8 Sept.enmber 2005 DESCRI PTI ON HEAT RADI ATI NG FI N AND HEAT RADI ATI NG METHOD
USI NG THE SAME Technical Field The present invention relates to a heat
radiating fin for a heating el ement of an electric prodyghpte@Bet@Bt roNi C
apparatus, and the like, and in particular to a heat radiating fin with a
remar kably i nproved heat radiating effect and a heat radi ati ng net hod
using the same. Background Art Various kinds of heat sinks (heat radiating
fins) are used as heat radiating neans in an electric product or an

el ectronic apparatus such as a | evi sion, a conputer, or a notor, an’
engine and a radiator of an aug%ﬁgﬁﬁkﬁ?QWErious machi nery., and the like
for preventing mal function or degradation of functions followi ng heat
radiation.. As a constituent material of a heat radiating fin, a netallic
mat eri al -.such as al umi num or copper having a high heat conductance is
gener al WATs &hDIAS TAGE AL NG ’f%?r GAES T NG METHAN SSTHG dHFeSRAMEF such a
heat sink, various nethods have been proposed up to now. For exanple, as a
met hod of increasing a heat radiating area thereof, alumte work or blast
wor k, and a method of increasing the nunber of' fins 8 Septenber 2005 (JP
11-238837 A) , a nmethod of curndcmgiamlemiellepe of a heat radiating finto
increase a velocity and a flowrate of cooling wind passing through the

heat radiatirhg prosédP 10vV242386d AlelattedrBihadnebrdesaeasing rén heat a
capacity of a heat radiating fin (JP 10-116942 A), and the Ilike are

adODtﬁ@atwabeeiéﬁenknoﬁrQﬁreiébﬁfﬁérE%odd@EP%ﬁ1Eﬂﬁxﬂﬁﬁ%ﬁk@gb§ L0g.ef fect,

there are an air cooling systemfor cooling the air through ventilation

Wt 3n60rRiendlhan Afnd NERNaFAALAA NG STD ADGea LARAc BaYREEN GOh 1Y

remarkablyimprovedheatLadiatingeffectenuiaheatradiétingmethod

using the same.

Background Art

Various kinds of heat sinks (heat radiating fins) are used
 1 as heat radiating means in an electric product or an electroﬁic
apparatus such as a television, a computer, or a motor, an engine
and a radiator of an automobile, various méchinery} and the like
for preventing malfunction or degradation of functions,following
- heat radiation. Aseaconstituentxmaterial.ofgaheat radiating fin,
‘a metallic material sﬁch,as aluminum or copper having a high heat
conductance is generally used.
As a method of improving a héat radiating effect of such a
heatsink,variousmethodshavebeenpropdseduptonow. Ebréxample,
~as a method of increasing a heat radiating area thereof, alumite

- work or blast work, and a method of increasing the number of fins




whi ch "¢

system ustng cooling water, and a cooling nmethod using a Peltier elenent
on a heat radiating fin side (JP 10-318624 A) , and the like. Al of the
above-nentioned conventional cooling nethods have vari oglsefbmbBkepsos For
exanple, in the nmethod of increasing the nunber of fins to increase a
surface area of a heat radiating fin, if the nunber of fins is increased
excessively, a flow of air is clogged, causing degradation in a heat

radi ating property. In addition, in the nmethod of decreasing a heat
capacity of a heat radiating fin, if the thickness of the fins is reduced
excessi V& V1rA38RdérRoa 1 of ralthiiaty sapavicippeanet hainé aalr astirerigich

‘decreases and the heat radiating finis |iable to be broken. The alumte

wor k orfitthgobiastrensrka hasl acignobhdmai Nldhatateepy csabihg halres parse iclgogged

due to secul ar change, causing lowering of the heat radiating effect.

Al t houdthrtcheyratbioy Bere ntaiddred nai 1 rc QDb 10928 2SE6M)i, S 18E PP o k Mle oSG iy
since a heat conductance between the air and the fins 2 8 September 2005 is

smal |, d heas BEBASSEKYoFOa i NELLASRINEG Lt of dbai h DY) @682 HOF, JChease a
flom1rate of air using a fan. Thus, problens such as increase 1n size of

an appariadeus rantapiegs fol [ owi ng ventllatlon occur. On the other hand, the
wat er cooling systéemhas a significant cooling eff.ect because a specific

ol Wt ol oL O 80l Al RODOHEL BES L Ll Ot BNREL e vt er

cooling systemrequires a 1on—s i ng
wat er q@p a radlator and-.a fan for radiating heat to the open air, and a
structure e %?aﬁécéﬁg§HQ§ﬁﬁﬁ?%§?ﬁﬁog 414 Qﬁﬁ%ﬁé?ﬁ%uggvéﬁF&ﬁéédon
Accordln% t he cost and_power consunption of the apparatus increases,

Qc%ﬁ&ﬁbd&qty}orﬂ%é’dbﬁﬁ?ég"é&%tlfg hée arbacluli agratetthedoldnag a

Peltier elenment requires a Peltier elenent, a heat radlatlng fin, and a
fan, af¥SpeRersdéogsgapiiiog water, and a coollng method using a Peltler

element on a heat radiating fin side (JP 10-318624 A), and the like.

All of the above-mentioned conventional cooling methods have
variousproblems. rorexample, inthemethodof increasing the number
of fins to increase a surface area of a heat radiating fin, if the
Inumber of fins is increased excessi?ely; a flow of air is clogged,
causing degradétion.ineaheat radiating property. In addition, in
‘the method of decreasing a heat capacity of a heat radiating fin,
if the thickness of the fins is reducea excessively in order to
reduce thg heat capacity, mechanical strength decreases and the
heat radiating fin is liable to be broken.

The alumite work or the blast work has a problem in that very
small holes are clogged due to secular change, causing lowering
of the heat radiating effect. |

Although.the above-mentioned air cooling systenlis simple in

structure, since a heat conductance between the air and the fins



of the Peltier elenment is |large, the nmethod is economcally

di sadvant ageous. Di sclosure of the Invention An exanpl e enbodi nent can
elimnate the above-nentioned disadvantages in the pri %Séﬁt%mb@i"ﬂ%dhan
provi de an inexpensive heat radiating fin having a high cooling effect. As
a result of concentrating efforts in exam nation, the inventors achieved
the exanpl e enbodi nent of the present invention based upon know edge :
descrijgedshel ow. 18 § ;Sept&ery2005 Thateds @ﬁeahgggseta%fiaq:'ﬁgfad%reat hat a
heat conductance between the air and netal is small conpared with a heat
conduct e n e ot f t hat heat capaci.ty _of the
air i glng%%%sg %:\(,)Frrl%gr é:g@\ém {%%gqh{e}g%g%aapa%ﬁt'y?g§sV\ar"tréjﬁggﬁ rE)I%aé:npoa“lsntlg Tout® .
Mor eover ,Sizm)lgcul es in the air_adher lgo a netal .Zurface of a heat

radi atimgZFi A" dife 2PBApRYET GAF BYSHT IR WY RETT 1 EREHIhGEYE - el ectrons or
chem cal adsorption wth exchange of el ectrons and coat the nmetal surface,
and these adSorP cHNeZy &89 ortfia WEEE iT9GEEgi BYSTayelast 8 prieRéfRt cadat
radi ation. The chemi cal adsorption is caused by bondi ng such as coval ent
bondi r§olénecefbsttat hecauser act$raeifde ihsatexdharigeradssi drggndndadsopdat t he
nol ecul es selectively in a specific adsorption site to forma uninol ecul ar
adsor pendnctayer eéxclhidihng Hovavati ontlof aateoxicdeliayersystetrtherddukeetn a
addition, since the physical adsorption is caused by .condensation of

nol eculiesudit o Gy8eedidfid ar pfip t her candanseinPvatdueah® 8 Nanader Mbals
force, an electrostatic interaction, or the |ike, nolecules adhere

uni forahy b9 afuntihgenbt efd age Lakhehithatha & SReGEELL Si&0F bbeomes
surface. Further, one characteristic of the physical adsorption s that it

i's pOE¥HBif%&HéH’ELQYGEnaQE85£EE&¥Lis enlarged. Accordingly, the cost and

power consumption of the apparatus increases, which is economically
disadvantageous.

Since the cooling method wusing a Peltier element requires a
Peltier element, a heat radiating fin, and a fan, and power consumption
of the Peltier element is large, the method 1s economically

disadvantageous.

Disclosure of the Invention

An example embodiment can eliminate the above-mentioned
disadvantages in the prior art, and can provide an inexpensive heat
radiating fin having a high cooling effect.

As a result of concentrating efforts in examination, the inventors
achieved the example embodiment of the present invention' based upon

knowledge described below.



A force attracting nol ecul es of a polynol ecular adsorption |ayer to a
surface (dispersion force) is the largest in a first |ayer and decreases
step by step in a second and subsequent |ayers. For ex j case
in which the nol ecul es are adsorbed on 4 8 Septernber ZOSng&ﬁgbgf%di%though
an adsorption force between the first layer and the netal is |arge, when
the relatively | arge nunber of |ayers deposit on the first |layer, the sane
gas coheres on a gas to be adsorbed. An adsorption force at this point is
relatively small conmpared with the adsorption force between the first

| ayer and t heThet dls, Therehwsreciileniaskddhdtes Hiantt hendiictanch ketsmed  heat
conduct ance are adsorbed to the netal, formation of a nultilayer wth sane
mol ecul BRejasi mapdreeirk her sonll Rynitrered withss bensi denddet thas Hdtiwedrayer

of nol ecul es becones an insulating |layer as it beconmes thick, and prevents
heat radiberand mematlhethetddct Ehug, al hehs consiider ed that aikfis hendiayer of
nol ecul es of gas physically adsorbed to the surface of the netal is

desor bedompalre@mived hthe galcingdh alkobnr &ff Betpoaar RechAPr augthoddare, in
general, in the chem cal adsorption, it takes tinme to cross a peak of

acti vath®De @AEEGYi f @headSRIPIHOML +3NE Ak ROSQIALI N o £VENRCIE Ve d Fi Qg O
the other hand, in the physical adsorption which does not require

activaty r I rptd ; i | ocity. thereof is high.
Ther ef of?(é)l? ﬁ%?e%l%@sére |a{r&s§t tylghcgﬁ%g{ oq}e#d%g(rc\é%él 0 O%/ﬁneellseucr alE ot the
metal . Then en, energy sufficient for craqssing the peak of the

acti vat?}g%m%%%?gaf Siosrp&g‘tozg'i H?—Jg, ?%gharé%‘aerﬁfngl e§&§g’r“ﬁt PBH Feataedatdl

di schar ge | arge anpunt of energy. Heat radiation due to the chem cal
‘adsor pt"?qbﬁ&l‘%e't FE %S hPegee2 9F O rPhECHe e G fogm o NeBt Kyt ing daatidi ti on,
heat radiation of the physical adsorption is several kcal/nmol or |ess,

whi ch i gpg Vet heat radiation. '

The chemical adsorption is caused by bonding such as covalent
bonding, electrostatic attraction, or ion exchange action, and
adsorbs the molecules selectively in a specific adsorption site
to form a unimolecular adsorption layer excluding formation of an
oxide layer or the like.

In addition, since the physical adsorption is caused by
condensation of molecules or a force similar to the condensation
due to a Van der Waals force, an electrostatic interaction, or the
like, molecules adherfzunifofmlytx)arlentire interface rather thaﬁ
a specific site of the surface. Further, one characteristic of the
physical adsorption is that it is polfmolecular layer a@sorption-

A force attracting molecules of a polymolecular adsorption
layer to a surface (dispersion force) is the largest iﬁ a first
layer'and,decreases steprby step in a second and subsequent layers.

