JET FLOW GENERATI NG APPARATUS, ELECTRONI C APPARATUS, AND JET FLOW
GENERATI NG METHOD BACKGROUND OF THE INVENTION 5 1. Field of the Invention
The present invention relates to a jet flow generating apparatus that
generates a jet fl.ow and cools a heat generating nenber such as an

el ectronic part with the 10 generated jet flow, an el ectronic device that
is equipped with the jet flow generating apparatus, and a jet flow
generating nethod. 2. Description of the Related Art 15 As the performance
of PCs (Personal Conputers) has been advanced, the calorific powers of

heat generating nmenbers such as ICs (Integrated Crcuits) have been
adversel y Jﬁﬁc%éﬁgeﬁENﬁ%F%@WV@PfﬁBﬁTHSpr6%E@H¥HUéTm@msRHEHS,rHMDatlng

t echnol ogi es have been pnﬁﬁp%%gwaﬁggggﬁgfﬁgtﬁéfwﬁy used. As 20 one of heat
a netho eat iati [

radi ating nmethods, there i1s erein radi ating fins nade of
‘metal such as aluminumare attached to an I C, and the generated heat by

the ICis transferred to I to radiate the heat. Alternatively,
.there is another nethodBaégﬁg&#ﬂi5Fp§WF FNXFNEF%§S in a casing of a PC may
be 25 for cedIBicaxhatsted whidntidman, and cool air around the PCis

forcedly introduced around the heat generating nmenbers with the fan.
Alternatively, there is still another nethod wherein, wth both heat

radiation fins ang préseht Wakberids redQRtaclo arah ?loh %%{LQ‘EQh neration

menber with air is 30 increased with the heat radiatio
forcedly ®PRAAsUs FRathernenatesr Guiett heomeand remtilat cohehins. 1 Fbmever,

there is %e@ﬂé@glt?cm;t fahbé&r LRl QB“@§8E¥ronic part with the

10 generated jet flow, anelectronic device that is equipped wifh
the jet flow generating apparatus, and a jet flow generating
method.

2. Description of the Related Art

15 As thg performalrice of PCs (Personal Computers) has been
advanced, the calorific powers of heat generating members
such as ICs (Integrated Circuits) have been adversely
increased. To solve such a problem, various heat radiating
technologies have been proposed and/or practically used. As

20 one of heat radiating methods, there is a method wherein heat
radiating fins made of metal such as aluminum are attached
to an IC, and the generated heat by the IC is transferréd to
the fins to radiate the heat.- Alternatively, there is another
‘method wherein hot air that stays in a casing of a PC may be

25 forcedly exhausted with a fan, and cool air around the PC is

‘ fqrcedly introduced around the heat generating members with
the fan. Alternatively, there is still another method
wherein, w1th both heat radiation fins and a fan, whlle the
contact area of the heat generatlon member with air is

30 increased with the heat radiation fins, the fan forcedly

exhausts the hot air around the heat radiation fins.




| ayer of fin surface is generated on the downstream side of the heat

radi ation fins by the forced conversion of air by 5 the fan, it is
difficult to effectively take away the heat. To solve such a problem for
exanple, it is considered that the air speed of the fan may be increased
so as to thin the thermal boundary layer. But, there is a problemthat
nose of a bearing portion of the fan and wind cut noise of the fan 10 are
generated by increasing the nunber of rotations of the fan in order to
increase the air speed. As a nethod for breaking the thermal boundary | ayer
and effectively releasing the heat of the heat radiation fins, 15 a
conbined jet flow can be used. In this nethod, air that is noved by a

pi ston or the I|i i.s..je froma hqle f d n on nd of a chanber.
The air jetted fé(%ﬂn%‘fe}#’s -?i%gg i3 ac%ﬁ%elc?ma%%%ﬁb?nglbeﬁ“baﬁ %O %afﬁe conbi ned
jet flow pranot ef fihesuritdcrgisfgaidradaeakstid@otihet pedm haurdary | ayer,

and nore effectively radi ates the heat than the forced caonvection
T Linoant b o

~generated by Tt AW ProFhexEtesl coEepsiemtor pdcuREnt 1).

[ Pat ents’ Dotiemenh, 11t US BatrentulNo .+ £e¥23ci46e 2y tdweNgLy @3&Lcarding to the
technol ogy described in the Patent Docunent 1, since air vibration

_generatedgﬁysﬁlvﬁeﬁTﬁﬁdeFPHbeThnﬁQﬁ1eéﬁmPh@rdﬂsﬁénc¢@ﬁkﬂﬁﬂ9ﬁgéhed as a sound
vave, the saliad:l spheaigk aheNPhs ay Wel MiLrodSed U8 CLagK cifibeghencies of

| Cs have been increased in recent years, heats gener at by the ICs
have been theapedt beonagiayy i iegaseBut, Tthese tis breadblidre thher makeboundary

| ayer forngd,i Lecinit the heat radiation fins, nmuch nore air
shoul d be d?é%ﬁ%%%%ﬁp¥%g¥ﬁ% C?%%dﬂ?h%n éﬁfégﬁﬂ SR ?fﬁgmﬁgﬁﬂ bef or e.
10 are generated by increasing the number of rotations of the

fan in order to increase the air speed..

As a method for breaking the thermal boundary layer
and effectively releasing the heat of the heat radiation fins,
15 a combined jet flow can be used. In this method, air that
is moved by a piston or the like is jetted from a hc;nle formed
on one end of a chamber. The air jetted from this hole is
called a combined jet flow. The combined jet flow promotes
the mixing of air, breaks the thermal boﬁndary layer, and more
20 effectively radiates the heat than the forced convection
génerated by a conventional fan (for example, see Patent

Document 1).

[ Patent Document 1] US Patent No. 6,123,145

25 However, according to the technology described in the
_ Patent Document 1, since air vibration generated by a
reciprocating motion of the piston is propagated as a sound
‘wave, the sound is heard as noise. Further, as the clock
frequencies of ICs have been increased in recent years, the
30 heats generated by the ICs have been proportionally increased.

Thus, to break the thermal boundary layer formed in the




Thus, in the apparatus shown in Fig. 1A and so forth of the Patent
Docunent 1 that vibrates the vibration filmand jets air, it is necessary
to increase the anplitude of the vibration so as to increase the jet flow
amount of the air. Thus, if the frequency of the vibration filmis in an
audi o frequency range, the noise of the vibration filmwll becone a
problemto sol ve. SUVWARY OF THE | NVENTI ON Exanpl e enbodi nents may provide
a jet flow generating apparatus that suppresses noise as nuch as possible
and effectivelyiniagiaf eshet ﬂh@ahEﬁdlgEﬂﬁf Fins, byuca head genenalldnge nenber,

an el ectronic deyice that gui pp th the et f.| ow generating
appar atus, and X TEE% F8wt lI@)e'en zft“g gh‘?rge}"i‘fidraq Rt depetioPetirs- present

i nvention, thernm i §n ph@vapjﬁdams edhofvh O gEer 841 &g apPIatiSofCAmpri sing: a

plurality of rs each v a ening and each containing a
cool ant, a vi g JCREER AN sr‘f""f‘gr J{}?rBE%Ftl HBTAISG SAi™ et &iSh@d i n each

of the plural biy, Oﬁ_tCh_&nbxﬂc%sS@r?-S tho0 1rﬂﬂr§§£@r gBet h@pt00hdnt oAS tacpul sating
flowthroughtr&H@ enln and a control unit _for controlling the
vibration of VPHES 1rbrs‘é& g Hrechatfidshh §B° 11kt fiRe THME RAVERE gefer at ed by

t he cool ant drsehargednd rﬂ@qhbﬁc;mdﬂ ahbl yiktatCHAMDGRS 1¥eaked Kach other.
In exanple e "weaken each 3 other" neans_that the sound waves

odi nent s,
gener at ed byngreﬁuﬁ?%%’l TE)Ie of- R BUREr §F igenBhretignddrnedd BEFREE fn a part
or entire a peglen tbosoWech the sound waves are propagated. This
definition wll be applied to the follow ng description. In exanple
enbodi nents, the control unit is
SUMMARY OF THE INVENTION

Example embodiments may provide a jet flow generating
apparatus that suppresses noise as much as possibie and
effectively radiates the heat generated by a heat generating
member, an electronic device that is equipped with the jet

flow generating apparatus, and a jet flow generating method.

In one aspect of the present invention, there is
provided a Jet flow generating apparatus comprising: a
plurality of chambers each having an opening and each
containing a coolant, a vibrating mechanism for vibrating the
coolant contained in each of the plurality of chambers so as to
discharge the coolant as a pulsating flow through the
openings, and a control unit for controlling the vibration of
the vibrating mechanism so that the sound waves generated by
the coolant discharged from the plurality of chambers weaken

each other.

In example embodiments, "weaken each




configured to cause the sound waves generated in the plurality of chanbers
to weaken each other. Thus, even if the heat generated by the heat
generating nmenber increases as the clock frequency of an IC chip or the

i ke increases, the generated heat can be effectively radi ated and noi se
can be prevented fromgenerating. Since the control unit is configured to
cause the sound waves generated in the chanbers to weaken each other, the

control unit needs"t@eaontthat ohe |Rash AREOigdnRR PEAIRS » pliegERCT €S, and
anpl i tudes of O?gl,soltimd waves. | n exanple enbodi ments, when the distance of
adj acent openitig§3F HtI Y EalFaha' &t ot Chafhersins? RighoPELHEE (n) and

the wave | engtah ®fgilhe tsound chatte gengaakBdesNatbepehsdhfled.s @grot ed by A
(m, the condjtion of d < A2 is satisfied. In this case, assum ng that

the wave | engt¥ AR BEOR HE o BRdeMRYVEEDi-oe kbR BPLIME NIpPeFeriREEo8F chanber s
is alnost the sane, since the maxi mum anplitudes of the sound waves
generated by the openi ngs_of. each chanmber do _not strengthen, each other,
noi se can be preveﬁf‘ ed ??%egeneérpgg?ﬂﬁntass’ mucHe asc‘iﬂféfé’gbl &P1tn @Ranpl e
“enbodi ments, eachigmfrechetehaahess than shave VardDU§esEFatEUres asel ong as
the condition_4 of. d < 2. 1s satisfied, When there are two chanbers, if
the vibrati ngpﬁlé%arf#%iysﬁ Fhambeiss £ HeoRPR R PHRAr TRES pIFYSds16f t he

sound waves bhgeanetaedeiatdeIpethi Vieeohapherst ahf rehbbtednd)e2369/2 = 180

to each ot her ttg_%ns?unddgvaves weaken each other, since the wave forns of
the sound waved &R AT TSHUPREY HafBels hi® ornlle teider FBFFE8EH ot her .

the generated heat can be effectively radiated and noise can

be prevented from generating.

Since the control unit is configured to cause the sound
waves generated in the chambers to weaken each other, the
control unit needs to control at least one of the phases,

frequencies, and amplitudes of the sound waves.,

In example embodiments, when the distance of
adjacent openings of at least one set of chambers is
denoted by d (m} and the wave length of the sound wave
generated in the chamber is denoted by A (m), the
condition of d < A/2 is satisfied. In this case, assuming
that the wave length A, of the sound wave of each of the
plurality of chambers is almost the same, since the maximum
amplitudes of the sound waves generated by the openings of
each chamber do not étrengthen each other, noise can be

prevented from generating as much as possible.

In example embodiments, each of the chambers can

have various structures as long as the condition




10 When there are four discharging neans A, B, C, and D, if the wave

| engt hs and anplitudes of the sound waves generated in individual chanbers
are the sane, the phases of the wave forns of the sound waves generated by
't he discharging neans A and B are the sane, and the phases of the wave
forms 15 of the sound waves generated by the discharging neans C and D are
shifted by 180 fromthe phases of those by the discharging neans A and B,
the sound waves weaken each other. Wen the nunber of chanbers is n (where
n=2 3 4 ... ) 20 and the wave |l engths and anplitudes of the sound
waves generated in the chanbers are the same, the control unit can

control thgrchambers sp 4hatsrtiBay generate the sound waves that have phase
di fferences of 360/n. As a result, the whole system having n chanbers
weakens a conbi ned wave formof the 25 sound waves. Wen the nunber of
chanbers is n (nwhed thdrefare twd chahbBeryavier tROGLEBratiggeRcabnibg sound
waves generated in the chanbers is A, the anplitudes of the sound waves
are al nost 180caneed dre vikgateheo ditrtaride phasgpaeénthopeningdgyarssd (in),
the copndition o < Al{ 2{(n-.1 n _be_al i sfied. _lnbhis 5
tnce, SThe hPBPrRled R toblo bl cnthhe EOARCARI PEBRY S4a0 SR ND L 5 (1
- 1} } . Sknceathethare teagidurndswewkbEiws®mn walchr gbher t amcehicBedi st ance,
t he conbi ned_waye for f the sound waves ener at ed di schar gi ng
oans weakEAvBarsr Ry A LU PENEs Rt SSLRETHAS SptiEeceBfurt o of
the - di schangéngedretmisn darhotdt@erwor ds, . since the maxi num anplitude of

t he sound waves generated by openings of the chanbers do not strengthen,
noi se can be prevented from generating as nuch as possi bl e.

10 When there are four discharging means A, B, C, and D,
if the wave lengths and amplitudes of the sound waves
generated in individual chambers are the same, the phases of
the wave forms of the sound waves generated by the discharging
means A and B are the same, and the phases of the wave forms

15 of the sound waves generated by the discharging means C and

D are shifted by 180° from the phases of those by the

discharging means A and B, the sound waves weaken each other.

When the number of chambers isn (wheren=2, 3, 4, ...)
'.20 and :the wave lengths and amplitudes of the sound waves
generated in the chambers are the same, the control unit can

control the chambers so that they generate the sound waves

' :that have phase differences of 360°/n. As a result, the whole

system having n chambers weakens a combined wave form of the

25 sound waves.

Wheén the number of chambers is n (n =2, 3, 4, ...),
the wave ien’gth of each of the sound waves generated in the

chambers is A, the amplitudes of the sound waves are almost

 30 the same, and the distance of adjacent openings is d' (m), the

condition of d < A/{ 2(n - 1)} can be also satisfied. In this




10 When there are three chanbers A, B, and C, if the wave I|ength of each
of the sound waves generated in these chanbers is denoted by X the
anplitudes of the sound waves generated in the chanbers A and B are the
sane and denoted by "a". The 15 anplitude of the sound wave generated in
the chanber Cis 2 x a and the phase of the sound wave is inverse of the
phase of each of the sound waves) generated in the chanbers A and B), the
sanme effect as the above structure can be obtained. 1In this case, the
conbi ned wave form of the sound waves 20 generated in the chanbers A B,
and C becones flat because the crest portions and trough portions of the
wave for neasegakes cdachnetheitweds ehe esuktdisaamit dpghiafdecs gdarenbe
obtained. 25 1n the foregoing case, when the conditigon of d.< %{ 6 (n -
1)} is satish{led(n rHd Isoufidnea ROy WbaRSH iR ffieieatsy a8 one chanber

has one. Vigyat i Rgs MRGRAAES MthBa odifi i Rave toPhaldOMPLahAd wieBesi des the
case that the shapes, sizes, and so forth of chanbers are the sane, as

long as ordepemadefobegbhpgdbs il i meagnsdvanken e itiedti ed, the shapes.
and si ges f%?afaf%@@e LF BhE %E%f{fgﬂé“a5aﬁﬁlr58tﬁggt | Op, e arrangenent  of

two chanbers Is not restric en an el ectronic device having a
heat generditsahgngemgemeansequirppéteni whrdhe sjrate fﬂkm/vmgetnmﬂatl ng appar at us

‘of exanple e Qplnen% théhgounéraqggn%%teggtgge%? A E#@genenber and
n €

‘the jet f 190w gener ati ng apparatus Ca € sul hus
el ectroni ctdabieGe cannbe easéhgridasi gidde banehanmteven&mﬂhﬂnemts, t he
control unit is :
generating as much as possible.
10
When there are three chambers A, B, and C, if the wave
length of each of the sound waves generated in these chambers
is denoted.by'k, the amplitudes of the sound waves generated
in the chambers A and B are the same and;denoted.by "a"_. The
15 amplitude of the sound wave generated in the chamber C is 2
¥ a and the phase of the sound wave is inverse of the phase
of each of the sound waves) generated in the chambers A and .
B), the same effect as the above structure can be obtained.
In this case, the combined.wave form of the sound waves
20 generated in the chambers A, B, and C becemes flat because
the crest portions and trough portions of the wave forms

weaken each other. As a result, a muting effect can be

obtained.

25 - In the foregoing case, when the condition of d < A/ 6(n
- 1)} is satisfied, the sound can more weaken than the case
that one chamber- has one vibrating mechanism that has one

vibration plate.

30 - Besides the case that the shapes, sizes, and so forth

of chambers are the same, as long as only the foregoing




configured to control the vibrations of the vibrating nechanismin. the
range from80 to 150 (Hz) Thus, in the hearing characteristic of human,

t he noise |l evel can be decreased to 1/20 or |less than a sound wave at, for
exanple, 1 (kHz). As a result, the heat generating nenber can be cool ed

W thout a tradeoff for quietness. In exanple enbodinents, the jet flow
generating apparatus further conprises a sound absorbing nenber or a |id
menber di sposed at one of the plurality of chanbers. As a result, the

noi se of the appaidbusofan el huntbesatidetedasdd. shapexandl sisbedi ment s,

the vibrating chani sm has, a vibration_plate disposed in each of the
plurality of cge Ié’}f)n%%S.r $5n n8§aﬁ%?%rle‘c%ﬁ§di %Zgn?é‘jﬁt&émt’ hggﬁuﬁﬁjééf'ng_oefnefl%e .
vi bration pl abéstis dhaocbeased aptthestardpked udewef tien an blattxmipl ate is

i ncreased, the di scharge ampunt of the. conbined,jet flow. by, the_ vibrations
of the ol ur al PSR Mgt HRSRt Faned it R o b kB PP TR 1§t he
calorific povet alothgeheattigenapphiragusresberzaspytd dnasliasndsC ahip

i ncreases as the clock fr en her eof .increases, the generated heat can
be effectivel 37r?%{”cﬁe&‘F‘éta.°fe ahe ﬁ%a%t BECTRENE RTi f‘n‘% e e t-LBF

vi bration pl ageseirs&ingncippasetudr chhe banddittadeg tthenged. argus Ncegased,
since the conﬁ)rol uni tdcontrol S ﬁ)he Vi blrati ons of coolants so that the
sound waves vFHFEEETSY SEHECDITFarrt §2 ot X idraERh pl ates weaken each
other. Thus, while the heat is effectively radiated, the noise of the
apparatus can be prevented from gengrating. |In exanpl e_enbodinments, the
vi brating nechanisnf asexample eé%odlments, the cég%rol unit 1is
configured to control the wvibrations of the vibrating
mechanism in. the range from 80 to 150 (Hz). Thus, in the
hearing characteristic of human, the noise level can be
decreased to 1/20 or less than a sound wave at, for example, 1
(kHz). As a result, the heat generating member can be cooled

without a tradeoff for quietness.

In example embodiments, the Jjet flow generating
apparatus further comprises a sound absorbing member or a
1lid member disposed at one of the plurality of chambers.
As a result, the noise ¢f the apparatus can be further

decreased.

In example embodiments, the vibrating mechanism has
a vibration plate disposed in each of the plurality of
chambers.In example embodiments, as the number of the
vibration plates is increased or the amplitude of the
vibration plate is increased, the discharge amount of the
combined jet flow by the vibrations of the plurality of
vibration plates can be increased. Thus, even if the calorific

power of the heat generating member such




a vibration plate that partitions at |east one set of the chanbers.

Openi ngs may be forned in accordance with the nunbers by which each of the
chanbers is partitioned by a plurality of vibration plates. Al ternatively,
the nunber of vibration plates nay be |arger than the nunbers partitioned
by the plurality of vibration plates. In addition, of course, the nunber
of vibration plates may be one or nore. \Wen the nunber of vibration

plates is one,as hen TONEEY LibdeasssCaBT itgur dobR GRBLEHOAf Nenatdyrat i on
plate so that, it sinusoidally vibrates. Thus, the control unit causes the

sound waves gelEraResf f rom ERBeTRTGAalPrey G RSpetitagsited yweagkkstesach ot her .

In exanpl e emmdiiABNihert REnGOBYER! i FURKE hibeCOBE inEMLEE: &P 89RLd Qls the
phase difference of respective _sound waves generated in the plurality of
chanbers to bl CE8diSE Ohhbie FPHEpideseRieracieanBsreatehhaimdes $heas a

resul t, har moricesrét hehtt bt bhe #hd RibAHTRAL CSs Wk SR s eachnot hel. In this
case, harnonics contain frequency conponents that are nmultiples of other

than n-th 8 ha3PHBRI t37kakerasadPutier Plrrathrs agdbrathen phates

di fference of waspgCth¥g seHaf. wanes' mBans a.phase difference.qf each of
respective sound waves focused on only basic frequencies of 1 ndiVidual

sound waves. FAR&XERMpBI henbBiFerdt $het #rrag@fbporanie dreverts ifgomed to
control the apphititdes. of the sound waves generated in the plurality of
chanbers so that the "anplitude becones alnost the sanme. In addition, nis
set so that the noise |evel of a conbined wave of n-th harnonics is |ower

than the noise |evety 0fxdhe &R MRUEL 9 NHALAL L P QP Gechanism has
a vibration plate that partitions at least one set of the
chambers. Openings may be formed in accordance with the
numbers by which each of the chambers is partitioned by a
plurality of vibration plates. Alternatively, the number
of wvibration plates may be larger than the numbers
partitioned by the plurality of wvibration plates. 1In

- addition, of course, the number of vibration plates may be
one or more. When the number of vibration plates is one, the
control unit is configured to control the vibration plate
sC that it sinusoidally wvibrates. Thus, the control unit
causes the sound waves generated from the plurality of

openings to weaken each other.

In example embodiments, the contreol unit is
configured to control - the phase difference of respective
sound waves generated in the plurality of chambers to be
360°/n, where n represents the number of chambers. As a
result, harmonics other than the n-th harmonics weaken
each other. 1In this case, harmonics contain frequency

components that are multiples of other than n-th




of the plurality of chanmbers. Wen the phases of the sound waves are set
to be 360/ n, pn-th harnonics (where p is any integer of 2 or greater) also
strengt hen each other. However, since the anplitude of a harnonic higher
than the n-th harnonics is small, the anplitude of the conmbi ned wave of
the pn-th harnonics is smaller than the anplitude of a sound wave
generated in one chanber. In exanple enbodi nents, the vibrating nmechani sm
has vibration plates alnost symetrical to a plane perpendicular to a
first directi cprmbiids i geddem dHacectdtbrr.of Irhethiidbraddegn.thiengaishe
vibrating mechani.sm has such mretrical structure, the anplitudes and
es

a_s
so forth of tRETTSHUNT wR r%:??c?c%{zﬁé’ﬁr HAFbnie€ehecdiféfhe® s&ME=Snpl i t ude

as nuch as posisEbémncihos,edcheot]uiedbaessveabube® Wavels hescuseapsowady | n

exanpl e enbodi nments, the control unit, is configured to vibrate the

vi brating rrechﬁﬁi"gnﬁﬁci“ﬁnﬁl?% A BLAUE b YR 2P i nput of the vibrating

9 nmechanism As a result, since the harnonic conponents are decreased, the

noi se of the appara{:us can b]teﬁsu ressed. In this case, the "input" neans,
p

for example, a suppty pBH&P PHGEN P ekBFpl EOHMFSdi HBHES, 1T he

vi brating nechaifisfiirbas toa chht 641 Vily akiysi tpliat € oas taEetsbusdl wheed pl ane
perpendi cular to the direction of vibration, and a second vibration plate
havi ng al nost 9P HF L 4fe Shag@CasPERER Fitst Ofvi BhaAeSA pPat &aFi bFBEi ng
al nost i n theagAMRud: N8Gched Asosthendiseetli oA asthen vipratisee g the
first vibration plate, and bei n% di sposed in the opposite direction of the

that the noise level of a combined wave of n-th harmonics is

lower than the noise level of the sound wave generated in one

of the plurality of chambers. When the phases of the sound

waves are set to be 360°/n, pn-th harmonics (where p is any

integer of 2 or greater) also strengthen each other. However,

since the amplitude of a harmonic higher than the n-th

harmonics 1s small, the amplitude of the combined wave of the

pn-th harmonics is smallexr than the amplitude of a sound wave

generated in one chamber,

In example embodiments, the vibrating mechanism has
vibration plates almost symmetrical to a plane
perpendicular to a first direction which is the direction
of the vibration. Since the vibrating mechanism has such a
symmetrical structure, the amplitudes and so forth of the
sound waves and their harmonics become the same amplitude
as much as possible. Thus, the gquietness can be further

improved.

In example embodiments, the control unit is
configured to vibrate the vibrating mechanism with a lower

input than a rated input of the vibrating




first vibration plate. In the structure, although the vibration plates are
asymmetrical, when they are disposed in their opposite directions, the
symmetry of the wvibrating nmechani smcan be assured as a whole. Thus, the
wave fornms of the sound waves generated in the plurality of chanbers
beconme the same as nuch as possible. As a result, the quietness of the
apparatus can be inproved. As exanples of asymmetrical vibration plates,
speakers eachediaviiBg. aA€ai |repalti 0ni R themhghRbhLc PREdbaBneak ke used.

I n exanpl e eq?odineq%s the control unit has a first signal generating

unit for genePatiAgTy ditvBOETG RSl CPRaTPPATELYE CahBey P HBRSSRE melthani sm t o
vibrate at thgnifsi eate, fthequanty ! aeuhsy $6€Qdnpignal sgﬁm[ olvBg amni t for
generating a drive signal that causes the driving mechanismto vibrate at
the first freffiéA8S: but not vibrate at a second frequency that is
different fromthe first frequency. The second frequency is a harnonic

conponent of the first freguency as a basic frequency. Thus, when the 10
vibrations at the fi@s?@?‘%&mﬁ?&%’%’ﬁ%ﬁ' et dPrabindeyerteRismy hgppr at i on

plate having a canvedti @aBlahicst OrpiAR COPAREDEicdlS Used, at hgingkse of the
apparatus can be effectively decreased. In exanple enbodi nents, the jet
f1 ow gener at i REEPUPPIEPaRTISTY urth et 1e6RPPR sos HREatihenmedns dets8ePPRg uni t

for detectingithaisaupdamaves;iagnanabad i theepbuid idy @fc ghagbers. The
control unit is configured to control the sound waves in accordance with a

sound wave deVERiGtdAR Blaffal vivmGingeadbask doritheolsaBecdidsriqui efs the j et

flow the direction of the vibration of the first wvibration plate,
"and being disposed in the opposite direction of the
first vibration plate. In the structure, although the
vibration plates are asymmetrical, when they are
disposed in their opposite directions, the symmetry of the
vibrating mechanism can be assured as a whole. Thus, the
wave forms of the sound waves generated in the plurality of
chambers become the same as much as possible. As a
.result, the quietness of the apparatus can be improved.
As examples of asymmetrical vibration plates, speakers
each having a coil portion and a magnetic portion can be

used.

In example embodiments, the control unit has a first
signal generating unit for generating a drive signal that
causes the wvibrating mechanism to vibrate at the first
frequency, and a second signal generating wunit for
generating a drive signal that causes the driving
mechanism to vibrate at the first frequency, but not vibrate
at a second frequency that is different from the first
frequency. The second frequency is a harmonic component of

the first frequency as a basic frequency. Thus, when the
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generating apparatus. In addition, even if the vibration characteristic
varies due to the aged tol erance of the vibrating nmechanism the noise of
t he apparatus can be decreased. In exanple enbodi nents, the plurality of
chanbers is conposed of a first chanber group and a second chanber group
each of which is conposed of at |east two chanbers. The vibrating
mechani sm has a first vibration plate for vibrating the cool ant contai ned

in the first chagheionsgadUthe andsa SeGABLLY LBRRIA QAR 8t f OEvi brrating the
cool ant contained.in the fecond chanber group. The control unit is
confi gured to TIMPFOHThBIZIDMEVITHhS SPOYHRiPppk1disEREt 58 SREPIMat i on

plates so thatid h&sespunthewaiesegererabedpphPathle £4x She COARRSS W@IQUP Weaken
each other and that a first combi ned sound wave generated in the first

chanber  group4%i82%%econd conbi ned sound wave generated in the second
chanmber group weaken each other.In exanple enbodinents, the first conbi ned
sound wave weakened_in the first chanber group and the second conbi ned
wave weakened 11 i n*Phee*8@®dRd RaedEteftoupther eitlur fhey @snpraidagand

further weakgpgdyseaehtrRtNebmpliies, at BEuRPI RS Ohe {018 12QPRLAL USCAN  be
further decreased. In exanple eﬁ%odlnents, the jet flow génerating

appar at us f ur BRECtBAP IR e §CENE oURESWaIRRSGBERS at® n§henblurebityenér ati ng

anot her soundcuenss ihatrHeurddaer-oveakens: st Rgn yeakened £ingd $gund wave.
Thus, the noise of the apparatus can be further decreased. The sound wave

generating unfPUuifeetidVed gBnEcaPEIBRFY Hisbuad swand Wama ndeteatdverse phase
and the same ayglditudg; of sdd@awRakENED1 securely quiets the jet flow

generating apparatus. In addition, even if the wvibration
characteristic varies due to the aged tolerance of the
vibrating mechanism, the noise of the apparatus can be

decreased.

In example embodiments, the plurality of chambers
is composed of a first chamber group and a second chamber
group each of which is composed of at least two chambers.
The vibrating mechanism has a first vibration plate for
vibrating the coolant contained in the first chamber
group, and a second vibration plate for vibrating the
coolant contained in the second chamber group. The control
unit is configured to control the vibrations of the first

and second vibration plates so that the sound waves generated

in the first chamber group weaken each other and that a

first combined sound wave generated in the first chamber

group and a second combined sound wave generated in the
second chamber group weaken each other.In example

embodiments, the first combined sound wave weakened in the

first chamber group and the second combined wave weakened

11




conbi ned sound wave. In exanple enbodi nents, the vibrating nmechanism has a
vibration plate. The jet flow generating apparatus further conprises a '
casi ng having a through-hole and formng a chanber group partitioned by
the vibration plate. The vibrating nmechani sm has an actuator, disposed
outside the casing, for driving the vibration plate, and a rod passing

t hrough the through-hole and noved in synchronization with the notion of

t he actuat or. ifhehcharbed clgibap dEspnacdaidyehsr paoot hédned Byr{Her 1)

vi bration pl ates, re n.is._any ipteger of 2 or greater. The actuator is,
Tor Cexanpl e “Ersansth Bt REBFYy THFC e rred (il R Fer e 301 T ed to
t he fol |l owm nghdeserilpid aecrdeni.t he actuator is disposed inside the
casing, there is a possibility in which the heat of the actuator remains
in the chanber. Wen the heat remains in the casing, the capacity of the
heat radiation w lindeciease. ddveMaientkn extrnplier exodi reAEBatisych a

di sadvant age can be solved% 12 I n exanpl e enbodi nents, the jet fl ow
generating appatAtUE fUFthEr CORBITSRs? aSeRd niP Vi e 2 i RFotgithol e and
form ng a chapber ggneupt pay t itdnred uddewakdr ahaONrplatda: wddh@ngi brati ng
mechani sm has_an actuat or, dj sposed outside the casing, for driving the
vibration plate ?ﬁﬁf%?eﬁoﬁombﬁg§?dﬁ“FﬁT&ﬁﬁﬁ'tﬂ@u?hrgﬁbﬁyﬁéﬁe°§n&hﬁnved in
synchroni zat i @fpansitisg t bennopd onpafchthe aséridsen. | nTRXanpheenhadenent s,
the actuator is disposed outside the casing. The chanbers can be
structured sodPHHETHRS r URbt uRBEAS sHtapedenYratthePlke dar 8°¥He “&¥fe as much

as possible. dhdsg &heewirbecthat Lhe tdecsfms amplitiddeonainse wEarrRe

i nproved. Since the actuator is not disposed
combined sound wave.

