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. bl ast
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 ent’il"at’i on

é P and the like, and in particular to a heat radiating fin with a
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,foilowing
- 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




with a combination of a heat radiating fin and a fan, a water cooling
system usi ng cooling water, and a cooling nethod using a Peltier elenent
on a heat radiating fin side (JP 10-318624 A) , and the g gkQembkt 265 t he
above-nmenti oned conventional cooling nmethods have various problens. 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 atin rogert . In addition, in the method of decreasing a heat
capaci tS)Jg%Ela ﬁ@ﬁ%r@di atigidrad af cuyvireantincialess of atheaf imslijag ineduced

‘excessively in order to reduce the heat capacity, nmechanical strength

decr easfdsr gndinheeaheat veldicittingnfii a fkow imddee offocbel bngkeimd Fae salnymi t e

work or the blast work has a problemin that very snmall holes are cl ogged

due t o eculgrtichhage rackdusiing fionwerp ng-2aeb3the)heahe ¢ a6k atideg relkisa el
Al t hough the above-nentioned air cooling systemis sinple in structure,

since a heat eapdustance DHeivwenddiadidg e (e 16081898 SEPL RER K005 is
small, it is necessary to increase the heat radiating area or 1ncrease a
flow ratigeofaral raddiagz a fan. Thus, problenms such as increase in size of
an apparatus and noise follow ng ventilation occur.. On the other hand, the -

wat er cool i i.gnd fi . _coolin ffect because specific
heat of wat girg I}@sé%ltegrrpg%?gﬁ eg t%g%{fﬁg%gnaﬁgf an ggﬁegl%?%ﬁégﬁﬁaég‘éﬁ%fteﬁg'mt er
cool i ng.system regui res.a circulation systemand a punp for circulating
wat er ang & tadi ACSF T Y TR OF £9CAL TS et r EBreReh ggakidptioand a
structure thereof beconmes conplicated and an apparatus is enlarged.
‘Accor di'igiy? P icediicmal pbaek resHuning §angind Ref Aipparater cneddages,
which is econom cally disadvant ageous.

system using cooling water, and a cooling method using a Peltier

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



Since the cooling nethod using a Peltier elenment requires a Peltier

el enment, a heat radiating fin, and a fan, and power consunption of the
Peltier element is large, the nethod is econonlcally d|§ggmgﬁ%gggﬂgﬁ

Di scl osure of the Invention An exanple enmbodi ment can elimnate t
above-nentioned disadvantages in the prior art, and can provide an

i nexpensive heat radiating fin having a high cooling effect. As a result

of congentpati ngleffertﬁeé&seﬁmﬂ@t i QB dde LRYERLOLS , %ﬁa M&d afrgg or
exanpl e enbodi ment of the present i nvention based upon edge escrlbed

bel OowW. 1n%r%a§§p£ %W rgngSOITQ%E‘ ? afa?lau§ﬁlll?0f é)tr%%leI%SCtSlE(%r]ﬁ as ﬁnCeraSE

conduct ance bet ween e air i'S s onpared w

conductance be ween e fact that a heat capacity of the
air is'siarf %5‘?88%% agghle\%:tSecafp?égoﬁ/n%fv‘?ﬁ&tlé?tc%fh Y¥&EYPoi nted out .
Moreover, nolecules in the air adhere to a_netal surface of a heat
radiating Pn dGe 10 phydreal REsorperofRiliRdutYekehahge 6f EI9Bf+ens or
chem cal adsorption with exchange of el ectrons and coat the netal surface,
and t keséia@s6F pttlonbeepers & omncd fheathephs Wlatiatgrl dyerlande mmel ent hémat
radi ati on. The chem cal adsorption is caused by bonding such as coval ent
bondi mgpdetewtqeost at itcigat.t riasteven, othd oratxchangeiagt isgeteandrecmdsesbsa t he
nol ecul es selectively in a specific adsorption site to forma uninol ecul ar
adsor ptironlw@yar sgxebudimy af pumpt fON dfrcanat Dixg dRtkayehd of Ad altbkeadd a
addi tion, since the physical adsorption is caused by .condensation of

ol ecubas ror Aadi¥tGRgShEkY a0 t:9iet fzs%eﬁoas_i@n%ﬁd Qn st@_luetﬁﬂe AR ogehe YRl S
force an electrostatic |nteract|on or

complicated and an apparatus is 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.



| i ke, nol ecul es adhere uniformy to an entire interface rather than a
specific site of the surface. Further, one characteristic of the physical
adsorption is that it is ponnDIecuIar | ayer adsorption. ng grgﬁﬁgactlng
nol ecul es of a pol ynol ecul ar adsorption layer to a surface sperS|on
force) is the largest in a first |ayer and decreases step by step in a
second and subsequent |ayers. For exanple, in the case in which the

nol ecul es are adsorbed on 4 8 Septenber 2005 a netal, although an
adsorption force between the first layer and the netal is |large, when the
relatively | aFget Agnbet aofausyef Shepastithanatiratf cesdutagere hdfovesame gas
coheres on a gas to be adsorbed. An adsorption force at this point is

rel ati vy asinnepdaesipay éd whahl Achre aagsiow pthan htetceohdt weence s fueaest

| ayer and the netal. Therefore, when nolecules in the air with a small heat
conduct eater arrel adserbethe of ddte thettak, héot nepan 1of oF AUkt hiayes satth sanme
nol ecul es i s advanced thereon. Further, it is considered that this |ayer
of nol ecohesrbeaonbs: Boat RSaatityOof ayeE rasar be PRGOIRS obhi Chyoangl ¥ event s
heat radiation fromthe netal. Thus, it is considered that, if the |ayer of

mol eculgs1ebupas PNysecal baddsar heda Aot De Surdacseol b Edflatihg % in

desor bed and renoved, the heat radi ation effect can be |nprov

Aoty o fllll ndﬁ@et&%§ﬂda or pt 10 &rbn I‘Jltt %EJSOI’ p %Tsecq: Oer}as(i'jv(\-f()llc

activation energy and an

the oth hand i ph ich does not uire
actlvaffel%?f'n%nergyff()(%r PAGEF %ﬁo xC %n %‘H?ﬁﬁ?&ﬁrfgﬁoépgyc?ﬁEr t S gh.
Therefore, nol ecul es are flrst hyS|caIIy adsorbed to the surface of the
‘met al . th@‘rf‘*c%mafldeﬁ&ea? %@%fmfe% Laysrcfossi aghede peaklafinhd ayer
activation energy is obtained, the chem cal adsorption is caused to

di scharlge RE$EHe herduntachifa teer- -gy. '

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 adherezunifofmlyfx)arlentire interface rather than
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 in 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




Heat radiation due to the chem cal adsorption to the surface of the netal
is 10 to 100 kcal/nmol. In addition, heat radiation of the physical :
adsorption is several kcal/nol or less, which is smaller er 2005
than that of the chem cal adsorption- On the other handf3$ﬂ§a§g§g§@§d '
nol ecul eg are desorbed fromthe surface to return to the space when the
nol ecul es are given the sane energy as at the tine of adsorption while
being retained on the surface. Incidentally, nitrogen existing in a |arge
volune in the air has small chem cal activity and is physically adsorbed
to net ak méte hamiltbasgh atnadberpt hen hande xygem haw fgrkar geyehemdaal
activity is subjected in nmany cases, to the chem cal adsorption involving
a speci themeheniical argacthen tid he L hei vel ah aeyemumder ora bW iasssne. I n
addi tion, adsorption heat thereof always |eads to heat radiation. Fromthe

mat t er sodlesies i tiadstahaver, | Ehéss§@@5<%1£i§rc§ﬁ1@rfésem %eghe €8Use ids,ahed cal

adsorption, which generates energy larger than energy generated by the
physi cakn adaIRidiOn tbPcOHetnt 0 Kol B s L8085 PPYSIGA o the
netal. Mre sS%iﬁTicall?, it is considgred ? at?p?f fhe %%gﬁgggpm%¥ﬁ

adsor ption of [ [ Ld.tal sically adsor mol ecul es are
desor bed and ?ﬁ@l&ﬁ%}étéﬁ% |gt%%ﬂo"%1€aéerf19:e%%)h%la¢1s elé?/yneprr oa\l/récg?tq&n%%?% ng this
poi nt, the inyento s _have found.that ionizatjon ,tendency of netal plays an

i nportant r ol 84 tHE chERT e al"CA858165 o' bRe oRygerd’ 1id! t Re SO Had®¥ At t he

nmetal. That is, usually, oxygen gas or water nolecules are adsorbed to a
sur f ace“ AL ICE 4 adsre Spképelmet AdughoBme hieknes sa glukt s | ayer
generated on the surface of the nmetal differs depending upon a state of
‘hum di twitig sgeptrepdeeuR805s advanced thereon. Further, it is considered
that this layer of molecules becomes an insulating layer as it becomeé
thick, and prevents heat radiation from the metal. Thus, it ié
considered that, if the layer of molecﬁles‘ of gas physically adsorbed 7
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
tocrossapeakofactivationenergy for adsorption, and an ao.lsoa:pticm
velocity is low. On the other hand, in the physical adsorption which