For example, in the case in which the molecules are adsorbed on




8 Septenber 2005 than that of the chem cal adsorption- On the other hand,
t he adsorbed nolecules are desorbed fromthe surface to return to the
space when the nolecules are given the sanme energy as egts% EmbeMo8f
adsorption - wiile being retained on the surface. Incidentally, nitrogen
existing,in a large volune in the air has small chemcal activity and is
physi cal |y adsorbed to netal in many cases. On the other hand, oxygen
having | arge chem cal activity is subjected in nmany cases, to the chem cal
adsorption involving a specific chemcal reaction with the netal even
under a thow b essimoeghl Anagds o rohiocadSord iketWeeat thkerfeektal ways dreads
to heat radiation. Fromthe matters descri bed above, it is considered

ef f ect i ¥ee ine taausel 4 hge chaahcale adsat pré DR ) awhicGhingenes aties anredgyod &t ger

t han energy generated by the physical adsorption, in order to desorb the
gas physhcatd yriadgonbed rt orhbhes amé abas MYy SR hCahkytol be 43s&ANS dered
that, if the chem cal adsorption of oxygen is facilitated, physically
adsor begh nR{eGWasnd ; i atd e ;

i mproved. Concegcn?)ngf?ﬁ?‘g%g)?ﬁ??%eﬁ?ﬁﬁeﬁ‘feg%gﬁg% éfr%rt}nld[é{)ﬁlg%rfggm%i on
t endenc f Y. imartant le 1n the chem cal, adsorpiion of
oxygen %%Qt%(ggéﬁﬁg%g %?%e metéa‘?ar?1 tIl'&egt&ﬁlsg,]t ulsat}/aeﬁ yafn%%%%nme%%s’ or water
nol ecul es arerfhadso bed to a surface.of a netal (i,n the atnosphere, though
a thickness of & Wet'er 1406 JONEFHLEG o tRe &drt dbdibrat Raartet dieadi ffers
dependi ng upon a state of humdity, 8 Septenber 2005 adsorbed water is
nmeasur EPTHFRARCS a1 ldsesdest teothg mebah. afermat hor hef wetngt pksptear e i n
which fine particles of water deposit, 100 Ato 1 pnm) . The chenical

‘adsor pt¥ o ehmeheriacllas astadeamxgdehergas .t ot hehsuy fiacésaforihiedaretdl i s

extrenely fast, and an oxidizing velocity thereof becones higher as the
| ayer ofhaateisbegenrest iblekeles becomes an insulating layer as it becomes

thick, and prevents heat radiation from the metal. Thus, it ié
consideredthat,ifthelayerofnmlecﬁlesdfgasphysicallyadsorbed7
tothe surface of themetal is desorbed and removed, the heat radiation
effect can be improved.

Here, in general, in the chemical adsorption, it takes time
tocrossapeakofactivationenergyforadsorption,andanadsorption
velocity is low. On the other hand, in the physical adsorption which
_dges not require activation energy for adsorpfion, an adsorption
'vélqcitythereofishigh. Therefore, molecules are first physically
~adsorbed to the surface of the metal. Then, when.energy sufficient
for crossing the peak of the activation energy is obtained, the
chemicaladsorptionjfscausedtx)dischargezalargeaﬂmunt‘ofenergy.
Heat radiation due to the_chemical adsorption to the sﬁrface of
the metal is 10rto'100 kcal/mol. In addition, heat radiation of

the physical adsorption is several kcal/mol or less, which is smaller



(the oxidizing velocity may even be | owered when the thickness is 1 pmor
nore) . In addition, if water nolecules exist on the surface of thenetal,

i on exchange action occurs, and the |arger the ionizatiqﬂSe&gQgﬁﬂ%msof t he
nmetal, the higher an adsorption velocity of oxygen to the netal becones.
Further, since many pollutants such as sulfur dioxide exist in the

at nosphere, adsorption of oxygen to the netal 1is further facilitated.

Here, the ionization tendency of netal means tendency of a netallic sinple
substance to becone cation in the water, and the netal changes in the

wat er dharepheseftted: byeM cal Mafs o gifion . Okggathe bthd NRadhll theCRIMESed
el ectrons and changes to oxide anion, which is represented as follows:

1/202 (igLddeled bletadREyhoatmions ehdl s@PFade 38 rbBLAl do The20bk & WALS]
solution) A standard el ectrode potential in the above-nmentioned reaction

is cal %@h@deéﬁlé@-%gfi&%lﬁ@ m@rgm@@ﬁ@&gyg% %t dherefQr 8¢ 148, mmller a

standard el ectrode potential of the netal, arger a potentl

di ff er epgie ey et al h en becones, readily causing an
i oni zation reaéclzﬁft%?j(;rﬁ lar%oﬁs?r?t eéI%‘%]gfe%/ he 8 Septenber 2005 ionization

t endency of H?e. tal . .the easier the.ionization reaction w.th the oxygen
occurs. Fron1rﬁggFrgﬁﬂﬁﬂhtn&%rgﬁegx?ﬁé?Fbﬁgfﬁhﬁc%?ﬁﬂer%%&%@?ﬁﬁ‘t?%ﬁﬁihtion
series . is an order of easiness to emt e- of a netallic sinple substance,
that i 493 G5 e 2 C ETF e rand g gty st cal b dseeedy th matal
extrenely | arge oxidation power. In addition, the reaction of netal and
oxygen 1is MY R Ies-ni Oy d8ct icdirashilend  ocowrgerevaviig tlrergwetalendne it he
oxygen are not under a water environment. Fromthe above-nentioned
‘reasongctiitviity densiutigred echatn rany arasngi ng mtealcivdnitcd largisdreniizat | on
tendency on a surface of a
~ involving a specific chemical reaction with the metal even under
a low pressure. In addition, adsorption heat thereof always leads
to heat radiation.
From the matters described above, it is considered effective
to cause the chemical adsorption, which generates energy larger
than energy generated by the physical adsorption, in order to desorb
the gas physically adsorbed to the metal. More specifically, it
is considered that, if the chemical adsorption of oxygen is
facilitated, physically adsorbed molecules are desorbed and the
heét_radiation effect can be improved.
Concerning thispoint, theinventorshave found that ionization
tendency<ﬂfmetalp1ays¢n1importantrolejlemachemicaladsorption
of oxygen to the surface of the metal. That is, usually, oxygen
gas or water molecules are adsorbed to a surface of a metal (in

the atmosphere, though a thickness of a water layer generated on

the surface of the metal differs depending upon a state of humidity,



heat radiating fin, the chenmical adsorption of oxygen to the surface of
the metal can be facilitated, whereby nolecul es physically adsorbed to the
surface of the netal can be desorbed to inprove the heaj Séﬁ‘t@h sef fect.
Next, exanples of a factor of inparting influence to the heat ra Iating
effect include a difference between a heat capacity of a heat radiating

fin and a heat capacity of the air. Next, considering a heat flow, heat

radi ation froman object wth high tenperature is transmtted to the open
air by convection or em ssion. Then, in the case in which areas are

i dent i cafisoneed watreandsi htedulbpdend dsiwn adepérdtscupoatan) e I9OVAtan®f the
object, but heat transm ssion by convection is largely affected by a state
of a flimdtiwhiedt i sthsopighte i Nt owicOEh atinaVi pirt he16H] 8EtwaBeS SO £NbDET
2005 Heat transmission in the case in which tenperature of an object is

hi gh anpohdato ilsumpadi atred chemachh U dkd S a5 %%eaﬁ@fﬁ’l@é{li@%cft%@&@&en
formula: q = AL (T1-T2) = a (T2 - To) where, qlsa heat ow

(keal /' hya@)eo AnbkSsdr thes r@s tﬁ@n%@gi Vit xxteamg& 9&4@ r&kgglé gl 18

a thickness of the object IS a terrpera ure of obj ectt , T2

is a sudase I onalow ture5| C

is a tgﬁ%erat%f%ggggﬂ b%%q%eéﬁf%ﬁgk dt%e LEY§TH V% (?ﬁ(ﬁ’ﬁ‘(?ﬁgﬁ%/‘%‘f t he
fluid céa ox1g] i s evident fromthe above fornula, when heat
transni 551 0N lzéﬁlgob’jeéé’f:lﬁlya@@éi FRER B diqregted weesakbecbhts knons, in

| arger _ amount of heat is radiated into the open air as a thernal

conducth YRtYE B9 he bbjatd i §kon aiferataid e Levivdiases s1 s hemetheisustwmid er .

In addition, heat balance of a systemincluding a heat capacity

ofthemetal ionexchange actionoccurs, andthe larger theionization
tendency of the metal, the higher an adsorption velocity of oxygen
tothen&talbecomes. Further, since many pollutants such as sulfur
.dioxide exist in the atmosphere, adsorption of oxygen to the metal
is further facilitated.

Here, the ioconization tendency of metal means tendency of a
metallic simple substance to become cation in the water, and the
metal changes in the water as represented by M - M" + ne”. Oxygen
in the air receives electrons and changeé to oxide anion, which
is represented as follows:

1/2Q2 (in the air) + H,0 (water solution) + Ze” (metal) = 20H

" (water solution)

Astandardeléctrodepotentialintheabove—mentionedreaction
is calculated as +0.401 from thgrmodynamic data. Therefore, the
smallerra_standard electrode potential of the metal, tﬁe larger
a potential difference between the metal and the oxygen becomes,

readily causing an ionization reaction. That is, the larger the



i's represented by the following formula: Q= coe/ot+W(e-e0) where, Qis a
suppl i ed anount of heat, 0 is an internal tenperature, 00 is a tenperature
of open air, t is time, Wis a proportionality constantggafdmbelsods heat
capacity. The heat capacity is defined as follows: C (heat capacity) = Q
(amount of heat) /AT (tenperature difference) That is, AT is represented

as "T = QC. 9 8 Septenber 2005 From the above formula, it is seen that, if

a supplied anobunt of heat is constant, heat radiation to the open air

i ncreases when a heat capacity is smaller- Therefore, if an object wth a
smal | Heutzabbae tepdescyseld themet Heat he gdisdeimighpliané zatashdeeact ion
accunul ati on of heat decreases, and an anmount of heat radiation to the
open aivitlkarhdexygerasedirdn addition, an equilibriumtenperature at the
time when objects with different heat capacities cone into contact with
each ot her iBrareprasentssvdyiiheoffol dpwonddbehaul-asdute ibaquidddridm
tenperature) = (C1T1 + Q2T2) / (C1L + C2) Fromthe above fornula, it is

seen t hadniher eouidd BrdLmst gANSF &t MIgF ks sahbect ed i@ d-eppes atdr £ Of - an

.object with a large heat capacity and becones equilibriumat a tenperature .

gf OZeheé;ltmé:l(r)lﬁducjt ancrgstéé(ra'?\?/(eéfgngtgﬁegg%%n%!(%rbhg%ﬁgg'geFgg?g??ﬁgﬁ*%g%eﬁn;aese
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that a héat capacity of thé air is Sha capaci 'S relprr}s’sented

by C = volume;, ¢ X density: /cnB) X c (specific heat: cal/gC).
I% a sa éaﬁﬁﬂﬁﬁ% C{g%‘@ta?a%&dap?‘?%?ﬂegﬁfa?ﬁze’ﬁ%’éhélr‘ﬁ]a? g‘é‘?’a‘?}té]acf“d’ﬁﬁa‘%}?? y)

" because a specific

occurs even if the metal and the oxygen are not under a water
environment.

From the above-mentioned reasons, it is considered that, by
arranging metal with large ionization tendency on a surface of a
heatradiatimgfin,thechemicaladsorpthnlofoxygentx)thesufface
of the métal can be facilitated, Whereby molecules physically
adsorbed to the surface of the metal can be desorbed to improve
the heat radiation éffect.

Next, examples of a factor of imparting influence to the heat
radiating effect include a difference between a heat capacity of
a heat radiating fin and a heat capacity of the air.

Next, considering a heat flow, heat radiation from an object
with high temperature is transmitted to the open air by gonvection
or emission. Then, ip the cése in which areas are identical, heat
transmitted by emissiop depends upon an emissivity of thé object,
but heat transmission by convection is largely affected by a state

of a fluid which is brought into contact with the object.




heat and a density of the water is |arge conpared with the air, and a heat
conduct ance between the water and the heat radiating fin becones |arge
conpared Wi th a heat conductance between the air and thgshg@hpeadh@ i ng
fin. 10 8 Septenber 2005 That is, by increasing an anount of air brought
into contact wth the heat radiating fin, the heat capacity of the air can

be increased, and the heat conductance between the air and the heat

radiating fin can be increased. Increasing flowrate of air to inprove the
heat radiati%ﬂ ef fect thereof nmeans renoving air of a high tenperature
retai ned in tHe® vFERRPEYSBE©8 TRere Fadratt NELchItareegag usriafgrAgRaiactof a

| ow tenperature into contact with the heat radiating plate, thereby

depri vi FyPREEE henk v direddicht e Rt 1 pi i 6. repowererted by ahsdaldans ng

i ncreasing the heat capacity of the air with respect to the heat radiating
fin. Friothka above description, in other words, reducing the heat

capacity of the heat radiating plate neans sane as increasing the heat
capacity of tdes aifL wit:kTplespect to the heat capacity of the heat
radiating plate even if the anount of air brought into contact wth the
heat radiating &#ia i%,sang) Therefore, an anount of heat radiation into
the air increases if an object wwth a small heat capacity is used for the

heat radididngy fidla Mebe ihal (kBaLDR-GASE A1IL WNIGR Al Wt 2.§Tall, heal

capacity is used as a cooling nmedium a cooling effect is [owere npar ed

d
W th I 1M . r al..,.capacity_unl ess flow e of air is
incregggg}j%%E%P%?%aé%%gggabhga??fe%ig a%c%b%ﬁéh?ﬁﬁtqésﬁﬁ%§%jﬁ§§t(P%'

he air -is |larger than a heat

tpapsnh;tfg f&%ﬁg%IS%rfacefof n%%gl intqQ i _ _
resi stance of & Wetal-USedl av a WG ddFari g 1ffi & SHHE IR keTPaaRE SN
EffECtc&?@%%to%%ekgpggV§QM%?Hii%mhggnni?giiﬁf%%E?ncgg%2:gltem t
; perature
of the fluid (°C), and o is a thermal conductivity of the fluid
(kcal/°C-h-mf) .