In example embodiments, the vibrating mechanism
has a vibration plate. The jet flow generating apparatus
further comprises a casing having a through-hole and
forming a chamber group partitioned by the vibration plate,
The vibrating mechanism has an actuator, disposed outside
the casing, for driving the vibration plate, and a rod
passing through the through-hole and moved in
synchronization with the motion of the actuator. The chamber
group has n chambers partitioned by (n - 1} vibration plates,
where n is any integer of 2 or greater. The actuator is, for
example, electro-magnetically driven. This definition is
applied to the feollowing description. When the actuator is

| disposed inside the casing, there is a possibility in which
the heat of the actuator remains in the chamber. When the
heat remains in the casing, the capacity of the heat radiation
will decrease. However, In example embodiments, such a

disadvantage can be solved.
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in the casing, the problemin which the heat remains in the chanber can be
sol ved. In exanple enbodi nents, the jet flow generating apparatus further
conpri ses an absorbi ng nenber, disposed in the casing, for absorbing the
vibrations of the rod, the direction of the rod is referred to as the
second direction that is different fromthe first direction. The absorbing
menber can suppress the shaking of the rod. As a result, the absorbing

menber allows the vithr adi iRl ated@imdally Midrate. r1bh additiamg since
t he absorbing nmenber is disposed so that it covers the throu%h-hole, t he
cool ant in t hEéPEALIHG E3R-HsE CHIRNIERPed F3°4RY | eaRIhG FrehghtelemBugh- hol e

when the vibr abiRihg Bl 2h&wekrDEALRS pathit@%AP 1Yy aHROdiiBRRE Son thEadeet flow
generati ng apgaratus further conprises a first bearing, the first bearing

bei ng used forPEh&IPBREINGhE@eFPRRYSHAWS MY FRGTHGLH s pdisegsed nowtride

t hrough- hol e @hel Nedshfg Vi ¢bRi tid3nd heneofuiptie ohi ibtdearhdgal s-daot
limted to a solid su%stance, but a fluid substance. In exanple
enbodi ments, BAFELY 'tBEPyal the thrquoh hqls spdcieicdaln ySyngBEREZREWN t hat

definition isapplingdmodinPaf tiHeULB uatoeN & arlpdied RBBALAGNES, ugrRd, the
air tightness of the casing and quietness of the apparatus are inproved.
As an exanpl écBiateRels i HaPeresiupstaitice thei FasinousEe shembsehptas be

embodi ments, tBguRePaRS @hat NMHRUINydRGes Vi dHBLE ONPLAL 8141 INgrd Qlhef | OW
generating apparatus further conprises a second bearing, the second

bearing bei ngS@8eds fYFh tafe PPEYLIFhUEIUSY hehs efbnet Iakhadlacseaispdsed at a
posi tion oppoghd 6,diQe & bbl ShpR68A! NncIhiiSe d8260 168t disposed

in the casing, the problem in which the heat remains in the

chamber can be solved.

In example embodiments, the jet flow generating
apparatus further comprises an absorbing member, disposed in
the casing, for absorbing the vibrations of the rod, the
direction of the rod is referred to as the second direction
that 1is different from the first direction. The absorbing
member can suppress the shaking of the rod. As a result, the
absorbing member allows the vibration plate to stably vibrate.
In addition, since the absorbing member is disposed so that
it covers the through-hole, the coolant in the casing can be
prevented from leaking from the through-hole when the vibration

plate vibrates.

In example embodiments, the Jjet flow generating
apparatus further comprises a first bearing, the first
bearing being used for the rod, the first bearing being disposed

in the through-hcle or in the vicinity
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be nore stably noved than the foregoing rod. In addition, since the rod
extends fromone end to the other end of the <casing, the chanbers can be
structured so that the volunes, shapes, or the |like are the sane. Thus,
the noise of the apparatus can be further decreased. The rod may or nay
not pass through the first casing at a position opposite to the first
bearing. In exanple enbodi nents, the jet flow generating apparatus further
conprises a seal nmenber that blocks the casing passing through the

t hrough-hole fromthe outside. Thus, since the air tightness of the
chanmber is inphevedf. The dppatatearcag abfertt velniwgenerate aoled fl ow
The seal nenbegsgﬁ%ﬁbe %81 . This definition_will be _applied to

4 id or %érLg
the fol | owi ng d88eH ISt i onoMin Exarpl@enbTHFEAEE: the fRt 4%6WPIEnerati ng
appar at us fur ehbodimesrprd,semizssedl samaberorl 4 flaridseadls ngpddiFicasing agai nst
t he space fornmed between_the rad apd the first bearing. Thus, since the
air tightnessggfcrﬁ%%ﬁchgﬁ%%rdﬁglpﬁg+%$ed? (WP HS5ar at s PR B PEeti vel y
generate the weénfhowlulhebsgaingreidensdmy the diisposettassst be seeond
bearing. In exanpl e enbodinents, the jet flow generatin appar atus further
conpri ses a fF?§¥¥%£?52§H%8F?ﬁ%ﬁ;%§ ﬁpﬁsﬁppiﬁﬁﬁ%eﬁrﬁr P&lri £FofBd by a
first vibrati erapblat @fothé hei quiidosabsodndgd,abes, iante.second casi ng formn ng
a second chanber group partitioned by a second vibration plate of the

vibration plates. Iﬂgf&ggrﬁtin cha isn1ga§ an actuator, disposed

bet ween the first casifg and Fﬁ%gggﬁﬂh r FHEi hYS BB | rﬁﬁgkhgh?lrst and

second vi bratvidration plate. The jet flow generating apparatus further
comprises a second bearing, the second bearing being used
for the rod. Thus, the second bearing is disposed at a
position opposite to the first bearing. Thus, the rod can
be more stably moved than the foregoing rod. In addition,
since the rod extends from one end to the other end of the
casing, the chambers c¢an be structured so that the
volumes, shapes, or the like are the same. Thus, the noise
of the apparatus can be further decreased. The rod may
or may not pass through the first casing at a position

opposite to the first bearing.

In example embodiments, the jet flow . generating
apparatus further comprises a seal member that blocks the
casing passing through the through-hole from the outside.
Thus, since the air tightness of the chamber is improved,
.the apparatus can effectively generate a Jjet flow. The seal
member may be solid or fluid. This definition will be

applied to the following description.

In example embodiments, the Jjet flow generating

apparatus further comprises a seal member
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pl ates, and a rod, passing through the first and second through-holes and
connecting the first and second vibration plates, and noved in

synchroni zation with the notion of the actuator.Iln exanple enbodi nents,
one actuator can vibrate at |least two vibration plates. Thus, the

di scharge anount of the coolant can be increased with a low electric
power. As a result, the cooling efficiency can be inproved. In exanple
enbodi ments, the jet flow generating apparatus further conprises a first

bearing, the figs [ [ o] he rod he, £i beari ng being
di sposed in the. %??s% ﬁ?guéﬁgﬂﬁglgégﬁk%%nE?%egéﬁ%%iﬁ?%@ﬁd %ﬁégéﬁn %ﬁ?hus, t he
rod is stably nmvedd thckdwirsie, baaléng etThuk| o menéhat #ing tagharetsusfmay

further conpri ring.. - ri bej dfo rad, .t he

beari ng being1§$333§§%eki%Saléggggggth?%%g%bﬁ%f%$%35£?41%égﬁﬁﬁlgEly

enbodi nent s, tdemeretepEssestt Hlowughritcheeali metbean ragt bondjpdmtsed The | et

fIOM/generatiqglaggg§£glb arEH ther conprises a second bearing, the second
e

beari ng being s or the rod, the second bearing being disposed at a

position opposite to the first bearing of the first casing. Thus, since

the rod is nore stably nmoved than the foregping rod..for which only the
first bearing is usga,eﬁﬁgp93i5W§PF6W63F%Ieg§?agF§ VitPat L E KB se, the
rod may pass apgdaretgh auseconcdowplblass on filrate cadhey jRtrnfhowe fjeser ati ng

Foa. the beal TRICHS! GG SR6LLH RE BY pBeTiT in "ORROEITe LB I P et
bearing of theidratsén pastery. dmi exaspten®nbasimentsymie & etsebbow

generating chamber group partitioned by a second vibration plate of
the wvibration plates. The vibrating mechanism has an
actuator, disposed between the first casing and the second
casing, for driving the first and second wvibration
plates, and a rod, passing through the first and second
through-holes and connecting the first and second
vibration plates, and moved in synchronization with the
motion of the actuator.In example embodiments, one actuator
can vibrate at least two vibration plates. Thus, the discharge

amount of the coolant can be increased with a low electric

power. As a result, the cooling efficiency can be improved.

In example embodiments, the Jjet flow generating
apparatus further comprises a first bearing, the first
bearing being used for the rod, the first bearing being
disposed in the. first through-hole or in the vicinity
thereof. Thus, the rod is stably moved. Likewise, the jet
flow generating apparatus may further comprise a bearing,
the bearing being used for the rod, the bearing being disposed

in a second through-hole.
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apparatus further conprises a third casing having a third through-hole

t hrough which the rod passes, the third casing formng a third chanber
group partitioned by a third vibration plate connected to the rod passing
through the third through-hole.ln exanple enbodi nents, the nunber of
casings can be adjusted in accordance with, for exanple, the nunber of
heat generating nenbers to be cooled and the arrangenent thereof. In

addi tion, although the discharge anmount of the coolant can be increased in

proportion with the nwiher10f GASHNGSHtd, heth%pl}%gabg§sélsegﬂfﬁo&%ﬂl XPQHOW

actuator. Thus, the power consunption, cost Sl ze
gener ating ap@eprsé?t usibrahibe déateasBek jet efboempl eeream&dngre\ﬂplsaratthe jet flow

generating 2pRARALUSIUEIIG COMLLAES L LRS! (f0C LRRL. 3L GRL sea

menber for sealing the first casing passing 1through ough- hol e
agai nst the cwigiddesgddfer Secomd,séak menbed Yenriggabehy tdiepseednd casing

ProollY e L0 SRCANGARRL AT A RS het DERQUBP! R R ST nce
the air tightness o ech IS 1 nmprove Ffow €an
effectively g@sénat e‘@huS'FheSlgeal tlnge bt 51smatgorbe sseblyj maredf [thiad. tha exanpl e

enbodi nent s C | d nt the.first.an second
casings so th%#ggﬁgﬁggoggtfg? ‘%gg%ler%gi t}g frlg'(t% t E)l(cgf}lrm((:j’ona 'tl%erdduéc hol es.
The jet flowviggneiat migtapqﬂleatayus;lkﬁmttehererHmsese'shea rodahmapgepbes for

seal ing the fi rr%tUL ﬁam g gggar&st Hbe cond sceng tﬂlr ougg‘??y égace bet ween

the rod and t ¢tuator . | € erbodi ment’s *are especi féctive
when the fi rs_:[emea:si:mgg aﬂpbam-:tussaegndfucahengc@nm:mnraed:teedlbg,thhe

act uator. ln %é%@@h& being used for the rod, the bearing being disposed
at a position opposite to the first bearing of the first

— casing.

In example embodiments, the jet flow generating
apparatus further comprises a third casing having a third
through-hole through which the rod passes, the third
casing forming a third chamber group partitioned by a
third vibration plate connected to the rod passing through
the third through-hole.In example embodiments, the
number of casings can be adjusted in accordance with, for
example, the number of heat generating members to be cooled
and the arrangement thereof. 1In addition, although the
discharge amount of the cooclant can be increased in
proportion with the number of casings, the apparatus needs
only one actuator. Thus, the power consumption, cost, and

size of the jet flow generating apparatus can be decreased.

In example embodiments, the jet flow generating

apparatus further comprises at least one
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enbodi nents, since the seal nmenber can seal the inside of the first casing
agai nst the inside of the second casing, coolants can be effectively

di scharged fromthe first and second casings. In exanple enbodi nents, the
actuator is configured to contact the first and second casings so that the
actuator covers the first and second through-holes. The actuator has a
bearing used for the rod, and a seal nenber for sealing the first casing

agai nst the segopdreasi REal hauah Fo5PIEL PGt ¥eeNEiheckothpRdsthe; beari ng.
Since the seal nenber can seal the inside of the first casing against the

i nsi de of the HEEBAN thasfhgt dddicaabshetm 3 ioptetbpyerysiis ged from

‘the first andecsea@NdesBShdider ¥or RegXanp! enenhodinentsinthgagsiMat or has
a fluid pressure generating unit for noving the rod with fhe ressure of

a fluid. The fPaPETHridss FreCHRNERERUMGROHE taoaiRyt gbher dttes ifgt efhpessur e,
hydraulic pressHe€ thai dir REESSHESE, 0P theNendnike. 1d NnBXARER, €2 eydRodi ppnt's, the
actuator has a rotor, and a |link nmechanismfor transferring the rotational
notion of thé&aPoPRrefigctheeodenthetetht Taeopealicpherscstt e sebidr, is a
rotational notersmih which the cost can be reduced in conparison with a

|l inear notor. In exanple enbodi nents, the jet flow generating apparatus
further conprises a casing. The casing has a side wall, and a di scharge

nozzle for coolant, ¢t r&%ﬁ%g?gggagﬁ%&%% ttﬁ@\/gg@lafﬂa’féi%sﬁgoﬁﬁpg‘ﬁgg‘ %)esecond

end that protrude from the e outs € 1 nsi of the
casing, respewtioel phet ferstasamy ferandngasands ofot hieatt hbmbeastuator

covers the first and second through-holes. The jet flow
generating apparatus further comprises a seal member for
sealing the first casing against the second casing through a
space betwsen the rod and the actuator. Example embodiments
are especially effective when the first casing and the
second casing are connected by the actuator.In example
embodiments, since the seal member can seal the inside of
the first casing against the inside of the second casing,
coolants can be effectively discharged from the first and

second casings.

In example embodiments, the actuator is configured to
contact the first and second casings so that the actuator
covers the first and second through-holes. The actuator has a
bearing used for the rod, and a seal member for sealing the
first casing against the second casing through a space between
the rod and the bearing. Since the seal member can seal the
inside of the first casing against the inside of the second
casing, coolants can be effectively discharged from the

first and second casings.
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Since the second end of the nozzle is disposed in the chanbers, the nozzle
can be as large as possible. Thus, the frequency of the generated sound
can be decreased. According to the hearing sense of human, as the
frequency of a sound becones | ower, the volune thereof becomes |ower.
Consequently, in exanple enbodi nents, the generated sound can be decreased
as |l ow as possible. In exanple enbodi nents, the jet flow generating
apparatus further conprises a bent nozzle through which the coolant is

di scharged from at |®mas¢éxans of ediheiicharBer $he FRusSatdrhendzeat fendarati ng
menber can be cooled in accardance with the direction aof the bent nozzle.
18 Al ternati vely> 3¢ | E58¢-BrEYs ™6t Huz 2 MRS that pr 5Pgud‘§lte}T r Gft he

di fferent chanherssueanolbicaarlangedTie Bluidi eekisane dgbfiefadiingf aaxt he
direction of the chanbers so that the distance d is satisfied. ILn exanple
enbodi nents, tHe j 8ER¥TXW gBRET AL TGS SUppar Ety%a’flﬁjr‘f h&**2dhpri sés¥a

fl exi bl e nozzlgrdshnpaghor Whiechikbe cool ant is di scharged fromat | east one
of the chanbers. Thus, the direction of the nozzle can be varied in

accordance-wi th the_arrangenent of .the heat , generating nenber. In exanple
enbodi nents, the j et f F6W nge?ﬂg?ﬂbme%tpspart Fud'S H?’f%g“acsor?pﬁogﬁ’ a first
nozzl e t hr oughndhié chinkt echeel santfoir st thrathares theomviadtibeas tmaanen chamber

to a first heat .generating nenpber ngd.a second nozzl e .t hrough,,K which the
cool ant is digghé%ﬁedx%8raq§e8g%d]ﬁggtqﬁgnéF: PRY nEibdt Rt FRSdifferent
fromthe firstoheat pgeneradtdaigonaRnbeteor TS, dHiehcedkarbstabahebéi schar ged

to a pluralit . . .
. P %educed in comparison with a linear motor.

In ‘example embodiments, the jet flow generating
apparatus further comprises a casing. The casing has a side
wall, and a discharge nozzle for coolant, the discharge nozzle
having a first end and a second end that protrude from the
side wall to the outside and the inside of the casing,
respectively, the casing forming each of the chambers.
Since the second end of the nozzle is disposed in the
chambers, the nozzle can be as large as possible. Thus, the
frequency of the generated sound can be decreased.
According to the hearing sense of human, as the frequency of
a sound becomes lower, the volume thereof becomes lower.

. Consequently, in example embodiments, the generated sound

can be decreased as low as possible.

In example embodiments, the Jjet flow generating
apparatus further comprises a bent nozzle through which the
coolant is discharged from at least one of the chambers.
Thus, the heat generating member c¢an be cooled in

~accordance with the direction of the bent nozzle.
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of heat generating nenbers disposed at different positions. A conventional
fan that rotates an inpeller cannot |ocally cool an object unlike exanple
enbodi ments. The first nozzle and the second nozzl e may di scharge the

cool ant fromthe sane chanber. Alternatively, the first nozzle and the
second nozzle may di scharge the coolant from different chanbers. In
exanpl e enbodi nents, the first nozzle is straightly fornmed, whereas the
second nozzle is bent. Thus, in accordance with the arrangenent of the
heat generating menber, it can cooled by the second nozzle, which 19 is

bent. In exanmizeenbodiengnt ax tbesd | 6i5d sz zbe hasz1as fhkbt phbowgpat h. The
first flow path has 2 first length and a first sectional area
per pendi cul ar 1™ hERF | oW dis 68t ofifaBie4she CFol BAt . 2TFRNISEC0RB nBzzl e has

a second flow qitdetiodhaisesoant fHaw patd dasedivRcyd dngithintlat is

|l arger than the first |length and a second sectional area that is |arger
than the first>%ddfFohBf WrEENThdsts (RE1FESFLt ance of the second flow
path can be prevented fromincreasing. As a result, a proper anmount of

cool ant can be discharged fromthe second nozzle. In exanple enbodi ments,
the jet flow generatPng*FpRar AWK TERRer Bfpricdest e 29nsg28i’Pposed on a

heat sink hawppgracyy Urakiter Obohgalsdsadhat #1001t 8S, ndI3YE NG R oghKe
surface al nost perpendi cular to the heat radiation fins, the caSing
formng at | e¥BtcRnErofcatant| if aflizgpaseed nbigserat, leanal are| ehsthone set of

nozzl es that ansmbent. TRGSS riile dikeptidhesige sysiaceRf pkheacasing toward

t he heat radiation _
in accordance-with the arrangement of the heat

generating member.

In example embodiments, the Jet flow generating
apparatus further comprises a first nozzle through which
the coolant is discharged from at least one chamber to a
first heat generating member, and a second nozzle through
which the coolant is discharged to a second heat generating
member that is different from the first heat generating
member. Thus, the coolant can be discharged to a plurality
of heat generating members disposed at different positions.
A conventional fan that rotates an impeller cannot
locally cool an object unlike example embodiments. The
first nozzle and the second nozzle may discharge the
coolant from the same chamber. Alternatively, the first
nozzle and the second nozzle may discharge the coclant from

different chambers.

In example embodiments, the first nozzle 1is

straightly formed, whereas the second nozzle is bent. Thus,
in accordance with the arrangement of the heat generating

member, it can cooled by the second nozzle, which
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fins, and discharge the coolant. Thus, in conparison with the structure in
whi ch the side surface of the casing in which a nozzle is disposed faces
the heat sink, the jet flow generating apparatus can be easily disposed
agai nst the heat sink. In addition, in exanple enbodi nents, the envel oped
vol une of the heat sink and the jet flow generating apparatus can be
decreased as much as possible. In exanple enbodi nents, the vibrating
mechani smhas a vibration plate that is a side wall 20 vertically disposed
in the directinbefitthe vibration, the side wall having a first end
portion and a second end portion that are opposite in the direction of the
vibration, a first supporting nenber for supporting the first end portion,
and a second suppollhi ngzamiieer efiosdiswgpper,t | fig: t bersecasgz @ndhaport i on.

second suppor GG HEABer B ARGl 1 {RE B HeleF oh HrEhbO7dr 45fon, the

vi brati on pl ate feast detivabl yandabpatpehdinatlakatereld ¥ivibaatesiosi nce t he
vibrating plate is prevented_frombeing laterally vibrate if the driving
rechani o ¢ hatvEB? At EE e TR SO BPHELS S B SECPR: nakteIt |y
~driven, the stTatoseatsh t hiowrpeall easnmenbercopan tbagpr evient eds f romeeol | i di ng.

Si nce they hardl col lide, .the space between the stator and the novable
portion can 6&%&?%\/\%&53 REHEY T @ 13%6PRY apptiicnat o2kt WY i€an  be
strengt hened. 1Asgex rigstl the thiesdr b¥btigpna@chags smean ted fegdiscahyepr oduce a
driving force. _In addition, since they hardlg?collide, vi brations of

hi gher nodes Canthe STPFeddtn Paty Gy EuPEeVEHE hJite® SRC¥4AS &Fpar at us
can be decreasgda r&sxanmpl prephodinBRAtSort B&o NI abh NGe NBChMA-SBNhas

from the second nozzle.

In example embodiments, the jet flow generating
apparatus further comprises a casing disposed on a heat
sink having a plurality of heat radiation fins, having a side
surface almost perpendicular to the heat radiation fins, the
casing forming at least one of the plurality of chambers,
and at least one set of nozzles that are bent, protrude from

‘the side surface of the casing toward the heat radiation
fins, and discharge the coolant. Thus, in comparison with
the structure in which the side surface of the casing in
which a nozzle is disposed faces the heat sink, the jet flow
generating apparatus can be easily disposed against the heat
sink., Tn addition, in example embodiments, the enveloped
volume of the heat sink and thé jet flow generating

apparatus can be decreased as much as possible.

In example embodiments, the vibrating mechanism has a

vibration plate that is a side wall

20




a vibration plate that has a side wall disposed in the direction of the

vi bration and a supporting nmenber that slidably supports the side wall in
the direction of the vibration. Thus, since the supporting area of the
side wall that the bearing nmenber supports can be increased, the

vibration plate can be stably vibrated, not laterally vibrated. In exanple
enbodi nents, the vibrating nmechanismhas a |ubricant interposed between

the 21 side waldrtardlljeiisppped timaneeabesctibAuss tihe MibREatdon thol ate can
be snoothly vibrated., In addition, the air- tightness of each of the

chanbers can B&§ MBLOVEYING 2 hi&ihl b RBEER MR ARS 2 tI96O0T LK PRE-98chani sm
has a vibrati eRatplaateoposs¥pPOs tiHRg dTBsmabnf 6F SMPPOKL{tNGn, t hecRaki phery of
the vibration plate, a drivi n% unit for driving the vibration plate, and a
l ead wire, coflRRAEARY HRMREEN TPReSHRASEALTD NS AL Estarthd Rersigpording

menber, for gl seténcaldppolt 2ngf REFAY BorCARLEBLL ShPNBe fdLMnbhengont rol
unit to the driving unit. Thus, since the lead wire is integrally noved

with the vibrBeForPpl ati@cEndhehesideupidit ilfy sHorpeEedt ke Itdéad fiirFé can be

prevented frogupdyreaky Nene rCONRAFLS QR WA e pvepandRdkead- Weq | n
exanpl e enbodi nents, the supporting, nenber has a threaded groove forned

around the vi bt atiofipration THe thpeutbidtieny sthf rédrarony r¥tegredve. Even .

if the | ead \Aigéestgﬁlg}?tﬁ@glﬁ@ua/, mpyed Wik bhathe vibratien plate apd the
e

supporting menber, if ead wire is wiredin the direction in which the

di spl acenent BHARHISfPIHE lsupporanited Rembdeipechbnesralldygeibrdgely from

the center ofif the driving mechanism that vibrates the vibration plate
is electro-magnetically driven, the stator and the movable

member can be prevented from colliding. Since they hardly

collide, the space between the stator and the movable portion

can be narrowed, the magnetic field applied to the coil can

be strengthened. As a result, the driving mechanism can

effectively produce a driving force. In addition, since they

. hardly collide, vibrations of higher modes can be suppressed.

. As a result, the noise of the apparatus can be decreased.

In example embodiments, the vibrating mechanism has
a vibration plate that has a side wall disposed in the
direction of the wvibration and a supporting member that
slidably supports the side wall in the direction of the

vibration. Thus, since the supporting area of the side wall

that the bearing member supports can be increased, the

vibration plate can be stably vibrated, not laterally

vibrated.

In example embodiments, the vibrating mechanism has

a lubricant interposed between the
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the vibration plate to the outside, since the lead wire is largely
stressed, there is a possibility in which the lead wre wll break.
However, in exanple enbodi nents, such a problemcan be solved. In exanple
enbodi nents, the groove includes a shape like bellows. In a accordance
with a second aspect of the present invention, there is provided an

el ectronic device conprising: a heat generating nenber; a plurality of
chanbers containing a coolant; a vibrating nechanism for vibrating the

cool ant cont aisnad w811 hendlunalsubpodfing hamprrS $auds K pHlsakivel y
di scharge the ﬁoolant 22 toward the heat generating nmenber; and a control
unit for con®rdffi At RE PFBPERTONVHITALRE - vi bitat 3 tHeEhakP8m@1%0 t hat the

sound waves gengheh&ss Ryt then cooldat chehschargadptr optheqpl urality of
chanbers weaken each other. 22a In exanple enbodi nents, the heat

generating nmenber is, for exanple, an electric part such as an 1C chip or
a resistor or heatIsadixaiipes fdmisdikeweyer thkheyihgat ingengicaknngnmenber is
not limted to these, but any one that generates heat. The el ectronic
device is, foreskaffirétign éﬁ?ﬁﬁﬂ &t , SPrPBAL PPl B gPRROLAdEY st ance) ,
an electric applpangRerplot hend i kibrakloRCEH@aNGE Avikhng LRitdraspect of
the present |invention, there |s provided a jet_ flow generating nethod

conpri sing t H&FST8Hs 16f: WPBR T hgPPCool28Rt dcotftest iEdFsin CoangFtedl ity of
chanmbers eaclbdtamiengtRs PREAHTIGNSPl &S tA1d RULS ALY ngi s&hangesbhe cool ant
through each égeé%ggcally transferring a control signal from the control
unit to the driving unit. Thus, since the lead wire is
integrally moved with the vibration plate and the
supporting member, the lead wire can be prevented £rom

breaking in comparison with a suspended lead wire,.

In example embodiments, the supporting, member has
a threaded groove formed around the vibration plate. The
lead wire is wired along the groove. Even if the lead wire
is integrally moved with the vibration plate and the
supporting member, 1f the lead wire is wired in the
direction in which the displacement amount of the
supporting member becomes large, nearly from the center of
the vibration plate to the outside, since the lead wire is
‘largely stressed, there is a possibility in which the lead
wire will break. However, in example embodiments, such a

problem can be sclved. In example embodiments, the

groove includes a shape like bellows.

In a accordance with a second aspect of the
present inventicn, there is provided an electronic
device comprising: a heat generating member; a plurality
of chambers containing a coolant; a vibrating mechanism
for vibrating the coolant contained in the plurality of

chambers so as to pulsatively discharge the coolant
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openi ngs; and controlling the vibrations of the coolant so that sound
waves generated by the cool ant discharged fromthe plurality of chanbers
weaken each other. In exanple enbodi nents, the sound waves generated in
the plurality of chanbers weaken each other. Thus, as the clock
frequenci es of such as 1C chips as heat generating nenbers increase, even
if the heat thereof increases, the heat can be effectively radiated. In
addition, the noise of the apparatus can be suppressed. Al so disclosed is
ajet flow 23 generating apparatus conprising a plurality of discharging.
means for pul satively discharging a nmedium and wave form adjusting neans
for adjusting at |east either anplitudes or phases of the sound waves so
t hat the soundnmaxbsﬂgeneﬂaiaﬂxmhﬁtﬁh@ ﬁkﬁb@fitﬁn@fadkﬁ@h@bgiﬂ@lﬂeans are
offset. In e ?g qi hrase fset" neans that the sound
waves generat con P i gﬁ %%%rﬁﬁﬂ%l FESRa e UGB SBr weakened
each other pasdl| ythfatt thh@ugslrmiﬂd awafrégl Oc_rﬂerlerrawiékichbyhetlﬁs)umd:owaﬁes are
propagat ed. Thi s.definition I|e t he fol Io ng descri ption.
In exanple e lﬁfhﬁeﬁ?g TR ﬁﬁ%egﬁﬁf % ﬁ%‘ ﬁﬁsté ednfRglred to

of fset the saungrwaves generated by a pIurallty of -di schar gi ng neans.
Thus, as the clock frequencies of heat generating nenbers such as an 1C
chip increase, even if the calorific powers generated thereby increase,
the heat can be effectively radiated there from In addition, the noise of
t he apparatus can be suppressed. The wave form adjusting neans needs to
adj ust, for exanple, the phases or anplitudes of the sounds so as to
of f set
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t he sound waves generated by the plurality of discharging neans. In
exanpl e enbodi nents, the nmediumis a gas. The jet flow generating
apparatus further conprises a vibrating nmenber for vibrating the gas. The
plurality of discharging means each has an openi ng through which the gas
vibrated by the vibrating nenber is jetted outside the apparatus. The wave
form adjusting neans has 24 control neans for controlling the vibration of
the vibrating nenber. Since the control neans is configured to control the
vi bration of the vibrating nenber, the sound waves that are generated are
of fset and t hereby Fhe*fRfiRE FAEmEBpar at iR Ne3h FHEEREYVRMITEIPEEOom

generating. |k exaipkaagiiRodianeat serMRenat-hesgdistancge at fdpasent openi ngs
of at |east one discharging neans is denoted by d {m and the wave |ength
of a sound Wa¥IFEREr aPed NERE orf@ddrsepar gf Hip -mediR¥evrdendteed 53EA (m),

the conditi ongerRfrafling Medbks SAtiosf Lefitdzae¢h Sfedhenpt Ut} idn @hat
di schargi ng neans can have a chanber. In this case, when the wave |ength
A of a sound FRRAFAGESeREBAT of Thhe laramseis Asviteoist: tiee saremwrlesi Ace the

sound waves geRgLedgd At pidhe RRPERLNISDRfit8ACRssiGhankar, de notesthengt hen

wi th al nost the maxi mum anplitude, the noise of the apparatus can be

suppr essed a§¥ﬁﬂéﬁn§§r<ﬁbggﬁbib¥e¢s descri bed above, in exanple

enbodi ments, while noise is prevented from generating, heat generated by a
heat generating nenber can be effectively radiated. In addition, noise

owi ng to the vibratinoriccerdpasaoriieh eopobpénespert distighe i RBYex¥ponent s

can be suppresifiition, there is provided a jet flow generating method
comprising the steps of: vibrating .a coolant contained in
a plurality of chambers each having an opening so as to
pulsatively discharge the coolant through each of the
openings; and controlling the vibrations of the coolant
sc that sound waves generated by the coolant discharged

from. the plurality of chambers weaken each other.

In example embodiments, the sound waves generated
in the plurality of chambers weaken each other. Thus, as
the c¢lock freguencies of such as 1C chips as heat
generating members increase, even 1if the heat thereof
increases, the heat can be effectively radiated. In addition,

the noise of the apparatus can be suppressed.

Also disclosed is a jet flow
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BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 Fig. 1 is a perspective view
showing a jet flow generating apparatus according to an enbodi nent of the
present invention; Fig. 2 is a sectional view showi ng the apparatus shown
in Fig. 1; Fig. 3 are wave forns showi ng vibrations of two 25 vibration
plates; Fig. 4 is a perspective view showi ng an exanple in which heat of,
for exanple, an IC chip is radiated; Fig. 5 is a graph (equal | oudness
curve of A 5 characteristic) showing a characteristic of hearing sense of
human; Fi g. 6 gesemighgpbpshiawingcangEsihy ofpidiral hfeasel elfebhardginghol se of a

jet flow generating,appar.atus_using a.sound ressure neter; 10 Fig. 7 is a
i R TR b iiRa I ST TRVt SRR St ey es

schematic di agﬁgrﬁ? dfeoscrlub1
generated by bdgusdmgdmsany cRs adj@tdnB; afi rasl kstigeschighbtidesdbagr am

descri bing a conbi ne ound wave of the sound waves generated by two sound
sources 15 Apgﬁ%esB;O%Fitg? %O"‘éw\g:wg‘é%ﬁé’t 8o AT SRR e‘gaé'leisbﬁﬁr@e%tﬁﬂti ng

operation in bhetisagaurhat t{ hef eliactat@lig clranbesse dHifgetl0 is a schematic
di agram showi ng wave fornms in the case that there are three sound sources

and their sound 20, wayes ve diff.erent p\?_{gses- Fi%é,,li i s, graph show ng
cal cul ated results ot “E8Mbithe v\(/)ac{/l S5t WE°s BNaSfav 85TST mbanS

- that the sound waves generated by a plurality of discharging

means are offset or weakened each other partly or throughout a

region in which the sound waves are propagated. This definition

will be applied to the following description.

In example embodiments, the wave form adjusting
means 1is configured to offset the sound waves generated
by a plurality of discharging means. Thus, as the clock
frequencies of heat generating members such as an 1C chip
increase, even 1f the calorific powers generated thereby
increase, the heat can be effectively radiated there from.

