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DESCRI PTI ON APPARATUS FOR COOLING A BOX WTH HEAT 5 - | ,
GENERATI NG ELEMENTS RECEI VED THEREI N AND A METHOD FOR COCLI NG SAVE '
BACKGROUND 9P 014593 NVENTI ON Field of the Invention 10 PCT/JP00/05466The
present invention relates to an apparatug for cooling a box wth heat
generating elenents received therein and a nethod for cooling sane in
various el ectronic devices requiring heat dissipation. In particular, the
present invention relates to an appESKCRIPTRONCOOl i ng a box w th heat
generating el enents received therein and a nethod for cooling same in 15
which cool air is taken fromoutside into the box, heat exchange is

i npl emented therein, and then hot air is discharged. Background of the
| nventi on A sem conductor chip or the like which is used in

various el ectroni G ppap ATUS FOR COOLING A BOX WITH HEAT
5 GENERATING ELEMENTS RECEIVED THEREIN AND A METHOD
FOR COOLING SAME

BACKGROUND OF THE INVENTION
Field of the Invention
10 The present invention relates to an apparatus for cooling a box with
heat generating elements received therein and a method for cooling same in
various electronic devices requiring heat dissipation. In particular, the
present invention relates to an apparatus for cooling a box with heat -
generating elements received therein and a method for cooling same in
15  which cool air is taken from outside into the box, heat exchange is
implemented therein, and then hot air is discharged.
Background of the Invention
A semiconductor chip or the like which is used in various electronic
devices such as a personal computer, a game console or an audiovisual
20 system is downsized and the integration density thereof becomes large to
remarkably increase a processing speed, which results in an incredibly high
heat generating density.
There is known a method for cooling a box receiving therein such
electronic devices as a personal computcr, a game console or an
25 audiovisual system including semiconductor chips which have high heat
generating density, by means of taking cool air from outside into the box,

implementing heat exchange therein, and then discharging the air with an



devi ces such as a personal conputer, a gane console or an audi ovi sual 20
systeri?:ibls downsi zed and the .integration density thereof becones large to
remar kably increase a processing speed, which results in anj edi bly high
heat gener aﬁ%‘ﬂ“&?ﬁsi ty. There is known a net hor}é%ﬁméé?ﬂ iyng g
box receiving therein such el ectrormg c devices as a personal conputer,
a gane console or an 25 audiovisual systemincluding sem conductor chips
whi ch have hi gh heat generating density, by neans of taking cool air
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There are provided on the box"an alr intake port 29 for taking in outside
air RNdTherd areprovidedon thedroxlas afringakegport @9:fior takingnin sitside air t he
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installed on the discharge port. In addition, there is disposed in the
vicinity of the discharge port a heat dissipating fin 26 for dissipating the
10 heat generated by heat generating elements (not shown) mounted on the
printed board 25 so as to be located close to the discharge fan 22.

The heat generated by the heat geperating element mounted on the
printed board 25 is discharged within the box 21 by the heat dissipating fin
26. At this time, the outside air is taken in from the air intake port 29 as

15 shown by arrows 23 and passes through the heat dissipating fin by the
function of the discharge fan 22, and then is discharged through the
discharge port by the discharge fan to the outside of the box as indicated by
arrows 24.

Fig. 8 is a schematic longitudinal sectional view of an apparatus for

20 cooling a box according to the conventional method.

A heat pipe is arranged on the apparatus for cooling the box as
illustrated in Fig. 8. As shown in Fig. 8, a printed board 25 is installed in
the box 21, and the heat generated by the heat generating element 28 is
transferred by a heat pipe 27 to the location where a heat dissipating fin 26

25 isinstalled. In the box depicted in Fig. 8, there are similarly provided an
air intake port 29 for taking in outside air and a discharge port for

discharging air from the box to the outside of the box. “Furthermore, a



10 heat generated by heat generating elenments (not shown) nounted on the
printed board 25 so as to be |located close to the.discharge fan 22.

The heat generated by the heat generating el ement nounted on the

printed boal® Y8 discharged within the box 21 by the he ETAPYGSHAL i ng

fin 26. At this time, the outside air is taken in fromthe air intake
port 29 as 15 shown by arrows 23 and passes through the heat dissipating
fin by the function of the discharge fan 22, and then is discharged

t hrough the dischargb farh22 ipeapangedbglostito thesdisahapgefpont.t olhére isdispodedof t he
box as i ndi cated arr [ 8 is a schematic

24, . . Flg, .scher
| ongi t udi nalmélé‘éﬂféh’é}’ m@eréph%ﬁsemaaé\eagdmpaﬁeggfeeaﬁifﬁg dissipating: cor di ng

to the conv al neth | S ayra ed on the

appar at us fgﬂe PS?) g%rqtﬁg%got;gegat genagppggﬁ'frﬁ%@ﬁﬁ’ﬁ r}ﬂﬁ shown in
Fig. 8 a pyrnﬁe&'besﬁﬂs 83 ab fo bBIbELARIR to the didtha pand the heat
generated b e heat generating el enent t a erred by a heat
pi pe 27 60 the | oThtiheat gdmaed ﬂmatthellheat gatermgng Ieluﬁ&ltZZB mountédoal | ed.
In the box depicted in Fi , there are simlarly provided an air

i nt ake port the prigted quardg%nstmnswa@d byth ahaafapmps%ﬁwbes diseharged

G oehar 1 ol KBRS B9t R Mo SBhRAS Pl | R PSS, o0, |
d' sposed  ajr js taken in from the air intake port 29 as shown by arrows 23 and passes
through the heat dissipating fin by the function of the discharge fan 22, and

10  3then is discharged through the discharge port by the discharge fan to the
outside of the box as indicated by arrows 24.

As described above, in the conventional apparatus for cooling the
box, when the heat generated by the heat generdting element is cooled by
the heat sink including the heat dissipating fin, the heat dissipating fin is

15  arranged very close to the discharge fan within the box. More specifically,
it is expected that the box is cooled by discharging as large amount of air as
possible from within the box to the outside of the box, since the wind
velocity is highest just in front of the discharge fan, as far as wind velocity
is concerned.