As it is evident fromthe above formula, when heat transmission
of an object placed in a fluid of the same conditions, a larger
amountofluﬁn:isradiatedintotjuaopenairaszathermalconductivity
of the object is larger and a‘thickness thereof is smaller.

Inaddition,heatbalanceofeasyst@nincludimgaheatcapacity
is represented by ﬁhe following formula:

Q = C-AB/AL + W (B - 8y)
where, iszisupplifxiémount of heat, 6 is an internal temperature,
Qo is a temperature.of open air, t is timer Wis a propo;tionality
constant, and C is a heat capacity. The heat capacity is defined
as follows:

C (heat capacity} =0Q (amount of heat) /AT (temperature difference)

That is, AT is represented as AT = Q/C.



8 Septenber 2005 the tine when heat is transnmitted fromthe surface of the
netal to the air is reduced. Fromthe above description, the inventors

considered and found, through experinents, that inproveqgptieRbet Bpsreat
radi ati on effect can be realized by coating the surface of the heat
radiating fin with an object with a small heat capacity to nake a heat
capacity of the object brought into contact with the air small conpared
with a heat capacity of the air and increasing a difference of the heat
capacities. As a result of repeating researches based upon the above
~knowl edge, thBrpmvarit ebsveoimditlsat ithes lveatn thdicati b ehippdtedammdent

i nproved by coating a surface of a netal to be a heat radiating fin with a
met al hatilmepa lsacgesitent zdi¢on reenidenoy andciardpar aifroi ntngakhe wic@at i ng
nmetal layer thin such that a heat capacity thereof is small conpared with
that of atheatetgbadic past Bpaheat . r atiatd mgedj nAanG obrerg RYrhhe seating
| ayer into contact with the air, and thereby achieving the exanple -

embodi MeBLE RfpaAe I £888E AJWLALELaASRAH PPatQ, 3nkiilsla ASRRET a0 ot he
invention, there is provided a heat radiating fin conprising a nmain body

and a cgaty l.ayer t AfS C f i 0 .
charactgﬁﬁgggzgﬁ&?%gféﬁ? ?325?9gﬁ%ﬁ?@h??oﬁé%gﬁﬁﬁﬁﬁié% gﬁhgpglg %nd%%%rial

“constitytin E oating nmetal |ayer (except for Sn) is larger than that
of silvééb %r% gfga?%%'exanple enbodi ment relates to the heat radiating
fin, characterizgg%in that the netal material constituting the 12 8

Sept ember 20057 c3AT T hiPPet A1 PAYELPEIWR| BEPRETELIIEf 2k FhGud-inRI TR
copper, nickel, cobalt, chrom um zinc, manganese, and alloys contai ning
t hese n@PAPSts FUthdi ffenenkxmydl capabddilmsncorel iatlas contelrd Wehb each at i ng
fin, <characterized in that the netal material constituting the coating
negal telyer is sapectattaitboftle grddpwine utbmg:Ikckel , chrom um zinc,
ah Te (equilibrium temperature) = (Cy-Ty + Cp-T2)/(C1 + C3)

From the above formula, it is seen that the equilibrium
temperature is affected by a temperature of aﬁ object with a largé
heat capacity and becomes equilibrium at a temperature close to
the temperature of the object with a large heat capacity.

A cause of a heat conducténce between the air and the heat
radiating fin being small compared with that between the water and
the heat radiating fin is that a heat capacity of the air is small.
The heat .capacity is represented by C =V (volume; cm’®) X D (density:
g/cm’) X ¢ (specific heat: cal/g-°C). In a same amount éf water
and air, the water has a larger heat capacity because a specific
heat and a density of the water is large compared with the air,
and a heat conductance between the water and the heat fadiating

fin becomes large compared with a heat conductance between the air

and the heat radiating fin.
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all oys containing these netals. Further, the exanple enbodinent relates to
the heat radiating fin according to any one of the above descriptions,
characterized in that a heat capacity of the coating e 8bnba%er 2003

smal l er than a heat capacity of the main body. Further, the exanple

enbodi nent relates to the heat radiating fin according to any one of the
above descriptions, characterized in that a |ayer thickness of the coating
nmetal layer is 0.03 to 10 urn. Further, the exanple enbodinent relates to
the heat radiating fin according to any one of the above descriptions,
char act eri zed™ & tifat Pyt HeCrea ¢ DDy eBagnst of ofimabasialin iREeoretAFt o a
second aspect of the invention, there is provided a heat radiating nethod,
char actek 2 dehdyheadirad ing imantf iwhi [t@ebhieagi ngratheyadf skevihg asn de
cooling fluid into contact with a surface of the heat radiating fin

accor di hgctoasded, abol e tde deritptiomalucthacex arppiveeanbbdi aknt snaf tivhenquiesent
invention will be hereinafter described in detail. An enbodi nent -node of

t he presamtatiwgntioncalbe benbesesaal t emdd8iseptamher-200% destr ithed in
accordance with the attached drawings. Figs. 1 and 2 are perspective views

show ngimxadpd esh®fh@a St FUetal fo9fe Brdieat c KAk St inithnd | el 148 present
invention. Fig. 3 shows sectional views of the heat radiating fins of

Figs. 1 %@’térﬁbé(ﬂﬁﬁé:'xget&%r@%'(% atl?@%icpﬂ?it&%;cﬁﬂ/va} g{eéyer%cﬁ%%jénaq |

radiating fin of Fig. 1 and Fig. I's a sectli w  of

radi ati in of Fi.g. .2. (1 nstjtuent material .of the _heat radiating
fin Th e€a ar“aijdibéftl?lﬁgmfgi %l%fg?hae s Wa%ﬁmgeefr?f’f&‘cﬁenéﬁ O(?‘a%?&ﬁc‘éltalh al 1
in Fig., 1 or 2). is forped of a main body (reference numeral 2 in Fig. 3)
and a cuAk ﬁé“i??'@ttallngl ngFe( refEr e SeRieriald Berh o fhesheatizaddat 6iv a
surface of the main body.

plate. However, 1t also means increasing the heat capacity of the

air with respect to the heat radiating fin.

From the above description, in other words, reducingijuzheat
capacity of the heat radiating plate means same as increasing the
heat capacity of the air with respect to the heat capacity of the
heat radiating‘plate even if the amount of air brought into contact
with the heat radiating fin is same . Therefore, an amount of heat
radiation into the air increases if an object with a small heat
_capacity'is used for the ﬁeat radiating fin. Note that, in the case
in which air with a small heat capacity is used as a cooling medium,
a cooling effect is lowered compared with water with a large heat

: capacity unless a flow rate of air is increased.

Usually, since a heat resistanée at the time when heat is
transmitted from a surface of metal into the air is lagger than
a heat resistance of a metal used 5361heat radiating f£in, the heat

radiation effect cannot be improved unless the heat resistance at

11



A material formng the main body can be appropriately selected from netal
materials and all oys thereof, which are publicly known conventionally as
materials for the heat radiating fin. Exanples of such gaigehpésdopc! ude a
single metal such as iron, alum num copper, nickel', platinum silver,
gold, tungsten, or zinc, and an alloy such as st ai nl ess steel, brass,
bronze, chrom umnickel alloy, alumnumsilicon all oy, aluninun}nanganese
al I oy, nickel-copper alloy, titaniumiron alloy, or
titaniumal um numal | oy, or the like. The material nmay be further provided

W th rotective filmthrou | ating vapor deposition or the i r may
be su%jhg PAB® t M Qurisade r ¢4 Wﬁk CSELHTAE GRF S Give torfeaflﬁeﬁetamﬁqgt hem
al um num copper, or the like are preferably used in ternms of cost, |ight

melghﬁlprbpeW¥VmeﬁrocessablI|ty, or the like. 14 8 September 2005 A shape
of the main body is not specifically Ilimted, and is selected fromvarious
shapes suchF&QmatppaeéogﬁapesemhﬂéODart@hapevem@pemdkngidﬁram appl Fewtd.on.
In addition, a size and a thickness thereof are not specifically limted.
For exbhnphg dxpdriiecstse tmtwhinglhroveeenai of bledyhés nenlfaadbur edfdyt acaret al
pl ate, a thickness of the nmetal plate can be increased if it is used for a
produst wehbiled gy dbFRNSIONSSURIYfaas @:l ahge happakatiust By CATh bRith an

decreased if it is used for a small apparatus. However, the thickness is
pref epp Jea/t 'xﬂ_t% %a@,%l?fh@atojcatp%cigy PN AR a”%ﬁtprz%e%ﬁfi) % Bng bigg of
0.1to Al t hough exanpl es of " a shape of such a heat radiating fin

mai n 1, b @rl%t%h%‘ﬂté&b@&% the 80 drr Znai e SRANG 4 51PRL, 'ﬂlérar']é ec%pg&wéas

For exa t he nai can be orne |n an arbitrar suc

pl ate a square shape i rcul ar _sha t ubul.ar. shape a
enlspﬁ%r#gﬁﬂang hape: “or "4 §pﬁ%§€%ﬁﬂncgh35eqmpﬁﬁaa ARFALESPher eof may be
processed into a corrugated surface, an uneven surface, a projected shape

surface, or®fhe?||I&SUlE2) oBoaf§RfFTHBal TRESAHCIER t Rasekariiod efBBdi AVE a

| ayer consisting of netal with
knowledge, the inventors found that the heat radiation effect can be

improved by coating a surface of a metal to be a heat radiating fin with
a metal having a large dionization tendency and further, forming the
coating metal layer thin such that a heat capacity therecf is small
compared with that of the metal to be the heat radiating fin and
‘bringing the coating layer into contact with the air, and thereby
achieving the example embodiments of the present invention.
According to a first aspect of the invention, there is provided a
- heat radiating fin comprising a main body and a coating metal layer
stacked on a surface of the main body, characterized in that at least
ionization tendency of a metallic material constituting- the coating
metal layer (except for Sn) is larger than that of silver.
Further, the example embediment relates to the heat radiating fin,
characterized in that the metal material constituting the

i2



ionization tendency | arger than that of siIVer (coating netal layer) is
thinly stacked on a surface of the above-nentioned heat radiating fin nmain
body, preferably such that a heat capacity thereof is sngkbper@EPSIRd W th
a heat capacity of the heat radiating fin main body, to coat t he heat
radiating fin main body. 15 8 Septenber 2005 The ionization tendency
rTeferred to here neans a result obtained from neasurenent of a potential’

di fferg f refgen | ue. oht ai.n d con ng
neasurg)%%%{l&ﬁettt\%ﬁ s %%I na%%lgc;t?%a 1|lonrPraedﬁcéE‘lflponmr?gt gn?? mﬁi}er’ g?@%ﬁ roni ¢
vol t met in.a room erature is used as the ionjzatio tenden Y. In
addi {FoReL s AR Bl £ BSERF G BTt PR EPRUOV AL CE=aarE e ased |
measurenent of a potential difference of two poles is difficult. As a

net al | i ¢ maf@FFaT wiRehetarp e caeedinent wréateatihghrelapt radietips fHe
exanpl e enbodi nent, it is necessary to select a material wth ionization
t endes&y ragkgcireds l@bt:ba‘ﬁe‘dl%yneéqféhmﬁﬁasmlerfemstlltatg@q theharpathag oftal
silver. Moreover, it is preferable to select a naterial wth a heat
capacﬂ@yesnableeleu@u he béat gapagi tycbfdinberhektl, radiatiung Eincmeand
body. More specifically, exanples of the netal material include copper,

ni ckelal1e9batdntacht 041 tHEsd WEBal1gi NC, nanganese, al um num and nagnesi um
oxi des of these netals, alloys of these netals, and the |ike. Anong these

nBterials, isfirb RN, ZatHe0RxhRPIE NG IS ERY i Hhesd t\sekﬁgl b¥aOfradticdali i, due
to the air is increased to change the coating netal into an oxide quickly

and, ag-arh dJ't&y aﬁg%ﬁésﬁf %hé réeod %I gtéé&%oﬁlﬁog%?e%é{,ﬁaééeﬁlziﬁ G! ?%&”e to

brlng about owerin eat Ing e nore preferably,
s oL AL et of 8 SLoUB, oLl 10 o SopPer,nL ok Satell,
16 of the main body.

