vmmyz{eBe T P6T" DESCRI PTI ON HEAT RADI ATI NG FI N AND HEAT RADI ATI NG
mﬂ[mmchm cal Field The present invention relates to a (2)
heat lt 0f) heating el enent of an el ectrlmwmmmmmmnmmn
el ect ronl c apparatus, and the like, and in particular di ating
fin w o:f Wm) nproved heat radiating effect and afgat radi ati ng
nmet hod usi ng Background Art Various kinds of he&gooogrnks (heat
radi atiQg fins) are used as heat radiating nmeans in an electric product or
an el ealmyuﬂ@% atus such as aDE&CRVPBION, a corrpu”m Imm’mmmmmm
engi ne”al or of an autonobile, various machi I|ke for
preventing mal function or degradation of functions follow ng heat
radiation. As a constituent material of a heat radiating fin, a netallic
material grgh ﬁﬁD@AT‘f‘N@UﬁlQrAQQPJ@ﬁAT haxh PET andi BBTREA! 1S ORGUEHANSAE S
general |y used. As a nethod of inproving a heat radiating effect of such a
heat sink, various nethods have been proposed up to now. For exanple, as a
nmet hod of increasing a heat radiating area thereof, alumte work or bl ast
wor k, and a nethod of increasi ng tge nugggr 9f fins 1 P (JP 11-238837 A)
, a nmethod of curving an envel diating fin to increase a
vel ocity and flowrate of cooling w nd paSSI t hr ough t he heat radi ating
fin (JP 10- 24”313%79%35@“% IFStETTd B %&ééFé’ésFﬁg %tra(f%ﬁatd“c%/ 3 5°Redt
radiating fin (JP 10-116942 A), and the |ike are adopted. Mreover, in
order tbeptinAerlemprbvel tate %trrlédpé?tqdh’@tef ﬁéc?leﬁhé@élﬁr @PRATAL¥S,
cooling systemfor cooling the air through ventilation with a conbination
of a heatdr adeafliikg,f iamdane gafrdn,cud amatter acdddtngradiating fin with a

remarkably improved heat radiatingeffect andaheat radiatingmethod

using the same.

Background Art

Various kinds of heat sinks (heat radiating fins) are used
as heat radiating means in an electric product or an electronic
apparatus such as a television, a computer, or a motor, an engine
and a radiator of an automobile, various machinery, and the like
for preventing malfunction or degradation of functions following
heat radiation. As a constituent material of a heat radiating fin,
a metallic material such as aluminum or copper having a high heat
conductance is generally used.

As a method of improving a heat radiating effect of such a
heat sink, variousmethods have beenproposedup tonow. Forexample,
as a method of increasing a heat radiating area thereof, alumite

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



system using cooling water, and a cooling nmethod using a Peltier elenment on
a heat radiating fin side (JP 10-318624 A) , and the like. Al of the
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 ati ng property. In addition, in the nethod of decreasing a heat

capaci t yspflla23sat3 7 rd) atheaghdd B.f ¢lirteg b eknebsp®b ft e chitnsadsat 2eiced
excessively in order to reduce the heat capacity, nechanical strength

decr easesn and 1hedgal af el 4109 drid a §1bisabhee tor b1k aken: ndhsa a4 L t e
work or the blast work has a problemin that very small hol es are cl ogged
due 10 seedlah (BNAR ¢ £RUS N EONRLLNG 0fa Ao APAL rddlald g i 01

Al t hough the above-nentloned'a r cooling systemis sinple in structurég,

si nce a_heat, conduct.ance between_t he_ai d t f.in is,small, it is
necessa?gbééfi%ﬁﬁaﬁig fﬁéahég grgé.5??%é92$g5 QﬁjﬂﬁEﬁéﬁgéza ?VoﬁpgaE%EOf
air usiggka fan. Thus, .problens such as increase in size of an apparatus
and noi SEXF oFFouRAgPYeRti 1 ati on occur. On the other hand, the water cooling
system has a significant coolin% ef fect because a specific heat of water is
| arge and a HRBEECTRDhdLEHHE FQ Ihr§herHRRERC thpbeqhtedrdicddinhgl 555t em
requires a circulation systemand a punp for circulating water and a

r adi at othaned azefaarafoeopddinasivagehdar ¢@ol g bhena iaithraunh vest ¥ it Lve

t hereof becones conplicated and an apparatus is enlarged. Accordingly, the
cost andipbweconbhsatpohart afhddteragpatahgstimeaendaséan, whiwah eirscooling
econom cal | y di sadvant ageous. Since the cooling nethod using a Peltier

el enent syegehr€sing Reddl Biel e, ahdeatobadingdt eghbinusang a fangiand
power consunption of the Peltier elenent is large, the nethod is

econoni g@ghgngi&pgm@g%aqatiQ%SEiH%W ehpte 4 et hon alcﬁqsiatgieaf'i bj ect

of the present invention to elirmnate the above-nentioned vantages in
the prior artAlf%‘% Egeparboovx;ed—emeanncioned conventional cooling methods have
variousproblems. Forexample, inthemethodof increasingthenumber
of fins to increase a surface area of a heat radiating fin, if the
number of fins is increased excessively, a flow of air is clogged,
causing degradation in a heat radiating property. In addition, in
the method of decreasing a heat capacity of a heat radiating fin,
if the thickness of the fins is reduced excessively in order to
reduce the 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 system is simple in

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



i nexpensive heat radiating fin having a high cooling effect. As a result of
concentrating efforts in exam nation, the inventors conpleted the present

i nventi on based upon know edge descri bed bel ow. 3 That is, as a cause of
the fact that a heat conductance between the air and netal is snal

conpared with a heat conductance between water and netal, the fact that a
heat capacity of the air is small conpared with a heat capacity of water
can be pointed out . Mreover, nolecules in the air adhere to a netal

surf aceiofsmaheatit adi aldargSdrny due iherphys cak hdsor padoat whihatéa exchange
of electrons or chem cal adsorption with exchange of electrons and coat the

netal syfERESse aNdrs 1@ Ses ad sor Qiiixorﬂléi%é;eras fla@r.Mm @ahheat prosubas i fgchayer to
prevent heat radiation. The chem cal adsorption is caused by bondi ng such

as coval gaf.bond] ngs; £l ect ran_Sta%F'agr_a%Usr agh H?_is@r £6 PoFXGHaNge: ALAL PGy and

adsorbs the nolecules selectively in a specific adsorption site to forma
uni nol egul adsorption | ayer excluding formati on of an oxide |ayer or the
like. I'n"addition, since the physical adsorption is caused by condensation
of nol ecul es or force simlar,to the condensation duye to a, Van_der \Wal s
force, an eIé@?F%Eﬁgﬁﬁgrﬁﬁngaéde%?t%ﬁ R HWGKEYSﬁﬁwﬁEﬁi8585%%b$%9a“t
uniformy to an entire interface rather than a specific_ site of the

sur f aceCOrbtRAGLIasTe PERAMAEt IRAGIE 16T NERE PhySiteH 18akdFpeiad Pshedat it
i's polynolecular |ayer adsorption. A force attracting nolecules of a

pol ynol eenflagtadser pt i loigh ay dloweyex ,stihtavetedi spetsnonsysrer) régut hes

| argest in a first |layer and decreases step by step in a second and
subsequenti dayierts on Fpstexamd e,punp tfhe casenlat why ehteheamdlaecad st ar e
adsorbed on 4 a netal, although an adsorption force between the first

| ayer agddtheafedcd rh@ihaigg hartenotdies bpkatd Vel ¥inkod 6@ riiele OfctSYErS
deposit on the first layer, the sane gas coheres on a gas to be adsorbed.

An adsop pth8s fhiA s tidd Sndeinni ﬁ%ré@&é‘tiisvélxi’ais&@é.l QIR g\rMé}'htV\%eﬁ

adsorption force between the firs ayer and the metal. There

nDleCUl885%naﬁgepg&érméggsgmgg?éﬁ Q§a£he apparatus increases, which is

economically disadvantageous.

Since the cooling method using a Peltier element requires a
Peltierelement, aheat radiatingfin, anda fan, andpower consumption
of the Peltier element 1s large, the method is economically

disadvantageous.

Disclosure of the Invention

It is an object of the present invention to eliminate the
above-mentioned disadvantages in the prior art, and to provide an
inexpensive heat radiating fin having a high cooling effect.

As a result of concentrating efforts in examination, the
inventors completed the present invention based upon knowledge

described below.

-



conductance are adsorbed to the netal, formation of a nultilayer with sane
nol ecul es i s advanced thereon. Further, it is considered that this |ayer of
nol ecul es becones an insulating |ayer as it becones thick, and prevents
heat radiation fromthe nmetal. Thus, it is considered that, if the |ayer of
nol ecul es of gas physically adsorbed to the surface of the netal is
desorbed and renoved, the heat radiation effect can be inproved. Here, in
general, in the chem cal adsorption, it takes tinme to cross a peak of
activation enengy ifsQra8dsespsé OF tReG Rt BHSOPhEQD MRIRGHahdeShbOeefn t he
ot her hand, in the physical adsorption which does not require activation

ener gy tRE A0S6HRLHOPa1 A %Q@Q&P@&r@%‘af@éQﬁittl'ﬁ/atl'lf@te%fonid%c@agﬁ&e etween
Ther ef or e, nol ecul esarefirstphysically adsorbed to the surface o t%e nmet al .