20 In the conventional apparatus for cooling the box, however, there
are the following drawbacks. More specifically, when the heat dissipating
fin is arranged very close to the discharge fan within the box, a tempcrature
of the air taken into the box from the air intake port is raised due to the heat
generated by the heat generating element within the box. Accordingly,

25  the air with the temperature thus raised passes through the heat dissipating
fin not to effectively dissipate the heat, thus deteriorating the cooling

efficiency of the heat dissipating fin.



in the vicinity of the discharge port a heat dissipating fin 26 for

di ssi pati ng the heat generated by the heat generating el enent 28
mounted on the printed board 25 so as to be located close to the
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el enment 28 nounted on the printed bpard 25 is transferred by the heat
pi pe 27 and is di scharged within the box 21 by the heat dissipating
fin 26. At this time, the outside air is taken in fromthe air intake
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SUMMARY OF THE INVENTION
To solve the problems in the conventional art, the present inventors
15 have been studying hard. As a result, the following findings are obtained.
More specifically, it is found that in the apparatus for cooling a box in
which air is taken from outside into the box, heat exchange is implemented
therein, and then the air is discharged, when the heat dissipating fin is
arranged close to the air intake port instead of the discharge port, the heat
20 dissipating fin can be directly cooled by the air which is taken directly from
outside into the box and has a coolest temperature, thereby improving the
cooling efficiency of the heat dissipating fin.
Furthermore, it is found that if the heat dissipating fin is installed in
such manner to be positioned in the vicinity of or above the heat generating
25 element in the horizontal direction in case that the box is vertically installed,
a heat generating source such as the heat generating element can be

arranged  so as to be a level with or below the heat pipe even if the box is



4 When the heat pipe is applied to the heat sink (heat
di ssipating fin), a heat source such as the heat generating el enent .

has to be %6@9?{3293 SO as to be positioned on a level Wchp Ioapé?! O\év the"

heat pipe in order to have the heat pipe effectively operate

assure the operation principle of the 8 heat pipe). |In addition, in case
of an apparatus which can be both vertically and horizontally
installed, a plurality of heat pjpes have to, be di sposed in order to
cause the hborizeately Cﬁép‘éﬂeﬂe@thlqléwugfeérﬂ:l{ thgninstalled heat pqus ®h object of the
present inveption.s therefore to provide an apparatus for cooling a
box with heﬁﬁbgﬁﬂaygppﬁﬂog1enents recei ved therein 10 and a nethod for

cooling same, by T'%E gFESEH?'rﬁ/&ﬂki'bﬁ%ﬁsf friadeBH3¥d On thel®dVe-mentidhédi pating
ved and a

fin can be inpro eat plpe can effectively function.

SUMVARY OF finlidgddVENTI ON To solve the problens in the
conventional art, the present inventors 15 have been studying hard. As a
resul t, %he fol | cFhefirstcmbedimentofsmgthedfor cooling,s box ywaithheat |y, it is
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cl'ose to neeRE T Al ake port I nstead of the di Stharga port. the heat 20
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from outside and a discharge port for discharging air from the box to the outside,
10  and installing a heat dissipating fin in the Ibox;
(2) disposing a part or a whole of said heat dissipating fin close to
said air intake port within said box; and
(3) causing said air taken in from said air intake port to pass through
said heat dissipating fin to dissipate heat generated by said heat generating
15 element, and then discharging air with a temperature raised by passing
through said heat dissipating fin from said discharge port to outside of said
box, thus cooling said box.
The second embodiment of a method for cooling a box with heat
generating element received therein of the present invention comprises the
20 steps of:
(1) arranging in the box an air intake port for taking in air from
outside and a discharge port for discharging air from the box to the outside,
and installing a heat dissipating fin and heat transfer means in the box;
(2) disposing a part or a whole of said heat dissipating fin close to
25  said air intake port within said box;
(3) transferring heat generated by said heat generating element to

said heat dissipating fin by said heat transfer means; and



outside into the box and has a cool est tenperature, thereby inproving the
cool-ing efficiency of the heat dissipating fin. Furt her nore,
it is found that if the heat dissipating fin is installed in such
manner to bé¥P8KI¥oned in the vicinity of or above the heatrcgeresdiésng 25
el ement in the horizontal direction in cgse that the box is vertically

I nstall ed, a heat generating source such as the heat generating

el enent can be arranged so as to be a level with or bel ow the heat

pi pe even if the chiising said air taken i id air i
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transfer means comprises at least one heat pipe.
In the fourth embodiment of a method for cooling a box with- heat

10  generating element received therein of the present invention, said box can
be vertically and/or horizontally installed, and said heat dissipating fin is
installed in such manner to be positioned in the vicinity of or above said
heat generating element in the horizontal direction when said box is
vertically installed.

15 In the fifth embodiment of a method for cooling a box with heat
generating element received therein of the present invention, a fan for
discharging air is further installed close to said discharge port.

The first embodiment of an apparatus for cooling a box with heat
generating element received therein of the present invention comprises: an

20  air intake port for taking in air from outside of the box; a discharge port for
discharging air to outside of the box; and a heat dissipating fin which is
partly or entirely disposed close to said air intake port within the box,
wherein said air taken in from said air intake port is passed through said
heat dissipating fin to dissipate heat generated by said heat generating

25 clement, and then air with a temperature raised by passing through said
heat dissipating fin is discharged from said discharge port to outside of said

box, thus cooling said box.



said air intake port within said box; and (3) causing said air
taken in fromsaid air intake port to pass through “sai d heat Co
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generating element is transferred to said heat dissipating fin by said heat

transfer means, said air taken in from said air intake port is passed through

10  said heat dissipating fin to dissipate heat generated by said heat generating

element, and then air with a temperature raised by passing through said

heat dissipating fin is discharged from said discharge port to outside of said

box, thus cooling said box.

In the third embodiment of an apparatus for cooling a box with heat

15 generating element received therein of the present invention, said heat
transfer means comprises at least one heat pipe.

In the fourth embodiment of a method for cooling a box with heat
generating element received therein of the present invention, said box can
be vertically and/or horizontally installed, and said heat dissipating fin is

20 installed in such manner to be positioned in the vicinity of or above said
heat generating element in the horizontal direction when said box is
vertically installed.

" In the fifth embodiment of an apparatus for cooling a box with heat
generating element received therein of the present invention, said heat

25 dissipating fin comprises a heat sink with said heat dissipating fin fixed
between a base member and a fitting member in a sandwiched manner.

In the sixth embodiment of an apparatus for cooling a box with heat



t hrough said heat dissipating fin fromsaid discharge port to outside of
said ‘5 box, thus cooling said box. In the third enbodi nent
of a met hodefor cooling a box with heat generating el enent received
therein of TRIVI%Eent invention, said heat t ransf er RGTARE0/QS46eDr i ses
at | east one heat pipe. In ghe fourth enbodi nent of a met hod
for cooling a box with heat 10 generating el enent received therein of the
present invention, said box can be vertically and/or horizontally
instal | ed, ogemesating tleatendirecdiped tingrefri of thee present inveheibhes fag fsuch manner
to be positiqcined in the vicinity of or above said heat generating

el ement in tHechasgingodt is furthesdnsighledidosesty snid ghisgharge port.vertical |y
installed. 15 In the fifth enbodi nent of a nmethod for cooling a
box wi th heat generating el enent received therein of the present

i nvention, %RWMSCRIPT%WWF%DMWIN(E%” her installed close to

sai d di scharge port. st enbodi nent of an apparatus for
cool ing & box wi tFigldaisaschermRegﬁfsbéai@é oW bhowing uﬁ%prﬁI_tﬁé forof the

present invention conprises: an 2 air intake port for taking in air from
outsi de of tdeelinga bex withther heat generating elementiirecdivedtheyein and @ out si de of
i Sposed ol dREOq TorraoiPE ShmehecoRRe hitbnbresens ibgaton” Wher ei n’ sai ¢
ol aken |n T onksgl A ColeM AN RS LR B, |, "5
eat i st patTag Tt e har bed T o o B B e R s e of
sai d 10 bdhereimaccarding togthegprdséntinvention depicted in Fig. 1;
Fig. 3 is a schematic perspective view showing an apparatus for
cooling a box with the heat generating element received therein and a
method for cooling same according to the present invention;
Fig. 4 is a schematic transverse sectional view of an apparatus for
15 cooling a box with the heat generating element received therein according
to the present invention;
Fig. 5 is a schematic perspective view showing one embodiment of
the heat dissipating fin;
Fig. 6 is a view showing components of the heat dissipating fin;
20 Fig. 7 is a schematic perspective view showing an apparatus for
cooling a box according to the conventional art; and

Fig. 8 is a longitudinal cross sectional view of an apparatus for

cooling a box according to the conventional art.

