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
forced y P¥R&asHS thethernenatesr udett Adomeand remtilat imohehins. 1

generating member such as an electronic 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.




However, there is a problemthat a thermal boundary |ayer of fin surface
is generated on the downstream side of the heat radiation 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 thernal
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
method for breaking the thermal boundary |ayer and effectively rel easing
the heat of the heat radiation fins, 15 a conbined jet flow can be used.

In this nethod, ai t ks _noved_ b piston . or the like is jetted froma

hole formed on %élv;ee‘;ee% 3?1%§ecﬁ%n%e‘¥r. etf’l:"neé“ aPPY 8t {;}é‘admf%%oflﬁld§rﬁol eis

call ed a coafEmed fiéb furdfaceThe gomiawed pattid dowpser@ieSsiddhern xi ng of
and nore 20 effectively radiates

air, breaks the thernal, boundary |ayer, ; /

t he heat tshaen R&R& Fggg%'al%rf%égPéfn\tlhﬁefn%’f%ﬁded:oﬁye’ésé%\%fnﬁlénéw fan (for
 exanpl &, sge Pabenit ioedrentuld .td B%E@Bh@@ﬁ*"@kte dlaPIHRahent . No.
6, 123, 145 25 However, according to the technol ogy described in the Patent

Docunent £° SPAEE &HD A Brabioh deterarerley i iFeedpristaatsichghabtion of the
pi ston is qHDOpagatsde @ @ chRURSH WRY Be %Qeﬁgé)e soSa 08 435 pRLSe.
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Further, as the clock frequencies of een I ncreased I n recent
years, théhsgredabsupdaey atathy Bhe, |'Qsrwave beproipraapahiiconakky

i nC.r eased'of I%@arltn% ngg‘forri QJ% Elt?grf%%l agguwr}_q'zadr Xuj: af%%rsefgé q;%% ifzgmt he 2
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




vicinity of the heat radiation fins, nmuch nore air should be discharged to
the 1C and the heat radiation fins than before. 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 audio frequency range, the
noi se of the vibration filmwll becone a problemto solve. SUMVARY OF THE

| EVEI\FFI ON Exam)ct:‘mi_eyr‘nm@limﬁnthf:atnauyaq:-usu-)aw'rflefiﬂs,{j&ﬁuc?:c mmregem?}r ahd')ué]_@ bappaL at us
t hat suppresses_noise as nuch as possihle and.. effectively radiates the
heat geggrate lsb‘i}lalégei‘ileif’ 61%%ejrcgtéi”ﬁg%h‘?rg??6‘§rFacﬁLﬁtt‘a‘?”ecﬁlPBnP{and@@F%r@'t hat is
equi pped wi t hThire jiet thé | gwagenss athoRg appdkat Us, a’NGaA fhetn fdrowngener ati ng
met hod. I n onﬁ @s e;t of thg p%esen,t i nvention, there is.  provided a jet

f1 ow gener at i A3 ApaPSFEEtcInprisi Hpahes pier aHPFSEIor CAMRLEIS 1858h havi ng
an openi ng andigacht gentmididsBgr@ 60| Bi¥reade Viché atdnpyi PRENABE SHLEOr

vi brating thevjfcogl, ant contained in each of the plurality of chanbers so as

to discharge tFol Hht?SadCa ParEati Ay f1SwithY oty rtnet Biferfiifgs, and a
control unit fiis,caflt end | frgubhe, \WDKaLT 01bRtiot e 1w Bsath ngn e@hani sm so
that the sound waves generated by the coolant discharged fromthe
plurality of CIHHHRNs SedkerrRecdtifeobhdie VHPEkithI%e Brbddi RETATS, 2" weaken
each 3 ot herprdansot fiatvet he sound waves generated by a plurality of

di schargi ng neans weaken each other in a part or entire

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




a region to which the sound waves are propagated. This definition will be
applied to the follow ng description. In exanple enbodi nents, the control
unit is 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 nenber increases as the clock frequency of an I C chip or
the like increases, the generated heat can be effectively radiated and

noi se can be qiheveniechs rHOET JENe I AuhnAgwa S N GRNRELEOMY @l piRtd1its
configured to cause the sound waves generated in the chanbers to weaken
each other, tifd SEBREFFINGNPEAPRSFERED 3T rdPedt 1N eaReTEner ot i€ phases,

frequenci es, andeyiphi tedemich the seund waves. ako gxappla Lnbagijgents,
when the distance of . adjacent openjngs of at |east one set of chanbers is
denoted by d ?nﬁflah‘al%é%éveﬂ gt iebitor e sbehkPidvedegefigttd8d i n t he
chanber is denoted by A (n), the <condition of d < A/2 is satisfied. In

this case, assumng__that the \/\/a%g3 I en%;eh A, of the sound wave of each of
the plurality of chAmb&F¥HYE al TS PHE YanetPSi ne@ T RE ndRthumts

~anpl i tudes of ctheigound waveaugenenat eshiby t hevapegingsatafd eacknehanber do
not strengthen,each other, nojise can be grevent ed from generating as nuch
as possible. PhYE | &Te BB HEht™S, YEAER" oF 2T h&@ TR ENDERLS c &V hd¥e vari ous

structures asthomnpaas gehergontivyi @Re 4h&ft derieXbRing reabesl 108egn there
are two chanbers, if the vibrating nmechanism is caused to vibrate so that
the phases Ofa?Hgm%éﬂﬁakwévﬁgency of an IC chip or the like increases,

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




5 generated in respective chanbers are shifted by 360/2 = 180 to each

ot her, the sound waves weaken each other, since the wave forns of the
sound waves generated in the chanbers are inverted fromeach other. 10
‘When there are four discharging neans A, B, C, and D, if the wave | engths
and anplitudes of the sound waves generated i.n individual chanbers are the
sane, the phases of the wave forns of the sound waves generated by the
discharging neans A and B are the sane, and the phases of the wave forns
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,
t he sound wavgs<weakeis eagh sgtibar.. Wien the nunber of chanbers is n (where
n=2 3, 4 ... ) 20 and the wave |lengths and anplitudes of the sound
waves generated in the chanbers are the same, the.control unit can

control the chanfges 3R fdehdte LRE:HGQRELE! & # DR $UREHLYRY @2 chhR@knhave phase
di fferences of 360/n. As a result, the whole system havi ng n chanbers

weakens a &8ndrwert i & ibaaiveosot Heat @%Wﬁéemvésthwmdhéaﬁﬁﬁber of
chanbers is_n Vi 501 e sound
waves gine?a?%%aFed]ﬁlgé%%é%%é?%bPa%gﬁrs Igagﬁ%?E? §35§%$Uthe ?@und waves
‘are al msptéoeam czitaam,, and smmddwavaaoeeaifera@a&benth@p.emwg@ ktked (| n),
the . condi t!aon orm OfAt{lé tgnd wavza% %an b SO gﬁl C%Iarr%%rsl Qﬁéh >

case, the Hls?ance Stweén THe host aoeenlngs 5 glven XI{ 2 (n
- 1} } . Sincertée mayEekﬁﬂghhhe&.sufflC|ently | ar ger. than t hi s di stance,
t he conbi ned wave forns of the sound waves generated by the di scharging
means weaken each ot her

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 lengtfls and amplitudes of the éound 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




5 regardl ess of the positions and directivity of the discharging neans. In
ot her words,. since the maxi num anplitude of the sound waves generated by
openi ngs of the chanbers do not strengthen, noise can be prevented from
generating as nuch as possible. 10 When there are three chanbers A, B, and
C, if the wave |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 same and denoted by "a". The 15 anplitude of
t he sound wave generated in the chanmber Cis 2 x a and the phase of the
sound wave is inverse of the phase of each of the sound waves) generated
i n the chamer,sthe andtaBre Hdwesanehehbeetdias anhreopdoMeysst & udtveine can be
obtained. Ip this case, the conbined wave form of the sound waves 20
gener at ed B {he (e naier sSancthgmpve beedhed sriuffivdertss LlaReter est

portions anghd £QUIRAiReELESNT HRf cdrls MRV Ra$OFBBNs WRaKEN s8aBH wWakRer . As. a
result, a muting effect can be obtained. 25 In the foregoing case, when

the condi tdenergied. 2yogpeedischarging meagst MSrked, eade d can nore
veaken st hafL df11case ort BAL 088 ChAbeAS 00 yi by 844 NhJrechani smthat has

one. " vibration plate. esi des the case that the shapes, sizes, and so
forth of dilroizensngr methe. sdme othsr| gngdas diige tihe fvoxagoinng 6 condi tion

of dand Agne.SaLl st ed. LOSSNARES adl.shees B oSOARAS S ALRNO!

restricted " Hnaddi Cion, St he &t rangement - of two' chanbers i s not

‘restrict ecchalibus,s Wwhenoansetr@edthodni,Cc noise can be prevented from
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 dénoted.by'k, the amplitudes of the sound waves generéted
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 génerated in the chambers A, B, and C becbmes flat because
the crest portions and trough portions of the wave forms
weaken each other. As a fesult, 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




devi ce having a heat generating nenber is equipped with the jet flow
generati ng apparatus of exanple enbodi nents, the arrangenent of the heat
generating nmenber and the jet flow generating apparatus can be suitably
changed. Thus, an electronic device can be easily designed. In exanple
enbodi ments, the control unit is configured to control the vibrations of
the vibrating nmechanismin. the range from80 to 150 (Hz) Thus, in the
hearing characteristic of human, the noise | evel can be decreased to 1/20
or | ess than aosdimdnwaied aind horrexsaplséied, thkHehapeAs aadr eszdst oft he heat
generating nmenber, can he cooled wthout _a tradeoff for quietness, In
exanpl e enbod?%%ﬁ?%{stﬁﬁg_ng F?%ﬁ%ﬁﬁﬁ%?raFPnawgﬁ §raFE§ FIF IS 85 npri ses a
sound absorbi pf henbdenbera id ndtmesdiern cdespased, athananoklédergalioral ity of
chanbers. As .a res t he noi se of tgg?qﬁ ratus can be furth

b

|t
decr eased. |ndSXEﬁ%?ﬁvéﬁ%dﬁﬁﬁ?ﬁt%?n%ﬁ%§ Fﬁglﬁé?ﬂﬁﬁ?§ﬂ1ﬁﬁgl%§evibration
pl at e di sposedetnfeaehgeietdiangl wpphirbyuofof chanbes Seritivdenangd,e the

enbodi ments, as_the nunbe f é?e vibra%lon | ates i s increased or the
anpl i tude of F‘ﬁ]éan%fnﬁ?ﬁt?%nt%ﬁl a8t 4en5te é%%é&“%t?ﬁea’ﬁ‘?s%rb% Bint of the
conbi ned jet Gkosrdidntheppabaais opanofbet haiipbul @l ichyn@dd. virhagt i ap pl ates
can be increased. Thus, .even if tge calorifjc, Eq&er of the heat generating
member such 7°AECHPHE BRYBCT e f8ef2 et KESEPRYK: frequency t her eof
increases, the generated heat can be effectively radiated. On the other
hand, even if the nﬂgbeéxégpfgkﬂé%gé)ldgh%g?s %ﬁe control unit is
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




i ncreased or the anplitudes thereof are increased, since the control unit
controls the vibrations of coolants so that the sound waves vi brated by
the plurality of vibration plates weaken each other. Thus, while the heat
is effectively radiated, the noise of the apparatus can be prevented from
generating. In exanple enbodi nents, the vibrating nmechanismhas a
vibration plate that partitions at | east one set of the chanbers. Openings

may be formed dsh accor dange Wddeabbe aBumber $1ByKWH-ehueach ofeddie chanbers
is partitioned by a plurality of vibration plates. Aternatively, the
number  of Vi Hﬁlﬁ‘%?%ﬁe%| &8s SRS HEd Brgercam&t rHécrtisdYs raphatddi oned by

the plurality of tNé de-ORard,ak08r il thaddinbe®Nor Ofi eI GE p1hHEs nunber of
vi bration plates nay be one or_nore. Wen the nunber of vibration plates

is one, the CcOREFHICUAFtthS BBt THIREeth e Folonts oincrRessd bsaRFDIFIEl ate  so

that it sinusajodaldly unibredlsoldNus vibE1GeRLr OF ddiibntLaASERat hgesOUNd
waves generated fromthe plurality of openings to weaken each other. In

exanmpl e enbodiSPEREsWaYee Eoreret knithe elugshityurfedibsatben llatele phase

di fference of yeagRRCER¥R osREAd ¥RYSS @ener atifd hdud hey pharalisty 9f
chanbers to be 360/n, where n represents the nunmber of chanbers. As a

resul t, har nodReé2tttethehapisheinthh MRRIFGENESCHR M Pregaetedtiten. I n this

case, harnoni genepMidlgn frequency conponents that are nultiples of other
than n-th 8 harnoni cs weaken each other. In this case, "the phase
di fference of respective sound waves" neans a phase

In example embodiments, the vibrating mechanism 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




di fference of each of respective sound waves focused on only basic
frequenci es of individual sound waves. |In exanple enbodi nents, the control
unit is configured to control the anplitudes of the sound waves generated
in the plurality of chanbers so that the anplitude beconmes al nost the
same. In addition, nis set so that the noise |level of a conbined wave of
n-th harnonics is |ower than the noise |level of the sound wave generated
in one of the plurality of chanbers. \Wen the phases of the sound waves
are set to behd@fibnicprwédkemaramm cahewher eIp tisi sanyasd, nt'eger wfas2 or

greater) also strengthen each other. However, singe the anplitude of a

har moni ¢ hi gh rltfffﬁjé%“fef'ueo%- tﬁesﬁ?ﬁr’rﬁﬁi c%mi”%c{ sHEFFs tt’ﬂ?agﬁpr%)t FPESEf t he
conbi ned wave daffétemceparf tdachasforispsct Sves BBLhEwadBanrédigeanph idaige of a
sound wave generated in one chanber. | n exanpl e enbodi ments, the vibrating
nechanisn1has%a§FBr' SERHET € AP RAACHRVE Y a pl ane

perpendicular to a first direction which is the direction of the

vi bration. Since th§ vi brating qﬁép ni smhas such a symmetrical structure,
the anplitudes and §% f&FETPUT (HEPOLBGRESwavER® antPt & r Hathonis becone

the same anpl éénfieuras wYChoasrfoOSshdl gnpiitugest Be qubelsBass Gavebe further
i nproved. In exagg{e enbodi nents, the control unit is connkggred to

vi brate the viThHATHRY i hrhiSs PR 1 oﬁér C@%ﬂ9ﬂ¥sth§ﬁ_d: t e@'®nput of
t he vi brat i NgarfpITRGHE b Bne ASa Bads@SHhd | sa¥leICent L11:RALADM G CQEROBSENt S are

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




this case, the "input" nmeans, for exanple, a supply power or voltage. In
exanpl e enbodi nents, the vibrating nechanismhas a first vibration plate
asynmetrical to a plane perpendicular to the direction of vibration, and a
second vibration plate having al nost the sanme shape as the first

vibration plate, vibrating alnost in the sane direction as the direction
of the vibration of the first vibration plate, and being disposed in the
opposi te direstdtomieh. the & fidsatltyi bigdd ahephat@onid ddr@oSERLE AL,

al though the  vibration plates are asymmetrical, when they are disposed in
their opposi t ©dErPEEE %ﬁ?, PhE ﬁfnﬁg?rﬁpﬁffraf:ﬂ% Cap BPafiRRf SF8ERant’sm can be
assured as a whiel easdhuse tHgutweneardsQr A5r Afxahpee S QURAPMAY @owgenes ated in
the plurality aof chanbers beconme the sanme as nuch as possible. As a
result, the q‘(ﬁ%ﬁ‘ﬂ%ss of the apparatus can be inproved. As exanples of
asymmetrical vibration plates, speakers each having a coil portion and a
magnetic portion can be wused. |In exanple enbodi nents, the control unit has

a first signal geneéPafFATPtmiTREMGEAEr abihg iR aF vk "ermats B8  causes

the vibratinganeaiast smvtipriianat epBdtet headyhstriddiequancy, andagesecond
signal generating unit_for generati ng‘a drive si gnal t hat causes the
driving nechBRAFESAEEWbrir etift difeckiertof redweReyn: mad rfotsefeBflate at a

second frequeneyrdthah bsal fLriept ainem the fdadst snigeaengy ihersecond
frequency is a_ _harnonic conponent of the first frequency as a basic

fr equency. -Thﬁé?rqﬁﬁ@% Plater 1 yibrating almost in the same direction as
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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vibrations at the first frequency weaken each other, even if a vibration
pl ate having a conventional distortion conponent 1is used, the noise of the
apparatus can be effectively decreased. In exanple enbodi nents, the jet

fl ow generating apparatus further conprises a sound wave detecting unit
for detecting the sound waves generated in the plurality of chanbers. The
control unit is configured to control the sound waves in accordance with a

sound wave detwiGtrhoionsskgnete fIRES freedbask weardd @achestis!, yMH ates the jet
fl ow generatin%,gggarath. In addition, even if the vibration
characteri sti & VaPF&s-GuBlY'S tHEI 3G S OBV SHaRBRL FHLStRELIN SPRPIIRGL

nmechani sm t heisnaisia, ofchch@cappanat useCapphsat@ecefased. o fe@sammle

enbodi ments, the plurality of chanmbers 1is conposed of a first chanber
group and a sé€6a2tHanber group each of which is conposed of at |east two
chanbers. The vibrating nechanismhas a first vibration plate for
vibrating the coolant contained in the first chanber group, and a second
vibration plate forldi FiZEPHG t ARPOESINESr clEiwt alvled filAwt Ivensexignd chanber

group. The cobppdatudNElrinerCebhhdiwegdat Qo tf9k BQ@%&@iHéaﬁﬁfyq%bgf the
first and second vibration plates so that the sound wavesS generated in
the first chafBeictarduphiesRer eueTrsot FrRIerakrf t bat the pilpselilnbifed sound

wave gener at eghimbdfte fitestcorRaBhenn: O 4P BREL An3RCaN &omhipedysound wave
generated in the second chanmber group weaken each other.In exanple

embodi ments, £ReG | FeYCTofDi MEFO5BaMEF wadth wealkasvad! | wadehedetdatdbonchanber
group and t|1€s§§ﬁagndTEEE“&éBH%a@@VgoH%ygie@ggurely guiets 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