Then, when.en P elf,i Gh@nt,LOr CLOossing it Qsagggkﬁ%ftéﬁe Gl g%téreglf“efgy

is obtained, t m'cal adsorption IS cause i Scharge "a ['arge anount

f adi i d to th i | ,adsorption to the surface of
Phe: ot SprpaFaL 139 S colfad fed RE AR b RoatLPheT Aton Uprenker

hysi cal ad ti i kcal / nol I whi ch i [ 1 5 th
Phat. of ORSCaRBRI Hhlt E1agr st ABRE SO thBSCRerAREREE. She Bast: baa: ARiegul oo

are desorbed fromthe surface to return to the space when the nol ecules are
gi ven t héNsdHe BRePhYSaS24t 2gRerPE e oV ibbewE pekehante| ef belagtrerai aed on
the surface. Incidentally, nitrogen existing in a large volunme in the air
has smafhesheal cadlsaept von ywidiid eixschaingsi cdl ¢ yeatsonbexthd womt ahei metrahy
cases. On the other hand, oxygen having |arge chem cal activity is

subj ect edrfacepmynd atesse hasthetdbeniagkradserptd (hréeﬂtnmlsmhagiagswgéii c
chem cal reaction with the netal even under a |ow pressure. In addition,
adsor pt tgnpheatnt hgegef rahyaysoheads to heat radiation. Fromthe matters
descri bed above, it is considered effective to cause the chem cal

d tion, j t | ted by.th
physi bal adsof Bt i order b ander Boras R ERRpThaITISE ReCOrRAEEE (e

tal. . ifically, it i idered that, if the chenical adsorpti
of  oxygBRrATBacPr PERFBHC 2Py ERrry dabor A 1) 6UUI U0 4R HHoctR bedang |

the 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 adhere uniformly to an entire interface rather than
a specific site of the surface. Further, one characteristic of the
physical adsorption is that it is polymolecular layer adsorption.

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

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



heat radiation effect can be inproved. Concerning this point, the inventors
have found that ionization tendency of netal plays an inportant role in the
chem cal adsorption of oxygen to the surface of the netal. That is,

usual | y, oxygen gas or water nolecules are adsorbed to a surface of a netal
(in the atnosphere, though a thickness of a water layer generated on the
surface of the netal differs depending upon a state of humdity, 6

adsorbed water is nmeasured to have a thickness of 10 to 100 A and, in the
wet at npsphelE, ialtMiueh bhngdparkbt Cbastf Of covalidtwdigpasid £138@ ralor landr) .
The chem cal adsorption of chemically active oxygen gas to the surface of
the netghe het@XtILIREYf @8ln @ rana oxi 8l 313G geah @Rbd Y o Ehernesls hegoaes

hi gher as the layer o wat er becomes thicker (the oxidizing velocity may

even be,| ovgr ed when jhe, t%hgkgsaé Ss IR OLs BY &) gas! Roa8d1 1y O0rpdd, Wat er

nol ecul es eX|st on the Surface of e netal I on exchange action occurs,

dth ah
Zﬁso?p?.o%*%§1%>“t é%&%%ﬁhﬁgqﬁﬁfﬁg R R e

pol | ut ant ch as suI ur dioxjde exist Ln the atnosph adsor tion of
wygon FoS RSHER S SF L FERE HOR LSRR | Pt BHES o aret M o dES GhL t endency
of net al neans tendency of a netallic sinple substance to becone cation in
the water, anBhe¢¥Rfo%tal WBRANGSS anlafe Wat Ehcagireprsentedinl M heaty + +
ne-. nygen in the air receives electrons and changes to oxi de anion, which
i s represedtetanse fate awbsoRKDX | ithet hetailr) ferH201ipwabér asmtllhtibanyeﬂ 2e-
(nmetal) = 20H (water solution) A standard el ectrode potential in the

above- nefith cred nedetidasiis ealetitatiethexseorl. 40k rithem, t ek podymaider dat a.
Therefore, the smaller a standard el ectrode potential of the netal, the

| arger enpeEkanti Bl éi‘Bfﬁfo@%%%llé%tﬂ@@&né§1§n%ts%lla%rl%gtﬁ@yé’f‘)ﬁgeﬂ’c @@@&H@é
readi |l y causing an ionization reaction. That is, the larger th
thick, and prevents heat radiation from the metal. Thus, it is
considered that, if the layer of molecules of gas physically adsorbed
tothe surface of themetal isdesorbedand removed, the heat radiation
effect can be improved.

Here, in general, in the chemical adsorption, it takes time
tocrossapeakof activationenergy for adsorption, and an adsorption
velocity is low. On the other hand, in the physical adsorption which
does not require activation energy for adsorption, an adsorption
velocitythereof ishigh. Therefore, moleculesare firstphysically
adsorbed to the surface of the metal. Then, when energy sufficient
for crossing the peak of the activation energy is obtained, the
chemical adsorption is caused to discharge a large amount of energy.
Heat radiation due to the chemical adsorption to the surface 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



i oni zation tendency of the netal, the easier the ionization reaction with

t he oxygen occurs. Fromthe viewpoint of an oxidation-reduction reaction,
ionization series is an order of easiness to emt e- of a netallic sinple
substance, that is, a reduction power. Further, oxygen is a substance with
an extrenely | arge oxidation power. In addition, the reaction of nmetal and
oxygen is an exotherm c reaction which occurs even if the netal and the
oxygen are not under a water environnent. Fromthe above-nentioned reasons,
it is conshdpaediitdd chbiiakl aRWOIHHTRINAl Vhithd Stger heAHZ ahleaitd&nstancy on
a surface of a heat radiating fin, the chem cal adsorption of oxygen to the
sur f ace,Of e diEe SBLA! 1688rBEAf A ithat 8dy r ¥BET @D Y cFRLACU @S PBYEEEA RN
adsorbed to the surface of the nmetal can be desorbed to inprove the heat
radi ati f f . x,aegp r_ of, 4l ritai i ULNGE; t he
heat ra |aﬁor}§%télflfeg§%£?r?§1 u elcgédﬁr?égsfg%%g%ae%\%egpg %lé‘faﬁg"g%%m ty o(%rpa
heat radi ati fin and a heat capacity-of the air. Next, considering a heat
flow, h&at erra}gi%art1 on- a}%rﬁ?%no%b?g%ts%\ﬁﬁc%i gh tenperature is transnmtted to
t he open air bﬁ/%jg(gnvect' on ar em ssion. Then, in.the case in whi gh ar eas
are identicalt &3 LhEnin @I EATS51BH HRFehasIGpbnt WhE & 58RALY of
the obj ect, but heat transm ssion by convection is largely affected by a
state otaa $nald eerhcas deblghtyimmd Je%)rﬁfaﬁlw%lfb’t#%@ﬂ?%tt.o guetaeat
transm ssion in the case in which tenperature of an object is high and heat
is radi abedahy easési d Ors tleprecent by, tdreydot | oaw g f brme achepic®y/ L
(T1-T2) - a (T2 - Ta) where, qis a heat flow (kcal/hn2), Ais a thernal
conductaytiyiofy idvesobjected ktrlm&hy)casess @othhekaessiodl thesobpetdén (m,
Tl is a tenperature of the object (C), TZ is a surface tenperature of the
obj ect ORvalvOMytEMABAI M E HAR D relRdidrAwtiefPenat yeeadf ebbg dhadd (O,
and a is a thermal conductivity of the fluid (kcal/ChnR2) .

a low pressure. In addition, adsorption heat thereof always leads
to heat radiation.

From the matters described above, it is considered effective
to cause the chemical adsorption, which generates energy larger
than energy generated by the physical adsorption, in order to desorb
the gas physically adsorbed to the metal. More specifically, it
is considered that, 1f the chemical adsorption of oxygen is
facilitated, physically adsorbed molecules are desorbed and the
heat radiation effect can be improved.

Concerningthispoint, theinventorshave foundthat ionization
tendency of metal plays an important role in the chemical adsorption
of oxygen to the surface of the metal. That is, usually, oxygen
gas or water molecules are adsorbed to a surface of a metal (in
the atmosphere, though a thickness of a water layer generated on

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



As it is evident fromthe above formula, when heat transm ssion of an
object placed in a fluid of the sane conditions, a |larger anount of heat is
radiated into the open air as a thermal conductivity of the object is

| arger and a thickness thereof is smaller. In addition, heat bal ance of a
systemincluding a heat capacity is represented by the followng formula: Q
= CDA/O + W(A - Ao) where, Qis a supplied anount of heat, Ais an
internal tenperature, Ao is a tenperature of open air, t is tine, Wis a

pr opor the@satibéy weonst dnrt meaBdrEdi o andieata eapaknkys dhelheat 108pAcity, i s
defined as follows: C (heat capacity) = Q (amount of heat) /DT (tenperature
di fferengeyhdhgdt i Sum&Hphsré epr egentieds Bse Wart e 9 of Rrom i hee gbove,
formula, it is seen that, if a supplied anobunt of heat is constant, heat
radi ati 20 e en @il ~LAGk t i i | ler

Ther ef O?Q?Ai%yalnmg ] ec?ll%/victh %Hlalggﬁn?l? eatf%rgggc?}tgé;ﬁ%é%%%g%ﬁ grg% a(]))?l}é ?n
radiatipg Rlate, Lnskde. accumulallon of heat decreases. and ag, agpunt, of
heat radfation to the open air can be 'l ncrease Y 1% 2dditS 6h, “5mn 9
equilibriumte rature at the ti when objects with different heat

capact (TR OB PR OGRS St HRELAD DERARTRS T bSSIRHTY § e ker
followng fornula: Te (equilibriumtenperature) - wg){(q:lTl + CZ'_I'ZQI(Cl + C2)
From t hétapovel 3 g #eliaciity gagnevhatPe heowriind ibraruiheerpérsnare s
affected by a tenperature of an object with a |large heat capacity and
beconesl equpkingriaim att naadeéiperat urfewetesandleahies erpetatutaeofut hiecobj ect
with a |large heat capacity. A cause of a heat conductance between the air
and t heoheat neadilatidge kenahee Bg tswaldcaomaded e tLa righatt Het yeena t hen wat er
and the heat radiating fin is that a heat capacity of the air is small. The

heat ca@@ﬁ%éacysof eplesephed te Gigh¥{ YAl 408 rs0BIn X Jdensblyox @h&nB) X

c (specifiC heat; cal/gC. In a sane anount of water and air, the water has

a | ar 9ot o heal nCARARILRRCAURE . 8y SPEW L REAL NG R ARASLLY, Ol LOPey@t er

is large conpared with the air, and’ a heat cohductance ween the wat er .

and thedyggidé%gh%§!qg the atmosphere, adsorption of oxygen to the metal

is further facilitated.

