodt apesatixin tds desgnibed| mbblesdoes
enbodi nent, each fin nmenber 81 is formed by integrally fabricating two fins
8la and 81mot markoed fechivaly ngwhen | ditacupsdde aterpRNRtYsre Aiggyery AAd.5. In
ot her words, each fin nenber 81 is for_mel_g b rranging t fins 8la and 81b
' par al | cFORERATRYE ¢ nthe RELEPSadsis {RERRILY PRETPTROCRbE™ 41VRESS be
formed by a_sjngl | apar fi pl | fi lti]ayered
at a pr ede‘f’écr?irﬁ néie f%r? é:rg\r/lﬁl ggeg%&ts‘%‘ bét%%r a%gﬁ{?%@%g?al lquJSteoqgn Ig.il"g fl ow
directi on a8.d didrted iRKiBALEET BYW ¢he WA ifd-NineNaPEEW L is formed of

mat eri al havi ng excel | ent 1 ~ au~ Zoo2 - 22 thermal conduction
characteristicsgiguU@ ias adladaigiamn shbringl & i dayerad diidcutnizers thé aie
arranged away from each other at an interval ( fin pitch) FP, and the fin
pitch FP |csoptifiemey pfsthe tprelsehtt dntedhiobheTeseirpudtpitagramodeFigul d
experimental |y provide the npost highest heat exchange_ efficiency. Further,

two train 3fipipaipbhadividady HHestwy dino3egR *fti cR9bke apdadgéregides
refrigerant, pipe 82 pepetrates._.a red _in_the fins a_an b of _each
fin nonber VEE TeSPESY) B Pt?&rﬂaf‘%‘a% A8 8% T t%&tefhg}]ﬁf?%ﬂggﬂrp@n °F the
refrigerant.bi pP§; i ns d S8ibal S WeEP! gslel N ddifod ofg i udi nal
direction %ﬁ&% hglggﬁ&prreg g?’%% a%arg%%v}n (?n F‘?g. S. Eag‘ﬁa B‘l’pe penetratlgon
hol e 84 ISﬁ@féﬁ%ﬂkt@d refelirafedobiseachdds o] @it pAduar "85, aaadthe
hei ght H of the projecting portion defines the fin pitch FP as shown in

Fi gs. 6 anflidht Eiglerdiagiraat shewsfa tdmntpods edtrcuhtefivr othe esitdiesri onihat
the surface of each of the fins of the fin nenbers is designed to be

corr ugat edBi theypingfiter ggfgrredt tonagaSonhdeuteantrnel R Tawidv)A Poih
described | ater, ~whereby the_ heat exchqnge effi ci ency can be enhanced, Fig.

6 is a crobResiRionaand | RFIoT RPFEHP &Hi8% L&y qo,ﬁmfaﬁ%eﬁeﬁ[’ g2Ehanger
of the fi rst
Q

. ttseextrbtqu! rxr%?;[ aO]:iE:‘tiggnél ?nﬁ@rrlb(gg a%jd aI Qo%xm:gle R‘gl ﬁ%'t ’ Fhr ee
wavel i ke portrons (°c rugat ed poriion} are continuousty fornmed in the
air flow directyh jHdbokNohlr6kNesEowi ¢ ¥drl @ReOinddEr fimiit QD riikgs8la (
81b) as shown in Fig. 6, and each waveli ke portion has a triangular
section. alrbcAl¥y#W7cirddit 11, a motor power supply circuit 12, a

control power supply circuit 13, a motor driving circuit 15, a
switch board 17, a reception circuit 18a, a display board 18 and
a flap motor 19.

The rectifying circuit 11 rectifies an alternating voltage
of 100V which is supplied from a plug 10a. The motor power supply

circuit 12 regulates a DC voltage supplied to a DC fan motor 16

to a voltage of 10 to 36V, and the DC fan motor 16 blows heat-



Here, the dinension of each part of the fin nenber 81 of this enbodi nent
will be described. The width of each fin 8la, 81b is determ ned on tjHeAUb 2002
basi s of the bal ance between requirenents for enhancenent of the heat
exchange efficiency and mniaturization of the fin design. In this

enbodi nent, the width of the fin 81a,81b is preferably set to 18 to | 9mm
because this range could experinentally provide the highest heat exchange
efficiency. In this specification, "widih"_neans a dinmension in the air
flow direction to the fin (i.e., in the direction as indicated by the arrow
A) . Fig. %%ikéhdhdla@PcsH08E NGt hBehebdl i shi pnbet Weerobhe t&MRr akyre of
air passing over the fin (on the ordinate axis of Fig. 9) and the distance
fromthe cesm@Ertioheldheirn ebecgedante piwieht cat Bégadle Hransmatted tfrenf id8 in
the thickness direction thereof (the half of the fin width) (on the

absci ssa amcsras:fomﬁugerg)l‘l As is apparent fromFig. 9, the heat exchange
efficiency is reduced as_the tenperature difference between the surface of
the fin and thé"hﬁ‘aé’@PﬁﬁOél POYET sty Icr"’rrF?P@)t 5 FRPRteTRR P@dHE%F%?Pl n

cvay rom ot pCrRigh To B an,sutphird FAR FrerPellRiie il uiPectetfe
bet ween 1N {4 L stss Boek e 3 ok PERE" BAak Ry 1¥AaliNed 48 €fle oot

Therefore stance fromthe center o t he ri gerant pipe to
position cof rLERAREBENGE Lithd M rARPREESH#h Fes F@n@ée’f:@r@@ﬂgrﬁqt fremacha! f
(S2} of the width of the fin 81a,8lb. If the n wdth is smaller than the
doubl e of midrdrofighit2@024, 2ZHhe thegnall sheiree tSAnsindittedanpl ehet hasisnof dt h
is set to the double of a distance S1 ), the air tenperature cannot be

suf fi ci ent¥gtatigmedd. pagitien oinkarmedien idf tthe f PR Kot Ator akfger Thean

t he double of the distance S2, the air passing over _the fin has been

suf fi ci entFYivdubeasdi tiesrrﬁéi"ﬁf]uT% anypRer Rt rhé’a!“&nlt ﬂﬁrt%ﬁ-é’ﬁegﬁe‘h‘?iw t he
heat exch ge_g fi I enc d of t ratur S ect ed
[ ﬂig ‘; gt é’xfo‘u% £6 bel%ﬁa ‘r?% Eg. % p%%l tion

even if t f 7R wi seft rger nthls

TOis detesmngd ad. h-}het Q%c@bh&ﬁ”@?féﬁw S dss Ire%@u%g %&&,sa{lgmé@

distance S2 at this time is adopted. Further, the double of the distance S2
i s adopt eccaserl ediqedlis e podt bx&néféﬁ aaﬁyrarfoinghaltl kodlanglheatilyg .
Hext, the detailed structure of the wavelike portions (corrugated portion)
86 fornmed sniedckipnal 31zodn8 tempeirathre sigredi.metc. W | Theaigpderi beard n
detail. As shown in Fig. 6, each fin 8la, 8lb having an effective width S
conpri ses B @d-rslpl}@é{?eﬂ“ RRYTH R FEAGUS 9F FR Wraﬁ’ﬂ“ﬁta‘tm@&geTBBrﬂ%ﬁls 87
each havin 2 fg V}E WhItCh are forgfd a% tg‘ ed%es %‘the f|

gui de the T16W ot” al Pef?l The “Phi"tRfess triRctPon SOF PR8It ?"ﬁgat ed
portion hayj ng.ike Wﬁdkg°%hs°*r“§9%d ied into three wavelike port| ons

(projections) 86 eac aving a w In this enbodi ment, since the

effective widt rhe 2ha68gcdntrdis ciebule 18 fldReNfréfeded diftn\h péoach
edge portion 87 is set 1 5 AUG 2002

temperature sensor 20 for detecting the temperature in a room
(room temperature), a he;t—exchanger temperature sensor 21 for
detecting the temperature of the indoor heat exchanger, and a
temperature sensor 22 for detecting the humidity in a room {(room
humidity). Values measured by these sensors are subjected to A/D
conversion, and then supplied to the microcomputer 14. A control

signal from the microcomputer 14 is transmitted through a serial



- 25 to 0.8mm the width Wof the corrugated portion is set to 16.&-}%%5(2302
18.19 - 0.8X2), and the width W2 of each wavel i ke portion 86 is set to
5.53mm (=Z6.59/3). The height Hl of each waveli ke portion 86 fornmed on the
finis determ ned so that each waveli ke portion 86 serves as a resistor
against the flow of air to produce such a turbulent flow enough to break a
t enperature boundary |ayer occurring on the fin. If the wavelike portions
86 are excessively high, a pressure |oss is excessively large, and thus the
heat exchange efficiency is r-ather | anmaged. The height H of the wavelike
portions 86 is determned in consideration of the two conflicting
condi ti onscascdes 23 badi abamermiinaat bbardt he tweitet odtdbsrrenitred to be set
so that a turbulent flow enough to break the tenperature boundary |ayer can
be produced andThe irifooragentind ¢hecyisiist fucthed pravigded wWighy adhrinc
mnimzed. _In order to sati sf%[et his requirenent, accordin

it

, to thi
embodi nent 26t ARd rat PP AT tTRL The driggcKowabe| Fhe B%?F“?Bnr!%]za)f *%1he

wi dth W2 thereq ' et_t t i, e ' ﬁg% t.0

one- sevent ﬁr?océﬁ{éfgg%éfhg%#é .as%re%él% c% Ilt[’y’5 ﬁ% iecl:g#f&%l 0 t]h4e to
vavel i ke pEELh@Ps8&drtddiclhkapbiesclo e guﬁpi@eb-m breauseabt sGPUL
experinental |y provide the highest heat exchange efficiency, and nore

pref er abl yhébting S®dollelt @idwhiShniee tbBedwinltdry\Bbpfratdoh.wavel i ke portion
86 is set to 5.53mm as descri bed above, the dinensional ratio (H /W) of

t he hei ght Hl tRefdwengeldt huW@riat swmiprieseapsutarli/ @xterrnal MIB 2002 whizth The
crest and trough of each wavelike portion 86 may be rounded to facilitate