__dges not require activation energy for adsorpfion, an adsorption
' vélo_citythereof ishigh. Therefore, moleculesare first physically
~adsorbed to the surface of the metal. Thern, when energy sufficient
for crossing the peak of the activation energy is obtained, the
chemicat adsorption is caused to discharge a large amount of ener'gy.
Heat radiation due to the_chemical adsorption to the sﬁrface of

the metal is 10 to 100 kcal/mol. In addition, heat radiation of

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



adsorbed water is neasured to have a thickness of 10 to 100 A and, in the

wet at nosphere in which fine particles of water deposit, 100 Ato 1 pm

Iﬂe chem cal adsorption of chemically active oxygen gas%ggpﬁgﬁgﬁﬂﬂ%ace of
e netal is extrenely fast, and an oxidizing velocity thereo econes

hi gher as the |ayer of water becones thicker (the oxidizing velocity may

‘even be | owered when the thickness is 1 pmor nore) . In addition, if

wat er nol ecul es exi st on the surface of thenetal, ion exchange action

occurs, and the larger the ionization tendency of the netal, the higher an

adsor ptilem vekdeiftihothexygeb adse g ditt abnkecoiBse r Fihtihehe S1H68dmNY
pol lutants such as sulfur dioxide exist in the atnosphere, adsorption of

oxygen dalddhel dlhak désSofbied Nafor atiel shaksde ddehecut-Recd Azabhon Jignfdency
of netal means tendency of a netallic sinple substance to becone cation in

the wati@fe mdldchigs LB %llv%li‘xaeﬂgssalrﬁb re'ﬂ%r%t§§ a%stﬁgpgﬁr?eeggfeﬂi cyr 1onNh+ *

ne-. Oxygen in the air ‘receives el ectrons and anges to oxi

whi ch- dﬁiﬂéﬂgé¥§§5i§{zg%géﬂgn e]é?p n the air) + H20 (water_solption)

+ 2e- (netal) ter sol andard el ectrode potential in the
above-nentioned. .r ti.an is, calcul ated a +0.40]1 from ther mpdynam c dat a.
Thererore, tnetisERtaIlY, BErRael BkERE fRaci b LATFa Vo ha kIl T he
Iarger a pot tial difference between the netal and the oxxgen becones,
readi | ! aﬁa et Fidae tansh. LTty s ikcathe adggdied He @esept enber

2005 |on|zat|on tendency of the netal, the easier the ionization reaction
with t e &apgerrasssur sOnFithm oivdand éwptﬂ,ntomfge&n hoxi idat i lenegee ductmiam 1
reaction, ionization series is an order of easiness to enit e- of a
fnetallﬁmgtﬂﬁhqm € ss shdtiamted timatndrsy @agegudatd arthepawesmi d=Ur theforp®iysgen i s

~ 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
thanenergygeneratedturtmephysicaladsorptimn,inordertodesorb
the gas bhysically adsorbed fo the metali More specifically, it
is considered that, if the chemical adsorption of oxygen is
facilitated, physically adsorbed molecules are desorbed and the
heét_rédiation effect can be improved.

Concerning thispoint, the inventorshave foundthat 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 (iﬁ
the atmésphere, though a thickness of a water layer generated on

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



a substance with an extrenely large oxidation power. In addition, the
reaction of netal and oxygen is an exotherm c reaction which occurs even
if the netal and the oxygen are not under a water envi r@gg&@ﬁ]befémthe
above-nentioned reasons, it is considered that, by arranging netal wth
| arge ionization tendency on a surface of a heat radiating fin, the

‘'chem cal adsorption of oxygen to the surface of the netal can be

facilitated, whereby nol ecul es physically adsorbed to the surface of the
metal can be desorbed to inprove the heat radiation effect. Next, exanples
of a faederripédiwgiaat ilsgmenblvedceotimtda hedtkneadi ati Ny w©f fieot Ai ned ude a
di fference between a heat capacity of a heat radiating fin and a heat
capaci tyn ofh¢ hee i atmdNepiie reonsi det ¢ MOE tndgas rf 1 6¥e s heat waadi aidons f £ om an
obj ect yvitoh high tenperature is transmtted to the open air by convection
or em se0@R tdhepn) | N MHhecadmEchl MUSHH A QRS rakerh A8 | $8lr 188k ygen
transmtted by em ssion depends upon an em ssivity of the object, %ut heat
transmigss @b beCAWVELtd OF thel RGS] % ALLECLE gy tate gf @ (4w d which
is brought into contact with Fhe obj ect . g % %% tfe%éé’r aaf%ioggl—%ﬁé]télzmg
transm.gsi o0 4 Nty ' ' ratyre of an object is high and
heat is radiated tggegﬁ%%ué%leghggkﬁ%gs@gﬁhe%E%yetrhoeta‘fl?jf?% eﬁé’mefso&fﬁ.ﬁqﬁ?r q =
AL (T1-T = (.T2 - To) .where, is a heat flow (kcal/h-n2), Ais a

t her mal (tc%%d)ﬁ{c]ﬂa]\fiw V&L’FH@YOBF&%V?‘RC% H@W‘F’rﬁ‘%d Whiea §henfikpkreswfig he
object (m, Tl is a tenperature of the object (C) , T2 is a surface

t enper at HRPE §PTERe objerddigniand éW walire matlgca lsisdex i 6 ,orTOhesswr face

t enperature

ofthemetal,ionexchangeactionoccurs,andthelargertheionization
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, aﬁd 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



with a

of the fluid (C), and a is a thermal conductivity of the fluid

(kcal /ChnmR). As it is evident fromthe above formula, when heat

transm ssion of an object placed in a fluid of the sanqgg&ﬂghgggﬂﬁﬁ a

| arger anount of heat is radiated into the open air as a therma
conductivity of the object is larger and a thickness thereof is smaller.

In addition, heat balance of a systemincluding a heat capacity is

represented by the follow ng formula: Q=coe/ot+W (e-e0) where, Qis a
supplied amount of heat, O is an internal tenperature, 0o is a tenperature
of opent@i¥zatigr teppgencwes theprdport Fonaslastiyr dondanrzatand @dct pheat
capacity. The heat capacity is defined as follows: C (heat capacity) = Q
(anmountwigfh hdat JoxtAJert temperat ure difference) That is, AT is represented
as "T = QC 9 8 Septenber 2005 Fromthe above fornmula, it is seen that, if
a supplied ammit tak hepdwpsimonstann beabatadhaticanct@ohherpeni @i f

i ncreases when a heat capacity is smaller- Therefore, if an object with a

smal | hwdatz Copacidar ics UsednfOfdar Ak akadieaki P Qhat @ - bRSidftallic

.accunul ati on of heat decreases, and an anpbunt of heat radiation to the

open aidimead K d i &ASeHat! Asadditd flbe Ak ¢idA b %HE&B@?P%%%%%:? Al the

time when objects with different heat capacities cone into co W th

each IS T 2Sen ~ i ng. , - Te (equilibrium
Conper ot o c2nebhERRGE ekl Su b At T RigalE - oA dP it s seen
that t rgel’hereg:gele!c!tbirc;nurgg ?n%%%r}_ataw;ieog{;ggg ?fs:t gg g oi?hégm grl?etaucrt?igrfi x«ral'lnicol'ibJ ect

OCcurS even if the metal and the oxygen ére 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 capacity and becones equilibriumat a tenperature close to the
tenperature of the object with a |arge heat capacity. A cause of a heat
conductance between the air and the heat radiating fin pebp@npepbdos
conpared with that between the water and the .heat radiating finis that a
heat capacity of the air is small. The heat capacity is represented by C =