25 DETAILED DESCRIPTION OF THE PREFERABLE EMBODIMENTS
With reference to the accompanying drawings, there are described

an apparatus for cooling a box with a heat generating element received



7 The second enbodi nent of an apparatus for cooling a box

w th heat generating elenent received therein of the present inverntion
conprises: {doiizgezdi I intake port for taking in air from | f the
box; a di scharog;esgort for di scharging air to outside gﬁ%@%fﬁ))‘(; a
heat dissipating fin which is partly 5 %r entirely disposed close to said
air intake port within the box; and heat transfer neans for

transferri ng heat g nﬁrat ed $¥ sai q heat generagfin el ement to said
heat di ssi paheredn AR themstaes terepoliehiamg accorgdngtathepresent inveation.at i ng

element is transfegfre ' | 831 | f I d;heat

transfer means, sjirh(? %prt"%@gg% %ﬁq&%ﬁnﬁégR@tﬂg!ﬁgle,lakggﬁ%ragﬁgtel?@cﬁ%sSed .
through 10 -gatidelqRrettt afufaaﬁeaaufimemoﬁbéﬁi[mﬁwahw itﬁ@f@géftefﬁr by said
heat generating el ement,” and then air with a tenperature raised by
passi ng t hr aaRingsin air from ohtside df el lpart,i andis€harge podt fortdiscletgingoair tai d

di scharge port to outside of said _, . box,_thus cooling said, box.

In the tBirewsidsnfithaboss and adspbdissipating fin ydichis pamky,ongntiteheat 15
generating el.enment, recej ved t.herei n_of the. present inventiaon,. I d .heat
transfer ne ?W%%toﬁ’teqléﬁggk%ﬂgrt%‘éﬁmp% 0x, wherein the air qi‘ef‘ﬁﬁ fourth
enbodi nent t | | issipatingth ting el enent
received t hﬁ%@nﬂgfaﬁ?&ésggﬁﬁ% bf‘%\?@é?%ﬁ” tg'lgil%‘”agg&sszpaaﬁl ﬁr‘@e vertically
and/ or hori zdigdiphleyhdat gentdacet bt hedtenesdting cleireat, digl fhien diswith a
installed in such manner to be positioned in the vicinity of or above said
heat gener attempesatuneraisechby passing thiowghitheiiheatdissipating finsis diseharged

verticall i nst a
10y romtlh

lee@ﬂécharge port to outside of the box, thus cooling the box.

In the apparatus of the invention, ‘the heat dissipating fin may
comprise a heat sink with the heat dissipating fin fixed between a base
member and a fitting member. More specifically, the heat dissipating fin
comprises a heat dissipating fin portion which has a plurality of mountain-

15 shaped portions and base portions supporting the mountain-shaped portions,
a base member which has a plurality of slits into which the mountain-
shaped portions of the heat dissipating fin portion are to be inserted and a
plurality of holes for fixing the heat dissipating fin portion, and a fitting
member, provided with a plurality of projecting portions corresponding to

20 the plurality of holes of the base member, for fixing the heat dissipating fin |
portion between the base member and the fitting member itself.

Furthermore, the apparatus for cooling a box with a heat generating
element received therein of the present invention comprises an air intake
port for taking in air from outside of the box, a discharge port for

25  discharging air to outside of the box; a heat dissipating fin which is partly
or entirely disposed close to the air intake port within the box, and heat

transfer means for transferring heat generated by the heat generating



In the fifth enbodi nent of an apparatus for cooling a box wth heat
generating el enent received therein of the present invention, said heat 25
dissipating fin conprises a heat sink with said heat dissipating fin fixed
bet ween a bX¥X@¥MBer and a fitting menber in a sandw ched P¢ERREI05466

In the sixth enbodi nent of an apparatusipor cooling a box with heat

8 generating elenent received therein of the present invention, a
fan for discharging air is further installed close to said discharge
port. elefdBhito tleNédt Tisibhating fHinEwlefdihNieat gbnerated by tedheak 1S a
schemati c perspective view show ng an apparatus tor cool ing a box

with the hegengeatingelemendlie transforeasetosdi¢ head dissipading fin by the heat hod f or
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wi th the heat generating el enent received therein an for
cool i ng sanadissipating fin isodistiearged fromh therdischarge port to outside of the box,
thus cooling the box.
The method for cooling a box with heat generating elements
received therein of the present invention comprises the following steps.

10  More specifically, it comprises the steps of: (1) arranging in a wall of the
box an air intake port for taking in air from outside and a discharge port for
discharging air from the box to the outside, and installing a heat dissipating
fin in the box with the heat generating element received therein, (2)
disposing a part or a whole of the heat dissipating fin close to the air intake

15  port within the box, and (3) passing the air taken in from the air intake port
through the heat dissipating fin to dissipate heat generated by the heat
generating element, and then discharging air with a temperature raised by
passing the heat dissipating fin from the discharge port to outside of the
box, thus cooling the box.

20 The method for cooling a box with a heat generating element
received therein and including heat transfer means such as a heat pipe of
the present invention comprises the following steps. More specifically, it
comprises the steps of (1) arranging in a wall of the box an air intake port
for taking in air from outside and a discharge port for discharging air from

25 the box to the outside, and installing a heat dissipating fin and heat transfer
means in the box with the heat generating element received therein, (2)

disposing a part or a whole of the heat dissipating fin close to the air intake



Fig. 4 is a schematic transverse sectional view of an apparatus for 15
cooling a box with the heat generating el enment received therein according
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[ [ f I h
generat | hy dissharging air withch RRRREARE snReg B3 RAsS el e Real iRilatiE Banpr i ses
an air int a'fFoxH?lgér d{?@har}'%arglri?&bﬂi‘slﬂé‘of'tﬁe b6 2 Ak bR the Ho%. bOX a

di scharge port I SC ng air
The method for cooling a box of the present invention can be
utilized in all the fields of electronic devices requiring heat dissipation.
Fig. 1 is a schematic perspective view showing an apparatus for
10  cooling a box with the heat generating element received therein and a
method for cooling same according to thé present invention. |
As shown in Fig. 1, a printed board $ is installed within a box 1
vertically disposed. An air intake port 9 for taking in air from outside of
the box and a discharge port for discharging air to the outside of the box are
15  disposed in a wall of the box. Furthermore, a fan 2 for discharging air is
provided to the discharge port. A heat dissipating fin 6 is provided close
to the air intake port 9. One end of a heat pipe 7 for transferring the heat
generated by a heat generating element 8 mounted on the printed board 5 to
the heat dissipating fin 6 is arranged so as to be in thermally contact with
20 the heat generating element 8, and the other end of the heat pipe is installed
in the heat dissipating fin 6 at the printed board side so as to run through
the heat dissipating fin along the longitudinal direction thereof.
* The heat generated by the heat generating element 8 mounted on the
printed board 5 is transferrcd to the heat dissipating fin 6 by the heat pipe 7.
25  Cool air 3 taken in through the air intake pért 9 is directly blown to the heat
dissipating fin 6 to cool the heat thus transferred to the heat dissipating fin
6 by the heat pipe. Then, the air within the box 1 whose temperature is