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

1/20, (in the air) + H,O (water solution) + 2e” (metal) = 20H"
(water solution)

Astandardelectrodepotential intheabove-mentioned reaction
is calculated as +0.401 from thermodynamic data. Therefore, the
smaller a standard electrode potential of the metal, the larger
a potential difference between the metal and the oxygen becomes,

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



fin becones |arge conpared with a heat conductance between the air and the
heat radiating fin. 10 That is, by increasing an anmount of air brought
into contact with the heat radiating fin, the heat capacity of the air can
be increased, and the heat conductance between the air and the heat
radiating fin can be increased. Increasing flowrate of air to inprove the
heat radiation effect thereof neans renoving air of a high tenperature
retained in the vicinity of a heat radiating plate and bringing air of a

| ow t enper bz an Eon neadeantyact tivetrietidle, hkhateasadirat had opliate,i othhesadiyion
depriving heat of the heat radiating plate. However, it al so neans

i ncr easynght fige heRygeapacttiys 0f the air with respect to the heat radiating
fin. Fromthe above description, in other words, reducing the heat capacity
of the heat rpdiAt itR@ P&adGoHBRNS oFaANEn A i RGHERSI-RGduke 1Reat r&apacdty of
the air with respect to the heat capacity of the heat radiating plate even
[ the AgDURL: 0bn Aldy fUOUGNG LT OE Qe PUE QB W LBEMERle T aH alhOgaTi i s
sanme. Therefore, an amount of heat radiation into the air increases If an
object wth smal,l_ heat acity._i . for the heat radiatipg fin,_ Note
t hat , i%léﬁggégg%ﬁﬁp%&ﬁéﬁéﬁi%sﬁﬁ?hé%&gﬁg}?n é%E”%apgngéng aégge%sl%
cooling nedium a cqoling effect is_|lowered, conpared with water with a

| ar ge h@at" etylﬁbi‘l% LXLRONGL Y dB&EI6f ORF ango? RPEEsed IMRYR O si nce
a heat resistance at the tine when heat is transmtted froma surface of
met al i BE® ¥PeChienial IRftger alkhw*ydeSat Sr 88i skahBerBicaraechlionsedial a
heat radiating fin, the heat radiation effect cannot be inproved unless the
heat res¢stancevan 1f thehendtiade awm@ntheabxygenr amsnincttedirfdeama heaser f ace
of the metal to the air is reduced. Fromthe above description, the

i nvent oesveEpasneeted and found, through experinents, that inprovenent of
the heat radiation effect can be realized by coating the surface of the

heat _r?di ati ngréih e b AR -ARINRGnWd Reds8ABl | i heal CRARAGL enaRkep @ heat
capacity

arranging metal with large ionization tendency on a surface of a
heat radiating fin, the chemical adsorption of oxygen to the surface
of the mé&tal can be facilitated, whereby molecules physically
adsorbed to the surface of the metal can be desorbed to improve
the heat radiation effect.

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 convection
or emission. Then, in the case in which areas are identical, heat
transmitted by emission depends upon an emissivity of the object,
but heat transmission by convection is largely affected by a state

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



of the object brought into contact with the air small conpared with a heat
capacity of the air and increasing a difference of the heat capacities. As
a result of repeating researches based upon the above know edge, the
inventors found that the heat radiation effect can be inproved by coating a
surface of a netal to be a heat radiating fin with a nmetal having a | arge

i oni zation tendency and further, formng the coating netal l|ayer thin such
that a heat capacity thereof is small conpared with that of the nmetal to be
t he heat radikgamgrahamandibniimgiing chlse icoahin Hemperratire cHanhadijedt h t he
air, and thereby conpleting the present invention. Therefore, the present

i nvent i pahkghaireshé @t a sheadi Aot abiangl fiid ikorapRek afn ttedTBY it ROEL Bl riy
coating netal |ayer stacked on a surface of the main body, characterized in
that atslgasiaionization tendency of a netallic material constituting the
coating netal layer is larger than that of silver. Further, the present

i nvention relﬁies g % QThgat radiating fin, characterized in that the
metal materi consti ﬁlng the 12 n coating nmetal layer is selected out
of a group |nclud|ng +COPPEr, ni ckel, cobalt, chrom um zinc, manganese, and
al | oys containing these néials Further t he present invention relates to
the heat radiating fin, racteri in that the netal pateri al
const i t YRy thet d%ﬁ?%ﬁf %%Véﬂgi§‘%el ct@d@otfteFral grdipcthet i ng
ni ckel , chrom um zinc, and aIIo s containing these netals. Further, the

pr esent of nvemtatareetel dtasl 4E tfHéﬂ hedt isadi ahiAENEEA aEcbhei elgl 2ot afy) one of
t he above descriptions, characterized in that a heat capacity of the
coat i ngTnésad feymrratsusralil ehet dlaneat he'dt) ,capaics rysotfahe tampe bodyre
Further, the present invention relates to the heat radiating fin according
to any onecipd dbtedbere adesar tphponstuebasags eri@ed Tnikhatt @énpayLfure

t hi ckness of the coating netal layer is 0.03 to 10 Vim Further, the

presentofnveatppidel atpes sRdtheibeat cRafhal i dnductivity of the fluid
(kcal/°C+h-m?).

As it is evident fromthe above formula, when heat transmission
of an object placed in a fluid of the same conditions, a larger
amount of heat is radiated into the open air as a thermal 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 following formula:

Q = C-AB/At + W (& - Bg)
where, Q is a supplied amount of heat, © is an internal temperature,
Op is a temperature of open air, t is time, W is a proportionality
constant, and C is a heat capacity. The heat capacity is defined
as follows:

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

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



fin according to any one of the above descriptions, characterized in that
the main body consists of alum num The present invention relates to a heat
radi ati ng met hod, characterized by radiating heat while bringing the air
serving as a cooling fluid into contact wwth a surface of the heat
radiating fin according to any one of the above descriptions. The present
invention will be hereinafter described in detail . An enbodi nent node of
the present invention will be hereinafter 13 described in accordance with
t he attached mramith@sSabbirgstodmung, 2tafe fesrspaati, ver \W ewppshew agoexanpl es
of a structure of a heat radiating fin of the present invention. Fig. 3
shows sgetiutali svienstoht| heedieataJiadiidd 88 £h8Sodn RigSindrafded, whén Whi ch
Fig. 3(a) is a sectional view of the heat radiating fin of Fig. 1 and Fig.
3(b) is t vy he.he Fating £1i Eig. (1)

Const i t%gr}l(%ae&neﬁag@éwoﬁ\gt %ga%égtr'r ?ﬁ%??%?#i glffl'ﬁg1 %fggtecrga szgPi %gsr}l?lnl of
the pre i i on | i Qr. s fo d of a
i n Doty PEPEERa hiRer a2 R P T art g e s e o
(referen nuneral 3 in Fig. 3) stacked op a surface of the main body. A
fmter | aPE (A 6 SErE Sl BB AR BE S3oPERF: ST ST 5ah it G5 PBR ek
material s and al |l oys thereof, which are publicly known conventionally as
mat eri af3"fe¢ tmerdeatdradiating fin. Exanples of such materials include a
single metal such as iron, alum num copper, nickel, platinum silver,

gol d, tungsteln addiihen, aad aquallibyisucheapesdiuricess dtheelt brasehen
bronze, chrom um nickel all oy, al um numsilicon alloy, alum num nmanganese

al | oy, obtketscompedidglfeegntt héanidapdagion ed koye Ofitdidariads aliuh Sach
alloy,orthelike. The material may be further provided with a protective

filmthsongh Péa{:éﬁﬁegéll@@édd@?oﬁhéiP@l%wiﬂ? FbkguPE: may be subjected to
surface treatnent such asoxidation treatnent. Anong them al um num copper,

or Lhe 11 ke, 2t Flarablisahdthan O 9ok Tlaltnygi et Egper Y

From the above formula, it is 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/cm?) 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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A shape of the main body is not specifically limted, and is selected from
various shapes such as a plate shape and a bar shape dependi ng on an
application. In addition, a size and a thickness thereof are not
specifically limted. For exanple, in the case in which the nmain body is
manuf actured by a netal plate, a thickness of the netal plate can be
increased if it is used for a product with |arge dinensions such as a | arge
apparatus or can be decreased if it is used for a small apparatus. However,

the thicknessrisc Rref srablyrd fs fndg APYEmBLin®. OF 410 B cMFhtaNde BEStact
preferably in a range of 0.1 to 8 0 nm Although exanples of a shape of

such a heat #Rdidting JdikdBid Dedy e nehewabackkysorle80da 2y the shape

is not limted to these. For ‘exanple, the nain body can be forned in an

ar bi t1 2 yo 30a0eq sUGh, 4%, & AL & HARSA S YUARINARE, 2, CLAGULAL ishape, a

O
t ubul ar s%ape, a sem spherical zhape, or a spherical shape, n@éa surface
t her eof e processed into_a corrygated surface,.an uneven surface, a
oroj ect B ERGHAT st Foga BF DRGTFRRES" (2 Coatt ned merdl 1a5erot i the o
present  invention, a |ayer consistigﬁ%of metal with ionizatiopn tendengy

a

| arger +RBRCTRatDOIRER T vERIER0EPT ngt hethl tegery Teathi HFHoetBE k2t on
surface of the above-nentioned heat radiating fin nmain body, preferably
such thathiohebempepakity rabatoedi snshae| viehphredohi 2 hheaheradiaphedty of
the heat radiating fin main body, to coat the heat radiating fin main body.
15 Thelabaizad ioninemderdy péf erled tongeraumsansita cestkttowti ahnelde f r om
measurenent of a potential difference of two poles, and a neasurenent val ue
obt ai nededy oniHCIn N @ 18RS Ut REEED Y WdpY ian ray tiehar yf axXicdlakihgnraetacihen
potentioneter (electronic voltneter) in a roomtenperature is used as the

i oni zat p 08t endeffired N 12ddl 5bGReards NWEIHGAN v 8hden&at i Rlad f beMhe
t hernodynam cs data is used if nmeasurenent of a potential difference of two