V (volune; cnB) X D (density: g/cnB) X c (specific heat; cal/gC. In a

sanme amount of water and air, the water has a | arger heat capacity because
a specific gﬁat ?nd a density of -the water is |arge conpared with the air,
and a.heat cofttictaRBE™HEPIRRA 't HE® Gareri il chd sHwaratdarf ag oiast
becones, | arge conpared with a heat conductance between the air and the
heat ratff BEPRGTY heatd sgrasbisticithep 220051 ThatrSpgessy tieddreabe iy ldovamount  of
air brought into contact wth the heat radiating fin, the heat capacity of
the airf@®mib®: increased, and the heat conductance between the air and the
heat radiating fin can be increased. Increasing flowrate of air to

i mprove the heat xAdi él:i-@n) ef fect thereof means renoving air of a high
tenperature retained in the vicinity of a heat radiating plate and
bringing air of=axl @ tenperature into contact with the heat radiating

pl ate, thereby depriving heat of the heat radiating plate. However, i

t
al so meansrd Nof Gasingekhe rheat (kaRAgHL ¥ZPf A Ml T - he
heat radiati ng:ffi n.a Freom t he aéove g_escr?’pti 2%, %ntrh(ﬁ%ﬁ{g:l \?\%?18@ ttrlegﬁc&i ng

the heals Gapagity.Of heat .radi ating_pl.ate neans as .increasing the
heat capacity ? te%éﬁe (z}fltcrg'e[v/\{,i t%hhr é@begt lfoatth}-él(ﬁgé?s%a%i%im?ey Ogjfjeﬂife (M e at
radi ati;ng; pl ate even i f th§ no brought- into contact wth the

heat radi %I%anét FPF RS S gng! ee% tj(?r%fé?, ?gh)arr%h £ JfSHdACe FEAPREREHTENt 0
the ai rof- rt]: ree% %Secitf ognaOlb(iv?cttemvgérgt%rsem‘l.slildehe(%tc) Ts is a tem t
Yo 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.



capacity is used for the heat radiating fin. Note that, in the case in
which air with a small heat capacity is used as a cooling nedium a
cooling effect is lowered conpared with water with a larggeh@aber SGRACI tY
unless a flowrate of air is increased. Usually, since a heat resistance at
the time when heat is transmtted froma surface of netal into the air is
| arger than a heat resistance of a netal used as a heat radiating fin, the
heat radi ation effect cannot be inproved unless the heat resistance at 11 8
Sept enber 2005 the tine when heat is transnmtted fromthe surface of the
~metal to the Fapp tihe pbaueehrifriom thel almen dbscri pf izorupphéednyeeor S
consi dered and found, through experinents, that inprovenent of the heat
radi at i of le¢decits cansthety datdizechdiytdoat tagthdesur hdeeinbreheeheaten
radiating fin with an object with a snall heat capacity to nake a heat
capaci ty éat heaebiiact isbepughtri nttheontaed, Wit it Bejack grahl 2 canpar ed
with a heat capacity of the air and increasing a difference of the heat

capaci t hest Aparit§sil hs8h FNeALhiG 4 L3RANE S PAS ¢ YRR L A& APV Fon
know edge, the inventors found that the heat” radiation effect can be

i npr Ovegf_brYe&@@é-d}%a%_e%wBﬁﬁearg)fan% t gle Itlg%perﬁj ertor¥ adi %higengﬁéi’lnaﬂ‘t h a

nmetal having a |arge ionization tendency and furt orm coating

“metal |ayer, thipn such that a heat capacity thereof is small conpared with
b . ! . . : . .

t hat of %ﬁe ne%g?rg%s % the heat radiating fin and bringing the coating

| ayer into contactdmﬁth the air, and thereby achievin% t he exanpl e

enbodi nent s of 't AR b ELRNt 2R nG8RE L YRE TR CERAPRGALBYE AL dheadijare Wien he

invention, there is provided a heat radiating fin conprising a main body

and a c®alfals metdl didjerensthrikedapaca tdesf agee ofntttheomgias thedlyh each

characterized in that. at | east 1ionization tendency of a netallic materi al

consti tothay, i$ heepoatéemged by the following formula:

Te (equilibrium temperature) = (Cy-Ty + Cp-T2)/(C1 + C3)

From the above formula, it 1is seen that the equilibrium
temperature is affected by a temperature of an object with a large
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 conductance 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/cm3) X ¢ (specific heat; cal/g-°C). In a same amount of 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 radiating

fin becomes large compared with a heat conductance between the air

and the heat radiating fin.
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netal |ayer (except for Sn) is larger than that of silver. Further, the
exanpl e enbodi nent relates to the heat radiating fin, characterrzed in
that the nmetal material constituting the 12 8 Septenber g@g&eﬁ@@tmﬁg met al

| ayer is selected out of a group including copper, nickel, cobalt

chromi um zinc, manganese, and al |l oys contai ni ng these netals Further, t he
exanpl e enbodinent relates to the heat radiating fin, characterized in
that the metal material constituting the coating netal Iayer is selected
out of a gro'F i ncluding nickel, chromum zinc, and alloys containing

t hese netal s. }F%ﬁt%rbytwle@@?ﬁm% aeBEanmEne f radiabssupstt het hezentagti at i ng
fin according to any one of the above descriptions, characterized in that
a heatwebipache yheoft tihalicdadtriond imet ahel apet Fepsmitberlt ham alheatn dapacity
-of the main body. Further, the exanple enbodiment relates to the heat
radratrr@pieaﬁeacenwﬂnﬂgzm@aanyommecabnthebaheeendeseraprrand the heat
characterized in that a |ayer thickness of the coating netal layer is 0.03
to 10 uradidutidiefintden exanphereabedi menicrelAites tiow heatheadr radi atd ng
fin according to any one of the above descriptions, characterized in that
the mai tmbeskye cOmsisd st of 2 M SWR £ ACCOT i diBed © e SEE W UhSsPESta OF dhe

i nvention, there i's provided a heat radiating method, characterized by

radi ating, Ahbd £ AL DGENG, 5 { g fw €Y f
contact wt a surface of téﬂ&al heat at‘?ln ﬂ?r’goc%gér)cﬁéh%tt%él r}E ve
descri xanpl e enbhodi e ts f the resent i nven
her ei ngéj[ cf'esc e%& W detal %ﬁ M50 4881 CPh aﬁEe‘%bhlt‘ e
i nvention will hereinafter 13 8 Septenber 2005
he at radlatlng'p ate, thereby depriving heat of the heat radiating

plate. However, it also means increasing the heat capacity of the
air with respect to the heat radiating fin.

From the above description, in other words, reducingtjueheat
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 ohject with a small heat
_capacity'is used for the heat 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 resistance at the time when heat is
transmitted from a surface of metal into the air is latger than
a heat resistance of a metal used a361heat radiating f£in, the heat

radiation effect cannot be improved unless the heat resistance at
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described in accordance with the attached drawings. Figs. 1 and 2 are
perspective views show ng exanples of a structure of a heat radiating fin
of the present invention. Fig. 3 shows sectional views qfs¢hienb&aioos
radiating fins of Figs. 1 and 2, in which 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
heat radiating fin of Fig. 2. (1) Constituent material of the heat
radiating fin The heat radiating fin of the exanple enbodi nent (reference
nuneral 1 in Fig. 1 or 2) is formed of a main body (reference nunmeral 2 in
Fig. and a coating netal |ayer (reference nuneral 3 .in Fig. 3) _stacked
on a Q}?f 5E8° o ¥hé" iﬁsbéawg%%derﬁraw FBF n¥ o e Oﬁaitﬁ%%a‘gza%a gee
appropriately selected fromnetal materials and all oys thereof, which are
publ i éfy kfhoviittuce8nventional |y as materials for the heat radiating fin.
Exanpl es of such materials include a single netal such as iron, alum num
copper, nickebm tpeagbaven des¢nimtiogel dhet dnystiers gromsiideredndndnicidy
such as stainless steel, brass, bronze, chrom um nickel all oy,

al um hbmesdt | ogreriakhty, dtaan mpnovenganese ahd oygatni ckilatcopperfaltt ayn
titaniumiron alloy, or titaniumalumnumalloy, or the Iike. The materi al
may bBe frualhedd prpviced iy tthed fprahest iore thil mehbr engha i@ | fich VARG an
deposition or the like or nay be subjected to surface treatnent such as

oxi dabh9bct tifieat BB Rka1 AMRNG té&%@bi@#_‘lﬁé) e GCORREE: cQbad§ dK@ndr oject
preferably used in ternms of cost, Tight weight property, processablalty,

th i . 8 2 [ i .
g[)eci ?F%%%@ﬁy 31Jn|4&r?1 Felg% an e'\Llrusl Qggl %1?2&%8?1}8%0@% |e(r§ﬁg§q9§ﬁg%)e/%éa§cug%kggl? pcifat e
shape_and_a bar, shape .depqui on an application.' In.addition, a size
and. atthi tRnalS TR "Oar I HO TP T CdIq FoRF niiRAF. S8 - exampl e, in the

case in which the main body-is manufactured by a netal plate, a thickness
of the netaﬁsp|%16;esult of” repeating researches based upon the above