In addition, the noise of the apparatus can be suppressed.

The wave form adjusting means needs to adjust, for
example, the phases or amplitudes of the sounds so as to offset
the sound waves generated by the plurality of discharging

means.

In example embodiments, the medium is a gas. The
jet flow generating apparatus further comprises a
vibrating member for wvibrating the gas. The plurality of

discharging means each has an opening through which the

gas vibrated by the vibrating member is jetted outside the

apparatus. The wave form adjusting means has
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Fig. 12 is a sectional view showing a jet flow generating apparatus
according to another enbodinent; 25 Fig. 13 is a perspective view show ng
a jet flow generating apparatus according to another enbodinent; Fig. 14
is a schematic di agram showi ng wave fornms in the case that, for exanple,
two chanbers descri bed above are used and phases of the sound waves
generated in the two 30 chanbers are shifted by 180; Fig. 15 is a
schemati ¢ di agram showi ng wave forns of 26 the sound waves generated in
three chanbers; Fig. 16 is a table show ng ratios of harnonics against a
basi ¢ wave i FYHEL FRETBhEPT LTpaakEng $har VimRtipe hof tide VEp@ringput and

40 % t her eof ;mepbk 0. sihtel $h@ SR&ELONMand €W SHEWHABA doeloht QW tggnerating
apparatus according to another enbodi ment, the sSectional view taken al ong

line B - B shoWFaFromiQf ™8; VErRting pevkemedbrofednds Weles akert areng line A
- A shown i nydre@atdd;ark0 oFkget k9d $hardKhamat heisl aﬁr%%saﬁ%m&ug jet flow
generating apparatus according to another enbodinment; Fig. 20 is a table
showi ng an ex&@WPE PReTHECadeon HEnezasintal of a vibration control unit is
adjusted at a basic frequency of 100 (Hz) so that distortion conmponents as
15 harnoni c conponents are decreased;, Fig. 21 is a schematic diagram
‘showi ng a jet flow IgenerdRify appadamgstaccordigthe agbttiraceendddi nent ;

Fig. 22 is a spadanalopehengshowi Bg ad-8t fdrQw SeRALALINGD AP afys
according to anot her enbodinent; 20 Fig. 23 I1s a schematic di agram show ng
a sound wave denoted by d {m) and the wave length of a sound wave generated

by one discharging means is denoted by A {(m), the condition

of d < A/2 is satisfied. Each of the plurality of discharging

means can have a chamber. In this case, when the wave length

A of a sound wave of each of the chambers is almost the same,

since the sound waves generated at the openings of each

chamber do not strengthen with almost the maximum amplitude,

the noise of the apparatus can be suppressed as much as

possible.

As described above, in example embodiments, while
noise is prevented from generating, heat generated by a
heat generating member can be effectively radiated. In
addition, noise owing to the vibrations of harmeonic

components as distortion components can be suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1
Fig. 1 is a perspective view showing a jet flow
generating apparatus according to an embodiment of the
present invention;
Fig. 2 is a sectional view showing the apparatus shown
in Fig. 1;

Fig. 3 are wave forms showing vibrations of two
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in the case that one jet flow generating apparatus shown  in Fig. 22 is
used at a drive frequency of 200 (Hz); Fig. 24 is a schematic diagram
showing a first conbined wave formand a second conbi ned wave form
generated by two 25 jet flow generating apparatuses shown in Fig. 22 and
their conbined wave form Fig. 25 is a schematic diagram showi ng a noi se
spectrum Fig. 26 is a sectional view showing a jet flow generating
apparatus according to another enbodi ment of the . 30 present invention;
Fig. 27 is a sectional view showing a jet flow 27 generating apparatus
according to a nodification of the enbodinment shown in Fig. 26; Fig. 28 is
a secti onatribsenycshewangsa jet flow generating apparatus according to
another nodification of the 5 enbodinent showmn in Fig. 26; Fig. 29 is a
sectional view st hg S PEFSPEOR VY EREY SN Nappae ARl adbofdidhy to

anot her. moglifi Gat,i @BrObxbis1e SEROdidTRA: pShaWnisn,ELg; 26; Fig. 30 is a

sectional view showing a jet flow 10 generating apparatus according to
anot her enbodi nefitg-of> tikea greienfedyafentdusinesEi gurse ¢£ & sectional view

showi ng, a Jyel.dd Qs 92BPIAAYAPRAEILUSDAYLIO 0N SREAKEL, it 32 1S a
schemati c |agran1sﬁomnng a. jgt oW 18 genérating apparatus according to
a nodi'fi catunem;of the enbodinent shown in Fig. 30; Fig. 33 is a schematic

di agram showi ng aJ et {1 o, g8ReLRLING, BPPRLET U 22827 L0
of noise of a jet flow generating apparatus using a sound
pressure meter; '

0 Fig. 7 is a schematic diagram describing a combined
sound wavé of the sound waves generated by two sound sources
A and B;
Fig. B is a schematic diagram describing a combined
sound wave of the sound waves generated by two sound sources
15 A and B;
Fig. 9 are schematic diagrams describing a muting
operation in the case that there are four chambers.
Fig. 10 is a schematic diagram Showing wave forms in
the case that there are three sound sources and their sound
-20 waves have different phases;
Fig. 11 is a graph showing calculated results of
. combined waves of two sound waves; - —
Fig. 12 is a sectional view showing a jet flow
generating apparatus according to another embodiment;
25 Fig. 13 is a perspective view showing a jet flow
generating apparatus according to another embodiment;
_ Fig. 14 is a schematic diagram showing wave forms in
the case that, for example, two chambers described above are
- used and phases of the sound waves generated in the two
30 chambers are shifted by 180°;

Fig. 15 is a schematic diagram showing wave forms of -
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enbodi mrent shown in Fig. 32; 20 Fig. 34 is an enlarged sectional view

showi ng an actuator according to a nodification (No. 1); Fig. 35 is an

enl arged sectional view showing an actuator according to another

nodi fication (No. 2); Fig. 36 is an enlarged sectional view show ng an 25
actuator according to another nodification (No. 3); Fig. 37 is an enl arged
sectional view showi ng an actuator according to another nodification. (No.
4); Fig. 38 is a schematic diagramshowing a jet flow generating apparatus
according to another nodification of the 30 enbodi ment shown in Fig. 32;
Fig. 39 is a schematic diagramshowng a jet flow 28 generating apparatus
accor di ng the arehberatedi fecatd o ttheeceahadberny shown in Fig. 28, Fig.
40 is a perspective view showing a jet flow generating apparatus according
to anot her errbocﬁz'r?en#dfs EHeP s shedtng reflenteorarpppica pged ngtper specti ve

vi ew descrd pjaRg cawRb@cin Gale J43a98noE 4 Ngdaflerf L OWHOBNAS ql4i¢Rg s@RpPar at us
shown in Fig. 40; Fig. 42 is a perspective view showmng a jet flow

gener ati ngt arapus aeeofdihg-harepinodi fication of the 10 embodi nent
shown isn Fig. 4Qi;figy 43 ?sécéf&ﬁ_allo%aﬂewv'esﬁ}é’ggﬂ V‘éttr‘jge@ljleéwflow

generati ng apparatus accordi ng to another I rent;, i'g. 44 is a
per spect i EEngiralistoappyr at yetaddaawiggnéepathoghap patatdiseatcoedeng t o

e AP Thb1 Een AIAS H U 50001 0 4 13 2
Fig. 18 is a sectional view taken along line A - A shown
in Fig. 17;

10 Fig. 19 is a schematic diagram showing a jet flow

generating apparatus according to another embodiment:
Fig. 20 is a table showing an example in the case that

a signal of a vibration control unit is adjusted at a basic

frequency of 100 (Hz) so that distortion components as

165  harmonic components are decreased;

Fig. 21 is a schematic diagram showiné a jet flow
generating apparatus according to another embodiment;

Fig. 22 is a sectional view showing a jet flow
generating apparatus according to another embodiment;

20 Fig. 23 is a schematic diagram showing a sound wave
in the case that one jgt flow generating apparatﬁs shown in
Fig. 22 is used at a drive frequency of 200 (Hz); |

_ 'Fig. 24 is a schematic diagram showing a first combined
wave férm and a second combined wave form generated by two

25 jet flow generating apparatuses shown in Fig. 22 and their
combined wave form;

. Fig. '_25 is a schematic diagram showing a noise spectrum;
Fig. 26 is a sectional view showing-a jet flow
generating apparatus accdrding to another embodiment of the
: 30 present invention; |

Fig. 27 is a sectional view showing a jet flow
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Fig. 44; Fig. 46 is a sectional view show ng nozzles of ajet flow
generating apparatus according to a nodification of the 20 enbodi nent
shown in Figs. 44 and 45; Fig. 47 is a schematic di agram show ng an exanpl e
of the usage of the jet flow generating apparatus having nozzles that are
bent (No. 1); Fig. 48 is a schematic di agram show ng an exanple of 25 the
usage of the jet flow generating apparatus having nozzles that are bent
(No. 2); Fig. 49 is a sectional view showing a jet flow generating
apparatus according to another enbodinent; Fig. 50 is a sectional view
showing a jet flow 30 generating apparatus according to a nodification of

t he enbodysrentatsigwapparkigs d@oRb kg go Slmb&ificecidrord theew showi ng a

jet flow ner.ating arat us. according to another nodification of the
EPgn 7

enbodi ment TERGWA S 48 HY. is a sectional view showing a speaker
type 5 vibratingiqedsanisse seediddhia i iShowiggner §&4 gL Appar at us
according to another enbodinent; Fig. 53 is a plan view showi ng a vibration

pl ate, an IEHFE HEFRIPATATY ST I RIsHoMRC Hrerrgdi Sicatgrmn ¢f §hes4 i s a

. sectional MiMisReW BHognVikr@dtd Neel0 mechani smin which two vibrating

mechani sms shown in Fig. 53 are symetrically arranged. DETAI LED

" DESCRI PTI ON OF THE -| RVENTI O\sa8tNenatl, wiieth shetwéngnaejeto ftllver acconpanyi ng
dr awi ngs, @éhe:%@%@' armtra%t.lstan:%opnfdﬁﬁgr}to éxq'c\nlﬁpéf I%dew:’:j_éatqeondoeg %fllebed'

embodiment shown in Fig. 26;

| Fig. 30 is a sectional view showing a jet flow

10 generating apparatus according to another embodiment of the
present invention;

Fig. 31 is a sectional view showing a jet flow
generating apparatus having one speaker;

. Fig. 32 is a schematic diagram showing a jet flow
16 ‘generating apparatus according to a modification of the
embodiment shown in Fig. 30;

Fig. 33 is a schematic diagram showing a jet flow
generating apparatus according to a modification of the
embodiment shown in Fig. 32;

20 Fig. 34 is an enlarged sectional view showing an
‘actﬁator according to a modification (No. 1);

Fig. 35 is an enlarged sectional view showing an
actuator according to another'modification {(No. 2);

' Fig. 36 is an enlarged sectional view éhowing an
26  actuator according to another modificationr(No. 3):

Fig. 37 is an enlarged sectional view showing an
aétuator according to another modification. (No. 4);

Fig. 38 is a schematic diagram showing a jet flow
generating apparatus according to another modification of the

. 30  embodiment shown in Fig. 32;

Fig. 39 is a schematic diagram showing a jet flow
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Fig. 1 is a perspective view showng a jet flow generating apparatus
according to an enbodi nent of the 20 present invention. Fig. 2 is a
sectional view showing the jet flow generating apparatus. A jet flow
generating apparatus 1 has, for exanple, two independent casings 11 and
12. The casings 11 and 12 have 25 vibrating nechanisns .5 and 6,
respectively. The vibrating mechanisns 5 and 6 have vibration plates 7 and
8, respectively. The vibration plates 7 and 8 are conposed of a soft film
material, for exanple, PET (polyethylene terephthalate) film or the |iKke.
The vi brating nmechanisns 5 and 6 each have a 30 structure of, for exanple,
a speaker .gefwratiibyatppag a tiechattreiisgo @ado the@anbd af - Lomposedhef a coil, a
magnet, and. 3Q so forth (not_sho . The vibration plates 7 and 8 are
asymet ri CAPSHERFeSPRER 16 T di%ections of the vibrations thereof. 5
The casings 11 andy.120f @M Chardesst ikia ARt %ﬁ@win%eépﬁgiiﬂ’l@@’- The
chanmbers Ila and 12a each are filled with a gas. the gas, for exanple,
air can b&VSERLIRIPIRRATIGHYF 26FCHBERY &9 aBoErrr enbgfémeh s mfs&bieas openi ngs
on sidg sydaces iabehPeogasings 11 and 12, respectively. Each chanber nmay
not 10 have a plurality of nozzles 13 (or nozzles 14) , but one nozzle 13
(or nozzle 14). Hiy-addii$ onpeaspshbime i nidw glestrabin® a rirhetnoail es such as

- the nozzl a L Qrt rude rom.the casi.n and so
_forth, re?ﬁsjea Ci ggl%% ;TQJ%eélﬁg?gslgﬁg%?P{I?iggﬁgf%F%% Ssrlt?gH %I%SE'EJT%% %éZﬂ e 13 and
so forth may be Higr.ngd ii5aipetdpeataile suelagrswdig tdhejegasing 11 and so
forth. Hole por%Lons 11b and 11b are fornmed at the upper _portions of the
casi ngs 1F®ANG? i?gr%%%ﬁﬁéﬁWﬁﬂ3fP°fﬁéng to a modification of the

10 embodiment shown in Fig. 40;
Fig. 43 is a sectional view showing a jet flow
generating apparatus according to anothef embodiment;
Fig. 44 is a perspective view showing a jet flow
generating apparatus according to another modification of the
15 embodiment shown in Fig. 40;
Fig. 45 is a sectional view showing nozzles shown in
Fig. 44;
' Fig. 46 is a sectional view showing nozzles of a jet
flow'generating'apparatus according to amodification of the
201 embodiment shown in Figs. 44 and 45;
Fig. 47 is a schematic diagram showing an example of
 the usage of the jet flow generating apparatus having nozzles
that are bent {No. 1);
Fig. 48 is a schematic diagram showing an example of
25 the usage of the jet flow generating apparatus having nozzles-
that are bent (Ne. 2):
Fig. 49 is a sectional view showing a jet flow
generating apparatus according'to ancther embodiment;
Fig. 50 is a sectional view showing a jet flow
30 generating apparatus according to a modification of the

embodiment shown in Fig. 49;
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vi brating nmechanisns 5 and 6 are di sposed so that they cover 20 the hole
portions Il b and 12b, respectively. The vibrating nmechanisns 5 and 6 are
controlled by a control unit 10. The control unit 10 has a power supply
circuit 15 that applies a sinusoidal AC voltage to the 25 vibrating
mechani sms 5 and 6, and a control circuit 16 that controls the wave fornms
of the vibrations of the. vibrating nechanisns 5 and 6. As wll be
described later, the control wunit 10 causes the control circuit 16 to
control the vibrating nechanisnms 5 and 6 so that vibrations of air
generated by the 30 vibrating nmechanisnms 5 and 6 are offset or weakened.
31 The casings Fligan8d112saaesamidoomdfl aikwgbhywingidl yeat entiosd such as a
nmetal, for_exanple, alumnum_ The casings 11 and 12 are forned in, for
exanpl e, STEECRAGARPAPATEr 1 PEE Lot TP iSRS TRl ERF al 5,

openi ngs, adbdsachershowd ideriy.casi;ngs 11 and 12 are the sane. Likew se,
the shapes, materials, and so forth of the vibration plates 7 and 8 are
the same. Next, Fiffe opetait R oPeSFianfE jVéevwi Foawither Ariesderotappar at us 1

struct yr ed; ;3328285 MdehralaY s | 1n Rey desarib Qﬁerﬂ'ﬁl@cgpgé?%tygl t 10
drives the vibrating nmechanisnse 5 and"6 so as to sinusofdally vibrate
‘them As &9€5ding thenaiharesnbedimhetchanbers I1a and 12a increase or

decrease. As theg;,voly 0 e_vibrati pl ates 7 .and ary, the
internal 15 pressdres o tah%l%lﬁaﬁ#e‘?s qwgggn?i ‘Tgoaraa S5 r’?g?)%ﬁ%’ hsequent | y,
ai r streamsigpunsabévelgndjererfatreht Bhowughit heignozzl;eand3 and 14. Wen the

vi bration pIateFY deégrns in the direction in  which the volune of the
chanber |la incrédsed’ the® iTRETA Sre¥stf g ehd1ORatBRF || a decr eases.

~Thus, 10ut eleckhi®h in which two vibrating mechanisms shown in Fig. 53

are symmetrically arranged.
DETAILED DESCRIPTION OF THE INVENTION

15 Next, with reference to the accompanying drawings, an

embodiment of the present invention will be described.

Fig. 1 is a perspective view showing a jet flow
generating apparatus according to an embodiment of the
20 l.p‘resent invention. Fig. 2 is a sectional view showing the

jet flow generating apparatus.

A jet flow generating apparatus 1 has, for example,
two independent casings 11 and 12. The casings 11 and 12 have
25 vibrating mechanisms ..5 and 6, respectively. The vibréting
mechanisms 5 and 6 have vibration plates 7 and 8, respectively.
The vibrétion plates 7 and 8 are composed of a soft film
material, for example, PET (polyethylene terephthalate) film
or the like. The vibrating mechanisms 5 and 6 each have a
30 "struc:ture of, for example, a speaker. The vibrating

mechanisms 5 and 6 each are composed of a coil, a magnet, and
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20 the casing 11 enters the chanber through the nozzles 13. In contrast,
when the vibration plate 7 defornms in the direction in which the volume of
t he chanber | |a decreases, the internal pressure of the chanber Ila
increases. As a result, air in the chanber Ila is jetted to the outside of
the casing 11 25 through the nozzles 13. These operations apply to the

vi brating nmechanism 6, the chanber 12a, and so forth. Wien the jet air is
di scharged to, for exanple, a highly heated portion, it can be cooled. 30
On the other hand, the vibrations of the vibration plates 7 and 8 are
propagated as sound waves in air. In other 32 words, besides air jet flows
t hrough th& Mezzhesnd8 aRdwlp., ThBevvbbiaisonsiped e awbbgation plates 7
and 8 cause dense and thin portions of air to be fornmed fromthe chanbers
Ila and BFEYT§trR&addtidhgeespectate ddg direrEsiomscohdhe wdratiopsngi t udi nal
wave takesHaraeg. The sound wave becones noise. |In particular, the noise
sounds are generated mainly fromthe nozzles 13 and 14. To suppress the
forgoi ng noise, as shown in Fig. 3, 10 the vibrations of the vibration

platessr and 8 & cQQbigL! od oy {NG QN UnLt; 10 S0, that the

~vibrations of air generated by the casings an e]bf?set or .
weakened ezcpectherly. Spde thembdys Itlheawd Hr2at ¢octs aakef thdd elikkd so t hat

the wave _forns qQf the vibrations of the vibration plates 7 and 8 beconme 15
the same &n ?he%fhégﬁgaﬁhecﬂb?xﬁ%% %@aﬁﬁﬁﬁykg?‘ﬁﬁﬁg, %ﬁﬁ@@a%fﬁg wave forms

weaken eacif miheles LherDi §@refdidiappas aipesingabheidecheaseds Fig. 4 is
~a perspective view showi.ng an exanple in which 20 heat of, for exanple, an
IC chip i ot the &Féangﬁ ]t]h@njjé'tz f Fempectively. Each chamber may not :

10 have a plurality of nozzles 13 (or nozzles 14), but one nozzle
13 (or nozzle 14). 1In addition, as shown in Fig. 1 and 2,
the nozzles such as the nozzle 13 and so forth maf not protrude
from the casing 11 and so forth, respectively. Alternatively,
the nozzles such as the nozzle 13 and so forth may be formed |

15 in the wall surfaces of the casing 11 and so forth.

Hole portions 11b and 11b are formed at the upper
p‘ortions of the casings 11 and 12, respectively. The
vibrating mechanisms 5 and 6 are disposed so that they cover

20. the hole portions 11b and 12b, respectively.

. The vibrating mechanisms 5 and 6 are controlled by a
control unit 10. The control unit 10 has a power supply
circuit 15 that applies a sinusoidal AC voitage to the

25 vibrating mechanisms 5 and 6, and a control circuit 16 that
controls the wave forms of the vibrations of the vibrating
mechanisms 5 and 6. As will be described later, the control
unit 10 causes the control circuit 16 to control the.fr.ibratiﬁg
mechanisms 5 and 6 so that vibrations of air generated by the |

3¢ vibrating mechanisms 5 and 6 are offset or weakened.
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generating apparatus 1. The I1C chip 50 is disposed in contact wth a heat
spreader (or a heat transporting nenber having a heat pipe function). A
plurality of heat radiation fins 52 is nounted on a heat spreader 51. The
jet flow generating 25 apparatus 1 is disposed so that the air jet flows of
the nozzles 13 and 14 face the heat radiation fins 52. The heat generated
by the 1C chip 50 is spread by. the heat spreader 51 and transferred to
the heat radiation fins . 30 Then, ‘highly heated air renmains in the
vicinity of the heat radiation fins 52. As a result, a thermal boundary

|l ayer is 33 fornmed. To renove it, for exanple, the vibrating nechanisnms 5
and 6 vibrate sorescteidysthairgel? beejreideldODuhiganenrabed mdietika nozzl es 13
and 14 toward the heat ation fins 52. = The jet flows break the thernal
boundary |3yet 258 Iﬁe?aeg'ul T SEAMIREE iy é_"é‘tumilém@ff%%Fﬂrng%d]i]ata@ﬁl Accor di ng

to an enbort npet fofmédemr esergxan@a@wth%ctaa@uh@% Paipere 19 1elr at i ng
mechani snms such as the vibrating nmechanismb5 and so forth or the nunber of

casings suthFREy t ke 1hapesyi Rytaiakfy sBenéngh and smdrekberf dheas the
anpl i tlﬂjescaé%fngtJ'Q1V'aHEia§Qn9rérB&@rga?r@5 Sﬂft'e sd, hq: ' QB%’EEQQ mechani sm 5

and so forth are increased, the flow anmount a co ined” Jet flow ow ng
to the vi braitdrind sof anfeswiforahi a§ Htm:hahmsmonsmﬁdteas"ftdimd\ﬂ brati ng
mechani sm 5 a o forth.can be increased. 15 Thus, as the clock

frequenci es of ‘chips are increased, even if the calorific powers

gener at ed t her eby are i ncreased, the heat thereof can be effectively
radiated. In CO% even er, of vibrating nechani sns such as

t he pu
the vibrating an|t£‘ﬁ1 8pgﬁﬂ£’s%r} ‘?%rtt &Y ALPB GNP e anpl it udes 20
“thereab arspgaienedsk et rlbeueedtdsdlic Y8 1bdd 26080L 1al13. b QIRRaIBS .

The control unit 10 drives the vibrating mechanisms 5 and 6
so as to sinusoidally vibrate them. As a result, the volumes
of the chambers 1la and 12a increase or decrease. As the
volumes of the vibration plates 7 and 8 vary, the internal
15 pressures of the chambers 1la and 12a also vary. Consegquently,
air streams pulsatively generate through the nozzles 13 and
14. When the vibration plate 7 deforms in the direction in
which the volume of the chamber 1la increases, the internal
pressure of the chamber 1lla decreases. Thus, éuter air of
20 the casing 11 enters the chamber through the nozzles 13. In
contrast, when the vibration plate 7 deforms in the direction
in which the volume of the chamber 1la decreases, the internal
pressure of the chamber lla increases. As a result, air in
the chamber lla is jetted to the outside of the casing 11
25 through the nozzles 13. These operations apply to the
vibrating mé.chanism 6, the chamber 12a, and so forth. When
-the jet air is discharged to, for example, a highly heated

portion, it can be coéled.

30 ‘On the other hand, the vibrations of the vibration

plates 7 and 8 are propagated as sound waves in air. In other
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of the vibrations of the sound waves so that the sound waves weaken each
other. In other words, while the heat can be effectively radiated, the

noi se can be prevented from generating. 25 In addition, according to the
enbodi ment of the present invention, since the plurality of nozzles 13 (or
14) are arranged in the Y direction, the heat of a heat generating nenber
can be effectively radiated in accordance with the 30 length in the Y
direction of the radiation fins such as the heat radiation fins 52 and so
forth. 34 According to the enbodi nent of the present invention, since at

| east the vibration plates are sinusoidally vibrated and the sound waves
are offsetwortdtse sesitk wades jeant hevsmhe obgeffiechiovellgsoff seid than the case
that the nqis s weakened by two fans that dlschayge air. Since the sound

wave that © es"& EPLtorT 6th dhe FahTrE gemdediesy /ndrdy? 9austi gRPSBe

difficult dna BHER i iRRIsS8rWaih dheserbmied 37om Qe Nendmbeas exgeri ment al
result about the noise decreasing effect using the jet flow generating

appar at us 29 W2R| tpethestttdaie - | Astherespdri respundheayetas |ow generatl ng
appar akus ljon@i%uﬁtﬂﬁai %laerVEéi&sdf(; m_$§' Orl"ﬁe s%eln%ana(%ec&nes 18i60m,

(m, d =20 "(nun), meters 4) of nozzles 13
and 14 =12 I()mﬁ)lculaICotim nodre (Purids @U@Qﬁnenate@@aﬁmém@m gkeof the

vibrating | i d 6 are around 100 (Hz) , which is an audible
range of hg%%ﬂ%@ 388 éb fﬂlsu s a graph show ng an audi ble characteristic

of human. The graph is an equi-I|oudness curve (A
To suppress the forgoing noise, as shown in Fig. 3,
100 the vibrations of the vibration plates 7 and 8 are controlled
by the control unit 10 so that the vibrations of air generated
by the casings 11 and 12 are offset or weakened each other.
Specifically, the vibrations are controlled so that the wave
forms of the vibrations of the vibration plates 7 and 8 beéome
15 the same and the phases thereof become inverse. Thus, since
8 the wave forms weaken each other, the noise of the apparatus

can be decreased.

Fig. 4 is a perspective view showing an example in which

20 heat of, for.example, an IC chip is radiated by the jet flow
geperating apparatus 1. The IC chip 50 is disposed in contact
with a heat spreader (or a heat transporting member having

a heat pipe function). A plurality of heat radiation fins

52 is mounted on a heat spreader 51. The jet flow generating

26 apparatuslis disposed so that the air jet flows of thé nozzles

13 and 14 face the heat radiation fins 52.

The heat generated by the IC chip 50 is spread by the
heat spreader 51 and transferred to the heat radiation fins.
30 Then, highly heated air remains in the vicinity of the heat

radiation fins 52. As a result, a Vther'mal boundary layer is
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characteristic) prescribed by JIS standard. The graph represents that in a
frequency band from20 (Hz) to 20 (kHz) , when a human is exposed to the
same sound pressure |level, how 25 he or she can hear it. In other words,
the graph represents that with reference to a sound wave of 1 (kHz), at
what intensity a human can hear sounds of individual frequencies. The
graph shows that in the sane sound pressure |evel, a human can hear a
sound of 50 (Hz) weaker than a sound of 1 (kHz) 30 by 30 (dB). The sound
pressure level Lp (dB) is defined by the following fornmula (1). 35 Lp =
20l og(p/p0) ... Forrmula (1) Where p represents the sound pressure (Pa), and
pO - represbentsda redercence sSouddrpsesgiliee (26 RajatdnfigcHanisma graph
showi ng a es%!% ofbthe measurenent of noise hy the jet flow generating
appar at us L 387 RgVAPEJILRFC FfesSuitSThaATEe tiReIGFablPshaReesatedul t of the

measur enenly tbt hb£zBOsING wavess idbwd bl eflant kandatiomanaued 20 (Hz) to
20 (kHz) , which is an audi bl e range of human. In addition, 10 the graph
shows "soltf preddeme pesak thedihramalberndrysdayeryvelts a Tegeltthe graph is

not compengal edaw §8 Lhe.LOIRAN) NGqi4ccharacteristic (the sound pressure
| evel is not conpensated in accordance with the audible characteristic of

human) . Consequently, the graph shown in Fig. 6 represents that as 15 the

frequency beco | €.s ur evel becomes higher. However,
t he noi se thatnﬁ%ﬁﬁﬁggégn£€é%}%gggggégié(§$§%§tpﬁ%ﬁ§5t'ﬁ%¥e§Fé H* shows t hat
t he sound asavbs mogier efff ethraeing weakeni eachweithas e ¥808rbtzhg 20 When

.t he di st a%%%hggg\é\%@ atngesc? 9 o%:ltgsog' %hgnrgmt?béler( E)rf]ecasiﬁgs such as the
10 casting 11 and so forth are increased or as the amplitudes
of the vibrating mechanisms such as the vibrating mechanism
5 and so forth are increased, the flow amount of a combined
jet flow owing to the vibrations of the vibrating mechanisms
such as the vibrating mechanism 5 and so forth can be increased.
16 - Thus, as the clock frequencies of IC chips are increased, even ‘
if the calorific powers generated thereby are increased, the
: heat'thereof can be effectively radiated. In contrast, even
if the number of vibrating mechanisms such as the vibratihg
mechanism 5 and so forth is increased or the amplitudes
20 theréofareincréased,thecontrolunitlocontrolsthephases
of the vibrations of the sound waves so that the sound waves
weaken each other. In other words, while the heat can be

~effectively radiated, the noise can be prevented from

generating.
25
‘ In addition, according to the embodiment of the present
invention, since the plurality of nozzles 13 {or 14) are
arranged in the Y direction, the heat of a heat generating

member can be effectively radiated in accordance with the

30 length in the Y direction of the radiation fins such as the

heat radiation fins 52 and so forth.

34




di stance between openings) is denoted by d as shown in Fig. 1, and the
wave | ength of a sound wave is denoted by X (n), d < %2 ... Fornmula (2)
If the formula (2) is satisfied, the following effect 25 can be obtai ned.
In other words, the sound waves generated by the nozzles such as the
nozzle 13 and so forth do not strengthen each other with al nost the

maxi mum anpl i tude, the noise can be al nost prevented from generati ng.
Next, the reason why the foregoing effect can be obtained will be 30
described. 36 As shown in Fig. 7, the distance between the opening 13 of
the chanber Ila and the opening 14 of the chanber 12a is denoted by d. The
di stance of AP is denoted by h. The distance of BP is denoted by i. If Ih
- i is smaller than 5 1/2 of the wave Ien%th A of the sound waves

gener at ed by solfFOEHTOcER tReapmb &l gtenthel clnbersent dnyeatiga, and t he

phases ofs#:hesee 3QuUBE MAVESHALE ddWELSSs at:Q%ih\a{gp§egﬂP)(}®§1)ét%§5g@?ke“ each

other. The triangle definition shows that the nmaxi num h - 11
is d, nanednd the. spunc wiveFhase of frsddsthe smirskwemab|@n tdeanothe hal f wave

lengthg nqgg&y < h i stanced. i.s defined in this nner,
these two soun xg&gégf%o ngﬁaétfggéFﬁ%nggg%ﬁﬁg%ﬂg%sﬁfvﬁwﬁﬁeeaFnDst maxi mm
anpl i t udesy toTHiessphiemontahacge bér al sdneadehst onthdvuisrewanetf ronts  of

t he sound \wave rated by_the two sou sources A and, B as shown in

H e S B G Y S R RnT LRIy o PR SPECRE of Lhe Seund

source A, dirfieas tatbhiitd ide: HApRkesgRhStRoy@vad ramnk . of the sound source
B. In addition, 20 a solid |line of the wave front represents a crest,

wher eas
: 10 Next, an experimental result about the noise

de(:reasing effect using the jet flow generating apparatus 1
will be described. In the experiment, the jet flow generating
apparatus 1 has the following dimensions.
a =100 (mm), b = 18 {(mm), ¢ = 50 (mm), d = 20 (mm),
15 e = 25 (mm), £ = 40 (mm), diameters ¢ of nozzles 13 and 14 .
=3 (mm) ... Condition (1)
In addition, the frequencies of the vibrating mechanisms 5 _

and 6 are around 100 (Hz), which is an audible range of human. '

.20 Fig. 5 is a graph showing an audible characteristic
of human. The graph is an equi-loudness curve (A
characteristic) prescribed by JIS standard. The graph
represents that in a frequency band from 20 (Hz) to 20 {kHz),
when a human is exposed to the same sound pressure le‘veL how

25 he or she can hear it. In other words, the graph represeénts
that with reference to a sound wave of 1 {kHz), at what
. intensity a human can hear sounds of individual frequencies.
The graph shows that in the same sound pressure level, a human
can hear a sound of 50 (Hz) weaker than a sound of 1 (kHz)
30 Dby 30 (dB). The sound pressure level Lp (dB) is defined by
the following formula (1). :
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a broken line of the wave front represents a trough. The distance d

bet ween the sound sources A and Bis d < ?L/2 and the phases thereof are

i nverse. Thus, the two sound waves weaken each other at a plurality of
points C (white circles) 25 with the maxi mum anplitude. As a result, there
are no positions that strengthen with the maxi num anplitude. According to
t he enbodi nent of the present invention, as |long as the foregoing forml a
(2) is satisfied, the shapes 30 of the chanbers and so forth are not
"restricted. 37 For exanple, when the number of chanbers is 2, if the
‘phases of the sound waves generated in the chanbers are shifted by 360/2 =
180 and the vi brigt FoBOpbatespT) and. Famalavi(bfated, the wave forns are
inverted. As a result, the sound waves weaken each_ ot her. addi tion,

|
as shown in Fi g.""§SRehPHTTSMHR FOURd pregsure ((R3)y &0 @8, if the

vave | engtlkg raRdnapphi faEesnQf stdal%ds%éegsw@é{e@g@%ﬁat ed in the chanbers
A B, C and D 10 are the sanme, the phases of the wave forns of the sound

waves generated in the chanbers A and B are the sanme, and the phases of

the wage forns gfigthe Soun EhAARE aLA U1 bRk DaelSenfnnd B are
the same and arelghifted f?€%§¥hose ggaerated in the chanbers C and D by

180 each, ofheoszrihy Wew dstwehkegcageating sprhentus\heninber nomber of
e L tePsl A = 2ne brabn shoyd o OGNS NS dBNALIRLAPS

anpl i tudes of the sound wave ener a e Cchanbers  are al nost the
sane, theodohheodo2@l waviesl@nnayf cagsaerdyh®andveérdmramounfd 2ite (Reund waves

generatedtohﬂ)Hﬂﬁtha%pehs.to ha%ﬁgghase di fferences ofa%ggég.nThus,
conbi ned waves ‘ot >t hd E5Und RBVEEoF G R Ehe &E‘m??stem on,
10 Vthe graph shows "sound pressure level" rather than "noise
level™. Thus, the graph is not compensated with the foregoing
A characteristic (the sound pressure level is not compensated
in accordance with the audible characteristic of human).
| Consequently, the graph shown in Fig. 6 represents that as
16  the frequency becomes lower, the sound pressure level becomes
higher. However, the noise that humans can hear does not
almost vary. The graph shows that the sound waves most

effectively weaken each other at 100 (Hz).