5 outside of the box, and a heat dissipating fin which is partly or

enti reI'y di sposed-close-to the air intake port within the box, wherein
the air ta fromthe air intake port is passed through the heat
di ssi pat i ng‘%%n%%” di ssi pate heat generated by the heal® g’r?@’Psci‘P ¢ ng

el ement, and then air with a t enpenature rai sed by passing through the
heat di ssi pating fin is discharged 10 fromthe discharge port to outside
of the box, thus cooling the box. In the apparatus of the

i nvention, msedhbatdxsisxpaupgtthngeaﬂmtrlrsyheat dlsscpatpmg fin Gushdischaiged with the

ot S hbhep el B DaE bt e B ens ™"
or t1 ons. and sigRAY gt £7 ASBofuiBietodht pedtn IO asiiorghEd ™
base menmber apg{ €] Fslﬂéé t}fb Rir $A18A 1/ frofm Bid batsid &f YHH Box WiosERebatdtare

shaped portions of the heat dissipating fin portion are to be fnserted and
a ph ur & coolest ishditexsly blown throgghithe heat drksgmtng fingthei leapor t i on, and
afitting menber, provided with a pluralit rOJectlng portions
cor r espondi ﬁﬁfl«t:lsney)(l@h@o@mg&fﬁsgen@y) ﬁgﬁ%h%t c{lﬁ@pa Bg fircisemarkahlyf i xi ng
t he heat dlnglégﬁ)atl ng fin portion between the base nenber and the
fitting ne itsel f. Furthernore, the apparatus for cooling

a box with a heatp %e'iefs%tédiﬁmat'kcldﬂg‘?ﬂﬁi‘ lr&f@é ¥é‘é1 ﬁb%‘fé\ﬂdff the present

I nvention conprises an air 1nta or ta Ing in arr fromout5|de

of the box, appatatedfirgfodlitig a bok with theli haahgérmrlﬂngleﬂerhenmebsiv@a of the
box; a heat di SSi pating fin which is partly or entirely disposed close

to the 30r thergirageording tonthe pMCMdnvcahGnld@ptcted in KHigahsfer neans for

transferring heat Jgehown fmFig. 2, e pnted5oards i fhstalled within the box 1,

and heat generated by the heat generating element 8 mounted on the printed
board is transferred by the heat pipe 7 to the position where the heat
dissipating fin 6 is installed. The air intake port 9 for taking in air from

15 outside of the box, and the discharge port for discharging air in the box to
the outside of the box are also arranged in the wall of the box 1.
Furthermore, the fan 2 for discharging air is provided to the discharge port.
The heat dissipating fin 6 is provided close to the air intake port 9. One
end of the heat pipe 7 for transferring heat generated by the heat generating

20 eclement 8 mounted on the printed board 5 to the heat dissipating fin 6 is
arranged so as to be in thermally contact with the heat generating element 8,
and the other end of the heat pipe is installed in the heat dissipating fin 6 at
the printed board side so as to run though the heat dissipating fin along the
longitudinal direction thereof.

25 Heat generated by the heat generating element 8 mounted on the
printed board 5 is transferred to the heat dissipating fin 6 by the heat pipe 7.
Cool air 3 taken in through the air intake port 9 is directly blown to the heat



10 el ement to the heat dissipating fin, wherein heat generated by the
heat generating elenent is transferred to the heat dissipating fin by
t he heat transfer neans, the air taken in fromthe air intake port i-s
passed t hr ouyR 013693 t he heat dissipating fin to dissipate hE&TBUINESAL ed by
the heat generating 5 elenent, and theny@air with a tenperature raised by
passi ng through the heat dissipating fin is discharged fromthe

di scharge port to outside of the box, t hus cool ing the box.

The net hod f gissgniigtind® @oeoolith heanthgaraisitirad te tlenhedtdissipating ¢iei ved
therein of the present invention conprises the follow ng steps. 10 Mre
speci fi cal | y6 byt thedmat ipipe t Thesttheinwithin thebpxdgivhgse teraperatureds t he

box an air intake port .for taki inair from outsi nd i scharge port
Por ' Gi sEnasgPghiamipatng e heatja e et A5 Habigdin B disediatget 3" hear
di ssi pating e .t : | ei ved
ther el (3) throughfe discifedBlctib'dle SMHER BFBG By B8 SRR e ]
close to % heaéisﬁokﬂt&kﬁrréﬁ/s gport within the box, and (3) passing the air
taken in fromthe air intake port through the heat dissipating finto
di ssi pate heat genBigaB3as aschehmtiveparspectiveyeiear shawiingearcapparatusfort hen
di scharging air with a tenperature raised qy ass] t.he Qﬁgt
di ssi pating cpalinganbaxnwith therhgaggeperatingrelgmest 5€.§%b‘f€4 ﬁlgrem andygyy  t hus
cooling the bo . . f: i Hhox wi:th eat
generati ng er%%éﬂa%f cooling §ngl%f: Hgélgggo attfr?\%l P?%%btﬁ?’r? %“?@at Vrlt.l a‘r% gr means
such as a he%&h&hpﬁc@{ sverse SBSGAASARW oM e a%paatm cbsHAgta o ¥ifhowi ng
steps. More speci |caaPy, It conpri ses the steps of (1% arranging in a
wal | of ftbe lhxheat géneratihg kkementireceivedfthereimbccurding ti thefpresentut si de and
a discharge port for discharging air from
invention. '
As shown in Figs. 3 and 4, the printed board 5 is installed within the
box 1 which is placed horizontally. The air intake port 9 for taking in air
from outside of the box, and the discharge port for discharging air in the
15 box to the outside of the box are also arranged in the wall of the box 1.. In
addition, the fan 2 for discharging air is provided to the discharge port.
The heat dissipating fin 6 is provided close to the air intake port 9. One
end of the heat pipe 7 for transferring heat generated by the heat generating
element 8 mounted on the printed board 5 to the heat dissipating fin 6 is
20 arranged so as to be in thermally contact with the heat generating element 8,
and the other end of the heat pipe is installed in the heat dissipating fin 6 at
the printed board side so as to run though the heat dissipating fin along the
longitudinal direction thereof.
Heat generated by the heat generating element 8 mounted on the
25  printed board 5 is transferred to the heat dissipating fin 6 by the heat pipe 7.
Cool air 3 taken in through the air intake port 9 is directly blown to the heat

dissipating fin 6 to cool the heat thus transferred to the heat dissipating fin



25 the box to the outside, and installing a heat dissipating fin and heat
transfer nmeans in the box wth the heat generating el enent received

therein, (2¥oo1136981 SPOSing a part or a whole of the heat dﬁéﬁﬂ%&?g fin
close to the air intake