11 in the second chanber group are further conbined and further weakened
by each other. Thus, the noise of the apparatus can be further decreased.
I n exanpl e enbodi nents, the jet flow generating apparatus further
conprises a sound wave generating unit for generating another sound wave
that further weakens the weakened conbi ned sound wave. Thus, the noise of
the apparatus can be further decreased. The sound wave generating unit
needs to geneiat ehorderoad schuntbenaymuphavé NMpraheevendbenghase datkHdie sane
anplitude of the weakened _.conbined, sou wave. | anpl e epbodi nents, the
Tbrating mecHaRERY Rascact, ChPats datsi mie Brnse [ TR oWrGeALr a1y
apparatus fubkhedridspriesesagedasi ng having a through-hole and formng a
chanber group partitioned by the vibration plate. The vibrating nechanism
has an actuator, disposed outside the casing, for driving the vibration
plate, and a rod passigxgripheougibddimehispuaircholier akdonD@detdt ing
synchroni zation with the tion of . the actuator. The chanber rQup has n
chanmbers par t PRRHAEES by WTRRET 159 FBPEE | On SPrRt e¥ave widig atring g‘r?ffti nt eger
of 2 or greatesr FhRedgtita) Ofindtherl OfourkXample, tRAECEFL Lt HBINRLd1eak! Y

lied to the foll ow ng description. Wen the

driven. This definition.is a

actuator is gli’esp‘ﬁ%aé‘if“ieﬁsi‘:&@b?ﬁeéj SRy "V Rer NPY aMPosSE iofy TR whi ch
the heat of t&spaeituat Ocafensd Nsfudththe gbardgieq. Wiene t heourleatvakg@mai ns in
the casing, the capacity of the heat radiation wll| decrease. However, In
exanpl e enbod? TREFHRAEINGucHPEE  3PES8v &t aBRR T De BV véy, sound  wave

having a reverse phase and the same amplitude of the weakened

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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12 I n exanpl e enbodi nents, the jet flow generating apparatus further
conpri ses a casing having a through-hole and form ng a chanber group
partitioned by the vibration plate. The vibrating nechani sm has an
actuator, disposed outside the casing, for driving the vibration plate,
and a rod passing through the through-hole and noved in synchronization
with the notion of the actuator.Iln exanple enbodi nents, the actuator is

di sposed out si de t h@nCasidigplelhenshamers , Caphdee st Fugh Uede s itlgat their
vol unmes, shapes, or the like are the sanme as nmuch as possible. Thus, the

effect of the *BBEF¥ESe TOFtNAhETNFI 1865 carfH5d e iFdved. tigiveeioRe 3t uator is
not di sposed fobnind€ aCafhidr HRQEPHARERALAAY WY Ghhet RALRERI oA EpBItS i N the
chanber can be solved. |In exanple enbodi nents, the jet flow generating
appar at us f ur TR&r VeBhpringe SegharbBorisn preafsertowi spepeacd nouttidecasing,
for absorbi ngthBe ddshhgf i @88 Qrithey rede thGradichechhes, ofndhg rod is
referred to as the second direction that is different fromthe first

di recti on. Th&&bder BRRITnEnpebheaghshifisr e84 poveds haksmghetnighkionod. As a

result, the ahsorbngotRALSF @kl Qus,dBe, M Rhaliea Rk8L&ihonss ablhg vibrate.
In addition, since the absorbing nmenber is disposed so that it covers the

t hr ough- hol e, afHEtesolartispesedheubaision fhearayiay - pfles efieeliery oAt &8king from

the through- hat g, dheny tNe chbdrdfeh Pnvo iRkl e HBEA! €3 thd BXRMRLE the
enbodi ments, the jet flow generating apparatus further conprises a first
bearing, the PRF®tas FEgk |3y PpesivdeusBiish okhe edfeeld oft hee fdecseatse@fi ng bei ng

di sposed in the diceughs Bel EnRovkd. tde ! Ehdid¥uator is not 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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13 thereof. The first bearing is not limted to a solid substance, but a
fluid substance. In exanple enbodinents, unless "solid" or "fluid" is
specifically described, that definition is applied. In particular, when a
fluid bearing is used, the air tightness of the casing and qui etness of
the apparatus are inproved. As an exanple of the |liquid substance, oil is
used. I n exanple enbodi nents, the rod passes through the vibration plate.
The jet flow generating apparatus further conprises a second bearing, the
second bearing being used for the rod. Thus, the second bearing is

di sposed at athpeosdfi ohheppasstebearthe filsr stothemmingd Twsa tsheidod can

be nore stabl ved than_the foregoi.ng rod. .In additio since_the rod
ext ends fron1éﬁgggﬁﬁefo tlgzotﬁerzgﬁﬁgof’? STaRER] ng, tﬂ% ciFXABBIE can be

structured soethadiidrecs,voinines, '‘sHwpas, oof theidrked sarepddifisamey Thus,
t he noise of the ratus, can _be.further decreased._The rod or may
not pass throgaﬁchggﬁiréﬁaEagﬁﬁéné%l%gpdfit?Qﬁ%legppdg?tgafEﬂﬁ é%Tirst
bearing. In exhapl e e€xbodi beating the weid,f oy ganeraighiges@ppar ahys furt her
conprises a seal.nenb%r t hat blo%ﬁi %he casi ng passin throu%h t he

t hr ough- hol e FFOMT FESGHSFHRESS Fud e sPRREAWE arf (T REss28f 2Rhe

chanber is inpraweld oft bre appariat vabsedn®&f,f eclli velysegenerate a jet flow
The seal nenber nmay be solid or fluid. This definition will be applied to

e ot D, Sescr ey BRSSO RLTEDL o L8 LR fgner i
vibration 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

14




14 for sealing the casing against the space forned between the rod and the
first bearing. Thus, since the air tightness of the chanber is inproved,
the apparatus can effectively generate the jet flow The seal nenber nmay
be di sposed on the second bearing. In exanple enbodinents, the jet flow
generating apparatus further conprises a first casing formng a first
chanber group partitioned by a first vibration plate of the vibration

pl ates, and a second casing formng a second chanber group partitioned by

a second vi bratj gegi C%’e gg e V!a?%]%[sltolah %ﬁé%%nfgﬂgéyt}j%{:%é N9y nechani sm

has an actuator, dispos bet we e flrs secon casi ng,
for driving t leocf Bngt then diset dred nihbr dthivep splat @Se arnjtaghumswaﬁm ng

through the finst cqnd gh- e ctl e first and
second i br atq %n %{Lgntl%g L dlm&?D inpfs?{e/n% E%%?L%g |on V\n]fgfh qthch eEEL?[rDti on of
t he actuator. Imanexahpl‘eh@ml@drdlfﬂrem sTheoseadchemiter mayabevibsmisedabnl east two
vibration platgs. l@&? g§l%scharge anount of the cool ant can be
increased with a [ow e ectrlc power. As a result, the cooling efficiency
can be inproved. In exanple enbodi nents, the jet flow gener ati ng apparatus
further conprises a first b«iarlrrlr% t he beari ng bein for the

fi d
rod, the first beariRng B&r" 8%83“\:?1 t%ge PRFst R o% 98 or in the
vi ci ni ty t heat;mafratililausurtm rc@d1pn:$ss$ abl §i mymv edsitg kﬁi‘:\mﬁﬁg at kfeir}set fl ow

generati ng appar at us Ry f%r ler C rise.a earl3 bear bei ng

used for the 764 the Cfo AFPRG T b gng?{s?)ogﬁ i’ ﬁg%]é’@oﬁgatfeﬁr c‘;lu?jﬂ hol e.
v1bratlon plates, and a second casing forming a second
chamber group partitioned by a second vibration plate of
the vibration 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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15 I n exanpl e enbodi nents, the rod passes through the first vibration
plate. The jet flow generating apparatus further conprises a second

beari ng, the second bearing being used for the rod, the second bearing
bei ng di sposed at a position opposite to the first bearing of the first
casing. Thus, since the rod is nore stably noved than the foregoing rod
for which only the first bearing is used, the vibration plate stably
vibrates. Likew se, the rod nay pass through a second vibration plate. The

jet flow generating appabdbusngByiddilder Lompl peboalidigy the bearing
being used for the rod, the bearing being dispose at  a posrition opposite

to the first bemwl Myikoktipe Pleatt. Tasiigt fhoexaspmeténpodipamtss t he j et

fl ow generatigg p rth ki third gals) I athird

through- ol ¢ Loagh Ao the r a7 sabbesitfpd | Ehig <SEShan AN ©

thi rd chanberbgiraupsgdr £oti Uredrdsy ghet hecdnd idmaatingnbplag edicposedt ed to

Lhe r0d Passing 4 et on! bepbli ol ANTaUONANOL e, exampL epgnbadient s, the
nunber of casings can be a fisted in accordance Wkt ,-for “exanple, the
nunber of heatasgatier ting sferbetise t vodeixoulired stahlly therear thagemrbat

thereof | In addicthony Ald hguoh, idie oodliseharge ampunt; of ;Lthe.opolant can be
increased in proportion wth the nunber of caS|ngs,Iihe appar'atusS needs
only one act udbgrticFhysate hetgpdwerilomisanplilawisepsthe and msiyzeasd the j et

[ ow gener al it ApRAI 3 US; GallPe PRGLAA%RM 1L xamle, embodi meglg. the Jet
fl ow generating dpparatus further conprises at 1'east one

generating apparatus may further comprise a bearing, the

bearing 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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16 of a first seal nmenber for sealing the first casing passing through the
first through-hol e against the outside and a second seal nenber for

seal ing the second casing passing through the second through-hol e agai nst
the outside. Thus, since the air tightness of the chanber is inproved, a
jet flow can be effectively generated. The seal nenbers may be solid or
fluid. I'n exanple enbodi nents, the actuator is configured to contact the

first and sec¥daCasidigsecs0 hdtdler BErasddiatgl th&oMels Lheidd raksang second
t hr ough- hol es. The het flow generating apparatus further conprises a seal

menber for s&AFPRE t B it hgonghalial histoaimetsébengueasingrhrough a

“space bet ween deli8né 0ge 8N tndrlif rAGt#ALQAL 1 1 ¥R esenbedidmAts paLsigspeci al ly
effective when the first casing and the Second casing are connected by the

actuator. | n eXdfpre WitbFEcrRRAL ShrYighckotheadrdant nbhderuteaniesedhushe i nsi de

of the first s¢asd RGeagRl RIGLEMNRSI HEI1GE OlaniRe SLGQPE ARSI BYjet €04} ants can
be effectively discharged fromthe first and second casings. In exanple

enbodi nents, A8 BRtfdCEEIVSI L GishpyRret The eomt acmbehe Max e antidecond
casings so that thgsactuator covers the first and second through-hol es.
The actuator has 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 bearingg, ;&&%l%hgggggi? ,thganéﬁﬁbrpﬂpCohﬂgﬁggdoﬁjthe

first casing against the Insi e second caslng, coo can be
effectivel y dr®¢har gébe f £fonstt hend f pesindandisdegonde cilsdtngshe actuator

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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17 I n exanpl e enbodi nents, the actuator has a fluid pressure generating
unit for noving the rod with the pressure of a fluid. The fluid pressure
generating unit my generate water pressure, hydraulic pressure, air
pressure, or the like. In exanple enbodi nents, the actuator has a rotor,
and a link mechanismfor transferring the rotational notion of the rotor
to the rod. The actuator, which uses the rotor, is a rotational notor with
whi ch the cost can be reduced in conparison with a l[inear notor. In

exanpl e enbodi nent s, Irt hexejuqilef I énﬂocgﬁjmmtsi N@heappan&idis Hasr thefludanpri ses a
casing. The casi n%lhas a_si apd a dlscharlge nozzl e, forﬁﬁool ant,

the di scharge MoZ7V'e RaUFH lélgflLPEtt & afd"H'%etBnd efd YHdt BP6trude
fromthe sidemalsurtoofhe d@utsddermndrlviel ipisisdaref gbherLa@sign@nit
respectively, the casing for mtnﬂ each of thg}cha ers. Since the second
end of the noA%e PEUTEPosEATh HESSBRaNDENEI2EhES nEF2P8 Ean BéTas | arge
as possi bl e. Wwssukbe of neguenry. of the generated sound can be decreased.
According to the hearing sense of human, as the frequency of a sound

b I th I t Co tly, anpl e
ombod ments. i he getfr SrGHPLRuRHRS SealIes Louete S e B 5568 bre- T

exanpl e enbodiamens sJ,:Lrtkhmepﬁam‘fdno\ﬁogeﬂﬂraiﬂelaglngapmar abtlﬁ:lf)ﬂﬁl herciconpri ses a

bent nozzle thro h which the .cool ant js ed frogmat | east one of
the chambers. “*THUS, W8 hé&t §ener® %t @ aI”F% g‘&’g{n B Fooldef i he

accordance w trbtbhe 8 rectétariohat hRobentwitdz zit8ch the cost can be

reduced 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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18 Alternatively, at |east one set of nozzles that protrude fromthe
different chanbers can be arranged in a direction different fromthe
direction of the chanbers so that the distance d is satisfied. In exanple
enbodi ments, the jet flow generating apparatus further conprises a

fl exi bl e nozzle through which the coolant is discharged fromat |east one
of the chanbers. Thus, the direction of the nozzle can be varied in
accordance-with the arrangenent of the heat generating nenber. In exanple
enbodi nents, the jet flow generating apparatus further conprises a first
nozzl e throughamhirahtivene, caol ashst sorli sghar gednézNBsatchheagton@eCchanber
to a first heat generating nmenber, and a second nozzle through which the

cool ant is di Tr g&Be t o? EBRd HRHPFEneFali nfe nBRbEhathi sadi f f er ent

fromthe firstdheatiganaiatéight NEFREr thel hiibre ddi®nCE aHe CafamPRrdi Schar ged
to a plurality of heat generating nenbers disposed at different positions.
A convent i onal®% &F3fnhRe rdtsEeaseaf Ihp@ti&fiednnot  local Iy cool an obj ect
unl i ke exanpl e enbodi nents. The first nozzle and the second nozzle may

di scharge the coolant fromthe sane chanber. Alternatively, the first
nozzl e and the second fEFAPdemedFRALBREFGe the J&S ahko™f resheratinrer ent

chanbers. In exgapituenbadin@Ent somphiesdsi r 5t MQZELEe | Sho-3hEaIGRLLYL f Or Ned,
whereas the second nozzle is bent. Thus, in accordance with the
arrangement ofP{fR Mstcgdart atf ngtsharsrd | Tian c&n keast eemdyof hehsecond

nozzl e, whi chchambers. Thus, the direction of the nozzle can be varied
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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19 is bent. In exanple enbodi ments, the first nozzle has a first flow
path. The first flow path has a first length and a first sectional area
perpendicular to the flow direction of the coolant. The second nozzl e has
a second flow path. The second flow path has a second length that is

| arger than the first length and a second sectional area that is |arger
than the first sectional area. Thus, the resistance of the second flow
path can be prevented fromincreasing. As a result, a proper anmount of
cool ant can beiglbsgharged fromthe second nozzle. In exanple enbodi nments,
the jet flow generating apparatus further conprises a casing disposed on a
heat sink having a plurality of heat radiation fins, having a side
surface al nost per péndi etdngrlet Oemﬂsm:ljh@aitsr adiled i onrdyd nﬁozim h&askng

formng at |east_one of t [ f ch st _aone set of
nozzl es t hat %‘rsles%e ov B‘?‘g}i‘ %‘ rcﬁ#f?ﬂ‘é %%Egﬁr? 55f %'b ng toward
t he heat radi at |fdmstf3em:,1oam:l dlieaC pargendit@iaootanthe 'Eiluﬁ diﬂe@dlrdsnari son
with the stru%tg ein vvhlchT the sid surfgceké:{)f the ca ich a
nozzle is di spos&aS f &XTE FheTheatcE ik POERES R4S A GFCOl n %i“flﬁ‘?é" appar at us
- can be easi |l deespeseldd agmms;iatmhmala;eat sedonld. 1eRgalldthdOms | aeyeanpl e

enbodi nent s, vol yme of the heat sink and the jet flow
generati ng %E?ﬁ’a r‘?tbée 1ii'l'eadéde&‘ FECRIL oS rBesi Bres 1Jrhﬁ‘te>%§rrpl e

enbodi ments, thegas bjhahl Pige NEIGRANSESL AR 1A aryd brafuPneid ata: tdtahcks a side
wal I 20 ' . .

: of the second flow path can be prevented from increasing.
As a result, a proper amount of coolant can be discharged

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
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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 nenber for supporting
the first end portion, and a second supporting nmenber for supporting the
second end portion. Since the side wall is supported by the first
supporting nenber and the second supporting nenber arranged in the

direction of thetiichlsfidRpobbe Mi bhat 9Reddidheceathe RRLSHADLY, HBN at ed,
not laterally yibrated. Since the vibrating plate is prevented from being
lateral Iy vi bPatedallifeing #rfiifPhgeite PREM ENrihat SPrBRAts PRECNPDr at i on

plate is el eehd©0-drag86Idsaak! yn diHevairedth@nStAliPle 3Merddiennoyablar Menber
can be prevented fromcolliding. Since they hardly collide, the space

bet ween t he sPAPRATLARE THeFOFAb| HROEELRR theah 1Bt At SREELCRh@bfagnet i ¢

field appliedat gethed cRigposaiing blﬂer%éler@rh%ﬂﬁgorfﬁl@ #is Wdoonkhendri vi ng
mechani smcan effectively produce a driving force. In addition, since they

hardly col i dBO*Wit-atdiGws dhehigier iddes scairpersappbesdds. fiasta result, |

the noi se of LiQHARRAY atdibetaBndC e WeeBRe byl reXaMiaerbodiipays, the
vi brating nechanismhas a vibration plate that has a side wall "di sposed in

the directi of? ofta KEToFbiR iadn tRAdVEL AR PBY t iR WFBELOR Hatatescafabl y

supports the sédetusl} Lhpthe.diractiqac@taihg yYbPLadd OngiJbuScnsince the -
supporting area of the side wall that the bearing nember supports can be
i ncreased, theiPEATpPatPlGepiat rewntisd Srablbpinpbiatesdllkovibratetal | y

vibrated. In exam @-e0bodi®RRba:sh Nt ¥ BLLAG MBEhIRLSM NS piackubri cant

i nter posed between the
1s 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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21 side wall and the supporting nenber. Thus, the vibration plate can be
snoothly vibrated. In addition, the air- tightness of each of the chanbers
can be inproved. In exanple enbodi nents, the vibrating mechanism has a

vi bration plate, a supporting nenber for supporting the periphery of the
vibration plate, a driving unit for driving the vibration plate, and a

| ead Wi re, connected between the vibration plate and the supporting
menber, for electrically transferring a control signal fromthe contro

unit to the drsiidengauni dnd THeS supbBeLiddandr@RE  Wirh8s| Sthd Rfi@gaakby noved
with the vibration plate and the supporting nenber, the |ead wire can be

prevent ed frofteh?eSRENGSI RREBRPLY i CHIFalicth a Wusiitiddeny edewPis. | n

exanpl e enboditAgntSesd R SHPROSE iUk, cHBANSSs Ras pa 1y.eR’ded groove forned
around the vibration plate. The lead wire is wired along the groove. Even

if the lead wire is integrally noved wth the vibration plate and the
supporting nenber, If tdi@mpead sMbcRliinSnwk | €dhin $ig atdhEeGldc®@niBmWhi ch the

di spl acenent anount qQf the s orting nmenber becaones |arge, nearly from
the center of@%He Yh%&P%PBnpggg?'e 3 CHRROTHUPE| BRTRSE 08 PRRPIEARIwire i s

| argely stressed,pdfighéry Sof £0sSéitraktyn i pray,ch tdeviggdun r gowi | |
break. However,. i.n exanpl e _enbodi nents, such a _ problem can be solved. In
exanpl e enbodiEHTd, fie VIGFBLVE | A Tdes ™ shalfed i'KeShel IBRECTEN a
accordance W idtweneenadvasRatbnoplihe arl @8eNtupgirenhiyOfendIr €ot S
provi ded an el ectronic device conprising: a heat generating nenber; a
plurality electrically 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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of chanbers containing a coolant; a vibrating nechanism for vibrating the
cool ant contained in the plurality of chanbers so as to pul satively

di scharge the coolant 22 toward the heat generating nenber; and a control
unit for controlling the vibration of the vibrating nechanism so that the
sound waves generated by the coolant discharged fromthe plurality 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 heat radiation fins. However, the heat generating nenber is
not limted to these, but any one that generates heat. The el ectronic
device is, for -exanple, a conputer, a PDA (Personal Digital Assistance),
an electric twapphndande, lyatt herdrkeinhnmaesergdanse W tdonarbhi diaspect of

t he present 'Onrventi on 1ther IS, roJ\C/i ded tjet f| ow generati ng met hod
conpri sing t Hes{EFSE8HHA4 1 tivﬁgrﬁ TR AntthCo Nt R ARHY Mekapialal ity of
chanbers eachsdhawibag aphepesiungl S@a@sst ogerpidagati vely €hschaioganthe cool ant
t hrough each of the peni ngs; and controlling the vibratjons of the

cool ant so tcf(:las[cth?(’)‘“ﬁﬁg %é?@s%gsnéﬂéltré@lg&’ toﬁegcé‘ﬁ‘B‘ﬁﬁﬁF drechar §88™ fromthe
plurality of atharbers weaken each other. |n exanple enbodinents, the sound
waves generated in the plurality of chanbers weaken each other. Thus, as
the cl ock frequencies of such as 1C chi ps as heat generating nenbers
increase, even if the heat thereof
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i ncreases, the heat can be effectively radiated. In addition, the noise of
t he apparatus can be suppressed. Al so disclosed is a jet flow 23
generating apparatus conprising a plurality of discharging. neans for

pul satively discharging a medium and wave form adjusting nmeans for
adjusting at |least either anplitudes or phases of the sound waves so that
the sound waves generated by the plurality of dischargi ng neans are

of fset. In exanple enbodi nents, the phrase "offset" neans that the sound
waves generated by a plurality of discharging neans are offset or weakened
each ot her partly of?t ®¥JRfolAmPLdiFegten FRS wiFth I9merabing NeaPes are

propagat ed. Thi,s wdef bRkipidl) ot bheberappli-edsih the dollcowag desgripti on.
I n exanpl e enbodi nents, the wave formadjusting neans is configured to
of fset the sotfidhWaVesCHeneddt edraddgtaopl ukis t y HeFeupschafl ndakans.

Thus, as the gdRektifd QQUEBET £5 Rt heatrLensr alddg BBALSLS suchnas an 1C
chip increase, even if the calorific powers generated thereby increase,

the heat can FREEEt Poety Theli kT rORéFedeYHIR 19/n THddiEFEI he noi se of

the apparat usc&prde sHppiessRdsoddie ¥RMEal ORm AdhNS), NG RaNSReeds to
adjust, for exanple, the %hases or anplitudes of the sounds so as to

of fset the sMdaRaTesCydher 4t&F by the plurality of discharging means.