20 When the distance between the nozzles 13 and 14 (the
distancé between openings) is denoted by d as shown in Fig.
1, and the wave length of a sound wave is denoted by A (m),
d < A/2 ... Formula (2) _
If the formula (2) is satisfied, the following effect
25 _can;bé obtained, In other words, the sound waves generated
by the nozzles such as the nozzle 13 and so forth do not
strengthen each other with almost the maximum amplitude, the
noise can be almost prevented from generating. WNext, the
reason why the foregoing effect can be obtained will be

30 'described.
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contai ning n chanbers weaken each other. In reality, Fig. 10 shows phase
di fferences of the sound waves in the case of, 25 for exanple, it = 3. The
phase differences of three wave forms X, Y, and Z need to be shifted by
120 each. As a result, the conbined wave is represented by a solid line W
Thus, the sound waves weaken each other. 30 When the nunber of chanbers is
n (weren=2, 3, 4, ...) , the wave |length of each of the sound waves
generated in the 38 chambers is A, the anplitudes thereof are alnost the
sane, and the distance of adjacent openings of adjacent chanbers is d
(m, the following formula can be satisfied. d < A{ 2 (n - 1)} ... Fornula

(3) 5 In this caseshdwe dhsFance behveesQpaid Reswkbat L @pehifgndst spaced
is sufficiently |arger

apart is -1 . Since the wave | ength _
tﬁan t he é(itc’%ngg? ¢ i'leB %V CPERHEI of¢ (e tRBUARARRFed 28ener ated i n
the chanbers weaicen sach. otkeuikedard! §s5©of 4 e,BRsltLENs, ang.directions
thereof. In 10 other words, since the nmaxi mum anplitudes of the sound waves

gener at ed By EREopénPhgs serokeddmarniper §£doh no igdt Iien‘gtt&ﬂémrw’fhhe Eoi se of
b t t.ed f enerating. 15 en.three

chanbers A, B, are u ey can gene _ _
t he wave |savgicesof emdhB off tihise cheminelr walles agenéfat &l itthet bashanbers i s

A, the ‘ f ound.waves generated in the chanbers A and B
have an V\Ig)\rér?ep;f:lfl%% esoél% éinhgts‘ﬁ% as%nénvpﬁﬁssee', %g‘ﬁdt‘f%g,ougﬁpW?Yﬁé’eﬁFe% sound 20
wave generesicddothet he Tthanbeandld sleZinidiomnshdwie tphasehsdhaxtignsound wave
gener at ed ,i he chame£hc is, shifted bP/h 1—80:i.i (<f Eiomthe phase of each of

t -

1.n,
the sound WAVEsCgehBratel i rhaamely, Thus, d needs
. 10 to be smaller than the half wave length, namely d < A/2. When

the distance d is defined in this manner, these two sound waves
do not strengthéen each other with the almost maximum

amplitudes.

15 | This phenomenon can be also understood with wave fronts
of the sound waves generated by the two sound sources A and
B as shown in Fig. 8. In the drawing, a thick line represents
a wave front of the sound source A, whereas a thin line
represents a wave front of the sound source B. 1In addition,

200 a solid line of the wave front 'represents a crest, whereas
a broken line of the wave front represents a trough. The
distance d between the sound sources A and B is d < A/2 and
the phases thereof are inverse. Thus, the two sound waves
weaken each other 'at a plurality of points C {(white circles)

26  with the maximum amplitude. As a result, there are no

positions that strengthen with the maximum amplitude.
According to the embodiment of the present invention,

as long as the foregoing formula (2) is satisfied, the shapes

30 of the chambers and so forth are not restricted.
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chanmbers A and B) In this case, the crest portions and the trough portions
of the wave fornms of the sound waves generated 25 in the chanbers A B, and
'C weaken each other. As a result, the conbined wave form becones fl at.
Consequently, the muting effect can be obtained. Fig. 11 is a graph

showi ng. conbi ned waves of two sound 30 waves with a paraneter of a
distance d ranging from% 180 to 1/2 in the foregoing experinent using the
jet flow generating 39 apparatus 1. In the graph, it can be thought that
the anplitude on the vertical axis represents a relative value of each
paraneter value. In this case, in addition to the foregoing experinental

condition (1), ther fedadm@wengnber®@hdi hiigPeWas: addaberyeloei t yrafna sound
wave = 345 (m's), fre%yency if = 100 (Hz) ... Condition (2) In this case,
since X = Rif3sSex of fhe gpundpgavesysnarfdeofin hbet Ahamhrirtl asur ces are 1
each. 10 The; araph.SHoys ot hatg jai = ' egones 1
(maxi mum) I n other ym%?, vmgr? tilgj %glel ﬁmﬁﬁﬁégﬁ‘ugﬁgﬁgf‘g%‘@a i%T7ed. d <
X6 ... FoftRAaqY)the wpyveforgisame thuertéd. sdsmdresul he thesalmirbers i s

weaker 5 t han, dhe,s5qund gk 0pe,&hamber using one vibration plate. Wen
t hree sound sources are used, 1t is necessary to satisfy the condition of

2d < %46. In other words, when the number of vibration plates is n (where
D523 A addible Toll Qg 5 2%eond Hen T B petelled, 4 <
A, B, C, and D are used, if the wave lengths and amplitudes
of the sound waves generated in the chambers A, B, C, and D
10 are the same, the phases of the wave forms of the sound waves
generated in the chambers A and B are the same, and the phases
of the wave forms of the sound waves generated in the chambers
A and B are the same and are shifted from those generated in
the chambers C and D by 180° each, the sound waves weaken each
15 other.

When the number of chambers isn (wheren=2, 3, 4, ...)
aﬁd the wave lengths and amplitudes of the socund waves
generated in the chambers are almost the.same, the control

20 unit 10 may cause the wave forms of the sound waves generated
in the chambers to have phase differences of 360°/n. Thus,
'combined wavés of the sound waves of the entire system
containing n chambers weaken each other. In reality, Fig.
10 shows phase differences of the sound waves in-the case of,

25 for example, n= 3. The phase differences of three wave forms
X-, Y, and Z need to be shifted by 120° each. As a result,
the combined wave is represented by a solid line W. Thus,

the sound waves weaken each other.

30 When the number of chambers isn (wheren=2,3, 4, ...},

the wave length of each of the sound waves generated in the
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The resultant sound is weaker than the sound of one chanber having one
vibration plate. 25 As descri bed above, when the condition (2) is

satisfied, since %= 3.45(m , it is. necessary to satisfy d. < X/ 2 =
1.725 (in) given by the formula (2) or d < X6 = 0.575 (n) given by the
formula (4) . Inthe jet flow generating apparatus 1 used in the

experinment, since dis 0.025 (m, the fornmulas (2) and 30 (4) are
sufficiently satisfied. 40 Wien the shapes, sizes, and so forth of two
chanbers are the sane, if d satisfies only the foregoing fornula (2) or
formula (4), the shapes and sizes of the chanbers are not restricted. In

addi tion, drebarsangaerheOknbNerdi0s GhRITRGIS aPe | $140 @3t thgbed, and nor
are the shapes of the openings and nozzles. Thus, when the jet flow

gener at i nGP4pphar aftiktanges ot npdiern  (PPaRiapEcPf e €BaNagThg an
internal heay (@eNeEd | A IRARGT robhB1 A6l 1D LftilhgeAOSitions of the heat

generating nmenber and the jet flow generating apparatus 1 can 10 be changed
wher e necessaryd Asd/r26ul+t,1)an .el.eCbronia ¢&Vvice can be easily designed.

Fig. 12 is a segti | EW. oW jet.flow generati appar at us
accord?ng to angbhggﬁéﬁ%g fn%ﬁ? %%Q%ﬁgxg%?tgfggéﬂgﬂpﬁ§%hgggﬁ.Q%%e jet flow
gener at i nghappestakpscad eaditngs ho{ Rhihs- anbodi siide tBe dernt edndyn r ef erence

numeral 21. The. jet flo enerating. apparatus 21 is encglosed with one
AP e R R S R Bt ot S e e Faer o 324

casing 22. e spac

and 22b. Themshapese s¥ohdRRSe safcher® de@r 14 tB0 MHartlee sahaher sad?a and 22b
are al nost the sane. The chanbers 22a and 22b conpose a chanber group.

Openi ngs 23Beaf§IsFdIeaF &% ineast hiome apdriinacdheasdimnsats 2 and 22b

10 other words, since the maximum amplitudes of the sound waves
generated by the openings of the chambers do no strengthen,
the noise of the apparatus can be almost prevented from

generating.

15 When three chambers A, B, and C are used, they can
generate the sound waves of that the wave length of each of
the sound waves geneérated in the chambers is 1, the wave forms
of the sound waves generated in the chambers A and B have an
amplitude a and the same ph’ase’,_ and the amplitude of a sound

20 wave generated in the chamber C is 2 x a, and the phase of
the sound wave generated in the chamber C is shifted by 180°
{from the phase of each of the sound waves generated in the
chambers A and B). In this case, the crest portions and the
trough portions of the wave forms of the sound waves generated

- 25 in the chambers A, B, and C weaken each other. As a result,
the combined wave form becomes flat. Consequently, the

muting effect can be obtained.
Fig. 11 is a graph showing combined waves of two sound

- 80 waves with a parameter of a distance d ranging from A/180 to

A/2 in the foregoing experiment using the jeE flow generating .
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respectively. The opening 22c (or 22d) nmay be one opening or a plurality
of openings. The shapes, sizes, and so forth 25 of the openings 22c and 22d
are alnost the sanme. The materials and .so forth of the casing 22, the
vibration plate 27, and so forth of the jet flow generating apparatus 21
may be the sane as those of the jet flow generating apparatus shown in
Fig. 1. Like the foregoing enbodinent, as a vibrating 30 nechani.sm 25, for
.exanpl e, a speaker nmay be used. In addition, a control unit 20 that
.controls the vibrating mechanism 25 41. includes a power supply circuit
and so forth that apply a sinusoidal AC voltage. Next, the operation of
the fl ow jafpagemnesatingin Shappasahysi?lchabangHAghtoragei fige Structure will
be descri bed.. . Ege control unit 20 drives the vibrating nmechanism 25 so as
to si nusoitR Y IFFbPat e NENi6r4: #HH piekresenrtsad eialsye valifie i nter nal
pressures off cbbe phosmersr 22a w@Nd 22hald eprat el y addfCkAseaRfedecr ease.
Thus, air streans generate through 10 the openings 22c and 22d. The air
streams alf@rARLBIyCFPOW LS oHh vadikdpae (b tHee distldiogdngf the casing 22
and frgm theqikcpshdgal 0,4de; out side thereof. Since air is discharged to
the outside of the casing 22, the air can be discharged to, for exanple, a
hi ghl y heat ed pdetflicontyoosatsowublvwaive, =154tn(the) ottherqueangd, tbesi des t he
j et floms]Qkﬁq ggged from ﬂgirqagnings 22c and 22d, the vibration of the
vibration™ plate’ 27 propagate as sound waves in air through the openings
22c and 22d. ThenseHnd vayves geney at edvpy, the- open ngs .226n,20 and 22d are
generatedakrgnkt e frPnt sq!face agd the rear

pli the

udes o wo sound sources are 1 each.
10 |
The graph shows that withd=21/6, the ampliAtude becomes
1 (maximum}. In other words, when the following equation is
satisfied.
d < A/6 ... Formula (4)

15 It is clear that the sound of the two chambers is weaker
than the sound of one chamber using one vibration plate. When
three sound sources are used, it is necessary to satisfy the
condition of 2d < A/6. In other words, when the number of
vibration plates isn (wheren=2, 3, 4, ...}, if the following

20 condition is satisfied.

d < A{6(n -~ 1)} ... Formula (5)
The resultant sound is weaker than fhe sound of one

chamber having one vibration plate.

25 As described above, when the condition (2) is satisfied,
since A = 3.45 (m), it is necessary to satisfy d.< A/2 = 1.725
'(m) given by the formula (2) or d < A/6 = 0.575 (m) given 'by
the fprmula {4). In the j_et flow generating appa{ratus 1 used
‘in the experiment, since d is 0.025 (m), the formulas (2) and

30 (4) are sufficiently satisfied.
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surface of the sane vibration plate. Since the shapes and so forth of the
chanbers 22a and 22b are the sane as those of the openings 22c and 22d,
the wave forns of the sound waves are the sane and t he phases thereof are
inverted. Thus, since 25 the sound waves generated through the openings 22c
and 22d are offset, the noise of the apparatus is suppressed. In
particul ar, when the distance d between the openings 22c and 22d satisfies
the foregoing fornmulas (2) and (3), the 30 noise of the apparatus can be
decreased. 42 Wen the jet flow generating apparatus 21 has, for exanple,
three or nore vibrating nechanisns as a nodification of the enbodi nent
shown in Fig. 1®henfthdeslaameld,t ddessanshd plasesthafot hevovcha@abéon pl ates are

adj usted, the sound waves. 5 weaken each other. Fig. 13 is_a rspective
vi ew showh§ 5°f €1¥9-0 %e‘?‘?&ﬁa“%ﬂﬁj Sppardtud CReest nﬁj’rf“b‘lénz? her

enbodi mentbrofothi€la R14ES ke IsME@RE & sk 8F fHcOWh gRReF Atiragnappar at us 10
according to this enbodinent is denoted by reference nuneral 41. The jet

- fl ow geneF&FFR§CEPPar dRIMInas Bhpraranteyent ofideteachanptsa plurality
of nozgl egs4dy Q%%t@&@t@éié%%&aﬁ@i Yar AL AANGEH AL o £ ILRERINR 1543 afg di stance d

on the two casings 11 an In particular, in the exanple, the plurality

of 15 nomzkedes3 dHuist,hehphurhd ey 6 owarrless tAdgarpomidi febsi onal | y

arr anged. |k 0S; SUINCHU G 18 880, el1o0k: 35, LR kel Thow generating
appar at uses according to e ﬁoregO|ng efbodi meht's canbe obt ai ned. In

ot her wor dsneraheng ardimpetrhetlth skanceod shthefpes Hike sl of egel hgat or mul as (2)
20 and (3), the heat radiati r.oce can be effectivel qerforned whi | e
Lhe noi seoPRChREVRAMEADRF G BRE RS i demerating apparatus 1 can

10 be changed where necessary. As aresult, anelectronicdevice

can be easily designed.

Fig. 12 is a Sectional view showing a jet flow
generating apparatus according to another embodiment of the
18 present invention. The jet flow generating apparatus
according to this embodiment is denoted by reference numeral
21. The jet flow generating apparatus 21 is enclosed with
one casing 22. The space in the casing 22 is partitioned by
two chambers 22a and 22b. The shapes,-volumes,‘and so forth
.20 | of the chambers 22a and 22b are almost the same. The chambers
22a and 22b compose a chamber group. Openings 22c and 22d
are formed in the partitioned chambers 22a and 22b,
respectively. The opening 22c (or‘22d) may be one opening
or a plurality of openings. The shapes, sizes, and so forth
25 of the openings 22cand 22d are almost the same. Thematerials
and so forth of the casing 22, the vibration plate 27, and
so forth of the jet flow generating apparatus 21 may be the -
same as those of the jet flow generating apparatus shown in
Fig. 1. Like the fbregoing embodiment, as a V@brating?
30 ‘mechanimn25,forexamﬁle,aspeakermaybeused. Iﬁéddiﬁion;

a control unit 20 that controls the vibrating mechanism 25
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The present invention is not limted to the foregoing enbodi nents. |nstead,
the present invention can be applied 25 to various nodifications of the
enbodi nents. For exanple, the casings such as the casing 11 and so forth
may have a sound absorbing nmenber and a |id nenber. As the sound absor bi ng
menber, .for exanple, glass wool can be 30 used. Thus, the noise of. the
apparatus can be further decreased. 43 In the foregoing description, the
shapes and materials of the chanbers, the shapes of the openings, the
shapes of the vibration plates, the shapes, materials, and so forth the 5
vi bration plates and the driving devices. thereof are the sane. However, as
| ong as t henalawdes er ppwet shasp bpunik meaveangener advech #natt hepopeai ngs of the
chanbers arge the and %he phases of the sound waves are inverted, the
shapes amf%ﬁ??%ﬁﬁﬂﬁgF Vehea%hanbers and vibration plates may be different
fromeach 10 other. According to the foregoing enbodi nents, as neans for
controlling wave fornms so as to_offset or weaken a plurality of the sound

waves each ot her¥e%the thesPRAERT bR vRErhftjiste Al ot soepRd gy formed in a
chanbers angdddie tishs Bhhofsg thet ASregd it { NG TRENAN SBB I8 GBRE! Ol | ed.
However, the present invention is not limted to that exanple.
Al 't er nat i VIB1g conggolvigniet £2r dsived e adpustinb degbadiag 2h schesshapes,
materials o 30fusb A 6208 L RECHAMANS, Sl d Do shapes. and so forth 20
of the openings. In addition, the phases o e sound waves ™ may be
contr ol | edzheVbnesnrer], ptéesam o f wiescrand dfrserfremed egb aftetrhatsdynd waves
may be controlled so as t o cause g Qluralit of the sound waves to weaken
each ot her:rcrease and decrease. Thus, air streams generate through ‘
10 the openings 22c and 22d. The air streams alternately flow
from the inside to the outside of the casing 22 and from the
inside to the outside thereof. Since air is discharged to
the outside of the casing 22, the air can be discharged to,
for example, a highly heated portion so as to cool it.
15
On the other hand, besides the jet flows discharged
from the openings 22c and 22d, the vibration of the vibration
plate 27 propagate as sound waves in air through the openings
22c and 22d. The sound waves generated by the openings 22c¢
20 and 22d are generated from the front surface and the rear
surface of the same vibration plate. Since the shapes and
" so forth of the chambers 22a and 22b are the same as those
of the openings 22¢ and 22d, the wave forms of the sound waves
are the same and the phases thereof are inverted. Thus, since

~ 26 the sound waves generated through the openings 22c and 22d

are offset, the noise of the apparatus is suppressed.
Inparticular, when the distance d between the openings

22c and 22d satisfies the foregoing formulas (2) and (3), the

30 noise of the apparatus can be decreased.
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25 In the foregoing description, the nunber of openings forned in each
chanber i.s not nentioned. Instead, many openings may be fornmed. According
to the foregoing enbodi nents, as the 30 vibrating nechanism a speaker is
exenplified. Instead of the speaker, for exanple, a vibrating nechanism
using a 44 piezoelectric device may be used. In addition, the jet flow
generating apparatuses according to the foregoing enbodinents do not

al ways need to have a vibrating nechanism Instead, a jet flow may be
generated by the rotation of a rotor 5 like a roots punp. Fig. 14 is a
graph showi ng wave forns of the sound waves generated in two chanbers and

whose phases ar gyhshi thedhyt180ow denshimg Bpbheagnaphl s cagowave fornms 31
and 32 as basic 10 frequency conponents are shifted by 180, theg weaken
each ot h&*aTRdfe VY eesPh O TRaE Fodrimg BChafd 528 Y 2aHdices 8k  the wave

forms 31 qd(82 BaME4ihensadmowRhase Fikheyost fengidempi18aeheat ARE .
Vi brations having harnoni c conponents any integer tines higher than the

second hamhgses eHirpeneherabomadetes areoadinsbed nihiecsowrd WRVAS har noni ¢,
and so5fog&@keﬁt%gggtgggeggch other. Thus, the noise of the apparatus is
increased. I'n addition, as shown in Fig. 15, even if phases of 20 the
sound waves are shifted by 120 each using, for exanple, three chanbers,
al t hough t he vi iatiegsigfathe fiég{hpa%gcw @FV$§n4§a ng}ﬂ%gp 47 and the
~second har noni cs “85, *36; " aRd® 37" PGt e of feet, “the VY bt atTons0f the third
har noni cs g3Berdinargbpd tilsr eagbhdineachand fissr chboalihent wa dse when t he
nunber 25 of chanbers is n, although t he vibrations having frequency
present invention. The jet flow generating apparatus
10 according to this embodiment is denoted by reference numeral
41. The jet flow generating apparatus 41 has a plurality of
nozzles 43 and a plurality of nozzles 44 that are alternately
arranged at intervals of a distance d on the two casings 11
and 12. In particular, in the example, the plurality of
15 nozzles 43 and the plurality of nozzles 44 are
- one-dimensionally arranged. In this structure, the same
effect as the jet flow generating apparatuses according to
the foregoing embodiments can be obtained. In other words,
when only the distance d satisfies the foregoing formulas (2)
20 and (3), the heat radiating process can be effectively

performed while the noise is prevented from generating.

The present invention is not limited to the foregoing
embodiments. Instead, the present invention can be applied

25 to various meodifications of the embodiments.

For example, the casings such as the casing 11 and so
forth may have a sound absorbing member and a 1id member. As
- the sound absorbing member, for example, glass wool can be
30 used. Thus, the noise of the apparatus can be further

decreased.
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conponents other than n-th harnonic are offset, the vibrations of the n-th
har noni ¢ strengthen each other. Thus, it is inpossible to conbine wave .
forms of a plurality of chanbers so as to decrease the. conmbi ned wave form
of basic 30 waves and decrease the conbi ned wave formof all harnonics. 45
General ly, as the order nunmber of a harnonic becones |arger, the anplitude
t her eof beconmes smaller. Thus, according to the enbodinent, it is
preferred to control the .sound waves using three or nore chanbers. The
anplitude of 5 a third harnonic is sufficiently small. In reality, this
characteristic can be considered as follows. Wen the noise |evels of the
first harnmonic, second harnonic, and third harnonics of one chanber (sound
source) 10 are 20, 1%, and, 15 (dBA) , .respectively, nanmely n = 1, the

noi se | evel of tRe*h&fHEFCTEI 8Eﬁ&p§?9©'€§8K¥QPQ%FT%?§t%5§%%Smhen a
target noiggethevéhamse 2, (¥RBAkhabBS sANIRL o?éﬂﬂﬁés pehessahbpbhese As

descri bed above, (dBA) represents a noise evel in which the A

conpensat ithf Heddrafeem phatoTnéle STHRS 15t T it o SPI EHEapift i ed to the
fol I owsng 4386tk Bh iR tes Wit Re Grévihl Bl Bas mRires rand L Lehdbarmonics are

of fset. However, seécond harnonics strengthen each other. The noise |evel
becones 2HowdBAY, ashlwiy is thei wevdhifghes of hdre 20uriBwévBApeneraeednd

har noni cs,. _Thus, t i el, n ti r Thus,
accordingk?bQ#%éxgﬁﬁﬁﬁgnéng%¥ kﬁ%&%%gs%%?1§%%5§%¥f%%?ti%eg§%%ﬁ?tion.of n =
3 i s appl icgdthdl ddhoudwabrber sire Zmvizartedni tise sihapegt hed eachrobhhef , t he sound

waves of first. harnoni cs and second. har noni ¢s %E%Foffset The(ﬂgise | eve

becones 1878 ToERSTS RRFCH IR MR 2T HR &K h RER™ 1 5 “CREA)

10 other.

_ According to the foregoing embodiments, as means for
controlling wave forms so as to offset or weaken a plurality
of the sound waves each other, the distance between adjacent
16 openings formed in a chamber and the vibrations of the
vibrating mechanisms are controlled. Howéver, the present
invention is hot lJimited to that example . Alternatively, the
waveformscxu1beadjusteddependingtnltheshapes,nmterials,
-and structures of the chambers, and the shapes and so forth
20 of the opénings. In addition, the phases of the sound waves
may be controllied. Moreover, the amplitudes and frequencies
of thé sound waves may be controlled so as to cause a plurality

of the sound waves to weaken each other.

25 : In the foregoing desbription, the number of openings
formed in each chamber is not mentioned. Instead, many

openings may be formed.

According to the foregoing embodiments, as the
30 vibrating mechanism, a speaker is exemplified. -Instead of

the speaker, for example, a vibrating mechanism using a




This noise level satisfies the target. In other words, when three chanbers
are used, the phases of the sound waves 30 generated in the three ‘chanbers
are shifted by 120 each. As a result, the noise |evel can be nore
decreased than the target 46 value. In the exanple, although the target
value of the noise level is 20 (dBA) , the foregoing noise level 22.9
(dBA) , which 5 is a noise |level of a sound wave generated in one chanber,
may be designated as a target value. As anther nmethod for preventing a
sound wave fromnot containing harnmonics, the speaker (vibrating
mechani sm can 10 be driven with a drive power that is sufficiently |ower
t han t he r@iteedalepttithdreicfe mEerier akkyl, vihepdtiheispeakerjés fldwi ven with a
drive power clog:e to_the rﬁt ed input,. .the ragciﬁg 5Of har noni cs contained in

the gener AT ESIRT FRVR P hUFERLSEOTRENY. 96 CtaH e %Showi ng the ratio

of anplit udesddhch@dENhes aivaggahdsd ta asd 6 Wibte tiRgtd-easent.hat a
speaker is driven with its rated input (0.5 gV\)) and 40 (%9 (0.2 (W ) of
t he rated I35H5@C- TAPS tlay B2 REECRSTAt ofan tERE &F&aRBOoS 8 T®%%Fen with 40

(%9 (052 (Mike @f rbBesrghgd. i nput, harnonic conponents are decreased. 20
According to the enbodi nent, since the offset effect of the sound waves

can be obtained against distortion conponents, the enbodi nent can be

applied to a vikgating isr@ggapﬁ%rﬂgmggg o IR ?h&xﬁs OPMfe s80nd RAXAGNSI ve

vi brating 25 mechani sm can’be” use ause the specifications thereof are
not restrigiredatkd iadtid chanbdepandiwip senphde: b 8é ehtiifead byatd of .of t he
Vibratinga@?%ﬁggksg%féﬁelﬁ?%phghgiggghggvéﬁforms 31 and 32 as basic
10 frequency components are shifted by 180°, they weaken each
| other. However, since wave forms 33 and 34 of harmonics of
the wave forms 31 and 3Z have the same phase, they strengthen
each other. Vibrations having harmonic components any
integer times higher than the second harmonic component:,
15 namely a fourth harmonic, a sixth harmonic, and so forth

strengthen each other. Thus, the noise of the apparatus is

increased.

In addition, as éhown in Fig. 15, even if phases of
20 the sound waves are shifted by 120° each using, for example,
three chambers, although the vibrations of the first basic
waﬁes 45, 46, and'47 and the second harmonies 35, 36, and 37
are offset, the vibrations of the third harmonics 38, 39, and
40 strehgthen each other, In other words, when the number
25 of chambers is n, although the vibrations having frequency
components other than n-th harmonic are offseﬁ, the
vibrationscﬁ?thethhharmonicstrengtheneachofher. Thus,
it is impossible to combine wave forms of a plurality of
chambers so as to decrease the combined wave form of basic

30'Awaves and decrease the combined wave form of all harmonics.
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chanbers for which noise is decreased can be m nimzed. Thus, the power
consunption and space of the apparatus can be 30 decreased. 47 Fig. 17 and
Fig. 18 are sectional views showing a jet flow generating apparatus
according to anot her enbodi nent of the present invention. Fig. 18 is a
sectional view taken along line A- Aof Fig 17. Fig. 17 is a sectional
view taken 5 along line B - B of Fig. 18. The jet flow generating apparatus
according to this enbodinent is denoted by reference nuneral 61. The jet
fl ow generating apparatus 61 is enclosed in a casing 68 having chanbers
62a and 62b. The chanbers 62a and 62b are conposed of the casing 68 and a
wal | 69 di sposedsarirerdily, 48 dhe tdreleehanhess G2a BAth&; pPddemaki ng

i The vi brating

mechani s 65a and, 65b re di sposed,_respectively.

mechani s@agéjéa t ’a%BeG%IBngaE‘Hg%a LGeE ?&ﬁ@mﬁr%?%lreer -asTEH@- vi brat i ng
mechani smacsieldiag tde:nd bnBbingeEL hani sm B ad-sP chakdd rsihowa in Fig. 2.
The casing 68 has nozzles 63a and 63b that 15 pass through the inside of

the chanbéf¥N62U3ERY BRI thegpedt mpsley chapbers. difbermyed-udeontt he
chanbegs 62arand nBZhohlic ota i1 S10zthes A3t and 6§tga%%ggpe@pg/e'y- The

vi brating nechani snms 65a and 65b are di sposed so tha ose openi ng
portions Gbarafgesbbtic eepedid \neingidegededsi AoRowshe wal | 69. The vibrating
mechani sm 65b vibrates air in the chanber 62a. As a result, air is
discharged fromthe nozzle 63a. The vibrating nechani sm 65a vibrates air
in the chanber W82b. ths moiwsuldvela rofi $hdi schat gednfondm,t Becbaazl e 63b.

The vibr tEn% nechaq%ggs a and 65b %re connected to a control 25 unit
(not show 2t 1 SN &S HTHE T Ot PoF Yol IMBh SOPRCRI g. 2. The

.contrab uairt ZHNL 8 Plasidt e (WBHY AtricR@erReRaNy SMBmely n = 1, the noise -
| level of the chamber is around 22.9 (dBA). In this case, when
a target noise level is 20 (dBA}, the target cannot be
satisfied. As described above, (dBA) represents a noise
level in which the A compensation has been performed.r This

15 definition will be applied to the following description.

With n = 2, first harmonics and third harmonics are

foset. However, second harmonics strengthen each other.

The noise level becomes 21 (dBA), which is twice higher than

20 18 (dBA) of second harmonics. Thus, the noise level does not

satisfy the target.