11 port within the box, (3) transt®rring heat generated by the heat
generati ng el enment to the heat dissipating fin by the heat transfer

means, and (4 assi ng.the air .taken i romthe air intake port

t hrough t he %&)éfhedl‘%fﬁiﬂia?-i nghen, thegip, Wi laitgei[baé‘tnie STOPEFANE ISy t he
heat generat | | exe . : [ E0g-al F: Vg aqde rature
rai sed by pgéggﬂg)ytﬁgﬁhggﬁggpésggﬁgp ﬁr}?g lﬁ:ﬁgﬁﬁﬁﬁﬁﬁﬁ%ﬁn&g}%&&z}{gﬁge port to
out si de of fignpehet 9pbRQoithe duride of the box by thelRcHRGeTn 2!
cooling a b(;‘!(ifbo tﬁg dg?%éag%t bi nvgntion caﬁ 0be © box u){i Iei d;‘igg i gqfl 2t)he
fields of elasshoom bydeowset rAgoording tbdhe presesit jmvéntion, as described Fig.

1 is a schematic perspectjve view show ng an apparatus for 10 cooling a
box wi t hat habowss sigee shaair taken ilram theceutside ehthedrox whese temperatutenod f or

co0l 110 oA SEeRLE 8oL ol 5Pk Y b Sipgying fin, the fafS 5172 "
box and a A eEhirsy (&7 cBplihe SFEEALILEMe fedt diny Do e Heis PR ED N o are
15 di sposddghn a wall of the box. Furthernmore, a fan 2 for discharging
air is provided to the discharge port. A heat dissipating fin 6 is
provi ded cl ose Inthe method for cooling a box with a heat generating element
10 received therein, the heat pipe as the heat transfer means comprises at least
one heat pipe. A plurality of heat pipes may be used in the present
invention.
In the method for cooling a box with a heat generating element
received therein, the box may be vertically and/or horizontally installed, as
15 shown in Figs. 1 and 3, and the heat dissipating fin is installed in the
vicinity of or above the heat generating element in the horizontal direction
when the box is vertically installed as shown in Fig. 1.
Fig. 5 an 6 show one embodiment of the heat dissipating fin of the
present invention. More specifically, Fig. 5 is a schematic perspective
20 view showing one embodiment of the heat dissipating fin, and Fig. 6 is a
view showing components of the heat dissipating fin.
In the apparatus for cooling a box with a heat generating element
received therein, said heat dissipating fin comprises a heat sink with said
heat dissipating fin fixed between a base member and a fitting member in a
25 sandwiched manner as shown in Figs. 5 and 6. More specifically, the heat

dissipating fin 16 comprises a heat dissipating fin portion 11 which has a

plurality of mountain-shaped portions 12 and base portions 13 supporting



to the air intake port 9. One end of a heat pipe 7 for transferring the
heat generated by a heat generating elenent 8 nounted on the printed

board 5 to woo11849¢ heat dissipating fin 6 is arranged so dmﬁﬁf"&%

thermally contact with 20 the heat generating el enent 8, an her end
of the heat pipe is installed in tH¥e heat dissipating fin 6 at the
printed board side so as to run through the heat dissipating fin along
t he | ongit ugl heat enerat ed by the

heat gener aﬂ? o rer#l gn‘ferﬂﬁt[i‘g'gg @rpisplénember 4 Vﬁ{}% hgs aplurality, of _
transf err edfg f:h SR80 LR S B S o B hOA M 00

3 taken in t roug the alr 1 ntake por arrec

di ssi pati nggbrtibrﬁafd)toﬂminséfted hpdta ?M&lltyrﬁ‘f}ﬁﬂ@d lﬂoi fixirdpetHeRdat di Ssi pating
fin the heat pipe. Then, the air within the box 1 whose

t enper at ur edlsglpatmg fin portion, and a fittmg member 18, provxded with a plurality 12

rai sed by di ati.ng the he I n the heat Hi?pgé g fin 6 is discharged
t hr ough % he® P ﬁﬁ? PRHIqNS b fAEEERARGIAS 1 he ‘bfyh(t B&ofithecbasege fan 2

as shown by nt | s descri bed
above, si nce e alﬂfY @Q&% grll"%gt g%s{é%’gm%ﬁ'iﬁﬁélo&w% 3;3 3&45§e t enperature
5 is cool es}ndlﬁbé}l &{,ﬁpﬂh@ﬂtghg\meﬁﬁ;epﬂggﬂ he heat dissipating fin, the heat
efficiency (i.e., cooling efficiency) of the heat dissipating finis
remar kabl y Hl g ymountain-shaped pofiigns 22 iof e bedtaiissipating figi pottional cross
sectional vi ?w of an _
are inserted into the slits 15 of the base member 14 to protrude above
10  the base member and the projecting portions 19 of the fitting member 18
are inserted into the holes 17 provided in the base member 14 and the heads
of the projecting portions 19 are caulked. The heat dissipating fin is fixed
between the base member and the fitting member in a sandwiched manner.
The apparatus for cooling a box with a heat generating element
15  received therein and the method for cooling same are further described by

the example.

EXAMPLE
The box with the heat generating element such as semiconductor
20  chip as shown in Fig. 1 is prepared. The size of a box with an electronic
device received therein is 330 mm in length x 70 mm in width x 200 mm in
depth. A fan for discharging air of 50 mm x 50 mm in size is installed on
a discharge pon in the back side of the box. An air intake port is disposed
on the front side of the box so as to be within a range from the front central
25  portion to the upper side of the box with an open arca ratio of 20%.
A heat generating element ( 25 mm in length x 25 mm in width x 2

mm in height, a heat generating power of 15W) mounted on a printed board



apparatus for cooling a box with the heat generating el enent received 10
therein according to the present invention depicted in Fig. 1