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 embddiment relates to the heat radiating fin,
characterized in that the metal material constituting the
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can be increased if it is used for a product with |arge di nensions such as
a |l arge apparatus or can be decreased if it is used for a snmall apparatus.
However, the thickness is preferably in a range of 0.01 §@cd@mbappoend nore
preferably in a range of 0.1 to 8 0 nm Although exanples of a shape of
such a heat radiating fin main body are showmn in Figs. | and 2, the shape
is not limted to these. For exanple, the main body can be forned in an
ar bi LAY, 5DaR6 5UGh, 88 A RLaLe3NaRe . A.SgHare Shang:na Slgadl an: shape. a
t ubul ar shape, a seﬂlsp erical ape, or a sﬁﬁ%rlcal sh pe, "and a Surf'ace
t her eof b rocessed into a corrugated surface,, an uneven surface, a
pr o] eGPRA L HABE ST auiC 0P =PRE T Tke 2] | ¥t FREAE I [ASeF T e
exanpl e enbodi nent, a | ayer consisting of nmetal with ionization tendency

| ar ger t hanFERERSOf TR GERMR o &MPRE RS aIrcflaye? )t Shey et yradidékad bHa
surface of the above-nentioned heat radiating fin main body, preferably
such tharagtdidaqedcapathey threressfali gasanldl comepateding tthe deedtingapeieit y
of the heat radiating fin main body, to coat the heat radiating fin nmain
body. 1358 Septehdered2005 Tleal gnbzat inmludndentykeef echimechitio, hetec means a
result obtained from nmeasurenent of a potential difference of two poles,
and aalmeasuc@menhingl tiesebiathed. by conducting neasurenent with an
ordinary oxidation-reduction potentioneter {electronic voltneter) in a

room tenpergl-ti&: | Sth'éS%Slaﬁl?lé hewRAhEat | A 4t@RAeBCY¥ne | Re #AdiddiQRing fin
nunerical value cal culated fromthernodynam cs data is used if neaSurenent

¢ ¢ it ¢ ) fricul L Cal
O e RBLERRLA) ) LGT 80ECo 0T LI ANeRl S AR bAoA ITeLal Lo B el T2
it is,_necessar a._nater

Sy ..to e{qgt al. wth ionization bende cy, Which,is
obt ai REA by SUCH nBast oSt aFger! HER Hhatior 4 8?2 MTRovaPcttY i s
prefe%%bLgeHgﬁﬁFggg§.a mat eri al

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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with a heat capacity smaller than the heat capacity of the heat radiating
fin main body. Mre specifically, exanples of the netal material include
copper, nickel, cobalt, chromum iron, zinc, nanganesqasahgﬁbgqﬁh and
magnesi um oxi des of these netals, alloys of these netals, ‘and the Iike.
Anmong these materials, if ionization tendency is too high, a velocity of
oxidation due to the air is increased to change the coating netal into an

oxi de dggicekbsd and, acordapesutith dder edgecbedt Heavbrdszatiign -t éndedcy ars

al so qui ckened to bring about |lowering of the heat radiating effect. Thus,
nor e peebpeabivwe vdewat ehbalingedentpd@dsowtt af sargroupe cohsi Shédtg widieapper ,
ni ckel , cobalt, chromum zinc, and nanganese, and all oys containing these

met al FihSodSele P BnSephesRelo2008 ghoteshbd axaphes eleddhamltheyseat
i ncl ude nickel-ferrite, nickel- chromum nickel-copper, nickel-zinc,

ni ckel»qoRPety 210G, oRI fkald - horon, o, and Jfenl Fkg. AMNg ot hem 4 akingvk Bf o
account a high heat radiating effect, a relatively |ow velocity of

Oxi di 21190 U LO.ANR BT s GOSE . pPf OCRSHING:: T ANES T ¥ AN QU ARLKT LYy

exanpl es of nore preferabl e naterral’s i nc chrom um™ ni ck
al | oys .cont ai_ni pg these.neggls. .eover, Sx%gﬁles of nost pre erﬁble
mat er Al %hSmLS‘ﬁaQt RaM T A ude itk it Mnicch &5 bitt “ilaﬁ‘effﬁé{i 8hi 7B on
tendency, lowin an oxidizing velocity, and excellent in durability. In
the ex&Apl BAEAAPnENE, a netallic material constituting the heat
radiating fin main body and a netallic material constituting the coating
met al | ayer Th® meptal weligthave i@ bef dithfer epammbst eenlzpdimenFonenedierestace
the heat radiation effect is further inproved if the coating netal |ayer
i s fonmedrsuch inmhat.ga heat apaciEbyméderfeaf mhsnshady (redepaned minielrad heat
capacity of the heat radiating fin main body,
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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taking into account a conbination with the netal material of the heat
radiating fin main body, a nmaterial different fromthe netal materi al
constituting the heat radiation fin nmain body can be Se|§%%ﬁ%nﬁ%r%ﬁ@5 nmet al
material constituting the coating netal |ayer. The coating tal [ayer may
be stacked over the entire surface of the heat radiating fin main body or
may be stacked only n a part of the min body surface. It is possible to
appropriately select 17 8 Septenber 2005 a |location to be coated and stack
the netal l|ayer as required. For exanple, in the heat radiating fin of the
shape showna retEipg. df oOhe 2pait bsdnotisalmeay sspredéssat yy t disitaek tdred is
coating netal layer on a bottomsurface. As for a thickness of the coating
met al deageted | @yer thrcCknesSsShapes | fudts deShr glat et Grs@lkedndsuchpar | ayepe
t hi ckness with which a difference between heat capacities of the coating
net al dep¥8RiRNthn e aghlidsionCT €asghifQohachl b1 ad eddhe ¢herkcals adgeLpEi on
of nolecules in the air. Mre specifically, it is desirable that the
| ayer i e 1S .r.ange o] ref y.0..037. .10
O e SR N I T S AR e L B
heat radi ation_fromthe.h

pm 1 the lLayer thickness is tog iarge eat
radi ating tin %%?ﬁ“béﬁ?gigylﬁaﬁﬁ 3t oPBR T e d B CHTS St id &Pﬁefeﬁﬁﬁd?ﬁﬁFethe
| ayer thickness is toofsnal[, since an amount of netal contained in the
coat i fG mBEal MF AT ¢TI ittt e, "9tk f05afi RGONEL A 4Payer IewRi B TRER Eaflty
adsor bs oxyfen to i nprove the heat radiation effect, readihﬁechanges to an
oxi de 3§uitki3dEIeThRPaTatud| 9advant ffe Fafrearese 1ifn itthats theethefw! eortalhed
in the coating netal layer is alnpost |ost and the heat radiation .effect
is. | eweredtudNottiewekat; thve thageneshiickpesserabler ried at oahee eofmédafg, tHoR0
exanpl e, assum ng that coating netal |ayers are formed on an upper

: mm, and more preferably in a range of 0.1 to 8.0 mm.

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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part, a center part, and a bottom surface of a fin, an average value of

| ayer thicknesses of these three parts obtained by using a thicknessneter.
The nmeasurenent of a | ayer thickness may be of an 18 8 5
.arbitrary nethod and, for exanple, can be neasured. bysﬁg%‘?%rség%@r%t X-
ray apparatus or the like. A stacking nethod (coating nethod) for the
coating netal layer in the exanple enbodinment is not specifically limted
and can be J8FedbRtFaTHOBi tRAAPISY RLesTet hec it Hfod¥eagsminht §uls edbthdned
formng a thin layer, for exanple, a liquid phase nethod such as electric
pl at i Agomel| eean@lemsst piiat iangpoenttietl- dipf P mnicag 6f orv@ npbten netndl | a
physi cal vapor deposition (PVD) such as vacuum vapor deposition, ion

pl at i mgasoremesputitadiengbtaivapoby phasdidtahnlgotheaahemantt haermalanC\diphagm
CvD, or optical CVD, In addition, the coating netal |ayer can be stacked
by coxbiatigh-thesetri&chpicquas: akdlid afkl ¥etddhiaddibiQmteth m ng for Hemnm ng
the coating netal layer is also arbitrary. For exanple, the coating netal