Thus, according to 'the_ embodiment of the present
invention, the condition of n = 3 is applied. Alﬁhough third
25 harmonics strengthen each other, the sound waves of first
harmenics and second harmonics are offset. The noise le;rel
becomes 19.8 (dBA), which is three times higher than 15 {dBA_-) .
This noise level satisfies the targeﬁ. In other words,_ when
three chambers are used, the phases of 'tﬁe sound waves
- 30 generated in the three chambers are shifted by 120° each. ' 2&s

a result, the noise level can be more decreased than the target
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65a and 65b so that the phases of the vibrations of the vibrating
mechani sns 65a and 65b are inverted and the anplitudes of the vibrations
t hereof are the same.. 30 The vi brating nechani sns 65a and 65b are di sposed
so 48 that their vibration directions R are the same and their
orientations are opposite. Thus, even if the vibrating mechanisns 65a and
65b are vibrating nmechanisns or vibration plates that are asymetri cal

| i ke speakers, they can secure 5 overall symetry. Thus, the vibrating
mechani snms 65a and 65b allow the wave forns of the sound waves generated
by the nozzles 63a and 63b to becone the sane as much as possible. As a
‘result, thelqid.etness of the apparatus can be inproved. 10 Wen the jet

fl ow generating apparatus 21 shown in Fig. 12 is operated,, since phases
of harnonics as distortion conponents deviate, there is a possibility in

whi ch the of f setry ehé&Glan@fieS 0aNdso VY 68 G8NGRAL S8 id B erss22a and 22D

deteriorates. 15 However, .when a vibrating nechanism (not shown) is

symet ri calewgilt bs R8s (t thafpraaeipempéndilayedr22-@ (@A) vivbiahi on
directi;on ;R eyen Ll Qne ?beéagbﬂﬂgrﬁ?&ﬁ@@fg@rh%eas ond %?L&H\Pla§,e. can be
decreased. In this case, it 1s preferred that the material, size, shape,
vol une, amehysibeedesighaped cds 2opemasg pelteons (nozzles) of -one chanber
. forned on the front side of the vibration plate should be the same as
those of the other chanber fornmed on the rear side thereof. Thus, the
sound waves gengi=abadhén nditse chanensriag Awihedwatd on gatity, as a
vi brating nmechani smsymetrical wth respect ) .
containing harmonics, the speaker (vibrating mechanism) can
10 be driven with a drive power that is sufficiently lower than
the rated input thereof. Generally, when the speaker is
driven with a drive power close to the rated input, the ratio
of harmonics contained in the generated sound wave increases.
Fig. 16 is a table showing the ratio of amplitudes of harmonics
15 against a basic wave in the case that a speaker is driven with
its rated input (0.5 (W)) and 40 (%) (0.2 (W)} of the rated
input. This table shows that when the speaker is driven with
40 (%) (0.2 (W)} of the rated input, harmonic components are
decreased.
20
According to the embodiment, since the offset effect
of the sound waves can be obtained against distortion
components, the embodiment can be applied to a vibrating
mechanism that distorts. Thus, an inexpensive vibrating
26 mechanism can be used because the specifications thereof are
not restricted. In addition, depending on the distortion
ratic of the vibrating mechanism for use, the number of
.chambers for which noise is decreased canbeminimized. Thus,

the power consumption and space of the apparatus can be

30 decreased.
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to a plane perpendicular to the vibration direction R a structure in
which a first coil and a second coil are disposed on a first plane (for
exanple, the front surface) of a proper flat nmenber and a second pl ane
(for exanple, the rear surface) 30 thereof alnobst in parallel with the
first plane, respectively, can be used. As the first coil and the second
coil, for 49 exanple, planar coils can be used. As the flat nenber, a soft
resin or a rubber nenber can be used. In addition, a first mgnet and a
second magnet are di sposed on the first plane and the second plane on
which the first coil and the second 5 coil are disposed, respectively. Wen
a drive vol tage fiyg. apphhedrig tBeacoidestibhal wikwad ishgwiBgherjegan vi brate.
~The vibratjng nenber. can be di sposed, for exanple, at the center of the
chanber s Pﬁn?$@?“¥??pPﬁr383?FF6WFd9H8t%i?g?t%%@ﬁ@POdéﬁﬁnFﬁg second
magnet cantie plicsRasedndbnthent r augh pertson Jo-@and4iheieqi khRgnportion of
the casing 22. Alternatively, the planar coils may be di sposed on one of
the first PIAeland 2 sdehd il die ofighd7fiae sesblemalFigev ISkes a
schematsi c g | et of | ratj cording to
anot her e&%%%ﬁagﬂ%éggm%ﬁgf?%$éégﬁtOﬁﬁiig%?gﬁﬁgﬁ%&%%&iﬂ%%%ﬁ%% t%%s,

functi ons,acaatddog fothi ssémpddimdry: thobmotledviny ire fErgncd ramerilg. 2 wil |
be briefly de i r ir description wll _.be omtied. 20 The jet flo
generatinéﬁéppggétﬁggégégigiﬁﬁr glPﬂigbp%%%%ﬁiﬁgnﬁsi%n%% B1ed by ref erence
nuner al 7kasimg pethddiowy chenlesss iarg appagzat.UusTHd dnambaryi &Zatinan control
unit 70. 1?@) vi bration c n%%PI unit 70 controls a vibrating nechanismb5.
The vi br at3GPEoRPFBPShPE T Fa i P erdigred | 88GHeeesed thesen . and 74

trhat Qot putn ghé \“hasberal & Hawunepyl iﬂiBf@ﬂing mechanisms 65a and 65b

=

dre disposed, respectively. The vibrating mechanisms 65a
and 65b each have the same structure as the vibrating
mechanisms such as the vibrating mechanism 5 and so forth

' shown in Fig. 2. The casing 68 hlas nozzles 63a and 63b that

15 pass through the inside of the chambers 62a and 62b,

' respectively. Air is discharged from the chambers 62a and
62b through the nozzles 63.a and 63b, resp-ectively. The
vibrating mechanisms 65a and 65b are disposed so that they
qlose opening portions 66a and 66b, respectively, formed in

200 the wall 63. The vibrating mechanism 65b vibrates air in the
chamber 62a. “As a result, air is discharged from the nozzle
63a. The vibrating mechanism 65a vibrates air in the chamber

,62b. As aresult, air is discharged from the nozzle 63b. The
vibrating mechanisms 65a and 65b are connected to a control
: 25_ unit (not shown) that is the same as the control unit 10 shown
inFig. 2. The control unit controls the vibrating mechanisms
65a and 65b so that the Vphases of the {ribrations of the
vibrating mechanisms 65a and 65b are inverted and the
amplitudes of the vibrations thereof are the same.
30

The vibrating mechanisms 65a and 65b are disposed so




frequencies to the vibrating mechanism5. The jet flow also has a
vibration control unit 75. The vibration control wunit 75 controls a

vi brating nechanism 6. The vibration control unit 75 has drive signal
sources 76, 77, and 78 that 30 output drive signals having different
~frequencies to the vibrating nechanism6. The drive signal sources 72 and
76 50 generate signals having the sane basic frequency. The drive signal
sources 73 and 74 generate drive signals so that harnoni c conponents of
the vibrating 5 mechanism5 do not vibrate. The drive signals cause the

vi brating nechani snms such as the vibrating nechanism5 and so forth to
gener at e Héaaoihesrwhibses phas eS ratot ilongeRSete atttk dsftes ananphéitides and
frequencies.ar% Ehe sanme. Likew se, the drive signal sources 77 and 78
generate dFive “8ryRaP s*50 WRRASHE hat Wbt SV E8nPdnERESVHRTAHE Y brat i ng
mechani smu@cti@ntiohs 65088650 Aré Riibrskh M Bandish6eot Rerphasen di fferences
and anplitudes of the signals generated by, for exanple, the drive 15

si gnal soBl@ées7ehain @resaayanelontGad Lele (areakeds, ForY SaENPEEUre he signal s

have the %@'@%a@ﬂ@)jﬂﬁtﬁé@%y@n%msgﬁ%?gb}%@gngﬁeéﬁgh%sms B8 MPEAL T ons of the

base frequency weaken each ot her. rive signal sources such as the
drive sigRalogotihecsaa fapans Pf gbresated dvdwes siegeaksedoby hidte t he

vibrating n@%&"i‘téﬁi &3 o % %38”‘90 %fe%%m%.()Eh¥isb:arm%t §s Wé@@scgﬁgg]_)gfgm s. In

ot her words, e sound waves O asi ¢ frequency conpon S weaken each
ot her. | naadaidesolt, stine eputileénkars nohithecapponaiisScan danamprgesaner at ed, the
noi se of the apparatus can be decreased. 25 In addition, the structure
shown in Fig. 19 and the structure shown in Fig. 12 can be conbined. In

ot her 1oor ds, _ When the jet flow generating apparatus 21 shown in Fig.
12 is operated,. since phases of harmonics as distortion
components deviate, there is a possibility in which the offset
éffect of sounds waves generated in chambers 22a and 22b
_deteriorates.
15
Howevexr, when a vibrating mechanism {(not shown) is
symmetrical with respect to a plane perpendicular to the
vibrationdirectionR, even if one vibrating mechanism is used,
the noise can be decreased. 1In this case, it is preferred
20 that the material, size, shape, volume, and size or shape of
opening portions (nozzles) of one chamber formed on the front
side of the vibration rlate shbuld be the same as those of
the other chamber formed on the rear side thereof. Thus, the
sound waves generated in these chambers are inverted. In
.25 reality, as a vibrating mechanism symmetrical with respect
to a plane perpendicular to the vibration direction R, a
structure in which a first coil and a second coil are disposed
‘on a firs.t_ plane (fbr example, the front surface) of a proper
flat mémber and a second plane (for example, the rear surface)
380 thereof almost in parallel with the first plane, respectively,

can be used. As the first coil and the second coil, for
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a jet flow generating apparatus having one vibration plate, two chanbers,
and the vibration control unit 70 connected to one. vibration plate shown
in Fig. 19 allows the sound waves 30 of basic frequency conponents to
weaken .each ot her and harnonic conmponents not to be generated. Thus, the
noi se of 51 the apparatus can be decreased. Fig. 20 shows an exanple in
which a signal of the vibration control unit 70 is adjusted so as to
decrease 5 distortion conponents as harnoni c conponents in the case that
the basic frequency is 100 (Hz). In the exanple, signals of 200 (Hz) and
300 (Hz) are superinposed with a signal of a basic frequency of 100 (Hz).
As a resuldzampleccoihdaEBRDE a2 useHz) )AnHe & it fehbhed manicr+( 300 (Hz))
are decreased. 10 Fig. 21 is a schematic diagramshowing a jet flow

gener at i ngd-Spparat FeAget oCHn &S eEmbolt RERE EPRL e Tigisdsent

i nventi on.mathe o haf & o¥e GSRENRIGRE 8PP A MSse AGHOEALNS: £&: thifeenmbodi ment
is denoted by reference nuneral 15 81. The-jet flow generating apparatus 81
has chambé™§ thg segrnd pdanenonhehdtarber §1rsh emid 22d, the creopivdnes 82 and

83 that qeligcty,Lhg;stat (gﬁg!' p v a1d 50 _ the sound
waves generéiedrby &i%ra%?hg éﬁ%ﬁsgﬁg”5h§%%§§1areV%Hﬁéggégé,Qg
r espect i valpplitdeteldthectetll st dthesviabpeatfioth backeass@20vibgates tihea vi brati on
p Bp. g
unit 80 contr the vibrati ons of

control unjt 80. ﬁ i bration cantrol I
) i ing
the vibrating mee 2§F§ﬁ§:c§n§ﬁad68§8s?ﬂat‘?%8x§%ﬂﬁﬁ'ﬁb ggeégﬂéfﬁted t her eby
weaken eacif tlod heamb@b sAeearidi RYg ! 02t herreahedi i@t the e sikfmagnlrat i on
characteris%{gﬁ vary chause of the aged tol erance of the ,
an e secon magnet_qan.be disposed at the trough portion
10 and the ceiling portion of the casing 22. Alternatively, the
planar coils may be disposed on one of the first plane and

second plane of the flat member.

Fig. 19 is a schematic diagram showing a jet flow
.15 generating apparatus according to another embodiment of the
present invention. In Fig. 19, members, functions, and so
forth similaxr to those shown in Fig. 1 and Fig. 2 will be

briefly described or their description will be omitted.

20 ' The jet flow generating apparatus according to this
embodiment is denoted by reference numeral 71. The jet flow
~generating apparatus 71 has a vibration control unit 70. The
vibration control unit 70 controls a vibrating mechanism 5.
The vibration control unit 70 has drive signal sources 72,

95 73, and 74 that output drive signals having different
frequencies to the vibrating mechanism 5. The jet flow
also has a vibration control unit 75. The vibration control
unit 75 controls a vibrating mechanism 6. The vibration
control unit 75 has drive signal sources 76, 77, and 78 that

30 output drive siggals having different frequencies to the

vibrating mechahism 6. ‘The drive signal sources 72 and 76
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vi brating nechanisnms 5 or 6, the noise of the apparatus can, be decreased.
Since the m crophones 82 and 83 are disposed in the chanbers Ila and 12a,
respectively, the m crophones 30 82 and 83 can detect the sound waves of
the respective chanbers wthout interference of the sound waves of the

ot her chanbers. 52 Thus, the vibrations of the vibrating nmechanisns 5 and
6 can be accurately controlled. The jet flow generating apparatuses 1, 21,
41, 61, 71, 5 and 81 according to the foregoing enbodi mrents are used to

di scharge air to a heat generating nenber and cool it. However, the
present invention is not limted to do that. For exanple, the jet flow
gener at i ngoeppaatat uslamals Raying, ti6d, sankl bearid tegaanbe. used for neans for
supplying a fuel of a 10 fuel cell. In reality, in this case, an oxygen
(air) intake opening of the fuel cell is disposed so that the oxygen

i ntake openi ng Tiacedrivenczzinal( epanteg POrdndm4 genarshanbervof the et
fl ow generating apparatus_according to each of the foregoing enbodi nents.
In this st?iﬁﬁ%ﬁ%z Iﬁgﬁtepa5W?nﬁ% RINEGE ofr SRt KEPF @199 ow generati ng
appar atas méctitkad 5 @ aBroyyeescd uelrnbr gey b hes i M ake QReai pge Thus, while
the overal| apparatus is nore thinly structured than the case that a fue
i s suppli e-RAAHhgghanisrdveyan ast hbe saier Poiier meghart ami orenef f i ci ency
as the casg thatn! e ahoah LM sSundll BEdeCA PEOREELAGM FI 0. 22 15
a sectional view showing a jet ow generatl ng apparapus accor&ing to

anot her ertiodienampl bfuddmang fesgnencheeptriecrhe 238md he Lidewfikewtgener at i ng

appar atrus AR gi&xgai %otur}:lcses 77 and 78 generate drive signals so that

10 harmonic components of the vibrating mechanism 6 do not

vibrate;

"In this structure, since the phase differences and
amplitudes of the signais generated by, for example, the drive

15 ~ signal sources 72 and 76 are controlled (so that, for example,
the signals have the same amplitude and phases shifted by 180°),

the vibrations of the base frequency weaken each other. The
drive rsignal sources such as the drive signal sources 73 and

77 generate drive signals so that the %ribrating mechanisms

20 5 and 6 do not vibrate harmonic coinponents. In other words,
the sound waves of basic frequency components weaken each
other. In additibn, since the harmeriic components are not

generated, the noise of the apparatus can be decreased,

25 In addition, the structure shown in Fig. 19 and the

structure shown in Fig. 12 can be combined. In other words,

a jet flow generating apparatus having one vibration plate,

two ‘chambers, and the vibration control unit 70 connected to

one. vibration plate shown in Fig. 19 allows the sound waves
30 of basic frequency components to weaken each other and

‘ harmonic components not to be generated. Thus, the noise of
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enbodi nent is denoted by reference nuneral 91. The jet flow generating
apparatus 91 has two jet flow generating apparatuses shown in Fig. 12.
These jet flow generating 30 apparatuses are denoted by reference nuneral s
121 and 221. The jet flow generating apparatuses 121 and 221 are 53
substantially the same. Controlling portions 120 and 220 <control vibration
pl ates 127 and 227 so that their vibrations have al nbst the sane
anplitude, the sanme frequency, and inverted phases. In other words, while
the vibration plate 5 127 of the vibrating nechanism 125 noves in the
direction in which the inner pressure of a chanber 122b increases (in the
| ower di r ethhe¢ crprshewesi nahhee diewarg)ed.t he vi bration plate 227 of the

vi brating nechani sm 225 noves in the direction in which the inner pressure
of a chanber 222b decreases (in the 10 upper direction shown in the

drawi ng). In addiig om0 Whicke ahhexmipratironHil-at @ 324n8DVes dHe t he
direction in which the inner pressure of a chanber 122a increases (in the
upper  di redGn ShERREEAL t Bl r Hi iy pdiushedy BBr ag i B FUSESE27 noves  of

the vi by atd g JBGRANESB AR tisMad RErAbA e BB ohANYEI G DR 10 diner pressure
of a chanber 222a decreases (in the lower direction shown in the draw ng).

The speakefha ppeivi brefriengyneeHddl $He) sudm sbetdramplichr aigmylsredhani sm 125
and so T orddh 258) AR [LEPRrY dilhe ARJIAE A 8 i8I 2l i Fect | on

of the vibration plate 1 I'n additio e vol ce portion and yoke
portion arreasywmyebfitH (Wizih riespeebstidti he sedondt hamaiteglioon. The

Ui brati on fisie 21572 €01 &7 JETARRAT (RE023 PR beatr e hce of the
chambeto 122a. Wave forms of the

| Fig. 21 is a schematic diagram showing a jet flow
generating apparatus according to another embodiment of the
present invention. The jet flow generating apparatus
according to this embodiment is denoted by reference numeral

156 81. The jet flow generating apparatus 81 has chambers lla
and 12a. In the chambers lla and 12a, microphones 82 and 83
that detect the states (amplitudes, phases, and so forth) of
the sound waves generated by vibrating mechanisms 5 and 6 are
disposed, respectively. The detected states are fed back as

20 signals toavibration controlunit 80. The vibration control
unit 80 controls the vibrations of the vibrating mechanisms
5 and 6 so that the sound waves .generated thereby weaken each

other.

25 According té the embodimént, even if vibration
characteristics vary because of the aged tolerance of the
vibrating mechanisms 5 or 6, the noise of the appa:.;at.us can.
be decreased. Since the microphones 82 and 83 are disposed -

_ in the chambers 1la and 12a, respectively, the microphones

30 82 and 83 can detect the sound waves of the respective chambers

withou't interference of the sound waves of the other chambers.

- B2




sound pressures generated by the openings 122c, 122d, 222c, and .222d are
denoted by reference nunerals 83a, 83b, 93a, and 93b, respectively. The

anpl i tudes of these sound waves have the relation of wave form 83b > wave
. form 83a and wave form 30 93b > wave form 93a. When the wave forns 83a and
83b are conbined, a conbined wave form 84 (first conbined wave forn) 54
is generated. Likew se, when the wave forns 93a and 93b are conbined, a

conbi ned wave form 94 (second conbi ned wave forn) is generated. Since the
control units 120 and 220 control the vibrations in inversed phases, the
first conbined wave 5 form 84 and the second conbi ned wave form 94 weaken
each ot herThusgi phtlwibratiloas elvde vipr@0ing mgehenasmesl.5 The §icest conbi ned

wave form,84 i he chapbers 122a and 122b and t he second
conbi ned &%%éMggéﬁgggymggé%ﬁﬁ E“gg in the chanbers 222a and 222b are

conbi ned and weakened. Thus, the noise of the apparatus can be further

decr eased. Fig.q%%gand i%. 24 show a result of an experinent _about the
embodi ment. Fig. Jﬁhdﬁé’ I WA F O PBP2R2EBTRR 1prebsdte 045 7iln the case

that osly drte giletctbowi §¢nes atid F AR ALUSmbddiintd & dLtuskliowogener at i ng
apparatus 91 is used and that the drive frequency is 200 (Hz) In other
words, Fi glisshaggsnairthe 4 iheat asmsracdngapenper mndasaod dltear from Fig.

23, since ndld@e¥, WAl L AG RCRAPLSM IR 3 <1 S @S YATRIL 6o chdie. S;md wave 20
iis not perfectly flat. Fig. 24 shows the first conbined wave torm 84, the

second comFaRedewavies fieitnt 94w geTeenadid ol aApbatamdared, wale 4lor Hil, 90

generated y Lhg hetct| QW genar gLing. apparat uses 124 and. 29 221, The drive
frequenC|es'o% these signal's "are 53%ﬁ?%§) and pP%% d%ase 5ﬁffbrence is 170.
As ShdﬂW\iﬁmeEigelBA,Jlﬂmﬁality, in this case, an oxygen {air) intake
opening of the fuel cell is disposed so that the oxygen intake
Qpening faces a nozzle {opening portion) of a chamber of the
jet flow generating apparatus according to each of the
foregoing embodiments. In this structure, the jet air
‘16 discharged from the jet flow generating apparatus is sucked
as an oxygen fuel from.thé intake opening. Thus, while the
overall apparatus is more thinly structured than the case that
a fuel is supplied with an axial flow fan} the same power

generation efficiency as the case that the axial flow fan is

20 used can be obtained.

Fig. 22 is a sectional view showing a jet flow
' generating apparatus according to another embodiment of the
. present invention. | |
25 '

The jet flow generating apparatus according to this
embodiment is denoted.by reference numeral 91. The jet flow
generating apparatus 91 has two jét flow generating
apparatuses shown in Fig. 12. These jet flow generating

30 apparatuses are denoted by reference numerals 121 and 221.

The jet flow generating apparatuses 121 and 221 are
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conbi ned wave fornms weaken each other. The sound pressure of the final
conbi ned wave formis around 1/2 of that of each conbined wave form In
Fig. 23 and Fig. 24, since the levels 30 and rel ative phases of sound
pressures generated by the jet flow generating apparatuses 121 and 222 are
‘consi dered, the 55 present invention is not limted to the unit of the
graph and scale values shown in Fig. 23 and Fig. 24. Fig. 25 shows a noise
spectrum of the experiment. As 5 shown in the graph, it is clear that

noi se i.s decreased by around 20 (dB) at frequencies 200 (Hz) and 600 (Hz).
According to the enbodi nent, when the distance between two openings that
are the nmo¥tPsipaddd@lagathe ssanss i €onthel 1109 frrdeinsg 126r putta21 @) ?r ;
formul a resq i [ ' the f] nhi.ned .wave form an

t he secogg*gg%%ﬁhgﬁﬁéﬁgggpg%%ggggggﬁ%@%227égkﬁﬁ%ﬁ%g?ggﬂﬁlgFﬁéPnﬁords, t he
di stance Hetevedmotiie tbperamy aB2ci tofdet, hehehaater Ry thd openi ng

222d. of the chanber, 222b needs, to satisfy the foregping .15 formula (2) or
fornul a (ﬁﬁveﬁ%tehdgﬁtd%s?%'e Probher &%5F5 h‘éh}h]e‘:‘i t?’feo\?\}%’e%é]r% Phgteappar at us
121 i s st helxnpE ase vhbrat g tddchaefi skhhe2§ elovbkow tgener addtidbapRar at us 221,

their structures may be different. 20. Wien the structures of the two
apparatusé@”é?th?F?E¥%hPFe??ﬁFeﬁﬁh§é§9ﬂ5ﬁﬁl4%%ﬂé§?r3ﬁ§e§ot¥bFPﬁ need to be

control | ed et Bakectén fiain gg@ﬁ@q&a&@@)toem%m%@ak@t f1ow
generatingﬁﬁfparatus 91 according to the 5 enbodi nent has two casi ngs
ol

(121 and of AtheeVhRERVERY mechanipat 229 pavgerier &hendieppdicat s 91 may
have threg QI-HPLE i RS ﬁﬂéssri@ée olF0% et.gl%lmggrd%{ Icigu:ggsgge(sinngfﬁe ment | O.n the

nunber
10 upper direction shown in the drawing). In addition, while

the vibration plate 127 moves in the direction in which the
inner pressure of a chamber 122a increases (in the upper
direction shown in the drawing), the vibration plate 227 moves
of the vibrating mechanism 225 in the direction in which the
15 dinner pressure of a chamber 222a decreases (in the lower

direction shown in the drawing).

The speaker type vibrating mechanisms such as the
vibrating mechanism 125 and so forth are asymmetrical with
20 respect to the vibration direction of the vibration plate 127.
In addition, the voice coil portion and yoke portion are’
asymmetrical with respect to the vibration direction. The
pressure difference of the chamber 122b owning to the
vibration of the vibration plate 127 is larger than the
20 pressure difference of the chamber 122a. Wave forms of the
sound pressures generated by the opénings 122¢, 122d, 222c¢,
and 222d are denotegi by reference numerals 83a, 83b, 93a, and
93b, respectively. The amplitudes of these sound waves have
the relation of wave fo.rm 83b > wave form 83a and wave form
30 93b > wave form 93a. When the wave forms 83a and 83b are

combined, a combined wave form 84 (first combined wave form)
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30 . of openings forned in the chanbers such as the chanber 122a and so
forth. However, many openings may be fornmed. 56 In the foregoing
description, the phase difference is 1700. However, the present invention
is not limted to the value. The phase difference can be a value with
which the 5 noise |levels of the conmbi ned wave forns decrease. For exanpl e,
when the phase difference of the sound waves is other than 170, the drive
frequenci es thereof can be controlled so as to decrease the noise. 10 In
addition to the jet flow generating apparatuses 121 and 221, another sound
wave generating neans, for exanple, a speaker (not shown), may be

di sposed. 5V%§ﬁnﬁﬁét%%un&ﬂkﬁﬁé§§uﬂ€“ahéth&§63ébrmﬁe9§bﬁnd %@v@rgeneratlng

Teans are cdlitished: csmﬁlﬂga%q%Jeef m SN DR JECLERS AL 0L PXAFR] e, when 15

a sound wave that "has an i nverted ase o I na form
shown i n FigggeR4ratedendtiatced thy thets@bakEqunﬁw anh22haserioével of the
conbi ned v e further decr f.or egoi cription, the

he
vi bration p gfégra OO TUcH A8V THEST g%f?%ﬁ]%h érf§7c%#¥%1§3§ﬁ8FFh are

dri vensw tforrss nendahessedbdeeodbived Yave M 91 abhRen phaheshswch as the
vibration plate 127 and so forth may be driven with signals of which the
sound wavésiGendr afelldy YR ViW 0o SpraPesatedch as the vibration plate
127 and so forth do not contain 25 harnoni c conponents. In this case, since
there are no harnonic conponents in the sound waves generated by the jet

fI ow gener at i ng Tagpaimatusesbined dade 221 Sdheealoinad decheadiangereffect is

further i rﬂ%rZQVSﬁid dﬂi%t 2HBA0Se té@on%oﬁs%ea NedNE £o0R1 §8 JR¥BLAt 400 (H2)
shown in Fig. i sappears. 30
10 in the chambers 222a and 222b are combined and weakened. Thus,

the noise of the apparatus can be further decreased.

Fig. 23 and Fig. 24 show a result of an experiment about

the embodiment. Fig. 23 shows a wave form of a sound pressure

15 in the case that only the jet fiow’ g.enerating apparatus 121
of the jet flow geherating apparatus 21 is used and that the
drive frequency is 200 (Hz). In other words, Fig. 23 shows

the first combined wave form. As is clear from Fig. 23, since

the vibrating me_chaniem 125 is asymmetrical, the sound wave

20  is not perfectly flat.

Fig. 24 shows the first combined wave form 84, the

second combined wave form 94, and the final combined wave form

- ‘90 generated by the jet flow generating apparatuses 121 and.

26 221. The drive frequencies of these signals are 200 (Hz) and
the phase dlfference .‘.LS 170" As shown in Fig. 24, the

" combined wave forms weaken each other. The sound pressure

of the final combined wave form is around 1/2 of that of each

combined wave form. In Fig. 23 and Fig. 24, since the levels

30 and relative phases of sound pressures generated by the jet

- flow generating apparatuses 121 and 222 are considered, the
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Fig. 26 is a sectional view showing a jet flow 57 generating apparatus
accordi ng to anot her enbodi nent of the present invention. The jet flow
generating apparatus according to this enbodi ment is denoted by reference
nuneral 101. The jet flow generating apparatus 101 has a casing 172. 5 The
casing 172 has chanbers 172a and 172b partitioned by a vibration plate
145. An actuator 178 that vibrates the vibration plate 145 is di sposed
outside the casing 172. A rod 185 of the actuator 178 is connected to the
vibration plate 145. The actuator 178 noves the vibration plate 145. The
10 rod 185 passes through a through-hole 172e fornmed in the casing 172.
The act uat®resiEzs: hageatyokd s182t lamihageto 188, unif ebithelggaphmgdso forth. A

cont rol unééal]e7qfaeig%{?;§§m%ﬂrei?gﬁggﬁ A %@g}{o%age to the coil. As a

result, the coil o nove“in"the upper and | ower

directions 15 shown in the drawi ng. Consequently, the vibration plate 145
vi brates. Wen the vbgra%ioneﬁlate 145 vibrat%s, nozzles 173 %nd 174
alternately generate?d PRYVT I1DRCIPR MRFTTBhOTHS SREZZIBE" 73 3nd 174
gener at® tdreowipumd twaverisly) N iiRvented tphases.seThe sodhshway ey weaken
each other. 20 According to-the enbodi nent, since the actuator 178 is

di sposed oA™Yk 4hdIBAsphgfayauenties AAhd&zof 2RAef0 hedders 172a and 172b
can be alnost the same. If the actuator 178 were disposed inside the
casing 172, heat of the actuator 25 178 would remain in the chanber 172a or
172b. |f the vi Breadusingptatde i agdmeny hrkaredhe disfegcsthatarcea heated air

stream wayld o%%n%%%h%%daréstr?e S tspatﬁ% %ﬁ%tr?é%féﬂi%% ¢gpacity
woul d deteriorate. wever, accordi ng to the enbodl nen
10 foregoing formula (2) or formula (4}, there is no portion in
which the first combined wave form and the second combined
wave form strengthen each other., In other words, the distance
between the opening 122c¢ of the chamber 122a and the opening
222d of the chamber 222b needs to satisfy the foregoing

15 formula (2) or formula (4).

Although the structure of the jet flow generating
appafatus 121 is the same as the structure of the jet flow
generating apparatus 221, their structures may be different.

20 When the sfructures of the two apparatuses are diffe‘rent, the
' phases, amplitudes, and so forth need to be controlled sb that

the final combined wave form weakerns.

The jet flow generating apparatus 91 according to the
26 embodiment has two casings (121 and 221). Alternatively, the
jet flow generating apparatus 91 may have three or more

casings.
The foregoing description does not mention the number

30 of openings forimed in the chambers such as the chamber 122a

and so forth. However, many openings may be formed.

56




t he di sadvantage can be solved. 30 Fig. 27 is a sectional view showi ng a
jet flow 58 generating apparatus according to a nodification of the

enbodi ment shown in Fig. 26. In Fig. 27 to Fig. 29, nenbers, functions,
and so forth simlar to those showmn in Fig. 26 will be briefly described
or their description will be omtted. 5! The jet flow generating
apparatus according to this nodification is denoted by reference nuneral
111. The jet flow generating apparatus 111 has an absorption nenber 192

t hat absorbs a lateral vibration of a rod 185. The absorption 10 nenmber 192
is conposed of, for exanple, a bellows nenber. Alternatively, the
absorption nenber 192 nay be conposed of flexible resin or rubber. The
absorption nmenb the. |lateral vibration of the rod 175
agai nst the vi gj‘;%tjc ?énﬁ%%ﬁe%%\%gggﬁlgﬁl%?’at% éel%ﬁse@léfg%%rﬁﬁ F%the 15
vibration plete Hdewan bRespaddaentviibrahedon! {sthdw: nedit8d tdatryal ly
vibrated, a coil %64 uld C%@tact a ¥ok 182 and so forth. As a result, a
r ubbi ng soifhd Swoul ac SEETIPReNESnE PR A G HEtR oM & fi cati on,
such asr ublying 5ot cfeas diatbigeRafaterokhs ackabgsal wobratdn@ o akes

pl ace, the 20 vibration of another node that is different fromthe basic

vi br at i on e WenBRase Ydifersnee a8 bheeseind wiyesohs cetheferid@®t e. Since

the har mon £, hae 4.0 Jbe e SUBRLESARM 5 - ARSCLL BRD AROYE) bl 48 Steani nof ul

to prevent the rod 175 from Taterally vibrating. a I on, according
to the entdidesFeasehehe noise.
10 In addition to the jet flow generating apparatuses 121

and 221, another sound wave generating means, for example,
a speaker (not shown}, may be disposed. When the sound
pressure and phase of the sound wave generating means are
adjusted, the hoise level can be decreased. For example, when
15 a sound wave that has an inverted phase of the final combined
wave form shown in Fig. 24 is genei:a’ted by the speaker unit,

the noise level of the combined wave can be further decreased.

In the foregoing description, the vibration plates

20 such as the vibr.ation plate 127 and so forth are driven with
sin_e waves. Alternatively, the vibration plates such as the
vibration plate 127 and so forth may be driven with signals
of which the sound waves generated by the vibration plates
such as the vibration plate 127 and so forth do not contain

25 harmonic compbnénts. In this case, since there are no
hérmonic components in the sound waves generated by the jet

. flow generating apparatuses 121 and 221, the noise decreasing

effect is further improvéd. That means that the peak in the
noise level at 400 {(Hz) shown in Fig. 25 disappears.