t he manuf agPefidy e dadicpting FﬁﬂS?YlNé)&r}d e sheracteristieherthithe

condi ti oner . usi ng. the heat exchanger .according.t i s _enbodingent. wll be
descr | bed. =1 S HOSFaPEE) SROT T THTE. RRICLRL DRI SaPeoy: firom

sw tched agplndiealfdh .bxoh.hﬁu Q ik ldne ﬁ(ﬂge hsw£§ B 98T anbudll SraargRd
fromthe conpressor 1 is circulated through the muffler 2, the four-way
change- oveppephtfors,id Rtoppal-. SAHEREtEe dsbiaaiswtehangeinpat) dtedieidin
exchanger) 4, the capillary tube 5 the screen filter 6, the user-side heat
exchanger 6fnilguut lefab ecmmamd efirony theheineléserregoteheohvueolbey 60 and

change-over valve 3 and the accumulator 9 in this order in the refrigerant
circuit. |fetegctiomsef the gserusgi @ rber OWOFEN Gl tehs @y dests dpiving

evaporator, and the refrigerant js redyced in pressure by the capillar
tubo 5. OnSYREChY(idS RERESCLARHELLY e OpSratPell Ta4er ) G3F- ML RAGIRIRS er

valve 3 | sufblt chisd And dloaledny sbhe, dptaeth | Gonideblie Tef ri gerant

di scharged from the conpressor is ci ated throu he muffler 2) the
four-way changenomer s VEorrdinecivddiltered?) dHe diffiooy dmited waxaharger
(i ndoor heat exchanger) 7, the screen filter 6, the capillary tube 5, the
heat - sour c@escritbditati tdx clegegenceotibdBbg - heat exchanger) 4, the four-way
change-over valve 3 and the accunulator 9 in this order in the refrigerant
circuit. In thiThemadoogeunthtBsinplades gernénel HIrddr' 14 Ber 84 S an
evaporator, and the refrigerant is . 1.5 AUG 2002 - 27 redgced in pressure
by the cap?"f‘+‘a%’y’=‘%8 nnected to terminal boards T,, T, and T, of the indoor
unit A, a varistor 31 which is connected to the terminal boards
T', and T', in parallel, a noise filter 32, a reactor 34, a
voltage doubler for doubling an input voltage, a noise filter 36,
and a ripple filter to obtain a DC voltage of about 280 V from

an AC voltage of 100V.

In the outdoor unit B, reference numeral 39 represents a



In cooling or heating operation, the air is heat-exchanged with the
refrigerant passing in the refrigerant pipe by the indoor heat exchéﬁg@iﬁ 2802
whi l e bl own through the indoor heat exchanger 7 by a fan. In this

enbodi nent, the air is heatexchanged whil e passing through the gaps between
the multilayered fin nenbers 81. The air passing through the gaps between
the fin nmenbers 81 forns a turbulent flow having such strength that the

t enperature boundary | ayer of air can bﬁ broken, but the pressure loss is
not so large, so that a high heat excha ae"effi ci ency can be obtained to
enhance the_air,condit.i.oning t.h i ondj ti,0 Accog di to
this enbodisﬁ‘gﬁ?,l %’l‘%%uelﬁ %8rt ﬁ‘?’g‘\ég%/\%ﬁeq iakgogghlfo%?nfrlegﬁ ép%égsaf%%’]nggctrﬁe air
flow direct,ag,pn,44¥ fttﬂrgn hDEnd SR ruHNARIEr arf LHEDHLAPEr LW GRYON to
break the terrperaturehboun a?y ayer can be formed, resulting in
enhancenment goferhhemi€eéd exehange mifdrodompayer| 212dgelfe@Bnceh@umerbal aunt
flow thus formed does not excessively increase its resistance to the air
flow, and trbpsesdetpraessinrenitodetestont fomncledaetdngThereént esupiei die abo
exchange efficiency of the whole heat exchanger can be enhanced.

Furt her nor e, 1laedoinli the otders vrbbdB natd @ wrrengt fransfeemer (GB) S8, to
two to three_tinmes of the tgépe di aneter of the refrigg:é%nt i pe, the width

of each wafBfi KEChLFYing the HTIRPL AR iBF 1¥PA aRd v rhber O
i dt h, d hei gh f.th 1.5 AUG 2 -2 i i i
o one- covERLRPE. Bnce hiRromPtRy ot Resprefice ML tE Honthanbsrcl

to one-sevél e waver i ke portion. whereby

e e e A e

the air an t exchange operation Can be naxim zed, and at

the same titﬂa_:&i&&ddﬂaﬁmé&ms,aranlaera're'rerﬁa@dmms&hhI36 WHelgiis@nite, a dotkidi ng
to this enbodi ment, the heat exchanger as described above is used in an air

condi t i onegrivéerdiione pezfioans PWM ddritonndr oliavhegpawer ¢b heasuppddeahde
efficiency can be provided, and the air-conditioning power can be enhanced.
Further, hithR- COMPERSSeX el HPT- KheePasder OfethS cORTTRE $dORads frem ither ant

ticularly in the ai i descrjbed above. Next econd
P bodi ment MYFEORERRSRT dSiondRGePORRE STERYRT 13 P8 BLECRRYST EAMSITAS | be
Chowi ng s nihidn (SLEEidBarBoopd JahSuiidh, 41 Sne Pobf BrDE AR HESY OV

invention. pASaghows idbrgtdtuil drieiheétt&XCHANEET ReketBhSe eHRRELAEN L]
conprises many fin nenbers 71 which are arranged in a nultilayer structure

on each ot papresaits e conptégedsaiiotarp foB A isriings ehé atbnprdswemil of theer ed
fin nmenbers 71 so as to be arranged in the neandering form like the fin
menbers 8lrefrigerdticyt ewbdei n@mnd reReremee f nuperakbdh neaprreseptpe a
having a diianeter of 7mmis used as the refrigerant pipe in this enbodi nent

. However , dtAeharggntidle Jemprzagppe FERFRY f9midedgctinpntie EgnReTayre
exa-apl e) of the refrigerant at the discharge side of the compressor 1.
Reference numeral 45 represents a fan motor whose rotational
speed is stepwise controlled in three stages and serves to the
outside air to the outdoor heat exchanger. The four-way change-
over valve 3 and the electromagnetic valve 10 are controlled to
switch a refrigerant passage of the refrigeration cycle as

described above. However, the switching operation of these

elements may be performed by using various manners.



1 5 AUG 2002 - 29 a pipe having a dianmeter of 9mmor the |like may be used.

v As shown in Figs. 11 and 13, the pitch D of the nmeandered refrigerant] PAPE2002
82 is not limted to a specific value, however, in this enbodi nent, the
pitch Dis set to about 2|l mm because the hi ghest heat exchange efficiency
could be experinentally obtained at this value. Further) in this

enbodi nent, each fin nmenber 71 is forned by integrally fabricating two fins
7la and 71b into one fin having a plaqaé body as shown in Figs. 10 and 11.

In other words, each fin menber 71 is f Pred by arranging two fins 7la and

71b in parall el pas BRMAGE N 185 5 1031k rbher HiRNARa! Fs B Na THRG0OF L Y

be formed by a single anar ese plural nenber

nul til ayer gdmpéracix£dabRESE NQG |ft§1er!iélte§@1ﬁ§ ttBeberagcditd el NoPakak! el
to an air flow direction as indicated by an arrow A. The fin nmenber 71 is
formed of satetdalwHin ng éxepddahtin hbenalchainguetfi an sharactaid porres, -
such as alum num The nultilayered fin nenbers 71 are arranged away from
each ot her and amoundeey dleat-exchphngen)tarpergtyreheensqr ¥ot £or @etesting
preferably set to 1.2 to |.6mm because this pitch range coul d

exper i nment ’a‘h?yt%ﬂllﬁﬁ%rtehéfnﬁg? PR hesdt escBaRgge: é??*i%qfe‘r?éyvaltuﬁﬁher
t t t h | 74 th h h

Fer i gor anbP PSR Y, Shefr F P g seH=PhoL IR 3 aﬂ%né%%ﬁ”e %6k tach
fin menmber, /1 J:éh\!rézr%m‘?xng Pd'tﬂéh oI 19%82 tgg& r%k‘?r eny of the

refrlgerant pi pe 82 on t'he fins 15 AUG s wobbl ed
in the |ongitudkdifdretidet tlumeradf 50 heedtdbarmizban Z;Ltéﬁnéhm Iﬁavling thd -

Each pi pe penetration hole 74 is defined and sectioned by each projecting
“portion 75saseshowtian lkisgthé2¢xtexchd hROvei3ghbfHtbé idogar aireidt ANgDAGat i on
75 defines the fin pitch FP as shown in Fig. 12. Fig. 12 is a

cross-sect Vohelh srevimfierent fiqm ¥hetdpprusedti B end ﬁéa‘tiléX‘cﬁQngépsgf t he
second enbodinment. In this enbodi nent, on each fin 7la (7lb) are forned t he

wavel i ke pﬁF‘P’F%‘?ls”( &Ber ﬁﬁﬁ?’éﬂajpd?qw 39) 258 $TPRHk 1% Fh?l ‘%i'f’?%]cﬁoé"n Pin the
thi ckness g&%&&& o0 §f tg.%%ei' )maé'éjcrg d# %&. PQL Wﬁb&” Zxﬁ;'cﬂ} %%J%‘“X}’ee”
t he wavel i ké por |ons as s oWwn 1n 5 exchan e
ef ficiencyahd gnhancadnrr & shigke, the d| mensi on of each part of the f| n
menber 71 of this enbodinment will be descri bed.

Each of the microcomputers (control members) 14 and 41

includes a ROM which stores programs in advance, a RAM which
stores reference data, and a CPU for operating.the programs in
the same housing (for example, 87C196MC (MCS-96 series) of Intel
Corporation Sales).

Nexnt, the refrigeranﬁ used in the air conditioner will be
described in detail.