I i S.dift] | b al . whi b d f th
Coat i ng et A1 Hiayere P TR PR A T hERh T S0 F177e nocessary Go sel ect a

mat erfal Wi thy| gnizatien, Lendency,, i o, s o0t aL0ed by, such, rRasy gEnt

capacity of the heat radiating plate means same as increasing the
heat capacity of the air with respect to the heat capacity of the
heat radiating plate even if the amount of air brought into contact
with the heat radiating fin is same. Therefore, an amount of heat
radiation into the air increases if an object with a small heat
capacity is used for the 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 larger than
a heat resistance of a metal used as a heat radiating fin, the heat

radiation effect cannot be improved unless the heat resistance at
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| arger than that of silver. Mreover, it is preferable to select a materi al
with a heat capacity smaller than the heat capacity of the heat radiating
fin main body. Mrre specifically, exanples of the netal material include
copper, nickel, cobalt, chromum iron, zinc, manganese, alum num and
magnesi um oxi des of these netals, alloys of these netals, and the like .
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 qthe&kt ym@nghe@shéat essl t ramiani ease Hfor hehe omuzedcoOot eftdennytas al so
qui ckened to bring about |owering of the heat radiating effect. Thus, nore

preferaplysn@ fptersal.gete&gted out of a group consisting of copper,
ni ckel, cobalt, chrom um zinc, and manganese, and all oys contai ning these

metals is useﬁnm&@h V%ééygrl FHLe?hQEnbgﬁtakg%%%51@%E%6%ndfound

ni ckel -ferrite, nic & -chromum n copper, nickel-zinc

ni ckel - co zinc e L e i o]
account€%9 u%}ﬁ eﬁ%)aeirl%eéﬁau ng gplfm %%rpe;erlet} gﬁ 5@?@'&%\/\/&%% &Et%g‘ &fgfé&

oxi dization due to the air ost roces rt rapilit

ol KT B hores DT Rbito Tl 0o SR EFUde 051 REC. MRS b AT ATERSI 215

al l oys containing these 4 netals. Nbreover exanpl es of nost preferable
mat er | a¥3tRArhPRIRTE WidhudeSHR s kehedhi APISL T hdq SRSt ai AeRheCIRAFLRY | 0N
tendency, low in an oxidizing velocity, and excellent in durability. In the
pr esent of Mientbirctabneraht iintmatentatt oorsh ithegt & by kel heatppagdavitly fin
mai n body and a netallic material constituting the coating netal |ayer do
not al vaysedwvadae e 8iff ties enir rRidket hakksasHagey el f S rerecd E BRatheat

radi ation effect is further inproved if the coating netal l|ayer is fornmed

such thatpacheatscapacity thereof is small conpared with a heat capacity of
t he heat radlatlng fin main body, taking into account a conbination wth

the metal matggi ﬁerQEu&Peofie@e{pe disal NG Jd RN ra{ﬁj o On ]?I ve o

different fromt nmetal nmater constituting the

body o788 28hC 6 Adie IR YR ERLR! SOIRAIL 18405, 593000, 151 o
be improved by coating a surface of a metal to be a heat radiating
fin with a metal having a large ionization tendency and further,
forming the coatingmetal layer thin such that a heat capacity thereof
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 completing the present invention.

Therefore, the present invention relates to a heat radiating

fin formed of a main body and a coating metal layer stacked on a
surface of the main body, characterized in that at least icnization
tendency of ametallicmaterial constituting the coatingmetal layer
is larger than that of silver.

Further, the present invention relates to the heat radiating

fin, characterized in that the metal material constituting the

12



The coating netal |ayer may be stacked over the entire surface of the heat
radiating fin main body or nay be stacked only on a part of the main body
surface . It is possible to appropriately select 17 a location to be
coated and stack the netal |ayer as required. For exanple, in the heat
radiating fin of the shape shown in Fig. 1 or 2, it is not always necessary
to stack the caating netal |ayer on a bottom surface. As for a thickness of
the coating netal layer ( layer thickness ) , it is desirable to select
such a tayetnghhekabssayéi hi shiclhea ol fder efca hebwpennbeatiifgpasppies of
the coating netal layer and the air is increased to facilitate the chem cal
adsor pt hopkel , nebest £sch Fork 1@n Al Fin VO @f‘eisfé,cahbya1h5y58c9§§££§9ﬁ§ t hat
the layer thickness is set to a range of 0.03 to 10 um preferably 0.037 to
7. 5 umpese peefegably 0. 1 to 5 um and particularly preferably 0.5 to 5
um If the layer thickness is too |arge, heat radiation fromthe heat
radiating fin i o] i s Li e, e. | meded. the other_hand,.if the
| ayer thi ckneglgﬂ}gegbg%senéfﬁ,Sgggtnlcﬁe&%rgt%%ﬁnet a%fescwl]b?aﬁm%glﬁfagi had 7 hitde
coatingfnetal Ia%e% is little, . the coating nmetal |ayer, which chemcally
adsor bs 6%y gEREBCFRPFEFE £he thekt TEAiING 0N AT Rctal redaf it ehatges®o an
oxi de qui ckly. Thus, a disadvantage nay arise in that the netal contained
in the €OaFing Metal jayeF i salfssied Gt &fdat BEoHBainFAdianponiekedet is
| ownered. Note that, the l|ayer thickness referred to here neans, for

exanpl echagsiminingzihat eodt fhyovet apbntayeisgarkesormedabn. an upper part, a
center part, and a bottom surface of a fin, an average val ue of |ayer

t hi cknesses ofuttiese, threprpaehs Dbteitnesh e lusiergta g ekaessadeieing The
measurenent of a | ayer thickness nay be of an 18 arbitrary nethod and,

for exafpheac&aid ey MRASHULLENBYo A THdIARSEEAL sXrh BY 1 BRARAT Al Y52 Of o NEc ki Ke.
A stacking nethod (coating nethod) for the coating net af l ayer in the

D ESErL ML R B0t pet S ol Vol et o0 S b SELSELED e
a heat capacity of the main body.

Further, the present invention 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 pm.

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

The present invention relates to a heat radiating method,
characterized by radiating heat while bringing the air serving as
a cooling fluid into contact with a surface of the heat radiating
fin according to any one of the above descriptions.

The present inventionwill be hereinafter described indetail.

An embodiment mode of the present inventionwill be hereinafter
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a thin layer, for exanple, a liquid phase method such as electric plating,
el ectroless plating, or hot-dip plating froma nolten netal, physical vapor
deposition (PVD) such as vacuum vapor deposition, ion plating, or
sputtering, a vapor phase nethod such as thermal CvVD, plasnma CVD, or
optical CVD. In addition, the coating netal |ayer can be stacked by
conbi ning these techniques arbitrarily. In addition, timng for formng the
coating netal layer is also arbitrary. For exanple, the coating netal |ayer
my be §osFRhadit sl WQGRESIdW Wi U ia¢ tarbed alravihgsvar roygs. shapes to
forma heat radiating fin main body or may be processed into various shapes
after being yadedarayTetal khewMRbetkdhphs & PlAlke r$RaRee 8rbarmsdape,
or the like before processing. Thus, "coating can be perforned when
reaul r e, o FUE 1000 i dE £h09r Lol fred i £a5 Gl 30hGNS AR epla AL | N
fin main %ody and {'he coa ing nmeta ?ayer are & si ngl e body, respective
is shown ver, in.the.present ipvention eat_radiati fi in
body orofhgg%oa??%gr%%%%}ll%yg}n%rogoﬁhg%f %h%ﬁ?c%h e ?%%%%dp% 'ayggﬁplex
consisting of two or. nore Ki of terials.. Far _ex e, the heat
ot i HD T by She hAN NI FAGAHNT MiFL PRageR ot TR0 (e and
the coating netal |ayer can be fornmed in a nmultilayer structure and divi ded
into a 3tkfate payertipdabnvianert| Bherheathradiahiesd HEPngf nBhaf att ured by
different materials. In such case, it is desirable to use the
above- méhi i Ooedt eteht naaeerablwtfhthenheati oadiendencyiharger than that of
silver for a layer brought into contact with the air layer, and to set a
| ayer thicknesiethesteofadin@idange off phef erabkyt0iNdehoidf UhefaDELCe
preferably 0.037 to 7.5 um and yet nore preferably 0.1 to 5 um (3) Heat
radi ati pgmaet hod; fhes heator adi at ingoRt bed ab ihheody q3@e rdev@nt iR8rs s
characterized in that heat is radiated while bringing air serving as a
cool i ng,fiuid Jjn ta i r.f i at4 n {n of
t he pre%éﬁ?Eﬁﬁbe%?f%%?asgﬁgg&bﬁéﬁﬁngqfi ﬁﬁé?%ég?gﬂgg?ﬂ%ﬁe %?éié%tii&'
inventigF hgs ? éoating metal Ia¥eé whi ch %s thinly stacked, on the
surf ace~t heF86re%u’l #hir a%Hear ¢ Bgc??§nt %g§0f is smaller than that of
the heat radiating fin nain,bod%, a heat capacjty of ,

Amaterial forming the main body can be’appropriately selected

from 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 suchas stainless steel, brass, bronze, chromium-nickel alloy,

aluminum-silicon alloy, aluminum-manganese alloy, nickel-copper
alloy, titanium-ironalloy, or titanium-aluminumalloy, or the like.