30

Fig. 26 is a sectional view showing a jet flow
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absorption nmenber 192 seals a through-hole 172c fornmed in the casing 172
so as to keep the casing 172 airtight. Thus, when the vibration plate 145
vibrates, the absorption nenber 30 192 can prevent air fromleaking from
the casing 172 through the through-hole 172e. In other words, the
absorption nmenber 59 192 also functions as a seal nenber. Thus, cool ant
can be effectively discharged fromthe chanbers 172a and 172b. Instead of
the solid seal nenber 192, a viscous fluid 5 seal nenber that seals the

t hrough-hol e 172e may be di sposed. Fig. 28 is a sectional view show ng a
jet flow generating apparatus according to another nodification of the
enbodi nentgesiegwn ing dpmpra2ts Fheoj@tnd tonwageniesatkivbgdlfeappafi ahas accor di ng
to this mpdification is. deno gd bé % ference Qﬁﬁ?ral 121t The jet flow
gener at i NG Spparatigei®1* hadhg é55i 8017%?n%5? g ERBFAGT172, bearings
105a and Hiehrding # thds Mibariaemunt @dnotba MeakEsgsnsechmasat he bearing
105a and so _forth are conposed of, for exanple, linear ball 15 bearings,
fluid beari®gs, Tt JeheftTkEenTRat +oQ 2PBsraEEe VL hes GughsHYildRat i on pl ate
145. 18 adgict £aBingNer ods LBAMLRRASSER2d NRUGR 28 LhFoughshel 8,142f forned
in a chanber 172b "side opposite to a through-hole 172e. The géarlngs 105a
and 105b vibsagigposbats nl4the dhcharegtor e thatoughrhbeestilg2e 20 and
172f, res ' =7k { I\ UCTyL LN t ' 105a and 105b
can nore Qﬁgg?égéxt?é?@%?é?%ﬁgv?g%g??gﬁ &%§£¥Eégggdc%§§£$ﬂgﬁLth§ structure
‘usi ng onl yodhle8 hefithradibdor &8 asrcesulectetite tioelviBbataon péaseabl y noved.

Thus,  the i br tiontpl te iﬁﬁ]caqabg %Iﬂp ti gl vi br at ﬂ% I@ addi tion, 25
since therod f@geéfi@ﬁgg f BREeT; Y tdEFﬁ 8¥h%iaé?d§ f TPRe casing
172, the wedlum®s, psfwpehrafughng khikeugh-hbee 172¢ formed in the
casing 172. The actuator 178 has a yoke 182, a magnet 183,
a coil 184, and so forth. A control unit 170 applies for
example, an AC voltage to the coil. As a result, the coil
causes the rod 185 te move in the upper and lower directions
15 shown in the drawing. Consequently, the vibration plate 145
 vibrates. When the vibration plate 145 vibrates, nozzles 173
and 174 alternately generate a jet flow. In addition, .the
nozzles 173 and 174 generate the sound wave having inverted
phases. The sound waves weaken each other.

20

According to.the embodiment, since the actuator 178

is disposed outside the casing 172, the volumes of the

chambers 172a and 172b can be almost the same. If the actuator
178 were disposed inside the casing 172, heat of the actuator
256 178 would remain in the chamber 172a or 172b. If the vibration
' plate 145 were wvibrated in this state, a heated air stream
would be discharged. As aresult, the heat radiation capacity
wlould deteriorate. However, according to the embodiment,
fhe disadvantage can be solved. |
30

Fig. 27 is a sectional view showing a jet flow
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~chanbers 172a and 172b can becone the same. Thus, the noise of the
apparatus can be further decreased. 30 When the bearing 105a or 105b is a
solid bearing, the solid bearing 105a may be filled with a liquid. In this
case, 60 the casing 172 can be air-tightly seal ed agai nst a gap between
the rod 185 and the bearing 105a or bearing 105b. Fig. 29 is a sectional
view showing a jet flow 5 generating apparatus accordi ng to anot her

nodi fication of the enbodinment shown in Fig. 26. The jet flow generating
apparatus according to the nodification is denoted by reference nuneral
131. The jet flow generating apparatus 131 has chanbers 172a and 172b. In
t he chanberesnetr?A2angndpid 24t ud Cadysardimgs td06amatdf 106hi frorofathed 185 are

mount ed. Unl.i ke th jet fl eperatjng.ap tus 121 sho in Fig. 28,
the | ot FEBTHEREE FITHR APt 08- 197 B500 Slofotkave 29t MRBRGHohol o 1721
at ‘the | owvmdadichisramf sé e reass g 1 akheojteloskl swwrgeneriat.i ngwappar at us 131
can have the_sane_operation and 15 effect as the jet flow generating

appar at us P2 PTiphly desoxnibay o jhedy depqnigtisn whlldg omesbef-nay be

di sposed in the through-holes such as the through-hole 172e and so forth

of the casing 172 through which the rod 185 passes. 20 Thus, since the
inner air-tight @ssiet Fhevwcaienpling mprevetys aevimhingde bhieffectively

di schar ge‘i’nocfiifgcaggoxil Sp & cﬁg‘?%ttie%n%% J\_‘éﬁg\f:?s:{%%/\‘nt e@ajigilil. oW eQﬁQQr ating

appar atus according to another enbodi nen e presen nvention. The
jet flow dgéwer genare tipparcapasagosot tll ngpd ant Absoepbiboh memtbeirs 182not ed by

et IRl 003 Bk S QUBEIEL 1 APORL LS 01 i an upper

10 member 192 is composed of, for example, a bellows member.
Alternatively, the absorption member 192 may be composed of
flexible resin or rubber. The absorption member 192 can
suppress the lateral vibration of the rod 175 against the
vibration of the vibration plate 145. As a result, the

';5 vibration plate 145 can-be stably vibrated. If the rod 185
laterally vibrated, a coil 184 would contact a yoke 182 and
so forth. ‘As a result, a rubbing sound would generate. In
contrast,accordingtx)thenwdification,suchearubbingsound
does not generate. If a lateral vibration takes place, the

20 vibration of another mode that is different from the basic
vibration wave tends to generate. As a result, harmonics
geneiate. Since the harmonics have to be suppressed as '

- described abové, it is meaningful to prevent the rod 175 from

laterally vibrating.
25
In addition, according to the embodiment, the
absorption member 192 seals a through-hole 172c formed in the
casing 172 so as to keep the casing 172 airtight. Thus,
'_when.the'vibratibnxplate 145 vibrates, the absorption member
30. 192 can prevent air from leaking from.the casing 172 through

the through-hole 172e, In other words, the absorption member
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forns the contours of chanmbers 204a and 204b. The | ower 30 casing 202B
forms the contours of chanbers 206a and 206b. The casing 202A and the
casi ng 202B have al nost the sane shape, 61 size, and so forth. Nozzles
207A, 208A, 207B, and 208B protrude fromthe chanbers 204a, 204b, 206a,
and 206b, respectively, in the casings 202A and 202B. Speaker type

vi bration generating devices 205A and 205B are di sposed in 5 the upper

"~ casing 202A and the | ower casing 202B, respectively. An actuator 203 that
is adriving unit for both the vibration generating devices 205A and 205B
i s disposed between the upper casing 202A and the | ower casing 202B. The
actuat or 202 eSsocoapostchofas anegaRt m@(Ba;r . aThoke 203tant@ @@ be203c, and
so 10 fort A.control .unjt 2%85fthat controls the vibratjions of the

vi brat i on GEREFAVPAY HoT herderh s o dhsoshanee ) K43 104 Iy ?Eonnected to
the coil 203c. The vibration generating device 205A has a frane 213A 15
and a vibration plate 211A nounted thereon through an edge nenber 215A. A
frame 213A is filfS&G200°h tha sadhdhnal perpar ¥t madvaicars dweidporti on of

the upper $casiMnA02fnaAAils thO8-BALHLLRD1 2134 | ! spgt he frame
213A. The Sedge rrenbera215A r?as fle§i EI&{lI ty %r glgadé% %‘igtd}%%'? e edge nenber
20 215A is made of, for exanple, resin or rubber. A partition nenber 212A

[50L2Po50 L1 G U9ges Caskg0S05 TS, JRBRALLI 1y JeT, ZI2A Tore he
partiti ongeerbeting bpparihesfacane d2hdAoindtie: vinbd bf i@t igenef ahéng devi ce
205A 25 | snﬁgﬁgt ed onlAt he ]f)araé,i t_i g% menber, 212A through a vibration = -
absor pti off B 1300 hdt % hé o r alt® Peia [dGVePERERR M HRI e  2124a.
10 apparatus according to this modification is denoted by
' 'reference numeral 121. The jet flow generating apparatus 121
has a casing 172. On the casing 172, bearings 105a and 105b
for a rod 108 are mounted. The bearings such as the bearing
105a and so forth are composed of, for example, linear ball
16 © bearings, fluid bearings, or the like. The rod 185 passes
through a vibration plate 145. 1In addition, the rod 185
passes through a through-~hole 172f formed in a chamber 172b
side opposite to a through-hole 172e. The bearings 105a and
. 105b are disposed in the vicinity of the through-holes 172e
.20 and 172f, reépectively.- This structure using both the
‘bearings 105a and 105b can more .suppress the lateral vibration
of the rod 185 than the structure using only the beéring 105a.
As a result, the rod 185 can be stab-ly moved. Thus, the
. . vibration plate 145 can be effectively vibrated. Inaddition,
26 since the rod 185 extends from one side to the other side of
'the casing 172\,r the volumes, shapes, or the like of the
chambers 17-2a and 172b can become the same. Thus, the noise

" of the apparatus can be further decreased.

30 When the bearing 105a or 105b is a solid bearing, the
solid bearing 105a may be filled with a 1liquid. In this case,
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The | ower vibration generating device 205B has alnost 30 the sane
structure as the upper vibration generating device 205A. They differ in
that the coil 203c is nmounted on a 62 vibration plate 211B. Like the

vi bration generating device 205A, the vibration generating device 205B is
di sposed above the hole 212Ba of the partition nenber 212B so that the

vi bration generating device 205B covers the hole 212Ba. 5 -A rod 209 passes
t hrough a t hrough-hole 203ba of the yoke 203b. In addition, the rod 209
passes through the through-holes 202Aa and 202Ba. The rod 209 is connected
to the vibration plate 211A and the vibration plate 211B. This 10

st ruct ur e Wrusesingd 7Evitrrvboedti-ohopriy sl eA smad n2tkBgep beitmeegr al | y

vibrate. Thg ﬁggaghggtg%%ﬁﬁh§rﬁﬁé%§g t%eggﬁéithﬁly | ume of the chanber

204a is alnost the sane as the vo 204b. In reality,
t he upper casing.202A is fornmed so that the height of the | ower chanber

204b is larger Hpan t.hat, of the.q&gﬁr.cha er .204a g%?the vol une of the
vibration generatdnd déddi 85205 4 & FENOW AR nYy B4 the same

st ruct 6r e gaselre 1upRYIPGATUB G 2321 ndQ Nexbthd MRoQPEI it ivh Of thhe jet flow
generating _apparatus 201 having the foregoing structure will be
descri bed SMRAEFTERE EBATR OID UHi%- 2f0 aPpti bt £ oXCIPBREABENIto the coi

203c, the #pMr209sMR¥ESrdThd NS WHREMoANYE ; LQWRL 25 dién%%h%g shown in the
drawing. As a result, the vibration plates 211 and 211B vibrates in the

upper and HedREEnger senebnk . 13Mhefhe Hietvifbioat benepibies PBAsand 211B nove
In the UPR&H has chambers 172a and 172b.  In the chambers 172a and 172b,

10 Dbearings 106a and 106b for a rod 185 are mounted. Unlike the
| jet flow generating apparatus 121 shown in Fig. 28, the jet
flow generating apparatus 131 does not have a through-hole

172f at the lower portion of the casing. The jet flow
'gen,e';r:ating apparatus 13l1 can have the same operation and

15 effect as the jet flow generating apparatus 121.

In Fig. 26 and Fig. 27 to Fig. 29, a seal member may
be disposed in the through-holes such as the through-hole 172e
and so forth of the casing 172 through which the rod 185 passes.

20 Thus, since the inner air-tightness of the casing is improved,

coolant can be effectively discharged.

Fig. 30 is a sectional view showing a jét flow
_ generating apparatus according to another embodiment of the
256 present invention. The jet .flchnw generating apparatus
according to this embodiment is denoted by reference numeral
201. The jet flow generating a'pparatus 201 has. an upper
casing 202A and a lower casing 202B. The upper casing 202A
forms the contours of chambers 204a and 204b. The lower
30 casing 202B forms the contours of chambers 206a and 206b. The

casing 202A and the casing 202B have almost the same shape,
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direction shown in the drawing, the inner pressures of the chanbers 204a
and 206b increase. As a result, air is 30 discharged fromnozzles 208A and
208B. Since the phases of the sound waves (in particular, sound waves of
basi c 63 frequency) generated by the nozzles 207A and 208A are inverted,

t he sound waves weaken each other. Likew se, since the phases of the sound
waves (in particular, sound waves of basic frequency) generated by the
nozzl es 207B and 208E are inverted, 5 the sound waves weaken each ot her.
According to the enbodi nent, the noise of the apparatus can be decreased.
In addition, since one actuator 203 and four chanbers are disposed, the

di schar ge shaamnst sai focth- 10cre liesc P638ed20BAh 20 Mhvalande2668r | ¢ power and
t he cooli Ci y n dd on, C ing to the
enbodi rren?fgr sﬁ%dg tf\e/\f\/(E)!E1 tgg Clt?g ge%)sso%(?%& 2%61 1ggkafe s%%é}e’d | at er al

vi br at i onsresifecfivehe, vubralhe om:pirajeszc@:hlénameZﬂ.lB s;ielwerrodyg% and so
forth beco 30. sho et flow generating aratus using a
convent i onarC% ela?l?e?eg%%at% r 2938 apd < UpE P&ﬁedﬁi sed \i%r ati on
plate 11, txeanupp@gacagm@mozkfsand R 1@wdu%1n%3@23Thﬁe§§eg@ fRker 215 and

t he durrper 236 are 20 di sposed between the franme 213 and the vibration
plate 211.2° PRTEBRPF £98, t*ﬁﬂh% iised igiirngeet tifiongPeigpahat P i ddoes not

need the djuimeia 236 adhliihauath bRADYERCSs 3800l SePbLERLEN nolbihevent the

appar at us fromlatérally vibrating, since the vibration plate becones a
resi st ancecagg@Ing P24 r@dntbueaiipwrz&mq RE28i britd emtphape, 203 iconsunes an

extra po p-g@éﬁ Ofv@gﬁgy&gngg %%%EI 283850 fcoljl_lll’ 393cE he | t())r ation

plates suc as the vi Fth can’ be VI rated with
: 10 forth. A control unit 210 that controls the wvibrations of

the vibration generating devices 205A and 205B is

electrically connected to the coil 203c.

The vibration generating device 205A has a frame 213A

15 and a vibration plate 211A mounted thereon through an edge

member 215A. A frame 213A is fitted to a thrOugh~hole'202Aa

formed at a lower portion of therupper casing 202A. B&An air

hole portion 213Aa is formed in the frame 213A. The edge

member 2152 has flexibility or elasticity. The edge member

20 215A is made of, for example, resin or rubber. A partition
member 212A is disposed in the upper casing 202A. The

partition member 212A forms the chambers 204a and 204b. A

hole 212Aa is formed at the center of the partitibn member

212A. The frame 213A of the vibration generating device 205A

25 is mounted on the partition member 212A through a vibration
absorption member 214A so that the frame 213A covers the hole
212Aa. '

The lower vibration generating device 205B has almost

30 the same structure as the upper vibration generating device

205A. They diffex in that the coil 203c is mounted on a
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a | ow power consunption. Wen the sane power as the case that the dunper
236 is used is supplied, since the anplitude of 30 the vibration plate can
be increased, the cooling efficiency is inproved. 64 A power of 2 (W was
applied to the speaker 235 shown in Fig. 31 and the vibration generating
devi ces such as the vibration generating device 205A and so forth shown in
Fig. 5 30 and their displacenents were neasured. In the speaker 235 and
the vibration generating devices, the sane nagnets and sane yokes havi ng
the sane size as the magnets were used. The size of the vibration plate
211A was the sanme as the size of the size of the vibration plate 211B. The
di anet er anidnediignt plotef2lddch bikd héhevirbbadtiom platest24dAlearide211B were

around 70 nd .300.(q), respectively, | is conditiogn, the

ool ude A hERD R Rer S Fetied AoBRyts $1%Ra808 svE

(vi brati orcismitie waspd. 32 ¥hd parkiGd dnikkber P12 BesOtRIt dhand, in the
structure shown in Fig. 31, the anplitude of the 15 vibration plate 211A
was 2.26 (PHFationi GRNGERTIIR cdeucCy #4058 ca¥erhethadiodnat'2B8e structure
shown isn Fig. 31 was used with the same power. |In addition, since the
.structure shown in Fig. 30 has two vibration plates, the efficiency
thereof is douH#é@ﬁ-?89lﬁﬁﬁﬁﬁﬁtﬁhsﬁpghc%o&hﬁqnyhﬂboﬂhez@h@ﬁxﬂﬁn§hﬁ, since the

jet flow geney alsng anpalRLis 201 (s, 0Re, FE AL, 23uufherpapparatus can

be mniaturized. 25 Fig. 32 shows a jet ow-“gener at1 ng apparatus according
t o a nodi fihgauigbnhol e s e b edidn202B4 | etThel ood gtedat compecppatat us 201)

S_hown rn @h% v%kgrat:‘raj.qoen ﬁ%t]:alfﬂl-g%rﬁgr'&gé rx]rg.brr:n:ion plate 211B., This
' 10 structure causes the two vibration plate 211A and 211B to

integrally vibrate.

The upper casing 202A is formed so that the volume of
. the chambexr 204a is.allﬁost the same as the volume of the chamber
18 204b. In reality, the upper casing 2023 is formed so that
the height of the lower chamber 204b is larger than that of
the upper chamber 204a by the volume of the vibration
generating device 205A. The lower casing 202B has the same
structure as the upper casing 202A.
20
| Next, the operation of the jet flow generating
épparatus 201 héving the foreqgoing structure will be
described. When the control unit 210 applies an AC voltage
to the coil 203c, the rod 209 moves in the uppér and lower
25 directions shown in the'draﬁinq. As a result, the vibration
plates 211 and 211B vibrates in the upper and lower directions.
. When the vibration plates 211A and 211B move in the upper
direction shown in the drawing, the inner presSuﬁes of the
chambers 204a and 206b increase. As a result, air is
30 distharged from nozzles 208A and 208B. Since the phases of

- the sound waves (in particular, sound waves of basic
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apparatus according to this nodification is denoted by reference nuneral
231. In Fig. 32 to Fig. 38, nenbers, 30 functions, and so forth simlar to
those shown in Fig. 30 will be briefly described or their description wll
be omtted. 65 Aflat vibration plate 221A is nounted on an upper casing
232A of the jet flow generating apparatus 231 through an edge portion
215A. Likewise, a flat vibration plate 221B 5 is nounted on a | ower casing
232B through an edge nenber 215B. A coil 203c is nounted on a nounting
menber 226. The mounting nenber 226 and a rod 229 are connected. The rod
229 is connected to the vibration plates 221A and 221B t hrough

t hr ough- hoiresu2d2pa gemedr232Bdy Theispzaseal 0datarat 08A srdriinvented) t he rod

229 i s noved._As result, the vibration plates 221A and 221B integrally
Aot e R ayhisary B erho L3RS Gar PR ARG S inar ot us 231

vi br at e. us, since
is nore ing ahedsbbhad whadés ofn thedietulht pvsgeneralddig Fppasatus 201 shown
in Fig. 30, the noise of the apparatus can_be further decreased. 15 Fig.

33 shows & 5°GFePrHlIGERERLEARY Hiparaties 20¢Brahiche08B aradamesitefndi fi cati on

- agai nst t hemediuhbiCalv O (dHlerd lQ¥n generating apparatus 201) shown in Fig.
32. The jet flow generating apparatus according to this nodification is 20
denot ed by reference nuneral 241. The jet flow generating apparatus 241

~has four casing 9,1 o 13 %D ion . pl 221A and
221B t hr ough th?‘gﬁé‘ﬁ?‘%‘g%% Sh3Rad Qgﬁ'gé@%zgg. IS h %bgn%,p%ta 5885550

passes t hrcgoghetdecreddycht | 6n plidt o2 sAngado@ 18-t r @?3238di s
connect ed 25 vi-bration plates 22 and 221D through thraqugh-hol es 232Ab,
232Bb, 235@? %aﬂ%g.r%ﬁhi?o%?cf{ci&?h%l? A BP‘SPF{EnOP air)can

10 be increased with a small electric power and the cooling

efficiency can be improved.

In addition, according to the embodiment, since two

edge members 215A and 215B are diqused, lateral vibrations

15 of the vibration plates 211A and 211B, the rod 209, and so
forth become weak. Fig. 30 shows a jet flow generating

apparatus using a conventional speaker 235. The speaker 235

has a frame 213, a vibration plate 211, an edge member 215,

and a dumper 236. The edge member 215 and the dumper 236 are

20 disposed between the frame 213 and the vibration plate 211.

In contrast, the jet flow generating apparatus 2013dpes not

need the dumper 236. Although the dumper 236 is effective

to prevent thelapparatus from laterally vibrating, since the

~ vibration plate becomes a résistance against the vibration

25 of the vibration plate, it consumes an extra power. Thus,

'.when the dumper 236 is not required, the vibration plates such

as-the vibration plate 211A and so forth can be vibrated with

a low pdwer consumption. When the same power as the case that

the dumper 236 is used is supplied, since the amplitudelof

30 the vibration plate can be increased, the cooling efficiency

is improved.
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pl ates 221A, 2218, 221C, and 221D are integrally vibrated, the discharge
anount of cool ant can be further increased. In addition, depending on the
nunber of heat generating nenbers 30 to be cool ed and their arrangenent,

t he nunber of casings can be adjusted. In addition, while the discharge
anount of 66 coolant can be increased in proportion with the nunber of
casings, only one actuator 203 is required. In addition, since the
actuator 203 is disposed at the center of the casings 232A, 232B, 232C,
and 232D, nanely between the upper casings 5 232A and 232B, the synmmetry
of the apparatus is not deteriorated. 1In the jet flow generating apparatus
231 shown in Fig. 32, the rod 229 nmay pass through the vibration plates
221A 10 and 221B, I n additj as_sho in Fig. 28 or Fi 29, the
bearings of the%’r Sﬁwteﬁa?% pzla(s?@%sw?%ra(?ﬁ’ Hefih‘éov"%}ﬁ ﬁPFS[ﬁeﬁI%%?%O??lA and 221B
may be di Spoged.adl amhdippervimfdt idh gbnbbhet URpeievicasi BecRIAtaRd a | oner
portion of .the | ower casing 2328, This structure applies to the jet flow
gener at i nd &FFArePuSeREAtINYg dR¥WAS i 40 ¢nd3ze fuggh shovp i §1937 are

enl ar ged SRCLAQRBL ¥ EWHISRAWERYs AGILAL QLS AECORHI MR EP-4M0i bheations of
the actuator 203 of the jet flow generating apparatuses 201, 231, and 241.
20 As sho@®d Bbpj gibortion peapragieddefices,ofhp0sane matinsfeseddi n a

t hrough- hql, 3ha 20355 h i i g, beari ng
240 i s, f%raﬁgz(grrpl e?gg%%?’h%bearl ﬁééé a%h%ggb'?ﬁég%f%re%gn&%r e%gﬁt the rod
209 from Isdtzer af |the25ibrbtatn mg.atEh2lbbardsnghaeyarse aa thelisd Azeafi ng rat her

t ha_n _ t he tfn%rgfziengfsc?llei tgibbrea rjjorr]1 'la\./\t!]eeB].?Bt | l‘![ihde ctl)féargﬁi.tne% :iirsxd lﬁlv%?_ght
10 of each of the vibration plates 211A and 211B were around 70
(mm) and 300 (g), respectively. In this condition, the
amplitude of the vibration plate 211 shown in Fig. 31 was 1.32
(mm) (vibration amount was 1.32 x 2 =2.64 (mm} ). On the other
hand, in the structure shown in Fig. 31, the amplitude of the
15 vibration plate 211A was 2.26 {(mm), which was twice as large
as the case that the structure shown in Fig. 31 was used with
the same power. In addition, since the structure shown in

Fig. 30 has two vibration plates, the efficiency thereof is

doubled.
20
In addition, according to the embo-dir'nent, since the
'~ jet flow generating appa:tfatus 201 has one actuator 203, the
apparatus can be miniaturized.
25 Fig. 32 shows a jet flow generating apparatus according

to a modification of the embodiment (jet flow generating
app'éra'f:us 201) shown in Fig. 30. The jetl flow generating
apparatus according to this modification is denoted by
re-ference numeral 231. In Fig. 32 to Fig. 38, members,
.30  functions, and so forth similar to those shown in Fig. 30 will

be briefly described or their description will be omitted.
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the noi se of the apparatus can be further decreased. In this case, fluid
is preferably liquid. Fluid is nore preferably magnetic fl uid.
Alternatively, viscous liquid may be 30 contained in the bearing 240. The
bearing 240 seals the inside of the upper casing 232A agai nst the inside
of the |l ower 67 casing 232B. As a result, coolant can be effectively

di scharged fromthe upper casings 232A and 232B. In Fig. 35, a seal nenber
242A i s disposed between an 5 upper casing 232A and a rod 209, whereas a
seal nmenber 242B is disposed between a | ower casing 232B and a rod 209.
The seal nenbers 242A and 2428 are made of, for exanple, rubber, resin,
or the |like. The seal members 242A and 242B can seal the inside the upper

casing 232A agai ety Lhe sk dg, ofyLhe A0l quer asing, 2928, o2 resul
| S

cool ant .can be effective ar ge om’t A caS|ng In
addi.ti on tapdgihey 282hick SBaljaﬂmﬁmews;&Métand E%ﬁ%&atalst hBDu;gh:olmqlhe 203ba and

so forth may ae fllled m%gg a liquid seal menber g. 36 shows a

combi nati o’ PRt et ire: s il §la§¢”§ﬁﬁtﬁﬁ€ 3R 28148 shown in
Fig. 35. Themstnusd uhea 1ah@mas|1n5! B2BEhedigP eVl e hBRLELZ1289 from
laterally vibrating. In addition, the structure shown in Fig. 36 can seal

the insidé SPllclr?Oéﬁp’e? mEYRFRAY °P3P RORGATAY FeRE T 376 -de The@as tanboner casi ng

232B. Fi 9mehbeth09® anglsULIdIr® d N AhicoRnReAEh NOSHE434qands 243B are fitted
to through-hol es 232Aa and 232Ba of an upper casing 232A and a | owner

casi ng - 23Z®@nnesdgectpvehy . vithrn 2R @dritrgs 2248 ferah @ 2243 Bharegbol i d beari ngs
or-fluid %&J’o‘u@?sholég 2t3lﬂh a%[c{%é’ge TBu Eogszaogag&?atboer %g%rl}éem)ved Fig.
38 shows a jet om/genera ing app aratus “3eE5Gi A
‘10 . the rod 229 is moved. BAs a result, the v1bratJ.on plates 2214
" and 221B integrally vibrate. Thus, since the symmetry of the
jet flow generating apparatus 231 is more improved than that
of the jet flow generating apparatus 201 shown in Fig. 30,
the noise of the apparatus can be fur'thex; decreased.
15 |
Fig. 33 shows a jet flow generating apparatus according
to another modification against the modification (jet flow
g_e:nerating apparatus 201) shown in Fig. 32. The jet fiow
generating apparatus according to this modification is
20 denbted by reference numeral 241. The jet flow generating
apparatus 241 has four casings. A rod 229 is connected to

a vibration plates 221A and 221B through through—holes 232Aaa
and 232Ba. In addition, the rod 239 passes through thé '

vibration plates 221A and 221B. The rod 239 is connected to
25 vibration plates 221C and 221D through through-holes 232Ab,

‘232Bb, 232Ca, and 232Pa. Thus, since the four wvibration

plates 221A, 221B, 221C, and 221D are integrally vibrated,
the discharge amount of coolant can be further increased. In
addition, depending on the number of heat generating members
30 to be cooled and their arrangement, the number of casings can

be adjusted. In addition, while the discharge amount of
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to another nodification of the nodification (the jet flow 30 generating
apparatus 231) shown in Fig. 32. The jet flow generating apparatus
according to this nodification is 68 denoted by reference nuneral 251. The
jet flow generating apparatus 251 uses a driving mechanismin which an
actuator 255 drives a piston 255a with the pressure of fluid. The fluid

is supplied froma fluid supply source 252 to the actuator 5 255 through a
fluid pipe 254 or one of pipes 256 and 257 selected by a selection valve
such as a solenoid valve or the 1like. The piston 255a is secured to a rod
209. This structure also allows vibration plates 221A and 221B to

vibrate. Theofdrnt damapebénanyaséd st igkandtgas. wlOhFitge B3@ushows a jet flow
gener ati ng_appar at us accordinggato anot her nodification of the nodification

(j et -f1 ow “HENEH at PRGYappar aF 642424 )%&hovin SeRuErgd- 28t0 AgElitéens | ow

gener at i Ngs BRPALIES US a8 E0F Gi0ndi 4 61ikPbSedadidiLalh oy b the dengipd by
reference nuneral 261. The jet flow generating apparatus 261 has an
act uat or 263%RATRE2BctidACor 2082 e sname by ediersntle 1opati ersingmt or . The

rotati gnalyJmt i-pm 95okhe cnB0L Bhmd Sr ¢ YW aRLLd ] ¥ motion of a rod
185 by a link Ehechanisn1266.§ﬁ$ﬁs gtruct%rgpgﬁggtg I%ég?%%e vibration 20

pl at e 145 deyerigrated.Fig. 40 is a perspective view showing a jet flow
generating apparatus according to another enbodi mrent of the present
invention. 25 The jet flow generating apparatus according to this
enmbodi ment i s dehotkd jut Febergurce atimer appaitusTbel]Siownd oW Fig.

32, the rod 229 may pass through the vibration plates 221A
10 and 221B. In addition, as shown in Fig. 28 or Fig. 29, tﬁe
bearings of the rod that passes through the vibration plates
'221A and 221B may be disposed at an upper portion of the upper
casing 232A and a lower portion of the lower casing 232B. This
structure applies to the jet flow generating apparatus 241

16  shown in Fig. 33.

Fig. 34 to Fig. 37 are enlarged sectional views showing
actuators according to modifications of the actuator 203 of
the jet flow generating apparatuses 201, 231, and 241.
20
As shown in Fig. 34, a bearing 240 of a rod 209 is
disposed in a through~hole 203ba of a yoke 203b. As shown
~in the dréwing,. the bearing 240 is, for example, a ball bearing.
The bearing 240 can prevent the rod 209 from laterally
25 vj.brating. The bearing may be a fluid bearing rather than
the forgoing solid bearing. When a fluid bearing is used,
the noise of the apparatus can be further decreased. In this
case, fluid is preferably liquid. Fluid is more preferably
magnetic fluid. Alternatively, viscous liquid may be
.30- contained in the bearing 240. The bearing 240 seals the

inside of the upper casing 2324 against the inside of the lower
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generating apparatus 301 has a casing 302. The casing 302 forns the
contours of chanbers 302a and 302b. The casing 302 30 has one of the
foregoing vibration plates. The vibration plate partitions the casing 302
and fornms the chanbers 302a 69 and 302b.. The casing 302 has short nozzles
303a and I ong nozzles 303b. The I ong nozzles 303b are nmade of, for

exanple, netal, resin, or the like. The |long nozzles 303b are bent. For
exanpl e, six short nozzles 303a and one | ong nozzle 303b 5 are di sposed on
each of the chanbers 302a and 302b. The short nozzl es 303a di sposed on the
upper and |l ower chanbers 302a and 302b have the sane |ength. Likew se, the
| ong nozzl&ssi3QBIER3@Bs pobech arestuie, uppellaahdchovier «fifanhérelf0 302a and 302b

have t he sane.|l en th Thi s, i s because .t he he sound waves

gener at ed cgy Cthheg% pgﬁfoﬁogli‘?e’%p%’%pcﬁé&gso%g? aﬁ%p%?zt%‘harrber 302a and the
phases of the sound waves generated by the | ower nozzl es disposed on the
| ower chanmber 302b are_inversed so that the sound waves weaken each ot her.