Both single refrigerant and mixture refrigerant may be used
in the present invention. The following description is
representatively made when the mixture refrigeraﬁt is used in the
present invention. In this specification, "mixture refrigerant”

means refrigerant which is obtained by mixing two or more kinds



The width of each fin 71a, 71b is determ ned on the basis of the balan
bet ween requirenents for enhancenent of the heat exchange effici endxbaaag@lmz
m niaturization of the fin design. In this enbodinment, the wwdth of the fin
7la,71b is preferably set to 18 to |19mm because this range coul d

experinmental |y provide the highest heat exchange efficiency. As is apparent

fromFig. 9, like the first enbodi nent, the heat exchange efficiency is
al so reduced as the tenperature differepge_between the surface of the fin
and the passing air is small. As described in the first enbodi ment, no

further redectépiddrdlie vraepehaver @i pfetdier GG edibtissexpect ed in an
ar ea 1 5 AUG 2002 - 31 which is farther away froma position TO because

there is littl erdpempaanples R-I41OAence BeMOBN ideuked tanpehat urisctare t he
air tenperature in this area. Therefore, in this enbodi nent, the distance
from t he ceafeigefante Re4iQheignmipitpret Getfm,igsggmti @f coreegupediendst o

the tenperature TOis al so preferat())éfy set to a vﬂ% of the w dth of
the fin 718Y7i¢™ I?“Qh‘etf’t% fRred s‘sﬁﬁl’:ﬁ‘e’r‘ ?%aﬂn‘?h oWkt - - t‘%é OA

di st 52 _(f th ubl e t
Slls)?ntcﬁe éf“% %Qﬁ‘g rﬁemélanr?ot _g‘ﬂ' gtpf |en O e%oﬁc'?ad gOn Eio"hg &t hg anee
hand, if tEfOQI&%&&%dn%fl Qgg@g kbsa: émew regfz gt he distance S2, the

ai r passing over has been suffi ci uced in tenperature, and

thus no furtherygbaneemRittuet roerigatartx@iragecelibidi Sv6ve (ILdiseld @n of
the air tenperature) is expected even if the fin wwdth is set to be larger.

In this ermbhdi nsfirigerenposecirani t,0 ithede@fschaxyk Skemperatieeaiof the
tenperature is reduced by 6C, and the distance S2 at this tinme is adopted.
Further, ttempresgdr s @auad doulyBe 6°Be fdr sRaALeA SQﬁﬁ.sD d"dcﬁﬂledmé'él-aﬁ)
effective width S (=18.19nm of the fin 7la (fin_7I | ~t ext, the detalled
structure bPetGRDARAFALIRE ??Eﬁ?”r‘{ﬁ?s 1Fc’59‘|‘?f’gé’f’ea7p%?tk?"‘l}'n)fo?GRT‘bir%(f 1dn38ach

fin 71a(7b f od| Wi_| | escribed. _As.shown

each fin 7_%a%7€ ¥ havi ngggh e’f |vea&gg?ﬁ é" orr?r)srsiugéaslg T ugrlc g 8értl on
having a wh,gEhedY rnd ol g% QQQSaPOchi mclzzqachcéayaﬁggf,{wa@ leofib awéd\m' ch
are forned at 1 5 AUG 2002 - 32 both edges of the fi ogwdetheflow
of air in &bentdre kbaventiorsl isihglle rerigéradthe £ acrogat gdeomikear8avi ng

the width Wincludes two wavel i ke portions (projections) 76 each having a
width W, zmefirigdétamt §8-8il0A) n8sell spotbe etserdn inventios| previgest hagh 76.
temperature and high pressure to the whole refrigerant circuit.
Further, when azeotropic mixture refrigerant formed of R-
410A and R-410B or the like is used, there is little wvariation
in refrigerant composition because the boiling points of the
respective components are substantially equal to each other, so
that such a problem as "temperature glide"” is not required to be
taken in consideration. Therefore, the control wunder air-
conditioning operation can be easily performed.
The values shown in parentheses in the refrigerant circuit

of Fig. 2 represent the actual dimension of refrigerant pipes.

That is, in the refrigerant circuit of Fig. 2, the dimension of



The width WL of the edge portion 77 is set to 0.8mm for exanple, and the
wi dth of the corrugated portion is set to 18.190.8x2 = 16.59mm As 15 AUG 2002
descri bed above, two waveli ke portions 76 and a flat portion 78 di sposed
bet ween the wavel i ke portions 76 are formed on the corrugated portion. The
width WB of the flat portion 78 is set to a half value of the width W of
each wavel i ke portion, that is, WB=W2/ 2 because the above di nensi onal
setting of each part was experinental Ly,groved to provide the highest heat
exchange efficiency. Specifically, the wdth W of the wavelike portion is
set to 6.636p0%rftddnte pWpdt PeWied! dHhe foualwhRPr Ehaiye e SR vE033ard 8mm
Like the first enbodi nent, the height HL of each waveli ke portion 76 forned
on the finthe delicermheatd etchdrajeredchsvweaeltidka/por {inch Y6 e démeAsién
resistor against the flow of air to produce such a turbulent flow enough to
break a tenper aediragevamtiaripel hgtveen cihe indoon hdat ekphanger He andvehe ke
portions 76 are excessively high, a pressure loss is excessively large, and
thus the hee¥eexdHdigs &FEFRiRRE) § oS Sefetol bhRY edinch), Fhg dipgnsion 33
The height Hl1 of the wavelike portion 76 js deternjned in consideration of
the two co‘?u?l PctiSTE2O6RENET SPCaPLHEE bR abBRL 13t %Pg‘? héfei e HL

s Tequi e {@.die 138k SRckiiled d ULDULENo /AW PIRUAY, Rk IEn of

t enper ature boundary | ayer n be produced and at the sane tinme

resi stanceat gypdes ?ipé'@ﬂ €RE BEtdbdY MheRd. edchatigiar 4 oisatdsi¥ot Dy sn
requi renment, according to this enbodinent, the ratio of the height Hl of
each wavel ( kechopr tthend Sbehsi drih @ fvadr&f ¥Pgérwmarte pfi péHi¢ thlgen sheefotip-daP t o
1/9 (i . e. , H is set to one-eighth to one-ninth of W2 ) . Specifically,
t he hei ghtchhiings-avexr walvei kenshitheopceenikanrf/eigbhsgt str I/8"0085 1621. Om
because it could experinentally provide the highest heat exchange

ef fi ci ency{inghy P8 therdmepsyopiof & Tefrigerishpipe ketvwegn e fourr to
about 1/8). The crest and trough of. each vel ik oriion 76 may b ounded
Lo fac |1 {%t% FREIRRRIPACTEH RIS GREEUETORH Bept, BXCARATEN & AR BRE St he
ai r condi tjpper 43ing e AeAENEXERARHCEadE ¥ AW it iBksaRRDRALIEN L S
identical to that of the first enbodi nent, and the detarl ed description

t her eof i stien téedigeraOOotirgudt DPeahobhg 1apetati @d 4 hepétifis value,

heat - exchanged with the refrigerant passing in the refrigerant pipe by the
i ndoor heatowsxsrangbe Fiwntidrgdilionert hneallexchengeddohavigsd tdechiagiyest 7 by
a fan. In this enbodinent, the air is heatexchanged whil e passing through
the gaps beffikeiPnaye cam tel Ryeréded Ay ngsbleing Ahe dipepsipr ofpgach of

the refrigerant pipes of the refrigerant circuit to the above
values in consideration of the relationship with a refrigerant
pipe which is inserted into the heat exchanger.

The heat exchanger of the present invention is used as any
one of the heat exchanger at the user side (indoor heat
exchanger) 7 and the heat exchanger at the heat source side
(outdoor heat exchanger) 4, however, the following description
is made particularly in the case where the heat exchanger of the
present invention is used as the indoor heat exchanger 7 which

needs a higher heat exchange efficiency from the viewpoint of an



- 34 The air passing through the gaps between the fin nmenbers 71 forns a
turbul ent flow having such strength that the tenperature boundary !%y '7%2
air can be broken, but the pressure loss is not so |large, so that ﬂgh
heat exchange efficiency can be obtained to enhance the air conditioning
power of the air conditioner. Particularly when HFC based refrigerant is
used as refrigerant, the refrigerant circuit is kept in a high-pressure and
hi gh-tenperature state. However, even_ igy such a severe condition, each of
the indoor air and the outside air can be sufficiently heat-exchanged by
t he heat exGhaiggr ambunther, the flat portion 78 is provided between the
wavel i ke portions 96, so that the fin nenbers 76 drain well and thus it is
hardly frostedFigccot dshgws 0 at hf isrsnbenbardinientsi o€ e thiee Heat wexehamkger
portions and the flat portion are formed along the air flow direction on
the fin ofaqderdiogt texthanpessent tiivedtéAr-f | ow enough to break the
t enper at ure boundary Iayer can be forned, resulting in enhancenent of the
heat exchange éFfFBP%c’;P Fig-addi treheathexchrpacen qq“lﬂﬁlﬁﬁﬁsm?’a}’n%’d’ does
not excess "t?é'g’e% géease it sareeS| stance Lo the air uflo and L %he
pressure | § i A & TREFEPIPE, the hel excﬁgnge e ]fl ¢rency of
t he whol e g M n o] 0 t he
width of t@eaf%l%é??ﬁe?éf%f‘?%%%@% 3"2*%1’};%?@3@% e L e ot & he
refri ger antefiijg@rahite pwpdt B20knibR fikatinperté@NihsSthet mbdtal Apéfedfside
wi dt h 15 A 2002 - of the wavelike portion, and the height of the
wavel i ke pmnbess B3 seot asotcmrm egtdngetdo ione- meandening erw.dt h of the
wavel i ke portion, whereby the heat exchange efficiency based on the
tenperature di fipetbhecemadiment,he Bipe ARYinge af fhaneten ofhdep éﬁc‘h%?ﬁge
operation can be Xji m zed, t the sa me the fin width c
B i 200, S5 PEIES A4 S BERP n MU o CBRUBTIRARE, Of 1 GiPeolBHiiyer as
descri bed is. u I a

Ated 2o %ﬁ% A 13% rrozc‘éﬂglnbhgf | €& pﬂrghe h%fx&l}xge p?:dg#n%t%r, % 1 the

condi ti oner aving a exchange  efficiency can

ai r - condi td@NLRILROVEIk @RyPBe AIMIHICAL. shwAdd Fig8. Higl 7EMRREAS LG
HFC- based refrigerant can ge used as refrigerant particularly in the air

conditi onay &5 @ReChicadezbayvaefMiybrantt pipd @APhotk Mt afimtilkedhaat a
exchanger according to the present invention will be described with
r ef er ence speciifge. vabuep howewsny irgthdsagepbodipreent,vahe edtsholi g 3¢te
third enbodi nent L
to about 21mm because the highest heat exchange efficiency could
be experimentally obtained at this value.
In this embodiment, each fin member 81 is formed by
integrally fabricating two fins Bla and 81b into one fin having
a planar body as shown in Figs. 4 and 5. In other words, each fin
member 81 is formed by arranging two fins 8la and 81b in parallel
as shown in Figs. 5 and 6. However, the fin member 81 may be
formed by a single planar fin. These plural fin members 81 are
multilayered at a predetermined interval so as to be arranged in

parallel to an air flow direction as indicated by an arrow A.