The material may be further provided with a protective film through
plating vapor deposition or the like or may be subjected to surface
treatment suchasoxidationtreatment. Amongthem, aluminum, copper,
orthelikearepreferablyusedintermsof cost, light weight property,

processability, or the like.
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the air relatively increases and a difference between the heat capacity of
the air and the heat capacity of the heat radiating fin w dens. Thus, the
heat radiation effect in the case of using the air as a cooling fluid can
be i nmproved remarkably. Note that, in this case, the heat radiating nmethod
can be used together with nmeans which has been adopted conventionally in
order to facilitate heat radiation, for exanple, a nethod of nmaking a
surface uneven, a nmethod of enlarging a heat radiation area such 20 as
al um te wor k ©rshllpasb Fweri& maa mibligdi sfnétheeasimgding numieedof afidns a
met hod of curving an envel ope of a heat radiating fin to increase a

vel oci t ye BEWk &4 QI JHT® 20F 06 Q0L h B Wi NebP3SS hNPL A e kb d Redheabar ashadd ng
fin, a method of decreasing a heat capacity of a heat radiating fin, and
the 1ikg @x‘%ﬂ‘fe I L3 ﬁ%ﬁ't%ﬁ.tOzﬁ"i@élgﬁi&a,s%rfsa% ah83; ofh { hig, £oating
metal |ayer by pﬁlylng B ysical treatnment or chem cal treatnent such as
bl ast rk to.the coatin tal,layer .and, to_further inprqve,a heat .

Fadi at] I BITE G RoPesroct T HEabbT I EEt | £o8 8o e bt ¥ d riftrn
stack a catalyst or, the like on the surface of the.coating netal |ayer in
order CUTHEITIT SPITLRBAVCAR BARGTRETOFES BIY o MBEGdr POREGA Brt K HETE S ngs
Fig. 1 is a perspective view show ng an exanple of a structure of a heat
radi at i #f $ie BetahePprer et i PRt orRSEl gtk 21 s PRl pelt i ¥ PR IFT
showi ng an exanple of a structure of a heat radiating fin of the present

i nvent i whth Riag.ge3dshonsisnetswrialasva evsrast apbarhsals ¢eadiaat baglédrsastd Fi gs.
1 and 2, and Fig. 3 (a) is a sectional view of the heat radiating fin of
Fig. 1 andifigs 3s€8)fo8 a seelioappavaeusof Hdwetwent tiadidiicindssn 0f Fig.
2. Fig. 4 is a schematic view showing a test apparatus of a first

grlrbodi NBRéfe FAM1y Sit Sa & SEREMH IcC Ml @Y 30w gafdt RSkeapPafal L1 f i gegond

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 square shape, a circular 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 layer

In the present invention, a layer consisting of metal with
ionization tendency larger than that of silver (coatingmetal 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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to sixth enbodinents. Fig. 6 is a side view show ng a cooling device used
in a test apparatus of seventh and ei ghth enbodinents. Fig. 7 is a
schematic view showi ng the test apparatus of the seventh and eighth

enbodi nents. In the figures, reference nuneral 1 denotes a heat radiating
fin, 2, a heat radiating fin main body; 3, a coating netal |ayer; 4, a

pl ate of Bakelite; 5, a heater; 6, an alum num plate for tenperature
measurenent; 7, a hole for tenperature nmeasurenent; 8, styrene foam plate;
9, a fan; 10,Tige PebhieatebaneRhdehlty arLdidt) Sor haee; meachslZd adshnput
termnal, and reference synbol "a" denotes a vertical dinension; "b", a
hori zonggt o hEB NS M me Gurehdi® 8t 5 péten@i dEIGNE Hferddte Sl Buwo " So1ed,

t hi ckness of an upper part of the fin; and "f", a thickness of a | ower part
of the fjn. r Lyl t nt.i T r iavention
S AR R e R AR SR R A
However theIQfesent inventéon is nottlinitedtonk% to.these epbodi nents.
Note thaP, &QIAYErY hi (khASEI P TRALE" ERDodPRETE HONCLf tav ef G0e” VAT Tk”
obt ai ned by neasuring |layer thicknesses in three parts, nanely, an upper
part, av%%%‘i‘?*é?r bart 3 TR BeBREY %W%%rlfsa‘é%e%fasat?gﬁ,m&sziaﬁdOé‘ ‘%/?%‘?%%%ent
X-ray apparatus. First enbodi nent 22 We prepared heat radiating fins of
al um nufm (@vkkidi ivaf t arngnempl gak efedicedal eudstedfron thevimegyaaghcs dahbpe as
shown in Fig. 1 with Zn, C, N, or Cu coated respectively by plating on a
heat radsatseg ffmemdurdodyt off & potewnikdyvidigfaereengt hfotwdOQohas aAswi dt h
of 100 mm and a height of 40 mm a height of a fin of 30 nm thicknesses
of the #info&u2tomin an upper part and 5 mmin a |lower part, and a wei ght
of 480 g (in Fig. 1, a =100 m b =100 mm ¢ =40mm d =30 mm a = 2
mm and f = S5p87) me R deMdted i Neahicadial bBLddd Wt thdRAYing metal

net hacryl ate-et hyl acryl ate-styrene copol yner coated thereon; and an
identic it i.af i ks it haut ' 0 Not e
R R e R e e R S R R S
Table 1., shown in Fig. 4, the plate .of kelite (in Fjig. 4, reference
nuner al ¥ ?ﬁs TEAC TR %%ﬂ?%ﬂﬁ¥ﬂnd%1‘Fhéjhégﬁéﬁn§9 P&eSHth?ﬁ%ﬁFB?%T%tfor

t emperature nmeasurenent 6 having a thickness of 10 nm_a length of 50 mm
and a wiataesitsan ihad ©of eRdVREl e MoFeeedherkt urke PRsdsiaddento7sepe@kd on

a side thereof, and the fin 1 were laid one on top of
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, cobalt, chromium, iron, zinc, manganese, aluminum,
and magnesium, oxides of these metals, alloys of these metals, and
the like. Amongthesematerials, if ionization tendency is toohigh,
a velocity of oxidation due to the air is increased to change the
coating metal into an oxide quickly and, as a result, decrease of
the ionization tendency is also quickened to bring about lowering
of the heat radiating effect. Thus, more preferably, a material
selectedout of agroupconsistingof copper, nickel, cobalt, chromium,

zinc, and manganese, and alloys containing these metals is used.

16



another in order, and the fin 1 and the plate of Bakelite 4 were tightened
by bolts and closely adhered to each other to nmanufacture a test apparatus
Then, the test apparatus was placed on the styrene foamplate 8 with the
pl ate of Bakelite 4 on the |ower side. Heat radiation grease was applied
between the alum numplate 6 and the fin 1 and between the alum num plate 6
and the heater 5, respectively. As the heater 5, a heater of 100V/ 150W was
used, and electric 23 power of 9.5W (25V/0.38A) was applied to the heater
5 by a Needi fiedt mandmsias edb by tikusal 1dabusinddudiai sthiec kol coarsiel tdie
heater to radiate heat, and a tenperature at the tine when heat radiation

was st af 1 e ANh Bor BIPE MRl RIdRfe )i ReE¥eMLRULES MEE e COMRRE L. 2 The,
result i1s shown in Table 1. Note that ionization tendency in this case was

large in the ¢ 't of , 20 12x&Ni > unprocessed aluminumfin > Cu. Table 1
Mat er i all% g%:g%??n%’ I%yeraZ%yer t hi ckness) Starting tenperature

(O Tenperature aft 90 mnutes () Zn (1,455 9,84l . 1. 46

U 10. 842, 3N AN TRl fLRES Y i‘i?é‘é@éuanﬁg?lé“ﬁg%kﬁg%t%? rect,
um 19.844.1 treatment 19. 844. 9Room t enper at urel9,. 82Q. 1 Note), MM net hyl
o hacr3 1 BT LS bR TY aCPyl BLOCEEPaRE. COmOyALY Ofr GHY S dBycA Homt§ ORed
result, it is seen that the tenperature after ninety mnutes is in the
or der OPrIPESSINY PRPPRLY AL }prbt bes sRPBPLRF i e FE RFREfFRPLe
tenperature falls by 1. 4 Cto 3 . 1 C by stacking an object with a small
heat capatéryatorpadadevd it herompuncedsee lal emnbhlaysiaen tand inget hese
radi ation effect is inproved. Then, it is seen that a tenperature of Cu,

N, C,metaZf. WMdrda@rgde eRaIngats@T hesteneyf cqaiyiar st st L &1 shewineat hem
i nactive nethyl nethacryl ate-ethyl acrylate-styrene copolyner falls by O.

6C to 2;n30Cugand when WhakinZ akiofe heRRRRCY nbecoOMRM il A9 n 28ndehb§, heal
radi ation effect is inproved. Second enbodi nent As in the first enbodi nent,

identicgﬁ Qﬁaéx{§9£§ﬁ&n9ei5g§t9f and excellent in durability.