I n exanpl e enbodi nents, the nediumis a gas. The jet flow generating
apparatus further conprises a vibrating menber for vibrating the gas. The
plurality of dischar giavgraeane eaeh fashapd opepraig athrowghpwdiatt t he

invention, 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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gas vibrated by the vibrating nenber is jetted outside the apparatus. The
wave form adjusting neans has 24 control nmeans for controlling the
vibration of the vibrating nenber. Since the control neans is configured
to control the vibration of the vibrating nenber, the sound waves that are
generated are offset and thereby the noise of the apparatus can be
prevented from generating. In exanple enbodi nents, when the distance of

adj acent openings of at |east one discharging neans is denoted by d {m
and the wave Igeng:tdti@fg apmumSmamq;:gemﬁgaé et urhyi opeotliciebBsgying. means i s
denoted by A nid f?’%lonl QL\.Ld<A12iss tisfied, Each of the
plurality of scﬁarog‘i r%l ANSTE S HROEIE S Uy 0314 V@8 ™ when t he
wave | ength Adgmstangomamm aﬁjmﬁjﬁgoﬁtthﬁzhambmls amplatumst okhe sane,
since the soun vvaveg gﬁner ated at the openi Ngs 9 ach chanber 0 not
strengt hen w PR AT host HART S FPRles tsﬁ}én €SP HE SPpar at us
can be suppresgethaplurehiag opatsichhegims n@aaerab@obm@\te, in exanple
enbodi ments, while noise is prevented from generatl ng, heat generated by a
heat generating rrenPer can be effeof; di at i,fion, noise

tiv I In
owi ng to the vibratibng onflp ar AEHT clmeél% ortrgﬁt $ 53& sf’gfﬁ n Hbegﬁf&onent s
can be suppr esised thBchEEndDESGH F§Iéln@}sla€¥d HylEaDBAWdEIGE&SyFog dikchdtg@ngl IS a

per spective view sh jet flow genera rat us acc %&vlngto an
brbodt ment - of " S5F eREt | et e Hg S5 oPERL B ouPRGRe Bhow ng
t he appar at usrsgfiewnin 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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in Fig. 1; Fig. 3 are wave forns show 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; Fig. 6 is a graph showing a result of the neasurenent of noise of a
jet flow generating apparatus using a sound pressure neter; 10 Fig. 7 is a
schemati ¢ di agram descri bing a conbi ned sound wave of the sound waves
generated by two sound sources A and B; Fig. 8 is a schematic diagram

! °F . L 1
descri bi ng a BBPhetEansohifl wFEoblinchéheotitrakadoesofgdher ¥l t8ydt wo sound

sources 15 AncddrB;sfid@ tBe adMts6DaMBESC idi AR HESE LBhfb1a tiEting
operation in the case that there are four chanbers. Fig. 10 is a schematic
di agr am showi APTREVE" fOf el Hibiaid ngaseiatat thRer@mst ¥avey ddadodhel sour ces

and their soupghergfodames ofaye: dinkf ererdhPRasesoidd b kel §pBa:3aRh show ng
cal cul ated results of conbi ned waves of 'two sound waves; F?g. 12 is a
sectional vi &#"sREWPRYVERGSSt TrPBwWengeatiagi ng apparatus according to

anot her enbodi ment; 25 Fig. 13 is a perspective view showing a jet flow

generating apparatus accordi ng to another enbodi nent;
: In example embodiments, when the distance of

adjacent openings of at least one discharging means is
denoted by d {m) and the wave length of a scund 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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Fig. 14 is a schematic diagram show ng wave forns in the case that, for
exanpl e, 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 c di agram showi ng wave forns of 26 the sound waves generated in
three chanbers; Fig. 16 is a table showing ratios of harnonics against a
basic wave in the case that a speaker is driven with its rated input and
40 %thereof; 5 Fig. 17 is a sectional view showing a jet flow generating
apparatus according to another enbodi nent, the sectional view taken al ong
line B- Bshown in Fig. 18; Fig. 18 is a sectional view taken along line A
- A shown virddign $1atdf;Fig. 19 is a schematic diagramshowing a jet flow
generating apparatus according to another enbodinment; Fig. 20 is a table
showi ng an exanpi¥ i f iSPEEsSReEhiYe Y18K GHavisy ap G¥HrRLT R ool unit is

adj usted atest RASI Gorf LEGHSICY Hf Il@%h(llaZ)lssgaabaéeal stortion conponents as

15 harnonic conponents are decreased; Fig. 21 is a schematic di agram
showing a jet fliig- éeﬁératﬁngphpp%m%nluiqnﬁn@ﬁélnng© aﬁo&her enbodi nent ;

Fig. 2% isua,56640.90ak nl')osg‘. gvg M galc@gﬁgé £ 92N8LA g@graftus

accordi ng t0 anot her e I8 sch |agran1shomnng
a sound wawerar:n the case that one jet flom/generatlng apparatus shown in

i Sur om show mo Bg 2604 Yo LEAUION Y 2P T e EhE nddbidibndiOnOmt 1€
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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wave form and a second conbi ned wave form generated by two 25 jet flow
generati ng 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 accordi ng to anot her

enbodi nent of the 30 present invention; Fig. 27 is a sectional view
showing a jet flow 27 generating apparatus according to a nodification of
the enbodiment shown in Fig. 26; Fig. 28 is a sectional view showing a jet
flow generating apparatus according to another nodification of the 5
enbodi nent shown in Fig. 26; Fig. 29 is a sectional view showing a jet flow
gener at i ngtlappaiatiusaaesogehathian anottheecsmeabfbeatj on of the enbodi nment
shown in Fig. 26; Fi 9, 30 is a sectional view showing a jet flow 10
generating appardtustaccordidR) & sPakbrhertéREi RBARCBECE RUaifsbsent

i nvention;a Hagic3kats fn safd icaRal tMhevs showing asi ghifloW:geneLating
appar atus havi ng one speaker; Fig. 32 is a schematic di agram show ng a. jet
flow 15 g&técatrrgtappdrd? us Hedwadiing to a nodification of the

embodi gent Showlkilgh h0:<3Q! sEbbiontd WA E SRUGTRLT & dlagram show ng a | et
flow generating apparatus accor it ng to a fodi 11 eation o e enbodi nent
shown i n Fieger32ingQafpgralils isscnrdénbatgednseodt anaddoddimewtshenkng an
sectional view taken along line B - B shown in Fig. 18;
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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actuator according to a nodification (No. 1); Fig. 35 is an enlarged
sectional view showi ng an actuator according to another nodification (No.
2); Fig. 36 is an enlarged sectional view show ng an 25 actuator accordi ng
to another nodification (No. 3); Fig. 37 is an enlarged 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
anot her nodification of the 30 enbodi nent shown in Fig. 32; Fig. 39 is a
schematic diagram showing a jet flow 28 generating apparatus according to
anot her nodification of the enbodinent shown in Fig. 28; Fig. 40 is a

per specti vegendmtishpowppgratpetaddowingener at mogi fppatiadrus fagger ding to

anot her enb dic{r.ent of the .5 pres n6t_ invention; Fig. 41 is a perspective

Vi ew descr?r%?ongmben&r 5BPFRat™ [ﬁ’sgagé Gf the jet flow generating apparatus
shown in Fig. 40rig.Fio® i42al Seat PEESPaSTdW 8hbkEWgSHONM NGy et 1 ow
generating apparatus according to a nodification of the 10 enbodi nent

shown in FIEH0-106 3PP IS afcudingriz ane eheshodi Figcatjaa of the

_ gener aty NGerdRRAMANYS s86GRAT nkgi%;_o hot her enbodiment; Fig. 44 is a

perspective view showng a jet Tl ow generating apparatus according to

“anot her nodi fi caticon 25f ishe "sastierddiviemt sbhedngia Jetg.f146; Fig. 45 is a
secti onal cj/érf‘evfa%q_g\ﬁd J}Q)ar}%%%llseascc%@&%gl& alll_:cl)tgierzllﬂ'c-bdification of the

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

. 80 embodiment shown in Fig. 32;

Fig. 39 is a schematic diagram showing a jet flow
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Fig. 46 is a sectional view show ng nozzles of a jet flow generating
apparatus according to a nodification of the 20 enbodi ment shown in Figs.
44 and 45; Fig. 47 is a schematic diagram showi ng an exanple of the usage
of the jet flow generating apparatus having nozzles that are bent (No. 1);
Fig. 48 is a schematic diagram 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 anot her enbodinent; Fig. 50 is a sectional view showing a jet flow 30
generating apparatus according to a nodification of the enbodinment shown
in Fig. A4%YerRSafiigg fibdrstassectdrarialy t emo siominogi fidLtidl ewvthgener ati ng
appar atus accor.din tg anot her. nodj fication of the enbodi ment shown in
Fig. 49; H .OC{%‘E‘GPg QUL t 1Y vi‘dW showi ng a speaker type 5 vibrating

nmechani sm used iFLa j48t iEl aWpgenesati g ERRALABWENg as Crdidig, 0 anot her
enbodi ment; Fig. 53 is a plan view show ng a vibration plate, an edge
menber, arffr$E A SPERRI AT USHaFrerdtng tandneier sabpdinersectf 6hal vi ew
show ng a preati RgvaR: pBehani smin which two vibrating mechani sms shown in
Fig. 53 ‘are symmetrically arranged. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
15 Next, with rdfigredéels @ PResnecbipawiawy ddsawiniysy apraettodiiment of the

o pr esent i ! igfl tVMel Eepefl%%sgéhgz?gting apparatus shown in Fig. 40;

Fig. 42 is a perspective view showing a jet flow
generating apparatus according 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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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. The \ilr.abiings aee@enh&mﬂ.&i&ndsﬁoﬁaﬁheﬁﬁﬁﬂﬁ&ﬂpﬂﬁed of acoil, a

magnet, and 30t o forth not % The vibration plates 7 and 8 are
oot | PSRN P ERBEA DS ARG PECH S TG RO AP BERE her of . 5

The casi ngscbhiasdt 12hdwk mchmihenss;11a and 12a, respectively. The
chanbers .|la and 12a _each are filled with a gas. As the gas, for exanple,
air can be usedFif- pParéFl%yse%tfl‘?f@zlzl"é§w18h<awgl@ madﬁegp@s'ég as apeni ngs

on sidg sWitRaRIngHed? 16851988 il 2208 I ou' & ﬂzf)\ﬁ@ XEBEQ gh, chanber rmay

not 10 have a plurality of nozzles 13" (or nozz es one nozzle 13
“(or nozzl &cEgyrding é@dﬁnqther'a§m§Wemﬁntn Fig. 1 and 2, the nozzles such as

Lhe nozzle 13 ajdgs0s0rd b UBKNOLRTAIINGS o[ INe,CR3LAg 11, and oo

forth, respectlvely Al'ternat |ve zzles suc nozzl e 13 and
SO forth rrelg ebmehbemedand Sd mo&me whbwn siit frEiees 5af; kha casing 11 and so
forth. Hole por%ions }1b and 11b are formed at, the upper
. ig. b sectional view showing a vibrating
10 mechanism 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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portions of the casings 11 and 12, respectively. The vibrating nmechani snms
5 and 6 are disposed so that they cover 20 the hole portions Ilb and 12b,
respectively. The vibrating nechanisnms 5 and 6 are controlled by a control
unit 10. The control unit 10 has a power supply circuit 15 that applies a
si nusoi dal AC voltage to the 25 vibrating nmechanisnms 5 and 6, and a control
circuit 16 that controls the wave forns of the vibrations of the.
vibrating nmechanisns 5 and 6. As will be described |ater, the control

unit 10 causes the control circuit 16 to control the vibrating mnechanisns
5 and 6 so that vibrations of air generated by the 30 vibrating nechanisns

5 and 6 ar® gbirzat (abtwenkened. T8: Yhersasimgsidldesand 223 8rgrdmde of a
highly rigid material such as a netal, for exanple, alum num The casings

11 and 12SAFBetErfrad Witk Forrekahpitde dlrettignguphthparidinecieprped shape.
The shapeshdraterials, openings, and so forth of the 5 casings 11 and 12
are the sane. Likew se, the shapes, nmaterials, and so forth of the
vibration plates 7 and 8 are the sanme. Next, the operation of the jet flow

generaging 10 a r stru r d [ ove wilJ be described.
- The control uni?ﬂ%b% %?3%3 %%ég%gﬁﬁgﬁﬁﬁgl%%%ﬁbgggngP% %ﬁ%r%ga'so as to .
si nusoi dalMegprechigtéyt hdhe Asambeesllh, andd 2aotarie areofilhel ehanbers |l a

and 12a increase_or, decrease. As th vol unmes. of the vjbration plates 7 and
8 vary, t%e&?sh’t erzar?a-‘fheigaﬁl’e‘iosﬁj%gm%fet Ré&*FIhBEME 9 a W&ufﬂg{lﬁﬁso vary.
Consequentdfynozflids $Br2aiTh4 Rltesaidpian g8 RPeat agkHOYode e rAeggl es 13 and
- -14. \Wen t@e vi bration plate 7 deforns in the direction in
of the casings 11 and 12, respectively. 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 may 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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whi ch the volune of the chanber Ila increases, the internal pressure of
the chanber |l a decreases. Thus, outer air of 20 the casing 11 enters the
chanber through the nozzles 13. In contrast, when the vibration plate 7
deforns in the direction in which the volune of the chanber | |a
decreases, the internal pressure of the chanber Ila increases. As a
result, air in the chanber Ilais jetted to the outside of the casing 11
25 through the nozzles 13. These operations apply to the vibrating
mechani sm 6, the chanber 12a, and so forth. Wen the jet air is discharged
to, for exanple, a highly heated portion, it can be cooled. 30 On the

ot her hand, the Tdrasiogs 1afardhe? wirbmaideosr aplighes ri gaAdhd carie1pr opagat ed
as sound waves in air. In other 32 words, besides air jet flows through

the nozzl e¥"93 3nd 1atalt FOTVEEPER oM S 1OPIPHE - viBEafrehng? dtesn? and 8

cause densez =ardrbhihéd Byt FeRSe:QinAld, hordiaFfned f4.00m theshambers Ila
and 12a to the outside. As a result, a sound wave as a 5 |ongitudinal wave

takes pl actiePrre IbBMNARSFe BREVFER oPpenings padisedioath ehéheoi se sounds
are gener at e pai nhy shHOALt hee ﬂ%zéaﬁ%.l?’l.f'ﬁgw%{'e, E%eslggragggs the forgoing

noi se, as show in Fig. 3, 10 the vibrations the v fron plates 7 and
8 are cont®dtdridlshyanfiese divmtsdl ofirilte ¥0bgetibatpldtesyibaad ifoaseof air -
generated .y Jhe casings 11 and 12 are of fset or weakened each other.
Specifical%y, the 'vi brations are controlled so that the wave forns of the
vibrations of the vibration plates 7 and 8 becone 15 the sane and the

phases t her eof cqme inverse. Thus,_since the wave forns weaken each
other, the noise Bt F&Sapfparattyr of the jet flow generating

10 ° apparatus 1 structured as described above will be described.
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 11a and 12a also vary. Consequently,
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 méchanism.G, 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

32




can be decreased. Fig. 4 is a perspective view showi ng an exanple in which
20 heat of, for exanple, an IC chip is radiated by the jet flow generating
apparatus 1. The IC chip 50 is disposed in contact wth a heat spreader
(or a heat transporting nmenber having a heat pipe function). A plurality
of heat radiation fins 52 is nmounted 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 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 heatordadi besDfed iads @t Asowes rasvligh thd hexabbsborungar y4| ayer is 33
formed. To rempve it, for_exa the vibrating mechanisnms 5 and 6

le, 1!
vi brat e sdjEEVPBrGF%%%%ﬁﬁétpﬁggﬁgfa?+?ﬁw9%j§ﬁér3t%¥ﬁ Hyranse A62%Fes 13 and

14 toward ddeecheatpdadicils 68 diPPBe £dhfed Firohl oM dHadesheibhermal
boundary layer. As a result, 5 the heat is effectively radiated. According

to an enbcdicmérRe &f the presiein. | Avent¥oilt.ag shEnAundEs @ ibrating
mechanissms 3G huasni P G2k rAld 1ac§'§.ch%ﬂle%@u%d%esﬂeé&ﬁéé‘ggﬁséhe number  of

casings such™as the 10 casting 11 and so forth are iIncreas or as the
anpl i t udesin pirtimiddrhr dlie ngimeciranidsnersgeheastefiaainlyafromgthechani sm 5
and so forth are EQC£§%SEP’ the fl ow anbunt of 'a conbined jet flow ow ng

to the vibrations of € Vi brating nmechanisns such as the vibrating

nmechanism5 and so forth can be increased. 15 Thus, as the cl ock

frequencies of |C chigs are increased, even if the calorific Qomers
generated thereffy SFBPTHET Ongpdng 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 apparatus 1 isdisposed so that the air jet flows of the 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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heat thereof can be effectively radiated. In contrast, even if the nunber
of vibrating nechani sns such as the vibrating nmechanismb5 and so, forth is
i ncreased or the anplitudes 20 thereof are increased, the control unit 10
controls the phases of the vibrations of the sound waves so that the sound
waves weaken each other. In other words, while the heat can be

effectively radi ated, the noise 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
t he 30 | enfyidmeicn the réndivieect,| dorofxduid o, adhatiierating retanasnthe heat
radiationfgin%_gZ agd so forth., 34 According to the enbodi nent of the
present i V&R SnYPET IR S AP &8s THPRADIRE dRtpfieEs smetatRtsoi dal |y

vi brated mndhkhgosolew MAKAS B & WafrSethe tHe 1S QURL A WRNESFiGAN sbe more 5
effectively offset than the case that the noise is weakened by two fans
t hat di scﬁé’regée'éifrl.owgi break feesinidaidvendrity lpgenput pata resmléne fan is

generalsl y 14l $¥ati § sMbgPbcbeverl) ffdaulbat o mute the noise with those two
fans. 10 Next, an experinental Tresult about the noise decreasing effect

using the jet flow generating apparatus 1 w |l be described. In the
i o e Rt U M
(M), f =46 thejnudiexretfersbdytiofg nezhbrssisS Aath 44 the vibrating
mechanism 5 and so forth or the number of casings 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




=3 (m ... Condition (1) In addition, the frequencies of the vibrating
mechanisnms 5 and 6 are around 100 (Hz) , which is an audi bl e range of
human. 20. Fig. 5 is a graph showi ng an audi bl e characteristic of human.
The graph is an equi-|oudness curve (A 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 sanme sound pressure |evel, 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 level, 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
fol | owi ng for nul2Fendingste fhe eppedimspopt the peepena inverhene p
represent ss#:he. §0URA sSRIE@RSH 18- {Bn p PR P e rﬁ%@%@&%;ﬁ@ﬁ@%s&sace sound

pressure (20 Pa). 5 Fig. 6 is a graph showmng a resu e neasur enent
of noi se B4 KFde seund gwvgenaratdffipedppahatsmird weivag carsdgndorpr essur e

nmeter. sTh %ﬂp I f th sur.enent . _of. the sound waves in a
frequencngg; P%Egg§%ﬁ%%?§gakkggec?beggg%gﬁ&e % ?éﬁsﬁ?aaﬁngadible range
of human. Hwn tagdifenenthd®) dikehgrgphashowsihseunde ppasslavieeyRht rat her

t han "noi se

. | evel".. Thus, the graph is t conpensated with the foregoin
A charactéf?é%ﬁ@ t FE B othe %¥b§§hﬁénﬁéegﬁyi%° ’ 66hﬁ%ﬁ£%t£8 in :
accor danceiMiftiulifte taughi b eciehaioasleekl 8hi €node NMRTLNS