The fin member 81 is formed of material having excellent



of the heat exchanger of the present invention. As shown in Fig. |5 QE
heat exchanger of this enbodi nent conprises many fin nenbers 91 whi 51A Q002
mul tilayered on each other (i.e., arranged in a nultilayer structure), and
the refrigerant pipe 82 is inserted in the nultilayered fin menbers 91 so
as to be arranged in the neandering form Like the fin nmenbers 81 and 71 of
the first and seeand enbodi nents. Like the first and second enbodi nents, a
pi pe having a 15 AUG 102 - 36 dianmetgp of 7mmis used as the refrigerant
pipe in this enbodi mrent. However, the dianeter of the pipe is not limted
to this vakHerm&PIchdBYi®n @hRirREtEAVEAGER, HRELEr a®lim@ABMOr the |ike may
be used. As shown in Figs. 16 and 18, the pitch D of the neandered
refrigerant pipehé&anilxinalyekedi £fid femberspétidre aralangedhawmey efron Rathi S
enbodi ment, the pitch Dis set to about 2l mm because the hi ghest heat
exchange ebthereatyapodhdebeakbxpéinnphteh) yFobt andetheat fini piyahugP is
Further, in this enbodinent, each fin nenber 91 is forned by integrally

fabri cati nBref@rabhg Sht thdl FAb9 &J%@QQW%\HW é’lﬂ:Fé‘n&IanSGdFO&éds hown
in Figs. 16 and 17

arrangi ng ?ﬁBeﬂ’ﬁ%n?ll;i yaﬁﬁoﬁﬁ%g t?ﬁ' p'ﬁ?%% P‘é P}‘SS gerh%?i% ex%hligﬁé gf%gcéﬁéci‘/.

However, t mq:g}%e r?q_ I

pl ur al fi nPﬁ%{ ers gfg}nrq%yf,ﬁg eé)é %r@%g‘?éefbﬁ‘]p kggafl%{le%vlaﬁnhgggas to
be arrangegeiRadrdd|dedril P@raatapipélw&ﬁe&@altea 8fei Pelikad 6Gh RheaRiALN OW
A. The fin nenber 91 is rmed of material having excellent thernal

conduct i onarhadtt8dh fi eachsAth manksEni@1INdM ithelomnditudirerledifrentienber s
91 are arranged away from each other at an interval ( fin pitch) FP, and
the fin pisehtlst|therafrmangemenseptt she. pefonigemmt ipeude oni $hei féhsrange
coul d experi nent al l%’f provi de the nost hjghest heat exchange efficiency

Further, t&b2t30d P pEPRRIAS 2t Fhg HAESusie natd Gﬁﬁﬁc%‘?‘&tﬁ’f( ﬁé‘emﬁéﬂder ed

refrlgerar~t enet r at.es or efl 02 _- 37
91a and 91B°8 olgeeacﬁ ignq’r?év er ﬁ |nt5| tge B %i‘%‘g trléc ion ségt hgt the

arrangenenge pindd1€ah&f ELELI KA pbfee§3h OBrBS‘é‘c{irgtﬁ gén?-tfd}d 84b éﬁd"‘@?@' ed

in the longitudinal direction of fin menb as shown in Fig
Each pi pe penght &t ioh trd @rdjjectidgl poetdiamddeidone®d Hincadhchr gpeaki ng
portion 55, and the height H of the projecting portion 95 defines the fin
pitch FP ashewown iFidgs.g6 and 8nd 19.
The main feature of the present invention resides in that
the surface of each of the fins of the fin members is designed
to be corrugated in the air flow direction (as indicated by the
arrow A) as described later, whereby the heat exchange efficiency
can be enhanced.
Fig. 6 is a cross—seétional view of the fin member 81 used
in the heat exchanger of the first embodiment of the fin member
81. In this embodiment, three wavelike portions (corrugated
portion) 86 are continuously formed in the air flow direction (in

the thickness direction of the fin) on the fin 8la (81b) as shown

in Fig. 6, and each wavelike portion has a triangular section.



Fig. 17 is a cross-sectional view of the fin menber 91 used in the heat
exchanger of the third embodinent. In this enbodi ment, on each fin 914 AUG 200
(91b) are formed tho wavel i ke portions (corrugated portion) 96 in the air
flow direction (in the thickness direction of the fin), and a flat portion
98 interposed between the wavelike portions as shown in Fig. 17. The crest
portion of each wavelike portion is flattened, and thus the wavelike
portion has a trapezoidal section, V\hgrgi)y_the heat exchange efficiency is
enhanced nore. In this sense, the waveli ke portion 96 of the third

embodi nent i s herQl nafHera i@ bR0okO edsh” bhaResei €Ak YaNehikBePOsii gp") -
Each trapezoi dal wavel i ke portion 96 conprises two (right and left) ranp
portions (thistenboddmeptpaill obs)d&bariddedi.an upper flat portion 96b between
the ranp portions 96a. Accordingly, the main difference between the second
and third enbodiheentisithecifdeschnfihalaheBlly gst duirerimdnedf opathewbaeis ke
portio is flattened in the third enbodi ment. Here, the dinension of each

part of tHhef fthe hedseceobetyeen requigements foggenhancemamio®tnthe BRPF be
d i bed. The width of .each fin 91a, 91b.is. determ ned the pasis_of th
oo e bt FAEREY PER BiRntanat e thE A5 Pl cnbat! oo8” e
aan e e . . o . h
vt of LRty R AR Sthe Lo 0 ol 9F8' 8, d1h Gl BeBTROGRIT er 1O
coul d expegd %”Eé'iM&QEEQ@etGﬁ§Mh§§tc&?ﬁ espebanartei 1y ProNte Hsel S

apparent fromFig. 9, like the first and second enbodi nent's, the heat
exchange eiigrdsanapaiSeitltdndecdtfi€ediancy har enperspatief ididtienentwidetween
the surface of the fin and the passing air is small. As described in the
first and mewona damedshenmtin the adrtfhkew ddadection to thee fileymbdr at urin of

t he passi_r[%‘ai r.is expected in an area which is farther away froma

posi tion TDHFESEICRePE 1RAFFIEGE ¥ Fher FELPE B fference between the fin

t t th it in_thi Th f, in the third

erbodi ment . ¢ he W st Inbe B GTRAER RS oS HECTRT FPHOHA PHTRen ot the.
iti j . TQ.i |

POS 11 O COLi RSN Ae! 81 NSadATRELILT el Qs (Bh SO ELAARNLY 528L 4P 2

hal f (S2) of the fin 9la,9lb. tr(leflnvm s smaller than
the doubl ergyf. tohe adlaStne c sTandeOEroX i &enfthe bk Ncvd ddrrigesahtt pigde
doubl e of a distance SlI), the air tenperature cannot be sufficiently
reduced. Omw tthe edgerpdricn of thee finnini theh thickaege rdideatiohetbendde of
the distance S2, the air passing over the firs has been sufficiently
reduced i n(ghenpeddt afetharfiin mgthd fomt¥he absraFE_RNPRES GIE FRE-hBAt AS

exchange efficienc

(.reductio 5 AUG 2002 - 39 _of the air tepperature)

s expoct citF GPBRIERT FESP idn denthe HEAE E3OREPPR GEFLCITIRNAS ERUURent
the positi I ] | e 4 Se e y 6C,
and [ho. di Sy e RpIEFSERLE W -oBl bofudid HETREELLE DS SR ha Y, o
doubl e t hepyl gfa%@qagsaitsmmﬁd 28 Py efd,eqabl ¥8rvhél hreaucti®nlAmn®f the
fin 9la (fin 91b).

temperature of the passing air is expected in an area which is

farther away from a position TO because there is 1little

temperature difference between the fin temperature and the air

temperature in this area. Therefore, the distance from the center

of the refrigerant pipe to the position corresponding to the

temperature TO is preferably set to a half (S2) of the width of

the fin 81a,81b. If the fin width is smaller than the double of



Next, the detailed structure of the trapezoidal wavelike portions
(corrugated portion) 96 formed on each fin 91a (91b) of this enbodi nftAuG 2002
will be described. As shown in Fig. 17, each fin 91a, 91b having an
effective width S conprises a corrugated portion having a wwdth W and fl at
edge portions 97 each having a wdth of WL which are forned at both edges
of the fin to guide the flow of air in the thickness direction of the fin.
The corrugated portion having the width Wincludes a left ranmp portion 96a,
two trapezoidal wavelike portions (projggtions) 96 each having a width W2,
a flat portion 98 di sposed between the trapezoi dal wavelike portions and a
right ranneottisean88as2 - ( fdie eMatipheWMtRé £11e BEE® ROr£&0Ntd % HeS aoRb1kO
0.8nmm The edge portion 97 is formed to have the sane shape as a half

porti on ofoff ke digemde &1 )porthepnaidt bteyperast urea panmodta lbenad fiilcd epanyi on
96, and it is disposed at a height H fromthe flat portion 98. The w dt-h
W5 of the Hedwsefor PRofheeather hand wildt khesfdn vieth i laygexpdhan abe
upper fl at rtio 6b are equal . to each other,, and the width of the
(Pae por B4 PE hE irtAPaiohr cthe T4 GBSRInGEOBPT VBT 41h has fgen ovg
or 2W8 ) . 1 trap i el i p [on _96 i ual to
(W8 + 2 X%?ﬁg!ﬁ%g%y%é’%&%. lfﬁe%%g’\ggga}@néhsi%ﬁ%l sr%asti r?é) o] 5§gﬁrpart

was exper igipahabm¥nBO¥ ehel Re Rt WiicHargeCe PE IBESH R eat%tIBASE &iHd GligNCY.
Specifically, the width W2 of the trapezoi dal wavelike portion is set to