Further, the example embodiment relates to the heat radiating fin
according to any one of the above descriptions, characterized in that a
layer thickness of the coating metal layer is 0.03 to 10 urn.

Further, the example embodiment relates to the heat radiating fin
according to any one of the above descriptions, characterized in that
the main body consists of aluminum.

According to a_second aspect of the invention, there is provided a
heat radiating method, characterized by radiating heat while bringing
the air serving as a cooling fluid inte contact with a surface of the
.heat radiating fin according to the zbove description.

The example embodiments of the present invention will -be

hereinafter described in detail.

An embodiment mode of the present invention will be hereinafter
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8 Septenber 2005 Note that exanples of the alloys include nickel-ferrite,
ni ckel - chrom um nickel -copper, nickel-zinc, nickel-copper-zinc,

ni ckel -boron, and the like. Anmong them taking into acqu&&%ﬁbghgﬁ5heat
radiating effect, a relatively low velocity of oxidization due to the air,
cost, processing property and durability, exanples of nore preferable
materials include zinc, chromum nickel, or alloys containing these

net al sleshbikeeVein admpanphes woithogte prideehad| srawings.alf ganoagantieth anel ude

ni ckel which is the lowest in the ionization tendency, |ow in an oxidizing
vel ocipkey spanidi veexdelse showinglus:adiidliey o fl B tsheuekargp| €f edrbiosh trerddiaaing
netallic material constituting the heat radiating fin main body and a

net al lfig ot endé abraxenst thubhfilbd herigCoat ERGedTeialtibayer vdorNair ahwaysahave
to be different materials. However, since the heat radiation effect is

furt her, i pprQyed nikf oEhg; qcoat iang petal Jiaver rig. f orded such.thala heal
capacity thereof is snal? conpared with a heaf capacity of the heat

radi atjng, i p. 0Bl p bhady e %ﬁlgingg o fca@b%(;gtyigaa%?i pat LoD ut{fhab NG, bpt al

mat eri al e heat radia [N mai n erral different from
t he net.al na%er'al constitutin gpe heat radiation fin main_body gan be
sel eofd HE TREC RBTAT R driralo St fat 119 CRESEOR Ty TECAPS a§br The
coating netal |ayer may be stacked over the entire surface of the heat
radi at'FA§ FiHatdPd bbRIY or nmay be stacked only n a part of the main body
surface. It is possible to appropriately select 17 8 Septenber 2005 a
| ocation toThe d&eatedradtitackiithechettdle | eyairlas ewbpdimedt Forefegganpl e,
in the heat radiating fin of the shape shown in Fig. 1 or 2, it is not
al waysumecalsslariyy Fogst Ackr thie icodbimer net al nhayebodwn(@fbothomsuiekate2 As
for a thickness of the coating netal |ayer (layer thickness) ,
in Fig. 3) and a coating metal layer (reference numeral 3 in Fig. 3)
stacked on a surface of the main body.
A material forming the main body can be appropriately selected
Erom metal materials and alloys thereof, which are publicly known
conventionally as materials for the heat radiating fin. Examples of such
materials include a single metal such as iron, aluminum, copper, nickel,
platinum, silver, gold, tungsten, or =zinc, and an alloy such as
stainless steel, brass, bronze, chromium-nickel allecy, aluminum-silicon
alloy, aluminum-manganese alloy, nickel-copper alloy, titanium-~iron
alioy, or titanium-aluminumalloy, or the like. The material may be
further provided with a protective film through plating wvapor deposition
or the like or may be subjected to surface treatment such as oxidation

treatment. Among them, aluminum, copper, or the like are preferably used

in terms of cost, light weight property, processability, or the like.
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it is desirable to select such a layer thickness with which a difference
bet ween heat capacities of the coating netal |ayer and the air is
increased to facilitate the chem cal adsorption of nole i air
More specifically, it is desirable that the |ayer thlckﬁg%gép?ggggﬁ%o a
range of 0.03 to 10 pm preferably 0. 037 to 7.5 pm nore preferably 0. 1
to 5 m and particularly preferably 0.5 -to 5 pm |If the l|ayer thickness
is too large, heat radiation fromthe heat radiating fin main body is
liable to be inpeded. On the other hand, if the |layer thickness is too
smal |, sincé aghaamsount tiod nmeiml bodnt dbnedti rspched féoatinglimeitadd,l ayet is
little, the coating netal |ayer, which chemcally adsorbs oxygen to

i npr owelebhecdedior adhal ben ehdiwed , suaadidyachhanges dapan O de Buik Ckhype
Thus, a disadvantage may arise in that the netal contained in the coating

metal depvehihg GH MRSbph05ta @ 1t e Dedliladi at 5 ofe . £id @Ckhi Sknd QehedeoNot e
that, the layer thickness referred to here means, for exanpl e, assum ng

that coathpg miale c:g}f?{'slﬂl%etiorﬁgg 8 ue“%x? t-[he‘)él{ats*e AnCOHIM &I Rar &?ﬁ{i‘gg

a bottom surface of an average va ayer thicknesses of
three parts obta| nessmet The yr emen

L e B e LA AR ARl Bkl P e R Ry o 1o Tt et

exanpl e, can be neasured by a fluorescent X- ray apparatus, or the like. A
st ackﬁ"i‘é‘ t h%%lre(acgc?é't |lﬁglﬁe%ﬁo‘éﬁedf dTt ﬁePEB%W‘F“nd’“H%‘t &Iarﬁay@rm?q”?loflﬁesu‘:h

exanpl e enbodi ment is not specifically Iimted and can be sel ected
ar bi t B&r id yl e olPr¥Fetet RodsaBorhfordsrrgseddf d€ fidr Msguged higr | ayerallf or
exanple, a liquid phase nmethod such as electric plating, electroless
pl at i rgpaoatirot Hdwpvpk at g thriokmas ol ewefretalbly phy si cahgw apdr0. Odeposii®i on
(PVD) such as vacuum vapor deposition, ion plating, or sputtering, a vapor
phase mmet hod rsureh pasfé s 1mlinCYDrapjeasiao VDo ar.0 afaiti cal CVD, In addition,
the coating netal |ayer can be stacked by
Although examples of a shape of such a heat radiating fin main
body are shown in Figs. 1 and 2, the shape is not limited to these. For
example, the main body can be formed in an arbitrary shape such as a
plate shape, a sqguare shape, a clrcular shape, a tubular shape, a
semispherical shape, or a spherical shape, and a surface thereof may be
processed into a corrugated surface, an uneven surface, a projected
shape surface, or the like. (2) Coating metal lavyer
In the example embodiment, a layer consisting of metal with
ionization tendency larger than that of silver (coating metal layer) is
thinly stacked on a surface of the above-mentioned heat radiating fin
main body, preferably such that a heat capacity thereof is small

compared with a heat capacity of the heat radiating fin main body, to

coat the heat radiating fin main body.
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conbi ning these techniques arbitrarily. In addition, timng for formng the
coating netal layer is also arbitrary. For exanple, the coating neta

| ayer may be fornmed after processing a netallic nateriqis&ﬁgmbgp%9d§w
shapes to forma heat radiating fin main body or may be processed 1 nto

vari ous shapes after being stacked on a netallic material of a plate
shape, a bar _shape, or the |like before processing. Thus, coating can be
performed WA8R 1Peyiatried. troferer rafsrrpdsto 1hegrd eansha gagell PhisieRdt he
heat radiating fin nmain body and the coating netal |ayer are a single
body, freespestiwrelgnti soShewnpotowdedr , di if¢trmcexanpl evenbpdieent ,andheaheat
radiating fin main body or the coating netal |ayer or both of themcan be
f or medheasuperconplwdueonditatined of tovodwortimgr ecksndsmaft rEter iaal Ssordiaary
exanple, the heat radiating fin main body can be fornmed in a 19 8 Septenber

2005 omubktl@yafedatt USH UnRteabtoddierCoati 8 rtial Layeretean benfaor medohn a
mul tilayer structure and divided into a surface |ayer and an inner |ayer

each ekmpb}ghikei ng maged actur edeby; di ff.gnent g@ﬁ@édc@l "nl DagiGh oncasg, it
is desirable to use the above-nentioned netal material wth 1onization

te“de%ﬁkﬁfkfé&er 4134 tQQRCL?fa‘tseid' V‘:“f%ﬁfnortﬁe}rﬁycﬁ%aﬁﬁgé'?géatia”t°1s coatact ;W th

the air [ayer, and to set a layer I ckness thereo a  range 0
preferably 0.03 ta 10 urn, . Lg.f eferablﬁ 0.037.to 7.5.§rn, and yet nore
br of oPEBPLE B 8753 JPH AT HEAT EEGP AL P hg R BROGS THe HEALCPHG at 1 ng
met hod of the exangle enbodinent is,  characterized in that heat is radiated
whi | e bringffig2alFteelis MpEsial vBsFR ng2t | Bf dused of PonthectCafitipot metal
surface of the heat radiating fin of the exanple enmbodi ment. Since the
heat Fad¢atingtis nexsfuplise caokadphent enfodismerscellasrn toatdeyptnet alateayet,
which is thinly stacked, on the surface thereof such that a heat capacity
t her egfith sicnmadtépnt hamidttgt, twhéchesd datadiiakdngy f surhmaieasbodysntg heater
capacity of the air
than that of silver. Moreover, it is preferable to select a material
with a heat capacity smaller than the heat capacity of the heat
radiating fin main body.
More specifically, examples of the metal material include copper,
nickel, cobkalt, chromium, iron, zinc, manganese, aluminum, and
magnesium, oxides of these metals, alloys of these metals, and the like.
Among these materials, if ionization tendency is too high, a velocity of
oxidation due to the air is increased to change the coating metal into
an oxide quickly and, as a result, decrease of the ionization tendency
is also guickened to bring about lowering of the heat radiating effect.
Thus, more preferably, a material selected out of a group consisting of

copper, nickel, cobalt, chromium, zinc, and manganese, and alloys

containing these metals is used.

le




relatively increases and a difference between the heat capacity of the air
and the heat capacity of the heat radiating fin w dens. Thus, the heat
radiation effect in the case of using the air as a cool igg % dodn be

i nproved remarkably. Note that, in this case, the heat radl i ng rret hod can
be used together with neans which has been adopted conventionally in order
to facilitate heat radiation, for exanple, a nethod of making a surface
uneverjota nehhbd ofamghbar gifng the healtlavadi abcbmdear edckelhi 20 18e Septierdedr-
2005 as alumte work or blast work, a nmethod of increasing the nunber of
fins, enrmetihad of cledrdopgean eiellopenef aideatcbpdéatding,f indcktd-boremease
a velocity and a volune of cooling wind passing through the heat radiating
fin, agwethed;ofe decreasing a heat capacity of a heat radiating fin, and
the like. Further, it is possible to enlarge a surface area of the coating

metal | ayer A%nﬁp%é’ﬂlngtm%%‘ Q%lto Lieahhent 85_ &t tcaa.la&;],a%%BE@%féé'&h S

bl ast work to the coati ng rreta | ayer and to urt I nprove a
radi at % t ther |t| i p055|ble to further
o e B LB A edREs by A AARELOR, [dod $7E BE3! A0S A PR

order to fgmll a% Q%elem cal adsorption. Brief Descrijption of lt he D&avm ngs

Fig. PTPB%A petipettiind Witdw §1ﬁ?§%i”r?§ &t é%?pl%tedcﬁr% £ Rt Sof 15 idat

radiating fin of the present invention. Fig. 2 is per spective view

showi fgRan ERARPLEMOf DACKH ructUr 8119¥s achebriniadi aﬂheﬁ@ Matage - t KPrEPEsent

invention. Fig. 3 shows sectional views of the heat radiating fins of

Fi gs. examnde? ofampski greBeyad)lei abesierts emahgvilksm gincthde hebatkgladhathngs

fin of Fig. 1 and Fig. 3 (b) is a sectional view of the heat radiating fin

of Fi ghe2lokegr id itheaischmtAbhctyh@mShoweorgia dresixidppanatwsl cafitq, f afict
excellent in durability.