As shown in_Fig, 23 the printed board 5 is installed within the box 1,

and heat ge‘ﬁé)r”g‘t‘%‘a by the heat generating el ement 8 nount e§CHIPOMESHr i nt ed
board is transferred by the heat pipe 7160 the position where the heat
dissipating fin 6 is installed. The air intake port 9 for taking in air
from 15 out side of the box, and the discharge port for discharging air in
the box to of the ehetronic ddeicefattanpodition alisandesi8@mmifyerd a lowdrowed | of the
box 1. Furthernore, the fan 2 for djscharging aif is provided to the
di schar ge péhrface of thehexiaag: 100 syn framihe front guier syriace @fdhe bexavaso t he

iroi K . e, d_of h ' f .ng h
Gener at aq. byFoole pesaroie o eling it 15 cPBRbeR % Sr kere bR REeR00R, oo™
board 5 to %ﬁgp@ﬁ(ﬁkﬁw@hh%ﬂ Hf’ssﬁ:ﬂtﬁxﬁﬁn. arranged so as to be in

thermally con eat generati fig el enment 8, and t he ot her

end of thge heat [Moee spedifichBy] 8@ heut dissipuilg fin TOMMAivesd bdse ember, the
printed board side so as to run though the heat dissipating fin along the
| ongi t udi nala chimregated fint (iee ¢ btat dBsipating fin postion), aedafitting member heat

generating e e no ed on the printed.hbpard 5 is,transferred to
the heat di AISEEP% li’gatf"i(ﬁgéwmﬂénﬁg’% 120 samyin widif M@ N 3 taken in

agr ough the tﬂicrknicg'é)%? eP&[ixtorﬁaéﬁetfg SHi6Hd haflt S¥1dMiddds AP0 was used

as the base member. The corrugated fin made of aluminum A1050
10 (height of the mountain-shaped portion: 45 mm; pitch of mountains: 3 mm;
depth: 13 mm; a number of mountains: 15; thickness of the fin plate: 0.4
mm) was used as a heat dissipating fin portion. As the fitting member, a
heat receiving and a heat transfer block made of an aluminum die casting
(of 90 mm in length x 45 mm in width x 4 mm in thickness) was used, and
15 15 pins each of which has an outer diameter of 2 mm and a height of 1.2
mm were provided thereon for fixing.
A heat pipe having an outer diameter of 4 mm and a length of 160
mm was bent at about central portion thereof to form L shape, and placed
between the fitting member and the base member so as to be positioned
20 beneath the corrugated fin in which the heat pipe is thermally connected to
the corrugated fin. A corresponding groove was formed in the fitting
member (i. €., aluminum die-casting) to the shape of the heat pipe.
Eight rectangular slits of 2.6 mm x 20.2 mm into which the
mountain-shaped portions of the corrugated fin are inserted and 15
25  corresponding holes having a diameter of 2.2mm to the pins in the fitting
member Were respectively formed in the base member.

The mountain-shaped portions of the corrugated fin were inserted



di ssipating fin 6 to cool the heat thus transferred to the heat dissipating
fin 6 by the heat pipe. Then, the air within the box 1 whose T

t enper at ur 6ybgi1/13693 I ai sed by dissipating the heat in the peptofissipat i'ng
fin 6 is discharged through the discharge port to the outside of the

box by the discharge fan 2 5 as shown By arrows 4. Fig. 3is
a schematic perspective view showi ng an apparatus for cool ing a box

ith the h [ I [ h i n; . hod f
CRURGEE N TCAT I = R N L R
1 ansver <o GREHLAHRL b S ApBRRRRNEL nd O GRS Byl Lyils he

i nvention. while fixing the cOfrugAREYiA in the@Sandwithddmaihid botivebRdhdBasd 5 is
installed within th box 1 which is placed horizontally. The air

i nt ake por t ménfber andithadittinganember havingthe ieat pipeofmbedddbthereincby he
di scharge port for discharging air in th(lllﬁ_l ox to the outsjde of the box
are al s ar PESsiag, thereb pigharing therdieat sink: Therthus prepargdieghsinkis fan 2 for

di schargi ng. aL hyisS. proyided t di schar ort. .. The hea .

di 51 patt noRiaes iR ind toallhe C AR A% bositions 08 Eipe air o
of the heat jji} értf or transferring heat generated by the heat generating
el enent 8 m)unteg on the printed board 5 to the heat dissipating fin 6 is

20 arranged so a5 hieat transfer tibbershkyt (25ninac in lénghh 125 haatin geideh ati ng

el ement 8, . and the other end of the heat pipe is installed in the heat
di ssi pat i ngmm jin ghigkness, heatrieansfentasio BSIWVImk) yeassadhesed entqithe heaigh t he
heat dissipating.fin,along the | ongi tudi nal direction thereof.

Heat gelfer RBERFIBYRE flF %’gt generating el ement 8 nounted on the 25 printed

SRR b e T R
heat fitting member of the above-described heat sink was attached at a position
where the heat transfer rubber sheet became 0.8 mm in thickness.

The apparatus was operated for four hours, and the surface

15 temperature of the heat generating element was measured. As a result, a
temperature rise from the atmospheric temperature was 20 °C and the heat
resistance including the heat transfer rubber sheet was 1.3 °C/W. As
described above, according to the apparatus for cooling a box and the
method for cooling same of the present invention, it is obvious that the

20 improved cooling efficiency can be obtained.

In the apparatus for cooling the box with the heat generating
element received therein of the present invention, since the cooling
efficiency is excellent as compared with the apparatus in which the heat
dissipating fin is installed close to the discharge fan, the design for heat

25  dissipation can have a higher degree of freedom, which leads to downsizing

of the heat dissipating fin and lower air flow of the discharge fan, thus

improving simplification. Furthermore, the apparatus which can be



di ssipating fin 6 to cool the heat thus transferred to the heat dissipating
fin -7 14 6 by the heat
pi pe. Then, i.f wWithin the box 1 whose tenperature is rai sed by

di ssi pati ng" R‘g"%‘é%t in the heat dissipating fin 6 is di schETyEgoossss

t hrough the discharge port to the outsi d® of the box by the discharge fan 2
as shown by arrows 4. According to the present invention, as described 5
above, since the air taken in fromthe outside of the box whose tenperature
i s cool est werticalgyhosizontalky instabledtis miot restrictedi todhp aperatidn principle béat
efficiency (j.e., cooling efficiency) of the heat dissipating fin is

r emar kabl y (thc heat pipe. and the design cai{’rpeci‘femﬁié? yoth 3 mipdmum gumbssefwi t h a

h i | i . i i . X
s or Crothe el SRR  THerdfSfeCiaUES iR 16 e phétEnt fertight iR ASIHIER:
pi pes may bg, weedidenthk '&g;ﬁﬁﬁﬁ?fér cooling thPéx With the heat generatidg? t he met hod

for cooling a“box with eat generating el enent recei ved therein, the
box may be ‘\el¢rhentidcyivedithereihandzhetmeihod fostcabling, sanse, thus ithpwving Fi gs.