4. 1445mm tehpeviaduheYBiefl ddpectederevidnmti Hotheé oniAbidshsdls tsed . 881bam
the wdth Wt of the flat portion 98 is set to 2.7636mm and the wdth Wb of
the ranp pergesn 96a is set to 1.3815mm Like the first and second

enbodi nents, the heiﬁght Hl of each trapezoi dal wavelike portiaon 96 forned
on the fin is &BtEPAFneuPdinent. e RRFHHWe THls fetesminpdesoathat

resi stor ainst the flow of air._t roduce_such_a.turbul.ent flow . enough to
break a tgt%ﬁeraéfu%gmggﬁﬁggfﬁ ﬁgygtraggg%ﬁrg?’ns gh PHd %f’ﬁ.d%%?ﬂﬁeﬁgpagoi dal
wavel i ke RaGLi ePfe 9s ASAGRES Futthi i Ble GoRbfs W¥ &HP S deant¥C8sSI el ¥

| arge, and thus t?le heat exchan(;l;le ef fri'ci eﬁcy ‘lm;s rgﬁmr Iomesttég. Tﬁg %%i ght
H1 of theadbppeaochdabnVayebikeveoriden D6 418 . demnmorednen seanghdeqathon of
the two conflicting conditions as descri bed above, that is, the height Hl
is requiré&bde be set so that a turbulent flow enough to break the

tenperature boundary | ayer can be produced and at the sane tinme the
resi stance to MRBtai rthe ofetaidled WHAUGEEEE. 90 dhGervavelidie spprthpas

requirement, according i o; L) sgemMadiIEnt, L8 ahi0 g1a (81b) of this
embodiment will be described in detail.

As shown in Fig. 6, each fin 8la, 81lb having an effective
width S comprises a corrugated portion having a width W, and flat
edge portions 87 each having a width of W1l which are formed at
both edges of the fin to guide the flow of air in the thickness
direction of the fin. The corrugated portion having the width W
is trisectioned into three wavelike portions (projections) 86
each having a width W2.

In this embodiment, since the effective width S of each fin

is set to 18.19mm and the width W1l of each edge portion 87 is set



1 5 AUG 2002 - 41 of the height H1L of each trapezoi dal waveli ke portion 96
to the width W2 thereof (HL/W2) is set to 1/4 to 1/5 (i.e., HL is sethtAb6 200
one-fourth to one-fifth of W2). Specifically, the height HL of the
trapezoi dal wavelike portion 96 is preferably set to 0.3 to 0.8nm because

it could experinmentally provide the highest heat exchange efficiency, and
nore preferably it is set to 0.6mm Since the width W2 of each trapezoi dal
wavel i ke portion 96 is set to 4.1495mm descri bed above, the dinensional
ratio (H1/W2) of the height HL to the width W2 is set to about 1/5. The
crest and 40y %Rl RACHIAERAREEE HAL YBMRIH BaPOLEL A 96 grY b8 1euRgRd to

facilitate the manufacturing process of the fins. The operation of the air
condi ti oney -usg N9 t-hep fmet) exehanper wieaowWl B3 kachhivaverbesli idrS 86
identical to that of the first enbodi ment, and the detail ed description

t hereof isiensétetb 9s63now0l(i41%.60/B¢ating operation, the air is

heat - exchanged with the refrigerant passing in the refrigerant pipe by the
i ndoor heat exche@dweightzfil| ef peasih weiveddlh portioniddr fthemedexe Hegdin7 by
a fan. In this enbodinent, the air is heatexchanged while passing through

the gaps bdfwseterRangt| 59 afR3edepPh WAKBLFKe oPOTHAAN,i80 SRIYST) Fir Bugh
the gaps between Lhe, fid enbers, Ol of M antunhul anlof Low,haviaid syeh
strength t Rar T he {) %n}yeP o? bri a

et erat ure boundary alrr-can beée Dbroken, uf" t he

pressure | Qﬁéuﬁﬁ B8t bredic SFa AbmBPRtird bonfdrd dayei0 ddRtrrangi g Raat
exchange efficiency can be obtalined to enhance the air conditioning power

of the air fgandif thBehavéBikd PordibiisiE arEFenbaserlyéBf high! adtpriessugad as
refrigerant, the refrigerant circuit is kept in a high-pressure and

' hi gh-t enpaoas uts estceissivedyelarge cwamd thusudie hesdverehangalidfifdcieaagh of
the indoor air and the outside air can be sufficiently heat-exchanged by

the heat eighuateer Mmwenes- {The keisht for pfokhrowaved ikeaperbiens 8fadel i ke

ti 96 dth . h tion, bet the t i dal Jik ti
56 aro desPETEEMTTE] HE FPRPLARETBIOR G4 FHP THR TP LAEROBP AT Rbr e
£51 oi ent i . e
fSlrJos!t gld?nA%%{:gl ng(i ?%ot%%ﬁg[egﬁggpd?h{ent , hsellﬁgg %?}(Laisst :/\I/Igd[uriggg;g?gg% ‘yﬁa&vgﬁ ke

portions apdathg fhAtuld i Obwlddugh®d 8keal the 8bmpdtHMird nRRNGaRyON
the fin of the heat exchanger, a turbulent flow enough to break the

t enper at ur @apernetat el pyeducaa &xed fair rhd, sams WineGhienreshatasretio @het he
heat exchange efficiency. In addition, the turbulent flow thus forned does
not excesspk¥t| flownheamabe minimizgdt dncerder tiwe sgiti sfyothigmequiremens,

pressure loss is not increased. Therefore, the heat exchange ef ficiency of
the whol e RESPTX RGP 1SR DRILIFRINCdGe Fatio of the height HI of each

wavelike portion 86 to the width W2 thereof (H1/W2) is set to 1/7
to 1/8 (i.e., H1 is set to one-seventh to one-eighth of W2).
Specifically, the height H1 of the wavelike portion 86 is
preferably set to 0.5 to 1.0mm because it could experimentally
provide the highest heat exchange efficiency, and more preferably
it is set to 0.7mm.

Since the width W2 of each wavelike portion 86 is set to
5.53mm as described above, the dimensional ratio (H1/W2) of the

height H1 to the width W2 is set to about 1/8.



Further, the crest portion of the trapezoidal wavelike portion 96 and the
trough portion between the trapezoi dal wavelike portions 96 are designgd 00
the flat shape, so that the fin nenbers 96 drain well and thus it is hardly
frosted. 15 AU6 2002 - 43 According to this enbodi nent, the wi dth of
the finis set to two to three tines of the pipe dianeter of the
refrigerant pipe, the wwdth of the flat portion is set to a half of the

wi dth of the trapezoidal wavelike portigg, _and the height of the
trapezoi dal waveli ke portion is set to one-fourth to one-fifth of the width

of the trapezoigql ue¥eti k&aPRELLGN. o¥hEhERY whbE1 et pe¥ €16 J8s ehbhi,Chency
based on the tenperature difference between the air and the fin in the heat

exchange opetadédnts afadia ir@tenthednamnth@tudity padeessneft tige ffinaM dt h can
be m nim zed. Furthernore, according to this enbodi nent, the heat exchanger
as descri bed abWest, sthesapenatdonapf tbadeironendi Timreaf orsdngarcha heat
condi tioner having a high heat exchange efficiency_can be provided, and the
ai r - condi t PEAhARIPO\RICATS NBe tenkhhE eBMPP MET Wﬁéﬁ,bﬁigﬁs?éﬁﬁ%?ature

HFC- based refrigerant. can be used as refrigerant particularly in the. air
condi {1 oner as HEsCPT LS ARRFETICR. | RS e BT Kok SaIaTEEr| BRdvabavas t he

present | ”X%E%ér?%‘d | §%398{3£8£’¥%é’ L{?etﬁér s?yﬁ?ﬁ!ﬂi jpger aPE'OVt% errﬁf‘ir'l%e%ﬁéem

i nvention s applicabl e to ofther 1ypes of nmachine§, Tor exanple, ~a

refrigerat jpgcRRdide s B AcoRprdLIRIAL O 1 dNtodidt®a tHroudGeRR02
muffler 2, the four-way change-over valve 3, the heat-source side
heat exchanger (outdoor heat eachanger) 4, the capillary tube 5,
the screen filter 6, the user-side heat exchanger (indoor heat
exchanger) 7, the muffler 8, the four-way change-over valve 3 and
the accumulator 9 in this order in the refrigerant circuit. In
this case, the user-side heat exchanger 7 serves as an
evaporator, and the refrigerant is reduced in pressure by the
capillary tube 5.