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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Consequently, the graph shown in Fig. 6 represents that as 15 the frequency
becones | ower, the sound pressure |evel becones higher. However, the noise
t hat humans can hear does not al nost vary. The graph shows that the sound
waves nost effectively weaken each other at 100 (Hz). 20 Wen the di stance
bet ween the nozzles 13 and 14 (the distance between openings) is denoted
by d as shown in Fig. 1, and the wave length of a sound wave is denoted by
X(m, d< %2 ... Fornula (2) If the fornula (2) is satisfied, the
~following effect 25 can be obtained. In other words, the sound waves
‘generated by the nozzles such as the nozzle 13 and so forth do not
strengt hen each Igt ke 20Wot lip &b ODSt . § vumaMiamym} anpl i t ude, the noi se can be
al nost preventegﬂjron1generatin reason why the foregoing

ta

. Next, t
ef fect can be oBt&ined ﬁFPFe%%ng%djﬁg§%¥?%€BFe§%uﬁ% %%%Mmé¥ﬁiﬁpg. 7, the

di stance he{preeBntbheaoperdNthcel 3 Rhdt Beesbarberad ipand the opening 14 of
the chanber 12a is denoted by d. The distance of AP is denoted by h. The

di stance of BP is denoted by i. If Ih - ii is smaller than 5 1/2 of the

wave | gngth A ofrilghee SoiindyRaye ssIanelak ek iy S8ENthe $RULCESHALRNd B of the
chanbers Ila and I2a and t%e phases of these sound waves are Inverse, the

two sound AkaRessedakidre jeichl Ot BererTheny mipepgheuddf baingonsshods that the
e smal 1 F LRah ATt SR T gt RO hanEr st 255 mhadh-efReG <t anced
i s definedfi bhehsoumbnrers tihesef tewisoynthandyvesom doraieid W éAgs hen each
other wit ri]:ot{'{? (%hgpftwhq%ﬁiigu@n audible range of human. In addition, |
' 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 be 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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anplitudes. 15 This phenonenon can be al so understood with wave fronts of

t he 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. In addition, 20 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 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 positiorss tshatwnstnengs hem whthdihermxicedweanpind Weningccording to

t he enbodi nent the present invention, as long as the foregoing formula
(2) is satﬁpfegglet%éa‘@?ﬁp&%a 3pd Jthe RECRRAADET LTakbiesehdrethidfe not

restrictedis Jenbkdexgnyl e riehen stAR-AusPelr Ofs GRATPEESHY Sy 2, ThE the
phases of the sound waves generated in the chanbers are “shifted by 360/2 =

180 and t HE-SHEaBYCEt PENBR| it serptaddeB dar eI fvilbratiddist $maleve thanns are
inverted. r8su t n waves.weaken each other. In addition,
as shown |1'282F?5§% ‘IM‘\I’}\}’F@:nl%?:l E:gu)%:%gr?;g}eer 2OUI WBVEE IEhTE 5° P%Vﬁggﬂ‘,j if the
wave | engtimirged anphiltRides thef chhwbsound avaves 1genatdttéc phakhe chanbers

A, B, C, ‘ ne, the phas of the ve fornms of the sound
waves ge?ﬁgggégi%ﬁqﬁeag %%baer;esl V%‘ﬁ%e’B%g‘Fet‘f%go gﬁe"fa‘éﬁﬁw{aﬁ ©Phases of
t he wave fearaisothet he $euUndisayBs dgenar aief dHbWhensbaithersxifumnd B are

t he sanme ‘airlgni%r gfsw_lfl eﬂ fromthose_generat ecg |<n

is d, namely, |h - i d. Thus, d needs

10 to be smaller than the half wave length, namely d < A/2. When
thedistanceciisdefinedinthisnmnner,thesetwosoundﬁaves
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 frontlrepresents 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 < 172 and
the phases thereof are inverse. Thus, the two sound waves
weaken.each qther'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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the chanbers C and D by 180 each, the sound waves weaken each 15 other..
When t he nunber of chanmbers is n (wheren =2, 3, 4, ... ) and the wave
lengths and anplitudes of the sound waves generated in the chanbers are

al nost the sanme, the control 20 unit 10 nmay cause the wave forns of the
sound waves generated in the chanbers to have phase differences of 360/n.
Thus, conbi ned waves of the sound waves of the entire system containing n
chanbers weaken each other. In reality, Fig. 10 shows phase differences of
t he 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 resul For ehempgenbingad thavauibeF & e8eRbes b 2,s0okighd i ne W
Thus, the sound waves weaken each other. 30 When the nunber of chanbers is
n (where rPRASES T fhe sound wayes @RASTaRG Hnofheaghemieihezound waves
generated Ly ey 38 609BDEN b Sardy £rlknG; ARLI LI5S  LheT gl gre 2l most the
sane, -and the distfance of adjacent openings o J acent cﬁanbers isd
(m, the folbmRfiaty tep mava foamsbarsanvefted. d@s<a Atsult(mhe ddind .. Fornul a

(3) 5 I this. LA dh S bet ween openings that are the nost spaced
apart is X{ 2 (n -e%)%aghséﬁgﬁgihe wave length is sufficiently |arger

than the di stance, the conbined wave forns of the sound waves generated in

t he chanmbers weaken h other reqgardless of the positions and directions
B 88: S (S Phel thabeirury alfBPT  ERS e

thereof. In 10 ot her words. “sound waves
gener at ed Ay B, he, opedimgseohisdédie ighaRbensva O itk 8AGLIRIL tideg noi se of
t he appara{ys can be al nost prevented from

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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generating. 15 Wien three chanbers A, B, and C are used, they can generate
t he sound waves of that the wave | ength of each of the sound waves
generated in the chanmbers is A, the wave forns of the sound waves
generated in the chanbers A and B have an anplitude a and the sanme phase,
and the, anplitude of a sound 20 wave generated in the chanber Cis 2 x a,
and t'he phase of the sound wave generated in the chanber Cis shifted by
180 (fromthe phase of each of the sound waves generated in the chanbers
‘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 eachaabBes. i A3, a theShhbithdles aeibedayave fimdpecomgs, flat.
Consequently, the nuting effect can be obtained. Fig. 11 is a graph

showi ng. . éobithe ddiwhraseor tt 48 3ot oPsRringdest vidincefarhaibers of a

di stance dsf anqhpg £ROMBIAIRA O rothd) hNcliNGd WH9QUAY eXPeri Ment using the
jet flow generating 39 apparatus 1. In the graph, it can be thought that

the anplitude dn<th& ¥ertt call axi-sFoepnésends a rel ative value of each

paraneger val ue._| [ ase, _in. | t1on he _f.oregoing experinenta
condi t:’ion (1), tIﬁeQIf-l%PI%ﬁ%ﬁg%gec@)}\%?%%en%\%ggg doe%‘?nj\?eqsg%?lfag %]fga sound
wave = 34%hentsdt shaeqdeneyti fs A/{ 200 {Hg) .. .sifandhtiwrd 2endent his case,
since X =.v/f

cach 10 e RTEH EHaVe L ERATS R the Sietre hpITOE Hette
forms of the sound waves generated in the chambers weaken each
other regardless of the positions and directions thereof. In
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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1 (maximum) In other words, when the follow ng equation is satisfied. d <
X6 ... Formula (4) 15 It is clear that the sound of the two chanbers is
weaker than the sound of one chanber using one vibration plate. Wen
three sound sources are used, it is necessary to satisfy the condition of
2d < %46. In other words, when the nunber of vibration plates is n (where

n=2 3 4 ...), if the followng 20 condition is satisfied. d < X/{
6(n - 1) } ... Formula (5) 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 (n) , it is. necessary to

sati sfy d.appaXk2us 1.72& tlenprgphenibycdberd amsulgat( Zhaertile < X/ 6 = 0. 575
gi ven for a (4 In the jet flow generating apparatus 1 used
|n t he exﬁ@%ﬂﬁéﬁg mgb 3'rélﬁaéZ%X%?ogeRﬂﬁgePGFnﬁI%EQ?%BVQaHGEUQO (4) are
suf fi ci entdsy esahi §£t@ﬂeté‘:§) wher t hen shaRe$asal, 2€8. 2@tk 50 fer theof two
chanbers are the sane, if d satisfies only t he foregoing formula (2) or

fornul a (iPreBﬁénghﬁb@%rﬁWﬁ“§ﬂzé@néﬂtﬁﬁé ¢hhnbdrs faldowdng restricted. In
addi tign, dpgidibangsseniqnf, the two chanbers 5 is not restricted, and nor
are the shapes of the openings and nozzles. Thus, when the jet flow
generatlng appaN@ﬂQGlIY|gf &nﬁnuudjmaweaﬁ é#@ctmtﬁmx:ﬁhequeachaﬂlﬁg an

i nt ernal gfnerat¢§ghl 1 the relation of the positions of the heat
'generatlng neng and | Io&/generatlng apparatus 1 can 10 be changed
wher e necessaryInAshikessbé, @ihe®l 6Ctr QpiEs HeviTers (m). The

amplitudes of the two 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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can be easily designed. Fig. 12 is a sectional view. showing a jet flow
generati ng apparatus according to anot her enbodi nent of the 15 present
invention. The jet flow generating apparatus according to this enbodi nent
is denoted by reference nunmeral 21. The jet flow generating apparatus 21
is enclosed with one casing 22. The space in the casing 22 is partitioned
by two chanbers 22a and 22b. The shapes, volunes, and so forth 20 of the
chanbers 22a and 22b are al nost the sane. The chanbers 22a and 22b conpose
a chanber group. Openings 22c and 22d are fornmed in the partitioned
chanbers 22a and 22b, respectively. The opening 22c (or 22d) may be one
openi ng or a plwkeal thy Hiaepenshgss, Taed shagesthsézasio andmsergéort h 25 of

t he openi ngs 22c and 22 re almgst the sanme. The paterials apd .so forth
of the ca?gﬁgté%,sal“}?e \J/gb‘?a‘la?a}tdﬁfﬁreét8”1237,“%&“%80%%?# tJ?’i’rB'flltahéE] et flow

gener ati ngrappan@idls 432} #8Y MRpkheand AR ASoENasecRlmbdes ek fbow
generating apparatus shown in Fig. 1. Like the foregoing enbodi nent, as a

© vi brati ng*8gtReERaR smFldtGorexepreranaspeaker eytwechavlersn addition
a contgol junidy 2Qsthat CONIQA Sof REVERE AlHARA STBERARI §B AR gsAdnagl NCl udes a

power supply circuit and so forth that apply a sinusoidal "AC vol t age.

Next, thenopetati orfiofs,twheh|Qw jjet §emergriarg tibgampsrattvs 21ikavi ng t he

f or egoi g SLANELULE M 1d1RG Aeser et 06 ONLr Ol unbly 2 dei ves the
vi brati ng nmechani sm SO0 as {0 sIrnusoidalTy? vibrate € Vvibfation plate
27. As a gesdrbting hembetertiad rplassunest ahethssictiamsess th2anead 22b
al ternat el Y . . . :
generating member and the jet flow generating apparatus 1 can
10 be changed where necessary. Asaresult, 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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i ncrease and decrease. Thus, air streans generate through 10 the openings
22c and 22d. The air streans alternately flow fromthe inside to the
outside of the casing 22 and fromthe inside to the outside thereof. Since
air is discharged to the outside of the casing 22, the air can be

di scharged to, for exanple, a highly heated portion so as to cool it. 15
On the other hand, besides the jet flows discharged fromthe 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
openi ngs 22c 20 and 22d are generated fromthe front surface and the rear
surface ofindieicane yobeat sopp ) atecclSitheadt be sbaestand appayf arth of the
chanmbers 22a angfg b are e sane as those of the openings 22c and 22d,
the wave foIHE S &%s%ntPHaves are the same and the 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, wherf4He &St SREE2HI PRt K HetoféAVngeRePingnd 22d sati sfies
t he f_0r5egodg%gaxfa&ru@’iﬁﬁa_(r%)lg%ﬂ@ fHegditly s SN dNQURE, O HOARRILARUS can be
decreased. 42 Wen the jet flow generating apparatus 21 has, for exanple,
three or ridre opnbirali vy hr@ééhdnicves He yihvdtingaticbanieh 2heceabodi ment

sh_ovvn In -Fﬂcﬂsi&gso%&aflgﬁvgﬂgété l&ggsvf}ﬁ%tlggisfa%%'?t h?—\éavé Qré%%llgn pl at €s are
adj usted, the sound waves weaken ‘each other. Fig: i S a pefspective
vi ew showitrige anfetndl presgerer af ithg dppdreatsus? astdrdbrg te@nanel her
enbodi nent, of the .
increase 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 22c¢ 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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present invention. The jet flow generating apparatus 10 according to this
enbodi nent is denoted by reference nuneral 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 exanple, the plurality of 15
nozzles 43 and the plurality of nozzles 44 are one-di nensionally arranged.
In this structure, the sanme effect as the jet flow generating apparatuses
according to the foregoing enbodi nents canbe obtained. In other words,
when only the distance d satisfies the foregoing fornulas (2) 20 and (3),
the heat radi at whgnptagegatcaNobegeideatiingebypapathornechai Ifert he noise is
prevented fromgenerating. The present invention is not limted to the

f oregoi ng SERBBAF s e ‘Pﬁg‘toéﬁd”ktlk?ézlﬁtgé%%?ﬁaq%rﬂ‘?f giicdfisataphlied 25 to

various My fheabhRhsiRint e SKIPOG HRAL S 120l F el 1 ittheecashags such as
the casing 11 and so forth may have a sound absorbing nenber and a lid

menber. APhaske abihe v bieyrdaberard gaiexbepl dhegiaand WeBEScan be 30
used. Zhu he poLse t he apparatus can be further decreased. 43 In
t he foreggFﬁg gescr?p??%%r the shapes and materials of the chanbers, the
shapes of the openings, the shapes of the vibration plates, t he shapes,

materials, and h. the 5 vibration plates and the, driMing devices
_thereof are the%ggmsFLB waveT SR 1og J% $"t Re“Nave ?c%(¥ 2 W?he sound

waves genejeakedtihy atﬂjﬁr@ﬁﬁl%l QQSOﬁcﬁlﬁ(jle;oCQﬁﬂﬁeéas eﬁxbedﬁiﬁén’sa:m?tﬁéd t he
Phases o O eSS, 2B’ JUETLES: daieaARes and, s forth of
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,interﬁals-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 noz;les 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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the chanbers and vibration plates may be different fromeach 10 other.
According to the foregoing enbodi nents, as neans for controlling wave .
formse so as to offset or weaken a plurality of the sound waves each other,
t he di stance between adjacent 15 openings formed in a chanber and the

vi brations of the vibrating nmechanisns are controll ed. However, the
present invention is not limted to that exanple. Alternatively, the wave
forms can be adjusted depending on the shapes, materials, and structures
of the chanbers, and the shapes and so forth 20 of the openings. In

addi tion, the phases of the sound waves nmay be controlled. Moreover, the
anplitudes and frequencies of the sound waves may be controlled so as to

cause a plurality . of the sound waves to weaken each other. 25 In the
foregoi ng descr it ?%%Fofﬁgohﬁﬁﬁ%FCGFPBbBﬂiﬁg?fQFHFﬁbﬂ“ Ra&gth® thanber is

not menti @Fedhe! AsdRedks MM sARBAE NGS UMY oBenf REFPdhs Aetapdinget o the
f oregoi ng enbodi nents, as the 30 vibrating nmechanism a speaker is

exenpl i fi é@e THytaddProplaten §heaktapes: graeximiise, 238 PPHFORENE Srechani sm

using g 4ApRLezoRLAG %E%fﬁfi’ﬁ&ﬁr%)ﬂn?%{e\ﬁ@gs thd r2ddidieOfhe LhRej €1 flow
~generating apparatuses according to the foregoing enbodinents do not

al ways neddvwevehawe bong bedthierigavreéhams o the petehdaves penefited nay be
gener at ed \%E,ytﬁé'e?f!e‘%ﬁ?{g}soef‘){h% Rl 02 )L K§ 0001 S PYIR. ELQ 14 1S a
ng wave ft

graph sho orns 0O e sound wavés generated in two chanbers and
whose phas€sthe esahid atby 488.invAs:tedowthé nshdpesgaaphso sonce adve forms 31
and 32 as t %Srlslgambers and vibration plates may be different from each

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




10 frequency conponents are shifted by 180, they weaken each ot her.
However, since wave forns 33 and 34 of harnonics of the wave forms 31 and
32 have the sane phase, they strengthen each other. Vibrations having

har noni ¢ conponents any integer tines higher than the second harnonic
conponent, 15 nanely a fourth harnonic, a sixth harnonic, and so forth
strengt hen each other. Thus, the noise of the apparatus is increased. In
addition, as shown in Fig. 15, even if phases of 20 the sound waves are
shifted by 120 each using, for exanple, three chanbers, although the
vibrations of the first basic waves 45, 46,' and 47 and the second

har noni cs Bszd@8 ecandc3ieviaremaf flgetisetihe i bodttbos, athet et tiliowd har noni cs
38, 39, and 40 strengthen_each other. |In _other Pords,.mhen t he nunber 25
of chamber®NSEating f‘g%ﬁﬁt‘ﬁ%s VB 88s tﬁaﬂg’ﬁg ? conponent s

ot her t harenbddinealt @it GodlA wfylsStded thehawd BralHreRS ngfmddanisth har noni ¢

strengthen each other. Thus, it is inpossible to conbine wave forns of a
plurality Brte@fanbeprs Lovamay hedsicdadedtine the M5 %Réd OReRfed FOtRTof basi c 30
waves gnd Jdee @aseothepaapbi ned wave formof all harmonics. 45 Generally,

as the order nunber of a harnonic becones |arger, the anplitude thereof
becones small'er. Thus, according to the enbodinent, it is preferred to

trol th . ' ; liitude of 5
conLro e .sqund Y‘@‘f{g‘ssa thﬁﬁyﬁg@ﬁﬁ%ﬁ@%nﬁ??’%ﬁ% solRg ARl tude o

a third harmonic i's suffici n rea 'S characteristic
can be conrgirderneddas £wd chwsbeYhandte seoplsesd £ued shaftedeyfiget. har noni c
second  harmoplc, 9L A 0ar 1onLes, . g, Eharber, (sound source)
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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10 are 20, 18, and 15 (dBA) , respectively, nanely n = 1, the noise |evel
of the chanber is around 22.9 (dBA) . In this case, when a target noise

| evel is 20 (dBA), the target cannot be satisfied. As described above,
(dBA) represents a noise level in which the A conpensation has been
performed. This 15 definition will be applied to the foll ow ng description.
Wth n =2, first harnobnics and third harnonics are offset. However,
second harnoni cs strengthen each other. The noise | evel becones 21 (dBA),
which is twice higher than 20 18 (dBA) of second harnonics. Thus, the noise
| evel does.-not satisfy the target. Thus, according to the enbodi nent of
the present i nvEmered !yt hes candidridenr afimber ¥ bShappbned beAlckeugh third

25 harnonil%sr setrenﬁt hen iaCtht er, th%I sound waves of fjrst harnonics and
second harfom¢s &F8 BFPEbTuderHd STG e Deeaes paebis 18085(dBA) |, which is

three tinesdvirghay tdamelonbdBMendNis QI seefoMly 88tiSHi€S Re target. In
ot her words, when three chanbers are used, the phases of the sound waves
30 gener at¥hEHRS t4iidW EhaRBe?s mare shptlews by Therrerlditudssofa resul t,

the noise 4 evehdCRArREN DT £ dﬁfﬂﬂ%ﬁ%@ttl%agmgbf. t %EQQEFliﬂgy%g{l?fﬁ In the

exanpl e, although the target value of the noise |eve A) , the
f or egoi ng HhGirgstpsiatriQocan (BMonsiwkeired a5 Fslkowmi se | evel of a sound
wave generated in one chanber, may be designhated as a target value. As
ant her method for preventing a sound wave from not contai ning harnonics,
the speaker (vi hani hjemechamisnelcanf tBebEidst ienrmwirtile, asdeby@ power t hat
is sufficiently.l ower n _

harmonic, and Ttp&rd harmonics of one chamber (sound source)

10 are 20, 18, and 15 (dBA), respectively, namelyn=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. 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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the rated input thereof. Generally, when the speaker is driven with a
drive power close to the rated input, the ratio of harnonics contained in
t he generated sound wave increases. Fig. 16 is a table showing the ratio
of anplitudes of harnonics 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
(%9 (0.2 (W) of the rated input, harnonic conponents are decreased. 20
According to the enbodi ment, since the offset effect of the sound waves
can be obtai ned against distortion conponents, the enbodi nent can be
~applied toraauwe.brating nechanismthat distorts. Thus, an inexpensive

vi brating 25 nechani sm can be used because the specifications thereof are
not restricted. In addition, depending on the distortion ratio of the

vi brating nechanisehl UxMe8e, thee En@ftarGhamnders bercmhiehsgoi se is
decreased can be mini m zed. Thus, the power "‘consunption and space of the
appar at us legelbes 280(dhdor e doragoing noipediegefi 2% - A 8dBR b, wBéthonal  vi ews
show ng a 4 : ggg%r i ng r LRO: n nbodi ment of
t he prgsenﬂtseitan\x}é%tg%von. I g)tfl %85?1292 @%ﬁi%&%ﬁgg%g%% g:lfgen%ha oﬁg’l ine A- A
of Fig 17mas pe Bésignatedds gnalangeewvhdben 5 along line B - B of Fig. 18.
. The jet flow generating apparatus according to this enbodi ment is denoted
by reference nuneral 61. The jet flow generating apparatus 61 is encl osed
in a casing 68 Amvhbfert haydhers 62 avknddhg e whandes ssredanand

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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62b are conposed of the casing 68 and a wall 69 di sposed therein. 10 In the
chanbers 62a and 62b, vibrating nechani sns 65a and 65b are disposed,
respectively. The vibrating nmechani sms 65a and 65b each have the sane
structure as the vibrating nechanisnms such as the vibrating nechanismb5
and so forth shown in Fig. 2. The casing 68 has nozzles 63a and 63b that
15 pass through the inside of the chanbers 62a and 62b, respectively. Air
i s discharged fromthe chanbers 62a and 62b through the nozzles 63a and
63b, respectively. The vibrating nmechani sns 65a and 65b are di sposed so
that they . close opening portions 66a and 66b, respectively, formed in 20
the wall 69. Theridg.bnatang mrrhasi sre Gelrtibheat esew hiowihhea jeitanber 62a.
As a result, air is djscharged fromthe nozzle 63a. The vibrating

“mechani sm PR SR B APPPRRAFHR S9N HART Erpnohley epbedipengiaf s

di schar gedcd gradskatn9azbac 630, TQ. vibE gt ng. sechani s1e«65axapd 65b are
connected to a control 25 unlté%not shown) that is the sane as the control

unit 10 sHOMNY LanEifZyT % ofThREg ddnt r Bl9 udi’t iz ensedl onde viebriatkeny
Mechaniss s, fra1 AMEE5R Forihat ¢t herphasesq O3t the

vi brating nmechani snms 65a and§65b aréﬁ?ivertegggﬁgﬂ%ﬁékgéﬁﬁgﬁfﬁ'gs of the
vi br at i onsaadenddof e ehtibeewarmbineg(: Thalandiedtbingefechane sneedsa and 65b

Their or it atrente b T o St iR SR IR O8I Aechani s
65a and 65nsdmg 68 ratinggcheebans 9@ and a2 at Tiod chphdkes $hatanar e
asymetric | i ke speakers, they can_.secure 5 overall symmetry. Thus, the
vi brating %C%%Fgﬂgo%%iogﬂ%% ing 68 and awall 69 disposed therein.