In the example embodiment, a metallic material constituting the
heat radiating fin main body and a metallic material constituting the
coating metal layer do not always have to be different materials.
However, since the heat radiation effect is further improved if the
coating metal layer is formed such that a heat capacity thereof is small
compared with a heat capacity of the heat radiatiang fin main body,
taking into account a combination with the metal material of the heat
radiating fin main body, a material different from the metal material
constituting the heat radiation fin main body can be selected as the
metal material constituting the coating metal layer.

The coating metal layer may be stacked over the entire surface of

the heat radiating fin main body or may be stacked only n a part of the

main bedy surface. It is possible tco appropriately select
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enbodinent. Fig. 5is a schematl c view showing a test apparatus of second
21 8 Septenber 2005 ft to sixth embodinents. Fig. 6 is a side view show ng
a cooling device used in a test -apparatus of seventh agnd.sibgRbhooos
enbodi nents. Fig. 7 is a schematic view showi ng the test apgdaerat us of the
seventh and ei ghth enbodi nents. In the figures, reference nuneral 1 denotes
a heat radiating fin; 2, a heat radiating fin main body; 3, a coating
netal layer; -4, a plate of Bakelite; 5, a heater; 6, an alum num plate
for tenperature nmeasurenent; 7, a hole for tenperature neasurenent; 8,
st yr ene: floamtgloat &€p 19e @dtant ahd, staPkl themeghantayer bl raquaekdng For
surface; and 12, an input termnal, and reference synbol "a" denotes a
verti cadxatpensi om; thid " "hed: hokdzanialy dinessi BRe skape ashelhghin rig!.1a
hei ght of the fin; "e", a thickness of an upper part of the fin; and "f",
a thicksess afe @s' AYel a PRAT s Qfleéé'@sékg tBestadie.f QBa‘EQB@WﬂQEaQUIa#
I nvention The present invention will De hereinafter descri'bed specitically
wi th reference i, enbogients. However, the present invention is not
limted only to these enbodi nents. I\/bte that, a layer thickness in these
enbodi nents i V. tained b surin yer, I cknesses in
ﬁsf‘gfg\%%’rl%q&es% (ljlgt?l% cj)a e%rtngt%pfﬁalyfzr 5%‘&? rllﬁ%%)t"f ace

~three parts, nane art

of a fi. u5| scent ay ap arat us. Fir enbodi nent 22 8
Sept enber J2%0 W}rﬁ{’g &d Sﬁé}ﬁ‘:tr aﬁgﬁtt gg VRS 551 SFufi (e rdt il t2r
sinmply

difference between heat capacities of the coating metal layer and
the air is increased to facilitate the chemical adsorption of
molecules in the air. More specifically, it is desirable that the
layer thickness is set to a range of 0.03 to 10 um, preferably 0.037
to 7.5 um, more preferabl_y 0.1 to 5 prtt, and particularly preferably
0.5to0 5 tim. If the layer thickrtess is too large, heat radiation
from the heat radiating fin main body is liable to be impeded. On

the other hand, if the layer thickness is too small, since an amount

of metal contained in the coating metal layer is little, the coating
; metal layer, which chemically adsorbs oxygen to improve the heat
radiation effect, readily changes to an oxide gquickly. Thus, a

disadvantage may arise in that the metal contained in the cecating

metal layer is almost lost and the heat radiation effect is lowered.

Note that, .t.he layer thicknes_s referred to tter:'e means, for
example, assuming that coating metal layers are formed on an upper
part, a center part, and a bottom surface of a fin, an avertage vaiue
of layér thicknesses of these three parts obtained by using a

thicknessmeter. The measurement of a layer thickness may be of an
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referred to as "fin") having such a shape as shown in Fig. | with Zn, Cr,
Ni, or Cu coated respectively by plating on a heat radiating fin main body
of alum num having a length of 100 mm a width of 100 i ght of
40 mm a height of a fin of 30 mm thicknesses of the ﬁﬁegg&geenzﬂdliﬁn an
upper part and 5 nun in a lower part, and a weight of 480 g (in Fig. 1, a
=100 Mm b = 100 mMmm c¢c =40mMmm d=30mMmm e =2 mm and f =5 nm; an
i denti . i afi i ' net hyl th | at e- et hy, a
acryl a%lggg?gnégg%ogc{)la%%érffogo%\l%se%]t e%gnggaﬁ%g%ynr?%%ﬁ’t iacéélluﬁég “fadi‘at i ng
fin wthout an%( roceiﬁi ,.conducted thereto. Note that |ayer thicknesses
of the PesPREIFVE &3a %Sgi ers are as shown in Table 1. As shown in Fig.
4, the plate of Bakelite (in Fig. 4, reference nuneral 4; sanme in the

fol | owi ng) 2 thé@chead diethodt heodtuid meplat e fiof renpbratiftélneager elbnt
6 having a thickness of 10 mm a length of 50 mm and a wdth of 50 mMm
with the reeerier erei@catuie mehsaperehtcal¥y opimetedbrrng siage beheeéettedind
the fin 1 were laid one on top of another in order, and the fin 1 and the
pl at e aofeiBakelly eowt wer ehet imghtededocdyndndlyt ssaddfct oseiningdhertadnt dapach
other to manufacture a test apparatus. Then, the test apparatus was pl aced
on t hecoat pemple f camiphad epihss ethbe plat asoblBakeald beadisd, tdiedtovesss
side. Heat radiation grease was applied between the alum num plate 6 and
the fdiaclngnd betwgenaihe @lunhgunrplat @ 6ma0¢kd heheat erpdysical  vapor
respectively.. As the heater 5, a heater of 100v/ 150w was used, and

el ect rde%osggiﬁq Sq%giﬁfm%rucﬁooéi PQYEL:, f Bz%pé\!" (c?eg)\é/s%a:‘bégp‘) 19ES iin d tt he

heater 5.by a rectifier mnufacture Ki kusui ushi Ki” Kai'sha t6 cause
the heater to radiate heat, and tenperature._at the tjme X/nen heat

r adi atsip&)l%te%%g’st%rf'ae%ora 45 er?%glrggt ﬁﬁgkaﬁﬁe%hﬁfﬁ% ycﬂjhuP Fere™r °F
conpared.. The result is.,shown in Table 1. Note that ionization tendency in

this CR&&CRAs VBr géli APAEI R deFof coRtinaymetali Lavgiprateseeds B Hifich i

combining these technigues arbitrarily.

In addition, timing for forming the coating metal layer is also
arbitrary. For example, the coating metal layer may be formed after
processing a metallic material inte various shapes to form a heat
radiating fin main body or may be processed into varicus shapes after
being stacked on a metallic material of a plate shape, a bar shape, or
the like before processing. Thus, coating can be performed when
required.

Further, in Figs. 1 and 2, the case in which the heat radiating
fin main body and the coating metal layer are a single body,
.respectively, is shown. However, in the example embodiment, the heat
radiating fin main body or the coating metal layer or bothrof them can
be formed as a complex consisting of two or more kinds of materials. For

| example, the heat radiating fin main body can be formed in a
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fin > Cu. Table. 1 Material of coating |ayer Starting Tenperature after
(layer thickness)tenperature (C)90 mnutes (C Zn (1.455 pn).19.841.8 Cr

(1.467 pm19.842.3 Ni (1.513 pm 19.842.5 Cu (1.499 pm1 bk 552
b
pm 19.844.1 No treatnent19.844.9 Room tenperaturel9. 820.1 te nethyl

nethacrylate et hyl acryl ate-styrene copol ymer Fromthe above-nenti oned
result, it is seen that the tenperature after ninety mnutes is in the
order of Zn < & < NI <Cu < MM < unprocessed alum numfin, and the

t errpern%tl%rlﬁa'l}@ﬂ! l §tr1.p:ycu1:e,_ ‘clmg 193 cjoaglgé’ SbacKi 0g,an 8—91 acd wWiha sl l

heat capacity conpared wth the unprocessed aIun1nun1f|n and the heat

rfadl aguqrallg%glecg%%éﬁel.%r Oveoq thelrcli’ed 111I 2 Saeegu;g ace %Iret hez;rﬁelr';]r ga?{mer !

N , arge 1 onli za 1'on ten ency conpar e
i nactive neth t{%frylate eth% acré ﬁte styrene co oI mer. falls
0] 6C 05787 3= 0 o UGN FBH PG B U T eRBCHY DOLRE E aPaes 245 - S5p B
2005 the heat radi ation effect is inproved.. Second enbodi nent As in the
first @ffoditferts, deFérePeal tReatser &&Eataikwgeﬁﬂﬁ%tfdﬁrnedamﬁaﬁurﬁa\*merhaJZnWl@
Ni, or Cu coated by plating on a heat radiating fin main body of al um num
havi ngoaikrehipth omndeooy mhargemitdien ¢hat 100 sifveandoa helghtr dfro@hpminip
hei ght of a fin of 30 mm thicknesses
contact with the air layer, and to set a layer thickness thereof te a
range of preferably 0.03 to 10 urn, more preferably 0.037 to 7.5 urn,
and yet more preferably 0.1 to 5 urn. {3) Heat radiating method
The  heat radiating method of the example embodiment is
characterized in that heat is radiated while bringing air serving as a
cooling fluid into contact with the surface of Lhe heat radiating fin of
the example embodiment. Since the heat radiating fin of the example
embodiment has a coating metal layer,.which is thinly stacked, on the
~surface thereof such that a heat capacity thereof is smaller than that
of the heat radiating fin main body, a heat capacity of the air
relatively increases and a difference between the heat capacity of the
_air and the heat capacity of the heat radiating fin widens. Thus, the
heat radiation effect in the case of using the air as a cooling fluid
 can be improved remarkably.
Note that, in this case, the heat radiating method can be used
together with means which has been adopted conventionally in order to

facilitate heat radiation, for example, a method of making a surface

uneven, a method of enlarging a heat radiation area such
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of the fin of 2 mMmin an upper part and 5 mmin a |lower part, and a weight
~of 480 g; with nmethyl nethacryl ate-ethyl acrylate-styrene copolyner coated
t hereon; and wi thout any processing conducted thereto agge&gﬁlgggﬁ% Not e
that |ayer thicknesses of the respective coating |ayers are as shown in
Table 2. As shown in Fig. 5, the plate of Bakelite 4, the heater 5, the

al um num pl ate for tenperature neasurenent 6 having a thickness of 10 mm
a length of 50 mm and a width of 50 mmwith the hole for tenperature
measurenment 7 opened on a side thereof, and the fin 1 were |aid one on top
of anotterlipigedeprkand bhastivWotkand neheop| af elrgfrBakiald ttdie4 newer :
ti ghtened by bolts and closely adhered to each other to manufacture a test
appar atafs fiTlsena whehbdspf appaiagusnwasvelapedo bna thmatstyadbne ifrgamipl ate 8
with the plate .of Bakelite 4 on the |ower side. Then, the cooling fan 9
(a | engtchinofe88e mmved onlidiyhanfl B ommenanuiact e ibyl Sapy dndoenkiouG. |
Ltd.; nunber of revolutions 2, 900 rpm 12V/0.13A; flowrate of air =

1. 03nB/uMe wastdra@ehlkyngt fached daxridie dippetrpakt ngfl at Reaf i dhitithe o35 8
Sept enber 2005 upper side to performcooling. Heat radiati on grease was
appl i ed hdat wegiat NRg W JHU RL A& L apdriherf ik il ﬁ@gsﬁﬁw@g%ntﬁ% e

al um num plate 6 ang the heater 5, respectively. ‘A heater of QO fSOWwas

appl | of Co RS ene B L SEhaL PoPRUERI D08 B d%&%i&ﬁig‘?‘)”s\&%&sm ki

applied to the heater by a recti manu
Kai sha,to cause the heater to radiate heat, d a tenperature at the tine
when h&&CHEF L PonCGRECeL A FRYTATAC 24 & YPESr R FORitHies

were conpared. The result is shown in Table 2. Note that the ionization
‘tenden®FLalnl 3 ¥eE s Eowasr the H URT avrea divity refizg isn effect ghexeof.
unprocessed alumnumfin > Cu. Table 2 _
In addition, it is also possible to further stack a catalyst or
the like on the surface of the coating metal layer in order to

facilitate chemical adsorption.

Brief Description of the Drawings

Fig. 1 is a perspective view showing an example of a structure
of a heat radiating fin of the present invention.

Fig. 2 is a perspective view showing én example of a struct’ure
of a heat radiating fin of the preéent invention.

Fig. 3 shows sectional views of the heat radiating fins of
Figs. 1 and 2, and Fig. 3(a) is a sectional view of the heat radiating
fin of Fig. 1 and Fig. 3 (b) is a sectional view of the heatr radiating
fin of Fig. 2.