On the other hand, in heating operation, the four-way
change-over valve 3 is switched as indicated by the dotted line,
and the refrigerant discharged from the compressor is circulated
through the muffler 2, the four-way change-over valve 3, the
muffler 8, the user-side heat exchanger (indoor heat exchanger)
7, the screen filter 6, the capillary tube 5, the heat-source
side heat exchanger (outdoor heat exchanger) 4, the four-way
change-over valve 3 and the accumulator 9 in this order in the
refrigerant circuit. In this case, the heat-source side heat

exchanger 4 serves as an evaporator, and the refrigerant is



- 44 VWHAT IS CLAIMED IS 1. A heat exchanger conprising a nunber of
multilayered fins, and a refrigerant pipe which is inserted in sai dl 3 AUG 2002
multilayered fins so as to be arranged in a neandering form said heat
exchanger perform ng heat exchange between air and refrigerant to perform
cool ing and/or heating operation, characterized in that the width of each
of said fins is set to two to three tines of the pipe dianeter of said
refrigerant pipe, each of said fins ha§ a_corrugated portion fornmed in an
air-flow direction thereon, said corruggt ed portion having at |east two
wavel i ke i . ci,bg t lezg:b,f of air wwth which a

t enper at u?‘g&%%%&ncsiﬁr ?ﬁegfg?gokgt ﬁgea(l%r&#ﬂs olgg%}g'but resi stance against to
the air flow if, Bdd1iingedr RBAtiNG Jhekidtioh, canh ¥pveld kR diQkbi-BAngagset by
substantially trisectioning the fin width, and the height of said wavelike
portion igitlet the aefrigeeahh passenageiighttheofrd e gerdint ofiai by wakel | ke
portion. 2. The heat exchanger as clainmed in claim1l, wherein said

cor r ugat etingeex | beat oepehaager hi/eavhidee|blicwm othianah ke hindeof ohgetl i n
the air flow direction on each of said fins, each wavelike portion having a
subst ant | B¥F8PRFSTanGulPyr &et?? onln3thife GMPRAiBRBRandde £l 4F nB82ENn claim

1, wherein said corrugated portion c rises t wavel j ke rtiLons i ch
are for megraendss ¥hE P R SREPUR Ghecdan® HPCERRR TIT AN tAAGYRTFR a
portion ipjernased behween said wavelike portions, each of said trapezoidal
wavel i ke portions having a substantially triangular section. 4. The heat
exchanger as onal RG basé}iﬁ? Nehboudfhe tBE Ngdp® pétdieBnOtheatih flempalrd giNS 1S
set totw to three tinmes of the 1 5 AUG 2002 - 45 pipe dianeter of said
refri ger afbrns @eturbelenttfilef hasidgl $uth pairengthi shaettHeo tembekatatet he

wi dth of said wavelike portion, and the height of said wavelike portion is
set to onecwndpnyh leyegnef min rapfbe hrolfes hbet W gregsere Kogsodsi ppt 5.
The heat exchanger as clained in claiml, wherein said corrugated portion
Conpri 56558 W ORapEI CFIRA. SWByEh AR SREBRS AL EPEYf GRS PHEPHBSG 1
flow diregti e ,..Saj j . | tion | r bet ween
sai d trapgém ﬁ%\/‘\efa\%’:&l %érpgéxg?%ﬁiﬁ‘le@;%ogfe frsglkdegéa%%a}z]oéléc]{acﬁt\%‘\%\?‘e i'ke
portions havi g gt o | ghiy emdRaZnbARl 8AEEONhD. tHPGe NGabetXEbanger
as claimed in claimb5, wherein the width of each of said fins is set to two
to three poreomy ddee fpirmeddbasRethef abhi fhowidir@genanh pnpehet henréti o of
the wdth of said flat portion to the width of said trapezoi dal wavelike
porti on ithseheat 2¢8chapgernt,heahefythulentsaftow r @penghdato wdbrelakketipert i on
is set to ane-fourth to one-fifth of the width of said trapezoidal wavelike
portion. YemRGFaiYTeoMAWESREr HAYRRI cFePef PPgeflFilefls cFeent&irg i#na
refrigerant. circuit c i si.ng.a Conpressar,..a.user-side al . exchanger, an
expansi on- ¢ e%'?c(?é“%élr‘fd %Tﬁ‘e“a -hseg’l}:r ceexcs|a(§’§eheeaftflg>%8ﬂ5%ge!r[? Sﬁg%gﬁ?ré‘rigre‘% in
that at |easyiai OGR! hilsChomhdlf 8580 RYENBNOSLS AN Pl AChERls SPHL e

si de heat exchanger conprises a nunber of multilayered Tins) and a

refriger andsidtmcshith ike idizerfiesy,i AndaithuBuithel pyessdréi D6sS0iasnde be
arranged in a neandering form and the width of each of said f ins is set
to two toindressed.nPhegifthe, ptipe Mdiatrekehaoge saf fi cidnayyefathepwpele each
of said fins has a corrugated portion forned in an air-flow direction

t her eon, Redld eshangereg2pobei ePanEATg at | east two

Furthermore, according to this embodiment, the width of the
fin is set to two to three times of the pipe diameter of the
refrigerant pipe, the width of each wavelike portion is set by

substantially trisectioning the fin width, and the height of the



1 5 AUG 2002 - 46 wavelike portions for producing a turbulent flow of air
with which a tenperature boundary |ayer of the air is broken, but 15 AUG 2002
resi stance against to the air flowis mnimzed, and the width of each
wavel i ke portion is set by substantially trisectioning the fin width, and
t he hei ght of said wavelike portion is set to one-seventh to one-eighth of
the wdth of said wavelike portion. 8 The air conditioner as clained in
claim7, wherein said corrugated porti ! conpri ses three waveli ke portions
which are formed in the air flow direction on each of said fins, each
wavel i ke 9:%%&9?? ;t?o"lltgl%naiéugé %’;t b%lé/exiédéﬂ‘%g' S&Ee-seelgi Mo dend N
conditioner as clainmed 1n claim7, ereln said corru ed portion
conpr i ses Jlewqniay ekl $kBObbireRen Wikbr &b {18 "eéhi Neddiarild &4 QW dnGCtion
on each of said fins, and a flat portion interposed between said wavél i ke
portions, bagel &h G GdnpRietQrdalii FeaAdnde HedeefNshBayiNthad StHestrapt i al |y
triangul ar section. 10. The air conditioner as clainmed in claim9, wherein
t he w dt hief thadiealf exahénfenspéesatsigin cant e maxinhirzeel,t Bndsabftlehaapiepe
di aneter of said refrigerant pipe, the width of said flat portion is set to
a hal f of tifie whelthinfwidihd cpay & RENPBEFEDN, and the hei ght of said
wavel i ke portion 1151 fet to one-eighth_to one-ninth of the width of said

1

wavel i ke portiBht URHReTgre, FOhBY 52 EPpLF ndEPeHmanh-mthe fgétei n
said corr QQ‘LS{? Dor ggo (o20] Eggesabto% t;r ARG oc{ dfxln \Y; I.irke éacg.tti.%ns whi ch
%ln% ﬁ qg ¥ of “sal %1 cand 2 oPFAr

e
are forne € alr ow di rection on eac f I'ns, a

portion i phetppsed behegir saidhdlitaBREP! dalvitayveli 1 o heQPS)exeRaRgRf said
trapezoi dal wavelike portions having a substantially trapezoidal section.

15 AUG 20@2ficféncyl Zcarl e grfovidedi,t ehABethasact acomdh tibring Polbr WAAr €i N
the width of each of said fins is set to two to three tines of the pipe

di anet er be echahgest.r Fyetheat, gijgh-temperatuve ¢dFQ-thaseddtef ofgesmnt that
portion to the width of said trapezoidal wavelike portion is set to 2/3,
and the hBPgHFe8f a8argfrigpeant dedr vkfIaly For tiheh 3ir sandidigRerigarth to

one-fifthdof t he 'cgh of said trapezoi dal wavelike portion. .AY
escripe above.

Next, a second embodiment of the heat exchanger according
to the present invention will be described with reference to
Figs. 10 to 15.

Fig. 10 is a perspective view showing the second embodiment
of the heat exchanger of the present invention. As shown in Fig.
10, the heat exchanger of this embodiment comprises many fin
members 71 which are arranged in a multilayer structure on each
other, and the refrigerant pipe 82 is inserted in the
multilayered fin members 71 so as to be arranged in the
meandering form, like the fin members 81 of the first embodiment.

Like the first embodiment, a pipe having a diameter of 7mm
is used as the refrigerant pipe in this embodiment. However, the

diameter of the pipe is not limited to this value. For example,
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a pipe having a diameter of 9mm or the like may be used. As shown
in Figs. 11 and 13, the pitch D of the meandered refrigerant pipe
82 is not limited to a specific wvalue, however, in this
embodiment, the pitch D is set to about 21mm because the highest
heat exchange efficiency could be experimentally obtained at this
value.

Further, in this embodiment, each fin member 71 is formed
by integrally fabricating two fins 7l1a and 71b into one f£fin
having a planar body as shown in Figs. 10 and 11. In other words,
each fin member 71 is formed by arranging two fins 71la and 71b
in parallel as shown in Figs. 10 and 11. However, the fin member
71 may be formed by a single planar fin. These plural fin
members 71 are multilayered at a predetermined interval so as to
be arranged in parallel to an air flow direction as indicated by
an arrow A.

The fin member 71 is formed of material having excellent
thermal conduction characteristics, such as aluminum.

The multilayered fin members 71 are arranged away from each
other at an interval (fin pitch) FP, and the fin pitch FP is
preferably set to 1.2 to 1.6mm because this pitch range could
experimentally provide the most highest heat exchange efficiency.
Further, two train of pipe penetrating holes 74 through which the
meandered refrigerant pipe 82 penetrates are formed in the fins
7la and 71b of each fin member 71 in its longitudinal direction

so that the arrangement of the refrigerant pipe 82 on the fins



#89( Ay"fgB~ytoj e [ V]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca UG 2002
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this embodiment will be described.

The width of each fin 7l1la, 71b is determined on the basis
of the balance between requirements for enhancement of the heat
exchange efficiency and miniaturization of the fin design. In
this embodiment, the width of the fin 7l1a,71b is preferably set
to 18 to 19mm because this range could experimentally provide the
highest heat exchange efficiency.

As is apparent from Fig. 9, like the first embodiment, the
heat exchange efficiency is also reduced as the temperature
difference between the surface of the fin and the passing air is

small. As described in the first embodiment, no further reduction

in the temperature of the passing air is expected in an area
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which is farther away from a position TO because there is little
temperature difference between the fin temperature and the air
temperature in this area. Therefore, in this embodiment, the
distance from the center of the refrigerant pipe to the position
corresponding to the temperature TO is also preferably set to
a half (S2) of the width of the fin 71a,71b. If the fin width is
smaller than the double of the distance S2 (for example, the fin
width is set to the double of a distance S1), the air temperature
cannot be sufficiently reduced. On the other hand, if the fin
width is larger than the double of the distance S2, the air
passing over the fin has been sufficiently reduced in
temperature, and thus no further enhancement of the heat exchange
efficiency (reduction of the air temperature) is expected even
if the fin width is set to be larger.