10 In the chambers 62a and 62b, vibrating 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 hés 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 63a and 63b, resﬁectively. 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 vibratingznechanisnl65b‘vibrates air in the
chamber 62a. “As a result, air is discharged from the nozzle
63a. Thevibratingn@chanimn65avibratesairjj1thechamber

,62b. As aresult, air is discharged from the nozzle 63b. The
vibrating mechanisms 65a and 65b are connected to a control
325 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 therphases of the &ibrations 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




all ow the wave forns of the sound waves generated by the nozzles 63a and
63b to becone the sane as nmuch as possible. As a result, the quietness of
t he apparatus can be inproved. 10 Wien the jet flow generating apparatus 21
shown in Fig. 12 is operated,, since phases of harnonics as distortion

- conmponents deviate, there is a possibility in which the offset effect of
sounds waves generated in chanbers 22a and 22b deteriorates. 15 However,
.when a vibrating nmechani sm (not shown) is symretrical with respect to a
pl ane perpendicular to the vibration direction R, even if one vibrating
mechanismis used, the noise can be decreased. In this case, it is

pref err ed t2@tt hakitheiled erdraldirsicté onshapere iddaunameanddsitzei or shape of

openi ng p%&gions %nozzles) of aqne chanber forne% on the front side of the
vi brat i on Br&PEEABLT Phe RO ATe aiM oy oS 11t hBeovHerattihber forned on

the rear siedfahhenedfsa FhU%ESH Bee SOUAL INBRS:HBRNEMBL &M viBrhhese chambers
are inverted. In 25 reality, as a vibrating nmechanismsymetrical with

respect PJ3&°H| HhRF gErpRANIRTErcalo Like IRericontliey oT sACR e a _
Struct yr e oyl rWhi mdhelinkSt Baid, and vﬁbr?ﬁ?.@ﬂg meehgnﬁgrg gltsapragﬁﬁésb on a first

plane (for exanple, the front surface) of a proper er and a
second pl &ddopf bhe ewa@vyp| wrmshefr ¢he sonhdcedved) geheretktdabyottte i n paral | el

e 58 SOE £35S ke £80 BR3E 8 /By gle 0 o000
a soft r@ésia msudty ubdbe quierhbesscah the ailgedcatus addidd ampravédr st magnet
and a second magnet are di sposed on the first plane
10 _ 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 sﬁould 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 first plane (fbr example, the front surface) of a proper
flatn@mberahdeasecondplane(forexample,therearsurface)
30 thereofalmostinpmrallelwiththefirstplane,respectively,

can be used. As the first coil and the second coil, for
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and the second plane on which the first coil and the second 5 coil are

di sposed, respectively. Wien a drive voltage is applied to the coils, the
vi brating nenber can vibrate. The vibrating nenber can be di sposed, for
exanpl e, at the center of the chanber shown in Fig. 12. In addition, the
first magnet and the second nmagnet can be di sposed 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 menber. Fig. 19 is a schematic diagramshowing a jet flow 15
generati ng apparatus according to another enbodi nent of the. present

i nvent i on.edamplieq. plléhafesbes Sanf b tlske@ns, As0He 30 atf @éhibe S Bidort to t hose
shown in Fig., 1 and Fig¥32 will be briefly described or their description

will be omiTHEdCor2d o fePEY RMASRE - apPardfdsigtcor ittt o this

enbodi nentmdgnedenatied Hycdd elRMee AWEREAlpdSed Thechet eftowpigener ating
apparatus 71 has a vibration control unit 70. The vibration control unit
70 cont r ol&h thpbFet ey HeewannswirBch thise fir bk ardidn andnthelsagsnd 70 has

drive i gnal; 1SQULCES s4Bsad® %gg h t qr ignal s having
di fferent f%equenc?gé f%gfhéév? raﬁ%ﬁ"ngg‘%ﬁfgg%ggk%&glﬁgggf%%M/ al so has
a 'vi brati ewprddetdr ob tnei co¥bs, Hie vibratironmeoberotan wnbtas. camerol s a

vi brati ng i 6.. The _vibrat.ion ontrol unit 75 .h drive signal

sour ces eI bR e Sa i HeBleofr b sl e Ry Pl enRar ent

frequenci esf tioe thembat Bhatinnich rbghani SMrbaddheish,i ¥Re Fighalnageutces 72 and
havi ng the sanme basic frequency. The drive signal

76 50 genera e si gnal ] ,
Sour ces 7?%% 74segcé:ff5f§]F§HBFi.9%n 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,

25 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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signals so that harnonic conponents of the vibrating 5 mechanism5 do not
vi brate. The drive signals cause the vibrating nmechanisns such as the

vi brating nechanism5 and so forth to generate harnonics whose phases are
inversed and whose anplitudes and frequencies are the same. Likew se, the
drive signal sources 77 and 78 generate drive signals so that 10 harnonic
~conmponents of the vibrating mechanism6 do not vibrate. In this structure,
since the phase differences and anplitudes of the signals generated by,
for exanple, the drive 15 signal sources 72 and 76 are controlled (so
that, for exanple, the signals have the sane anplitude and phases shifted
by 180) , g¢meraticrsitdrenis bhvihe basesdweduericy fnwegkenceach ot her. The
drive signal sources such as the drive signal sources 73 and 77 generate
drive signals so that the vibrating nechanisnms 20 5 and 6 do not vibrate
har noni ¢ conponeTits . dtiveotdienanokdarces he3 sund manvas rat e basi e f requency
conponent s me%gfn each other. |n addition, since the harnonic conponents
are not gEHEFAREC (@ OPEROBEC  FREIRGISAY S @€ EhA BEPEREMSAsed. 25 In

addi ti an, rhdehAliaCisue sbeWibrafd 9. T7hY apRdvthei ol rdctwse shown in Fig.
12 can be conbined. In other words, a jet flow generating apparatus having
one vi br at Vi afiidce mechapisnanhias asahliet b xa bimat meshenhsmd} amdi t 70
connect ed 49 foQ@ﬁ-téﬂg@h@EbQQ A 1 RO, 4 D i ES]E%ealj_H?%?s%@%n%ioynd Waves
30 of basic frequency conponents to wea en 8ach ot her an ar noni c
conponent s"hmste amp betydernad ddeqlibusies heendiseané. 3l kehesapparat us can be

decr eased'dﬁj\r%' sggngf%%r%gs%gg!ield ger\é\lg.irgpe %rikrgns%!gnoglst Qg 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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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 result,
a second harnonic (200 (Hz)) and a third harnonic (300 (Hz)) are
decreased. 10 Fig. 21 is a schematic diagram showng a jet flow generating
apparatus according to another enbodi nent of the present invention. The
jet flow generating apparatus according to this enbodi nent is denoted by
reference nuneral 15 81. The-jet flow generating apparatus 81 has chanbers
Ila and 12z dppadessuchapbebs dda@remwbdl?2a, m crophones 82 and 83 that
detect the states (anplitudes, phases, and so forth) of the sound waves
generated by vibrating nechanisnms 5 and 6 are disposed, respectively. The

detected states mig. fxd shaek as @Rambumals Wiach W BighhOnogogHd ol unit 80.
The vibration control wunit 80 controls the vibrations of the vibrating
mechani smevRF &HrPre coptERat Ui he Kbl afdvEsegenier a etP tdriERFeneaken each

other. 525 £CHQhdiing dnddieRE00LIRBALN 1 & ¥eRpbheht BIR {100 cagbaAGL €T i sti ¢S
vary because of the aged tol erance of the vibrating nmechanisns 5 or 6, the

noi se of tHee Bpparafrirausasy ipd WedHehsedn Shacexanmd eni etophbned 82 and 83
are di sposggh (HQE Lhe They %él-le'&ﬁﬂn&%@ed@%%@i‘é%@%# 0¢,J0;¢r ophones 30
e Waves 0 P

82 and 83 can ect the soun the respecti've chanbers wi t hout
i nt er f er entreepfertdyec§ ol (Waves of a hesolhera chanber Barm@2i TR0 t he

VibratiOns(ég)flg%dvgb£ggkém%é¥¥§3yg %g%OS(ﬁg?)6aggndecreased.
10
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 -

_ l 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.
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be accurately controlled. The jet flow generating apparatuses 1, 21, 41,
61, 71, 5 and 81 according to the foregoing enbodi nents are used to

di scharge air to a heat generating menber and cool it. However, the
present invention is not limted to do that. For exanple, the jet flow
generating apparatuses 1, 21, 41, 61, 71, and 81 can be used for nmeans 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 opening faces a nozzle (opening portion) of a chanber of the jet
fl ow generating apparatus according to each of the foregoing enbodi nents.
In this stfhystutbe vikherstdonai of HHhedisbhat yeg mecbeni ses jetnfll ®wagener at i ng

appar at us S 0 fuel fromthe intake opening. Thus, while
t he overékiag%%ggg?ag ?§QE6$%Q¥£|nIy structured than the case that a fuel

is supplied with an axial flow fan, the same power generation efficiency

as the case that_the a flow fan is 20 used can_be obtained. Fig. 22 is
a sectional view $héfir r#gloéi' ?%’?elﬁ‘bwg GBREF AP dppatatids Sbcdiding to

anot hes erdhedisTeatcotdife tPraseMordavanll eRbodinddtss Al fls@W @enerating
apparatus according to this enbodinent is denoted by reference nuneral 91.

The jet fIGFCIGEREr 81T nkC abgiradt FErerakasgt enper F1bwagendrating

appar at us g ehawn dHe Ewseé@mwﬁéfoﬂl ek OV GENGE BLIH0 130 aPRaLat uses are
denoted by referénce nunerals 121 and 221. The j et f1ow generating

appar at us@(amieant;ht?zﬁta]féogcgeneratlng apparatuses 1, 21, 41, 61,

71, and 81 can be used for means for supplylng 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 intake
opening 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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substantially the same. Controlling portions 120 and 220 <control vibration
pl ates 127 and 227 so that their vibrations have al nost 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 direction shown in the drawi ng), the vibration 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
drawing). In addition, while the vibration plate 127 noves in the _

di recti on FHPSiHEHaLRE thaneimer eSonteodl ing dvartions1228 andr22&es (in the
upper dir i i _ i ' i l,at e .227 noves of
t he vibr at%ﬁ%&ﬁ%ﬁg{%%&bﬁ&% %\g?ﬁ%g%?%% }Yﬂ;}?%%g%gtxﬁebr hner pressure
of a chanbwve2R2aodéc thasesnd i amghicudeethedsaeet frommsiewy andt he drawi ng).

The speaker_type viprating_nechani sns suc the vibrating_ nechanism 125
and so for%qyggigda 6%%% i ¢81° '?¥1W9535re£%§§?tES'YH%r@?H?hgﬂSEedirection
of thesvi brzt b@ncipd atibra2¥ng e Geiilsinone s Maee¥oic e neodi re@rtdonnand yoke
portion aquwgfgnnelrical with respect to the vibration direction. The
pressure dIFfEr ERE S BET RESETHAFHET 123155 \wAi TPk drcKreasepbtidt £BA of the

vi brati on phaire gl2éct Soh AHIRM LRABKE NE-28 ) ESEHE evfﬂzfafﬁro%ﬁgﬁa% the
chanmber 122a. \Wave forns of the sound pressures generated by the openings

122c, 122d27298cthe Fhlrabing mechandnot2th ppveefisr sheedimantisirsig3a, 83b,
93a, and ; ' T | iyt d . h th
2 and 33k [REAGRLLSIYss e BTRIdHAARS Sf2d BERE.SOUNG YRS have  the

rel ati on. of wave form 38 > wave form orm wave form
93a. WMHen uriperwdicefoion BBanand 8Be dwaiing). 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 inner pressure qf 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 fofmA83b > .wave form B83a and waﬁe 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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conbi ned, a conbi ned wave form 84 (first conbined wave form 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 other. Finally, a flat wave form90 is generated. The first conbi ned
wave form 84 weakened in the chanbers 122a and 122b and t he second

conbi ned wave form 94 weakened 10 in the chanbers 222a and 222b are

conbi ned and weakened. Thus, the noise of the apparatus can be further
decr eased.1FPgnepategd P‘-|1g1}ew'£§es Hevera theswate (fforatﬁ Rypendnd agbout t he

ebodi Menteon:Gea? SBANENEWANS LOLILAT (2 ROUNEM BREHLEve IR i) Lhe case

that only the jet flow generating appara us e jet om1generat|ng
apparatusagﬂgegeuseddan$1mwatthhecodtrwbtﬁnequaﬁoyand 2@@cﬁhnyoun ot her

wor ds, q: 23 EQO@B the first c ned Qr m._ As |s clear fromFig.
23, since ST BrarTihyt 1@H§ﬁﬁ§ %ﬁ?% R ¥60fd wave 20

i's not 5perﬁcﬁ:®t$5/aﬁcﬂa:ﬂ'1e d:ebcganc?éoxﬁliﬂm\éd hee fﬂdr&tQA;Qé@k@@daw\tﬁ:hftem 84, the
second conbi ned wave_form 94, and the final conbined wave form 90
gener at ed HhPehE | 8t THF bW IEN T 1Y ASparBeE_Eed421 and 25 221. The drive
frequenci es of these signals are 200 (Hz) and the phase difference is 170.
As shown in Fig. 24, the conbined wave forns weaken each other. The sound
pressure of théheifiastcermringt vave ftronh4 ceakenadlin thegthambgrsof each

combi ned 1aye LRy nfl]22|bn agagthg?semﬂgmb%e SVL fu.“_lfa %@%ﬁéﬁeﬁgdand
relative p ases of soun pressures gener ate
10 in the chambers 222a and 222b are comblned 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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fl ow generating apparatuses 121 and 222 are considered, the 55 present
invention is not limted to the unit of the graph and scale val ues shown
in Fig. 23 and Fig. 24. Fig. 25 shows a noise spectrum of the experinent.
As 5 shown in the graph, it is clear that noise is decreased by around 20
(dB) at frequencies 200 (Hz) and 600 (Hz). According to the enbodi nent,
when the di stance between two openings that are the nost spaced apart
satisfies the 10 foregoing formula (2) or formula (4), there is no portion
in which the first conbined wave form and the second conbined wave form
strengthen each other. In other words, the distance between the opening
122c of therdrdrnbénvericanid rdke ldpanedgto Zhedinift phethechanpehr a?22b needs to

satisfy th%af%%‘?ﬂdé%f Fﬁ%wﬁoiﬂuﬂ“ﬁﬁ 2Q3 oarncj Qr .I a%(4) . Al though the

structure o e jet OW generating ~ apparatus 121 is the sane as the
structure of the jet flow generating apparatus 221, their structures may

be different. 20.. W the structures of the t appar atuses are different,
Phe . phasee.” aniie uds SHEHR & HoF5P TP HUatA 6T BAEP OISRt s 0 "Phat | the

final conbimee iaventograpeakiens.s Eheapethit awigenecabiédgeanbat us 91
according to the 25 enbodi nent has two casings (121 and 221).

Al ter nat i v&InG K@ (98 PFOW%@W%?%&%#&Z& 889990%aiHave three or nore
casi ngs. The foregoi ng description does not nention the nunber 30 . of
openings forned in the chanbers such as the chanber 122a and so forth.
However, many Oﬁg?ﬁq—q@g_qgayo bhefesagimesd, when the distance between

two openings that are the most spaced apart satisfies the
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.
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In the foregoing description, the phase difference is 1700. However, the
present inventionis not limted to the value. The phase difference can be
a value with which the 5 noise levels of the conbi ned wave forns decrease.
For exanple, when the phase difference of the sound waves is other than
170, the drive frequencies thereof can be controlled so as to decrease the
noise. 10 In addition to the jet flow generating apparatuses 121 and 221,
anot her sound wave generating neans, for exanple, a speaker (not shown),
may be di sposed. Wien the sound pressure and phase of the sound wave
generating neans are adjusted, the noise |evel can be decreased. For
exanpl e, when 15 a sound wave that has an inverted phase of the final

conbi ned wave f thgﬁﬁﬁﬁ%ﬂﬁgigeSgﬁiééﬁ%ﬁ??ﬁ%bgg‘de&?g speaker_unit, the

. ¥ ce 1.5 .
noi se |l evel of the ¢C e can etT 835687 TR t'he f or egoi ng

descri pti a0t henanidireat,i @Reppidasnt A venehoasis heotvilbhate@neplde 127 and

'so forth are driv with sj. waves. Alternatively, the vjhration plates
such as trﬁéiQﬁ‘brgg?cﬁPﬁﬁ%ﬂdi%%??eﬁﬁa SN 1% tth e eb et HR i RIS si gnal s

of whi gh trhel sousek MayEShgenaiahed Wivd Reris Beatbese Pl abesexasipaRk ,as the
vibration plate 127 and so forth do not contain 25 harnonic conponents. In

this case"ihddet ReRES & ifgenrar Rbnkke cinprhaifresi &stpiesoiRdwaves
generat ed -l Nend ikl PYCGRNRIALL 19,3003 BLISES cLal BRE.4%k, Lhe noi se

decreasing effect Is furt er inprove hat nmeans e peak in the
noi se | evelio glecageseHehe shoiwe i n Fig. 25 di sappears. 30 Fig. 26 is a
sectional view showing a jet flow 57

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. Altérnatively, the vibraticn 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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generating apparatus according to another enbodi nent of the present
invention. The jet flow generating apparatus according to this enbodi nent
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
vi bration plate 145. The 10 rod 185 passes through a through-hole 172e
formed in the casing 172. The actuator 178 has a yoke 182, a magnet 183,
a coi | 184eramdtingfapparatscentooiiinmittc a0t appleinbedioentextampke, an AC
vol tage tq_the goll. Af.a reﬁglt, %hg coil cauyses the rod 185 to nove in
the upper PARASPoWSFVET T 1 0Age15°5hohR" | FE1HS RgaTe&biSequently, the
vi brati on gelcatr@itdSo ¥hbs aremdiker ideenoheatlphepkabicd dameir-bnat es,
nozzles 173 _ and 174 alternately generate a jet flow |In addition, the
nozzl es 178%and™%iefenciapanerat spUREPRasEuR A nkes fert b fRases. The
sound waveas,weakeng eath HalhehamBOrACCRs i 19258 £PPOMI®RN Ly §i NCE the
actuator 178 is disposed outside the casing 172, the volunmes of the
chanbers ¥ViPgaghanigbpredtbe Ahndstuaher shife.that whbratesatir 178 were
di sposed ingi.de - i 172, 5k agct o] 7 ukd remain in
t he chanbg?%%%géggﬁpl72LgQFfE%hgbgﬁé?géiéﬁg%ﬁa aggglﬁ%ga%%éﬁv¥gr%ted inthis
state, a hedgtlhb af thstacrammtonolil 81ibecinechargedthdAsibratsah plathe heat
radi ation paci,t wul d_d riorate. However,..accordir o] e
enbodi mantlfag‘t ﬁ%h%ia§§H€£ﬁfa§Z§c AV pe bt W\é{g’ration SP4EL "as ® khE
10 rod 185 passes through a through-hole 172e 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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30 Fig. 27 is a sectional view showng a jet flow 58 generating apparatus
according to a nodification of the enbodinent shown in Fig. 26. In Fig. 27
to Fig. 29, nenbers, functions, and so forth simlar to those shown 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 that absorbs a lateral vibration of a rod
185. The absorption 10 nenber 192 is conposed of, for exanple, a bellows
menber. Alternatively, the absorption nmenber 192 nmay be conposed of
flexible- re&siara@lingubbmraﬂ'm ahsqunigomrmnhecﬂiﬂ.&i?amim osfumpeess t he

| at eral vi bratcf ;on the ro 1752 galjf }; atl éngjhe vi bration
plate 145 KU rBs T h8 v PBr ati lBr Slgca 6Py vi br at ed.