Fig. 4 is a schematic view showing a test apparatus of a first
embodiment .

Fig. 5 is a schematic view showing a test apparatus-of'second
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Material of coating |ayer Starting. Tenperature after (layer
t hi ckness)tenperature (C)90 mnutes (C Zn (1.455 pm 18.153.8 Cr (1.467
pm).18.154.3 Ni (1.513 pm 18.154.4 Cu (1.499 pm 18.154. 74 Q%)té b§|5§005
pm 18.156.9 No treatnent 18. 157.5 Room t enperaturel8. 118, 4 met hyl
met hacryl ate-et hyl acryl ate-styrene copol yner From the above-nenti oned
result, it is seen that the tenperature after ninety mnutes is also in
the order of Zn <& < N < Cu < MM < unprocessed alum numfin even if
cooling by fan, and the tenperature falls by 0.6C to 3.7C by stacking an
obj ect tanigixtdh smddiheattcapacity conpared with the unprocessed al um num
26 8 September 2005 fin, and the heat radiation effect is inproved.
Further, it |E&g&e6nlstahat1d@ reapestaduwiey of cEdl iNy, dbFicOséa Whtd dearnge
i oni zation tendency conpared with chemcally inactive nethyl '

et hackdpieralhys Acra@ enrsd WRNa iR ddBied@d | s by 2.2C to 3.1C and

the heat radiation effect of the heat radiating fin coated with the object

th | ilati f
Third arbed %@ﬁfaﬁhgﬁé e e e e A R S S A
siml arg a}qlghh use i N t e ecoq:d enbodinent, with zZn, C, N, Cu, and

MM coat ed on a eat c]:atl ng P haln body of aI um num and w thout any

rocessi ng conducte thereto e prepared. Note that |ayer
P _ 9 %%.%ﬁe glgures, re eré%céonumeral 1 denctes ayheat radiating

fin; 2, a heat radiating fin main body; 3, a coating metal layer;
4, a plate of Bakelite; 5, a heatér; 6, an aluminum plate for
temperature measurement;‘7, a hole for temperature measurement;
8, styrene foam plate; 9, a fan; 10, a Peltier element; 11, a cooling
surface; and 12, an input terminal, and reference symbol “a” denotes
a vertical dimension; “b”, a horizontal dimension; “c¢”, a height;
*d”, a héight of the fin; “e”, a thickness of an upper part of the

fin; and “f”, a thickness of a lower part of the fin.

Best Mode for carrying out the Invention

The present invention ﬁili be hereinafter described
specifi;ally with reference to embodiments. However, the present
'iﬁvention is not limited,bnly to these embodiments. Note that, a
~layer thickness in these embodiments is an average value obtained
by measuring layer thicknesses in three parts, namely, an upper
.part,acentralpart,andabottomsurfaceofafin,usingafluorescent

X-ray apparatus.

First embodiment
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thi cknesses of the respective coated layers are as shown in Table 3. The
pl ate of Bakelite 4, the heater 5, the alum numplate for tenperature

neasurenment 6, and the fin 1 were laid one on top of arw&baember fig@er to
manuf acture a test. apparatus that is simlar to one manufactured in the

second enbodi nent. Then,-the fin 1 and the plate of Bakelite 4 were
tightened by bolts and closely adhered to each other, and the test
apparatus was placed on the styrene foamplate 8 with the plate of
Bakelite 4 on the lower side. Further, the cooling fan 9 that is simlar
to one used i%ephepseedidagntratiatenty £{@s bérgimiofhim8hahy i £ ot hnefy 80
mm manufactured by Sanyo Denki 27 8 Septenber 2005 Co., Ltd.) was attached
to the upperrearto ofs t'HanfiinhaAihgatechod sHAMW/bAWHWRS iHS@S\?aﬁtmmeater
‘5, and without changing the applied electric power of 84.75W (75V /

1. 13A) . zZm, cignper ainice Obatde reapbial vRaktp §ihialtuMym Ahetiber 1418 MieN
heat )radi ati gﬁ was startaed arllfd '?hat lz‘aff-t gr glpnety r%nnut esevvere corrp%%d

under then (RS0R0bbae &Pngiﬁlhﬂﬂﬁntﬁga&iﬁ%%gf%ﬁgoéf PEYPIL] oD, Rl the Fan

9 was changed to 1800 rpm (flow ratg: a2 T r;g’mi(‘flosr‘ganei:'n
%égﬁeng#mmm{ﬁgngﬁgéoﬁgag%ﬁ %O%thyé“?ffjgh%?lfi?}ht t#?% rPlcf’a%EeWag‘mr a?&ec FeitRe or der
?f O)an ;o%%r\l'lx%?_fll% o>f gn%oggsggdupageurmpgurﬁg a'rfdI r!]3 ;unoiln 5%81owg: pa[r}c)i?, a-n_cil |
a weight of 480 g (in Fig. 1, a = 100 mm, b 5_100 mm, ¢ = 40 mm,
d=30mm, e =2 mm, and £ = 5 mm); an identical heat radiating
fin with methyl methacrylate-ethyl acrylate-styrene copolymer
coated thereon; and an identical heat radiating fin without any
processing conducted thereto. Note that layer thicknesses of the
respective coating layers are as shown in Table 1.

As shown in Fig. 4, the plate of Bakelite (in Fig. 4, referénce
numeral 4; same i‘n the folloWing) , the heater 5, the aluminum plate
for temperature measurement 6 having a thigkness of 10 mm, a length
of 50mm, and awidthof 50mmwith the hole for temperature measurement
7 opened on a side thereof, and the fin 1 were laid orie on to;.) of

-another i_n order, and the fin 1 and the plate of Bakelite 4 were
tightened by bolts and closely adhered to each other to manufacture
a test apparatus. Then, the test apparatus was placed on the styrene
foam plate 8 with the plate of Bakelite 4 on the lower side. Heat
radiation grease was applied between the aluminum plate 6 and the

fin 1l andbetween the aluminum plate 6 and the heater 5, respectively.

As the heater 5, a heater of 100V/150W was used, and electrié
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power of 3.5W (25V/0.38A) was applied to the heater 5 by a rectifier
manufactured by Kikusui Kabushiki Kaisha to cause the heater to
radiate heat, and a témperature at-the time when heat radiation
was started and a temperature after ninety minutes were compared.
The result is shown in Table 1. Note that ionization tendency in

this case was large in the order of Zn > Cr > Ni > unprocessed aluminum

fin > Cu.
Table 1
Material of coating layer Starting Temperature after
(layer thickness) 'temperature {°C) 90 minutes (°C)

Zn (1.455 pm) - 19.8 41.8

Cr (1.467 pm) 19.8 - 42.3

Ni (1.513 pm) 19.8 . 42.5

Cu (1.499 jpm) 19.8 N 435

MM (1.552 um) 19.8 44.1

No treatment 19.8 44.9

Room temperature : 19.8 20.1

Note) MM; methyl methacrylate—ethyl.écrylate—styrene copolymer

From the above-mentioned result,' it is seen that the
temperature after hinety minutes is in the order of Zn < Cr < Ni
<-Cu <-MM < unprocessed aluminum fin, and the temperature falls
by 1.4°C to 3.1°C by stacking an object with a small heat capacity
compared with the unprocessed aluminum fin, and the heat radiation
effect is improved. Then, it is seen that a'temperaturerof Cu, Ni,
Cr, or ZnAwith large_ionization tendency compared with chemically
inactive nethyl methacrylate-ethyl acrylate-styrene copolymer

falls by 0.6°Cto 2.3°C, amdwhenionizationtendencybecomeslarge,
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the heat radiation effect is improved.

Second enbodiment

As in the first embodiment, identical heat radiating fins of
aluminum with Zn, Cr, Ni, or Cu coated by plating on a heat radiating
fin main body of aluminum having a length of 100 mm, a width of

100 mm, and a height of 40 mm, a height of a fin of 30 mm, thicknesses

of the fin of 2 mm in an upper part and 5 mm in a lower part, and

a weight of 480 g; with methyl methaérylate—ethyl acrylate-styrene

copolymer coated thereon; and without any processing conducted-
theretoareprepared. Notethatlayerthicknessesoftherespéctive
coating laygrs are as shown in Tab;e 2.

As shown in Fig. 5, the plate of Bakelite 4, the heater 5,
the-aluﬁinunlplate for temperature measurement 6 having a thickness
of 10 mm, a leﬁgth of 50 mm, and a width of 50 mm with the hole
for temperature measuremenf 7 opéned on a side thereof, and the
fin 1 were laid one on top of another in ordef, and the fin 1 and
the plate of Bakelite 4 were tightenedloylmalts and closely adhered
té each other to manufacture a teét apparatus. Then; the test
apparatus was placed on thé styrene foam platé 8 with the plate
of Bakelite 4 on the lowér side. Then, the cooling fan 9 (a length
of 80‘mm, a width of 80 mm; manufactﬁred.by Sanyo Denki Co., Ltd.;
number bf revolutions 2, 900 rpm, 12V/0.13A; flow rate of air =

1.03m’/m) was directly attached to the upper part of the fin on the
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upper side to perform cooliﬁg. Heaﬁ radiation grease was applied
between the aluminum plate 6 and the fin 1 and between the aluminum
plate 6 and the heater 5, respectively.

A heater of 100V/150W was used as the heater 5, and electric
powerof84-75W(75V/]”13A)wasappliedtotheheaterSbyaxﬁptifier
manufactured by Kikusui Kabushiki Kaisha to cause the heater to
radiate heat, and a temperature at the time when heat radiation
was started and a temperature after ninety minutes were compared.
The result is shown in Table 2. Note that the ionization tendency
in this case was large in the order of Zn > Cr > Ni > unprocessed

-aluminum fin > Cu.

Table 2
Material of coating layer - Starting Temperature after
{layer thickness) temperature (°C) 90 minutes (°C)
Zn {1.455 pm) _ 18.1 53.8
Cr {(1.467 pm) 18.1 54.3
Ni (1.513 pm) 18.1 54 .4
cu (1.499 pm) 18.1 54 .7
MM (1.552 pm) ' 18.1 56.9
No treatment ' 18.1 57.5
Room temperature : 18.1 18.4

Note) MM; methyl methacrylate—ethyl acrylate-styrene copolymer

From the above-mentioned result, it is seen that the
temperature after ninety minutes is also in the order of Zn < Cr
< Ni < Cu < MM < unprocessed aluminum fin even if cooling by fan,
and the temperature falls by 0.6°C to 3.7°C by stacking an object

with a small heat capacity compared with the unprocessed aluminum
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fin; and the heat radiation effect is improved. Further, it is seen
thatatemperatunaofCu,Ni,Cr,(H:anifhlargeionizationtendency
compared with chemically inactive methyl ~methacrylate—ethyl
acryla.te;styrene copolyme;‘ falls by 2.2°C to 3.1°C, and the heat

radiation effect of the heat radiating fin coated with the object

with large ionization tendency is improved by ventilation using

a fan.

Third embodiment

Identical heat radiating fins of aluminum, that are similar
to those used in the second embodiment, with Zn, Cr, Ni, Cu, and
MM coated on a heat radiating fin main body of aluminum; and without
any processing conducted thereto are prepared. Note that layer
thicknesses of the respective coated layers are as shown in Table
N :

The plate of Bakelite 4, the heatei‘S, the aluminum plate for
temperature measurement 6, and the fin 1 were.laid one on top of
another in order to manufacture a test apparatus that is similar
to one manufactured in the second embodiment; Then, the fin 1 and
the plate of Bakelite 4 were tightened by bolts and closely adhered
to each other, and the test apparatus was placed on the styrene
foam plate 8 with the plate of Bakelite 4 on the lower side. Further,

the cooling fan 9 that is similar to one used in the second embodiment

(a length of 80 mm, a width of 80 mm; manufactured by Sanyo Denki
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a) Q r-2rir-l r-! r-1 %1 (URA> a )1 4> 44 (0(0r-i ~A-,--1 0

El OEr-i - L1 QZC 28 Septenmber 2005 a) E ,-1 O004.0 {) a) a) rn
CoN a) -pr-{ U of r-i 8 Septenber 2005 From the abovesmmahhonRfsr esul t,
it is seen that the tenperature after ninety mnutes is also in the order
of Zn < O < N < CQ < MM< unprocessed alumnumfin even if changing the:
nunber _

Co., Ltd.) was attached to the upper part of the fin.