| ayer taRYepor @y med afited  J¥ 0GRSSi NGy A ABLA! | LEndBLE T aky i Nt @y MaAoUS,
shapes to forma heat radiating fin main body or may be processed into
vario S ter [ ck n lic.mpterial af a plate,
shapefﬁlﬂ%{arlé gt?ﬁshg%é%eorgg%ﬁgl%e%e gfg Igreg%\%%%ogiggiaﬁég?m%ést% coat i r?gseganllge
performed . when, required. Furthe in Figs.. 1 and 2, ,the case in which the
hont CPRECArTRE PR R rea) refoeREcEoari HE RBUSF 1oy Briarlh singl o
body, respectivel )t/ i s shown. However, in the exang(IPe enbodi ment, the heat
radi ati ng fPf AaMATBORF grateHdatodbPifly AetabPel Byt & bdtch srRtiRemreial be
formed as a conpl ex consisting of two or nore kinds of materials. For
exanplléyer hen hebg exadidei sgbpdinerdin idodys cwmrebeatyr hedséieck EQ material

with ionization tendency, which is obtained by such measurement, larger
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 ioni;ation 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.
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8 Septenber 2005 multilayer structure, and the coating netal |ayer can be
formed in a nultilayer structure and divided into a surface Iayer and an

inner |ayer each of which being manufactured by differep%éﬂa% % 0% -
such case, it is desirable to use the above-nentioned ne mat er1 al mnth

ioni zation tendency l|larger than that of silver for a |ayer brought into
contact wth the air layer, and to set a |l ayer thickness thereof to a
range Nsftepr ehetr abixnpn@l68 taf 10har mlimyse pnefwieabhnycBeD¥Xedrdté, 5 nkakel-and
yet nore preferably 0.1 to 5 urn. (3) Heat radiating nethod The heat

r adi atéemngmiemnhodi ofe t-heppxanpliaenbadhapntidis1-chapact Anicz eticRe L adrdneat
is radiated while bringing air serving as a cooling fluid into contact
with thies sueface of the heat radiating fin of the exanple enbodi nment.
Since the heat radiating fin of the exanple enbodi nent has a coating netal

| ayer, whi C'%nioﬁ]gt Bhohy §$1?19!§9C1nt8” atct.l,gunéué]f ﬁE&ntﬁ@Jteoﬁad%‘é%HnE;h@%f%c@eaé

capacity thereof is snmaller than that the heat radlatlng fin main

heat f the el |veI creases di.ffere ce betmeen t he
heat g%%%%?%gi%fh?% aF%E ggcﬁl % l%répamty dEThetﬁe “he&t tadiating 11n
wi dens. Thus, th heat. r.adi ati on effect in the case of using the air as a

cool i RFOPPAFY 2RAndberhitdF8v e B* P ENE K &bl Voo tRF SEREEPLS rf“i‘t?ﬁrs‘a&éséncfﬁ‘ee

heat radiating nmethod can be used together wi th neans whi ch has been

adopt EGREoNFERCTERR] | PiF¥elor et 8&lo¥acFPRaikrd iFedthergdinatadn, foreaxanml e,
a nethod of nmaking a surface wuneven, a nethod of enlarging a heat

r adi ateixempé@eap%m@htzmaf@a@tlenmetem agoap unikere wotkdernpilasdt vivork, ia
met hod of increasing the nunber of fins, a nethod of curving an envel ope
of a heat lpadstatinnghkti honixmtiinar eas@:racwellogi Ly anctxddielugevalocdael | sl

w nd passing through the heat radiating fin, a nmethod of decreasing a heat
capaciekye0ient 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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a heat radiating fin, and the like. Further, it is possible to enlarge a
surface area of the coatl ng netal |ayer by applying physical treatnent or
chem cal treatnent such as blast work to the coating mefal dayero@pd to
further inprove a heat radiation effect thereof . In addithon, it is also
possible to further stack a catalyst or the like on the surface of the
coating netal layer in order to facilitate chem cal adsorption. Brief
Description of the Drawings Fig. 1 is a perspective view showi ng an exanpl e
of a structure of a heat radiating fin of the present invention. Fig. 2 is
a per spedidoad ivrewosthowicag. <an aedaspb ek ofha rettbicl ayer 0f raqueakdradiat i ng
fin of the present invention. Fig. 3 shows sectional views of the heat

radi atiexgadphs, ofn Hhigshedt andliZacand Fig. o8 (B} $8ape SEELUANSH M?W pf the
heat radiating fin of Fig. 1 and Fig. 3 (b) is a sectional view of the

heat rash at,ing ikl Ro®f ablifysZneféSsattyl o &SNP Cokic8W SHOWLA D) &, 4 £S5t
appar at us of a first enbodiment. Fi g. 5is a schematic virew show ng a test

appar atys ofpsecands e f-Sept ember 2005 ft to sixth enbodiments. Fig. 6 is
a side view show ng a cooling device used in a test -apparatus of seventh

| :Bga(ra:a? Btshm? fﬂ%ﬁﬁbg’g‘ig[@rﬁlﬁ{%ﬁd&fk Sctrr:%g%?ltlrren Isegfvf%h@r?éﬂ% %tgf%%gg%%)f’erence
e e 8 betr AL Lm 2 8 hew oo ot 1L ooy

aI um numlpflearteengeorbetween 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 }.lI;.'l, and particularly preferably
0.5to0 5 ﬁm. If the layer thicknéss is too large, heat radiation
from the heat radiating fin main body is liable to be impeded. On
the other hand, if the layer th.icknels's 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 quickly. Thus, a
disadvantage may arise in that the metal contained in the coating
metal layer is almost lost and the heat radiation effect is lowered.
Note that, .t.he layer thicknes_s referred to ﬁer’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 aver.age vaiue

of layer thicknesses of these three parts obtained by using a

thicknessmeter. The measurement of a layer thickness may be of an
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tenperature neasurenent; 7, a hole for tenperature nmeasurenment; 8, styrene
foamplate; 9, a fan; 10, a Peltier elenent; 11, a cooling surface; and
12, an input termnal, and reference synbol "a" denotes g ehbbCAdos

di mensi on; "b", a horizontal dinension; "c", a height; " ﬁ? a he?%ht of
the fin; "e", a thickness of an upper part of the fin; and "f", a
‘thickness of a |ower part of the fin. Best Mde for carrying out the

| nvent | p invention, w.ll. be _herein er scrjhed specifically
R R T e
limted only to these gnbp.inents. Mote that, a |ayer thickness in these
enbodi TENCEPRE N &FeFi%e Vii'ue obtained by neasuring |ayer thicknesses in
three parts, namely, an upper part, a central part, and a bottom surface
of a fin, udi F§ag<IrUSESeEnt cos&ing mghpafat iy Ber §PabhfbdigReat 12ye in
Sept enber 2005 We prepared heat radiating fins of alum num (hereinafter

si npl yeher ergrpéd ewbelinentniy havi Apesucivadlyhapel el strolwsainn bR geleéchid h
Zn, Cr, N, or Cu coated respectively by plating on a heat radiating fin
mai n body totral wrtumthahiengeahbéngtdoemnl¥00sem far Watingf a H8@nmieyemnd a
hei ght of 40 mm a height of a fin of 30 mm thicknesses of the fin of 2
mm i n fr eppeploard 1andid phbsd medhb@Waichpakt eladithiapwet gy, Af1e480004d n
Fig. 1, a=100 mm b = 100 mm ¢ =40 mMmm d =30 mM e =2 mm and f =5

m) . Flacdeg)i cod heataigdigtdtigg o th BBifwl ARERACT VbRt NYbapor |
acryl ate-styrene copol yner coated thereon; and an identical” heat radiating

of TS pEaT Ve Cant TRET a3 6r & B " a ERbw I TR FAbTL 1. 0Ke RIS n B g,

4, th%p%k%ggiég, %?kggégfeéﬂggéqé%tﬁgd %%Egr%gc%hermal CVvD, plasma CVD, or
optical CVD, In addition, the c¢oating metal layer can be stacked by
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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nuneral 4; sanme in the followng) , the heater 5 the alum numplate for
tenperature nmeasurenent 6 having a thickness of 10 mm a length of 50 mm
and a width of 50 mMmwith the hole for tenperature neasug Bt ./o@Rened on
a side thereof, and the fin 1 were laid one on top of another 1 n order,
and the fin 1 and the plate of Bakelite 4 were tightened by bolts and

cl osely adhered to each other to manufacture a test apparatus. Then, the
test apparatus was placed on the styrene foamplate 8 with the plate of