15 Fig. 41 is a Pefdfecttve FPaW RRERST Bi'RG 36 pHaeosed betrargeabf the j et

flow genengijdig caBpabai s 304 5haw 208, Fiflerc49-2 AS2ShQWbd,N Jubg drawing, a
circuit board 246 has a CPU 248. A heat sink 24 7 is contacted to the CPU

'248. The Heatigpospdkeuresd] ff heeer naaingf 28AB TRUR48d 202+ h&hei cinity of
the CPU 248 anpLfife £ royial ?}?96}:{4%2%@ n{al o S¥ample ex ;gié'ar by, of 1C chips

249 are nmounted. For exanple, enera paratuSes 301 are
stacked. Tesinetof|Dw lgéaeraﬂkngeappamﬂkuseg43@kna&e4aBnangeda$o t hat

 Vadi ati on P i98 B R Hese S iR T SR Tl oo e of the 0 e
‘ 10 lower casing 232B. As a result, coolant can be effectively
discharged from the casing 2323 and 232B. In addition to the
solid seal members 242A and 242B, a through-hole 203ba and
so forth may be filled with a liquid seal member.

15 Fig. 36 shows a combination of the structure shown in
Figf 34 and the structure shown in Fig. 35. The structure
shown in Fig. 36 can prevent the rod 209 from laterally
vibrating. In addition, the structure shown in Fig. 36 can
seal the inside of an upper casing 232A against the inside

20 of a lower casing 232B.

Fig. 37 shows a structure in which bearings 243A and
243B are fitted to through-holes 232Aa and 232Ba of an upper
casing 2322 and a loﬁer casihg 232B, respectively. The

26 bearings 243A and 243B are solid bearings or fluid bearings.

In this structure, a rod 209 can be stably moved.

Fig,38showseajetflowgeneratingapparatusaccording
to another modification of the modification (the jet flow
30 generating apparatus 231) shown in Fig. 32. The jet flow

generating apparatus according to this modification is
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di scharged fromthe | ong nozzles 303b are discharged to the |C chips 249.
Since the jet flow generating apparatuses 301 are arranged in the
foregoi ng manner, they can directly cool 30 the IC chips 249. 70 Thus,
according to the enbodi nent, even if various heat generating nenber are
arranged. at any positions, they can be cooled by the |ong nozzles 303b
that are bend corresponding to the arrangenent of the heat generating
menbers. When a 5 conventional fan that rotates an inpeller is used, heat
generati ng nenbers cannot be locally cooled unlike the enbodinent. The jet
fl ow generating apparatus 301 is not limted 10 to the foregoing ‘
enbodi nentdeneteast har radedsnce heammnade 2 53f. Ting atofibesg@8batainy t he nunber

of short n 30 are not limted to those of the foregoin
~ enbodi rrentz.s)&%gnreaztdlcﬁ ?lg(l)nlflsest ﬁedr%)‘ﬁbn%&ezq@]fﬁgbnc"gﬁcﬁ’eaﬁ’aﬁ%’gﬁ??&f or

exanpl e, a2%3% axibte a piadtein 25a kith hhe Eassudtdher Fongd N0zzes1 3Q8b can be
made 15 of, rubber, flexible resin, bellows, or the like. Thus, the

directi ons* PR IRGL IR 24 HE SHRRYEISPATGR Cord4Rc BN Rt UAHRE

~arrangeentsHfcidiighus Beald 9enss atd NG MeIReLE: phhes 496 shigys; sy j et flow

generating apparatus according 20 to a nodification of the enbodi nent (jet
fl ow gener3fisffecabpar ae4ecBda vehsansieh Risge se@enpadfiag.vedorttdhar g. 46,

menbers, TG 0ffie SOSE I N5SLRELAEA! Pot ORGSR hfssFig. 40 will be

briefly described or their description wl e onitted. The jet flow
gener at i ngapppdvacug laccat dpwy tidbnatiion pdditkiscagidbnand Zx®tted by

-reference ﬁ%rt%l. 3’3’1]1% %lnuj:[cp?nalyeke any of solid and gas.

10
Fig. 39 shows a jet flow generating apparatus according
to ‘another modification of the modification (jet flow
generating apparatus 121) shown in Fig. 28. The jet flow
generating apparatus according to this modification is
15 - denoted by reference numeral 261. The jet flow generating
apparatus 261 has an actuator 265. The actuator 265 uses a |
conventional rotational motor. The rotational motion of the
- motor is converted into a linear motion of a rod 185 by a 1ink
mechanism 266. This structure also allows the wvibration

20 plate 145 to vibrate.

- Fig. 40 is a perspective view s'how'ing a jet flow
generating apparatus according to another embodiment of the
present invention.

25
The jet flow generating apparatus according to this
embodiment is denoted by reference numeral 301. The jet flow
generating apparatus 301 hds a casing 302. The casing 302
forms the contours of chambers 302a and 302b. The casing 302
80 has one of the foregoing vibration plates. The vibration

plate partitions the casing 302 and forms the chambers 302a
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fl ow generating apparatus 311 shown in Fig. 42, long nozzles 304b are

t hi cker than the foregoing |ong nozzles 303b. In 30 other words, the cross
section of flow path Wiich is perpendicular to the flow direction of
coolant is larger than 71 the cross section of each of the |onger nozzle
303b.- A nozzle 305 is disposed on the discharge opening side of each of
the |ong nozzles 304b. The nozzles 305 can be omtted. 5 Since the flow
pat h of each of the |ong nozzles 304b is larger than the flow path of each
of the short nozzles 304a, the resistance of the former is larger than
that of the latter by the difference between the | engths. However, when

t he -crossamecilZdn ofhe headingy 3Pt haiss shnct easedled Fd3=eesingt dnse 10 of .the

fl ow path £aG t he, | nozzles can_b revented f.rom
i ncr easi ngr.?(I %5%13'@%%1 a‘rarl%1 egla%%l golgg%ﬁg% é?g@é‘ 5 om ?}Eéeflogn%xaﬁ“dazlﬁ’es 304b
with a propsral,] ewsanpusnt tardliakepr apey 1bhowisadlees BB3bi gre 4ghows a j et

fl ow generatin ccordin to_anot her. enbodi nent, The jet fl ow

appar at,us
generatin %ﬁ)ﬁ%ﬁﬁggg' S Brar hgd* aaF i sV emisad ARt anY BRABLRF DY ref erence

nunerals 32de MNepelses dR4cinthe tiel dHLwegenenahi Hg4 appayatus 321
inwardly protrude froma side wall 302c of a casing 302. The 20 thickness

and length of each of the nozzles 304, the volunme of each of chanbers such

as a chanber 302g,280.80 fLtRs $68 dREEEOLARAL 8RO Tk AEhH AR ( NOt
shown), and the anplitude, frequency, and so forth of a vibration plate

306 are pdreadsrer 094 arlte 3PRbwhawe dhef ssoel angtdi.schakgets¢ r dimecach 25 of
the nozzl o 304, Wen, cophans I3 diseharged at 2 desi fed, hlowrate and at a
desired freq ency,-?ﬁey are aF%Ecteﬁ by fﬁ%’ ength of eaéh_o the nozzl es
-304. Mlus,3®xcimdBOhéave the same length. This is because the phases
of the sound waves generated by the upper nozzles disposed
on the upper chamber 302a and the phases of the sound waves
generated by the lower nozzles disposed on the lower chamber
302b are inversed so that the sound waves weaken each other.
15
Fig. 41 is a perspective view describing a practical
usage of the jet flow generating apparatus 301 shown in Fig.
40. As shown in the drawing, a circuit board 246 has a CPU
248. A heat sink 247 is contactedl to the CPU 248. The heat
20 sink 247 diffuses heat of the CPU 248. 1In the vicinity of
the CPU 248 on the circuit board 246, for example, a plurality
of IC chips 249 are mounted. For examplé, two et flow |
generating apparatuses 301 are stacked. The jet flow
generating apparatuses 301 are arranged so that coolant
25 dischafged from the short nozzles 303a are discharged to heat
radiation fins 247a of the heat sink 247 and that coolant
dischargéd from th_e long neozzles 303b are discharged to the
IC chips 249. Since the jet flow generating apparatuses 301
are arrapged in the fo:regoing manneyr, they can _diréctly cool

‘30 the IC chips 249.
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nozzl es may be adjusted to a predeterm ned | ength. However, the |ength of
each of the nozzles may not be freely adjusted 30 due to the restriction of
the arrangenent of the jet flow generating apparatus 321 and the
restriction of the position 72 of a heat sink (not shown) In this case,
when the nozzles 304 are partly protruded in the chanbers 302a and 302b,
the lengths of the nozzles 304 can be adjusted for the desired values. 5
In addition, according to the enbodi ment, the lengths of the nozzles 304
can be increased as nuch as possible. As a result, the frequency of the
generated sound can be lowered. According to the hearing sense of human,
as the frequencyrhG, bevormsidowe thetdrdsiCmed ti, Sevanr of waakbysheard. Thus,
accordlng to the.embodiment, the generated sound can be weakened as mich |
as possi bl E TG A LSk aﬁéejaelfragﬂg&ﬁ e feVaPPRGtappar 6Y REEFding 15 to |
anot her rramofne@abyouhmohaen@mm weshb (het fdowengeneraldgimaapgar atus 301)
shown in Fig. 40. The jet flow generating apparatus according to this

nDdlflcatﬂﬁhtP§ aHEﬁ%@%ﬁF%&‘?%Féﬁeh%%tﬁﬂﬁﬁﬁéﬂ”%@ﬂmeﬂpﬁrﬁoziﬁ%%l307a and

307b & tdviedlibhay seReRRd %t%m@arah%mgéﬂléfelmmedsohfegﬂt 20 cool ant
is discharged to heat radiation fins 247a of a heat sink 247 di sposed at a

| ower por t9BF Tt inAen PP sWrrg@ieat ilngal Apparetad BBlikeFithe 45 is a
.sectional yiewikaken fromthe direction in which the heat radiation fins
247a are disposed, nanely, the nozzles 307a and 307b are cut in the
vertical 25. direction of the drawing. Tips of the nozzles 307a protruding
fromthe upper %%n?g;_ %.Oozwa gaelﬁ%rg Egggaelgpaai}a u%SIBE)aO:[]S? rlloot imited
10 to the foregoing embodiment. In other words, the number of
long nozzles 303b and the number of short nozzles 303a are
not limited to those of the foregoing embodiment. Inaddition,
the long' nozzles 303b can be made of, for example, a flexible
material. In this case, the long nozzles 303b can be made
15 of rubber, flexible resin, bellows, or the like. Thus, the
directions of the nozzles can be changed in accordance with

the arrangement of various heat generating members.

Fig. 42 shows a jet flow generating apparatus according

20 to a modification of the embodiment {jet flow genera.ting
apparatus 301) shown in Fig. 40. In Fig. 42 to Fig. 46,

menbérs, functions, and so forth similar to those shown in

Fig. 40 will be briefly described or their description will

be omitted.
25

The jet flow generating apparatus according to this .
modification is denoted by reference nume.ral 311. In the jet
flow generating apparatus 311 shown in Fig.- 42, lorig nozzles
304b are thicker than the foregoing long nozzles 303b. In

30 " -other words, the cross section of flow path which is

perpendicular to the flow direction of coclant is larger than
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than tips of the nozzles 307b against the position of the heat radiation
fins 247a. 30 Although the jet flow generating apparatus and the heat sink
are sinply arranged as shown in Fig. 41, their 73 installation area becones
| arge. In contrast, according to the enbodinent, the installation area can
be decreased as nuch as possible. Wien heat of the heat sink 247 needs to
be prevented frombeing transferred fromthe heat sink 247 to 5 the jet

fl ow generating apparatus 331, a heat insulator or the |like can be

i nt erposed between the heat sink 247 and the jet flow generating apparatus
331. Fig. 46 shows a jet flow generating apparatus according 10 to another
modi fi cat i 8 eFosaeavddion caeieh qf tke fllmergémﬂlﬁt 3P apparatds 331) shown
in Fig. 4 e , g r S ding to

t hi s nodi ﬁozé;gfso‘!rilgs?0§edjen%t5 EEj%/lsr é”ra% 3n§€gﬂﬂn% (gﬁ E%}cgl tﬁgﬁ}%ret fl ow
generat|n@xagpakatﬂsaSémﬁbnoz@kesnﬁﬁﬂasaEGSnozmIEs Sfi¥irear.e 15 arranged in
a zigzag pattern. In other words, the nozzles 308a and 308b are
alternately arranged on the chanmbers 302a and 302b (in the verti cal

dirrectison in thesidicawithg) f1dRusath Imeachher | eigtibnef neaghe ©f3d4te nozzl es
308a can be the sane as that of each of the nozzles 308b, the arrangenent

can 20 corit ARBERE Hhnche RV Sadhett carhfethtshAgt drrEdes H4f: 47 and

Fig. 48 show 9@5%@&%@o@ftwgoyﬁ@gqsqaré&@thsh tH0 geReratdag. appar at us
havi ng the foregoing bent nozzles. As shown in Fig. 47 and Fig. 48, for

“exanpl e, ﬂnet®@ ﬁééﬁegﬁﬁﬂethtW%emr@pb§€@9¢@@5|d%O%?%%%eWZ¢O éhea conputer.
The jet fl QSEQRBHQn@Q@%rﬁ Hﬁ % 9%3%&&%%&' BpENE. $ASG n 270 SO that

nozzl es 309 protrude towar S|nk
10 of the flow path of each of the long nozzles 304b can be

prevented from increasing. Thus, coolant can be discharged

from the long nozzles 304b with a proper flow amount and a

‘proper flow rate.

15 Fig. 43 shows a jet flow gene‘rating apparatus according
to another embodiment. The jet flow generating apparatus
according to this embodiment is denoted”by'reference numeral
321. Nozzles 304 of the jet flow generating apparatus 321
inwardly protrude from a side wall 302c of a casing 302. The

20  thickness and length o‘fl.each of the nozzles 304, the volume
of each of chambers such as a chamber 302a and so forth, the
performa.nce of an actuator {not shown), and the ‘amplitude,
frequency, and so forth of a‘vibration plate 306 are
parameters of the flow rate of coolant discharged from each

25 of the nozzle 304. When coolant is discharged at a desired
| flow rate and at a desired frequency, they are affected by
the length of each of the nozzles 304. Thus, each of the '-
nozzles may be adjusted to a predetermined length. However,

the length of each of ﬁhe nozzles ﬁaf-ﬁot be freely adjusted

30 due to the restriction of the arrangement of the jet flow

generating apparatus 321 and the restriction of the position
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CGeneral |y, cool ant discharged to a heat sink should 30 be at a | ow
tenperature. Cenerally, the outer tenperature of the case 270 is the

| owest. The inner tenperature of the 74 case 270 is higher than the
outside of the case 270 because of heat generated by inner parts of the
case 270. Thus, it is unfavorable to dispose both the heat sink and the
jet flow generating apparatus in the case 270. In reality, to cool 5 a CPU
di sposed in a desktop PC or the like, air in the case is discharged to the
CPU. Thus, a heat radiation device that has high efficiency is desired.

Al though it is preferred to dispose the heat sink and the jet flow

gener at i ngpfappaeatusinloutrsitdehbhe) casie, thiistdeye Wahea tieedhd-axleeat|y
package t 10 because of |inited space or_ desired desi structures
Shown i n 1 STF7PaRHLEREC A8 dnt e it RORARPER. 177 ehd S47RrctdFe shown i
Fig. 48, sidiefrHoelifaiheiSozAicsC B3aragedndosnydyih Hado ibt hehd erdlieea309,
foreign matters 15 such as dust can be preventing fromenter the nozzles
309. From¥Hi%$oint of view, the discharge direction of coolant of the
nozzl eg 309 may be sideways. Fig. 49 is a sectional view showing a jet flow
20 generating apparatus according to another enbodinent. The jet flow
gener ati ng appark addatéondiangordingi so diisodilpedimerits teadeedthy ref erence
nunmeral 36 e.J rat i rat Si 362. A

b ati on 31 S8 mhEH L Sl e R e s e e M bl a6 365
has a 25 aykesditcahestmdgusalcly 3B5as gErersitdd swalnd GGbhedfowered.vi brati on

plate 365 js fornmed_in _the vibration direction R _of_ the vibration plate
065, An udSERHGE 581 EPONSRREE | THS® SCagunERr (F o MO REF R he i de
wal | 365a mycwnsisppeited bYe sound is more weakly heard. Thus,

according to the embodiment, the generated sound can be

weakened as much as possible.

Fig. 44 shows a jet flow generating apparatus according
15 to another mod;i_fication of the embodiment (jet flow

" generating apparatus 301) shown in Fig. 40. The jet flow

generating apparatus according to this modification is
- denoted by reference numeral 331. All nozzles 307a and 307b
of the jet fiow generating apparatus 331 are bent sc that
20 éoblaﬁt'is discharged to heat radiation fins 247a of a heat
sink 247 disposed at a lower portion of the jet flow generating
apparatus 331. Fig. 45 is a sectional view taken from the
direction in which the heat radiation fins 247a are disposed,
namely, the nozzles 307a and 307b are cut in the vertical
25 directionof thedrawing. Tips of thenozzles 307a protruding
from the upper chafnber 302a are arranged at positions lower
fhan tips of the nozzles 307b against the position of the heat

radiation fins 247a.

30 Although the jet flow generating apparatus and the heat

sink are simply arranged as shown in Fig. 41, their
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edge nenbers 364a and 364b, respectively. The edge nenbers 30 364a and 364b
are nounted on the casing 362. The edge nenbers such as the edge nenber
364a and so forth as supporting nenbers 75 have bendability or elasticity.
The edge nenbers are nade of, for exanple, bellows shape resin or rubber.
The side wall 365a may be forned successively or intermttently in the
peri pheral direction. The casing 362, the vibration plate 5 365, and the
edge nenber 364a conpose a chanber 362a. The casing 362, the vibration

pl ate 365, and the edge nmenber 364b conpose a chanber 362b. The chanbers
362a and 362b are structured so that the volunme of the chanber 362a is

al nost  t Hensdaddagdonmrepbarenct ldegechafbero88st, Thecohdimerta362a .10 has

a plurality o j ngs .363a _denot ed. by dotted .circles. i kewi se, the
chanber 3625 %%?%?%#%?a,!?§n8$ag%%ﬁ}%%§r§%§€F}“%HECB%%%?%aé and 363b
may be foram@dssiblaozhershape ofs tdesneabeshinin mecheeldst ke Heregoi ng
enbodi nents. An agtgator 370 i.s disposed in the chanber 362a. The 15

t

act uat or PFEVGPHPLt £5°T RS N HARPS A e prat el 288 thtnbeatt 5iRbri 4B 19 i s

conposed afhedj¥ekel Sy Ger RANG! a388rabuPl B I7Beal i£Qh1adBord Movabl e
menber 374, and so forth. The plate 373 has a function of a yoke. The coil .
378 is wolh® bHKe HErbe ab e rarsasebevaen e bepf aingn2flaard 398 is secured

to the movakl ¢:2Q t B3 appad0k3yNi t 310 is electrically connected
to the coil 378. The control 'unit 310 generates a drive signal for the

actuator 370. Air holes 374a are fornmed on the side surfaces of the
rovanl e, reber H4: el 1oyl RSt AL LR aRRRL Al ARk o e e
-al ongl@he tei bnathen mhdieftiidzandy dfhehel hvai Fotaplad e(jet flow '

generating apparatus 331) shown in Fig. 44 and Fig. 45. The

jet flow generating apparatus according to this modification

is denoted by reference numeral 341. In the jet flow 7

generating apparatus 341, nozzles 308a and nozzles 308b are
15 arranged in a zigzag pattern. In other words, the nozzles

‘308a and 308b are alternately arranged on the chambers 302a

and 302b (in the vertical direction in the drawing). Thus,

since the length of each of the nozzles 308a can be the same

as that of each of the nozzles 308b, the arrangement can

20 contribute to the improvement of the muting effect.

Fig. 47 and Fig. 48 show an example of the usagé of

the jet flow generating apparatus having the foregoing bent

| nozzles. As shown in Fig. 47 and Fig. 48, for example, the

25 heat sink 247 is disposed outside a case 270 of a computer.
The jet flow generating apparatus 351 is disposed in the case

270 so that nozzles 309 protrude toward the heat sink 247.
Generally, coolant discharged to a heat sink should

30 be at a low temperature. Generally, the outer temperature

of the case 270 is the lowest. The inner temperature of the
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365 can stably vibrate, but not laterally vibrate. Since the vibration

pl ate 365 suppresses lateral vibration, the magnet 30 372, the plate 373,
and so forth are prevented fromcolliding wth the novabl e nenber 374.
Thus, the space between the 76 plate 373 and so forth and the novabl e
menber. 374 can be narrowed. As a result, the magnetic field applied to the
coil 378 can be strengthen. Consequently, the driving nmechanism can
effectively obtain drive force. In addition, since the 5 nmenbers of the
actuator 370 are prevented fromcolliding wwth each other, higher node

vi brations can be suppressed. As a result, the noise of the apparatus can
be decreasedse A&7} he hiégleh tdfan Rbespdesivd lof36ba ¢asd BEOvbbratson 10

direction , i.S bet.ween_t he ge...nenber 364a and
the edge ngﬁber 3 %ngéggﬁeg§pg?%gfgggggt%gt:53 ?ﬁ?i%ﬁyblngsséglnnre
stabl y vi btatesavhgablerto vlieposhéotsi zhe tfeathei glasinAgt RS eicse Tt  changed,
if the distggggﬂgﬁ$meen t he eﬂgetnenber 364a and the edge nenber 364b is
| argely 157Thcreased SPPREATBPulBst St Ga7¢ eHAnbets 5634 Tindt 36329 ar e

decr eased. a RIS dishesdisimnc eicbetopencthe edge; renher- 364ane angkd he edge
menber 364p negeds to be properly adjusted. Fig. 50 is a sectional view
showi ng a }REFFERFI2H tgj’eﬁ’é‘?&tﬂ'%g Thpar & heatacadiathen e vacaodidt cati on of

the enbodhi@nt ghj & £d:QMGLNET A4 NS APPRE AL USPE L) 1 S RUWR LD 49. In
Fig. 50 to Fig. 52, neﬁbe#%? funcinns, and %%?fort% ?Einfka? J%’those
shown in Pi“gB.PQPQ #hP| het riindt ppddd ristte§lowrgeriegiat idgsappaptators wil | be
omtted. 23,tdQd ehel LV 98NLLRLLAY; @RPRLALUS, 36CQNY NG L9 L NS

10 because of limited space or desired design, structures shown

in Fig. 47 and Fig. 48 can be considered.

In the structure shown in Fig. 48, since coolant is
discharged dqwnward from the nozzles 309, foreign matters

15 such as dust can be preventing from enter the nozzles 309.
From this point of view, the discharge direction of .coolant

of the nozzles 309 may be sideways.

'Fig. 49 is a sectional view showing a jet flow

20 generating apparatus acéording to another embodiment. The
jet flow generating apparatus according to this embodiment
: ..is denoted by reference numeral 361. The jet flow generatincj
apparatus 361 has a casing 362. A vibration plate 365 is
disposed in the casing 362. The vibration plate 365 has a

26 cylindrical side wall 365a. The side wall 365a of the
vibration plate 365 is formed in the vibration direction R
of the vibration plate 365. an u’pper- é'dger portion and a lower
edg‘e“portion formed on the side wall 365a are supported by
_ 'edge. members 364a and 364b, respectively. The edge members
- 30 364a and’3_64b are mounted on the casing 362. The edge members

such as the edge member 364a and so forth as supporting members
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nodi fication is denoted by reference nuneral 371. The jet flow generating
apparatus 371 shown in Fig. 50 has a vibration plate 375 whose cross
section has an al nost a shape of a 30 character H The jet flow generating
apparatus 371 also has chanbers 362a and 362b. In the chanbers 362a and
362b, 77 actuators 370a and 370b are disposed. The actuators 370a and 370b
are simlar to the actuator shown in Fig. 49. The shape and volune of the
chanmber 362a are the same as those of the chanber 362b. Thus, this
structure contributes to the 5 reduction of the noise. Fig. 51 is a

. sectional view showing a jet flow generating apparatus according to

anot her notiaYe daridedidfitvher ehbodioient. (Tee ddowngeherat kng mgppar at us 361)

shown in FLg. e 0 enerating apparatus, accor di to this
nodi fi cat i !())%' ifégcfé%éntp-e&%’b%/ee#le&esr %\iﬁ%%e r’fﬁﬁ%?é’lg %@%Eﬁ‘he%}“@t“ B gener at i ng
appar at us 383a hesy dec Foirngd382ccAdsyibent idig inreechanksnt BP8ih stxli sposed in
t he casing_382.. The vi.bratin chani sm 388 has a franme 386, actuators
370a and l,p%‘?ﬁcfﬁiglﬁeﬁitngti g“ﬁ‘eplcéféngs%@rT%l%EtlBéPBF@nﬁ%%teand 370b

are supposéed dnd tthe bEguEns®fer AstadecBble 385 Libdheeshbr afison plate
385 is slidab] suEported‘by the frame 386. The vibration plate 385 is
vi brat ed bYAIHE 38¢udther ¥1RTREIGME 13181365, Thed dibgecdas meBBSa T4k he

vibration Qi385 chnblLidabbs. ! a120 chitfinlrames 206,10 dd3, vipration

direction of the vibration plate 3 n ot her wor the vibrating

mechani sm388:ctagesr @prighato thivevehivodiafenhehalsanttirer Hidgeal s oxlnpist e 385
of the fraee JalbaP FRERGAME bRod BB ED 2", Hon Wbt el s T
parti tilon heenbepl B70liths of ppsultgs edabaesoB882dy dotted circles.
'~ Likewise, the chamber 362b has a plurality of openings 363b.
The openingls 363a and 363b may be formed in a nozzle shape
as described in each of the foregoing émbodiments.
An actuator 370 is d'isposed in the chamber 362a. The
16 actuator 370 vibrates the vibr_ation'plat—e 365. The actuator
370 is composed of a yoke 376, a magnet 372, a plate 373, a
coil 378, a movable member 374, and so forth. The plate 373
has a function of a yoke. The coil 378 is wound on the movable
member 374. The vibration plate 373 is secured to the movable
_20 member 374. A control unit 310 is electrically connected to
the coil 378. The control unit 310 generates a drive signal
for the actuator 3?0.‘ Air holes 374a are formed on the side

surfaces of the movable member 374.

25 In the jet fl.ow generating apparatus 361, since the
side wall 365a is supported by thé edge members 364a and 364b
disposed along the vibration direction R, the vibrai:ion plate
365 can stably vibrate, but not laterally vibrate. Since the
vibration plate 365 suppresses lateral 'vi'bra_ti'on; the magnet

30 372, the plate 373, and so forth are prevented from collidiné
with the movable member 374. Thus, the space between the
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and 382b are fornmed. Air holes 38.6a and 386b are formed in the frame 386.
In the jet flow generating apparatus 381 according to 30 this enbodi nent,
since the support area (contact area) of the side wall 385a of the

vi bration plate 385 can be increased, 78 the vibration plate 385 can
stably vibrate, not laterally vibrate. According to the enbodinent, a
bearing (not shown) may 5 be interposed between the frame 386 and the side
wal | 385a. Alternatively, lubricant nay be interposed between t hem
Lubricant of mneral oil type, synthetic type, or the like can be used.
Alternatively, solid type lubricant of nolybdenous type may be used. Wen

liquid typelatubritanmtnd sol Gorsbdant hehd@imotdHgh resSeRetmeesat hes f ront

portion ang rear . potrtion of_ the vibratiqnagiate 385 can be effectively
i pr oved. %reonwe_ﬁiargn iac?:‘f"f/'bjetf ItB?d‘laI%ﬁﬁlE_ oIt 2Pheied ke Ghe eR%H, the
fluid can bes easi by $@ictidie@n.15cEhdequnrd 1S 8h8&eti AN m¥ERYL SHPW Ng a
speaker type vibratlng mechani sm used in the foregoing jet flow generating
appar at useLHESSPFEATeLY At Hedrdwotoremt oR 2@@l prarsestincenttent i on. The
vi bratisng meehand sNaeeoedifgot 876 S of ' S ed by ef erence
nuneral 280. The 20 vibrating nechani5%1ﬁggg%%?g%PﬁéFgﬁqgﬂﬁgéﬁkyactuator
370 is compdsedhst, ahyoker 3xgle gihnghbtn8Z2n hepb@trerEkyd.a Boid 378, a
movabl e Meral; 34 Lhe2d ; ar The pl.ate 373.has a function of a yoke.
The coil 378 Hggméﬁﬁhggﬁggnégtﬁgen%égﬂ#%§uﬁn§$ﬁePe3§39r$?%? ration plate 285
is secured to the novable 25 nenber 374. The structure of the actuator 370

e side wall 365a in vibration

IS the_sane aszhp%keoaeggghag%qggor.370 shown |n,F|%he49 and so forth.

10 direction R becomes larger, the distance between the edge
member 364a and the edge member 364b becomes larger and the
.vibration.plate 365 more stably'vibfates. However, when the
size of the casing 362 is not changed, if the distance between
the edge member 364a and the edge member 364b is largely

15 increased, the volumes of the chambers 362a and 362b are
decreased. Thus, the distance between the edge member 364a

and the edge member 364b needs to be properly adjusted.

Fig. 50 is a sectional view showing a jet flow
20 generating apparatus according to a modification of the
embodiment (jet flow generating apparatus 361) shown in Fig.
49. 1In Fig. 50 to Fig. 52} mémbers, functions, and so forth
similar to those shown in Fig. 49 will be briefly described
or their description will be omitted.
25
The jet flow generating apparatus according to this
modification is denoted by reference numeral 371. The jet
flow generating apparatus 371 shown in Fig. 50 has a vibration
plate 375 whose cross section has an almost a shape of a
80 character H. The jet flow generating apparatus 371 also has
chambers 362a and 362b. In the chambers 362a and 362b,

77




The yoke 370 of the actuator 370 is nounted on a frame 286 having air

hol es 286a. The vibration plate 285 is also nmpunted on an opening edge
portion of the franme 286 through 30 an edge menber 287. 79 Fig. 53 is a
plan view showi ng the vibration plate 285 the edge portion 287, and so
forth shown in Fig. 52. As shown in the drawing, a lead wire 284 through
which a control signal is supplied froma control unit (not shown) to the
coil 378 5 is wired along thread-shaped grooves 287a fornmed on the edge
menber 287. The lead wire 284 is connected to a term nal board 288 secured
to the franme 286. A portion denoted by reference nuneral 287b is a ridge
line of tmRFeHfeTfedber 228727® are disheskdad e ecl84téss o 0ednal ong t he

ey L L R

decreased. As are wWire ca aking. In
a convent iamhivod paaker , tlmmhaabéea:dsm rafr e Itﬁfaeﬁitﬁed dsOtBsséid¥s@heW re) is

suspended con ed directly toa 15 term nal board froma sol enoi d
coi IO I n ot g"rbevﬁ)%gah ]‘}és’ t V?BFHFF‘dﬁep‘I:%H”é“tbéltﬁﬁvéﬁl Ehand the

term ndl bosluttison secuhedmom@ side of the tinsel wire is novable, whereas
the other side is secured. Since the tinsel wire is repeatedly stre_ssed
by the vibrations at frequencies of several 10 (Hz) 20 to several 100 (Hz)

of the vibratiomrip.atse, ikhg dedefiddit Yoi Qf S%%%ﬁgmﬁkﬁé‘i depgnds on the

service life of the tinsel wire. In particula jet flow
generat i n@%ﬁﬁé%?ﬁ@P%éépéﬂ@g:o@fdleadio gfiother motﬂﬁgmartgoenm@dhaent sis 25

m ni-at uri ég]godghgﬁg {3@3‘ §‘g g%%etrg%l}{' ba(rﬁzga{ronc pl géﬁoa?lawgro ortional ly

decreased, the anp Vi brati hitPeased so as
to i ndPea§8 th‘%hqhmﬂqaﬂgzel generating apparatus according to this

modification is denoted by reference numeral 381. The jet
flow generating apparatus 381 has a casing 382. A vibrating
mechanism 388 is disposed in the casing 382. The vibrating
mechanism 388 has a frame 386, actuators 370a and 370b, and
15 a vibration plate 385. The actunators 370a and 370b are
supported by t"he frame 386. A side wall 385a of the vibration
plate 385 is slidably supported by the frame 386. The
vibration plate 385 is vibrated by the actuators 370a and 370b.
The side wall 385a of the vibration plate 385 is slidable to
20 the frame 386 in the vibration direction of the vibration
-p_late 385. In other words, the vibrating mechanism 388
according to the embodiment has the vibration plate 385 formed
in a piston shape and the frame 386 as a cylinder. The
periphery of the frame 7386 of the vibrating mechanism 388 is
25 mounted on a partition member 379. Asa result, chambers 382a
| and 382b are formed. Air holes 386a and 386b are formed in .

the frame 386.