| f the rodeul®iiohat edral by Aertthas Beh 12 ﬁ@lﬂhol-:%‘]sw ﬂn@ﬁ@t agé waiyoke 182 and
so forth. As_a result, a rubbing sound would generate. In contrast,

accor di ng 7% PEAEE B T Tassh °Ts iRRin Cilefﬂﬂﬁ%’gfr@auﬂﬁlld?%é“ﬁ%&ﬁ:eéener ate. If
a.latemal vibration takes place, the 20 vibration of another node that is
different fromthe basic vibration wave tends to generate. As a result,
harmoni ¢s  gener'@ejesi ftew t SNt Ho @@phaeéu@ cadeomligyr dosétiias

descri bed ;gbQ¥8 cakloh Sy Mci&fdu%yt QePé ?‘rj{t)k%aggdl ZSt hﬂg%nhel;at erally

vibrating. 25 I'n addition, accor ngto I'iren
flow generating apparatus 111 has an absorption member 192

that absorbs a lateral vibration of a rod 185. Theabsorptioh'
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 vibration plate 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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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
vi brates, the absorption nmenber 30 192 can prevent air froml eaking from
the casing 172 through the through-hole 172e. In other words, the
absorption nmenber 59 192 also functions as a seal nmenber. Thus, cool ant
can be effectively discharged fromthe chanbers 172a and 172b. Instead of
"the solid seal nmenber 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 nentl9%2hewnoi Aufigioc?$. asllze spell. hemve genenhatki ngodarappamnabds accor di ng
to this nodification i.s denote reference nuneral 121. The jet flow
generatin§g§66§F§?g¥'f?ﬁChﬁﬁgagzgégiﬁ&el?ﬁﬁm?ﬁrfr%?%%§?ﬁb1f?§; beari ngs
105a and 105b for a rod 108 are nounted. The bearings such as the bearing
105a and so forth are conposed of, for exanple, linear ball 15 bearings,
flui d bearings, B tERE Pf Kde FRéifctpargmephssek?2 t Br vijgres ¥ilbidti on plate

- it h :hol 2f f d
145. - 1g a@@'atl'IE’é’hbélh_;e_hég%eaﬁ%5th@@ﬁ§§ﬁgﬁ—ﬁ9i’%tl7§etnlfgfggg?ﬁl%%ogegi? orme

in a chanber 172b side opposite to rough- hol e e bearings 105a
and 105b are disposed in the vicinity of the through-holes 172e 20 and

172f, respectively. - ,Thi t ur.e .usi. bot h.the_ bearings 105a and 105b
can nore suppregggfhégl%?e?a%éﬁﬁﬁéﬁﬁﬁ 3&%%6 %Pﬁén?o% 15 %ﬁé%ﬁ the structure
usi ng onl gebheabéayiappalt@bas ackerdingsd dnother nodi A8, tciaoh betBEéabl y noved.

Thus, the ihration plate 145 can be effectively vibrated. In addition, 25
si nce theeP§881§%n5x§%#%% ¥t rﬁQUngﬁsid%b?c9q9u§%§ﬁhgﬁn§FﬁEl%ﬁ

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 casing 172, the volunes, shapes, or the like of the chanbers 172a and
172b can becone the sane. Thus, the noise of the apparatus can be further
decreased. 30 Wen 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 showng a jet
flow 5 generating apparatus according to another nodification of the
enbodi nent shown in Fig. 26. The jet flow generating apparatus according
to the nodification is denoted by reference nuneral 131. The jet flow
gener at i ngtepparbeed 72130 hagichahbbr sy FrRacdrdialingl.a gap tiegwehanbers 172a

and 172b, AQ i,RES 6 f.or._.a rod 185 ar.e snounted. Unlike the
j et flom1gene?gg{gggaS%grg?%ggTé%gghg%ﬁaiﬁngaéégﬁg ﬁﬁ%?j et flow
generating apparatus 131 does not have a through-hole 172f at the | ower

portion of 'the gﬁ@}ngg The jet f]low._ genera ing apparatus 131 can have the
same operation 1% % Peft SEETIMRAT S GNCYERGratity FParatus 121. In

Fig. 26 anrgrkr@tidd dppadagusZcorditgl cdBabeic MRydiPeciisposednkn the
t hrough-hol es such as the through-hole 172e and so forth of the casing 172
t hr ough WHERAREN 0ane8s Hadsiks. 220 THiR, &} fdevt HeNPRABENGI r- t i ght ness of

the casi NGdps raREO%EHdord HRP! ANt A hoRE reEbesth VAl Yudlictehagpged. Fig. 30 is
a sectional view showing a Jjet flow generating apparatus according to

anot her efsdgreaee pinehal DH.prikentet flow generThing etprfdrewugener at i ng
appar at us 13qGr dLAGNL O § 752 SRROGIJENT 1S rdenohed v T4 SL 8955, nurer al
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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201. The jet flow generating apparatus 201 has an upper casing 202A and a
| ower casing 202B. The upper casing 202A forns the contours of chanbers
204a and 204b. The |l ower 30 casing 202B fornms the contours of chanbers 206a
and 206b. The casing 202A and the casing 202B have al nost the sane shape,
61 size, and so forth. Nozzles 207A, 208A, 207B, and 208B protrude from
the chanbers 204a, 204b, 206a, and 206b, respectively, in the casings 202A
and 202B. Speaker type vibration 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 a driving unit for both the

vi brati on sEnerrad rg deviktes N2G5Acan@0285B208A di 3Pisedrite2@8&n t he upper

casing 20 and, {.he | casi 0 Th tu r 203, i conposed of a
magnet 20%?,— a ﬁ) g@%ﬁ%aﬁ%&%%%“@ O%%’lgbg%ft%?dg%%bm rol unit 210
t hat cont rictspetdid veillgy at hotise ofas idwes \ddPratandn2gener agaageadeiypes 205A and
205B is electri.cally connected to the coil 203c. The vibration generating
devi ce 205%%{53t1£nf ?éﬂ%riﬁgﬁg IGF a0vPpred i B PaEed IR HO UM ed t her eon
t hr oughs ancredgepefreabeng 205A. arfl £haTRWE3A i ¢4 drd Soact frough- hol e

202Aa fornmed at a | ower portion of the upper casing 202A. An air hole
‘portion 2Pp3cFeater wld thet e ¢ iy ipgamnl terderidr thenbrraimR has

fl e_Xi bili tdér@ra@:'iﬁ%&iéizii?dés A ggtg%O@%@se&iggo_géééei:§egEQ%eQIppefror exa_rrpl e,
resin or rubber. Apartition nenber 212A is disposed in the Upper casing
202A. The ca5dngi £Poh anshtbde 29RAr forsindg RE2Bharfier sc20480anPP2G4b. A hole
212Aa is f t r t he rtLt.Lon menher 12A. The frame 213A
RN T R T SR

; 10 forth. A control unit 210 that controls the vibrations 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
2122a. '

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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25 is nounted on the partition nmenber 212A through a vibration absorption
menber 214A so that the frame 213A covers the hole 212Aa. The | ower

vi bration generating device 205B has almost 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 vibration generating
device 205A, the vibration generating device 205B is di sposed above the
hol e 212Ba of the partition nmenber 212B so that the vibration generating
devi ce 205B covers the hole 212Ba. 5 -A rod 209 passes through a :

t hrough- hol e 203ba of the yoke 203b. In addition, the rod 209 passes

t hr ough t elbrairieughl ot 651 1202 Aki kad-h202 Bara then gede288ing «zorinect ed to

t he vi brat. plate .211A.and t he vibration pl 211B. Thi 0 structure
causes theéﬁ/\}‘kﬁ \%ﬁ%r‘fa%ir(?r?lﬁpa?%nezrflt&ngn%ie‘ﬁi 2@}33 tHh é@PSF?é iUfate. The
upper casitig: 228 Rs2bar sedese phwdi dike wehuee ofopthe whanhere 204a is

al nost. the sane .as the volunme of the chanber 15 204b. In reality, the
upper casiiPAIERY 9ePEFABHNS A HHe (Ao BnEPYRES okbe HePtowedrBehanber 204b s
I'ar ger st han that of the upper chanber 204a by the volunme of the vibration
.generating device 205A. The | ower casing 202B has the sane structure as
the upper casing Z@2AZ202ragsas thireugper attitomobi-hohe pe3bd |dwthener ati ng

apparatus 0% BAULNG D& dOrag0) nGLs! LUGtIEE YiddePGn, AT LRSI When the
control unit 210 applies an vol t age
through-holes 202Aa and 202Ba. The rod 209 is connected to
the vibration plate 2114 and the vibration 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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to the coil 203c, the rod 209 noves in the upper and | ower 25 directions
shown in the drawing. As a result, the vibration plates 211 and 211B
vibrates in the upper and |lower directions. Wen the vibration plates 211A
and 211B nove in the upper direction shown in the drawing, the inner
pressures of the chanbers 204a and 206b increase. As a result, air is 30
di scharged from nozzl es 208A and 208B. Since the phases of the sound waves
(in particular, sound waves of basic 63 frequency) generated by the nozzles
207A and 208A are inverted, the sound waves weaken each other. Likew se,
since the phases of the sound waves (in particular, sound waves of basic
frequencyﬁﬁgam@nawédﬁmwramedduzzmesozeIBsaﬁdAzﬁﬁfzaﬁkaEBMQm&edﬁdS t he sound

waves mea&&& each ot her. Accordi Hf the odlnengg th i se of the
@ theor.

appar at us " Can Be Yeltesss eneﬁc 5 on, & ?ﬁ%?%ﬁﬁ? 2565 and four

chanbers arfe tihesposed, w$$ﬁsdtﬁcﬁﬁ&gﬂcaMEﬂptsﬁﬁndﬂﬁadﬁﬁ1o&ObaalbncreaSEd with
a small electric power and the cooling eff|C|enc¥%can be inproved. In

addi ti on, HEQHFEFKY FEFrREEMOHIFBAEZLSTF ROEBIERS 2 04 arremyersedisA and

-+ 215B ake dihgPesafa watss aledidH @ald@nstndp, of the vibration plates 211A and
211B, the rod 209, and so forth becone weak. Fig. 30 shows a jet flow

generating apparatus using a conventional speaker 235. The speaker 235

“has a frame 213Ac@o¥ﬁ?ﬁ§tﬂoo£h@leﬁfagdgr&ént ag%g%%eis @Eﬁe%i%&rg%ﬂg a dunper

236. The edge nenb and the du are di'spo etween the
franme ZISGandbeh@eww¢ﬂ%wionIpl@d@aeﬂﬂ1 shnceonneaa¢tuaﬁur12@B Bhdw

JSner At NG PP A £ At T9P8 00 a, MRE%I DG AP EhoGRE of f1OUgR the durper

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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to prevent the apparatus fromlaterally vibrating, since the vibration

pl ate becones a resistance against the vibration 25 of the vibration plate,
it consunmes an extra power. Thus, when the dunper 236 is not required, the
vi bration plates such as the vibration plate 211A and so forth can be
vibrated with a | ow power consunption. Wen the sanme 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

vi bration generating devices such as the vibration generating device 205A
and so forth shown in Fig. 5 30 and their di spl acenents were neasured. In

t he speaker 235 _ and the tion er at devi ce t he. sane magnets and
same yokes havi Ag® tﬁgrsarrg 2& ewaa%a%? h% %Pgag%o&%ﬁgow& ze of the
vi bration ipl atig. Hﬂ&rmﬁhéhﬁﬁﬁﬂicﬁﬁgbhéeriﬂg Aevildee sh@e f thBe vibration
plate 211B.. The di aneter and wei ght 10 of each of the vibration plates 211A
and 211B WeP&&ioHneenr 2 mg) dﬁﬁHC%WE(}'g)andr B perttihvahgyn 141 FRPs condi ti on,

the agpl lstwalledqfhetltaailvs;&ra%m@ﬂtgl@é& ﬁé&séméz\ﬂ R tﬁiegslﬁééka@zs% 32 (mm

(vibration amunt was 1.32 x 2 = 2.64 (nm)) . t he ot hand, in the
structureaélﬁ’oﬁhelﬁlﬂﬁtl%‘&geﬂﬁéaémglcﬂww, lthe $suyinmanstonaphat e 211A

was 2.26 G %om 8y thw%ﬁegﬁlkéra%em@ﬁapn% %&.‘P. Ont hgngtructure

shown in Fig. 31 was used wt e sane Si'nce the
st ruct ur e s¢kewnfithe I?iigraaﬂoma:slattwommnms theptatess the wffd ofency
thereof‘i%hquﬂgl8gthev1bratlonplate21lB The diameter and weight
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 2-2 .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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I n addi tion, according to the enbodi nent, since the jet flow generating
appar atus.- 201 has one actuator 203, the apparatus can be mniaturized. 25
Fig. 32 shows a jet flow generating apparatus according to a nodification
of the enbodinent (jet flow generating apparatus 201) shown in Fig. 30.
The jet flow generating 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 will be omtted. 65 A flat vibration plate
221A is nmounted on an upper casing 232A of the jet flow generating
apparatus 231 through an edge portion 215A. Likew se, a flat vibration

plate 2218 5 i s jrounked; 8.2 Lover , 255116, 3328, Loyl a, edge rember 2158

A coil 203c is nounted on a mounting nerber & moutit i NG S menber 226
and .a rod @20irgy 232brrfechedietTidowakn2?B tiiag QapHteat:ed28D theughbr ati on

pl ates 221A and 221B .t hr gh t_hrough- hol es 232Aa and 232Ba. Thus, as an
2 GRS IPTHOR ALA od BFEVREe iy Eda E AT BF LA SR LAt 2P0 at | on

actuator i's
pl at es 52214 matAt22 LB 4 DbegE Aldshng B3 AE @hrdBgS andifenbiigesIBRLI Y Of the

] et fIOM/agnerating apparatus 231 is nore inproved than that of the jet

f 1 ow generafPhy Z85Fatafaended B Rrurking gemper 236 RbeIWUSTinFe appar at us

can be funidhgferdeckeasgda A 83 shaWscRedet hkow.genssatling apparatus
according to another nodification against the nodification (jet flow

gener at i nFoaARFatatuso2ohy sHowatiian Filgte8222hearet2 XFowhrgegbr at i ng
'apparatusg%g§y LHgl&92%Qh§AH§%§éé§¥iQﬂug§asanactuatorisdriven,
10  the rod 229 is moved. As a result, the vibration 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 apparétus 201 shown in Fig. 30,
the noise of the apparatus can be‘further decreased.
15 |
Fig. 33 shows a jet flow generating apparatus according
to another modification against the modification (jet flow
generating 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 the '
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 fibrated,
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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20 denoted by reference nuneral 241. The jet flow generating apparatus 241
has four casings. Arod 229 is connected to a vibration plates 221A and
221B t hrough through-hol es 232Aa and 232Ba. In addition, the rod 239
passes through the vibration plates 221A and 221B. The rod 239 is
connected to 25 vibration plates 221C and 221D t hrough t hrough-hol es 232Ab,
232Bb, 232Ca, and 232Da. Thus, since the four vibration plates 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 nmenbers 30 to be cool ed and their arrangenent, the nunber of
casi ngs camoletadjansbedintneasdt i0prodided ohheidhsehar geussmwr of 66
cool ant can he increased in B{ggortion wi th the nunber of_ _.casings, only

one act uatGtSBE i AP TRt AT oiF, TeghERt hetta @AM drR203 i s

di sposed adirddietE€atenhadbr e L8l BESsed32AnL32B e 232CnhaAtuk 232D, nanely.
between the upper casings 5 232A and 232B, the symetry of the apparatus

i s not det%tdfor 4888: 233¢.t pedj 22| pamgbrdearesy Hpparaegscasinashown in
Fig. 32, 4918 rog %%95U3¥h93§§m$$%fwgﬂfEE%FﬁggégékﬁghPéQ%ﬁ§ 221A 10 and

221B. In addition, as shown in K g.” 28 or e Dbearings of the rod
t hat passedsteniorgiiethe vi bration plates 221A and 221B may be di sposed at
an upper portion of the upper casing 232A and a | ower portion of the |ower
casing 2328. This structure applies to the jet flow generating apparatus
241 15 shown irirFthe 38 fEbg.ged4eat ibiggapidarafies 281 aitgeegh seGtiqanal vi ews
show ng qﬁgu%ﬁprs §c§§gdin to nodi fications of the actuator 203 of

_ ’ e ro 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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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 drawi ng, the bearing 240 is, for exanple, a
ball| bearing. The bearing 240 can prevent the rod 209 fromlaterally 25

vi brating. The bearing nmay 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 nore preferably magnetic fluid. Alternatively, viscous liquid may be 30
contained in the bearing 240. The bearing 240 seals the inside of the
upper casi¢api2B2R32AFai Bt 4 heesuigi, decollathechovier efFhctasenyg 232B. As a

result, coglant can he effectivel di.,schar fr e upper casings 232A
and 232B. 4%?4%%?“%%?r8msg§? W%%Hgfaf&fﬁsiggggsﬁng%g tween an 5 upper
casing 232A and a rod 209, whereas a seal nenber 242B is disposed between

a |l ower casing 232B and_a rod 209. The seal nenbers 242A and 2428 are nade
of, for. exanpl e, &BBer3>s fesPal Rimhate 2hRRels THeprsosar befra™ aR42A and

242B can s@iler th8iheSI T LG HPRSY 20851 NHe2324 AGRLNSheddis: baskde of the
10 lower casing 2328. As a result, coolant can be effectively discharged

fromthe cesidAgPe3gd kelerexap3. lewendtitinen 2888t #rd asobid2@®al Thenbers 242A
and 2428, A JiNolBD: 00020305 AR0a S G A LB Y. Beafilled wiLh a I quid

seal nenber. 15 Fig. shows a conbi nation © e structure shdébwn in Fig.