Bakel iyt +41 901 hge }QURL-Si d8y Heat coel@g!h@t iﬂQE‘aﬂrfﬁys& was, app! i:fgnekeaegi%egl

the alumnumplate 6 and the fin 1 and between the al um num pl at and
the heater ? e ively As_.the heater 5 a heater. of 100V/ 150w, was
13&1 e;{ §P§&c‘21%;‘é% g £ o 4

used, and e Letric Siepc%e er 05mp8vver of" .q§W](32"59\7/ o 8%3 was -
appl i ;Ld to the he tei}r%% y.a rectifier nuf act ured by Ki kusui, Kabushi ki
Kai sha*¥6-c8s the” FPg MPAYiantETREabY Shid A CPenpRrat it at 1@t ne
when heat radiation was started and a tenperature after ninety m nutes
were &Gfifar éd. 1sTHESAE8kLE it IWSwtlen abspFemantiges tiedeli dhitzaidbnwith
tendency in this case was large in the order of Zn > & > N > unprocessed
al um AgmL Zatren> @erdeTahl angdvhttdainalthet ebatilvgrl dper aSlaved fgroTehpetatair e
after (layer thickness)tenperature (C)90 mnutes (C) Zn (1.455 pn).19.841.8
Cr (1c48faph) ddel84ihe3 Nir (Hayel3 pnjil9o842t 5a Cllafdr 4991 (dmek9. 843r&o MM 1a 552
pm 19.844.1

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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No treatnment 19.844.9 Room tenperaturel9. 820.1 Note) MM net hyl
“met hacryl ate-ethyl acryl ate-styrene copol yner Fromthe above-nenti oned
result, it is seen that the tenperature after ninety m I8 o he
order of Zn < & < N < Cu < MK unprocessedaluninunp??ﬁﬁegﬁaétcg
tenperature falls by 1°. 4 Cto 3-1'C by stacking an object with a snall
heat capacity conpared with the unprocessed alumnumfin, and the heat
radiation effect is inproved. Then, it is seen that a tenperature of Cu,
Ni, Cr, or Zn with |arge ionization tendency conpared with chem cally
i nact i v metmyltenelidcpyl ht asét Hgkkace yhaktlkodt 9F eec ropol yndhe faldbs rhy
0.6C to 2.3'C, and when ionization tendency. becones |arge, 24 8 Sept enber
2005 t lvd Heats,r adinathon eff estrvisgi aprevedlopSecHnal ferddodiavbntt iAgy ifrint he
first enbodi ment, identical heat radiating fins of alumnumwth Zn, Cr,
Ni , or tGuinoatedeby vpllalding anda kedumeadf atddigi rd W imal pa botlyg afh raligi num
having a |l ength of 100 mm a width of 100 mm and a height of 40 nm a
hei ght tefe ackicnrafii 30inm £ihj cknessesd oaf dbbechisnnafl a2nd i@t uRpes part
and 5 nmmin a |lower part, and a weight of 480 g; w th nethyl

met hac iy ader g byt i AGMAt &1 BE HE @N%e . COPRLYAEY, GRalL0- L DEE 00, NG YWt hout
any processing conducted thereto are prepared. Note that |ayer thicknesses

S, e Pl ara ol BE e 3°° Che hoap cpEat THRel sl Rt 8] spgpae 71 O

t enper ature neasurenent .6 _having_ a thi ckness f 10 a length of 50 mm
and a 3?5?%mgp%58r ﬁwiﬁa?ﬁgr_%T%en?6?“ﬂéﬁﬁbF§@§Fewnn%sﬁ?éﬁﬁhFo?téﬂ@hed on
a side thereof, and the fin 1 were laid one on top of another in order,
‘and t h&etigd 4aypp and to further improve a heat radiation effect thereof.

In addition, it is also possible to further stack a cataiyst 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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the plate of Bakelite 4 were tightened by bolts and cl osely adhered to each
other to manufacture a test apparatus. Then, the test apparatus was pl aced
on the styrene foamplate 8 with the plate .of Bakelit r
side. Then, the cooling fan 9 (a length of 80 mMm a w %%a@?m&%ﬁ%ﬁn@"e
manuf actured by Sanyo Denki Co., Ltd.; nunber of revolutions 2, 900 rpm-
*12V/ 0. 13A; flow rate of air = 1.03nB/nm) was directly attached to the upper
part of the fin on the 25 8 Septenber 2005 upper side to perform cooling.
Heat radi ation grease was applied between the alumnumplate 6 and the fin
1 and bet welgrttt hentaddimerum . pl ate 6 and the heater 5, respectively. A
heat er of 100V/ 150Wwas used as the heater 5, and electric power of 84-75W
(75V/ 1. 13A) mias appsiedide vhewhaedeind dyocalnagtdéiese vmauiact wed by

Ki kusui Kabushi ki Kaisha to cause the heater to radiate heat, and a

- tenper algga-atud her tddRehhieal; 189 aluiNas.started and a tenperature
after ninety mnutes were conpared. The result is shown in Table 2. Note
that the ionigzafien; i o]l . r i rde f. Zn >
&5 N > nprekedssd T artata el EORUBTAS e ApkrEaPhas Bnc s

Starti r re.after (layer .thickness)tenperature (C)90 minutes (C)
Zn (1.%"%%@%‘.%%%9%}‘( . ¥“per% 8. 154.3 Ni (1.513 pm)18.154.4 Cu

(1'499_pn)181%5%hé P@g&gég?%xf 1%3&%§ghgeral.l dencotes a heat 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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No treatnent 18. 157.5 Room tenperaturel8. 118,4 Note) MM net hyl _
net hacryl ate-ethyl acryl ate-styrene copol yner Fromthe above-nenti oned

result, it is seen that the tenperature after ninety magifismher 24o30 i N
the order of Zn < &, < N < Cu < MM < unprocessed alumnumfin even if

cooling by fan, and the-tenperature falls by 0.6C to 3.7C by stacking an
object wth a snmall heat capacity conpared with the unprocessed al um num
26 8 Septenmber 2005 fin, and the heat radiation effect is inproved.
Further, it is seen that a tenperature of Cu, Ni, G or Zn with large

i oni zat i on t éfeleneparedinpartethdiiath rehem sak lhy viniacti (e iyt r simply

nmet hacryl ate-ethyl acrylate-styrene copolynmer falls by 2.2C to 3.1C and
the heatefendeattomefffact)ohathagheathradimdpdad ishoeeat gdrygt h1 tdhe 10bj ect
‘Wi th large ionization tendency is inproved by ventilation using a fan.
Third embpdireni, ldeati cedtdeatspadicatieny hi B3 00 @ YR NHAL Iiﬂdjeng

simlar to those used in the second enbodi ment, with Zn, Cr and

VM coat ech i N84y 1 81 21 il b TP 1) hoclc 0l 21 4 14T RN, W Lt any

processi ng conducted thereto are prepﬁ,ed note ! ay o f BakZI?Ie
the res Ive ted. e re as ,sho i e 3. e plate o
4, “the ROSTEy %ﬁgaﬁga%%%ﬁ%mm i}%%% 3%3%%%%95 HedSur ' 5ma the
fin 1l we | aid on ntop o another in order to_nman est. -

ok E‘ttrh% fqi”s C% % ey Ent%“d%@%rﬂﬁ%fcﬁﬂdeé MR £Red skewnE Rwbodiatsht .

appar at us _
Tﬁgn, the fin 1 and the plate of Bakelite 4 were tightened by bolts and

cl osel ¥ A& oft d&h¢h GthEig.add Bhe L88t mmpphrat U0 was, pt acetd om,t he
styrene
{ - d=30mm, e =2 mm, and f = 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, reference
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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foamplate 8 with the plate of Bakelite 4 on the lower side. Further, the
cooling fan 9 that is simlar to one used in the second enbodi nent (a
length of 80 nm a. width of 80 mm manufactured by Sany®sBheBlbelZ00%

Sept enber 2005 Co., Ltd.) was attached to the upper part of the fin. A
heater of 100V/ 150Wwas used as the heater 5, and w thout changing the
applied electric power of 84.75W (75V / 1.13A), a tenperature of the
central part of aluminumat the tinme when heat radiation was started and
that after ninety mnutes were conpared under the respective conditions

t hat t Heowemiodr S obWr @013 whs drel fah tO was heharged 102180600 Y piaL( f | ow
rate: 0.92 nB/m , 2900 rpm (flowrate: 1.03 nB/m, and 3400 rpm (flow
rate: Ima@fadtujed The Kilesuli Ksowdtoivai i K Tabd ec3.cNade thathéHndzatd on
tendency in this case was large in the order of Zn > O > N > unprocessed

alum numadidtd peddl, K8 a(ﬂemégﬁhture|aﬁ -He fnie Niterd We ) AalRO0QnT--|
~(" 4J Ln LoLo Ln Ln LUro EOE -H4 O

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 um) 19.8 41.8

Cr (1.467 pm) 19.8 - 42.3

Ni (1.513 pm) 19.8 . 42.5

Cu {(1.499 jum) 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°C to 2.3°C, and when ionization tendency becomes large,
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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