In the present invention, a metallic material constituting
the heat radiating finmain body andametallicmaterial constituting
the coatingmetal layer donot 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 radiating 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 on a

part of themainbody surface. It ispossibletoappropriatelyselect
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alumnumwth Zn, C, N, or Cu coated by plating on a heat radiating fin
mai n body of alum num having a length of 100 nm a width of 100 mm and a
hei ght of 40 nm a height of a fin of 30 mm thicknesses of the fin of 2 mm
in an upper part and 5 nmin a |ower part, and a weight of 480 g; wth

met hyl nethacryl ate-ethyl acryl ate-styrene copol yner coated thereon; and

W t hout any processing conducted thereto are prepared. Note that |ayer

t hi cknesses of the respective coating |ayers are as shown in Table 2. As
shown i 4 1 Gti%n thepdlRiL of aBaketdde the hiBeahepi @&r s EBguakugl nurapl at e
for tenperature measurenent 6 having a thickness of 10 mm a |ength of 50

mm andedﬁa%g%h of O MRt dher hok efmrofe@m@r@tégs@ JESSYT SreRt 4 7 ppened

on a si eof, and the fin 1 were laid one on top of another in order,

and the fi - o j 4 wer i.ah Y, S, an
closely05 e%@ﬂqgohggcﬁhg%ﬁaré?%?%%%f g% 6*%“%‘%@%tEgggngtﬂggg#h%ﬁYQ%he

t est apparatus, was gla ed on the styrene foamplate 8 with the plate of
Bakel i t® 42 RO H¥™ | DWet2SFde. Then, the cooling fan 9 (a length of 80 mMm a

wi dth of 80 mm nmanufactured by Sanyo Denki Co., , Ltd. ; nunber of

revol uti ons 2?5§96%ﬁﬁﬁcﬁﬁﬂﬁ%9%§ﬂ?QQ%RQW%W%t%%léVPrJLEWﬁﬁﬁ#%ﬁk%%%s)'
directly attached to the upper part of the fin on the 25 upper side to
per f or mreodki AgsiHakter 4di &% Brigreace dasadppl itdd chaersery itte v igh num
plate 6 and the fin 1 and between the alum numplate 6 and the heater 5,
respectilvefgreichdattorenf hE3VLabeVWitassusEdilas aded ingptiertal, lapdredeetri c
power of 84. 75W (75V / 1 . 13A) was applied to the heater 5 by a rectifier
manuf actie ediby il kisare dadalist kKEaKal sbatéothaustenlieaNeatidodpx ia@di af e
heat, and a tenperature at the tine when heat radiation was started and a

t enper ahyi 8cai L 8Ti Nkl ¥i Pl NUiese Wl 1GaRaned. 1 Thes Iesulitadie shgwnchd
Table 2. Note that the ionization tendency in this case was large in the

I
o ol els T TS LU D e R G 7L

to 7.5 um, more preferably 0.1 to 5 uym, and particularly preferably
0.5 to 5 ym. If the layer thickness is toco large, heat radiation
from the heat radiating fin main body is liable to be impeded. On
the other hand, if the layer thickness is too small, since an amount
of metal contained in the coating metal layer is little, the coating
metal layer, which chemically adsorbs oxygen to improve the heat
radiation effect, readily changes to an oxide 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, the layer thickness referred to here 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 average value
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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90 minutes (CZn (1.455 un)18.153.8Cr (1.467 Vim 18.154. 3N (1.513

um 18. 154. 4Cu (1.499 Vin) 18.154. 7MM (1. 552 un) 18.156. 9No

treatment 18. 157. 5( Room t enperature_ 18. 1~ 18.4 Note) MM net hyl

nmet hacryl ate-et hyl acryl ate-styrene copol yner Fromthe above-nenti oned
result, it is seen that the tenperature after ninety mnutes is also in the
order of Zn < O < N < C < MM < unprocessed alumnumfin even if cooling
by fan, and the tenperature falls by 0.6C to 3.7C by stacking an object

W th a sredtrdegmetapacahyl, rakanplel cdh®cunps ocess e, al fimowssZnt a
fin, and the heat radiation effect is inproved. Further, it is seen that a

tenper at Uk £, dpfdkkaths &F  t10E L th large ionization tendency conpared
with chem cally inactive nmethyl methacryl ate-ethyl acryl ate-styrene

copol ymer fald §:B%x2ndGdihctt 1ooa oA NRAL £524RL 0L B4 Rk 20T 14 P10 heat

radiating fin coated with the object 'with |arge ionization tendency is

i nproved b i i0 i Thi | en . i t

adi a0y Trbe bt Sl O Lo Sn PR T St B R B8 e
enbodi nen with zn, C,, N, , .and MM coated on a.heat radiating fin main
body  of SBFFH S AL 34 L hb S TaRS DS CRRST Y CoRetidy CeRe ph tdhind
prepared. Note that |ayer thicknesses of the respective coated |ayers are
as showh Hirdsvers. frfeespapécof a Bakdtid e sq Fetihest erch, 28 el et uid flum

pl ate for tenperature neasurenent 6, and the fin 1 were |laid one on top of
anot herplat brdeelectmasebactlatd ra t @shoappapatlied iteaf rom agiatitlearng va bne
manuf actured in the second enbodinent . Then, the f in 1 and the plate of
Bakel i tghdsives B tamght edegeb doiyt ol t(@vand sclobs eky vadhemnedapor ededo ot hiesr, and
the test apparatus was placed on the styrene foamplate 8 with the plate of

Bakel i t eod Wratheg) averssitde rifrig,t hheﬁf,apfoﬁeﬁﬁ@@bi nethal Suthaisishsimalar to
one used in the second enbodinent (a length of 80 nm a width of 80 nm

”anUfaC@Vﬁ?qppgsﬁ?nyﬁb;x%ydoﬁ¥ﬁcal CVD. In addition, the coating metal

layer can be stacked by combining these techniques 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 into various shapes to form
a heat radiating fin main body or may be processed into various
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 present invention, the heat
radiating fin main body or the coating metal layer or both of them
canbe formedas acomplexconsistingof twoormore kindsofmaterials.

For example, the heat radiating fin main body can be formed in a

19



Co., Ltd.) was attached to the upper part of the fin. A heater of 100V/ 150W
was used as the heater 5, and w thout changing the applied electric power

of 84.75W (75Vv / 1.13A), a tenperature of the central part of alum num at
the tinme when heat radiation was started and that after ninety m nutes were
conpared under the respective conditions that the nunber of revolutions of
the fan 9 was changed to 1800 rpm (flow rate: 0. 92 nB/m , 2900 rpm (fl ow
rate: 1.03 nB/m) , and 3400 rpm (flow rate: 1.20 n8/m . The result is

shown InmlT@bla%,@r MNohe-dad, 100 2aid abdendeneatdin Tdis Gage vasEdradege in

the order >C >N >unprocessed alumnumfin > Cu. 28 MNr--1 ,
E- ra! ﬁg@LMiWs{:YuytH%uaMNn%h th r Eﬁ"rfaéeoiérjy@@% 410
~MNt Wt Or+~ +m ~. m~num-n' ' W ~Q ~r i1 OONCT Uo~0~~0~0~0~S~

e e AR B TV AL T

CU~W(J%nsugﬁcaseﬂlé{§%esg§abi ouée@ﬁéa%ove mentionedmetalmaterial
with ionization tendency larger than that of silver for a layer
brought into contact with the air layer, and to set a layer thickness
thereof to a range of preferably 0.03 to 10 uym, more preferably
0.037 to 7.5 pum, and yet more preferably 0.1 to 5 um.

(3) Heat radiating method

The heat radiating method of the present invention is
characterized in that heat is radiated while bringing air serving
asacooling fluidinto contact with the surface of the heat radiating
fin of the present invention. Since the heat radiating fin of the
present invention has a coatingmetal 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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NOrl ~ ~~~~~~+-~Or~ "'"~~u7~r~cd,~r b -r-I\ N~ ~I Urlr-1~1Irl -i~lo ~ a~
a~ ~---- c~~r ra ~S~-~~~~0E~O~rl ~~-N~Uz NOOU+~ 1 NUr~ NI OU
rN.1J NOz From t he above-nentioned result, it is seen that the
tenperature after ninety mnutes is also in the order of Zn <& < N < Cu
< MM < unprocessed alum numfin even if changing the nunber of revol utions
of the fan, and the tenperature falls by 0.2Cto 2.6C in the case of 1800
rpm by 0.6Cto 3.7C in the case of 2900 rpm and 0.1C to 4.1C in the case
of 340Qag¢ pMunbitestwaaki RG dNachj eotrkwi thmatsaal & f heat r€apacy tyhe onperead wit h
t he unprocessed alum numfin, and the heat radiation effect is inproved.
Furtherorifins, seerdltdl oF terpenat dheealeCopeNof £rhedt Zdvhtind afige
i oni zation tendency conpared with chemcally inactive nethyl
net hacryd ate~elhy - afd yd Aty Shwr 8718 1IGRROLYNESo I Bhd SvibM padCihg #hASadm the
case of 1800 rpm 2.2Cto 3.1Cin the case of 2900 rpm and 2. 8Cto 4. 0C
in the ” g t heat 4 radiatd ffect t
radi at i%%é?}eﬁgtco?%?g&t%@gh%ﬁﬂé %gjnect (\jNI t ﬂ%gr%egsﬁgﬁ?%a?lg%ﬁ ?%%%g%%{, ?fs
i mproved, by, incr.easing.the_n r..qf revol utions of_the fan, .Fourt
erbod TERELF ARTEEar o EHL PAML T nd Ot P aR G CERAE 56 SIS 1o
those used in the third _enbodinent, with Zn,. C, N, Cu, and Z{icoated on a
heat radli BEFHhYCEi ATRRI ATboAS GP3A1GA METE fand Y™t FBUt2RINYY 1D dssT 1
conducted thereto are prepared. Note that |ayer thicknesses of the
r espect FyeateeRt My Ichparisadr 6 rg3 tsRsENSIAN Tad L aBt 3Pk TRethe ateabing
Bakelite 4, the heater 5, the alum num plate for tenperature neasurenent 6,
and t henétal laysrreahditth dnetbert oppodvarohhetr iadigrtdiem ed fratutlacten®. a
test apparatus that is simlar

In addition, it is also possible to further stack a catalyst or

the like on the surface of the coating metal layer in order to

facilitate chemical adsorption.