1 and 3, and the heat dissipating fin is installed inthe  ~vicinity of

or above t héheeaelingeéfigiengy of|therhgat dissipatingdiin 3jth the beatqipesn when

the box is v gti.c%bln{ installed as shown in Fig. 1. Fig. 5 an

6 show one EMSSHVEBHUMAIOMNMREheat dissipating fin of the

?



present invention. Mre specifically, Fig. 5is a schematic perspective 20
vi ew showi ng one enbodi nent of the heat dissipating fin, and Fig. 6 is a
vi ew showi n¥Ufip&Aents of the heat dissipating fin. PCT/JP00/b4364 he
apparatus for cooling a box with a heat  generating el ement recei ved
therein, said heat dissipating fin conprises a heat sink with said

heat dissipating fin fixed between a base nenber and a f
25 sandwi ched manner as shown in Figy. qh;:p\;pd 6. More s wﬂtlm I
heat dissipating fin 16 conprises a heat dissi pat|

whi ch has a plurality of mountain-shaped portions 12 and base portlons
13 supportlng
t he mount ai n-shapéd pometked forcanling ﬁél%ewlthéhemgchCMgeelpimnal ity of

slits 15 into whi t he nmount ai.n- shaped paortions of the heat dissipating
fin pcS?‘E“r‘Bﬁ&Q?“ée{‘b CBE’W}%E%?EQQQJ?&O?M urality of holes 17 for fixing

the heat i o) gt BBk hir SRR pbbt i IIRTRCH i POV 9o

with a p?urallty I Ng" port1ons corresp

plurality ofoutsileandfa disehdrge port for dlﬁﬁﬁfé}ging ﬁﬁrﬁémﬁhe%oﬁ(ﬁ% tB@%tutmde

di ssipating fin portion between the base mber and the fitting
menber it selahd 1nsta1hngaheat difhxpatmgrﬁmmthmhpn;j portions 12 of the heat
dissipating fin p&)cfh 11 are jnserted nto the slits 15 of the base
menber 14 to prot SRANE a part Phé"ﬂ&% e%irdjsﬁlﬁétlﬁgcf}lb@pﬁﬁ@ portions
19 of the Tighid £i9 ifEBRR PortFithin said box; and

10 (3) causing said air taken in from said air intake port to pass through

said heat dissipating fin to dissipﬁte ileat generated by said heat generating
element, and then discharging air with a temperature raised by passing
through said heat dissipating fin from said discharge port to outside of said
box, thus cooling said box.
15 _
2. A method for cooling a box with heat generating element "
received therein, comprising the steps of:
(1) arranging in the box an air intake port for taking in air from
outside and a discharge port for discharging air from the box to the outside,
20 and installing a heat dissipating fin and heat transfer means in the box;
(2) disposing a part or a whole of said heat dissipating fin close to
said air intake port within said box;
(3) transferring heat generated by said heat generating element to
said heat dissipating fin by said heat transfer means; and
25 (4) causing said air taken in from said air intake port to pass through

said heat dissipating fin to dissipate heat generated by said heat generating

element, and then discharging air with a temperature raised by passing



are inserted into the holes 17 provided in the base nenber 14 and the heads
of the projecting portions 19 are caul ked. The heat dissipating finis

fixed voebMBen W and the fitting nenber poTarmassei ched
manner . ‘ “L nml ﬁ“lfor 2Gool ing a box wwth a heat generating
el ement 15 received therlei add the nethod for cooling sanme are further

descri bed by t he exanpl e. EXAVPLE The box with the
heat generati ele ' | in:fig 1
e or opar e EP g SLSIhAmE A HARGIE BlschiieOR (GRANRER0dd
therein is B’tﬁptﬂﬁéwol'iﬁ%%i'ﬂ%io mmin wdth x 200 nmin depth. A fan
for discharging air of 50 mMmx 50 mmin size is installed on a

di scharge port in the back side of the box. An air intake port is disposed
on the front side of the box so as to be within a range fromthe front
central 25 portiden The methodperclaiingd igiclaim 2pwhersinsaid habiransten ratio of

20% A heat eratin etlerrent(25n’minlengthx25mnin
wi dth x 52 Mmeany,GOMpriSes gth ,asgo%eegga JEREr ati ng power of 15W nounted on a
printed board 16 of
the el ectronic device at a position distanced 80 mmfroma | ower outer

4. The method as claimed in any one of claims 1 to 3, wherein
said box can be vertically and/or horizontally installed, and said heat
dissipating fin is instailed in such manner to be positioned in the vicinity of

10 or above said heat generating element in the horizontal direction when said

box is vertically installed.

5. The method as claimed in any one of claims 1 to 4, wherein a
fan for discharging air is further installed close to said discharge port.
15
6. An apparatus for cooling a box with heat generating element
received therein, comprising: an air intake port for taking in air from
outside of the box; a discharge port for discharging air to outside of the
box; and a heat dissipating fin which is partly or entirely disposed close to
20  said air intake port within the box, wherein said air taken in from said air
intake port is passed through said heat dissipating fin to dissipate heat
generated by said heat generating element, and then air with a temperature
raised by passing through said heat dissipating fin is discharged from said
discharge port to outside of said box, thus cooling said box.
25
7. An apparatus for cooling a box with heat generating element

received therein, comprising: an air intake port for taking in air from



surface of the box and 100 mmfromthe front outer surface of the box was

cool ed according to the net \ r cooling a box of the present invention
using the f Wi m\ ﬂ{!“patingfin 5 l\/breseC|f|caIIy, ‘
t he heat di gﬁ’ﬁat\m‘m m Ses a base menber, (é%éﬁ‘fl n (i.
e., heat dissipatihg %in portion), and &ifitting rrenber A shield
plate (250 mMmin length x 120 mmin width x 0.5 mMmin t hi ckness) for

el ectromagneti c shield nade of al um num A1050 was used as the base
menber. The cusidoef tht Box) andidehargeqiamfonﬂismgﬁlg]ﬂr tc( betsidd obfhet he

nmount ai n- shaped portion: 45 nm pitch of nountains: depth: 13

mm a nunber bex; abask @Sﬁgatms fin whighhisartly areatigely qsmsgd qlose to said ) was

S T AL S e
(of 90 mm i nolgejady ﬁe‘ﬁdrﬂPat Beltbliif el idsdahekEsShatag tised, and 15

15 pins each as an uter aneter of 2 mm and t’ of 1.2

nm wer e [ ovivdrgeinttdaeeenérated by said. heat generating elémeneis tmmﬁerlwd/tmg an
outer dianeter of 4 nmand a_|ength of 160 mm was_bent at_ about

central portsaid heaedissipatingsfon byisaid heat, trmsderpma@@si said air pakenciarfrome
fitting nenber, and.the base nenber., so

s t os:t 0,. beneath the
corrugat ed f3diar ipiaks, PPHdS Rasse #lf)%“ S?‘ }Sﬁlp@bﬁggg‘f qud{salpa € the

corrugated f } ng

menber (i. hQa tFr%h%ntﬁran m%:gg?[g%%\(?to“\ggléﬂiabe 0 eElher(r)\‘}éa z!lpl pe.

Ei ght rect anﬁﬁiﬁﬁéraﬁhbtrﬁls@ﬂb%ﬁas xth28ugh Baidi H¥ia® diseipaktini!fén is

nount ai n- shaped portions of "'the corrugated fin are inserted and 15 25

cor r esporli ndischargedfromsaid ditichargespor to 2ugside pbsaiddax, thus eoaling fitting
menber were respectively fornmed in the base nmenber. The

nount ai n-shaﬁ@é llﬂi‘r-t lons of the corrugated fin were inserted

8. The apparatus as claimed in claim 7, wherein said heat transfer
means comprises at least one heat pipe.
15
9. The apparatus as claimed in any one of claims 6 to 8, wherein
said box can be vertically and/or horizontally installed, and said heat
dissipating fin is installed in such manner to be positioned in the vicinity of
or above said heat generating element in the horizontal direction when said

20 box is vertically installed.