25



N’'s ~'" - al a) 0) dl a) 0) -r-! a-) ©§ . .. . . . 7-1 (1) o LQLOC CO
9. 1OLQr i ri .-l r1 riri U U pOa U4100(Y) NSI (f) CO
(c) 'a) a l-(lO0OCOr- Osl sI0OIO *DI 4 8 September 2005

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
that a temperature of Cu, Ni, Cr, or Zn wi;ch large ionization tendency
compared with chemically inactive methyl ~methacrylate—ethyl
acryla.te;styrene copolymer 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 heat_er 5, the aluminum plate for
temperature measurement 6, and the fin 1 were .l-aid 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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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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2900 rpm and 0.1C to 4.1Cin the case of 3400 rpm by stacking an object
with a small heat capacity conpared with the unprocessed alumnumfin, and
the heat radiation effect is inproved. Further, it is .
tenperature of Cu, Ni, C, or Zn with large ionization %fgﬁgéﬁggqggﬁpared
wi th chemcally inactive nethyl nethacrylate-ethyl acrylate-styrene

copol yner falls by 1.7Cto 2.4Cin the case of 1800 rpm 2.2Cto 3.1Cin
the case of 2900 rpm and 2. 8 Cto 4. 0 Cin the case of 34 00 rpm and
the heat radiation effect of the heat radiating fin coated with the object
with | arge immmzathen dlemdencynt sondpr oeasdlly ihcr éasi ngehhethumbemheof
revol utions of the fan. Fourth enbodi ment |dentical heat radiating fins of
al um nummgdatt afe,a f™idh Indmethyo nfihesesusedail Bot he thé rék-@mbash nants oM th
Zn, Cr, Ni, Cu, and MM coated on a heat radiating fin main body of

al uni numy; a0 ek Uty n AR dY RGeS SLRInGANEUC Lednt hetaka ahe PrERAIER, Note
that |ayer thicknesses of the respective coating |ayers are as shown in

Tabl e 4,¢ 3Q. &, 19aRLAMDr 2805 <Ihe phat @hQ%%ﬁ%&iéE é‘faffllbsﬁ ﬂllf\?t@é?!e%f’t& he

al um num pl ate for tenperature neasurenen and the ai d one

on LD olee @y Nl 11,81 Uer LT G ol o5t 2ppar IS LIl 5 Lot

to one manufactured in g hen,”‘t'he fin pl at e
of Bak;!' e 4 were tightened gy bolts and cl osely ggered .to each other,
and th 45e°stfpgbp§f15t ﬂsqv\gstﬁl i (e So5Pent 3 CAm BNty & BAH he
plate of Bakelite 4 on the |ower side. Further, the cooling fan 9 that is
si m | arttt §PdREtusdEid stRd 1t hepl erisd e mompegetdevigth Wie 8Upmacesskiddt h of
80 mm manufactured by Sanyo Denki Co., Ltd.) was attached to the upper
‘part ofaltmeirfuimfin, 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

thicknesses of the respective coating layers are as shown in Table

4,
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A heater of 100V/ 150Wwas used, and whil e keeping the nunber of

revolutions of the fan 9 to 2900 rpm (flow rate: 1.03 nB/m, a tenperature

at the time when heat radiation was started and a tenpqﬂgéﬁéﬁbaﬁﬁﬂg ni nety
t the

m nut es were conpared under the respective conditions 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 > N > unprocessed alumnumfin > Cu. 31 UQo 61 V
A C~i~r-1-dld -1 U.. 4 4)QW-A O 4COCOODQ 0OOM (tSHE C LO s s4
1r 1r-1r-4r- fihelplata-Qf Baled4 teld 1 Ithe heasprr5 1 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, and150W. TheresultisshowninTabled. Notethationization

tendencyinthis casewas large inthe order of Zn>Cr >Ni > unprocessed

aluminum fin > Cu.
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From the above—mentioﬁed result, it 1is seen that the
temperature after ninety minutes is alsc in the order of Zn < Cr
< Ni < Cu < MM < unprocessed aluminum fin even after changing the
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
fincoatedw%ththeobjectwithlargeionizationtendencyisimproved

by increasing the electric power to be applied.

Fifth embodiment

The same aluminum fins as the first embodiment with Zn stacked

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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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 0.6€Cto 3.7Cin the case of 84.75W and 0. 5Cto 4.2Cin the
case of 150VV and the heat radiTattilen 5 effect is inproved by stacking an

obj ect swal—heat—capacity—conpared w al um.num
fin. quﬁyngjp§: éﬁ({%a§tart1ng'temperature Temperature after
zinc (°C) 90 minutes (°C)
0.037 pm 18.5 , 57.3
0.106 um 19.5 56.3
0.503 pum 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 pum : 19.5 55.3
6.112 um 12.5 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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a tenperature of Cu, Ni, G, or Zn with large ionization tendency conpared
with chemcally inactive nethyl nethacryl ate-ethyl acrylate-styrene
copolynmer falls by 1.6Cto 1.9Cin the case of 37.5W Z326,bRbé Adesi n the
case of 84.75W and 2.8Cto 3.7C in the case of 150W and the heat

radi ation effect of the heat radiating fin coated with the object with
large ionization tendency is inproved by increasing the electric power to
be applied. Fifth enbodi ment The sanme alum numfins as the first enbodi nent
with 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 T@b9936pm 6.112 pm 7.568 pm and 10.231

r espectivety, were u f specti-ve-tenperatures—it her eof
Q;nt er n:Dnety i )rllut es V\/|th§:‘!fdarl1féJln e ﬁ‘%lﬁe t% Eggi%ﬁ'dree%géﬁfnent. The
resul t r+A—Fabl-e-5—33-8-Sef cmcr =W9*uEeEa5 ek i1 Hi ckness of
St art i hg-teRbdtature Tenperature g Zi m‘/f\% mi.ntled: (©-—0.Qa37
pnl9. 5 >t 3 Q.50 9r§1q 5538 [1_455 ppfa 6553. 1 21883
pr9. 5L 2% 48y pnio 554 8 4 993 %i#0. 555,316, 112 phr9.8556. 9 7.568
pml9. 557 4186 pm . 19.8 | 53.5
2.999 pm 19.8 54.1
3.893 ym 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
110.026 pm 19.8 58.1
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 remarkéble when the thicknéss of
nickel is in a range ofl0.03 pm to 10 um, 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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10. 231 pml9. 557.8 No treatnent19. 558.1 Room tenperaturel9.519.9 Fromthe
above-nmentioned result, it is seen that inprovement in the heat radiation
effect is remarkabl e when the thickness of zinc is in & sgnembef2dd5037 pm
'to 10 pm nore remarkable when the thickness is in a range of 0. 1 pmto
7.5 pm and in particular when the thickness is in a range of 0.5 pmto 5
m Si xth enbodi rent The sane alum numfins as the first enbodinment with N
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

r espectidsets) wanewiuseld the beaparsd raspectfiivel twngpet at ekt i d herneaknaf t er
ninety mnutes with the sane nethod as the second enbodinent. The result

i s show isublakite bro3bhd Septennait 2005 Takkenendt astd N despelal whe
Tenperature after (C) .90 mnutes (C) 0.031 pnl9.857.1 0.587 pnl9. 856. 6

0.998 mﬂ&ﬁﬁﬂ il A86 9@%§tﬁ5éf518091%% F’Mx@éﬂ df 3 AP R X BB et 875
pml9. 856. 2 5. 669 pnil9. 856 665 pni9. B57.

ofrevolutlonscﬁf3600rpm,12V/0.175A)starrangedthereonjj1ofder,
as shown in Fig. 6 was used;

The heat radiating fin and the Peltier element were closely
adhered by heat radiating grease. Then, as shown in Fig. 7, the
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

36



10. 026 pml9. 858.1 No treatnent19.858.2 Room tenperaturel9. 820.1 Fromthe
above-nentioned result, it is seen that inprovenent in the heat radiation
effect is renmarkabl e when the thickness of nickel is irggefameg Mos0. 03 pm
to 10 pm nore renmarkable 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 Sevent h enbodi nent 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
1.612 pm 3.661 pm 5.053 pm 6.022 pm 7.889 pm and 10.088 pm
respectinvetlye tempe heatreadoat ithg fdoolimign odiscef ad usi guntd-dde andlengt h
of 100 mMmm a wdth of 100 mm and a height of 40 nm the nunber of fins of
625, a ihgighiter@intt A& file Ofoat34adMatane artrbieknesscpbrkhs1ki pneh 2AE X 2
nm was used. A cooling device (manufactured by Frigester Kabushi ki Kaisha;
35 8 Sepf@MRls 2005, fitkd-1HS) n.a HAnWRI 6P d e hRal, nadial ing-d Bl  Whihet he
Peltier elenment 10 subjected to the above-nentioned treatnent 1s arranged
and th ' f |.epgt ' o] O nber
%heﬁpghé&g}l 3 6%4 As l‘é{‘gvr%d{?;]‘eléig%% plﬁ t\M gé‘gnd %Hé 1Q1 %taggégg

of revolutions 00 rpm 1 I's arran ereo n—or as

shown i 6 sed. .The heat radiating.fin and_the Peltier el enent
wer e cf@ggigjm%&%g%gﬁmﬁ%;Héhﬁnrgdfgpﬁﬁgoérga%erTﬁgn? H&-shown in Fig. 7,
the cooling device was arranged such that the cooling surface 11 (Peltier
el enment portion; tenperature measurenent 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 Pefiigdtheeamppdimgnt