34 and t hesstinucturdheshokn- i ITHe geaBSenbee ssPhBBtande 248havem iseaki g. 36 can
: _prevent tfg%é’g%sggg {ﬂé”ﬂgﬁﬁiekggﬁxg 232A against the inside of the
10 lower casing 232B. As a result, coolant can be effectively
discharged from the casing 2322 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
Fig. 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 fluiclbearings.r

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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" with the pr ST e o

vibrating. In addition, the structure shown in Fig. 36 can seal the inside
of an upper casing 232A against the inside 20 of a |ower casing 232B. Fig.
37 shows a structure in which bearings 243A and 243B are fitted to
t hrough- hol es 232Aa and 232Ba of an upper casing 232A and a | ower casing
2328, respectively. The 25 bearings 243A and 243B are solid bearings or
fluid bearings. In this structure, a rod 209 can be stably noved. Fig. 38
shows a jet flow generating apparatus according 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 nodificationis 68
denot ed byderdadiye radaeeate 25nerfie 2j5dt. f Tiow gpendilati agneapparat us 251
uses a driyi chapismin ich.an actuat.or .2535 drives_a piston 255a
RSO BT TRELTHY A8 NaBpE e {Tb RN P P S uppl y
sour ce 252iDdrhecaatpiaiten 55 2bbi thtowghras Sl 6 piped 254Her rnned of pi pes
256 and 257 selected béma sel ection val ve such as a sol enoid valve or the

like. The i StBW1258afrensadirdd SHPRLV0BOVPEE 21 &0 sheREtHEE A so al | ows

- vibratison patescidbAaartud Bigd 294 Hatde TRl do @Y e Ay of solid

and gas. 10 Fig. 39 shows a jet flow generating apparatus according to
anot her nnfiﬁlei‘%éiﬂ by ofeifet bl ivrilzat 3 wh @ser silewoigdersdrvst pngteppar at us

121) shown e Fi gne28; s 148 Jofa fil0Woc02R8" BbT 00 GPPAIAI Usggeordi ng to this

nodi fication is 15 denoted by reference nuneral he jet flow

gener at i nFtafarat ad s26alhews anlacttiatopl26es ThtAastda2IB 266 uses a

vibrate. The fluid may be 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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conventional rotational notor. The rotational notion of the notor is
converted into a linear notion of a rod 185 by a |ink nechanism 266. This
structure also allows the vibration 20 plate 145 to vibrate. Fig. 40 is a
perspective view showing a jet flow generating apparatus according to
anot her enbodi mrent of the present invention. 25 The jet flow generating
apparatus according to this enbodinent is denoted by reference nuneral
301. The jet flow 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
casi ng 302znthd F2dr-nsThhecatianhels 302ash69t amoz 802h.303Bhendadbng 302 has

short noz 303 d n 0zzl 3 . The | ong.nqgzzl es 303b are nade
of, for e%‘ﬁ% Ch §Orr"?sl?'al !Tg?agls?n% %‘(g)%zef Segﬁlglﬁea.r aeé) %ﬁg%ﬁgz%’faemsp 3b are
bent. FormetaEnplkesisj Xoshoiet 1nkaz| aha303agantzOres 3008 a2 Hent303b 5 are

di sposed on each of the chanbers 302a and 302b.. The short nozz| es 303a
di sposed GiPt RESTBYEt Srid° MOhbroaTbah 3° F95a58hd FIRBOREYE THE same

I engt h.s Likewidepdsee ohodgcnazz! eise I0rdirspesed ona thexpipper and | ower
chanbers 10 302a and 302b have the sane length. This is because the phases

of the sound waves generated by the upper nozzles di sposed on the upper

chanber 302a andrjd1gnphases Qks! 5635 Ungdowayes, tAengiRhednlYidile | over
nozzl es di sposed on the | ower chanber 02b are 1 nversed so that the sound

waves weakdmwmmbsas 90Perand 3§2b have the same length. Likewise, the

long nozzles 303b disposed on the upper and lower chambers
10 302Za and 302b have 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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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 drawi ng, a
circuit board 246 has a CPU 248. A heat sink 247 is contacted to the CPU
248. The heat 20 sink 247 diffuses heat of the CPU 248. In the vicinity of
the CPU 248 on the circuit board 246, for exanple, a plurality of IC chips
249 are nounted. For exanple, two jet flow generating apparatuses 301 are
stacked. The jet flow generating apparatuses 301 are arranged so that

cool ant 25 discharged fromthe short nozzles 303a are discharged to heat
radi ation fins 247a of the heat sink 247 and that cool ant discharged from
t he | ong nozzl esTBE3rearardirgrbatgedtteodihent] Gwhi ps va49cuSitree t he j et

fl ow generating, apparatuses 301 are arranged in the foregoi ng manner, they
SCSIIRER FES i osR02  F0TTRES! Eiior drRd T PRe

can di reCﬁy (ofo]0]
enbodi mentgocieenb i frdnioagSnbeaies GOBE! eha NGB RBRE S&-APoadad at any
positions, they can be cooled by the |ong nozzles 303b that are bend

cor r espondih St BTFRRIIGHN G he Beat eHuAtigenBerbrRg- métser 8. When a 5

conventsi on@nvleati bhal FOh afies: adbdMRel Lar ikhse Uped. s healeq, 9gRg At i Ng nermbers
cannot be locally cooled unlike the enbodinent. The jet flow generating

appar at us BOEIRS 1RGN danr®tt bet hechblvgodabednbddikeethe | n ot her
~words, themyaker,ef long nozzles 303b and the nunber of short nozzles
303a are not limted to those of the foregoing enbodiment. In addition,
the |l ong nozzl es 303b can be nmade of, for exanple, a flexible material. In
this case, the lT%gngQZHoews g%%%ga%gggbaepprg:daetus 301 is not limited
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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15 of rubber, flexible resin, bellows, or the like. Thus, the directions
of the nozzles can be changed in accordance with the arrangenent of

vari ous heat generating nenbers. Fig. 42 shows a jet flow generating
apparatus according 20 to a nodification of the enbodinent (jet flow
generating apparatus 301) shown in Fig. 40. In Fig. 42 to Fig. 46,
menbers, functions, and so forth simlar to those showmn in Fig. 40 will be
briefly described or their description will be omtted. 25 The jet flow
generating apparatus according to this nodification is denoted by
reference nunmeral 311. In the jet flow generating apparatus 311 shown in
Fig. 42, |8mgchozz|sestilnsht apehtdfi cherd onggn IIQFeZero3@§}bi ng narrd nozzl es

i 3%61 EQG&#%% a4 ol E ARG %% ;g? J;'s‘l p@f Wi Gh

e

per pendi c rtot ow diréection o arger t han 1 the cross
section oflcea;:motzletelseBDehgererMwla@SBDSAcanzlzé eomi3l®=d.s di sposed on the
di scharge opening side of each of the 1|ong nozzles 304b. The nozzl es 305
can be omtted. 5 Since the flow path of each of the |Iong nozzles 304b is

| arger st han the dirpu pakhrobwessth off LhenshorthdQstlgetio30%es 3d4hb9
resistance of the fornmer is_ larger than that of the latter t he
di f f er encelheEHBRH thRE Thsh§LaY PatbvRl epch\iHekhe ﬁéorEmgél?é& % of the

flow path ire L0851 8886&k ohend esiatANGer A0f tnhha oyt pakh ffcegach of the
| ong nozzl es 304b can be prevented fromincreasing. Thus, cool ant can be

~di schar gedy frhemdifiderenge nbevesn 30%h Iendths - prlémeervefmowhanoﬁh@ and a
proper fl(@%dé%tgectlon of the flow path is increased, the resistance

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

7 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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15 Fig. 43 shows a jet flow generating apparatus according to another
enbodi nent. The jet flow generating apparatus according to this enbodi nent
is denoted by reference nunmeral 321. Nozzles 304 of the jet flow
generating apparatus 321 inwardly protrude froma side wall 302c of a
casing 302. The 20 thickness and | ength of each of the nozzles 304, the

vol une of each of chanbers such as a chanber 302a and so forth, the

per formance of an actuator (not shown), and the anplitude, frequency, and
so forth of a vibration plate 306 are paraneters of the flow rate of

cool ant di schargéd fromeach 25 of the nozzle 304. Wen coolant is

di schar gedbfata aedessiwd (rfdtowhoahp. arth ahia cesi,r etdehr Sgeencyyleilshey are

affected hy,., the length of each of the nozz|es 304. Thys ach of the
Rozs ! o o bE EAPAEEE K5 CE SHREALE i WOATPERGLH 2 BUBVAYE" tHE | ength of
each of thempzs F FRY Meizlkes eekynags usdR+3Q due tie theirestriction of
the arrangenent of the jet flow generating apparatus 321 and the
restrictioff'df®-he 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 Iengths of the nozzles 304 can be adjusted for the desired values. 5
I n addition, accora@ddgtiont kecomdddionentthet fmbdimprits thé ldhgthszz| es 304
can be inc S i . r t, uepgy of the
gener at ed é%%%%d%g%%%cl@g\%e?%gi% 5\18‘?’6?5?%% Soﬁﬁﬁ% aﬁe%???l{gﬂ%ghsg%of human,
as the frequeagytl@hbetgnpencowef ththersouwtdd soumdreambakllopdredr.d. Thus,

according to the enbodi t, the generated sound can be
9 Accordelngn?o %ggnhéarlng gsense o% human, as r%:he frequency
10 . becomes lower, the 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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weakened as much as possible. Fig. 44 shows a jet flow generating apparatus
according 15 to another nodification of the enbodinent (jet flow
generating apparatus 301) shown in Fig. 40. The jet flow generating
apparatus according to this nodification is denoted by reference nuneral
331. Al nozzles 307a and 307b of the jet flow generating apparatus 331
are bent so that 20 coolant is discharged to heat radiation fins 247a of a
heat sink 247 disposed at a |ower portion of the jet flow generating
apparatus 331. Fig. 45 is a sectional viewtaken fromthe direction in

whi ch the heat radiation fins 247a are di sposed, nanely, the nozzles 307a
and 307b dretedtathonrraspbeiconks2bargk r edhi omitofasttheadecawilingg tH ps of the

I 3 udi h hanber, 3Q2 d at
ot 11 ons oA, el I HE BB aE3 T o AP AP FE B AN on of the

heat radiaat possfibhs. 24@®n 3RaA touph hbetjeink [20W gerasatbngeappar at us
their 7

and the heat sin re sinply arranged as_shown in Fig. 41, 3
instalIat#Hﬁvgpéﬁébgﬂﬁﬁ§§”ﬂﬁg§€?nFﬁ%56ﬁ9r5%@?‘%E%BPBFn@}?% 24 h&Cenmbodi ment ,
the instaldnat e IR LR Le ideChPRSRELas IBICh o ASAROSSE D] S0 e heat of

t he heat sink_ 247 needs to be prevented frombeing transferred fromthe

heat si nk 2#71i%e sambejgttgyragegeherueendepparatisnis247? anddde i nsul at or

or the |iske ¢apbgehdt ol ween skhe heat sink 247 and the jet flow
generating appargtﬁz 331fﬂg?§g¥%§£§homs a jet flow generating apparatus

according 10 to another nodification of the nodification (jet flow
generating appa%§5?5u§§ﬁ3wég9ﬂ§:%Toﬁg%neiﬁtﬁﬂgagkgraﬁﬁségg%rding
10 to another modification of the modification (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 énd 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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jet, flow generating apparatus according to this nodification is denoted
by reference nuneral 341. In the jet flow: generating apparatus 341,
nozzl es 308a and nozzl es 308b are 15 arranged in a zigzag pattern. |In other
wor ds, the nozzles 308a and 308b are alternately arranged on the chanbers
302a and 302b (in the vertical direction in the drawing). Thus, since the
| ength of each of the nozzles 308a can be the sane as that of each of the
nozzl es 308b, the arrangenent can 20 contribute to the inprovenment of the
muting effect. Fig. 47 and Fig. 48 show an exanple of the usage of the jet
fl ow generating apparatus having the foregoing bent nozzles. As shown in
Fig. 47 anfaFeg’Ugs hghexdipine theheuPsideatt shakcty 279 désmosed out si de
-a case 270,¢f he j geperatin appar af.ls 351 is

di sposed i?\ﬁtlhéga% gg%g%ds%?ﬁ;ﬁ%trn%%g%sog ep(r:%??ude 1 O\HﬂgPa'the heat sink
247. Gener & lwyfagogkhhe wh séhppgecddit ahbaaiatss kk shautik 530 beowt a | ow
tenperature, Ce ar outer, tenperature of the case 270 is the

| | th
| owest. The“Thner rt%er‘%’gﬁﬁfag}"ﬁ bF the c3pf ¢dQe b He@lfitdnebo tFRET t he

out si des of atdmy cdseoddl becausekteb beasr gereraked by iiAnerepardes of the
case 270. Th is unfavorable to dispose both the heat sink and the

S, It
(ot flow HoRershPREcasmaras sPhn THES caceesyeadiatieademyoerthatool 5 a CPU

di sposed inaandgskion Ry tBeddia al A1 tiddE 16288 prited ged to the
'CPU. Thus, a hegt r adi alti or{ devi celt'hat has hglhgﬁ ef ipéjiegﬁ%é?g&{iesi red.
Al t hough | 9i§R0565r Eherkeaft sdnkdpagodee tike Fbow winelcagidgt dppdmttus ow

.géner ati ng, aApAYALHS QU sisde fhe case, if there is a need tq,neatly
package them 10 because of 19 mted spacélegfi 2415% ydggf:g%?es hreﬁfbt ures
shown 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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in Fig. 47 and Fig. 48 can be considered. In the structure shown in Fig.

48, since coolant is discharged downward fromthe nozzles 309, foreign
matters 15 such as dust can be preventing fromenter 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 according to another enbodi nent. The jet flow
generating apparatus according to this enbodinent is denoted by reference
nuneral 361. The jet flow generating apparatus 361 has a casing 362. A

- vibration plate 365 is disposed in the casing 362. The vibration plate 365
has a 25 chrvedransbidiide wal $1365ecithhe Theecdud meB®Basohre headei brati on
plate 365 js f .1 At vi hration direction of e Vvipratjon plate
365. An up%jz'r fggg@ggﬁd pﬁ’gﬁe%in%‘[sag#%%\%rreséaé’é Ib%}%‘?;o'n %"‘g? Soffthe side

wal | 365a a6%a suppdret gebringd edgee sehbers Fb4atanctiB64ht1yespesaid vel y. The
edge nenbers_3Q 364a and 364b are nounted on the casing 362. The edge
members  sOch A e RAGE HBRAberr "6 £254RE 387 1 dhtsh vAbTebippBrElaiF nenber s
75 haves bedembidrid y:h@reaba%éxﬁt'béﬁ/-36ﬁf&eceg}lﬁssgema§r¢%rze3%QQ? @afe for
exanpl e, bell ows_shape resin or rubber. e side wall 365a may be forned
successi veF3F 01 PRt ertiie YeRER VLo PLRES Ifdt.i phértdle adgeaeinbar 34M casi ng
362, the Vidwddon pha ang,t r onpase a chamber
S62a. The o ng 362,¥ntgﬁg 3880, Hithd %ﬁgﬁggg%g,?&%ﬁoﬁﬁé%ezg)ggg%enber 364b
conpose a THAMIereg69p. thie tdisambivse 362 4hanchd88Xyr &6€a ssralotasrted so t hat
t he volu 62a | | npst, & a as the vol of the
chamber ggtzng S%ﬂg a%g Z‘{olggtgeaoksth% gHamber %%2%.“&1'}1@ c‘i'lamber 3"%3”2%1

10 has a plurality of openings 363a denoted by 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
dis;ﬁosed 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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10 has a plurality of openings 363a denoted by dotted circles. Likew se,

t he chanber 362b has a plurality of openings 363b. The openings 363a and
363b nmay be formed in a nozzle shape as described in each of the foregoing
enbodi ments. An actuator 370 is disposed in the chanber 362a. The 15
actuator 370 vibrates the vibration plate 365. The actuator 370 is
conposed of a yoke 376, a magnet 372, a plate 373, a coil 378, a novable
menber 374, and so forth. The plate 373 has a function of a yoke. The coi
378 is wound on the novable nenber 374. The vibration plate 373 is secured
to the novable 20 nenber 374. A control unit 310 is electrically connected
to the coplaB¥R7Ikeccent folrthnahd 3l gaMEIEEL Sictbdii BeaSiégnabe for the
actuator 370. Air. holes 374a are formed on the side  surfaces of the

movabl e meRDETC S . 88 3 hePRbTy dhemaiege et wichgPabhed 4P0d9362il si nce t he
side wal | 376%an be sspaide@y thes&dlgsBnbens %r%nﬂeéﬁépisrgi sposed
along the vibration direction R _the vibration plate 65 can stably

vi brate, LA™ fFfeciidpay) ootaHr drévesferee t hdn Fddikidon sphaeetisss

suppr essesndlef AL rWHY AR o RO O%?%eéﬁng’g@ ’frEPeccELl l?{)dﬁn%7 ; 1 @nd SO
W t e nmenper

forth are prevented fromcolliding e novab 3747 Thus, the

space bet v cider7ehpihee i@ andravidms tdarahd $lyeprensadl.e Renber 374 can
be narrowgd, ,;AS g Lesul he magnetic field applied to the coil 378 can
be strengthen. Cbnsghueﬁ%ﬁy%gtEggdgﬁ%%ﬁﬂ“ﬁ%cagng mCERR° &Y ect i vel y obtain
drive force. In addition, since the 5 nenbers of the actuator 370 are '
e ead e % 'l BEnlthNor AR 60 [ ST P ER AL o P

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 vibrates. 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,
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result, the noise of the apparatus can be decreased. As the length of the
side wall 365a in the vibration 10 direction R becones |arger, the

di stance between the edge nenber 364a and the edge member 364b becones
larger and the vibration plate 365 nore stably vibrates. However, when the
size of the casing 362 is not changed, if the distance between the edge
nmenber 364a and the edge menmber 364b is largely 15 increased, the vol unes
of the chanbers 362a and 362b are decreased. Thus, the di stance between

t he edge nenber 364a and the edge nenber 364b needs to be properly
adjusted. Fig. 50 is _a sectional viewshowing a jet flow 20 generating
appar at us #cbtiTig31 02 andoth G4 ene |d(;r$p@1’setihe Trerrbothatemnts ¢ ek afnldow

generat i n%ﬂﬁpé&étéﬁnﬂ tgh:%\@n E'ugt : sho,E/JS Jtrhgglgg 0 :[I‘]i??]Fsllfi 49 will be

nenbers, functions, SO forth -~ i
briefly deayet |Vb>édmeo¢>fttﬁa chdeberi peimrsi Ithe beamgarislist EHos@%fT&@leJ et flow
nodi ficatjion is denoted by

eneratin ra ac d|n to this

?eferenceqﬁ%ﬁgghlg§§f %ﬂé thI8%FBEEBF%t??EFEﬂHﬂ%@§tG§ 8¢ shown in Fig.
50 hasba wvidghattion ofil ahe ﬁaﬁmmhose cross section has an al nbst a shape of
a 30 character H The jet flow generating apparatus 371 al so has chanbers
362a and 362b. In the chanbers 362a and 362b, 77 actuators -370a and 370b

are disposed. Thagctsyatgrs 340a sl 3P ALei8LM ALt e actuator

shown in Fig. 49. The shape and volune of the ¢ a are the same as
t hose of ﬁﬁgeréﬁéﬁﬁéwpﬁﬁzﬁusFﬁm@rdung§xsam@tmmrﬁodxid¢a&mmfsftbethe 5

reduct i on @bokiRReAP Efet flow generating apparatus 361) shown in Fig.
10 49. The jet flow 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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Fig. 51 is a sectional view showing a jet flow generating apparatus
according to another nodification of the enbodinent (jet flow generating
apparatus 361) shown in Fig. 10 49. The jet flow generating apparatus
according to this nodification is denoted by reference nuneral 381. The
jet flow generating apparatus 381 has a casing 382. A vibrating mechanism
388 is disposed in the casing 382. The vibrating nechanism 388 has a frane
386, actuators 370a and 370b, and 15 a vibration plate 385. The actuators
370a and 370b are supported by the frame 386. A side wall 385a of ‘the
vibration plate 385 is slidably supported by the franme 386. The vibration
pl at e 385 ke Wirmtddrbylelie 38buasnrst87Da wincta3@0bnot Thetsialeiywal | 385a
of the vib5§g£(¥k plate 385 is slidable to 20 the frame 386 in the vibration
direction o the Vi brati on plate 385. In other words, the vibrating
mechani sm:388 according to the enbodi nent has the vibration plate 385
formed in a piston shape and the frame 386 as a cylinder. The periphery

of the frame 386 TFOTHINFBrAS APCHELHART s M BBE Y ImohEherad B a

partitison peAhelerpbSedASe Budds the, reBATDNY S 23828he ANGh3R2R 25854 ormed. Air
hol es 38.6a and 386b are formed in the frame 386. In the jet flow
gener at i ndMdRFarEdirs 1381 1ubEbeanr Agnay baointfrposstoteeern liemce t he

support argdicaMastE A a) s Pfoilhe sid f e, Vi tion plate
- 385 can be increased, 78 t%e(vfb?gpﬁénggﬁg%%tggggggﬂ é?a %%b%ﬁg?ate, not
| at eral | y can heatsedAcchkthmmpttivetllye eoliddi hepe, lubhigarritng f( not shown) nay