Brief Description of the Drawings

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

Fig. 2 is a perspective view showing an example of a structure
of a heat radiating fin of the present 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 heat 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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to one manufactured in the third enbodi nent. Then, the fin 1 and the plate
of Bakelite 4 were tightened by bolts and cl osely adhered to each ot her,
and the test apparatus was placed on the styrene foamplate 8 with the
pl ate of Bakelite 4 on the |lower side . Further, the cooling fan 9 that is
simlar to one used in the third enbodinent (a length of 80 nm a w dth of
80 mm manufactured by Sanyo Denki Co., Ltd.) was attached to the upper
part of the fin. A heater of 100V/ 150Wwas used, and whil e keeping the
nunber o sexohuthmengivéntBe fan 9 to 2900 rpm (flow rate: 1.03 nB/m, a
tenperature at the tine when heat radiation was started and a tenperature
after ninety m@ut@gs\@rﬁ@@%@wghamﬁg 4 ke J185ReakLYBeCoad) i pas  Lbat the
el ectric power applied was changed to 37.5W 84 . /W and 150W The result
s shoupobB-TabLeof sohohenthal boghzatbanobendency in this case vas |arge
of Zn > C > N

in the order > unprocessed alumnumfin > Cu. 31 N E~ U

bmerN]O&ﬁg dyocy ~QU7NCS- 1 - ~lkw-4nihw4r44 or.rrrrrra ~
Voo L L BDOME T SIS < e =ty g Aparatus 8E AL
-r-IrN—-OlGlG%OlO OLU~| olfl]lOILfIIOIfII0O--1,~~ OU ONM~ru7rl O N
~f ' TMVREYERT -a-ni~mw}ﬂxgemagﬁiw%%?m~-r-| ~ - ~tn—=W(7a...i ~Uorr
rrrr+-—~a-bt~u.rd~-Ux~4~ QN, O-~~~rMINU rl yr7~D~-161lu~-r-|
~~dN~dr~-r ~c>IR Lhe fagurgs, ppference QunayaNf 1 denoteda hgatrradianing
M ~~-~~~ CE~ U~rl VNiZU-kZ NUOOUNONI OUOI Nb NUa~ +~ E
fin; 2, a heat radiating fin main body; 3, a coating metal layer;
4, a plate of Bakelite; 5, a heater; 6, an aluminum plate for
temperature measurement; 7, a hole for temperature measurement;
8, styrene foamplate; 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 height 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 will Dbe hereinafter described
specifi;ally with reference to embodiments. However, the present
invention is not limited only 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, acentral part, andabottomsurfaceofafin, usinga fluorescent

X-ray apparatus.

First embodiment

22



OOz N Fromthe above-nentioned result, it is seen that the tenperature
after ninety mnutes is also in the order of Zn < & < N < CQ < MM<
unprocessed alum numfin even after changing the electric power to be
applied, and the tenperature falls by 0.3Cto 1.2C in the case of 37.5W by
0.6Cto 3.7Cin the case of 84.75W and 0.5C to 4.2C in the case of 150W
and the heat radiation effect is inproved by stacking an object with a
smal | heat capacity conpared with the unprocessed alum numfin. Then, it is
seen that a twenpesgsbe@hebt@adilitinGg fimg oZa lwint huhatge dienrifzatyd oimgBndency
conpared with chem cally inactive nethyl nethacryl ate-ethyl

acryl atfe_ﬁéz&’f&ﬂ‘&:&%@"‘f%"’)fﬁlalv_s;ngysxlcﬁcétéha]peg@d Bnbhe easeigf BAwHW 2.2C
to 3.1Cin the case of 84.75W and 2.8Cto 3.7C in the case of 150W and

the heaj,radi atjon, eff&cla1dq &@%g@%%twtea@'}a%lp%t iy Q3 ﬁ@a‘é"féh the; abj ect

W th Iarge i'Oni zation tendency 1S inprovéd by increasing the el ectric power

te(r)rbggl ﬁfafn)t V\/léjjf hFI Lé%t a%%g)dLl ernré-(l)_lbna‘\’/\%S Jt%ﬁ%%ess o) 0 37%6325(9 M&%E 1%f6 um
0. 503 1. 455 1l 2 7.568
and 10. DA T s @ EoBh e S e Ak k?% FomirbOr et By P et o es

thereof after nine mnutes with the sane nethod as the second enbodi nment .
The reseftthe %Jﬁb\ﬁrglznmabpea&u%er PRt el 12yEr inhpckA¥8EoPa 5T ncdR%rti ng
tenperature (C) Tenperature after 90 mnutes (C) 0.037 unl9. 557. 30. 106

uml9. 556. @O GOS8 afml4B G58. 8 455 .ul9.2553.102. 883 bnt91684mB3. 787 40 mm,

uml9. 554. 84. 993 uml9. 555. 36. 112 uml9. 556. 97. 568 unl9. 557. 410. 231

uml9. 554. 8Ng0 tfeat eeat L b p8addRop -t enmrey at anfi el@ebti 91 h&sonrddeating
above-nmentioned result, it is seen that inprovenent in the heat radiation

ef f ect fasnr%%hkafmiﬁlymemethsckpngkeeéﬁwi G la% d-3 td dedRgec o DyBdy um
to 10 um nore renmarKabl e when t
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 in the following), the heater 5, the aluminum plate
for temperature measurement 6 having a thickness of 10 mm, a length
of 50mm, andawidthof 50mmwith the hole for temperature measurement
7 opened on a side thereof, and the fin 1 were laid one on top of
another in 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 1 and between the aluminumplate 6 and the heater 5, respectively.

As the heater 5, a heater of 100V/150W was used, and electric
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thickness is in arange of 0.1 umto 7.5 Vim and in particular when the
thickness is in a range of 0.5 ~mto 5 um Sixth enbodi nent The sane
alumnumfins as the first enmbodinment with Ni stacked thereon with a

t hi ckness of 0.031 pm 0.587 um 0.998 um 1.486 um 2.999 um 3.893 dam
4.875 dam 5.669 um 7.665 pm and 10.026 pm respectively, were used to
conpare respective tenperatures thereof after ninety mnutes with the sane
met hod as the second enbodi ment. The result is shown in Table 6. 34 Table
6 Startpagetermper awuresy Q) TBmpewvasuiep bfé@t Odhaihudtes 6GQPa0Bdctifier
uml9. 857. 10. 587 unil9. 856. 60. 998 uml9. 854. 81. 486 uni9. 853. 52. 999

uml9. 854aAdr 888u el POk Rds 87 SkaFlIn BRO. 21 6K tH192856. e 688ater to
uml9. 857. 310. 026 unil9. 858. 1No treat nent 19. 858. 2Room t enperat urel9.8 ~20. 1

From the,above- geat | ongd £e§%f3eréﬁu£§ seepné halnd nproyenent Faglhe; bgat
radi ation effect 1s remarkabl e when the thlckness of nickel is in a range

of 0.03,4 g‘?éxgaz]@eé’@ '8 EehBIRE ﬁ?leea £ 1%%1{#'"1\1%%%%%% l«éré”%&}lgﬁ‘@& of

0.5 un1¥o um and in pa ness 1sin nge of 0.5

umto 6 m _Seventh enbodi nen heat radi atin in.of the e _as shown
' Fig. TBEWFTR S S SORE CReraBhowkt h Nid& e3P 255654 SRS 2 H 08" um
0.532 u 1.612 um 3.661 u 5.053 um_ 6.022 um 7.889 um and. 10,088 um
respect F éFfaS@nW%S HE&9 e HitaE ST Rk i Cb‘baﬁ\”of’ URRRASRFRSH ?iﬂu%lp‘éfﬁgt h
of 100 M a width of 100 mm and a height of 40 mm the nunber of fins of
625, a hénghtCef the fin of 34 mm and a thickness v. of the fin of 2nm X 2
nmm was used. A cooling device (manufactured by Frigester Kabushi ki Kai sha;
35 F44-HS) , in which the heat radalalenyy fin 1 with the Peltier el enent

10 SUbj ect nrJ Ln fhn ahn\ln mention rl treatment iS arrannnrl and-the cooli ng

fan 9 (an bl AT QR AT & WSdt h of 1DOF hHRIt he rﬂﬁf@?el’cﬁtqlﬁlcﬂiﬁ?%rs of
3600 rpm gyen fMCkress angedt PRRPERRUT R rby 90 minutes (°

Zn (1.455 um) 19.8 41.8

Cr (1.467 um) 19.8 42.3

Ni (1.513 pm) 19.8 42.5

Cu (1.499 um) 19.8 43,5

MM (1.552 pm) 19.8 44,1

No treatment 19.8 44,9

Room temperature 19.8 20.1

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

From the above-mentioned result, it 1s seen that the
temperature after ninety minutes is in the order of Zn < Cr < Ni
<'Cu < MM < unprocessed aluminum fin, and the temperature falls
by 7.4°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 temperature of Cu, Ni,
Cr, or Zn with large ionization tendency compared with chemically
inactive methyl methacrylate-ethyl acrylate-styrene copolymer

falls by 0.6°C to 2.3°C, and when ionization tendency becomes large,
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as shown in Fig. 6 was used. The heat radiating fin and the Peltier el enent
were cl osely adhered by heat radiating grease. Then, as shown in Fig. 7,

t he cooling device was arranged such that the cooling surface 11 ( Pettier
el ement portion; tenperature nmeasurenent 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 Pettier elenent 10, and tenperatures on the
cooling surface after ninety mnutes were conpared. The result is shown in
Tabl e 7thdade: 7r&ibdting ¢ efpet aivrang€)dedper ature after 90 m nutes