A test apparatus 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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and tenperatures on the cooling surface after ninety m nutes were

conpared. The result is shown in Table 7. Table 7 Starting tenperature
Temperature after (C)90 mnutes (C) 0.034 pn22.8-14.3 0.998pReABder Lodkp. 8
0.532 pnR2.8-17.5 1.612 pnk2.8-18.2 3.661 pnR2.8-16.9 5. 053 pnR2. 8- 16. 0

6. 022 pnR2.8-15.2 7.889 pnRk2.8-14.7 9.975 pnRk2.8-14.4 No treatnent22.8-14.1
Room t enper at ure22. 822. 4 From t he above nmentioned 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 nor e

remar kabl e when the thickness is in a range of 0.03 pmto 8 pm and in
particular whesntiige tdbolNasssdis i n1aikapgenothle]l pPHRAOCLD AMappd
enbodi ment A test apparatus using ‘the Peltier el enent was manufactured in
the sampoMBRgeramsthd nhBeseyLRthoeaPodh ARH tﬁé%%tl ﬁ@afalhg% cHAH a1 ng.

fins of alum num (one provided with a coating metal |ayer and one w'thout.

bei ng SHHE%@E%&&&E&HQ&?@?%QQ%ngﬁH}5Uéa£R§a%%m%eratureonthecoollng

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 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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as those used in the first enbodi nent were used. Tenperatures in a center
of an alum num plate set on a cooling side at the tinme when voltages of 7.
5 Vand 10 V were applied and the nunber of revolution @KesefRBr Y65
changed as 1800 rpm 2900 rpm and 3400 rpm were conpared. The result is
shown in Table 8. Table 8 Nunmber of revol utions1800 rpnR2900 r pnB400 rpm
Type/ Voltage7.5 V10 V7.5 V10 V7.5 V10 V Zn (1..455 pm1l.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 pm4.13.23.32.82.72.3 No

tr eat meat &i 85 U8t H3n 13660 aRdoan t Epfparatul e2@-hl a20a QR0 26. 320a QR4 Not e)
MM net hyl nethacryl ate-ethyl acryl ate-styrene copol yner 37 8 Sept enber
2005 Fr eovol hegabamen esdhly, a idod1s rseenghatsu@ver wicap, appl b edbnpd age
and the nunber -of revolutions of the cooling fan are changed, the heat

radi ati ongeEERELghE ANRI O¥ELh ANk Fe LOIMBHA WS 10 Lh £20LENg:s sy fage is
decreased by coating the surface with an object having a large 1onization

t endencyqal DAYS! T E2ho8PR! ARl Lk ¥R e egh,r ad aldnd f i Qf dhe

present invention Is provided wth a coating net I"ayer” consi st ng of

metal | i j ith |arge ionization tendency, the chenjcal adsorption

of .oxyggﬁlq@%ﬁlgtl%léa%irg‘rnf L] 388%8%% etPe%?ebrhr%?fi RGP HFeease 4P

facilitat ed,ﬂfand nol ecul es physically adsaorbed to the surface is desorbed
e

to inproge HRafPPAdRAPorf ¥ f Bei Seeddam g | YeRig Ao spRcde

eliminated.
Theheatradiatingfinofthepresentinventioncanbeutilized
effgctively not only in a display apparatus such as a televisién,
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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the heat radiating fin has the coating netal layer thinly stacked such
that a heat capacity thereof is smaller than that of a heat radiating fin
mai n body, a heat capacity of the air increases. relatuygééBmﬁeg%i%erence
bet ween 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 inproved. According to the

heat radiating nethod using the heat radiating fin of the present
invention, since the air is used as a cooling fluid, a high heat radiating
effect can be obtai ned w thout iﬁ%%%&m$ng 38 8 Septenber 2005 a circulation
system and an apparatus such as a punp as in a water cooling system using
a cooling liquid such as water, and a conpact, |ight-weight and

i nexpensi ve cooling device can be provided. In addition, since a heat

radi ation éfficiency i3 hrat epdiedrdnchéinconmpnisongl a aiaircdaldyngnslyst em
the problens such as increase in size of an apparatus and noi se foll ow ng
vent @ gdrireanneeal elagenasedck®he dieat sadfatengff ithofmahe poagent
invention can be utilized effectively not only in a display apparatus such
as achelrevitsirdzed ancohputay lista iRIrbisiR idirs Mty elreat heeaRioduct / an
el ectronic - apparatus such as a refrigerator or a notor, and various

mechaakeaialappas et aesng ek a%HAN A)Hte O A ALkl 30 auhompbile, a
heat exchanger, a nuclear reactor, and a genérator but also rn'swtches,

a heahiparetgARNELQE 8¢S integrated circuit such as an IC chip or an
electrogics devi ce, ang ?E£$?#ke. 39 8 Septenber 2005 d ains

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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1. A heat radiating fin conprising a main body and a coating netal |ayer
stacked on a surface of the nmain body, <characterized in that at |east
ioni-zation tendency of a netallic material constitutinggkhsierpalbdg Neta
| ayer (except for Sn) is larger than that of silver. 2. A heat radiating
fin according to claim1, characterized in that the nmetal nateri al
‘constituting the coating netal layer 1is selected out of a group including
copper, nickel, cobalt, chromum zinc, manganese, and alloys contai ning
‘thesdaWamlis B3.03At9edl MAdiating fin according to claim2, characterized
in that the netal material constituting the coating netal Iayer IS

sel ected out of a group including nickel, chromum zinc, and alloys
containing these netals. 4. A heat radiating fin according to any one of
claims 1 té. chanext erdidied ing €hataecdweding dmaenyyone ¢heleoatd Agtaet al

| ayer is smaller than a heat capacity of the main body. 5. A heat radiating
fin acartimngda iz ane thbhtclkhkenmalint bods, cohaiattepifzetlumintihat a | ayer
t hi ckness of the coating nmetal 40 8 Septenber 2005 layer is 0.03 to 10 pm
6. A heat radiating fin according to any one of clainms 1 to 5,
characterized in that the main body consists of alumnum 7. A heat
radiating ret hﬂ%eacmaaﬁseihg%mod adhathbgcheaba Mpidiiding Reathe air

serving as a cooling fluid into contact wwth a surface of the heat

radi agling fann&%ﬁgrt‘f—lenglko SNid algﬂgsocfl c%o%sl% ﬁhu&&i e éfﬁl %EE{]wEEH' ating

fin accordrn one o aracterize | ayer
thlcgngaifggetggtﬁggheg nE fétlngxﬁj1accordl gotggycnmPof 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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41 Abstract It is an obj ect of the present invention to provide an
i nexpensi ve heat radiating fin having a high cooling effect. A coating
nmetal |ayer consisting of a nmetallic nmaterial with ionizgggﬂgmbg ncy

| arger than that of silver is stacked on a surface of a heat radiating fin
mai n body by plating or the like to formthe heat radiating fin such that

'the coating netal |ayer has a layer thickness which increases a difference
‘between a heat capacity of the coating netal |ayer and a heat capacity of

the air, and facilitates chem cal adsorption of nolecules in the air. The

heat radiating fin radiates heat waiskeabei ng brought into contact with the
air serving as a cooling fluid.

It is an object of the present invention to provide an
inexpensive heat radiatihg fin having a high cooling effect. A
coatingmetallayerconsistinqofan@tallicmaterialwithionization
tendency larger than that of silver is stacked on a surface of a
heat radiating fin main body by plating or the like to form the
heat radiating fin such that the coating metal layer has a layer

thickness which increases a difference betﬁeen a heat capacity of
thecoatingmetallayeramﬂaheatcapacityoftheair,andfacilitates
~chemical adsorption of molecules in the air. The heat radiating

fin radiates heat while being brought into:contact with the air

serving as a cooling fluid.

42