A heater of 100V/150W was used as the heater 5, and without
changing the applied electric power of 84.75W (75v / 1.13A), a
temperature of the Central part of aluminum at the time when heat
radiation was started and that aftef ninety minutes were compared
under the respective conditions that the number of revolutions of
the fan 9 was changed to 1800 rpm (floﬁ rate: 0.92 w*/m), 2900 rpm
(flow rate: 1.03 m®/m), and 3400 rpm {flow rate: 1.20 m’/m). The
result is shown in Table 3. Note that ionization tendency in this
case was large in the order of Zn > C; > Ni > unprocessed aluminum

fin > Cu.
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of revolutions of the fan, and the tenperature falls by 0.2Cto 2.6Cin
the case of 1800 rpm by 0.6Cto 3.7Cin the case of 2900 rpm and 0.1C to

4.1C in the_case of 3400 rpm by stacking an object w tdsapapmkt 20pAt
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Co., Ltd.) was attached to the upper‘paft of the fin. A heater of :
100V/ 150W was used, and while keeping the nunber of revolutions of the fan

9 to 2900 rpm(flowrate: 1.03 nB8/n), a tenperature atéggaﬁg%ggqﬂ%gn heat
radi ati on was started and a tenperature after ninety m nutes were conpared

under the respective conditions that the electric power applied was
‘changed to 37.5W 84. 7W and 150W The result is shown in Table 4. Note
that ionization tendency in this case was large in the order of Zn > C >
Ni > unprocessed alumnumfin > Cu. 31 UQo 61 V4)CH~i~r-1-dld 1I-!
U.. 4) 4) QNEedB OtAE0COREXE OMt {4 d EcCultlO is sid iGeehr-diiadr the 1. -1
4-3 WU s4 o0l-11~~-i- 4) r-1

temperature after ninety minutes is also in the order of Zn < Cr

< Ni < Cu < MM < unprocessed aluminum fin even if changing the number

of revolutions of the fan, and the temperature falls by 0.2°C to

2.6°C in the case of 1800 rpm, by 0.6°C to 3.7°C in the case of

2900 rpm, and 0.1°C to 4.1°C in the case of 3400 rpm, by stacking

an object with a small heat capacity compared with the unprocessed

aluminum f£fin, and the heat radiation effect is improved. Further,

it is seen that a temperature of Cu, Ni, Cr, or Znwith large ionization

tendency compared = with chemically inactive methyl

methacrylate—ethyl acrylate-styrene copolymer falls by 1.7°C to

2.4°C 'in the case of 1800 rpm, 2.2°C to 3.1°C in the case of 2900

rpm, and 2.8°C to 4.0°C in the case of 3400 rpm, and the heat radiation

effect of the heat radiating fin coated with the object with large

ionization tendency is improved by increasing the number of

revolutions of the fan.

| Fourth embodiment

Identical heat radiating fins of aluminum, that are similar
to those used in the third embodiment, with Zn, Cr, Ni, Cu, and
MM coated on a heat radiating fin main body of aluminum; and withont
any processing conducted thereto are prepared. Note tﬁat layer
thicknésses of the respective coating layers are as Shoﬁn in Table

4,
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The plate of Bakelite 4, the heater 5, the aluminum plate for
temperature measurement 6, and the fin 1 were laid one on top of
another in order to manufacture a test apparatus that is similar
to one manufactﬁred in the third embodiment. Then, the fin 1 and
the plate of Bakelite 4 were tightened by bolts and closely adhered
to each other, and the test apparatus was placed on the styrene
foamplate 8 with the plate of Bakelite 4 on the lower side. Further,
the cooling fan 9 that is similar to one used in the third embodiment
(a length of 80 mm, a width of 80 mm; manufactured bylSanyo Denki

' Co., Ltd.} was attached to the upper part of the fin.

A heater of 100V/150W was used, and while keeping the number
of revolutions of the fan 9 to 2900 rpm (flow rate: 1.03 m’/m), a
temperature at the time when heat radiation was started and a
temperatureafternihetyn&nufeswerecomparedundertherespective
conditions thét the electric power applied was changed to 37.5W,
84.7W, and 150W. TheresultisshowninTabled. Notethationization
tendencyinthis casewas large inthe order of Zn>Cr >Ni > unprocessed

aluminum fin > Cu.
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8 Septenber 2005 Fromthe above-nentioned result, it is seen that the
tenperature after ninety mnutes is also in the order of Zn <O < N < Cu
< MM < unprocessed alum numfin even after changing the electric power to
- be applied, and the tenperature. falls by 0.3C to 1.2C in the case of
37.5W by 0.6Cto 3.7Cin the case of 84.75W and 0. 5Cto 4.2Cin the
case of 150Wramd tthe hehbveadeatiomedefdfeenilt,s inprivedday sthaki nghan
object with a small heat capacity conpared with the unprocessed al um num -
fin. Thesmpétatsreeentéhatindt | enperaidlie aflsGUinNcheChrder &n amhth darge

i oni zation tendency conpared with chemcally inactive nethyl

met hacr ylwt e: efvhyl MMaer YhsE ScSt SN ARAIY MBh EakhSabYel SGaA&idg dhdn the

case of ' '
electric power to be applied, and the temperature falls by 0.3°C
to 1.2°C in the case of 37.5W, by 0.6°C to 3.7°C in the case of
84.75W, and 0.5°C to 4.2°C in the case of 150W, and the heat radiation
effect is improvedknfstackingenlébject with a small heat capacity
compared with the unprocessed aluminum fin. Then, it is seen that
a temperature of Cu, Ni, Cr, or Zn'with large ionization tendency
compared with chemically inactive methyl methacrylate-ethyl
acrylate-styrene copolymer falls by 1.6°C to 1.9°C in the case of
37.5W, 2.2°C to 3.1°C in the case of 84.75W, and 2.8°C to 3.7°C
inthe caseof 150W, and theheat radiationeffect of the heat radiating

fincoatedwith the object with large ionization tendency is improved

by increasing the electric power to be applied.

Fifth embodiment

Thesamealuminumfinsensthefirstembodimentwith:hlstacked
thereon with a thickness of 0.037 pm, 0.106 pm, 0.503 um, 1.455
pm, 2.883 um, 3.787 pm, 4.993 pm, €.112 pm, 7.568 um, and 10.231
um, respectively, were used to compare respective temperatures
thereof after ninety minutes with the same method as the second

embodiment.  The result is shown in Table 5.
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37.5W 2.2Cto 3.1Cin the case of 84.75W and 2.8Cto 3.7C in the case of
150W and the heat radiation effect of the heat radiating fin coated with
the object with large ionization tendency is inproved Qysifemgasideg the

el ectric power to be applied. Fifth enbodi mrent The same al um numfins as
the first enmbodinment wwth Zn stacked thereon with a thickness of 0.037 m
0.106 pm 0.503 pm. 1.455 pm 2.883 pm 3.787 pm 4.993 pm 6.112 pm
7.568 pm and 10.231 pm respectively, were used to conpare respective
tenperatures -thereof after ninety mnutes with the same nethod as the
second enbodi nent. The result Takishdwm in Table 5. 33 8 Septenber 2005

Tabl e :LLa"er thickness—pf -Startingtenperature Tenperature.after zinc(C) 90
M nut es §E§r6hd FOSHER 55737 B1ADE B3 3| 0SB0 pRiLyS553E8 1| 455
pnl9. 55631852 883 pm19o 554 3 3787 9 554 8 U §43mpRipbesss "§le 112
pmi9. 55609037 588 9 557. 4 10. 2349 gl 9. 557. 8] No tredttweht 19. 558 1 Room
t enper at@r £99. 599, 9 Fronlthe above?entioned result, $4.3s seen | hat
i nproven®n$03 pm 19.5 53.8

1.455 um 19.5 53.1

2.883 pm 19.5 54.3

3.787 pm 19.5 54.8

4.993 um , 19.5 55.3

6.112 pm 19.5 56.9

7.568 pm ‘ 19.5 57.4

10.231 pm ' 19.5 57.8

No treatment 19.5 58.1

Room temperature 19.5 19.9

From the above-mentioned result, it is seen that improvement
in the heat radiation effect is remarkable when the thickness of
zinc is in a range of 0.037 pm to 10 um, more remarkable when the
thickness is in a range of 0.1 pm to 7.5 pm, and in particular when

the thickness is in a range of 0.5 pm to 5 um.

Sixth embodiment

The same aluminum fins as the first embodiment with Ni stacked
thereon with a thickness of 0.031 pm, 0.587 um, 0.998 um, 1.486
pm, 2.999 pm, 3.893 pm, 4.875 pm, 5.669 um, 7.665 pm, and 10.026
pm, respectively, were used to compafe respective temperatures
thereof after ninety minutes with the same method as the éecond

embodiment. The result is shown in Table 6.
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in the heat radiation effect is remarkable when the thickness of zinc is
in a range of 0.037 pmto 10 pm nore renmarkable when the thickness is in
a range of 0. 1 pmto 7.5 pm and in particular when thesthbgkeesisis in a
range of 0.5 pmto 5 pm_ Sixth enbodi nent The sanme alum numfins as the
first enbodinment with Ni stacked thereon with a thickness of 0.031 pm
0.587 pm 0.998 pm 1.486 pm 2.999 pm 3.893 pm 4.875 pm 5.669 pm
7.665 pm and 10.026 pm respectively, were used to conpare respective
tenperatures thereof after ninety mnutes with the same nethod as the
second enbodi nent. The resul t Te®lehéwn |n Tabl e 6 34 8 Sept ember 2005

Tabl e g—Starting tenperat ature t-ar —O—mnutes—{G) 0.031
pnl9. 857. 1 0.587 pntlo. 85§%§%F§@§F rﬁgﬂﬁﬁ g% Eﬁﬁ@ 85 Zf§T§.999 .
PTLY. 854153893t 854: 9—4-—875. DHEG-856. 2 .W9 LRI 665
pnﬁg_gdgjgxih}ﬁﬁe prl9 858 1 kh i o ment 19. 2 Dn§ﬂ|ﬂpnhpraflre19_820_l
From t ,,eo“:;f? U,/U-%e_np@ned_r_ecnl t ]19r 81 s_seen Tha'r i rmr5c§ve§rrent in the heat
radi at .ol 1% 8 _j s rpmaTrkabIP wHeéh & he t hi clness_of 54-8

1.486 pm 19.8 53.5

2.999 um 19.8 54.1

3.893 um 19.8 54.9

4.875 pm ' 19.8 56.2

5.669 pm 19.8 56.8

7.665 pm ' 19.8 57.3

{10.026 pm 19.8 58.1

s No treatment 19.8 58.2

Room temperature 19.8 20.1

From the above-mentioned result, it is seen that improvement
in the heat radiation effect is remarkable when the thickness of
nickel is in a range of 0.03 pum to 10 pym, more remarkable when the

thickness is in a range of 0.5 pm to 7.5 pm, and in particular when

the thickness is in a range of 0.5 um to 6 pm.

Seventh embodiment

A heat radiating fin of the shape as shown in Fig. 2 with Zn
stacked thereon with a thickness of 0.034 pm, 0.098 pm, 0.532 pm,
1.6i2 p, 3.661 pm, 5.053 pm, 6.022 um, 7.889 pm, and 10.088 nm,
respectively, on a heat radiating fin main body of aluminum with
a length of 100 mm, a width of 100 mm, and a height of 40 mm, the

- number of fins of 625, a heiqht of the fin of. 34 mm, and a thickness
of tﬁerfin of 2mm,X 2 mm was used.

Acoolingdevice(manufacturedbyETigesterKabushikiKaisha;
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nickel is in a range of 0.03 pmto 10 pm nore remarkabl e when the
thickness is in a range of 0.5 pmto 7.5 pm and in particular when the
thickness is in a range of 0.5 pmto 6 pm Seventh enbodi sgibtmbenzmb
‘radiating fin of the shape as shown in Fig. 2 with Zn stacked thereon with -
a thickness of 0.034 pm 0.098 pm 0.532 pm 1.612 pm 3.661 pm 5.053 pm
6.022 pm 7.889 pm and 10.088 pm respectively, on a heat radiating fin
mai n body of alumnumwth a length of 100 nm a width of 100 mm and a
hei ght of 40 mm the nunber of fins of 625, a height of the fin of. 34 mm
and a tHd £kHss iof wit heh fite bearnmadd 2 img Was Usddh Aheaad itig dedicaent
(manuf actured by Frigester Kabushi ki Kaisha; 35 8 Septenber 2005 F44-HS) ,
in whi cio tsh Sheated adi alhé nghdidr-rded tdhdde Balthieat ekemeringdd Sibjcaet ed to
t he above-nentioned treatnment is arranged and the cooling fan 9 (a length
of 100 dBB1 B cHrh Of(a10@nEH biRe1DYRA! a0f: d@Y U AT QNP 3800 R,
12Vv/ 0. 175A) 1s arranged thereon in order, as shown in Fig. 6 was used.
The he Lat ] i .Reltier Al I ) by
noat T adh 5oy ner b das T T EBE MR R e YR R Ao PASTHET s
arrang sych that t.he oling surface 11 (Peltier elenent portion;
terrperadsurééngr}denagunr eEtnlI?n‘t %Bo"‘farﬁ) Sv?/acé’ on the upper side and the heat

radi ating fir]fvvaﬁ on thg,lov\ernéjd_?e to rotate the fan, a volta%e of 12 V
was applied t'0'% RE2PeFEf &7 tena afiy thgnHetl bhperatnest deihelessiing
surface after ninety mnutes were conpared. The result is shown in Table
7. TablElemsidhiy hgaterpeiating Jeaperat uFlemf tag QW90 imi Miitges 7(CEhe

cooling device was arranged such that the cooling surface 11 (Peltier
element portion; temperature measurement point) was on the upper
side and the heat radiating fin was on the lower side to rotate
the fan,-a voltage of 12 V was applied to the Peltier element 10,
. and temperatures on the cooling surface after ninety minutes were

compared. The result is shown in Table 7.