(©) 0.034 unk2. 8- 14. 30. 098 unk2. 8-16. 80. 532 unR2. 8-17.51. 612
unR2. 8- 18. 23. 661 unR2. 8-16. 95. 053 unR2. 8- 16. 06. 022 unk2. 8- 15. 27. 889

unR2. 8-14. 79. 975 unk2. 8- 14. 4No treat nent 22. 8- 14. 1Room t enper at ure22. 822. 4
From the above-nentioned resuld..dtql Sussgihdhat reduction 36 in the

tenperatures on the cooling s m?f%ce—rs—m—g‘nﬂ*rt nt and |rrpr ovenent in the
heat di at ff I
cat radia ' % gﬁ%ofjérét?@{b%%gm%n%egangv\%g%cﬂg e thl aztll gg E%n!s”o@

range of O. 0 am nore renarka ness is In

range of. 0..03 da 8 um _and i artl t he thicknes

ange ot LG Rg s ZmCH BRI e hBO A PR Rt %gpsaraa{hl&stu%ﬁgamg
Pettier el enent was manuf actured in the sarre manner ﬁ(ﬁ@l n the seventh
enbodi nEht BXERPPOTHaPL h@hE ™M RidR afd W9 | AsLSRI LR uPF ntY (Bhe ‘i‘)rWB}édOfvm th a
coating netal |ayer and one w thout being subjected to processing) which

are t hele@mn,asndhobeigbedf ¥ 0tme, & heigkhtsddinfEim owed @ mins edh i Tenpesas ur es
in a center of an alum num plate set on a cooling side at the tine when

vol t agesfofhg f£irb of andml@nVaneuepappbaed antl 3 en nunbeiowtrrexot utawd of a
fan was changed as 1800 rpm 2900 rpm and 3400 rpm were conpared. The

resul t &syesihnoitng 3@y ;ew 8+ h Tadd e, B mdiBet yoh teevehylli 2051 8H0e ¥ pPPO0
rpnB400 rpniType/ Voltage7.5 V10 V7.5 V10 V/.5 V10 VZn (I . 455

u”)1-40c§€o§ e?océa%eéckhg%eggz ¥&M@%ﬂ%§m§ﬁzﬁgaﬁ é%é@*n 1c§$§ucted
um 2.21.5 7-0.1Cu (1.499 Vi 2.51.71.90.91.30. 6IWM (1 552

{enper af BF 5360 BB 5}%@3@?}1& ST Rar e P SRESEHES
acrylatgog%xggnfa§ggs gggras shown in Table 2.

As shown in Fig. 5, the plate of Bakelite 4, the heater 5,
the aluminum plate for temperature measurement 6 having a thickness
of 10 mm, a length of 50 mm, and a width of 50 mm with the hole
for temperature measurement 7 opened on a side thereof, and the
fin 1 were laid one on top of another in 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. Then, the cooling fan 9 (a length
of 80 mm, a width of 80 mm; manufactured by Sanyo Denki Co., Ltd.;

number of revolutions 2, 900 rpm, 12V/0.13A; flow rate of air =

1.03m*/m) was directly attached to the upper part of the fin on the
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Fromthe above result, it is seen that, even if an applied voltage and the
nunber of revolutions of the cooling fan are changed, the heat radiation
effect is inproved and a tenperature on the cooling surface is decreased by
coating the surface with an object having a | arge ionization tendency.

I ndustrial Applicability Since the heat radiating fin of the present
invention is provided with a coating netal |ayer consisting of a netallic
material with large ionization tendency, the cheni cal adsorption of oxygen
in the appet & dswd pee folrmt beoheay . r athat imglifatr drs graeiski vas eglhpliand

nol ecul es physically adsorbed to the surface is desorbed to inprove the

heat ragéeléon wfd agtimiamr kabty 6 bRdagde tiion shacthharheat saghathmg fin
has t he coatlng nmetal |ayer thinly stacked such that a heat capacity

t her eof ?énﬁléﬁé thamthat - of argggécgggég§lng fin main body, a heat
t

capacit e air Increases relatively, di fference between the heat

f he
capact 7, %1 1G5, EARREL U A (LB DO Ut LOR £ .
I fluid h d. A di th t di at t hod
Geing DR REE Thail U FREVHITY OFFL Ha® BERRae T h BREICAN ST AU LRGP IoT o

used as a cooling fluid, a high heat radiating effect can be obtai ned

wi t hout "fRYfarFrhgd 3By Kakewa:uKa?%hlEys%h?%dt%nca@%%r*a%sh%%%r as®a

punp as in a water cooling systemusing a cooling liquid such as water, and
a conpaC@dlhtghhe&E»ghndaﬁdtemeap@hsreeatobhﬁn@l@@th@nchﬁaberﬁdbaté@@ I n
addition, since a heat radiation efficiency is better than the conventi onal
air coohhsgssa(st@dmart&e penpkersusachf Gsr imareas amitiutes weref canpappdr at us

and noi se followi ng ventilation can be elimnated. The heat radiating fin

of the presenduinvientheancan N1l idi zrdref fiest iRl Y onata@nby t8ndedigpl ay
apparatus such as a television, a conputer, or a plasma display, an

el ectri ¢,prpduc £G4 G rARRA BLUS rSYENZARS, & of &f wlgsr ahBEofL,a-grt or,

and vari ous msc%anl cal apparatuses such as an engine or radiator of an

autonDblkumlnuhe%t e;c@anger a nucl ear reactor, and a generator but al so
in switd
Table 2
Material of coating layer Starting Temperature after
(layer thickness) temperature (°C) 90 minutes (°C)

Zn (1.455 pum) 18.1 53.8

Cr (1.467 um) 18.1 54.3

Ni (1.513 pm) 18.1 54.4

Cu (1.499 um) 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 1is 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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a heating elenent of a small integrated circuit such as an IC chip or an

el ectronics device, and the |ike. 39 Clains 1. A heat radiating fin
conprising a main body and a coating netal |ayer stacked on a surface of
the main body, characterized in that at |east ionization tendency of a
metallic material constituting the coating nmetal |ayer is larger than that
of silver. 2. A heat radiating fin according to claim1, characterized in
that the nmetal material constituting the coating nmetal layer is selected
out of aigl ey tAeliiNgae0RRebn &Y £k&l i sCORGdve£Nr OirtRezi D€ .1 TBOFANESE,
and alloys containing these netals. 3. A heat radiating fin according to

claim 2th893ar@&ﬁl§é£§€9ré thmt N&he:ﬂreéﬁlzmm& hakgeonsii A4 10 Lh8e£L@t I NY
netal |ayer is selected out of a group including nickel, chromum zinc,

and all aip these Lt ea hat r to
any one8§§ SPQ?HE %@?o c éﬁ%& efﬁ%é&AW% heEﬁ 1heg§9%é%g¥9§98 gtﬁgl
coati ng_net al Ia LS snall r tha h %P%Plt he i

heat radra ?ng f%ﬁyﬁgggr%O%Of %eﬁnyag%%%) 2glalmsoy3 % &R gé 8¥§Ed in
that a Ia er . thick £SS of the oatln met al er is 0,03 to 10 Vim 40

6. "A hePULRALER MOLFTh G CTrIPRgt BOPGEONE it AR Pith she oblect
characterized in that the main body consists of alumnum 7. A heat

radi ati HgthelR6@S éRBLEBEEPNZEANBYNFYdL L iRPTAEAE WHi Venbiiaging vAénai r
serving as a cooling fluid into contact wwth a surface of the heat
radi ati agftéhm according to any one of claims 1 to 6. 41

. A. Ah. Ah. AU, . Ah. AU@ Ah9. Ah, . Ah. AU, . AU@ AU, . Ah. A@ Ah, . A, . AU@ AU@ AU, . Ayh, . AU
. Ah, . AU. AU, . Ah, . AA. AhY. Ah. AY. Ah, . A{, . A<. Ah, . A, h@A, h. ANh. Ax. An3 . A{, . AhS. A3
O _ag=~Dc#$%ghnmoB{vql f a\ W ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c

a] ca] ca] ca] c”a] ca] ca] ca] ca] ca] cfyalcalsRLiadsal cral ctal Be) p

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
3.

The plate of Bakelite 4, the heater 5, the aluminum plate for
temperature measurement 6, and the fin 1 were laid one on top of
another in order to manufacture a test apparatus that is similar
to one 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
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 second embodiment

(a length of 80 mm, a width of 80 mm; manufactured by Sanyo Denki
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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°Cto 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 1s 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 without
any processing conducted thereto are prepared. Note that layer
thicknesses of the respective coating layers are as shown in Table

4.
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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 by Sanyo 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
temperature after ninety minutes were compared under the respective
conditions that the electric power applied was changed to 37.5W,
84.7W, and150W. TheresultisshowninTabled4. Notethationization
tendency inthiscasewas large intheorder of Zn>Cr >Ni > unprocessed

aluminum fin > Cu.
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Table

(°C)

Temperature
after 90
33.2
33.

33.4
33.5
35.1
35.4

minutes

37.5 W

Starting
temperature
(°C)

17.
17.
17.
17.
17.
17.

Applied

(1.455)
Cr (1.467)

Ni

(1.513)
(1.499)
(1.552)

Material of coating
No treatment

layer
(layer thickness-um)

electric power

Type/
Zn
Cu
MM

Note) MM; methyl methacrylate—-ethyl acrylate-styren
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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 pm, 3.787 um, 4.993 pm, 6.112 pum, 7.568 pm, 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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7. A heat radiating method, characterized by radiating heat
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