" In this embodiment, the position TO is determined so that
the air temperature is reduced by 6°C, and the distance S2 at
this time is adopted. Further, the length which is double the
distance S2 is adopted as an effective width S (=18.19mm) of the
fin 7l1la (fin 71b).

Next, the detailed structure of the wavelike portions
(corrugated portion) 76 formed on each fin 7la (71b) of this
embodiment will be described.

As shown in Fig. 12, each fin 71a,71lb having an effective
width S comprises a corrugated portion having a width W, and flat

edge portions 77 each having a width of Wl which are formed at
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both edges of the fin to guide the flow of air in the thickness

direction of the fin. The corrugated portion having the width W
includes two wavelike portions (projections) 76 each having a
width W2, and a flat portion 78 disposed between the wavelike
portions 76.

The width Wl of the edge portion 77 is set to 0.8mm, for
example, and the width of the corrugated portion is set to 18.19-
0.8x2 = 16.59mm.

As described above, two wavelike portions 76 and a flat
portion 78 disposed between the wavelike portions 76 are formed
on the corrugated portion. The width W3 of the flat portion 78
is set to a half value of the width W2 of each wavelike portion,
that is, W3=W2/2 because the above dimensional setting of each
part was experimentally proved to provide the highest heat
exchange efficiency.

Specifically, the width W2 of the wavelike portion is set
to 6.636mm, and the width W3 of the flat portion 78 is set to
3.318mm.

Like the first embodiment, the height H1 of each wavelike
portion 76 formed on the fin is determined so that each wavelike
portion 76 serves as a resistor against the flow of air to
produce such a turbulent flow enough to break a temperature
boundary layer occurring on the fin. If the wavelike portions 76
are excessively high, a pressure loss is excessively large, and

thus the heat exchange efficiency is rather lowered.
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The height Hl1 of the wavelike portion 76 is determined in
consideration of the two conflicting conditions as described
above, that is, the height Hl is required to be set so that a
turbulent flow enough to break the temperature boundary layer can
be produced and at the same time the resistance to the air flow
can be minimized. In order to satisfy this requirement, according
to this embodiment, the ratio of the height Hl1l of each wavelike
portion 96 to the width W2 thereof (H1/W2) is set to 1/8 to 1/9
(i.e., Hl is set to one-~eighth to one-ninth of W2). Specifically,
the height H1 of the wavelike portion 76 is preferably set to 0.5
to 1.0mm because it could experimentally provide the highest heat
exchange efficiency, and more preferably it is set to 0.8mm
(i.e., H1/W2 is set to about 1/8).

The crest and trough of each wavelike portion 76 may be
rounded to facilitate the manufacturing process of the fins.

The operation of the air conditioner using the heat
exchanger according to this embodiment is identical to that of
the first embodiment, and the detailed description thereof is
omitted.

In cooling or heating operation, the air is heat-exchanged
with the refrigerant passing in the refrigerant pipe by the
indoor heat exchanger 7 while blown through the indoor heat
exchanger 7 by a fan. In this embodiment, the air is heat-

exchanged while passing through the gaps between the multilayeread

fin members 71.
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The air passing through the gaps between the fin members 71
forms a turbulent flow having such strength that the temperature
boundary layer of air can be broken, but the pressure loss is not
so large, so that a high heat exchange efficiency can be obtained
to enhance the air conditioning power of the air conditioner.

Particularly when HFC-based refrigerant is used as
refrigerant, the refrigerant circuit is kept in a high-pressure
and high-temperature state. However, even in such a severe
condition, each of the indoor air and the outside air can be
sufficiently heat-exchanged by the heat exchanger.

Further, the flat portion 78 is provided between the
wavelike portions 96, so that the fin members 76 drain well and
thus it is hardly frosted.

According to this embodiment, since the two wavelike
portions and the flat portion are formed along the air flow
direction on the fin of the heat exchanger, a turbulent flow
enough to break the temperature boundary layer can be formed,
resulting in enhancement of the heat exchange efficiency. In
addition, the turbulent flow thus formed does not excessively
increase its resistance to the air flow, and thus the pressure
loss is not increased. Therefore, the heat exchange efficiency
of the whole heat exchanger can be enhanced.

According to this embodiment, the width of the fin is set

to two to three times of the pipe diameter of the refrigerant

pipe, the width of the flat portion is set to a half of the width
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of the wavelike portion, and the height of the wavelike portion
is set to one-eighth to one-ninth of the width of the wavelike
portion, whereby the heat exchange efficiency based on the
temperature difference between the air and the fin in the heat
exchange operation can be maximized, and at the same time the fin
width can be minimized.

Furthermore, according to this embodiment, +the heat
exchanger as described above is used in an air conditioner.
Therefore, an air conditioner having a high heat exchange
efficiency can be provided, and the air-~conditioning power can
be enhanced. In addition, high-temperature HFC-based refrigerant
can be used as refrigerant particularly in the air conditioner
as described above.

Next, a third embodiment of the heat exchanger according to
the present invention will be described with reference to Figs.
15 to 19.

Fig. 15 is a perspective view showing the third embodiment
of the heat exchanger of the present invention. As shown in Fig.
15, the heat exchanger qf this embodiment comprises many fin
members 91 which are multilayered on each other (i.e., arranged
in a multilayer structure), and the refrigerant pipe 82 is
inserted in the multilayered fin members 91 so as to be arranged
in the meandering form, like the fin members 81 and 71 of the

first and second embodiments.

Like the first and second embodiments, a pipe having a
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diameter of 7mm is used as the refrigerant pipe in this
embodiment. However, the diameter of the pipe is not limited to
this value. For example, a pipe having a diameter of 9mm or the
like may be used. As shown in Figs. 16 and 18, the pitch D of the
meandered refrigerant pipe 82 is not limited to a specific value,
hoﬁever, in this embodiment, the pitch D is set to about 21mm
because the highest heat exchange efficiency could be
experimentally obtained at this value.

Further, in this embodiment, each fin member 91 is formed
by integrally fabricating two fins 9la and 91b into one fin
having a planar body as shown in Figs. 16 and 17. In other words,
each fin member 91 is formed by arranging two fins 91a and 91b
in parallel as shown in Figs. 16 and 17. However, the fin member
91 may be formed by a single planar fin. These plural f£fin
members 91 are multilayered at a predetermined interval so as to
be arranged in parallel to an air flow direction as indicated by
an arrow A.

The fin member 91 is formed of material having excellent
thermal conduction characperistics, such as aluminum.

The multilayered fin members 91 are arranged away from each
other at an interval (fin pitch) FP, and the fin pitch FP is
preferably set to 1.2 to 1.8mm because this pitch range could
experimentally provide the most highest heat exchange efficiency.

Further, two train of pipe penetrating holes 94 through which the

meandered refrigerant pipe 82 penetrates are formed in the fins
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9la and 91b of each fin member 81 in its longitudinal direction
so that the arrangement of the refrigerant pipe 82 on the fins
91la and 91b is wobbled in the longitudinal direction of the fin
member 91 as shown in Fig. 16. Each pipe penetration hole 94 is
defined and sectioned by each projecting portion 55, and the
height H of the projecting portion 95 defines the fin pitch FP
as shown in Figs. 17 and 19.

Fig. 17 is a cross-sectional view of the fin member 91 used
in the heat exchanger of the third embodiment. In this
embodiment, on each fin 9la (91b) are formed tho wavelike
portions (corrugated portion) 96 in the air flow direction (in
the thickness direction of the fin), and a flat portion 98
interposed between the wavelike portions as shown in Fig. 17. The
crest portion of each wavelike portion is flattened, and thus the
wavelike portion has a trapezoidal section, whereby the heat
exchange efficiency is enhanced more. In this sense, the wavelike
portion 96 of the third embodiment is hereinafter referred to as
"trapezoidal wavelike portion"). Each trapezoidal wavelike
portion 96 comprises two.(right and left) ramp portions (slant
rise-up portions) 96a and an upper flat portion 96b between the
ramp portions 96a.

Accordingly, the main difference between the second and
third embodiments resides in that the crest portion of each
wavelike portio is flattened in the third embodiment.

Here, the dimension of each part of the fin member 91 of
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this embodiment will be described.

The width of each fin 9la, 91b is determined on the basis
of the balance between requirements for enhancement of the heat
exchange efficiency and miniaturization of the fin design. In
this embodiment, the width of the fin 91a,91b is preferably set
to 18 to 19mm because this range could experimentally provide the
highest heat exchange efficiency.

As 1is apparent from Fig. 9, like the first and second
embodiments, the heat exchange efficiency is also reduced as the
temperature difference between the surface of the fin and the
passing air is small. As described in the first and second
embodiments,,no further reduction in the temperature of the
passing air is expected in an area which is farther away from a
position TO because there is 1little temperature difference
between the fin temperature and the air temperature in this area.
Therefore, in the third embodiment, the distance from the center
of the refrigerant pipe to the position corresponding to the
temperature TO is also preferably set to a half (S2) of the
width of the fin 91a,91b2 If the fin width is smaller than the
double of the distance S2 (for example, the fin width is set to
the double of a distance Sl1), the air temperature cannot be
sufficiently reduced. On the other hand, if the fin width is
larger than the double of the distance S2, the air passing over
the fin has been sufficiently reduced in temperature, and thus

no further enhancement of the heat exchange efficiency (reduction
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of the air temperature) is expected even if the fin width is set
to be larger.

In this embodiment, the position TO is determined so that
the air temperature is reduced by 6°C, and the distance S2 at
this time is adopted. Further, the length which is double the
distance S2 is adopted as an effective width S (=18.19mm)} of the
fin 91a (fin 91b).

Next, the detailed structure of the trapezoidal wavelike
portions (corrugated portion) 96 formed on each fin 91a (91b) of
this embodiment will be described.