10. The apparatus as claimed in claim 6 or 7, wherein said heat
dissipating fin comprises a heat sink with said heat dissipating fin fixed
between a base member and a fitting member in a sandwiched manner.

25 |
11. The apparatus as claimed in any one of claims 6 to 10,

wherein a fan for discharging air is further installed close to said discharge



17 fromthe | ower side of the thus prepared base nenber, the pins
were - inserted into the correspondi ng hol es, and the ends of the pins
were caul kegooinnzeovhi | e fixing the corrugated fin in the spgfiyeslseds manner
bet ween the base menber and the fitting nmenber having the heat pipe
enbedded therein by 5 pressing, there%@ preparing the heat sink. The thus
prepared heat sink is installed in such manner that the corrugated fin
is positioned close to the air i nt ake port. . A heat
transfer ruBBEr sheet (25 mmin length x 25 nmin width x 1 mmin
t hi ckness, heat transfer ratio 2.5 Wnk) was adhered onto the heat 10
generating el enent. The printed board and the heat sink were
screwed on each other, the fitting nmenber of the above-described heat
sink was attached at a position where the heat transfer rubber sheet
became 0.8 mmin thickness. The apparatus was operated for four
hours, and the surface 15 tenperature of the heat generating el enent was
nmeasured. As a result, a tenperature rise fromthe atnospheric
tenperature was 20 [err] C and the heat resi stance including the heat
transfer rubber sheet was 1.3 [err]C W As descri bed above, according
to the apparatus for cooling a box and the nmet hod cool i ng sane of
the present invention, it is obvious that the 20 inprwyl |

U

efficiency can be obtai ned. In the apparat jﬂquﬁﬁ”/he

box with the heat generating

Bl



el ement received therein of the present invention, since the cooling

efficiency is excellent as conpared with the apparatus in which the heat.

di ssipatin inh.is installed close to the discharge fan, the design for
bl

heat 25 d i"on can have a hi gher degree of freedom VHRI"EPHEEEs to
downsi zi ng of the heat dissipating fin and |ower air flow of the

di scharge fan, thus i mproving sippglg fication. Furthernore, the

appar atus whi ch can be 18
vertically/horizontally installed is not restricted to the operation
principle of t he heat pipe, and the design can be achieved with a

m ni mum nunber of the heat pipes. Therefore, according to the present
invention, it is possible to provide the apparatusgfor cooling the box

with the heat generating 5 el enentl recetxgg»ﬂherei- and the method for
cool i ng sanme, thus inproving t he-- oo{;},/p i ofenevlof the heat
dissipating fin with the heath fungt poni ng.

-

-~
-




19 CLAI M5 1. A

nmet hod for cooling a box wi tth heat generating el enent recei ved
therein, coypbi/fesny the steps of: 5 (1) arrangi ngcriypéodReddox an
air intake port for taking in air from out si de and a di scharge port
for discharging air fromthe boxin)tiﬁygutside, and installing a heat
dissipating fin in the box; (2) disposing a part or a whol e of
said heat dissipating fin close to said air intake port within said
box; and 10 (3) causing said air taken in fromsaid air intake
port to pass through said heat dissipating fin to dissipate heat
generated by said heat generating el enrent, and then discharging air
with a tenperature rai sed by passing t hrough said heat dissipating fin
fromsaid discharge port to outside of said box, thus cooling said
box. 15 2. A nmethod for cooling a fox wth heat generating

el enent received therein, conprisirfy th‘égte (D)
arranging in the box an air intake port jfor t ngﬁln air from out si de
and a discharge port for dischar Tiging air| frdm t Ae box t#]the outside, 20
and installing a heat dissip ng fin an ‘ ) transf means in the box;
(2) disposing a part orga SSI/ﬂfIﬂgT?in close to

said air intake port ,w t I (3) transferring heat
generated by said he




said heat dissipating fin by said heat transfer neans; and 25 . (4)
causing said air taken in fromsaid air intake port to pass through

said heat dissipating fin to dissipate heat generated b?cﬁﬂﬁqwﬁﬁﬁu
gener at ifiJg113603 €l enent, and then discharging air with a tenperature raised
by passing t hrough said heat dissipating fin fromsaid

di scharge port to outside of said 3/ 5 box, thus cooling said box.

3. The method as claimed in claim2, wherein said heat transfer 5 means

conprises at |east one heat pipe. 4. The method as clained in
any one of clains 1 to 3, wherein said box can be vertically and/or
hori zontal ly installed, and said heat dissipating finis installed in
such manner to be positioned in the vicinity of 10 or above sai d heat
generating element in the horizontal direction when said box is

vertically install ed.

FIG.5



5. The method as clained in any one of clains 1 to 4, wherein a fan
for discharging air is further installed close to said discharge port. 15
6. An appargilyinies cooling a box with heat generating el engPtpopnssss
received therein, conprising: an air intake port for taking tn alr Trom
outside of the box; a discharge port f;y di scharging air to outside of the
box; and a heat dissipating fin mhich4's5partly or entirely disposed cl ose
to 20 said air intake port within the box, wherein said air taken in from
said air i ntake port is passed through said heat dissipating fin to

di ssi pat e heat generated by said heat generating elenent, and then air
wth a tenperature rai sed by passing through said heat dissipating fin
is discharged fromsaid di scharge port to outside of said box, thus
cooling said box. 25 7. An apparatus for cooling a box with
heat generating el enent recei ved therein, conprising: an air intake
port for taking in air from out si de oflthe box; a discharge
port for discharging air to outside of the ng{ a heat dissipating fin
which is partly or entirely disposed close to _sai




air intake port within the box;
heat

di ssipatin
el ement
transfer
through said heat dissipating fin togli/s5ipate
heat generating el enent,
passi ng through said heat dissipating finis 10
di scharge port to outside of said box,

and heat transfer

neans

for transferring

generated by said heat generating elenent to said heat

i sq\$ é\lﬁn'?fgéfr ed

neans,

to
said air taken in from

and then air with a

wherei n heat generated by said heat
sai d heat dissipating fin
said air intake port

ener ati ng
tﬁ%ﬁﬁﬂ”ﬁsﬁéat

i s passed

heat generated by said

tenperature raised by

8. The apparatus as clainmed in claim7, wherein said

means conprises at | east one heat pipe. 15
claimed in any one of clains 6 to 8, wherei
vertically and/or
finis installed in such man&er

box is vertically install ed. ,
7, wherein said heatj
wth said heat dissipating fin
fitting nmenber in a sandw ched !
clainmed in any one of clai

claim6 or

air

is further

hori zont al | i nstal | ed
| s

A2 G|

install ed cl ose

-
-

fsaig,hééI

ed”in the

di scharged from said
t hus cooling

sai d box.
t transfer

9. The apparatus as
box can be
di ssi pating
i cinity of or
 ecta3n when said 20
bratus as clainmed in
prises a heat sink
~Trenber and a
11. The apparatus as
n for discharging
- 29
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