In the jet flow generating apparatus 381 according to
30 this embodiment,_ since the support area {(contact area) of the -

side wall 385a of the vibration plate 385 can be increased,
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amount of coolant. In this case, since the tinsel wire becones short and
the anplitude of the vibration plate becones 30 |large, the stress applied
to the tinsel wire tends to becone large. In other words, the durability
of the apparatus tends 80 to deteriorate. In reality, when a lead wire 289
is wired as denoted by a dashed Iine showmn in Fig. 53 (when the lead wre
289. is wired fromthe center of the vibration plate 285 along the outer
periphery), the stress applied to the lead 5 wire 284 is |large. Thus, as
shown in Fig. 53, when the tinsel wre 284 is spirally wired to the edge
menber 287, the tinsel wre 284 can be effectively prevented from
breaki ng. Fig).vBYdtsion pdeteoRBb waewsshiolw ngikeratiehr abtnhadOrarohani smin
whi ch two ¥%9&g&%ng mechani sms 280 shown in Fig. 53 are symetrically

di sposed. € vibrating mechanism shown in Fig. 54 is denoted by reference
nuneral 290. In the vibrating nechanism 290, lead wires 284 are wired in
spiral grooves forned on the front and rear surfaces of an edge nenber 15

287. Using the BeFTUWE$hhPENsT SRR TERRE néntrar ey (nehehogad MW res 284

can be sspigealintewpbeddope thed oRdrande o8l 34 LRE.S allial Re36lge menber
287. The vibrating mechani sm 290 having the foregoing 20 structure is

di sposed i @raedilvglys2 luhshwanh Ty bS interresdd bétvéen vitemat i ng

mechani SMi3Bii A% Jreabhdra R di8t (Law ' p j S structured.
- The foregoingliinseﬁ wre ﬁ%y Sé 6%#¥%dS?ﬁgﬁﬁgﬁgggg%g2§E§%%%e#§5%7.

Al t er nat i &Ity beadisledng Abtartms tsivade  ofsofihd tipselubmidamtcarf be kept for a

l ong tinme cj%, . spended in iral, cail shape, not secured to the
mol oG : . i i
edge nmenber g%l%an 's%ig? g‘r%tyﬂk?e Iur?etdﬂl sﬁg%l%g{quiﬁg SRS ngijSﬁ’{}Esl%f t he edge
nmenberl0 used, the air-tightness between the front portion and rear
portion of the vibrationplate 385 can be effectively improved.
When magnetic type fluid lubricant or the like is used, the

fluid can be easily retained.

‘15 ' Fig. 52 is a sectional view showing a speaker type
vibratingn@chani&nusedin1jmaforegoingjetflowgenerating
apparatuses according to énother embodimeﬁt of the present
invention. The vibrating mechanism accdrding to this
embodiment is denoted by reference numeral 280. The

20 vibrating mechanism has an actuator 370. The actuator 370
is composed of a yoke 376, a magnet 372, a plate 373, a coil
378, a movable member 347, and so forth. The plate 373 has
a function of a yoke . The coil 378 is wound around the movable

- member 374. A vibration plate 285 is secured to the movable

25 member 374. The structure of -the actuator 370 is the same
as thaf of the actuator 370 shown.in'Fig. 49 and so forth.
The yoke 370 of the éctuator 370 is mounted on a frame 286
having air holes 286a. The wvibration plate 285 is also
mounted on an opening edge portion.of the frame 286‘thfough

30 an edge member 287.
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are not required. As a result, the stress applied to the lead 30 wire can
be decreased. 81 WHAT IS CLAIMED IS: 1. A jet flow generating apparatus
conprising: a plurality of chanbers each having an opening and each
containing a coolant; a vibrating mechanismfor vibrating the cool ant
contained in each of the plurality of chambers so as to discharge the
coolant as a pulsating flow through the openings; and a control -unit for
controlling the vibration of the vibrating nmechanismso that the sound
waves generated by the coolant discharged fromthe plurality of chambers
weaken each other. 2. The jet flow generating apparatus as cited in claim
1, wherein; whenfihe>5diist anderofiadjshoeihgopenivhgsaoforaplbheasismne set of

hanb i and th ve |l ength of the sound wave _
Goner at od {1 ERa-EateR 181 o3R8t TB) AR Ho "eBndi A ofSaae T, /2 i s
sati sfi ed.i8th¥hlrgwangf, | DOWeganansd 289 thpRAGAHS ASa Sohedol sidial s 1 or 2,
wher ei n; when thﬁédis ance of adjacent openings of at |east one set of

chanbers i §ERELEGILY W EnfORAPCL HEN W@ Oy lofto the cothdMave
gener aed inwt bed chametni-sadenatnds By o468 2dersandi ty OP%Q‘;erc]ig;é X6 is

satisfied. 4. The jet flow generating apparatus as cite one of

clains 1 (BTPeTffEr e Aedging Woir £BR lgrannestediifd gtesdineldoatrdol 't he

288 secured to the frame 286. A portion denoted by reference

numeral 287b is a ridge line of the edge member 287.  Since
the lead wire 284 is wired along the thread-shaped grooves
10 287a, the stress applied to the lead wire can be decreased.

As a result, the lead wire c¢an be prevented from breaking.

In a conventional speaker, such a lead wire {referred

to as tinsel wire) is suspended and connected directly to a

156 terminél board from a solenoid coil. In other words, since
the vibration plate is movable and the terminal board is

secured, one side of the tinsel wire is movable, whereas the

other side is seéured. Since the tinsel wire is repeatedly
-étressed by the vibrations at frequencies of several 10 {(Hz)

20 to severall 100 {Hz} of the vibration plate, the durability

of the speaker depends on the sexrvice life of the tinsel wire. .

In particular, when the jet flow'generating apparatus
according to each of the foregoing embodiments is
26 miniaturized, since the area of the vibration plate is
proportionally decreased, the amplitude of the vibration
plate should be irncreased so as to increase the discharge
'-améunt of coolant. In this ca'se, since the tinsel wire
becomes shoft and the amplitude of the vibration plate becomes
30 large, the stress applied to the tinsel wire tends to become

large. 1In other words, the durability of the apparatus tends
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vi brations of the vibrating nechanismin the range from80 82 to 150 (Hz).
5. The jet flow generating apparatus as cited in any one of clains 1 to 4,
further conprising: a sound absorbing nmenber or a |id nenber disposed at
one of the plurality of chanbers. 6. The jet flow generating apparatus as
cited in any one of the preceding clains, wherein; said vibrating
‘mechani sm has a vibration plate disposed in each of the plurality of
chanbers. 7. The jet flow generating apparatus as cited in any one of the
precedi ng clai ns, wherein; said vibrating nmechanism has a vibration plate
that partitions at |east one set of the chanbers. 8. The jet flow

gener at i ngtaplrteatiosass.- citredsial iayy wbhae af 1dde wirecediongschaiemb, wherein;

said contr it i,s. configured . to caontrol. the phase _difference of
respectivégééﬁﬁﬁ&ﬁgi%%Ebéﬁ%%&?eﬁl??l? M AOuF AP 37 o PERafBBrs®3d be 360/ n,
where n repiesendsid ke requfthai tofe £8aBbEISE the JiSrdialod bowrgenss ating
apparatus as citgd in claim_ 8, wherein; said control unit is configured to

control tHECTEMSPP DUEST deipdesyind thavekreeharnided ot Heepleadl ity of

chanberss s@iddaba tiker gl | t wdgsbecouRswAl MPFl ot he SAE, nllc i Jhle jet flow
generating apparatus as cited in any one of ?he pr ecedi ng c%ajns, wher ei n;
83 sai d vi'hrdt £R§ ifeehbi Sty Wasedi b2 &bicordae aeabes| 2kt the tinsel

wire 284 can be effectively prevented from breaking.

- Fig. 54 is a sectional view showing a vibrating
10 mechanism in which two vibrating mechanisms 280 shown in Fig.
53 are symmetrically disposed. The vibrating mechanism
'shown in Fig. 54 is denoted by reference numeral 290. In the
vibrating mechanism 290, lead wires 284 are wired in spiral
grooves formed on the front and rear surfaces of an edge member
15 287. Using the bellows shape of the edge member 287, the lead
wires 284 can be spirally wired on the frond and rear surfaces

of the edge member 287.

The vibrating mechanism 290 having the foregoing
20 structure is disposed in a casing 382 shown in Fig. 51 instead
of the vibrating mechanism 388. BAs a result, a jet flow

‘generating apparatus is structured.

The foregoing tinsel wire may be buried in the edge

25 member 287. Alternatively, as long as the shape of the tinsel
wire can be kept for a long time, it can be suspended in a
spiral coil shape, not secured to the edge member 287 and so
forth. 1In this case, the spiral grooves of the edge member

. are-not required. As a result, the stress applied to the lead

30 wi_re can be decreased.
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symmetrical to a plane perpendicular to a first direction which is the
direction of the vibration. 11. The jet flow generating apparatus as cited
in any one of the preceding clains, wherein; said control uni t\is
configured to vibrate the vibrating nmechanismwth a |ower input than a
rated input of the vibrating nechanism 12. The jet flow generating
apparatus as cited in any one of the preceding clains, wherein; said -~

vi brating nechanismhas a first vibration plate asynmetrical to a plane
perpendicular to the direction of vibration, and a second vibration plate
havi ng al nO¥tATt He SBAEMERhEjpe as the first vibration plate, vibrating™ '
al nost in the s ir ion e direction of e_vibration of the
first i brgti on%gﬁgge,ﬁghdggggﬁ‘%{%&?%pa(%)ea a‘|thlst %8“‘%%%)%%%‘ e direction of
the first vibratiomplpkaisy b3. cHihgret eddtowagengrat iopgnappaihat esctas cited
in any one of the preceding clains, wherein; said control unit has a first
si gnal _gene?oé{tiaﬁéllﬁﬁi 'y C‘F%f ‘nerating a drive signal that causes the
vibrating mechani spibeavihgat@AbntibR fid:St vikreguensy trndcgosgnond
signal generating unit for generating a drive signal that causes the

driving medtitadmeto i lﬂaé’cheod‘i e Hiqré%liftﬁeqlfeﬁrﬁﬂmbeﬁﬁt $Pota% d%i brat e at
a second frequencyet hale i Sodiifergat o fromihe,di kshy,f negueney 84 14. The
jet flow generating apparatus as cited Th any ©one of the precedi ng cl ains,
further commendingg; aadsound wave detecting unit for detecting sound waves

gener at ed Ih theepk%%%kbayuggtc gﬁt@gé%rolling the vibration of the

vibrating mechanism so that the sound waves generated by the
coolant discharged from the plurality of chambers weaken

each other.

2. The jet flow generating apparatus as ¢ited in claim
1, wherein;

when the distance of adjacent openings of at least one
set of chambers.is denoted by d (m} and the wave length of
the sound wave generated in the chamber is denoted by A{m) ,

the condition of d < A/2 is satisfied.

3. The 'jet flow generating apparatus as cited in
.claims 1 or 2, wherein;
when the distance of adjacent openings of at least one

set of chambers is denoted by d (m) and the wave length of

the sound wave generated in the chamber is denoted by A{m) ,

the condition of d < A/6 is satisfied.

4. The jet flow generating apparatus as c¢ited in any
one of claims 1 to 3, wherein;
said control wunit is configured to control the

vibrations of the vibrating mechanism in the range from 80
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15. The jet flow generating apparatus as cited in any one of the preceding
clalms, wherein; said plurality of chanbers conprises a first chamber
group, and a second chanber group each of which is conposed of at |east
two chanbers; said vibrating mechani smconprises a first vibration plate
for vibrating the coolant contained in the first chanber group, and a
second vibration plate for vibrating the coolant contained in the second
chanber group; and said control unit is configured to control the

vi brations of the first and second vibration plates so that the sound
waves genertat ¢80 fizbhe first chanber group weaken each other, and that a
first conbi ned sound wave generated in the first chanber group and a
second conbi ned sound wave generated in the second chanmber group weaken
each ot her.5. 16. Thhe jeat floaw ganetaihydpppasetsSads cekb@dinn ehai m 15,
further conprising: a sound wave generating unit for generating another
sound wave ¥Kafif gtees wdakéns frRENSle f68REdSEBHEDI ned sound wave. 17. The

jet flow generating aRAaLELAIH Y Rkl | 4 8NV i ORemBlr t fEsRiLeedicng cl ai ms,
further conprising: a casing having a through-hole tor formng a chanber

group partiobeopédthy pheradiidvarifophpikars. wherein; 85 said vibrating
mechani sm has a vibration plate; an actuator disposed outside the casing
for driving the vibration plate; and a rod passing through the
t hr ough- holée andThei ngtnfMed demesphihg onprataoms was hcihed nbhi anyof the
act uat or. . . .
one of the preceding claims, wherein;

said vibrating mechanism has a vibration plate

disposed in each of the plurality of chambers.

7. The Jjet flow generating apparatus as cited in any
one of the preceding claims, wherein;
' said wvibrating mechanism has a wvibration plate that

partitions at least one set of the chambers.

8. The jet flow generating apparatus as cited in any
one of the preceding claims, wherein;

said control unit is configured to control the phase
difference of respective sound waves generated in the

plurality of chambers to be 360°/n, where n represents the
‘number of chambers.

9. The jet flow generating apparatus as cited in claim
8, wherein;

sald control unit is configured to <control the
amplitudes of the sound waves generated in the plurality of

chambers so that the amplitude becomes almost the same.

-10. The jet flow generating apparatus as cited in any-
one of the preceding c¢laims, wherein;
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18.. The jet flow generating apparatus as cited in claim 10, further
~conprising: a casing having a through-hole for formng a chamber group
partitioned by the vibration plate. 19. The jet flow generating apparatus
~as cited in claim 18, further conprising: an absorbing nmenber di sposed in
the casing for absorbing the vibrations of the rod, the direction of the
rod is referred to as the second direction that is different from the
first direction. 20. The jet flow generating apparatus as cited in claim
18, further conprising: a first bearing for the rod being disposed in the

through-hol e or igaikheiNt&titd Yudhehesh ndd.viadieh Hlovegengiati ng
apparatus as cited in claim_ 20, further conprising. a second bearing for
the rod beiSygngtsperkd-atd PLIpssPErer"eppostt ete o2 ther St rditresddring,

wherei n;  saind -k0ds PASS &5 LV QUgh oENEL X bY ggﬂnplate. 22. The jet flow

generating apparatus as cited in claim 1 urther conprising: 86 a seal
menber that bl ocks the casing passing through the through-hole fromthe

outside. 23, Theg et flo e ' .apparatus.as cited.in, claim_ 20
1. 1N dh&l OVEQRD . ’
further conpri sing: a?ese\é\% g'!)ms egﬁré]{}%rl %eaﬁﬁpr?d:attﬁg c?assﬁlgteadgallrﬁs?nf/he space
formed betweencfhehe qurearedinbeciaiss, bémreng; 24. The jet flow generating
apparatus as CLt%gihn §£¥umﬁpeu%§tthfspﬂﬁﬁﬁﬂbﬁ e%la%gs’vi éggg nthe
vibrating mechanism with a lower input than a rated input of

the vibrating mechanism.

--12. - The jet flow generatingrapparatus as cited in any one
of the preceding claims, wherein;
said vibrating mechanism has a first vibration plate
asymmetrical to a plane perpendicular to the direction of
vibration, and a second vibration plate having almost the same
shape as the first vibration plate, vibrating almoét in the
same direction as the direction of the vibration of the first
vibration plate, and being disposed in the opposite direction

of the first vibration plate.

13. © The jet flow generating apparatus as cited in any one
of the preceding claims, wherein;

said control unit has a first signal generating unit
for generating a drive signal that causes the vibrating
mechanism to vibrate at the first frequency, and a second
'signal generating unit for generating a drive signal that
causes the'driving mechanism to vibrate at the first frequency,
but not to vibrate at a second frequency that is different

from the first frequency.
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said vibrating nmechani smconprises a first and second vibration plates;
-and said jet flow generating apparatus further conprises; a first casing
forming a first chanber group partitioned by a first vibration plate of
the vibration plates, and a second casing form ng a second chanber group
partitioned by a second vibration plate of the vibration plates; and said
vi brating nmechani smfurther conprises; an actuator disposed between the
first casing and the second casing for driving the first and second
vibration plates; and a rod passing through the first and second

t hr ough-hol es, connecting the first and second vi bration plates, and being
moved i n syldehr ofiheatiedn Midvh gdvee madtiingn agfpatrheuactbatodited 25, dflye jet flow

generating apparatys as cit.ed in_clai further conprising: a first

casi ng forﬁ¥%£°§ %ﬁ?s?r%ﬁﬁﬁﬁgfCg?éﬂﬁ'ngﬁﬁgﬁFi83@8rb§l%g?irst vi bration
plate of the vibrakbofd Wwwal eBreadihdq SACOHdr CasidRgihgr sdu@ &agesond
chanber group partitioned by a second vibration plate of the vibration 87
pl at es, Wh&FEERAtERi 1y &g ldE¥nhahi Sdtharsan actuat or di sposed bet ween
the first casing and the second casing for driving the first and second

vi bration plates; and a rod passing through the first and second

t hr ough- hol*tés, cBitherat fgorvheeheraiiingndprarong wisbcatednin pirat eie and bei ng

moved in Sﬁ@CP&QQﬁ%@EEPQJWﬁk%m%agg afﬁgg of the actuator. 26. The jet flow

generating apparatus as Cite
sald plurality of chambers comprises a first chamber

group, and a second chamber group each of which is composed
of at least two chambers;

said vibrating mechanism comprises a first wvibration
‘plate for vibrating the coolant contained in the first chamber
group, and a second vibration plate for vibrating the coolant
contained in the second chamber group; and

said control unit is configured to control the
vibrations of the first and second vibration plates so that
the sound waves generated in the first chamber group weaken
each other, and that a first combined sound wave generated
in the first chamber group and a second combined sound wave

generated in the second chamber group weaken each other.

16. The jet flow generating apparatus as cited in claim
15, further comprising:

a sound wave genérating unit for generating another
sound wave that further weakens the weakened combined sound

wave,

17. The jet flow generating apparatus as cited in any
one of the preceding claims, further comprising:
a casing having a through~hole for forming a chamber

group partitioned by the vibration plate,vwherein;
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25, further conprising: a first bearing for the rod being disposed in the
first through-hole or in the vicinity thereof. 27. The jet flow generating
apparatus as cited in claim 26, further conprising: a second bearing for
the rod being disposed at a position opposite to the first bearing of the
first casing, wherein; said rod passes through the first vibration plate.

~ 28. The jet flow generating apparatus as cited in claim 27, further
conprising: a third casing having a third through-hole through which the
rod passes, wherein; said third casing forns a third chanber group
partitioned by a third vibration plate connected to the rod passing

t hrough t he thircbaﬂ@wmaghahbh@ n@tharifize: het hl vwbyehermtdlegeappar at us as
cited in claim 25, rther r|%1 N % at. Ieast one gf é&f&fﬁ t seal
rerber Tor seal i g ARGRoPF SAr RS Hiredring tPRr SagHed net i T51 TR ough- hol e
agai nst thﬂupuﬁ&&delaﬂdpaa5@pqndiseal nenber for seallng t he second

casi ng passing through t he second t hrough- hol e galnst t he outS|de 30.

The jet flow genér ZPPNRSHESr SREYs tE‘Ft E}%Ir‘?"r?hcp L ansg bef g prRsed

conpri si ng:; A s382h rBRIDEF 1 $0MwiseRldHRInbRechi &8t tikaSidiagai .nst the second
casi ng through a space between the rod and the actuator, wherein; said

actuator is configured to contact the first and
18.. The jet flow generating apparatus as cited in claim

10, further comprising:
a casing having a through-hole for forming a chamber’

group partitioned by the vibration plate.

19. The jet flow generating apparatus as cited in claim
18, further comprising:

an absorbing member disposed in the casing for
‘absorbing the vibrations of the rod, the direction of the rod
is referred to as the second direction that is different from

the first direction.

20, The jet flow generating apparatus'as cited in claim
18, further comprising:
a first bearing for the rod being disposed in the

through-hole or in the vicinity thereof.

21. The jet flow generating apparatus as cited in claim
20 further comprising: |

a second bearing for the rod bkeing dlsposed at a
position oppdésite to the first bearing, wherein;

sald rod passes through the vibration plate.

22. The jet flow generating apparatus as cited in claim

18, further comprising:
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second casings so that the actuator covers the first and second

‘t hrough-holes. 31. The jet flow generating apparatus as cited in claim 25,
wherein; said actuator is configured to contact the first and second
casings so that the actuator covers the first and second through-holes;
and sai d actuator conprises a bearing used for the rod, and a seal nenber
for sealing the first casing against the second casing through a space
between the rod and the bearing. 32. The jet flow generating apparatus as
cited in claim 18, wherein; said actuator has a fluid pressure generating
unit for noving the rod with the pressure of a fluid.- 33. The jet flow

generating appar af Us.s rehbedl b3 dhiol Grahhekehs pB%sa) draslyat or has a

rotor, and a |ink nechanismfor transferring the ational notion of the
rotor to tHde géhroug-hdhe fmm fthewogbatdati ng apparatus as cited in any
one of the preceding clains, further conprising: a casing having a side
wal |, and a di scharge nozzle for coolant including discharge nozzle having
a first end3and Theseeandlendgthatapied rawses fatom taee cditdd wal Eladmt he

out si de agg)tge i nsi de of the casing, wherein; the casing forns each of
the chanberd: 357'RRE TEPHIUWIgener ati ng apparatus as cited in any one of

the preceding cl a mRalf wedher reenpsisinggtha BedindCzaliRst hRUGhawki ch t he

coolant is discharged fromat |east one of the chanbers.
formed bétween the rod and the first bearing.

24. The jet flow generating apparatus as cited‘in any

one of the preceding claims, wherein;

‘said vibrating mechanism comprises a first and second
vibration plates; and
said jet flow generating apparatus further comprises;
a first casing forming a first chambér group
_partitioned by a first vibration plate of the vibraticn plates,
and a second casing forming a second chamber group partitioned
- by a second vibration plate of the vibration plates; and
said vibrating mechanism further comprises; an
actuator disposed between the first casing and the second
casing for driving the first and second vibration plates; and
a rod passing thfough the first and. second through-hcles,
connecting the first and second vibration plates, and being

moved in synéhronization with the motion of the actuator.

25. The jet flow generating apparatus as cited in claim
10, further comprising:

a first casing forming a first chamber group
partitioned by a first vibration plate of the wvibration
plates; and |
| a second casing forming a second chamber group

partitioned'by a second vibration plate of the vibration
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36. The jet flow generating apparatus as cited in any one of the preceding
clains, further conprising: a flexible nozzle through which the coolant is
di scharged from at | east one of the chanbers. 37. The jet flow generating
apparatus as cited in any one of the preceding clains, further conprising:
a first nozzle through which the coolant is discharged fromat |east one
chanber to a first heat generating nenber; and a second nozzle through

whi ch the coolant is discharged to a second heat generating nenber that is
different fromthe first heat generating nmenber. 38. The jet flow
generating apparatus as cited in any one of the preceding clains, wherein;
90 said firdtateezziigetesinst rai ghtly forned, whereas said second nozzle is

bent. 39. The jet tlonggpenating apparatus as cited in claim 38, wherein;
sai d first nozzl EXEs FHFPELRIF FGREFALRThAFEnG e FGHUton cHGRPsadd a first

sectional deewacpAr @l@é‘dfi%talbagﬁ?n?h&élmlé JBet QBiRE Fhe &oQlapt; and
said second nozzle has a second flow path having a sécond length that is
| ar ger t hatPehéifpEsand etrfitndavdbaaséennalatest iomhl area that is |arger

than the first sectional @rean. 4Qn, g el Ll oy gener ating apparatus as
cited in any one of the preceging clarns, Fhrther conprising: a casing

di sposed orthaohghthslek hewmmagtdngl utad | i stofarhibatedcadi atiibamtfiions, havi ng
a side sur%ag@eg!nggé1x£§rpendigular to the.he%t radj titQaE&n%anhe casi ng

; hg moved
fornlng g n synchronization wit

of the actuator.

26. The jet flow generating apparatus as cited in claim
25, further comprising:
a first bearing for the rod being disposed in the first

through~hole or in the vicinity thereof.

27. The jet flow generating apparatus as cited in claim
26, further comprising:

a second bearing for the rod being disposed at a
position opposite to the first bearing of the first casing,
wherein;

said rod passes through the first vibration plate.

28. The jet flow generating apparatus as cited in claim
27, further comprising: |
o a third casing having a third through-hole through
which the rod passes, wherein; '
'said third casing forms a third chamber group
partitioned by a third vibration plate connected to the rod

passing through the third through-hole.

29, The jet flow generating apparatus as cited in claim

25, further comprising:
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at | east one of the plurality of chanbers; and at |east one set of nozzles
‘that are bent, protrude fromthe side surface of the casing toward the

- heat. radiation fins, and discharge the coolant. 41. The jet flow
generating apparatus as cited in any one of the preceding clains, wherein;
said vibrating nmechani smconprises; a vibration plate that is a side wall
vertically disposed in the direction of the vibration, the side wall
having a first end portion and a second end portion that are opposite in
the direction of the vibration; a first supporting nmenber .for supporting
the first end 91 portion; and a second supporting menber for supporting

t he second end p@?tl@ﬁt gpe TPheaj étlr‘ﬁto&ﬁ@]en@&ﬂé@wnéoapsaaéfe% Hee CI ted in

any one ofcsfhe pLecs %%asggahavmmrﬁ{en SR ¢ g} By t' ggﬁ?g

conprises; a vibratio I'ng” a Side wall di rection
of the vi bréta crtsadel @@memcbndgsmbmmbbmr feri slaijllylgsmpqaoséd:asrgi t he side

wal |l in the dlrectlon of t.he vibration | ow neratln
appar at us a& ¢iPed PRt ath h t&ﬁers?f:ﬂn s E’JEPL}Ath‘Si? ng< ntirkem has a
| ubri cant isiteigesed between the side wall and the supporting nenber. 44.

‘The jet flow generating apparatus as cited in any one of the preceding
clainms, wherein; said vibrating nechani sm conpri ses;

30. The jet flow generating apparatus as cited in <¢laim
26, further comprising:

a seal member for sealing the first casing against the
second casing through a space between the rod and the actuator,
wherein;

said actuator is configured to contact the first and
second casings so that the actuator covers the.first and

second through-holes.

31. The Jjet flow generating apparatus as cited in claim
25, wherein;
7 said actuator is configured to contact the first and
second casings so that the actﬁater covers the first and
second through-holes; and |

said actuator comprises a beaiing used for the rod,
and a seal member for sealing the first casing against the

second casing through a space between the rod and the bearing.

32. The jet flow generating apparatus‘as cited in claim

18, wherein;

said actuator has a fluid pressure generating unit for

moving the rod with the pressure of a fluid.

33. The jet flow generating apparatus as cited in claim

18, wherein;
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a vibration plate; a supporting nenber for supporting the periphery of the
‘vibration plate; a driving unit for driving the vibration plate; and a

| ead wire, connected between the vibration plate and the supporting
menber, for electrically transferring a control signal fromthe contro
unit to the driving unit. 45. The jet flow generating apparatus as cited
in claim 44, wherein; said supporting nenber has a groove helically forned
92 around the vibration plate; and said lead wire is wired al ong the
groove. 46. An electronic device conprising: a heat generating nmenber; a
plurality of chanbers containing a coolant; a vibrating nmechani smfor

vi brating the codladst actpatal nets ian ndterpl andl &t Jigf nefrdapéss $oras to

pul sati vel i g e . t rd the heat generat.ing nenber; and a
control unﬁraﬂg?g%%r{t%?(%fl{;i ]ﬁ(g@at l%%%blg%\%ogln O%f t?%erOt\%FbE%??rh%%ﬁgc hani sm so
that the sound waves generated by the coolant discharged fromthe

plurality gﬁ chaq@grs %5§p each other. 47. A jet flom/%enerating met hod
conpri si ng The st'@bs 6 S\ brHtisig taP8 o6PRAFAEHHt 2F nBYTER dPpPiYality of
chanbers eatk bavily @edPEALNEISMNEAS fil-thersabhyeldirdj:scharge the cool ant

t hrough each of the openings; and controlling the vibrations of the cool ant
so that sound wAvEESYRALHATERP Ky e #adlantndias HeGedder sarehe plural ity

of chanber goweakann®ach-RIN8E- discharge nozzle having a first end and
a second end that protrude from the side wall to the outside
and the inside of the casing, wherein;

the casing forms each of the chambers.

35. The jet flow generating apparatus as cited in any
one of the preceding claims, further comprising:
a bent nozzle through which the coolant is discharged

from at least one of the chambers.

36. + The jet flow generating apparatus as cited in any
one of the preceding claims, further comprising:
a flexible nozzle through which the coolant is

discharged from at least one of the chambers.

37. The Jjet flow generating apparatus as cited in‘anyi
one of the preceding claims, further comprising:

a first nozzle through which the coolant is
discharged from at least one chamber to a first heat
~generating member; and

a second nozzle through which the coolant is discharged
to a second heat generating member that is different from the

first heat generating member.

38. The jet flow generating apparatus as cited in any
one of the preceding claims, wherein; '
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93 JET FLOW GENERATI NG APPARATUS, ELECTRONI C APPARATUS, AND JET FLOW
*GENERATI NG METHOD ABSTRACT OF THE DI SCLOSURE The present invention provides
a jet flow generating apparatus that suppresses noise as nuch as possible
and effectively radiates the heat generated by a heat generating 5 nenber,
an electronic device that is equipped with the jet flow generating
apparatus, and a jet flow generating nethod. According to the present

invention, a jet fl.oqw.generating. . apparat C ri ses._a plurality of
chambers each h'a\ﬁaﬁ“é ggrs%p Onzlz:‘u% ard Sgﬁﬁﬁg}g%ﬁ’t %i%%f“ﬁé' aw%%lg?aasnts,alg vi brati ng
mechani sm Hechad nbébziat iizgbkehe .cool ant contained in each of the plurality

of chanbers so as to discharge the coolant as a pulsating flow through the
openings, and a control unit for controlling the vibration of the

vi brating mechanipgm et hf@wt@@néﬂm%@ﬂ@%g%ra%gezs@t@&&y ihe1cqel ant
dlschargedBEronkthq plurality of 15 chanbers weaken each other. FIG 1 94
, Wherein;

said first nozzle has a first flow path having a first

length and a first sectional area perpendicular to the flow
direction of the coolant; and

sald second nozzle has a second flow path haﬁing a

" second length that is larger than the first length and a second

sectional area that is larger than the first sectional area.

40. The jet flow generating apparatus as cited in any
one of the preceding claims, further comprising:

a casing disposed on a heat sink having a plurality
of heat radiation fins, having a side surface almost
perpendicular to the heat radiation fins, the casing forming
at least one of the plurality of chambers; and ‘

at least one set of nozzles that are bent, protrude
from the side surface of the casing toward the heat radiation

-fins, and discharge the coolant.

41. lThe jet flow generating apparatus as cited in any one
of the preceding claims; wherein;

said vibrating mechanism comprises;

a vibration plate that is a side wall vertically
disposed in the direction. of the vibration, the side wall
having a first end portion and a second end portion that are
opposite in the direction of the vibration:

a first supporting member for supporting the first end
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portion; and
a second supporting member for supporting the second

end portion.

42. The jet flow generating apparatus as cited in any one
of the preceding claims, wherein;
- said vibrating mechanism comprises;
a vibration plate having a side wall disposed in the
direction of the vibration; and
a supporting member for slidably supporting the side

wall in the direction of the wvibration.

A43. The jet flow generating apparatus as cited in claim 42,
wherein;
said vibrating mechanism has a lubricant interposed

between the side wall and the supportihg member.

44. The jet flow generating apparatus as cited in any one
of the preceding claims, wherein;

said vibrating mechanism comprisés;

a vibration plate;

a supporting member for supporting the periphery of
the vibration plate;

a driving unit for driving the vibration plate; and

a lead wire, connected between the vibration plate and

the supporting member, for electrically transferring a

control signal from the control unit to the driving unit.
45, The jet flow generating apparatus as cited in claim

44, wherein;

said supporting member has a groove helically formed
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around the vibration plate; and

said lead wire is wired along the groove.

46. An electronic device comprising:

a heat generating member;

a plurality of chambers containing a coolant:

a vibrating mechanism for wvibrating the coolant
contained in the plurality of chambers so as to pulsatively
discharge the coolant toward the heat generating member; and

a control unit for controlling the vibration of the
vibrating mechanism so that the sound waves generated by the
coolant discharged from the plurality of chambers weaken each

other.

47. A jet flow generating method comprising the steps of:

vibrating a coolant contained in a plurality of
chambers each having an opening so as to pulsatively discharge
the coolant through each of the openings; and

controlling the vibrations of the coolant so that sound

waves generated by the coolant discharged from the plurality

of chambers weaken each other.

93