As shown in Fig. 17, each fin 91a,91b having an effective
width S comprises a corrugated portion having a width W, and flat
edge portions 97 each having a width of Wl which are formed at
both edges of the fin to guide the flow of air in the thickness
direction of the fin. The corrugated portion having the width W
includes a left ramp portion 96a, two trapezoidal wavelike
portions (projections) 96 each having a width W2, a flat portion
98 disposed between the trapezoidal wavelike portions and a right
ramp portion 96a.

The width Wl of the edge portion 97 is set to 0.8mm. The
edge portion 97 is formed to have the same shape as a half
portion of the upper flat portion 96b of the trapezoidal wavelike
portion 96, and it is disposed at a height Hl1 from the flat

portion 98.

The width W5 of the ramp portion 96a and the width W3 of the
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(i.e., W4 = 2W5 or 2W3). The width W2 of the trapezoidal wavelike
portion 96 is equal to (W3 + 2 x W5) = 3xW3 (or 3xW5). The above
dimensional setting of each part was experimentally proved to
provide the highest heat exchange efficiency.

Specifically, the width W2 of the trapezoidal wavelike
portion is set to 4.1445mm, the width W3 of the upper flat
portion 96b is set to 1.3815mm, the width W4 of the flat portion
98 is set to 2.7636mm, and the width W5 of the ramp portion 96a
is set to 1.3815mm.

Like the first and second embodiments, the height H1l of each
trapezoidal wavelike portion 96 formed on the fin is determined
so that each wavelike portion 96 serves as a resistor against the
flow of air to produce such a turbulent flow enough to break a
temperature boundary layer occurring on the fin. If the
trapezoidal wavelike portions 96 are excessively high, a pressure
loss is excessively large, and thus the heat exchange efficiency
is rather lowered. The neight Hl of the trapezoidal wavelike
portion 96 is determined in consideration of the two conflicting
conditions as described above, that is, the height Hl is required
to be set so that a turbulent flow enough to break the
temperature boundary layer can be produced and at the same time
the resistance to the air flow can be minimized. In orxrder to

satisfy this reguirement, according to this embodiment, the ratio
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of the height Hl1 of each trapezoidal wavelike portion 96 to the

width W2 thereof (H1/W2) is set to 1/4 to 1/5 (i.e., Hl is set

to one-fourth to one-fifth of W2). Specifically, the height H1

of the trapezoidal wavelike portion 96 is preferably set to 0.3

to 0.8mm because it could experimentally provide the highest heat

exchange efficiency, and more preferably it is set to 0.6mm.

Since the width W2 of each trapezoidal wavelike portion 96
is set to 4.1445mm as described above, the dimensional ratio
(H1/W2) of the height Hl1 to the width W2 is set to about 1/5.

The crest and trough of each trapezoidal wavelike portion
96 may be rounded to facilitate the manufacturing process of the
fins.

The operation of the air conditioner using the heat
exchanger according to this embodiment is identical to that of
the first embodiment, and the detailed description thereof is
omitted.

In cooling or heating operation, the air is heat-exchanged
with the refrigerant passing in the refrigerant pipe by the
indoor heat exchanger 7 while blown through the indoor heat
exchanger 7 by a fan. In this embodiment, the air is heat-
exchanged while passing through the gaps between the multilayered
fin members 91.

The air passing through the gaps between the fin members 91

forms a turbulent flow having such strength that the temperature

boundary layer of air can be broken, but the pressure loss is not
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so large, so that a high heat exchange efficiency can be obtained
to enhance the air conditioning power of the air conditioner.

Particularly when HFC-based refrigerant is wused as
refrigerant, the refrigerant circuit is kept in a high-pressure
and -high-temperature state. However, even in such a severe
condition, each of the indoor air and the outside air can be
sufficiently heat-exchanged by the heat exchanger.

Further, the crest portion of the trapezoidal wavelike
portion 96 and the trough portion between the trapezoidal
wavelike portions 96 are designed in the flat shape, so that the
fin members 96 drain more sufficiently than the second
embodiment, and thus it is more hardly frosted.

According to this embodiment, since the two trapezoidal
wavelike portions and the flat portion are formed along the air
flow direction on the fin of the heat exchanger, a turbulent flow
enough to break the temperature boundary layer can be formed,
resulting in enhancement of the heat exchange efficiency. In
addition, the turbulent flow thus formed does not excessively
increase its resistance to the air flow, and thus the pressure
loss is not increased. Therefore, the heat exchange efficiency
of the whole heat exchanger can be enhanced.

Further, the crest portion of the trapezoidal wavelike
portion 96 and the trough portion between the trapezoidal
wavelike portions 96 are designed in the flat shape, so that the

fin members 96 drain well and thus it is hardly frosted.
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According to this embodiment, the width of the fin is set
to two to three times of the pipe diameter of the refrigerant
pipe, the width of the flat portion is set to a half of the width
of the trapezoidal wavelike portion, and the height of the
trapezoidal wavelike portion is set to one-fourth to one-fifth
of the width of the trapezoidal wavelike portion, whereby the
heat exchange efficiency based on the temperature difference
between the air and the fin in the heat exchange operation can
be maximized, and at the same time the fin width can be
minimized.

Furthermore, according to this embodiment, +the heat
exchanger as described above is used in an air conditioner.
Therefore, an air conditioner having a high heat exchange
efficiency can be provided, and the air-conditioning power can
be enhanced. In addition, high-temperature HFC-based refrigerant
can be used as refrigerant particularly in the air conditioner
as described above.

In the embodiments as described above, the present invention
is applied to the air conditioner. However, the present invention

is applicable to other types of machines, for example, a

refrigerating machine such as a refrigerator or the like.
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WHAT IS CLAIMED IS

1. A heat exchanger comprising a number of multilayered
fins, and a refrigerant pipe which is inserted in said
multilayered fins so as to be arranged in a meandering form, said
heat exchanger performing heat exchange between air and
refrigerant to perform cooling and/or heating operation,
characterized in that the width of each of said fins is set to
two to three times of the pipe diameter of said refrigerant pipe,
each of said fins has a corrugated portion formed in an air-flow
direction thereon, said corrugated portion having at least two
wavelike portions for producing a turbulent flow of air with
which a temperature boundary layer of the air is broken, but
resistance against to the air flow is minimized, and the width
of each wavelike portion is set by substantially trisectioning
the fin width, and the height of said wavelike portion is set to
one-seventh to one-eighth of the width of said wavelike portion.

2. The heat exchanger as claimed in claim 1, wherein said
corrugated portion comprises three wavelike portions which are
formed in the air flow direction on each of said fins, each
wavelike portion having a substantially triangular section.

3. The heat exchanger as claimed in claim 1, wherein said
corrugated portion comprises two wavelike portions which are
formed in the air flow direction on each of said fins, and a flat
portion interposed between said wavelike portions, each of said
trapezoidal wavelike portions having a substantially triangular
section.

4. The heat exchanger as claimed in claim 3, wherein the

width of each of said fins is set to two to three times of the
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and the height of said wavelike portion is set to one-eighth to
one-ninth of the width of said wavelike portion.

5. The heat exchanger as claimed in claim 1, wherein said
corrugated portion comprises two trapezoidal wavelike portions
which are formed in the air flow direction on each of said fins,
and a flat portion interposed between said trapezoidal wavelike
portions, each of said trapezoidal wavelike portions having a
substantially trapezoidal section.

6. The heat exchanger as claimed in claim 5, wherein the
width of each of said fins is set to two to three times of the
pipe diameter of said refrigerant pipe, the ratio of the width
of said flat portion to the width of said trapezoidal wavelike
portion is set to 2/3, and the height of said trapezoidal
wavelike portion is set to one-fourth to one-fifth of the width
5f said trapezoidal wavelike portion.

7. An air conditioner in which refrigerant is circulated
in a refrigerant circuit comprising a compressor, a user-side
heat exchanger, an expansion device and a heat-source side heat
exchanger, characterized in that at least one of said user-side
heat exchanger and said heat-source side heat exchanger comprises
a number of multilayered fins, and a refrigerant pipe which is
inserted in said multilayered fins so as to be arranged in a
meandering form, and the width of each of said fins is set to two
to three times of the pipe diameter of said refrigerant pipe,

each of said fins has a corrugated portion formed in an air-flow

direction thereon, said corrugated portion having at least two
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wavelike portions for producing a turbulent flow of air with
which a temperature boundary layer of the air i1s broken, but
resistance against to the air flow is minimized, and the width
of each wavelike portion is set by substantially trisectioning
the fin width, and the height of said wavelike portion is set to
one-seventh to one-eighth of the width of said wavelike portion.

8. The air conditionexr as claimed in claim 7, wherein said
corrugated portion comprises three wavelike portions which are
formed in the air flow direction on each of said fins, each
wavelike portion having a substantially triangular section.

9. The air conditioner as claimed in claim 7, wherein said
corrugated portion comprises two wavelike portions which are
formed in the air flow direction on each of said fins, and a flat
portion interposed between said wavelike portions, each of said
trapezoidal wavelike portions having a substantially triangular
section.

10. The air conditioner as claimed in claim 9, wherein the
width of each of said fins is set to two to three times of the
pipe diameter of said refrigerant pipe, the width of said flat
portion is set to a half of the width of said wavelike portion,
and the height of said wavelike portion is set to one-eighth to
one-ninth of the width of said wavelike portion.

11. The air conditioner as claimed in claim 7, wherein said
corrugated portion comprises two trapezoidal wavelike portions
which are formed in the air flow direction on each of said fins,
and a flat portion interposed between said trapezoidal wavelike

portions, each of said trapezoidal wavelike portions having a

substantially trapezoidal section.
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12. The air conditioner as claimed in claim 11, wherein the
width of each of said fins is set to two to three times of the
pipe diameter of said refrigerant pipe, the ratio of the width
of said flat portion to the width of said trapezoidal wavelike
portion is set to 2/3, and the height of said trapezoidal
wavelike portion is set to one-fourth to one-fifth of the width

of said trapezoidal wavelike portion.