Table 7
Starting temperature | Temperature after
(°C) 90 minutes (°C)
0.034 pm 22.8 -14.3
0.098 pm 22.8 -16.8
0.532 pm ' 22.8 -17.5
1.612 pm ' 22.8 -18.2
3.661 pm - 22.8 -~16.9
5.053 pm ' 22.8 -16.0
6.022 pm : 22.8 -15.2
7.889 pm 22.8 -14.7
9.975 pm 22.8 -14.4
No treatment 22.8 -14.1
1 Room temperature . 22.8 22.4

From the above—mentioned result, it is seen that reduction
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0.034 pnR2.8-14.3 0.098 pnRk2.8-16.8 0.532 pnk2.8-17.5 1.612 pnR2.8-18. 2
3.661 pnR2.8-16.9 5.053 pnk2.8-16.0 6.022 pnRk2.8-15.2 7.889 pnk2.8-14.7
9.975 pnR2.8-14.4 No treatnent22.8-14.1 Room tenper at ur e28e@23dnér Jgogm t he
above nentioned result, it is seen that reduction 36 8 Septenber 2005 in
the tenperatures on the cooling surface is significant and inprovenent in
‘the heat radiation effect is remarkable when the thickness of zinc is in a
range of 0.03 .mto 10 pm nore renarkable when the thickness is in a
range of 0.03 pmto 8 pm and in particular when the thickness is in a
range ofn OtHe phemoe bapare£i ght hhenhedilient shrifeste appasbfustushmg hhe
Peltier elenment was manufactured in the sanme manner as in the seventh
enbodi neMir exeeptt tikat thedleat’ adicakicngn birascef 13l vakhavmbereypEAVEHED Wi th
a coating netal layer and one w thout being subjected to processing) which
are thesangesRsoFhosg: li%egn'anr%h%eféf $l. O%H]Jf?ﬂcﬂcm?cﬁt uﬁ@e%fgggmalﬁ%féat ures

in a center of an alum num plate set on a cooling si de at the time -when

vol tages, H tﬁed&l\él&%%squs\{ PG g Ek%ﬁ@ngﬂttg)ea ﬁHerSBd h%%?kg&iggh of a

fan was changed as 1800 rpm m'wer e conpare

o g A ] AR ¥ Ti%b'ae r%nglé”%%r 0% [iRVRLUL! RRS1800 rpme900

Eighth embodiment

A test apparatué using the Peltier element was manufactured
in the same manner as in the seventh embodiment except that heat
radiating fins of aluminum (one provided with a coating metal layer
and one without being subjected to processing) which are the same
as those used in the first embodiment were used. Temperatures in
a center of an aluminum plate set on a cooling side at the time
whenvoltagesof?.SVandlOVwereappliedandthenumberofrevolution
.ofaafanwaschangedas1800rpm,2900rpm,and34odrpmwerecompared.

The result is shown in Table 8.

| Table 8

Number of revolutions 1800 rpm 2900 rpm 3400 rpm
Type/ Voltage 7.5V 10V 7.5V | 10V | 7.5V | 10V
©1%n (1.455 pm) ' 1.4 | 0.5 0.5 -0.5 0.1 -1.1
{Cr (1.467 pm) 2.1 1.3 1.5 0.6 0.6 -0.3
Ni (1.513 pum) 2.2 1.5 1.7 0.8 0.7 -0.1
Cu (1.499 pm) 2.5 1.7 1.9 0.9 1.3 0.6
MM (1.552 pm) 4.1 3.2 3.3 2.8 2.7 . 2.3
No treatment 5.8 5.4 3.5 3.1 3.6 6.0
‘| Room temperature - 20.1 20.0 20.2 20.3 20.0 20.2

‘Note) MM; methyl methacrylate-ethyl acrylate-styrene copolymer
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Type/ Voltage7.5 V10 V7.5 V10 V7.5 V10 V Zn (1..455 pnm1l.40.50.5-0.50.1-1.1
Cr (1.467 pm2..11.31.50.60.6-0.3 Ni (1.513 pn)2.21.51.70.80.7-0.1 Cu
(1.499 pm2.51.71.90.91.30.6 MM (1.552 pm 4. 13. 23. 32. 82. §8egteMBer 2005
treatment 5. 85. 43.53. 13. 66. 0 Room t enper at ure20. 1. 20. 020. 220. 320. 020. 2 Not e)
MM net hyl nethacryl ate-ethyl acryl ate-styrene copol ynmer 37 8 Septenber
2005 From the above result, it is seen that, even if an applied voltage
and the nunber of revolutions of the cooling fan are changed, the heat
radi ation effect is inproved and a tenperature on the cooling surface is
decreased by coating the surface with an object having a large ionization
tendency. Industrial Applicability Since the heat radiating fin of the
present invenki&m tise 4BOM dedulitt,hia ceatirg mRhEEl Laygriconsi=gdmneof a
metallic material wth large ionization tendency, the chem cal adsorption

of 0oxygeB1thhelddl @hé nlilipd S £a6810F i bRE Jepte (RN LRel Sianged,
facilitated, ™ and nol ecul es physically adsorbed to the surface 1s desorbed.

to inprQue L aﬂ?f% radiatiop.eff @(g%g ' jnee ., the
heat radi at ienge‘%l n 1:als t-%e %‘ggtli%nlgn%?rrte%‘éﬁ ‘ a%%?éété%ﬁén% S a%tgge‘%!uéch%q‘l%at a
heat ca ' thereof is syaller_than that of_a hea radiating.fin min
body, agﬁgg%x%ajb%tﬁe Cyreo “FTheYarrdine e%hs%ss.urfrae eatwil\tygl 9“‘ P UFF é}aevrfr%g

bet ween ttl}e heat cagaci‘%% of Cghe- air and a heat capacity of the heat

radi ati Ag*PFECWH RNt HAY t radiation effect in the case in which

the air is used as a cooling fluid is further inproved. According to the
heat radiating nethod using the heat radiating

Industrial Applicability

Since the heat radiating fin of the present invention is
providedwith a coatingmetal layer consistingof ametallicmaterial
with large ionization tendency, the chemical adsorption of oxygen
in the air to a surface of the heat radiating fin is facilitated,
'and molecules physically adsorbed to the surface is desorbed to
improve the heat radiation efféct remarkably. In additicn, since
the heat radiating fin has the coating metal layer thinly stacked
such that a heat capacity thereof is smaller than that of a heat
radiating fin main body, a heat capacity of the air increases
relatively, a difference between the.heat capacity of the air and
a heat capacity of the heat radiating fin widens, and the heat
radiation effect in the case in which the air is used as a cooling
fluid is further improved.

According to the heat radiatingmethod using the heat radiating
fin of the present invention, since the air is used as a cooling

fluid,ahighheatradiatingeffectcanbeobtainedwithoutinstalling
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fin of the present invention, since the air is used as a cooling fluid, a
hi gh heat radiating effect can be obtained without installing 38 8

Sept ember 2005 a circul ation system and an apparatus suc§sastembRHSgoRS i N a
wat er. cooling systemusing a cooling liquid such as water, and a conpact,
| i ght -wei ght and i nexpensive cooling device can be provided. In addition,
since a heat radiation efficiency is better than the conventional air
cooling system the problenms such as increase in size of an apparatus and
noi se follow ng ventilation can be elimnated. The heat radiating fin of

t he presentrémiventdornscarerendt bhiZgth rafdechicreby aqugnlay in a «dispt ay
apparatus such as a television, a conputer, or a plasma display, an

el ectri eopl odycdy nereieGhgofidho 1aRRAL aGisd Htdh as Wat &f § lager At m 2
notor, and vari-ous mechanical apparatuses such as an engi ne or radiator of
an aut omelht Swe agheaind CXCOANGRE 5 v JWLIGRY J8AUOLandBd BrgeNgLA! Ory Ut
also in switches, a heating elenent of a’snmall integrated circuit such as
an 1 C chlf:Pbnansehee! LORG? daWiGRs AN N2 lbie. 139 o vept giler 2005
Claims 1. A heat radirating fin conprising a main ody an5  a coating netal
| ayer s surface .of the main body haracterized, in that at

| east i %ﬁ:ﬁ\gg Fgﬁ“ Sriden &y or Ty MEEAFTY cgh%é?%cf't?cla N SHEE fatHHgEEHEE ddht i ng
metal |ayer % cept for Sn) is |larger than that of silver. 2. A heat

radi ati 1g%Fi P fac¥or @PRGTEEUEI A1 1POLRGr d0daWied Yot hkttide mapalbe
material constituting the coating netal layer is selected out of a group
i ncl udi AgiBEPPERI- ni ckel , cobalt, chromium zinc, manganese, and al | oys
contai ning these netals.

i The heat radiating fin of the present invention canbe utilized

effgctively not only in a display apparatus such as a television,
a computer, or a plasma display, an electric product/an electronic
apparatus such as a refrigerator or a motor, and various nechanical
apparatuses such as an engine or radiator of an automobile, a heat
exchanger, a nuclear reactor, and a generator but also in switches,
a heating element of a small integrated circuit such as an IC chip

or an electronics device, and the like.
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3. A heat radiating fin according to claim?2, characterized in that the
nmetal material constituting the coating netal layer 1is selected out of a
group including nickel, chromum zinc, and alloys contaal?g%tgtgb%lﬂm
metals. 4. A heat radiati ng fin accordl ng to any one of al s
characterized in that a heat capacity of the coating netal layer is snaller
‘than a heat capacity of the nmain body. 5. A heat radiating fin according to
any one of claims | to 4, characterized in that a | ayer thickness of the
coating netal 40 8 Septenber 2005 |ayer is 0.03 to 10 pm 6. A heat
radiating fin according to any ofel ™€l aims 1 to 5, characterized in that
the main body consists of alumnum 7. A heat radiating nethod,
characterized by radiating heat while bringing the air serving as a

cool i ng f|UId into contact with a surface of the heat radiating fin
accordi ng to any one of k¢al madilatind £i8. cAmheasingdi atd ing Hddy aador di ng
to any one of clains | to 6, characterized in that a | ayer thickness of

t he Goddaigintetmétal ajeyersstetkeor ert hansbrpacedbf the main body,

characterized in that at least ionization tendency of a metallic
material constituting the coating metal layer (except for Sn) is

larger than that of silver.

2. A heat radiating fin according to claim 1, characterized
in that the metal material constituting the coating metal layer
isSelectedoutcnfagroupincludingCOpper,nickel,cobalt,chromium,

zinc, manganese, and alloys containing these metals.

3. A heat radiating fin according to claim 2, characterized

in that the metal material constituting the coating metal layer
is selected out of a group including nickel, chromium, zinc, and

alloys containing these metals.

4. A heat radiating fin according to any one of claims 1 to
3, characterized in that a heat capacity of the.coating metal layer

is smaller than a heat capacity of the main body.

5. A heat radiating fin according to any one of claims 1 to

4,_chara¢terized in that a layer thickness of the coating metal
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8 September 2005

layer is 0.03 to 10 um.

6. A heat radiating fin according to any one of claims 1 to

5, characterized in that the.main body consists of aluminum.

7. A heat radiating method, characterized by radiating heat
while bringing the air serving as a cooling fluid into contact with
a surface of the heat radiating fin according to any one of claims

1 to 6.
8. A heat radiatihg fin according to any one of claims 1 to

6, characterized in that a layer thickness of the coating metal

layer is not more than 5 pm.
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