5 be it erRIsEhRBLYCbd B8y EETRIE #Hd: W1GuS W08 Y8 3828 1o
10 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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Al ternatively, lubricant nmay be interposed between them Lubricant of
mneral oil type, synthetic type, or the like can be used. Alternatively,
solid type lubricant of nolybdenous type may be used. Wien |liquid type

| ubricant is 10 used, the air-tightness between the front portion and rear
portion of the vibration plate 385 can be effectively inproved. Wen
magnetic type fluid lubricant or the like is used, the fluid can be easily
retained. 15 Fig. 5.2 is a sectional view showi ng a speaker type vibrating
mechani smused in the foregoing jet flow generating apparatuses according
to anot her enbodi nent of the present invention. The vibrating nmechani sm
according to thiBlg.ehBddi aaritan videmdtoad ngytireefrébenceompracal 28280, The 20

|
vi brating i ctuat or .37 he actuator_370_ is composed of a |
yoke 376,1g§%§gﬁ%?Q%gggngﬂgﬁaF88§7§Foﬁg%égmeB?BFlg'ﬁﬁ%abﬁéfﬂﬁﬁﬁbr 347, and |
so forth. Fhehpldtawidg3 dhasadavifmenes i amrotigh WHilke. - Teatreeh!s3#R i s wound |

around thewgnvabhe mprber 374, A vibration plate 285 is secured to the
movabl e 25" TEMBEF- 874X Fh& SPPLEPUIEf (PRE Beewrk GO 8o ¢eil Rd8same  as

that of t hies atksatQrond’Ohs8QWsAdpdd §rofPeanB730sSAdd on fﬁb@ e 370 of
the actuator 370 i's nounted on a frame 286 having air holes a. The
vi br at i on 5iTeE 286 | $hglegd woime Bd igreameasien twa éegeipsl ticamrdof 't he

frane 286 24y oUolroBQodh SEIEEME RifrcFhdio O LS A Alan i ew show ng

the vibration plate 285, the edge portion an “§ff6wn in Fig.
52. As shdwmeria ZHéo draawi nidoa lioad ofi the 28dyd heabgh 217 ch saneent r ol

signal 1 sr8tRBLESS: LI OBACOREEGh Sy (AL RIOWI) A Q415,50 k 378
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

16 terminal 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 secured. Since the tinsel wire is repeatedly
-étressed by the vibrations at frequencies of several 10 {(Hz)

20 to several 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

‘amount of coolant. In this ca'se, since the tinsel wire
becomes short 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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5 is wired along thread-shaped grooves 287a forned on the edge nenber 287.
The lead wire 284 is connected to a term nal board 288 secured to the
frame 286. A portion denoted by reference nuneral 287b is a ridge |ine of
t he edge nmenber 287. Since thé lead wire 284 is wired along the

t hr ead- shaped grooves 10 287a, the stress applied to the lead wire can be
‘decreased. As a result, the lead wire can be prevented frombreaking. In
a conventional speaker, such a lead wire (referred to as tinsel wire) is
suspended and connected directly to a 15 term nal board froma sol enoid
coil. In other words, since the vibration plate is novable and the

term nal boardktiesiogetear edn grelditge shethe léabelirel R69I $snmpvedd e, wher eas

t he other_si i.s .secured.,Si.nce the tinsel wire is repeated]ly stressed
by the vi b?sztcgglr?s?eng raea%&sﬁsﬁeilla? sgb‘%}éln F69 (Hrif) (?@@?‘ot%v%‘?%# 100 (Hz)
of the vi bwiatd aeopl ae retiheraurali béhyer o the sisakerodepgeds;@n the
service life ofrt(i%?e tinsel wire. In particular, when the jet flow

gener at i NP EPFaraEuRUt e RSFHIRNG T - e 5BR BETEHR FRIEGSI K oktaents is 25

i ni at i zethe 280G@ 1e;ar eangl, the subhhatd 95]gP'5%t,ew1j1T°*n tReoPALdd onal Iy
decreased, the_anplitude of the vibration plate should be Increased so as
t o i ncr easE thé8dliischal prll awdure o theobdor membher &7 c4be, timixle t he

tinsel W g JegaMes,shor fﬁé&{‘nﬁ ' 0 yibration plate becones
30 | arge, .tﬁe.'stressnappl%ed fo t f@ﬁé’%ﬁq%dr Eefr%lgﬁbdl)‘s[é%%l%'coms | arge. In
ot her words, the durability of the apparatus tends 80 to deteriorate. In

reality, when a Jead_wire 289 is. wired. as dengted by, a dashed |ine shown
in Fig. 53 (V\her{:—llgheg'lylmejaa SWFFEEIE S A Wflpgn?tfvﬁéb’é%ﬁ%? of the

Vi br atlibon mglcabei2B8S n 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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al ong the outer periphery), the stress applied to the lead 5 wire 284 is
large. Thus, as shown in Fig. 53, when the tinsel wire 284 is spirally
wired to the edge nenber 287, the tinsel wre 284 can be effectively
prevented frombreaking. Fig. 54 is a sectional view showing a vibrating 10
mechani smin which two vibrating nechani sns 280 shown in Fig. 53 are
symmetrically disposed. The vibrating nechanism shown in Fig. 54 is -~
denoted by reference nuneral 290. In the vibrating mechani sm 290, |ead
wires 284 are wired in spiral grooves forned on the front and rear
surfaces ofWHT édgeLadMBlerIS5 287. Using the bell ows shape of the edge

menber 287,, the lg I es 4 e spirally wired on the frond and rear
surfaces 6% theléggg #gﬁ%e?éggﬁgéﬁﬁgégﬁaﬁ&tﬁﬁgcﬁgggéﬁfs%129o havi ng t he
foregoi ng 20 structplneal styioFposatbars aaa$iaRingddh shewimd anBi gactbl i nst ead
of the vibrating nmechanism 388. As a result, a jet flow generating
apparatus i &PEr%d?oéQﬁP?kwegoing tinsel wire may be buried in the

edge 25 menber 287viBfkheingt imhynian W aspibeishapaeof cbbeadd nsel
wire can be kept for a long tine, it can be. suspended in a spiral coi

shape, not E¥tdiegdt 1t KaddRE nEifbet 1 BB 1&nd oo CHaEEs 1S9 8 stcase, the

spiral grog¥es:HlrgkNe1RI98.ABARET 1sarE POt <L E0M I 84w AS HE L ERY! dhe the
stress applféd tggfhe IeadO 30 mﬁ?g canﬂgesdecreaseaw 81 Ou'T ISEtLAINED

1S: 1. A jepelip@sgeandati ng apparatus conprising: a plurality of chanbers
each having an openi g, and, §3¢he,£o05ALNUNY 3 ¢8Q 88 tation of the
vibrating mechanism so that the sound waveé generated by fhe
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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a vibrating nmechanismfor vibrating the coolant contained in each of the
plurality of chanbers so as to discharge the coolant as a pul sating fl ow

t hrough the openings; and a control unit for controlling the vibration of
the vibrating nechanismso that the sound waves generated by the cool ant
di scharged fromthe plurality of chanbers weaken each other. 2. The jet

fl ow generating apparatus as cited in claim 1, wherein; when the distance
of adjacent openings of at |east one set of chanbers is denoted by d (m
and the wave | ength of the sound wave generated in the chanber is denoted
by A(nm) the &¢bhdifzilen of d < 1,/2 is satisfied. 3. The jet flow generating
apparatus as cited in clains 1 or 2, wherein; when the distance of

adj acent openings of at |east one set of chanbers is denoted by d (m and
the wave | ength ahe tike sound yaveagengr abpdritud hesclagber ihs asggnot ed by
A(m the condition of d < X/6 is satisfied. 4. The jet flow generating
appar at us g2ecPtedldHany tde SPr%W%ﬁ|ﬁ$mPrﬁ§lBg wherein; said control unit

s configured t0,CQBLAAI abieb Mg F@kbOPSOfa el Wehbali A mchanism i n the
range from80 82 to 150 (Hz) The jet flow generating apparatus as

cited in ampe efietlot Rﬂ%ﬁ&ﬁ#tY'Pé 4hamb@mmer conprising: a sound absor bi ng
menber or a |id nenber disposed at

6. The jet flow generating apparatus as cited in any
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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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 nechanism has a vibration plate
that partitions at |east one set of the chanbers. 8. The jet flow
generating apparatus as cited in any one of the preceding clains, wherein;
said control unit is configured to control the phase difference of
respective sound jsavesigeeial echAnt B8 hd UrddakY oRf pehaddelsde be 360/ n,
where n represents the nunber of chanbers. 9. The jet flow generating
appar at us &YTERLEHCRh &T & Mlage WeaPerdicsapd tom riciramiditestdonfi gured to
control thess Lt - sQn ated in the plurality of
chanbers,s%hﬁﬁgPL%HgQgﬁ%ﬁ%?% gnbggogggagﬁ%%st the same. 10. The jet flow
generating apparatus as cited in any one of the preceding clains, wherein;
83 said vihratin hani as vibration plates alnost., synmetrical to a
pl ane per pteigdi cul%grgefj%%a %r%“gtgﬁ?érlte)actﬁngn an airc%ulss Fhe T |era/ecfriloﬁn8f t he.
vibration. ohe oFfheh¢ giredegngenta ats ngviappanat us as cited in any one of

i >l ai in; said control_.unit is configured to vibrate
:EZ precedi ng CI%BEE, ggﬁ%é%l’ un?t fs configured. to vibrate the

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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vi brating nmechanismw th a |lower input than a rated input of the vibrating
‘mechani sm 12. The jet flow generating apparatus as cited in any one of

t he preceding clains, wherein; said vibrating nechanismhas a first
vibration plate -asymmetrical to a plane perpendicular to the direction of
vi bration, and a second vibration plate having al nost the sanme shape as
the first vibration plate, vibrating alnost in the sane direction as the
direction of the vibration of the first wvibration plate, and being

di sposed in the opposite direction of the first vibration plate. 13. The
jet flow generating apparatus as cited in any one of the preceding clains,
wher ei n; sdi4d cofitweoljaini fldvasyendiatsimgsiagpalragesenat icigedniin  afngr
generating %ldr%vghsi nal f.hat gauses he vibrating . mechanismto vibrate
at - t he firé%e%quue%cgfe%ﬁ1 DY S&RORG: SYGHET GERBFATIRG unit for generating
a drive signal thatousduses deeedfing NGhifEEBANISIBIAnY| Bs@ie walkekhe first
frequency, but not to vibrate at a second frequency that is different

from the fi9COETRFRGuUERCIRe 4 ralitKeof ethamkRySgener ati ng apparatus as cited
in any one of the preceding clains, further conprising: .a sound wave
detecting unit for detecting sound waves generated in the plurality of
chanmbers. 1B: ThEg etetf |IBawgeneeratiing apparaltuss ags céteedis mmnynene of the

precedi ng g¢l-aj s, eLel 0, i I -igy of chanbers conprises a first
chanber group, 5% a sé%éﬁ%éggéﬁgg%%%POUp each of which is conposed

_ 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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of at least two chanbers; said vibrating nechani smconprises a first
wvibration plate for vibrating the coolant contained in the first chanber
group, and a second vibration plate for vibrating the coolant contained in
t he second chanber 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 chanber group weaken each other, and that a
first conbined sound wave generated in the first chanber group and a
second conbi ned sound wave generated in the second chanber group weaken
each other. 16. The jet flow generating apparatus as cited in claim 15,
further conprisi mpidavibuatdinavesgendsat hpg anvibfarigendrdeing anot her

sound wave t hat furthggg&gak ns the me%kegedtggnbined sound, _.wav 17. The

jet flow generatify 4 FudraROTT] ARG o8> 519 theE precddPng cl ai ns,

further comid SiiBgatdofiasSiage haaidng a t hrough-hole for form ng a chanber
group partitioned by the vibration plate, wherein; 85 said vibratjng

mechani sm has a i BPgt PaFeimdatBrough 1Re B Epb8 AP IEdNdd™ s casi ng

for drivingy, thecurBratietoklale: @Rdmdtied pasehdGddiiugh the
t hrough-hol e and being nmoved in synchronization with the notion of the
actuator. 18.. The jet flow generating apparatus as cited in claim 10,

further conprising. 3.6a$h89 PaYLA% Ad Mpagaal §sT 0L LT W NG Axfhamber
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 dispoéed 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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group partitioned by the vibration plate. 19. The jet flow generating
rapparatus as cited in claim 18, further conprising: an absorbi ng nenber

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
bei ng disposed in the through-hole or in the vicinity thereof. 21. The jet
flow generating apparatus as cited in claim 20, further conprising: a
second bearing for the rod being disposed at a positi-on opposite to the

first bearing, whereld; m3ghdr' Pt PASRES S ?h%u%sﬁﬂﬁ] yhbeald an.Blghe. 22.
The jet flow generating apparatus as cited in clai 18, further

conpri si ng:tigs tarsegh-nehbdrrarhdhebbotksdeéhe casi ng passi ng through the

t hrough-hole fromthe outside. 23. The jet flow generating apparatus as
cited in claim 20, further conprising: a seal nenber for sealing the
casi ng agaiadst thespate flbaer pedebet iveenapreratac axd dtihedf instlbéari ng. 24.

The jet fl generating apparatus as cited in any one of the preceding
cl ai s, mhgﬁ%iﬁyr§§?ﬁ %#Té%iﬁﬁﬁﬂ‘nechanisn1conprises a first and second

vi bration plates;a @€l member for sealing the casing against the space

formed between 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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said jet flow generating apparatus further conprises; a first casing
formng 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 vibration plates, and being
nmoved in synchronization with the notion of the actuator. 25. The jet fl ow
gener at i ng rdppacat wisewsirgi ted in claim 10, further conprising: a first
casing formng a first chanber group partitioned by a first vibration

plate of the vibridti%niRiied: MeshanisBc bR dsidff URsaH i Pasecond

chamber gr @epwepar thé i oNed BYsan§eLNdd WAldnan RLLE Phr tde Wiy ation 87
pl ates, wherein; said vibrating mechani sm has an actuator disposed between

the first &&§i Agrahdarhesershdibasicagnf platesviand the first and second
b h ol ear 3 i LRSS -NEAIORALNC Attt 204 588000

t hr ough- hol es, connectin irst and second vibration plates, and being
nmoved i n syhehnghi-zateon ewnrdedtiegnotieconfinoft tdrel astamaidorvitdGtibhe jet flow

generating 3RRALA! 4eq ARifly' Rvld £ A McriniHAtLEE W AP Wi on

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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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 di sposed
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 through the third

t hrough- hol e. 29.2tThkessét ohporf gendiast ngeabpeadeys fas epebihd nthd aim 25,

further conpyicsi NQy; .6as f fir ] for.sealing the
first casing Sé%ssr&igﬁéﬁ(?h osu%ﬁat tﬁ}e@&%@ttt rfolur%Rﬁ- %@?Jé”gggg%%t a8% Izsecout si de
and a secortdeseaitspgerberd foorseseatli agal herbeeonidr sasliing phssbkagorichr ough t he

second through-hol e_agai nst_th utside. 30. The jet flow generating
appar at us a%aqséin?eé)af’ﬁg%q at?hrﬁo g t‘?ﬁr fsﬁgfm‘éogﬁjf?%q%ﬁb?i% §‘é%1’r‘9§’ﬁe f or
seal i ng t henftstigé. casi ng agai nst the second casing through a space between
‘the rod and the actuator, wherein; said actuator is configured to contact
the first and

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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second casings so that the actuator covers the first and second
‘through-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 said 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 &ais astepted has o giakori8andherbink 8Frsaiigmadbuat or has a

rotor, and t%ah.bP«lér{%%h%a%S%gaq{iplrxgi%Qggleornr iortlgtl:[leb erort(c):trag) Otri'?‘els r%%t ion of the

rotor to the rod. e jet ow generating apparatus as cited in any
one of the preceding clains, further conprising: a casing having a side-

wal | ,. and di scharge nozzle for coglant including di scharge nozzl e having
a first en§4and qies§§$nfi&%jqQR%FaﬁFﬁngBBaF?EHﬁt StHRIWAP| 3P t he

outside awrthet be thsigleiihbectashdg, rurieke BompiesiGRsi ng forms each of
t he chanbers. 35. The jet flow generating apparatus as cited in any one of
the preceding cl & MESIPYrEREINE hpvlids Wglla pehta mbiEAhergkr 8a§A19hi ch t he

cool ant i s rdir-seha=g@dincluding 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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fromat |east one of the chanbers. 36. The jet flow generating apparatus as
‘cited in any one of the preceding clains, further conprising: a flexible
nozzl e through which the coolant is discharged fromat |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 nenbegé.gn%.g secon nozzlﬁ thro hi¥hicg t he coolantdis

di scharged to a“§&cond hedt Herterat Png*henoer THEEYT sV dFTIEr &t “f rom t he
first heat sgepedatonglama@mdernt38. The jet flow generating apparatus as
cited in any one of the preceding clains, wherein; 90 said first nozzle is
straightly forned, whereas said second nozzle is bent. 39. The jet flow

gener ati ng sappar ghs 88 €i4@Ugdhefd@idd apRarkbes eid; csadd i r8hinozzl e has
afirst flow path having a first Ilength and a first sectional area
per pendi culP&r Yeexdi@ifl ow direction of the cool ant; and said second nozzle

has a second f1 ow.pat by havi,ag. i ecand; LaNgR.{ hal idkab0ereiign the

first length and a seco sectional area that i arger than the first
sectional deegth A0l aTHérpetsétowrgdnerati pgrppidcalas as Wid edown any one
of the preggggg igAe%%ﬁ%hglggh el,COMpLi sing: a casing di sposed on a heat
sink having™a plurality

: sald second nozzle has a second flow path having 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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of heat radiation fins, having a side surface al nost perpendicular to the
‘heat radiation fins, the casing formng 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
supporti ng peeiben; fard supporting the first end 91 portion; and a second
supporting nenber. for Syp orti t he seco end portion. 42. The jet flow
generating appar 4t G588 c%#%ﬁf%giqgn?e%?ﬁf FﬁgngéEEai 5F§PH§, wher ei n;

sai d vi br atendgpoeeiwdni sm conpri ses; a vibration plate having a side wall
disposed in the direction of the vibration; and a supporting nenber for
slidably supporting the side wall in the direction of the vibration. 43.

The jet flaw genpiatidig rABRALRLASA1ASGCLESLdthsChal Biddd i WhgLiRe said
vi brating nmechani smhas a | ubricant interposed between the sSide wall and
t he suppor PEnghsagerding 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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44. The jet flow generating apparatus as cited in any one of the preceding
‘cl ai ms, wherein; said vibrating nmechanismconprises; a vibration plate; a
supporting nmenber 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 nmenber, for electrically
transferring a control signal fromthe control unit to the driving unit.
45. The jet flow generating apparatus as cited in claim 44, wherein; said
supporting nmenber has a groove helically formed 92 around the vibration
plate; and said lead wire is wired along the groove. 46. An electronic
devi ce conpriaimigtha kmébtagbomendizteg aedber; a plurality of chanbers
containing a coolangi a vibrating nmechanism f vi brating the cool ant
cont ai ned in the:%Fur§FFwa6FecﬁgﬁH€F?'§&°B§ géep%¥%%H?Vely di scharge the
cool ant toward the heat generating nenber; and a control unit for
controlling the vibration of the vibrating nechanismso that the sound
waves generted By tBEECEBiant e SihafeBRE S B1Ht he plurality of chanbers

weaken each ot her ned?. ghnd it flOWeAsRer ating nethod conprising the steps
of: wvibrating a coolan? contained in a plurality of chanbers each having

an opening so as & @lpakdatyvef ychlimysirar gentaining 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.
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t he cool ant through each of the openings; and controlling the vibrations of
the cool ant so that sound waves generated by the cool ant discharged from
the plurality -of chanbers weaken each other. 93 JET FLOW GENERATI NG
APPARATUS, ELECTRONI C APPARATUS, AND JET FLOW GENERATI NG METHOD ABSTRACT

CF TR D SCLOSRELTh BERSRLFHLQVERLAORGE OVhdesprou st 11 o gener ati ng

apparatus th resses noi s g e and effectively
radi ates the H@BﬁRéeﬁerraﬁEB PYT aF heWt CRRERRA BN A g BT Hber , an el ectronic

device that is equipped with the jet flow generating apparatus, and a jet

flow generating nmethod. Aggorgldtd olsOThRepPEEESERE NVeENtion, a jet flow
generating. apparatus conprises a plurality of chanbers each havi ng an

openi ng and each Tontaadiong anveotn pravwdbsat el ﬁé@hagﬁwaﬂunfgor
vibrating tgﬁtv% é)é@tth%cﬁms%bgg %Qs %?&Jhs fast tgn%cﬁ gga‘%b% J_ble Qiarrbers SO as,
e pu roug

to discharg e cool ant as sat'i ng e opem ngs, and a
control uni¢ffertcontyr obdhafges lbe hadir gEnenabédﬂalyea\Hebltagémngcamﬂi@am sm Sso

t hat the sou vvaves rat ed t.he | ant di.scharged from t he
plurality oliﬂergti ﬁ]@/v SE‘ﬁgrlsﬁq{%‘.lfp@ AEth '

flow generatlng apparatus, and a jet flow generating method.
According to the present invention, a jet flow generating.
apparatus comprises a plurality of chambers each having an

- opening and each containing a coolant, a vibrating mechanism

10 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

15 = chambers weaken each other.
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